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SUMMARY

The various subjects covered in this report are listed in the Table of
Contents. Abstracts of the individual investigations are included on
the DD Form 1498-1 introducing each work unit report, and names of
investigators are given at the beginning of each report.
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FOREWORD

In conducting 6e research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care," as promulgated by
the Committee on the Guide for Laboratory Animal, Resources, National
Academy of Sciences-National Research Council.
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23. (U) 1. Factors responsible for morbidity and mortality associated with bacterial,
hemorrhagic, and endotoxin shock. 2. Metabolic alterations and tissue damage produced
by experimental trauma and shock, which include biochemical and histological studies.
3. Research on physiologic and biochemical problems associated with trauma. 4. Evalua-
tion of therapeutic agents in the treatment of shock. 5. Investigate metabolic problems
associated with pulsonary lipid embolim.
24. (U) 1. Models astablishad for produc-tion of endotoxin, hemorrhagic and bacterial
shock in the dog and rat, and pulmonary subolism in the rabbit. 2. Biochemical, histo-
logical, and physiological procedures used to evaluate metabolic changes and tissu3
damage in shock. 3. Enzyme and isozyme patterns and substrate concentrations utilized
to determine the effects of trauma on metabolic functions and tissue damage. 4. Meta-
bolic and physiological parameter affected by intramuscular dexamethasone in the therapy
of experimental peritonitis. 5. Lipase activity in pulmonary embolis'z.
25. (U) 69 01 - 69 0 6. 1. Elevations of enzymatic activity and metabolite concentra-
tions in hemorrhagic sad andotoxin shock were correlatable with death or survival.
2. gusyme and isozyms patterns indicated that tissue damage was qualitatively similar to
endotoxin snd bacterial shock; hemorrhagic shock produced sem differences. 3. Dexa-
aethasone produced several physiologic and umtabolic changes which were correlated with

its therapeutic value in experimental peritonitis. 4. Preliminary studies on the reso-

1ution of pulmonary fat embolima in the rabbit produced histOlOgical changes in the
lung but no elevati~on of lipase activity. 
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Project 3AO61102B71R REPSARCH IN BIO7W2OICAL SCIENCES

Task 01, Surgery

Work Unit 091, Metabolic problems associated with injury

q) Investigatora.
Principal: H. Kenneth Sleeman, PhD
Agsociate: John W. Diggs, B.S., Clarence E. Emery, B.S., Paul B.

Lamborn, CPT., Va., Daniel K. Hayes, SP5, James J. Mondello,
SP4, Gene V. Asby, LTC, MC, Arthur S. Dobek, MD, Larry A
Rogers, CPT, MC, Walter L. Scheetz, LTC, MC, Ed-ward r. Dickson

Part I

Statement of Problems

The Department of Surgical Metabolism (functions transferred to
Division of Biochemistry, WRAIR GO No. 2, 4 April 1969) conducted
research on metabolic problems associated with injury, and provided
professional consultation and technical support to other departments of
the Division of Surgery and WAIR. The major areas of investigation
included: 1. Effects of endotoxic, hemorrhagic, and bacterial shock on
metabolic processes and tissue injury. 2. Evaluation of the role of
histamine in endotoxemia. 3. Effects of the corticosteroid, dexa-
methasonc. on metabolic, hemodynamic, and physiologic factors in experi-
mental peritonitis. 4. Studies of serum enzyme levels in combat
casualties. 5. Participation in the research project of other depart-
ments on: a. Resolution of experimental fat embolism, b, Evaluation

of the heart pump in surgery, and c. Correlation of serumn enzyme
levels with the successful wound closure and healing.

4a:-k ýrouiId

1. Effects of Endotoxic, ei, or rh• c. d d .terial'Ioc•
etabAoli±c ete a.. ue 4ata.e. Studies were continued on the

eniotorxitc shock model, and hemorrhagic and bacterial shock models were
introduced. Most metabolic processes fail or are vautly altered in the

late states of shock, therefore, experiments were designed to monitor
metabolic changes over the entire period from the initial insult u.til
death or recovery. This procedare permits the correlation of the initial
changes with morbidity and mortality. The approach was the measurement
of selected enzymes and substrate concentrations in serum. The serum
enzyme patterns were related to specific tissue damage.

2. Eva qt oJ4htamine in &qd or The
injection of endatoxin causes the release of biologically active sub-
stances including histamine. Since many similar physiologic and hemo-

Sdynamic effects are produced by endotoxin and histamine, studies were
initiated to determine if intravenous injection of the substances
prodice the same effects on metabolic processes and tissue damage. Seruv
enzymes levels and isozyme patterns were used for comparison.
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3. Ejct.s.t of the axketic Corticsterost _, a et hqne. on 2
jetabollc, _Memoyioaoc, a n j .iolotic Factors in jxperimental

Pe.ri.titis. Daxamethasone, in pharmacological doses, provided
protection to rats from bacterial shock (WRAIR Progress Report 1967 -

1968), however, the mechanism by which it effects this protection are
obscure. Studies were initiated to evaluate the beneficial effects
of dexamethasone in respect to selected metabolic, physiologic, ,nd
hemodynauLc factors.

4. t~ud.e.._ on Seruým EnzMe Levels in Combat Casualties. The
intracellular enzymes, LDH, GOT, and GFT are found in normal serum
in low concentrations. Serum levels are elevated in conditions in
which cellular damage or changes in cellular permeability occur, and
provide a sensitive indicator of tissue trauna. The levels and
patterns of these enzymes in the serum yield information on the
severity of the wound and the condition of the patient. Therefore,
preliminary studies were undertaken to evaluate serum enzyme levels in
combat casualties in respect to (8) wound type, (b) shock, and (c)
transfusion therapy.

&U oach to the Zroblem

1. E4fect o.f Endotoxjcic, 1orrhatic. and ]:terial Shock on
ketabolic fr2.A eAn Tisse 1.• • -ae. In all three experimental
models beagle dogs ware used. The dogs were anesthetized with pento-
barbital sodium and placed in a supine position. Cannulae were in-
serted into appropriate vessels for injections, bleeding, and monitoring
physiological changes. Blood samples ware collected from the femoral
artery prior to (control) and at selected times after the experimental
procedure. The shock models were: a. Endotaxin - 1 dose, 2 mg/kg,
of commercial endotoxin (Uhherichis coli: 0111:B4, Boivin), which
produced about 70 percent mortality within 24 hours. b. Hemorrhagic -

the Wiggers technique was employed and the dogs were bled to an arterial
pressure of 45 - mercury, maintained for 2 hours, then reinfused.
Preliminary studies also were performed using cardiac output instead
of arterial pressure as the criteria for standardizing the hemorrhagic
shock model. c. Bacterial - dogs were injected in.raperitonaeally
with 5 &l/kg of a solution containin 105 1. coli 0111:B4 organisms
and 4 g percent hemoglobin per ml. Enzyme analyses were performed
using cou rcially available kits and isozywes vere separated by gel
electrophoresis.

2. NvlatJ~t2! gt th &Z oI 4k.&q in a tea Twenty-
four beagle dogs, 12 in each group, were randomly assigned to receive
endotoxin or histamine. The dogs were anesthetized with pentobarbital
sodium, and placed in dorsal recumbency. Polyethylene cannulee were
inserted for injections, sampling, and monito:ing arterial blood
pressure (ASP). Cowurcial andotoxin %. coll 0111:B4 - Boivin) in
saline was injected intravenously in asounts calculated to prodace 70
percent mortality. Histamine dihydrochloride, 1 m%/kg body weight, was
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dissolved in 50 mI saline and given intravenously over a 15 minute
interval. Baseline blood samples were collected following anestheti-
zation and cannulation; repetitive samples were collected at selectedO intervals up to 72 hours after the injections. Quantitative serum
enzyme analyses were performed by spectrophotometric procedures
accompanying counercial kits, and isozymes were separated by gel
electrophorests and located by appropriate staining methods.

3. Effects of the Unthetic corticosterotd.4 examethaso-nej
Netabolic, Hemodyn.amc, and Ph4i.ooc Ftactors. in oErleotal

Leritonitis. Bacterial shock was produced in 250 g male Sprague-
Dawley rats by the intraperitoneal injection of a solution of E. coli
(108/ml) and hemoglobin (4 g percent). Dexamethasone (8 mg/kg) or
saline (control) was given intramuscularly at selected intervals prior
to or following the bacterial injections. Some animals were observed
up to 72 hours for lethality, others were sacrificed at selected
intervals for blood and tissue analyses. Laboratory tests were serum
glucose and corticosterone, blood hematocrit, adrenal corticosterone,
protein, and ascorbic acid, and liver proteins.

4. jt.dies rui C at lties. All
patients were American or South Vietnamese soldiers wounded less than
2 hours prior to admission to a front line hospital. Enzyme analyses
were performed by colorimetric methods using comuercial kits, and
values were considered abnorral if the LDH exceeded 500 units, and GOT
and GPT exceeded 50 units. Chi-square statistics were used, when
appropriate, to compare group3.

Results and Ztscu~iqnq

1. ffct.o EndotIc,ý ýjmorac U4 _c k2ia k g

olc . _S ttu M •amute. Previous studies (WUlR Progress
Report 1967 - 1968) showed that the serum enzymes, lactic dehydrogenase
(LDH), glutamate-oxalactate transauinase (GOT), glutaoate-pyruvate
tranaaminase (CPT), and isocitrate dehydrogenase (ICDH) were significantly
elevated in non-surviving dogs by the third hour after receiving endo-
toxin. Only ICDH exceeded normal values in surviving dogs. A persist-
ently high level of WD3,, GOT, and GlP indicated a poor prognosis. The
initial rise in total LOH was associated with an increase in WH isoxymes
2 and 3. (rhe LD: isozymes were nuabered consecutively; the most anodic
(heart) isozyme was designated as 1.) Persistently high levels of total
WDH caused also an elevation in LDH isozymus 5 and 4. These results
ware correlated in the current studies. In addition, credtine phospho-
kinase (CPK) also was elevated in endotoxeoia and usually by the third
hour following the injection. The CFA isozyms associated with the
increased serum level was the most anodsic. This CPK isozyme occurs in
tissues other then the heart or skeletal mtscl. Blood lactate vwa
ujually elevated but in many instances did not correlate with morbidity
and mortality. Serum glucose levels exhibited the usual biphasic patternO associated with shock.
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Hemorrhagic shock also produced in non-surviving animals a
dramatic increase in the activity of all the studied serum enzymes.
The serum enzyme levels were increased significantly either just prior
to or iumediately following the reinfusion of blood. As with endotoxin
the prognosis was poor when serum enzyme levels were progressively
increased with time. Surviving animals showed only slight or transient
elevations in serum enzyme activity. Hemorrhagic shock usually produced
higher levels of serum enzyme activity than endotoxemia hence indicating
greater tissue damage from induced hypovolemia. The striking increase
of blood lactate levels in hemorrhagic shock also emphasizes the under
perfusion and hypoxic state of the tissues. The serum glucose levels
in hemorrhagic shock exhibit also a biphasic pattern.

The WDH and CPK isozyme patterns a.ssociated with hemorrhagic shock
differ in sone respect~s to those found in endttoxemia. The LDM serum
isozymes corresponding to the initial increase total LDH reveal an
increase in 2, 3, and 5 isozyme. In some animals LD:H isozymes 2 and 3
were elevated first, then the isozyme 5; in other animals isozyme 5 was
elevated first, followed by 2, and 3. This possibly indicated lung and
liver damage, however, extensive intestinal damage may complicate the
interpretation. LDH isozyme 1 (heart) also was elevated but usually
later in the shock episode. The CPK isozymes associated with an elevation
of the total C~i: activity of the serut supported the finding of the LDNI
isozymes. The initial rise in CFiC activity yielded the most anodic
isozyme, this was followed by a progressive increase in the cathodic
(heart or skeletal muscle) isozyme. The results would indicate tissue
damage to other than the heart initially, followed by damage to the
heart muscle later in hemorrhagic shock.

Difficulties wer2 encountered in standardizing the bacterial shock
model, and further studies will be required. Tissue damage, as reflected
by serum enzyme levels, does ,iot occir uatil near the terminal stages of
shock. Preliminary studies seiwed that the increase in serun total WDH
was associated with an increase of only LDH isozymes 2 and 3. This was
similar to that founad with endotoxin. GOT and CFK levels were elevated
bit not to the extent found in either the endotoxin or hemorrhagic
models. The arterial blood jressure does not fall until the terminal
stage of bacterial shock, ana lactate levels are elevated only at this
time.

2. 1valMativ'n f th 12 [ 21 MQlQaaae l t ight of
12 dogs injected with endot xin died within 48 hours. Only 2 of 12
dogs injected with histasine died, and these dLed within 20 and 35
minutes respectively probably because of a too rapid rate of injection.
Both groups of dogs showed an Lmadtate and similar drop in ABP. The
ABP of the histamine treated animals returned to control values by 2
to 3 hours, while the e.kdotoxin treated animals remained hypotensive
(< 9O us HS) during the period of measurement.
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The activity of serum enzymes in response to injections of
endotoxin or histamine was quite different. Endotoxin causes a
substantial elevation of all the studied enzymes by the third hour
following injection. Results were similar to those described in
Section 1, Results and Discussion, of this report. Histamine, despite
the large dose administered, caused no elevation of serum I&., 1CDH,

S..... or AP. CPi( was elevated over control values by the 7th and the
transaminases by the 24th hour following the histamine injection.
The transient elevation of transamninase activity found with histamine
was similar to that noted in some animals surviving endotoxin. How-
ever, ICMn, which occurs in high concentrations in the liver, was-
never elevated in histamine treated animals, bit was significantly
elevated .n all animals which survived endotoxin injections.

The serum LDH and CPF isozyme patterns indicated soma heart and
liver damage resulting from histamine injection. Serum LDw Lsoxymes
patterns showed transient elevations of isozyme 5 (liver), 5 to 7 hours,
and frequently elevations of isozyme I (heart) at 24 hours following
injection. In one experiment, when the dog died 35 minutes after the
histamine injection, the elevation of serum total LDH was reflected by
&%Nincrease in LDJ. isozyme 1 (heart) and liver (5). The liver damage
was indicated also by a GOT to GPT ratio of less then 1. The CPK
isozyme, related to the elevation of serum total CPA was the cathodic
one, which is associated waith heart or seketal muscle.

The marked difference in serum enzyme levels and isozyme pattern
indicate differences in tissue damsge following endotoxin and histamine
injections. The possibility of a synergistic effect between eadotoxin
and endogenouJs histamine has not been eliminated by this study. It is
also possible that histamine injections causes the release of other
biologically active substances which in turn may be responsible for- the
observed effects.

3. - U~. Wsas 2t Ot wofa~- cc~uaem~ k mtJaAL v'i

.rftlt~ontt. In those experiments, the 1. cqlj-hemoglobln mixture
produced 75 percent mortality within 24 ho-Ars. The intram~acular iojsc-
tion of dexamethasone reduced inortality significantly when given up to
16 hours after the inoculation of J. qoqi-hemoglobin.

The plasma and adrenal corticosterone, and adcenal ascorbic acid
levels were determined to establish the effect of the infection on
steroid release in the presence and absence of dexsmsthasone. Prompt
increases in plasma corticosterone were found in both Sroups of animals.
2hest elevations were sustained until the late stages of bacterial shock
in control animals, while a iore rapid return to normal was observed in
dexewethasone treated animals. Similar but less dramatic changes vere
"observed in the adrenal co-ticosterone levels. Definitive adrenal
hyp-rtrophy occurred only in the control animals. The functional capabil-
ities of the adrenal were not iiuaired by the infection, as the injection 04 '
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of exogenous ACMH late in shock produced a sertes elevation of cortico-
steroid similar to that found early in shock. In both groups, the
adrenal ascorbic acid levels were depleted initially following the
infection and returned slowly to near normal values. The use of
dezemethasone decreased the time for ascorbic acid recovery.

The possibility that dexamethasone exerted its beneficial effect
by stabilizing glucose metabolism, was investigated by determining
plasma glucose levels. The control animals exhibited a biphasic
pattern in plasma glucose, that is an initial hyperglycemia followed by
hypoglycemia near the terminal stages of shock. Dexamethasone did not
prevent the initial hyperglycemia but did prevent the hypoglycemia late
in shock. The prevention of hypoglycemia by dexamethasone, possibly
through the mechanism of gluconeoSenesis, could contribute to the
beneficial effects of this synthetic corticosteroid. The corticosteroids
as a group are reported to increase protein catabolism in most tissue
and increase protein anabolism in the liver. In these studies no
significant changes in the protein content of the liver or adrenals
ware noted.

Previously, dexamethasone was shown to increase the absorption of
dye tagged protein and hence also bacteria from the peritoneal cavity.
The effect of dexanethasone on fluid transport or cellular integrity
was shown also in the current studies. The bemoconcentration, as revealed
by hematccrit determinations, was less in the dexamethasonoe treated
animals than in the controls. These results may then reflect improved
circulation to the tissue or a preservation of the cellular and vascular
integrity which resulted from dexamethasone adiLnistration.

analyses were performed on the sera from 81 untreated patients upon
arrival at the hospital and from 48 patients of the abore group following
surgical procedures. Upon adsission, the psrcentage of patients with
earuma snzyme levels already elevated ware: LD3 58 percent, GOT 47 per-
cent, and CPT 19 percent. Following surgery, the percent of patients
with elevated serum enzymes were: LOH 75 percent, GOT 73 percent, and
Cr1 31 percent. This reflected both surgical trauma and the continued
release of these enzymes from dmaged tissue. Only 19 af these patients
were followed for up to 7 days, and in all instances the serui enzyme
levels remained elevated.

The wovid location had a pronounced influence on the levels of te
serum enzymes. Abdozinal wounds, with or without liver daage producad
seru• ensyme elevations in the greatest nuabet of patients. Oaly In
this gro•p, and irrespective of direct liver involvement, was the CPI
elevated to an appreciable extent. Blest fot injuries produced an
elevation of LDH and GOT, bdt not GOT. The enzyms pattern was that
associated ofth skeletal mucle. Panetrating chest wou•ds with lung
contusion were associated with elevations of LOt and GOT, while without
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lung cot.!usion, GOT was not consistently elevated. Limb wounds with-
(7) out fractures also produced consistent elevations of GOT.

Shock was most prevalent in the group of patients (70 percent)
with abdominal wounds. These patl.ents also had the highest incidence of
serum enzyme elevations. LDH and GOT were elevated in 83 percent of
these patients and GPT in 44 percent. There was a significant increase
in serum enzyme levels in patients in shock when compared to those not in
shock. The elevation of the three serum enzymes studied were associated
Aith a poor prognosis.

The effect of the volume of blood transfused on serum enzyme levels
one day following injury was determined in 18 patients who bad normal
serum enzymes on admission. When the serum enzyme levels of these
patients were compared with a similar group receiving no transfusions.,
only GOT was significantly elevated. There was no significant difference
in enzyme levels of those patients receiving large quantities of blood
(> 4000 ml) and those patients receiving lesser quantities. The results
suggested that the general condition of the patient was more responsible
for elevated levels of serum enzyme than the transfusion of blood.

Conclujon4

Uetabg. i 9•.€ Teiqii e4 • qe • e. The study of tissue enzyme

released into the serum reveal the general condition of the patient) the
extent of tissue damage, and indicates the organ(s) that are affected by
endotocin, hemorrhagic, and septic shock. KBzyme analyses show that the
sequence of organ dasage may differ in hemorrhagic end endotoxin shock,
and :ould provide a clue as to the appropriate therapy at different stages
in the shock syndrome. This information and that gained from physiologic
and hekodynamic measures provides a 2*re precise view of patients conditions
while in shock.

2. EvatiieW g fte FUj St 4 q l Wetiate . The present
experiment does not support a common mechanism of a:tivity for eodotoiin
and htauLine. The catecholeaLnes, epinepbrine and norepinephrLne, are
released by histatine And could contribute to the observed heart dmage.

Peritonitis. The admioistration of pharacological doses of dXe-
e--t-msone provided protection to rats from the high mortality of bacterial
shock. Investigations into the metabolic, physiologic, and hemodynaIc
pro:eases affected by dexamethasone indicated several benefLcial effects
of this drug: (1) it prevented the late hypoglycemia associated with
bacterial shock, (2) it enhanced peritoneal absorption of bacteria,

Shence permitted the natural defense mechanisms of the host to be utilized
more effectively and (3) it preserved the cellular Integrity of the
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ia
adrenals,, liver and possibly other organs, possibly by de.creasing

vascular resistance and increasing fluid movement. The ability of the
adrenals to produce steroids were not affected by baptersle shock geth
or without dexspethtsone• h hck.erhomeostasis of the anital was better
maintdined in the presence of the drug.

4. iccudtI. Itrum En e Iteels in b q. The
elevation of these enzymes in the aerua reflect the general condition
of the patient and the severity of the wound. Wound location effects
the sorua enzyme patterns, and abdominal wound present the greatest
problem in respect to shock. GOT elevations was the most sensitive
indicator os soft t oedue trauma.

1. Ifet o1 EndJotoxic. fterrs ei, Ln pacterilel J "o nn

p.oe."s krocer tissue injury. The study of endotoxyn,
hmorrha ict ad bacterial shock have revealed dioferences in aetubolic
processes and the pattern of tissue injury related to these shock models.
Future investigations will entail the modification of these basic models
by drugs or surgical procedure in an attempt to isolate the metabolic
process or tissue injury primarily responsible for the morbidity and
mortality assoaciated- with shock. This information then will be utilized

to evaluate the use of therapeutic agent in the treatment of shock.

2. I t. " Stft he.l.e .2t V: Li.m n J5 4L~si&... The use
of alpha adrenergic blocking agents should assist in the clarification
of an interrelationship between histantie and the tetecholamines.

q .to . The physiologic, h*%modynasic, and metabolic effects which
were prodaced Sy pharmacological doses of dexemthesone, require further
study. Bach possible beneficial effect of dexemethasone needs invesati-
gation so that this drug may be used judiciously in the treatment of
shock.

4. sta4iu l La m LO-ah Le Qobat QA %i j. The
determination of 0%, QOT and GPT and the inclusion of serum creatine
phosphokinase (CPK) and LON and CPK isezyme analyses would assist in:
(a) evaluation of the severity of the wound, (b) location of tissue
a...e not readily apparent, (c) determining the rate of wound healing
and (d) dateormiing the best time for wound debridesent and closure.

~11A t~&~ t.2iSA WiqktEu R~a~jEWU.L The department
of Surgi-al Metabolism provided professional consultation and technical
assistance relevant to the research activities of other departments. The
project in which this department participated were: a. The resolution
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of experimental fat embolism with the Department of Surgical Pathology,
b. Evaluation of the heart pump in surgery with the Department of
Aneothes.ology and Resuscitation and c. Correlation of serum enzyme
levels with sucessful wound closure and healing with the Deportment of
Experimental Surgery. Progress on thise research activities will be

4. ) reported by the designated departments.

Part II

Descr.ipion

Studies of ba:terial infections associated with traumatic wounds
and other surgical problems have been concerned with identification of
o-ganisms from wouinded patients, development of animal models for
studing therapy and investigation of diagnostic methods.

1. =a--erijoljLicajl jseaX 2f wXoquded pj.tfens It Iflter i1eed
General o2attatl. Investigations were initiated to determine the
relationship of normal throat and skin flora to bacterial complications
of wounds suffered in Vietna-n. The protocol is as follows: each
patient assigned to Ward 32 is cultured (throat, skin, wouid and drainage)
three times at approximately weekly intervals - a total o! 303 cases
is planned. Results of bacteriologir fcudies are to be compared Aith
medical histo-", treatmenc, antibiotic therapy and location and nature
of wounds.

To date 130 pstients have enzered the study but only 17 percenthave had the series of three cultures.

Table I suausrizes the frequently isolated uicroorganisma from wound
and suture sites, normal skia, throat, burns and drainase. S. ei4t.e.L
and S._aureua were quite common in wound and suture sites on normal
skin and, to a certain degree, in the throat. Neisseria was predominantly
isolated from the throat where streptococci ware also frequently isolated.
Pseudomonas was found more often at wouid and suture sites and throat
then on the normal skin.

The organisw reco.iered from the various sites were those to be
expected. Pseulomonas strains and other gram negative organisms are
the initd~ars which, because of antibiotic resistance, are the most
difficult treatment problems.
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In addition to the above study, imicrobiologic support has been
A provided for the Recovery Room Ward 15, WRGH mnder the direction of the

Department of Human Studies, Division of Surgery, WRAIR. Resuits of
cultures of 33 patients are presented in Table 2. Again, gram negative
organisms were the most common flora. The absence of positive blood

:") cultures in this group may reflect the intenoive antibiotic therapy
administered to these critically ill patieats.

2. Studies of animal models for intraperitoneJ. infection.

Intraperitoneal infection following abdominal wounds incmured daring
combat has been a significant cause of mortality and morbidity. Of
33,000 combat injuries in Vietnam from October 1965 to August 1967,
5.2 percent involved the abdomen and 18 percent of the deaths occurred
in this group. Intraabdominal sepsis was a major factor in these cases.
In several series of abdominal injuries, infection was a significant
complication in 23 to 35 percent of the patients (LTC C. V. Aabyf
personal communication).

A standard subhepatic abscess model has been established in rabbits
by injecting clotted rabbit blood containing a large 'inoculum of StaPhylo-
coccus aureus and Escherichia coli.

A description of the technique follows: S. aureus, isolated from a
surgical wound infection, was resistant to penicillin-MBC = 100 un-ts/ml)
and chloramphenicol (NBC 12S Mg/ml). g. aoli, also a clinical isolate,
had similar resistance to both antibictics.

0.5 cc of a 24 hr trypticase soy broth (TSB) culture of S. aureus,
approximately doubled by centrifugation and resuspension in half the
volume of broth (109-1010 viable bacteria/mi) is added with 0.5 cc of a
24 hr TSB culture of E. coli (109 /ml) similarly treated, to each 9 ml
aliquot of freshly collected rabbit blood. Control animals received
blood containing 1.0 cc of sterile TSB instead of bacteria. After
incubation for one hr at 37 C to allow clotting, the blood is then forced
via syringe into the right subhepatic space of the laparotomized rabbit.
Rabbits in treatment groups then receive antibiotics by various routes of
inoculation or by infusion. Mortality rate is determined for the post
operative period and all dead rabbits are autopsied. All rabbits
surviving 10 to 1. days are sacrificed and examined for abscesses which
are then excised and the exudate cultured qualitatively and quantitatively
(Lindsey technique). The peritoneal cavity is cultured by sterile swab
in all survivors. Unusual abscesses and associated i.nfected tissues are
preserved for pathological examilnation.

Table 3 shows that 95 percent of uninfected controls survived the
, ) operative procedure and had negative peritoneal cultu.r:* at 14 days.
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Table 3. Rabbit peritoneal abscess model.j

S~Deaths
Total During 18-24 2-10 Survivors Culture

number surgery hours days 10-14 days results

Uninfected 37 1 1 0 35 0 35
controls 95% 100%

Infected 67 2 31 6 28 27 1
46% 42% 97%

Infected- 55 0 24 9 22 20 2

treated 44% 42% 91%
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Infected rabbits showed a 46 percent mortality in the first day aftersurgery and 42 percent survived to be sacrificed at 14 days. Twenty-six
of the 28 rabbits had abscesses which yielded &. a on culture; oneother rabbit had S. a and E. s= isolated at 14 days. Treatment ofinfected animals Ti million units penicillin, 200 mg chloramphenicol in
one dose immediately after cloiure of abdominal incision - 37 given I.P,-
18 given IX.) had no effect on the mortality or abscess development.

The early deaths are probably the result of E. coli endotoxin and
I. •1J 1 did not appear to produce a chronic intraperitoneal infection.Abscesses developed on or within the omentum and occasionally were
subbepatic in location. Smaller intrahepatic abscesses were noted in the
latter animals. Detailed anatomic observations were not made. S. aureus
was isolated from over 90 percent of these infections.

Thus, it appears that this technique has potential as a model for
peritoneal abscess. However, certain problems need further study; forexample, are two bacterial species necessary or will S. aureus alone
cause the infection? Will E. c alone cause the early deaths? Canabscesses be produced by gram negative organisms since these are thebacteria responsible for the human illnesses? If not, perhaps some
animal other than the rabbit should be investigated. Attempts to study
treatment must await more precise information on the model.

3. Miscellaneous diasmostic bacteriologic studies.

Bacteriologic support has been provided for a variety of projects
within the Division of Surgery. For example# several experiments wereperformed in an attempt to quantitate bacteria in peritoneal washings by
use of a Millipore filter technique. These were not successful and were
discontinued. Attempts to quantitate magnitude of bacteria in experi-
mentally infected rabbit soft tissue wounds using microscopic countingof stained tissue homogenates as well as plate counts are in progress.

Si---rv and conclujions.

Organisms isolated from combat wounds reflect those present on the
skin and throat of the same individuals. In the military patients gram
negative organism are frequently isolated# Just as they are in civilian
populations, and no unusual group of bacteria has been found, Rabbits
injected with bacterial contaminated blood clots may provide a useful
animal model for intraperitoneal infection since 40 percent have staphylo-coccal abscesses after two weeks. Further anatomic studies are necessaryas are experiments with gram negative bacteria to more closely approximate
the human problem.
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23. (1U) To evaluate the physiologic responses to trauma in combat c`asuelies

24. (9) All seriously wounded casualties admitted to the 24th Ivacuation Hospital are
studied by the surgical research teem. Arterial blood gases, pulmonary function teats,
end cardiac output teats evaluate the cardiopulmonary system. 8ertm enzyme., lactate,
pyruvate, sad glucose evaluate the response to shock. Coagulation studies investigate
bleeding diathesis and disseminated intravascular coagulatton. Gastric analysis and
study of aurctn Factors 1, 1i, end III evaluate the biochemical alteration of m-cin
folloving severe shock and sepois.

25. (U) 69 01 - 69 06, Pulmoary insufficiency is causad by may factors: aspira-
tion, cotiosion, fat embolisation, intrapulmoary shunts froma extremity wounds.
frologaed shock causes metabolic acidosis. However, the usual casualty develops
alkaloois following resuscitation and surgery. Coagulation defects appear only after
(1) mnltiple transfusions or (2) prolonged shock in which there is a consumptive
coagulopethy. Blevetions of isosymes are specific for the injured organ or tissue.

For technical reports, oqq Walter Reed Army Institute of Research Annual Progress
Report, 1 Jul 68-30 Jun SY.
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Investigators.
Principal: LTC Gene V. Aaby, MC
Associate: HAJ Donald B. Doty, MC; MA) Roger V. Noseley, NC; MAJ Henry

B. Soloway, MC; MAJ William H. Fleming, NC

1. Human &yocardial Zonal Lesions1

a. Statement of the Problem: The cause of death in hemorrhagic
shock has been attributed to failure of several different organ system.
Guyton and others have documented myocardial failure as the final common
pathway in death from hemorrhagic shock.

b. Background: Numerous models of heamorrhagic shock have been
developed through the years and intensive investigations developed to
determine the cause of death in hemorrhagic shock. Terminally, there
is failure of the cardiovascular system. It has not been clearly defined
whether the failure represents primary myocardial failure or failure of
the peripheral vascular system or lungs and a secondary effect upon the
myocardiun. Myocardial zonal lesions are a consistent pathologic find-
ing in experimental animals folloving hemorrhagic and eodotoxic shock.
Until recently this type of myocardial damage hs not been dimonstrated
in man.

c. Approach to the Problem: A 20-year-old soldier sustained combat
wounds and died of hemorrhagic shock prior to treatment. Detailed au-
topsy was performed five hours after death.

d. Results and Discussion: Histologic exmination revealed zonal
lesions located at the intercalated discs and other parts of the mocytes
in the heart. These have been previously described following hemorrhagic
shock in experimental animals, but lack of appropriate clinical material
has failed to reveal them in man. This finding may further docmint the
thesis that myocardial failure is the principal coion pathway in deisee
due to hemorrhagic shock.

e. Conclusion: Nyocardial sonal lesion following exsanguination in
a combat casualty was demonstrated. The lesion is identical to that
found in experimental models of hemorrhagic shock. Development of this

U lesion early in hemorrhagic shock may be the basis for subsequent myo-
cardial failure.

o
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f. Recommendation: Thorough autopsy examinations of casualties
dying of hemorragic shock may unfold the confusing picture of final
demise from hemorrhage.

2. ftlationship of Crystalloid Administration durina Resuscitation to
Serum Solids and DeveloWent of Arterial Hypoxemia.

a. Statsant of the Problem: Pulmonary insufficiency and generalized
edema are commonly present after resuscitation in severely traumatized
battle casualties.

b. Background: Large volumes of crystalloids are administered
during resuscitation from combat wounds. Many of the casualties would
have died in previous warm but have b-en salvaged by rapid helicopter
evacuation from the battlefield to the hospital. Volume replacements
using crystalloid solution have saved the patient but a few days' post-
operative pulmonary insufficiency and overhydration are a common prob-
lea. The present study was designed to determine the association between
total serum solids and arterial hypoxemia in a group of severely injured
casualties.

c. A#Mroach to the Problem: Sixty casualtiesv were studied measur-
ing blood $sses, lactate, and total serum solids.

d. Results and Discussion: There was a correlation between the
finding of low serum solids and arterial hypoxe•Aia in patients that had
been given large volumes of crystalloid solutions during resuscitation
and surgery. Of hypoxemic patients with low serum solids 24 hours post-
operatively 83"X received morn than 3,000 cc of Ringer's lactate. By
contrast only 12.5% of the patients with normal serum solids and normal
oxygen tension received this volume of fluid.

e. Concluseon: The data supports the concept that excessive hemso-

dilution with crystalloids may result in reduction of plasma osmotic
pressure and may be partially responsible for impairment of pulmonary
function following severe shock and trauma.

f. Amcamsndation: The fluid regimens used for resuscitation of
"severely wounded need further study and investigation to determine the
proper combination of blood and crystalloid solutions to be used during
resuscitation of the severely wounded.

3. Jbtalnija a Igliable SPecimen of Arterial Blood. The Problem of
venou Aft•Lxture.

a. Statmnot of the Problem: Investigators have documented arterial

hypoxemia following severe truma.
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b. Background: Numerous investigators in the combat zooe and in
civilian trauma centers have documented the presence of arterial hypoxemia
following nonpenetrating chest injuries, penetrating chest injuries,
fractures, extremity wounds, blast injuries, fat embolization, and many
other types of injuries.U .4

c. Approach to the Problem: Four cases were documented in which
arterial hypoxemia was present but repeated sampling revealed the initial
low p0 2 wa6 an error and resulted from venous admixture d"ze to aspiratioa
of blood from a vein adjacent to the artery that was the sampling site.
Because of the adjacent femoral vein uWd the numerous branches at the
fossa ovalis the femoral artery may be a common site for. venous admix-
ture to occur during sampling. The use of long beveled needle may contri-
bute to the error.

d. Conclusion: Errors may cccur during sampling of arterial blood,
permitting venous admixture and a fallacious diagnosis of arterial
hypoxemiLa.

e. Recommendation: Adherence to careful techniques is necessary to
produce valid results.

4. Coagulation Disorders *n Coubat Casualties: &cute Ma g [A 0
Wounding and Effects of Massive Transfusionz-

a. , tatement of the Problem: Following massive tramns requiring
multiple blood transfusion, a hemorrhagic diathesis cosn.nly occurs.

b. Background: In both military and civilian trama large volumes
of blood and other fluids are given rapidly a4&e the patient is success-
fully resuscitated and undergoes surgical treatment of the woundG. During
this period several thousand milliliters of blood may be given end after
a prolonged period of shock, a bleeding tendency commonly occtas which
has been thought to be related to a constuptive co&gulopathy or dilution
of the clotting factors which prevents good clot formation.

C. Approach to the Problem: The prothrombin time, partial thrombo-
plastin tim, recalcification tims, platelet time, fibrinogenand presenze
of fibrinolysin were determined in large numbers of cmb,- casualtier
admitted to surgical hospitals. Casualties were restudied after multiple
blood transfusions. The clotting factors in 72 units of stored bank
blood were- analyzed.

d. Jesults and Discussion: The prothrcmbln time, partial thrombo-
plast1n times correlated statistically with the degrue of hypotension,
acidosis, and lactacidemia. The findings were consistent with experi-

4) mental observations that trauma •ad shock produce !nitial phase of hyper-
coagulability followed by a return to normal or hypocoagulabtlity. The
hypocoagulable state is best explained by disseminated intravascular
coagulation precipitated by the presence of homolysis, releasa of thrombo-

7 plastin, acidosis, and hypoperfusion .een in patients with hypovolemia.
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Transfusion is accompanied br dilutional coagulation defects. Platelet k
levels fell rapidly during manuisve transfusion.

ft. Concluuioi..; Except for seveze trauma resulting in disseminated

intravascular coagulation or requiring large voliues of blood transfu-
sion, stored bank blood does not result in a coagulopathy. The use of
fresh 1hole blood wiill partially counteract the diluti'inal effect on
coagulation parameters.

f. JZAcondation: Additional studies to elucidate the pathogenesis
of disseaimated intravascular coagulation and the hypocoagulable state
are needed.

5. #2poxg.a during the first 12 Hours .r.fter Battle Injuries.

a. 3tatement of the Problem: Hypoxemia and respiratory insufficiency
cmmonly occur after severe combat injuries,

b. Baý ýround: Several investigators haqe demcnstrated the occurrence
of hyboxenia following seve-e injuries. The location of injuries is not
necessarily ,irslated to hypoxemia. Wounds of the chest causing inter-
ference of ventilation and lung function would be expected to result in
hypozemia. However, blast injuries of the foot, extremity wounds, and
severe fractur~s may cause hypoxamia from release of fat emboli, plate-
let aggrtations, cellular debris, and other microemboli which interfere
with pulmonary function.

c. .proach to the Problem: All casualLies admitted to the hospitals
having the surgical trauma team were studied and those demonstrating
arterial hypoxemia with pO2 below 80 were serially followed. P fty-
eiaht patients constit'ited this group.

d. &#alt. and Discussiou: In this group of patients the following
causes of hypoxsona were identified: chest injury, 29; aspiration, 14;
fat tabolim, 6; ov~rtransfusion, 4; brain injury, 5.

e. Conclusion: Hypowemia has multiple etiologies and may be caused
by sny factor vhicb influences ventilation, perfusion, and diffusion.

f. ýtiqq This multi-faceted problem needs careful inves-
tigation of the component parts.
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23. (U) Developnent of standardized biological preparations for long term hemodynamic
and biochemical studies of the controls of the heart and circulation in the normal
state and under the influence of abnormal and pathological stresses.

24. (U) Energy metabolism of the heart has been studied at sarcosome level. Regulation
of regional blood flow has been studied in the unanesthetized dng with chronically im-
planted electromagnetic flowmeters and special tubes in the aorta, coronary sinus and
coronary artery. Preparations and stresses used include the normal heart, the heart
with hemorrhagic shock and with acute and chronic coronary insufficiency.

25. (U) 69 01 - 69 06. Chronically Implanted intracoronary tubes for estimating coro-
nary collateral indices have been improved. A new compound has been found which blocks
AT? synthesis without affecting utilization; it should be a powerful tool in studying
the mechanism of high energy transfer reactions in sarcosomes. Adenosine may be a regu-
lator of coronary blood flow since its myocardial content rises during coronary occlu-
sion and falls during coronary release. Intravenous calcium decreases left coronary
vascular resistance. During irreversible hemorrhagic shock, oystoli'c coronary vascular
resistance is reduced durin•g the hypotensive and postinfusion decay periods. - In con-
genital subaortic stenosis, mean left coronary flow is reduced, flow during systole be-
ing almost entirely backflow. Fxperimental models have been developed to study the
natural history of coronary collateral development during abrupt or gradual occlusion
of a left coronary branch. Coronary collateral indices rise progressively suggesting
preocclusion existence of significant dormant coronary collaterals.. Intra..aortic bal-
looning improves these collaterals mildly. These collaterami rise more quickly follow-

Sing coronary reocclusion after subsequent coronary rele&. For technical re,•orts, see
OJ !,W,•~te; l,•.orxy, .Institute of Research Annual Progress. Report 1 Jul.6.8 -'30 Jun69.
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Andrew Huvos, M.D.; A. Pasque, M.D.; N. M. Papadopoulos,
M.D.; Stanislaw Pasyk, M.D.; Darrell W. Haas, Ph.D.;
Edward M. Khouri; Howard S. Lowensohn; Charles E. Cain;
R. Richard Gray; William J. Mitchell; Bertram Pitt, M.D.
(Johns Hopkins University School of Medicine); David E.
Donald, M.D.(Surgical Research Section, Mayo Clinic);
R. Lee Pyle, Ph.D.(School of Veterinary Medicine, Univ.
of Pennsylvania); Frank Hastings, M.D. (Artificial Heart
Program, National Heart Institute); Mary K. Gentry.

Description.

Development of standardized biological preparations for long term hemo-
dynamic and biochemical studies of the controls of the circulation and
of myocardial activity in the normal state and under the influence of
abnormal and pathological stresses.

Progress and Results.

1. Development of Instruments and Methods for Cardiovascular Research.

Tubes for implantation in a coronary artery and in the aorta of the
chronic dog have been improved by the substitution of silastic for the
intravascular portioii of the catheter.

2. Myocardial Metabolism.

Further studies on site-specific inhibitors of oxidative phosphoryla-
tion have been carried out. It has been found that it is possible to
shift the site of action of some of these poisons within certain classes
of compounds. The arylbiguanides, for example, show a shift from site I
to site 2 inhibition depending on the chain length between the aromatic
ring and the biguanide residue. Phenylbiguanide and its ring-substituted
analogues are strong inhbibitors of site 1 phosphorylations. If one or
more methylene groups are introduced between the phenyl ring and the bi-
guanide moiety, inhibition is shifted from site 1 to site 2. In the case
of benzylbiguanlde, substitution on the ring at the ortho position (*
causes a shift back frvoin site 2 to site 1. It is apparent that any
group which stericall'y interferes with the first amine and/or the first
imine of ýhe biý;uanide, causes the resulting compound to react as a
gu&_Didine. This is an important observation which can lead to the C
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systematic separation of the phosphorylation Bites for the study of the
primary energy transfer mechanisms.

A further study of the carbod.imides has lead to the conclusion that
certain of these substances which have large aromatic substitutions on,
the two nitrogen residues can act competitively with AtP for high-energy
phosphorylated intermediates. This should be a useful tool in the sepa.-
ration of the forward reaction (the oxidative synthesis of ATP) from the
reverse reaction (the utilization of ATP and other phosphorylated inter-
mediates).

3. Metabolic Control of Coronary Blood Flow.

The relationship between myocardial adenosine content and coronary blood,
flow rat.-.. was studied in anestzhetized open chest dogs. The standard, etk-
zymaiiic spectrophotometric technique for adenine nucleoside assay was
modified to give a 200-fold increase in sensitivity, thus permi-ttingý
measurement of adenosine in heart muscle ezxtracts. The myc'cardial con-
tent of adenosine nucleosides was found to increase during coronary
artery c(cclusion and to fall exponentially during reactive hyperem~ia.
Coronary blood flow rate was a function of the logarithm of myocardial
adenosine content in thL- oxygenated heart and during myocardial raactive
hyperemia. Studias of the influence of orthophosphate on the production
of adenosine from AMP have been undertaken in order to explain va~ria-
tions in the rate of myocardial adenosine production during coronary
occ lus ion.

4. Expecimental Models for Study of the Coronary Circulation.

For study of the regulation of the coronary circulation under various
stresses (noncoronary insufficiency) the experimental model was the
trained, unanesthetized resting dog. Implantations included a ttube in
the ascending aorta for samrling blood pressure, a tube in the coronary
sinus for estimating myocardial metabolic change, a flow transducer on
the left circumflex coronary branch together with a pneumatic cuff for
temporary flow zero. For study of coronary Insufficiency and the cot-
lateral circulatioii, in addition to the preceding implantations, place-
ment was made of a flowmeter and zeroing cuff on the left descending
coronary branch, and, on the left circumflex branch, an externailly ad-
justable hydraulic occiuder for gradual (few days) or abrupt redttction
of coronary flow to zero and an Intracoronary tube to permit measurement
of two collateral flow indices, xenon clearance, and residual coronary
pressure (PCP) following temporary and/or permanent closure of the cir-_
cumflex branch.

5. Effent of Calcium on Coronary Hemodynamics in the Unanosthetized Dog.

This project, now complete, was In collaboration with the Johna Hopkins
School of Medicine. The coronary hentodynamic effects of Intravenous

calcium gluconate or chloride 0.5 gm (Ca) were examined in 3 trained
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resting unanesthetized dogs. Ca caused initially an increase in myo-
cordial contractility, coronary flow, cardiac output, and a decrease (-

in late and mean coronary resistance; later as the heart rate fell,•
coronary resistance returned to normal or increased. In other dogs
with blocked and paced hearts in which the heart rate could not
change, the decrease in coronary resistance was maintained through- •

out. Such cejunary vasodilatation following Ca is believed to be
due to an Initial inotropic effect followed by secondary metabolic
dilatation rather than to a direct effect of Ca on the coronary vas-
culature.

6. Left Coronary Remodynamic8 durini lHemorrheltic Hypotension and
Shock.

This project now complete was started some years ago in collaboration
with the Institute of Human Physiology at the University of Torino,
Italy. Coronary and systemic presaure-flow relations, and the dis-
tribution of the left coronary inflow within a cardiac cycle have
been studied in preoperated unanesthetized dogs in irreversible
hemorrhagic shock. During bleed-down, coronary resistance first
increased and then decreased. However, during prolonged oligemic
hypotension, coronary resistance progressively rose up to the time
of -blood reinfusion. With. one exception, the changes of coronary
resistance during postinfusion cardiovascular decay were direction-
ally similar to those produced by hemorrhage although they occurred
generally at a somewhat higher level. In the coronary blood flow
pattern, the diastolic component was markedly elevated but the sys-
tolic component was markedly reduced at or near to completion of
hemorrhage with evidence of a large systolic backflow. As oligemic
hypotension progressed, the systolic component increased greatly
exceeding the control. This Increase occurred also during spon-
toneous hemodynamic decay, and late in this period the coronary
blood flow pattern often resembled the aortic pressure pulse, the
aystolic flow being much higher than the diastolic flow for an
equivalent period of time.

7. Cogronary Artery Blood Flow-in the Restinit Dos with Consenital
Subaor tic Stonosis.

This study was undertaken for the Comparative Cardiovascular Studies
Section, School of Veterinary Medicine, University of Pennsylvania,
because It was felt that such an animal affords a rove opportunity to
learn more about the influence@ of such an anomaly, and related disease
states, on the coronary circulation and associated physiological and
pathological conditions encountered In man. Two dogs were obtained
with congenital 8ubsortic stanosis formed by a restrictive, fibrous

-- --
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band just beneath the aortic valves. Clinically, the dogs were charac-O terised by a marked left ventricles-aorta systolic pressure gradient
(118 = Ng in one dog) and mild congestive heart f.ilure. One dog was
on a dr4.ly regimen of digoxin due to pre operative diagnosis. At
autopily, rtle left ventricle was grossly hypertrophiedO the heart weightObeing 422 gm in a34 kg dog, and 331 ga in a25 kg dog.

Under halothane anesthesia, a pressure tube, was placed in the ascending
aorta and a flow transducer around the main puirnenary artery (rather
than on the aorta which was massively dilated). A second flow trans-
ducer was placed on the left circumflex coronary branch together with a
flow zeroing cuff. After surgery, the unanesthet-ised dogs were studied
for approximately 4 weeks. Only the coronary flow data has been ana-
lyzed. From the second week on, when hemodynauic conditions had stabi-
lized, the dogs had coronary flows of about 20 al and 4 6 1/100m left,
ventricle/mmn. The coronary systolic flow was almost entirely backf low.
When digoxin administration was stopped in the second do$ during the
third week, his coronary flow dropped from 46 ml to 30 m11100gm left
ventricle/mmn. These circumflex coronary flows are considerably less
than that in the nomal resting dog which approximates 50 c1/100g/mmn.

8. Regulation of the Coronary Collateral Circulation.

The natural history of development of the coronary collateral circula-
tion has been studied in trained, unanesteheatOd dogs following gradual
(few days) and abrupt circumflex coronary artery occlusion, and the
effects thereon determined of intranaortic ballooning, drugs, and sub-
sequent release and reocclusion of the circumflex branch.

a. A aradual circumflex occlusion. Three successful experiments
were performed bringing the total to 4 of gradual occlusion of the cir-
cumflex branch of the left coronary artery. In a previous report (Cir-
culation Res.22:237, 1968), the effect of amerod constriction of the
circumflex on coronary flow and peripheral coronary pressure had been
observed, but an estimation of the collateral flow (other than the assump-
tion that a rise in peripheral coronary pressure indicates development of
collateral flow) was lacking. It has been the purpose, therefore, In the
extension of this study to obtain more evidence of the actual collateral
flow. This has been attempted by xenon clearances obtained with xnon
injections into the developing ischemic area of the constiActed circuma-
flex branch. It has been found to date that the xenon clearance in-
creasea as the peripheral coronary pressure rises secondary to the con-
strictioe n By the time the circumflex branch has boon completely
occluded (over a 5-6 day interval), the estimated collateral flow and
the peripheral coronary pressure have become well-established. At
autopsy the hearts had little or no infarction.

b. Aruot circumflex occlusion. The results of 24-30 hours of
abrupt circumflex branch occlusion on the coronary collateral circula-
tion confirmed those of previous experiments. These included laec n of
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evidence for pain, no ventricular fibrillation, long delay in onset
of ventricular tachycardia, and in K and CPK efflux into the coronary
sinus, a progressive and significant rise in PCP and xenon clearance
during the occlusion. Lidocaine, given intravenously gave results
(increased PCP and unchanged isotope clearance) compatible with coro-
nary collateral dilatation but the same findings with intracoronary

4'• injection into the ischemic bed could also indicate arteriolar or
"coronary vein constriction.

c. Diastolic assist (intra-aortic ballooning). Theoretically,
redistribution of aortic blood pressure near the coronary ostia by
dropping the aortic systolic pressure and raising the aortic diastolic
pressure but without change in mean aortic pressure could benefit the
heart in the presence of coronary insufficiency and cardiogenic shock
through a decrease in cardiac work, coronary flow, and myocardial
oxygen needs, and through an increase in coronary collateral function.
To test this, three experiments were performed in the chronic conscious
dog in which the coronary collateral indices (PCP and xenon clearance)
had been increased significantly by prior abrupt or gradual (4-6 day)
circumflex branch occlusion. Central aortic pressure redistribution
was achieved by means of an intra-aortic balloon inserted through a
femoral artery under local anesthesia and situated just below the
origin of the left subclavian artery. Thb balloon was activated by
an AVCO pump system supplied by the National Heart Institute. While
too few experiments have been done to permit any conclusions, the
intra-aortic assist apparatus did increase mildly the mean PCP
(increased diastolic pressure with the same or lower systolic pres-
sure) while the mean aortic pressure was essentially unchanged.

d. Regression and re-establishment of the coronary collateral
circulation following coronary artery release and reocclusion. Four
experiments were done in which the circumflex branch of the left coro-
nary artery was occluded gradually (4-6 days) to zero flow. Collat-
erals from the other major coronary branches, notably the left de-
scending branch, had developed and supplied adequately (without in-
farction) the area penalized by the occlusion as evidenced by increase
in descending flow, PCP and xenon clearance. Following reopening of
the circumflex branch, the collateral indices returned to normal with-
in at least 4-5 days. A few days later, the circumflex branch was
abruptly reoccluded in one step. Within less than one hour, the
values of the collateral indices matched those obtained after 5 days
of the initial occlusion. In a continuation of this type of study,
the circumflex branch of the coronary artery was occluded abruptly and
completely in 4 dogs, and the development of collateral circulation
monitored for.3 to 5 days, at which time collateral indices were
markedly elevated. This type of occlusion resulted in the infarction
of massive areas of the bed normally supplied by the circumflex.
After adequate recovery from this initial occlusion (re-establishment Y
of sinus rhythm with heart rate back to near control) the vessel was
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reopened until the PCP and other parameters were back to the pre-
occlusion level. Following subsequent abrupt circumflex reocclusion,
the collateral indices rose immediately and within one hour equalled
those which were obtained in the initial occlusion only after one to
two days.

C)• Conclusions

A new compound (Bis-N-N'-triphenyl methyl carbodiimide) has been found
which apparently blocks the synthesis of ATP without affecting its
utilization. This inhibitor could be a useful tool in the study of
the mechanism of high energy transfer reactions in sarcosomes.

Adenosine has been identified in the normally oxygenate4 myocardium
of dogs. Myocardial content of this compound rises during coronary
occlusion and falls during ensuing reactive hyperemia in a way which
suggests it is a primary regulator of coronary blood flow in this
response.

Intravenous calcium in the unanesthetized dog decreases Left coronary
vascular resistance.

In irreversible hemorrhagic shock in conscious dogs, the most interest-
ing finding is the change in systolic coronary resistance. Systolic
coronary resistance increases late in bleed-down but decreases largely
during prolonged hypotension and postinfusion decay, the coronary flow
pattern at times resembling the aortic pressure pulse with the systolic
flow being greater than the diastolic flow.

In congenital subaortic stenosis, left coronary flow during systole is
largely backflow and the mean coronary flow is reduced considerably.

Observations have been made on the natural history of development of
the coronary collateral circulation in the presence of abrupt or
gradual (few days) closure of the left circumflex coronary artery
branch. The main finding is an amazing rapidity and order of magni-
tude of collateral development. This indicates the opening up of
built-in-pre-existing collaterals that were not previously function-
ing. It has not been found possible as yet to improve with drugs
this natural development, with the possible exception of Lidocaine.
Possibly, mild improvement follows intra-aortic ballooning.

Although these collaterals cease to function and return to normal
within a few days after reopening the circumflex artery, they are
immediately available if the circumflex is reoccluded some days
later, and reach a high level much more quickly than following the
initial occlusion.
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Descrigtion

Basic and clinical studies to investigate the functions and disorders
of blood and blood forming organs.

Pro.reuA Mnd RWults

Cliaical malaria does not occur without hemolysis and parasitemia of
circulating erythrocytes, Hemolysie does not seem to be caused by
antibodies or hypereplenrsm. Previously, we showed that hemolycis In
excess of the number of observed parasitized erythrocytes In the circu-
lation was caused by splenic pitting of parasites from infected red
blood cells and the return of damaged spherocytee with a shortened
lIfespan to the circulation. Wo postulated that premature destruction
of red blood cells affected by parahiitemia was caused by lose cf the
negative charge on the surfAce of erythrocytes. The negative charge
on the surface of red blood cells prevents physical darag to erythro-
cytes c.irculating lu the blood and prevents their phagocytoeis by
rewiculoandothelial cells. Studies of parasitived red blood cells
show chageas whith support this hypzthesi; the Infected erythrocytes
migrate nore slowly towards an modal current La a cytopberometer ad
argre~gce more rapidly than cornia! cells in solutions contalnLnfat
surplus of positively charged coqmounds such as polylyeine 8 SIt.
Since the negative charge on the cell surface requires N-acetylneur-
amLaic acid, assays of this compound ate being modified for mueure-
seats of malarious cells and for comparison with cells treated with
ne@rMdnLdase.

11e admiassxnn of soldiers to Walter Reed Hospital ulth a history of
cyanosis in Vietnam and the possible association with the admnis-

") tration of conventional chemoprophylactic doee" of satimalarial drup
led us to study tbts problem. These soldiers were sheeo to have a
hetaronygous deficiency of nicotinanid adenine dinucleotide (KUM)
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amthemoslobin reductase. Chloroquine, primaquine and diaminodiphenyl
sulfone wevre each shown to provoke methemoglobinemia in enzyme de-
ficient subjects in doses chat have no measurable effect in normal
persons* Further st'Wies of the effects of antimalarial drugs upon
hemoglobin and respiratory enzymes are needed in addition to infor-
mation of the prevalence of NADUi methemoglobin reductase deficiency,
Chemical methods for measurement of assays are being automated to
permit performance of large scale studies.o

Clinical studies of the effect of chemoprophylactic doses of clioro-
quine and primaquine are being performed to determine the effect of
repeated weekly doses in Caucasians with various forms of glucose-6-
phosphate dehydrogenase (G6PD) deficiency. It is known that anti-
malarial drugs cause decreasing hemolysis with repeated dosages in
G6PD deficient Negroes because of selective destruction of aged ery-
throcytes. This is not believed to occur in G6PD deficient Caucasians
because erythrocytes of all ages are hemolyzed by administration of
oxidant drugs. Outr studies seem to indicate diminishing hemolysis of
cells of all ages with repeated doses of primaquine, suggestirqg that
there is a production of cells by the bone marrow which are more
susceptible than others.

Studies of a family of a patient with hemolytic anemia revealed a
pre•iously undescribed enzymatic abnormality of red blood cells. The
subjects had relatively normal blood levels of pyruvic kinase, but the
ens)me had an elevated Michaelis constant for its substrate, phosphoeno-
pyruvate. Presunably, the defect results from a structural altera-
tion of the enzyme.

Basic investigations of red blood cell transport of cations were
continued. The effect of tetraethylammonium (TEA) ion on cation
transport was studied. TEA was found tv inhibit potassium influx
into red blood cells and competitively inhibit potassium activated
sodium outflux. TEA substitutes for potassium in that it inhibits
sodium influx, and it inhibits the binding of ouabain to cells when
both TEA and ouabain are present simultaneously, an effect which also
occurs with potassium. This provides evidence that TEA combines with
a component of the cation transport system so that it is unable to
perform cation transport or bind ouabain. 4

Thrombosis and hemorrhage are frequent complications of many in-
fectious diseases. Coagulation studies were performed upon blood
specimens from patients and experimental animals. Humans with Korean
hemorrhagic fever and meningococcemia, monkeys infected with yellow
fever and guinea pigs infected with Argentinian henorrhapic fever had
multiple coagulation abnormalities suggesting the occurrence of
accelerated intravascular coagulation. Similar coagulation abnor-
malities were found in monkeys which developed erythrocytosis in a
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O hypobaric environment. Coagulation chaeres did not occur until the
erythrocytosis abated. Sectioms of brAin an lungs from animals main-
tained at simulated altitudes showed both hemorrihge and thrombosis. 5- 8

Tracker dogs in Vietnam frequently develop a fatal hemorrhagic disease.
Specific coagulation abnormalities ware not found in blood specimens
from animals with this disease, suggesting that the disorder is a
vasculitis and not a coagulopathy.

Studies of coagulation changes were performed upon blood specimens
from monkeys injected with venoms from various species of snakes.
Venoms from the Crotalidae and Viperidae produced coagulation abnor-
malities while venous from Elapidae and Hydrophaedie did not. Markd±
thrombocytopenia was seen following the injection of certain venos
and produced changes suggestive of accelerated intravascular coagulw-
tion. Russel viper venom acted as a potent first stage procoagulant
and Halayan viper venom caused a significant decrease in blood levels
of factors II, V and VIII.

Changes in blood coagulation following exercise yore studied. Exercise
caused a marked increase in factor VIII activity and ehanced plsmino-
gen activation. The former was prevented by the administration of
propranolol before exercise but not the latter. Thus, while exercise
increases factr VIII activity by beta receptor stimulation, this
mechanism is not responsible for the increase in fibrinolysis. 9 " 1 0

Additional coagulation studies have been performed in patients with
hematologic disorders and in subjects with several disease statos. 1l, 1 2

Standards for coagulation reagents have been established for government
purchase, and materials submitted on bid are examined for conformance
to standards.

The possible relationship of 6 D imnunoglobulin to malaria has been
studied in Vietnamese populations. Increased serum concentrations of
3 D globulin have been found in bHontagnards and Vietnamese living

in an area of high malarial endemicity (Budop), whereas levels of
3.-D globulin comparable to a North American blood donor population
are found in Vietnamese living in Bien Hoa, a uonmalarial area.
Serologic testing of the serum samples for malarial antibodies is
being performed, and titers of antibodies will be compared to Y D
iumunoglobulin levels.

The catabolism of a low-molecular weight human protein (B2 -micro-
globulin) has been studied in rats. The protein has been shown to
be dependent for catabolism upon functioning renal tissue. Although
it is not excreted by the kidney, B microglobulin is extracted by

) the kidney. It is handled in a rapid normal fashion by rats whose
ureters have been ligated, but has a prolonged half-life in anephric
animals. 1 3 . 1 4
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A child with fatal mucocutaneous candidiasis was studied with the
Department of Pediatrics, Walter Reed General Hospital. The child "|
was found to have (1) absent T A globulin; (2) impaired delayed
hypersensitivity; (3) abnormal lymphocyte stimulation and (4) anti-
bodies to various bovida antigens. The latter antibodies appeared 0
to interfere with the lymphocyte stimulation.

Two crystalline uyeloua globulins are under study in an attempt to
obtain crystals of sufficient size to perform X-ray crystallography
in conjunction with the Department of Biophysics at Johns Hopkins
University.
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Project 3AD6l102571R RESEARCH IN BIOMEDICAL SCIENCES

Task 02, Internal Medicine

Work Unit 087, Gastrointestinal disease

Investigators.
Principal: John P. Kalas, LTC, MC
Associates: Darid G. Reynolds, MAJ, MSC; Gerald R. Plotkin, MAJ, MC;

Leif I. Solberg, MAJ, MC; James Beardon, MAJ, MC; Tatsuo
Ease, M.D.; Pearl R. Anderson, Ph.D.; and Betty Moss, GS-9.

Description.j
The principal research activity in the Department of Gastroenterology
remains for-used on the pathophysiology of diarrheal diseases. Investi-

gative emphasis is placed on gaining information concerning the effect
of diarrheal disease on those intestinal mechanisms associated with the
accumulation of fluid within the gut lumen and those mechanisms involved
In propelling the luminal contents over the length of the intestine. A
multidisciplined approach is being followed in pursuing this program
with studies being done on intestinal salt and water transport, neuro-
muscular interactions, mucosal disaccharidase activity, and microvascular
architecture. The results of these studies are being integrated to
formulate a comprehensive interpretation of the intestinal response
to diarrhea producing agents.

A study of the pathogenesis of gastric stress ulcer disease has been
inaugurated in the Department as a result of the presently occurring
incidence and severity of the condition in seriously injured individuals
in Vietnam. The scope of the study will include investigation into con-
tributory factors, effects ef medication, and potential treatment or
control procedures.

Progress ard Results.

1. Pathophysiolozy of Diarrheal Disease.

a. Intestinal Transport In Diarrheal Disease. Rat Salmonella
typhimurium wis the experimental model employed in these studies. The
animals were challenged with S. typhimurium delivered by gastric tube
and studieS at two and six days. At two days, none of the animals
displayed external diarrhea but all had mild mucosal chanSes. At six
days, two patterns were observed. In approximately half of the animals
there was no diarrhea but histological examination revealed moderate
sucosal lesions. The remaining group of six-day animals revealed gross
diarrhea plus more severe mucosal lesions on microscopic examination.
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demnstate aminimal depression of absorption in all gut levels
stuied192Animals with severe six-day infections demonst'rated

identical minimal absorption changes in the jejunum and colon while
the ileal segment secreted water and electrolytes. This observation
is compatible with information available In the literature and suggests
that one of the physiological determinants of diarrhea is intestinal
secretion. Abnormalities in ileal anion transport are also evident.
Despite secretion of other electrolytes, the normal secretion of
bicarbonate into the ileum is inversely related to absorption. This
bicarbonate absorption is not secondary to systemic acidosis and is
accompanied by elevated p^O2 levels which suggests secretion of
hydrogen ion into the ileal lumen. 2 These results are being prepared
for publication. Further studies are being done on similar experimental
groups in an attempt to modify the ileal secretion by the addition of
glucose to the perfusion solution. The presence of glucose in the
ileal perfusate inhibited the secretion noted above for this diseased
segment. These results suggest that the inclusion of glucose in oral
fluids for patients with similar enteric lesions might be expected to
improve systemic water and electrolyte balance.

Studles are being initiated in which the perfusate bicarbonate and
chloride concentrations are altered in an attempt to further evaluate
the anion transport changes that have been observed in diarrheal
disease. Work in several laboratories suggests that mucosal cyclic
adenosine monophosphate (CAMP) levels influence membrane transport.
A study is currently being developed using theophylline to alter CAMP
levels in diarrheal disease and thus determine if these pharmacological
mechanisms are altered in diarrhea.

b. Intestinal Neuromuscular Interactions. The previously reported
observations that experimental Salmonella typhimurium infections are
associated with increased intestinal motor responses to cholinergic
stimuli, increased large amplitude rhythmic activity, and a loss of
adrenergic responses of the gut has precipitated a study of the peri-
staltic reflex in diarrheal conditions. At this time the study has
been limited to delineating the normal neuromuscular interactions during
the peristaltic reflex. An in vitro approach is being used in which
both longitudinal and circular muscle responses to co-axial electrical
and pharmacologic stimuli are being recorded. The results indicate
that longitudinal and circular muscles contract reciprocally and occur
due to activation of separate neuronal elements. The reciprocal,
inhibitory events are a result of individual inhibitory neurons serving
the separate muscle layers. Through the use of the neurotoxin, tetrodo-
toxin, inhibitory neurons to the circular muscle have been unmasked and

(" have been shown to not be adrenargic in nature by use of standard
adrenergic blocking agents. However, the nature of the inhibitory
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transmitter is undefined. This study will be continued in the experi-
mental diarrhea model to further describe the neuromuscular changes
accompanying diarrheal disease. C)
Preliminary studies have been started to describe the action of
salmonella endotoxins on the neuromuscular matrix of the gut. Salmonella
typh enidotoxin appears to increase the excitability level of Auerbach's
plexus as suggested by a marked reduction in measured chronaxie values.
In addition, the predominant effect of co-axial stimulation is shifted
from being on longitudinal muscle to being on circular muscle. The
observations may explain the observed increase in rhythmic activity
and cholinergic reactivity reported previously.

In collaboration with the Department of Pharmacology, Division of
Medicinal Chemistry, WRAIR, thg alpha adrenergic blocking properties
of WR-2823 have been reported.3 The unique ability of this agent to
block vascular adrenergic alpha receptors without effecting those of
intestinal smooth muscle makes WR-2823 a potentially valuable drug in
separating splanchnic blood flow from intestinal motor activity in
in vivo animal studies.

c. Intestinal Disaccharidase Enzyme Activity. A study has been
published in which the lactase activity of native Thais has been shown
to be signif Icantly lower than that of Caucasians in a nontropical
environment. The infant Thai demonstrates normal lactase activity
until two to four years of age at which time it becomes markedly re-
duced. Since elevated dietary lactose does not lead to adaptive enzyme
formation, the defect is estimated to be permanent in nature.

The intestinal disaccharidase activity of rats subjected to an experi-
mental Kwashiorkor protein deficiency disease is being studied. In
comparison with control rats fed a balanced diet and control rats fed
a balanced diet but with total caloric intake matched to the experimental
population, the protein deficient animals demonstrated a total decrease
of disaccharidase activity. However, the activity per unit weight of
mucosal protein remains relatively unchanged while total mucosal protein
is reduced. The results indicate that protein deficiency leads to
carbohydrate malabsorption via a proportional reduction in total mucosal
enzyme content.

d. Nicrovascular Architecture. The silicone rubber Injection
technique is being used to study the development of intastinal vascula-
ture in fetal rabbits. Early results suggests the villus vasculature
develops from a vascular loop extending into the villus. The complex
mucosal vasculature does not develop until very late In gestation. A
paper has been published describing the methods used in these studies. 5

A study that used this technique to describe the development of porta-
hepatic shunts in cirrhotic liver disease has also been published. 6
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2. Pathogenesis of Gastric Stress Ulcer.

A device has been fabricated which subjects small laboratory animals
to a tumbling type of stress. By adjusting the rotational speed and
duration of the stress it is possible to predictably produce gastricO stress ulcers varying from mild focal erosions to severe hemorrhagic
lesions. In collaboration with the Division of Biochemistry, selected
systemic responses to stress are being analyzed. At the present time
the following observations have been documented as accompanying the
stress condition: liver glycogen is severely depleted; hypoglycemia is
present; and blood corticosterone and catecholamine levels are increased
during the early phases of stress. The hypoglycemia may be causatively
related to the stress ulcer through vagal activation as suggested by an
observed increase in gastric contractile tone and gastric juice secre-
tion. Future studies will investigate the relationship between stress
ulcer development and hypoglycemia, preventive measures, and nutritional
factors.

Conclusions and Recommendations.

The study of the pathophysiology of diarrheal disease in experimental
animal models has yielded specific information related to changes in
intestinal motor activity and intestinal transport mechanisms. Plans
are currently being developed to extend these experimental studies into
clinical studies of related parameters in human diarrheal disease.
Along with the clinical study, animal experimentation will continue to
further define the intestinal changes accompanying diarrheal disease.
These animal studies will incorporate attempts to reverse the patho-
physiological changes that have been defined to date.

The studies on gastric stress ulcer disease will be continued to define
contributory or related systemic changes. Any such systemic respons:.e
will be manipulated in an attempt to alleviate or correct the severity
of the basic condition.
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Project 3A061102B71R RESEARCH IN BIOMEDICAL SCIENCES

Task 02 Internal Medicine '9

Work Unit 088 Military nursing

Investigators
Principal: LTC Miriam Ginsberg Rothchild, ANC
Associate: LTC Rosemary T. McCarthy, ANC

MAJ Beverly A. K. Glor, ANC
CPT Zane E. Estes, ANC
CPT Jeanne F. Alleman, ANC

Description.

Military nursing is a broad field under which many aspects of nursing prac-
tice in the Army are explored. The overall aim of research under this work
unit is to identify and test principles underlying nursing care and to recognize
differences in military nursing from civilian practice. Eleven studies are re-
ported.

A descriptive study concerned with the clinical manifestations and nursing
care requirements observed in fifty patients with falciparum malaria, in the
Republic of South Vietnam, has been completed and reported in the open litera-
ture. Since this investigation demonstrated a trend of symptomatology which
might have predictive value in relapse, fifty patients were resurveyed for in-
cidence of relapse.

An experimental study, designed to compare the ability of two fever reduction
techniques to reduce elevated body temperature, was conducted using nine fal-
ciparum malaria patients who demonstrated two or more temperature spikes
greater than 1040 F.

Previous studies of reliability of blood pressure readings have shown no sig-
nificant differences between observers when the procedure is controlled and
standardized. A replication of a previous investigation was made using a
broader sample of personnel, including registered nurses, Army medical
technicians, and student nurses.

Another study, using film sequences of actual blood pressure measurements
with electronically synchronized sound was undertaken to determine the valid-
ivy of blood pressure readings.

A series of sequential studies centered about nursing aspects of the use of
moist soaks has been initiated. The first part of the series is a questionnaire
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survey of both military and civilian hospital personnel with regard to the var-
- ious procedures employed in the application of moist soaks and the principle

k ) member(s) of the medical team making the decision as to which procedure will
be used to carry out the physicians' order.

A second part of the series is an attempt to assess the respiratory activity of
the skin of guinea pigs following the application of moist soaks of varing tem-
perature and duration.

In an attempt to extend the findings of a previous study on the auto-oxidative
responses of chlorpromazine hydrochloride to solution pH and light, this same "
property was similarly tested in two other phenothiazine-derived pharmaceu-
ticals, thioridazine hydrochloride and tri-fluoperazine dihydrochloride.

The metabolic cost of maintaining six resting positions has been measured on
12 patients with chronic diffuse pulmonary lung disease and on six normal sub-
jects; the method has been indirect colorimetry.

A series of small studies related to computer applications of psychiatric nuro-
ing notes has been undertaken to determine a valid and reliable tool to be used
by nursing service personnel. (Reported under WRGH Project No. MEDEC-GP
68-4-7.)

A survey concerned with continuity of care was undertaken in 1961 to ascer-
tain perceptual similarities between health nurses, administrative nurses,
and hospital care nurses.

Twenty-eight graduates and five non-graduates (due to the exigencies of the
Vietnam war) of a ten-month post-baccalaureate course titled Military Nursing
Practice and Research were surveyed to determine career patterns.

Progress.

Survey findings continue to substantiate the hypothesis that relapses in patients
with falciparum malaria may be predicted. Further investigations will be
curtailed until such time as a nurse investigator is stationed in a malaria en-
demic area.

The results of fever reduction investigations have shown that the ice bag tech-
nique (one bag to each groin, axilla, center back, feet, and nape of neck)
elicits a greater reduction in body temperature than does cold packs to the en-
tire body surface. A manuscript is currently in preparation.

The results of observer reliability in blood pressure determinations substan-
tiate the previous findings of no significant differences between observers.
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The findings of the study of validity of blood pressure measurements show
the accuracy of reading, within plus or minus five points, to be over 75% of
the sample. However, there is some.variation between observers according k
to age, visual and auditory acuity, and occupational factors. Manuacripts are
in preparation for both of these investigations.

The results from 1147 returned moist soaks questionnaires are summarized
in Table I which shows the range of variation for which any of the procedural
variables must be tested.

Table II shows that, in practice, the choice of the exact techniques used for
moist soaks is often (over 87%) left to the discretion of nursing personnel.

Preliminary and control studies concerning moist soak effects on skin of
guinea pigs have shown no definitive results. Continued explorations are being
made.

The auto-oxidative responses of two phenothiazine-derived drugs are summar-
ized in Tables Ill and IV. These data show that while thioridazine does oxidize
to a relatively small extent at high light intensities in acid solution, clinically
significant rates are encountered only in neutral or alkaline solution for both
drugs (like chlorpromazine). In all cases, the rate of auto-oxidation varies
directly with pH and light intensity. The importance of these findings to the
clinical nurse lies in the restrictions they impose on the pouring, storage, I
and dilution of these compounds in the preservation of their potency. Collec-
tively, these may be stated as the avoidance of both neutral solution in tap
water and exposure to high light intensities. (Alkaline solution has not been
found to result from any of the commonly used diluents). This material is
presently in manuscript, preceding publication.

Metabolic cost measurements of patients and normal subjects have been vari-
able. One group of six patients showed a significant change in oxygen con-
sumption, especially while in the 900 sitting position; neither the second
group of patients nor the six normals showed this difference. See WRGH Proj-
ect No. MEDEC-GMB 68-7-18. This project is now discontinued.

The continuity of care survey was sent to three groups of Army nurses in the
grades of 0-I to 0-5. Hospital care nurses returned only 23. 1% of the 299
questionnaires; Army health nurses returned 60% of 90 questionnaires; and
nurse administrators returned 46% of 136 questionnaires for an overall re-
turn. of 35.4%. Analyses of these data were inconclusive. No followup of non-
respondents was done. The principle Investigator has retired from military
service and the project is therefore discontinued.
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- Of the 33 graduates and non-graduates of the Military Nursing Practice and
' • Research Course, approximately one-third have been appointed to, are at-

tending, or have completed a graduate program at the master's level. Nine
are assigned as Chief Nurses or in positions of equal or higher responsibility.

S ) An additional six are holding supervisory or equal positions, and three others
have left the service. The course is being suspended for FY 70; however, the
recurring survey will continue for several years.

Summary and Conclusion.

The eleven reported studies are independent and/or interrelated approaches
towards the overall irvestigation of military nursing. The results of the de-
scriptive study of symptomatology of patients with falciparum malaria and of
fever reduction techniques indicate a need for extension of these studies in a
malaria endemic area. Mood pressure readings have been evaluated for re-
liability and validity demonstrating observer reproducibility in approximately
75% of a large sample. Tissue respiration changes due to application of guinea
pigs have only begun to be explored after a survey of procedures used for soaks
in man. Auto-oxidative response of three tranquilizing drugs has provided
guidelines for ward usage. Metabolic cost of maintaining six fixed bed-rest
positions has not shown any trends. Computer usage in standardizing nurs-
ing note forms is being explored. Survey of graduates from a research
methods course has shown leadership qualities being utilized in all phases of
Army Nurse Corps assignments. These and other projected studies are be-
ginning to build a foundation for nursing practice based on principles evalu-
ated in the laboratory, rather than on tradition. As new explorations are made
and fields more completely explored, a larger body of knowledge can be de-
pended upon for nursing practice.

a
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TABLE I

CHARACTERISTICS OF THE PROCEDURES EMPLOYED BY MILITARY AND
CIVILIAN MEDICAL PERSONNEL IN THE APPLICATION OF MOIST SOAKS

Per Cent Per Cent
Procedural Characteristic Military Civilian

Type of Solution

Saline 23.3 43.6
Water 10.0 18.2
SSBA 3.4 16.4
Neomycin 45.6 0.9
Silver Nitrate 4.4 3.7
Miscellaneous 7.7 12.7
Not Stated 5.6 4.5

Duration of Soak
Continuous 20.0 44.5
15 Minutes or Less 3.3 10.7
20 Minutes 45.6 29.1
30 Minutes 27.8 7.3
1 - 2 Hours 0.0 6.3
Not Stated 3.3 2.1

Temperature of Solution
Room Temperature 33.3 4.5
100 Degrees F. 12.2 12.7
105 Degrees F. 13.3 8.2
110 Degrees F. 4.4 1.0
Warm 18.9 32.7
Hot 2.2 1.8
Not Stated 15.7 39.1

Ia

Frequency of Application
Continuous 20.0 44.5
QID 49.2 22.7
TID 15.6 18.2
Every 4 Hours 5.6 1.0
Every 3 Hours 3.4 0.0
Every 2 Hours 2.2 1.8
Daily 0.0 2.6
Not Stated 7.7 9.1
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TABLE II

THE VERBATIM ORDER FOR MOIST SOAKS AS WRITTEN BY PHYSICIANS
IN MILITARY AND CIVILIAN HOSPITALS

Per Cent Per Cent

Order Military Civilian

Complete 10.0 17.3

Method Only 5.6 9.1

Method and Solution 26.7 19.1

Method and Frequency 33.3 26.4

Method and Duration 18.9 19.1

Not Stated 5.5 9.1
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TABLE Ill

THIORIDAZINE HYDROCHLORIDE
PER CENT OXIDIZED PER HOUR AT INDICATED pH AND LIGHT INTENSITY

Ljight f
intensity 0 50 25 45

foot
pH, ccandles)

2.0 0 0 1.4 3.7

4.0 0 0 0.9 3.1

6.0 0 0.6 2.0. 2.5

7.0 8.0 10.8 13.3 17.6

8.0 16.15 17.2 23.7 33.1

10.0 15.9 32.3 34.2 43.7

a
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TABLE IV

TRIFLUOPERAZINE DIHYDROCHLORIDE
PER CENT OXIDIZED PER HOUR AT INDICATED pH AND LIGHT INTENSITY

Light intensity

(foot candles) 0 so 2500 4500
pH,__,___

2.0 0 0 0 0

4.0 0 0 1 0 0

6.0 0 0 0 0

7.0 4.2 6.6 6.9 8.4

8.0 8.7 9.0 11.7 15.8

10.0 12.1 I15.9 23.7 22.8
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isotope dilution, experimmtal model of acute real failure, In vivo rendol iule j

nicrop• €ture, in vitro reaml tubule sdinoperfusion, mer-e transport, light ond
electron Micreacory.

25. (t) 69 01 - 69 06. Measurement o. filtration rate and renal blood flow by
I externally goitored isotopic technique be" ben applied to clinical setting in
patient* fith acute and chronic real failule. Cliated l evaluation of the D. Vollow
Fiber dielysar ei ade1. oubctane roteriom•eau fistelas is aderuey. Norphological
studfe is patients with asymptoatic bmturia witbeut proteinaris imustrtte sign"l-
icat patholo Sn meet of thse patients. Studes of autonralation of renal blood
flow desematreted aindpendence from sag8otesin. Miew ture ostdie in acute rowla
failure demonst•ate som l intretubular pressure, continuig perfuslio sed dcreased
cleatraces. Studies of proednl tubular eodim reabeoqptioe ftusted smot•er fnter
in additilo to cbsentin viscosity and glomarulor filtration. for technical rmpotto,
see Walter Rend Army Institute of Reseatch lulal Progpe Report, 1 Jul 55 - 30 Jom 69.
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Project 3A061102BlR RESEARCH 14 BIONEDICAL SCIENCES

Task 02, Internal Medicine

Work Unit 089 - Body fluid and solute and renal homeostasis

Investigators:
Principal: O)L Paul E. Teschan, 11C, LTC William J. Cirksena, MC,

LTC Howard Keller, HC
Associates: MAJ C. C. Tisher, 4C, MAAJ Robert W. Schrier, MC, tA.

Richard L. Tannen, MC, MAJ Karl Nolph, MC, MAJ Theodore
P. Weis, 1C, CPT Richard Fein, MC*, John Gagnon, Natalie
Lawson, James McNeil, Amy Lee, William Kokotis, and
James Roberson

Description: Studies have been continued in animal and human subjects
directed at understanding meahanisms involved in fluid and solute homeo-
stasis under normal conditions and in response to disease and stress.
The central role of adaptive renal mechanisms and interrelationships
with other body homeostatic mechanisms in the maintenance of fluid and
solute balance has been emphasized to promote understanding of derange-
ments in this area and advance their management and therapy in clinical
situations. Technical competence has been achieved with 1) conventional
and newer clearance methods; 2) in vivo micropuncture and microperfusion
techniques; 3) in vitro cellular transport techniques; and 4) for light
and electron microscopic techniques to be applied where appropriate to
the study of: a) control and influences of body fluid volumes and tonicity
in intact animals. b) solute and water handling by normal and diseased
kidneys. c) renal hemodynamics in normal and disease states, d) acid-
base homeostasis, e) production and alteration of acute renal failure
and f) solute and fluid flow across biologic and dialytic membranes.

Progress:

1. Body Fluid Volume and Tonicity: The concentrating and diluting
ability and alteration with varying salt intake have been studied inten-
sively by balance techniques in 9 patients with chronic renal disease
of diverse etiology. Salt depletion improved diluting ability and
worsened concentrating ability in all patients. Although adaptation
was slower than in normal subjects, these patients were shown to be
able to maintain fluid balance except in the face of frank renal salt
wasting in 2, partly by distal (aldosterone-regulated) mechanisms. 1

Vasorressin resistant hyposthenuria was found to be the rule rather
than the exception in patients with advanced chronic renal disease. 2

A patient with sustained inappropriate secretion of antidiuretic hormone
was studied extensively to relate fluid and solute imbalances to intake
and humoral control nmchanisms. Positive water balances did not account

*Assigned WRGIf
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for weight gain or hemodilution and raised questions regarding gut
water transport in response to hyponatremia which require further
study.

2. Ronal Solute and Water iandLinA: Studies In dogs relating
extracellular fluid volume expansion to natriuresis were concluded.
Changes in calculated interstitial fluid space were correlated with a
degree of natriuresis following infusions of saline. Hypo- and hyper-

natremia were found to modify the natriuretic response significantly:3, 4, 5

Studies in dogs were concluded comparing renal function after closure of
extensive nephrotomy wounds by suture and tissue adhesive techniques.
Renal function declined in both groups both in hydropenia and after
stressing wound closure by saline diuresis. No functional advantage
of tissue adhesive was found. 6

Hicropuncture studies were undertaken to evaluate the relative contribu-
tions to natriuresis of body fluid compartment expansion and alteration
in physical properties of blood. With pressure to the kidneys con-
trolled, dogs were expanded with their own previously removed and stored
blood or plasma to keep physical properties of blood constant. No effect
on proximal reabsorption was noted in blood-expanded animals, while
reabsorption was decreased in the plasma-expanded group. The status
of renal vascular resistance at the time of expansion appears important
in the response and will be investigated further.

Several studies of sodium localization and movement at the ultrastruc-
tural level using in vivo renal tubule microperfusion and electr.,n
microscopy were undertaken in the rat. Potassium pyroantimonate was
used as a histochemical marker and infused before in vivo tubule
fixation and infusion of sodium transport inhibitors. Studies showed:

1) ultrastructure preservation superior to other methods of tissue
preservation; 2) discrete localization of electron-dense deposits along
intracellular aspects of plasma membranes; 3) decreased plasma membrane
deposition and increased deposits in vacuoles and other organelles
after pretreatment with ouabain or production of cell injury by
potassium dichromate. Electron microscopic autoradiography demonstrated
that these deposits contained sodium. Studies may show the localization
of sodium at cell transport sites. 7, 8

3. Renal Iemodynamics: Studies of renal blood flow (RBF) and
glomerular filtration rate (GFR) in dogs by external monitoring
techniques were concluded. The techniqies were found to provide
accurate estimates of these parameters compared with conventional
clearance methods, obviate the necessity for catheterization, provide
on-line data, and indicate non-steady state conditions where estimates
of these parameters should be avoided.

External monitoring of renal hemodynamics was extended to human studies.
Renal clearance of I125 iothalamate was found a reliable and simple
measure of GFR in man. 1131 iodohippurate clearance was unacceptable
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m a measure of IWF in man. External monitoring of these compounds
in man overestimated these parameters by 20 per cent in preliminary
studies.

Autoregulation of RBF and GFR was studied during angiotensin infusion,
and in dogs depleted of renin by chronic high salt diet to assess the
proposal that intrarenal renin alterations control autoregulation.
Studies show that autoregulation is maintained after reductions of 30mm lg in perfusion pressure despite either renin depletion by salt

loading or suppression by angiotensin infusion. 9

4. Acid-base Balance: The relationship between urine flow rate
and urine pH and acid excretion was studied in seven normal men. Urine
pH, net acid excretion and ammonium bicarbonate excretion increased
with increases in flow rate, apparently due to unresponsiveness of mech-
anisms for altering urine free ammonia to flow rate. Studies emphasize
importance of considering flow rate in assessing tests of urinary
acidification. 1 0

Techniques were developed to study the isolated perfused rabbit tubule
in vivo and methods developed for ultra microanalysis of pl{ and bicar-
"bonate to extend clearance studies of hydrogen ion secretion to defin-
itive studies in single tubules under precise control of physiologic
conditions. A ph sensitive antimony microelectrode was developed and
found accurate acid feasible for use in these studies.

5. Acute Renal Failure: Results of studies utilizing varying
techniques have resulted in development of a new hypothesis of patho-
genesis of acute renal failure. Normal perfusion of glomeruli was seen
with micropaque, while numbers of glomeruli containing red cells was
markedly reduced after production of acute renal failure in the rat.
Clearance studies showed reductions in GFR and RBF and filtration
fraction after induction of the lesion consistent with efferent
arteriolar dilatation in excess of afferent arteriolar constriction and
hence redistribution of blood flow to postglomerular capillaries.
Mlarked medullary cast formation was already present without increases
in proximal intratubule pressure. Kidney weights were increased and tubule
lumens dilated despite normal or low intratubule pressures. Prevention
studies uncovered a variety of agents capable of preventing the lesion,
not always related to an effect on urine flow while hyperoncotic albumin
worsened the lesion. ,licropuncture studies show failure of formation of
significant amounts of filtrate at the glomerulus 24 hours after produc-
tion of the lesion. Results are consistent with the hypothesis that some
initiating event leads to increased afferent and decreased efferent
arteriolar constriction with increased peritubular capillary flow
resulting in reduced glomerular filtration, fluid movement out of peri-
tubular capillaries into tubule lumina and interstitium and favoring tile
deposition of cast precursor material which at low flow rates may become
obstructive.
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6. Membrane Transport: The kinetics of transport and bulk flow
movement of solute across lining membranes was studied in patients
undergoing peritoneal dialysis. Quantitation of electrolyte and water
removal by hypertonic peritoneal dialysis has shown marked patient
variation in amounts removed, but ultrafiltrate always hyponatric to
serum. The movement of solute by bulk solvent transport may explain
these findings. 1 1 , 12, 13

Peritoneal permeability to large molecular weight solutes in patients
with acute renal failure due to heat and exercise stress was found to
be decreased markedly. Studies showed that impaired permeability and
increased urea production rate combined to limit the effectiveness of
peritoneal dialysis in such patients. 1 4

The variation in degree of hyperglycemia in patients during peritoneal
dialysis with glucose-containing solutions was found to correlate with
changes in peritoneal permeability, and was more related to glucose
absorption rate than to changes in serum insulin concentration. 1 5

Recommended Further Studies:

1. Water balance studies including stool analysis to assess gut responses
to hyponatremia.

2. Study of renal vascular resistance and influence of its status on the

natriuretic response to volume expansion with and without control of
perfusion pressure and other physical properties of blood.

3. Study of the effect of diuretic agents and other sodium transport
inhibitors on sodium localization and movement across a) intact renal
tubules in vivo: b) perfused renal tubules in vitro; c) other trans-
porting epithelia.

4. Study mechanisms of renal autoregulation with both increases and
decreases in perfusion pressure.

5. Study mechanisms of hydrogen ion secretion and hence acid-base
homeostasis in a) intact animals with precise control of acid balance;
b) intact renal tubules in vivo, and c) isolated perfused renal tubules
in vitro.

6. Evaluation of the contribution of plasma protein oncotic pressure
to the production of acute renal failure.

7. Studies of experimental models of hemorrhagic fever to include
a) baseline hemodynamic studies; b) light and electron microscnpic
studies; and c) transport studies, if indicated.

8. Extension of available techninues to selected field problems as
S) appropriate.
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S23. (U)a. To develop complex behavioral repertoires with special relevance to the
neuropsychiatric area and to analyze experimentally the basic variables responsible for
the behavior, b. To develop behavioral methods for producing stress and fatigue,
c. To investigate the effects of stress-inducing procedures on complex behavioral
repertoires.

24. (U) The approach emphasizes the application of modern behavioral technology and
the techniques of the experimental analysis of operant behavior.

25. (U) 69 01 - 69 06 Continuing research on the warmup at the beginning of a stressful
avoidance session indicates that the phenomenon is more akin to a reduction of an
aversive state rather than to a buildup. Studies of neural structures mediating the
initiation and suppression of behavior have used a stress-producing procedure based on
avoidance of electric shock. In this situation destruction of the septal region of the
brain resulted in avoidance performance superior to that of normals. .Concurrent
measures of behavioral, muscular, and autonomic changes during an emotional disturbance
show that heart rate and blood pressure accelerate to above normal levels in spite of a
decrease in muscle tonus and behavioral activity. Results show that monkeys can learn
substantially longer response chains with a stimulus-fading procedure than with a no-
"fading procedure. For technical reports, see Walter Reed Army Institute of Research
Annual Progress Report, 1 Jul 68-30 Jun 69.
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Work Unit 025, Analysis of behavior and of mediating mechanisms:
Experimental psychological factors

Investigators. U
Principal: John J. Boren, Ph.D.
Associate: COL Joseph V. Brady, MSC; Donald G. Conrad, M.A.;

CPT Timothy F. Elsmore, MSC; CPT Philip N. Hineline,
MSC; Norman A. Krasnegor, M.A.; CPT Frank J. Sodetz,
MSC; and SP4 Wendon W. Henton.

This report covers four types of problem areas: 1) the experi-
mental analysis of basic variables determining behavior and the
development of complex behavioral repertoires; 2) aversive control
of behavior - its analysis and application to the production of
stress; 3) the analysis of bodily mechanisms mediating behavior;
and 4) the interdisciplinary application of behavior principles to
certain medical, psychiatric and military problems. The approach
to these problems emphasizes the application of modern behavior
theory, reinforcement principles, and the technology of operant
condi ti oni ng.

The results will be discussed in the same order as the problem
areas are listed above. The first results concern the experimental
analysis of basic variables determining behavior and the develop-
ment of complex repertoires in animals. One set of experiments
has explored several fading procedures for extending the longest
response chain which a monkey could learn. With two of the fading
procedures where an error enhanced the stimulus cues, monkeys
could learn substantially longer chains than wit0 a "no-fading"
control procedure. With a third fading procedure which did not
permit the enhancement of stimuli by errors, the results showed
considerably less learning, which was only slightly better than
the "no-fading" control. Current experiments are studying the
effects of letting the monkey control his own stimulus cues by
pressing an extra lever. To prevent the monkey froni making his
task too easy, counter control is exerted by increasing the work
load (fixed ratio size) on the extra lever,

In any discrimination experiment, variables other than the stimuli
to be discriminated affect performance. These variables may be
such things as reinforcement magnitude, proportion of the time the
stimuli are presented, or penalties imposed for inappropriate
responses. In any given experiment, the relationship between the
discriminative behavior and these non-stimulus variablQs can be
determined, if appropriate experimental procedures are used. How-
ever, a problem then arises if one asks is there not some aspect
of the performances that can be attributed only to the stimuli
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being discriminated and not to some combination of stimulus and non-
I'stimulus events. A means of separating the effects of these classes
ti of events is suggested by the theory of signal detection which pro-

vides for two kinds of effects contributing to a given performance,
sensitivity to the stimuli being studied, and factors which bias the(7-) performance. The present experiment is a three-lever procedure in
which responses on the center lever turn on a clicker of one of two
frequencies. Responses on one side lever are reinforced in the pre-
sence of one of the frequencies, and responses on the other lever,
in the presence of the other frequency. Inappropriate responses
are punished by a time out from positive reinforcement. When stable
behavior has been achieved on a relatively difficult discrimination,
biasing factors will be introduced to determine the operating
characteristics of the animal under different conditions of bias.
The first variable to be studied will be the relative probabilities
of presentation of the two stimuli. Other variables to be probed
will be amount of reinforcement for correct responses, and dura-
tion of time out punishment for incorrect responses. Other experi-
mental variables such as drugs, sleep deprivation, and prolonged
stress are known to affect discrimination performance; however, it
is not kn:own in most cases whether these changes are biasing effects
or sensicivity effects. This experimental design will be able to
make this determination.

An experiment has been designed to assess some of the interaction
effects between components of a chained schedule of reinforcement,The main effects of initerest here are changes produced in the per-

formance on a F1 100 sec. schedule of reinforcement by changes in
the size of the FR required to turn the F1 schel,,le on. The experi-
ment is currently being run about 21 hours per day, and a secondary
interest is the work-rest cycles established by the animals. Recent
developments in the area of psychophysics, specifically the theory
of signal detection, suggest a means whereby comparable measures of
discrimination can be obtained when different experimental proce-
dures are used. These methods will be applied to the fixed-interval
performances generated by the present experiment in an effort to
demonstrate a continuity between the F! schedule and studies of
discrimination of stimulus duration.

Three adult chimpanzees have been housed in individual cages which
have access doors to a larger exercise, recreation, and social room.
Locks on the doors may be controlled automatically by elertrical
circuits. The animals have been trained previously to work for
their daily ration of food and water under a chained, Intermittent
schedule of delayed reward, or punishment. The chained schedule
required a performance based on the passage of time. After the
chimps were well trained and producing stable timing performances,
the red and green cue lights were omitted and the timing perfor-
mances deteriorated. The timing behavior was recovered without
the red and green cue lights when the delay in food reward was
reduced by requiring fewer responses on the second push-button.

677

S. . . .. . . , • , ,- i I I I I II I m/



Also, appropriate timing behavior was maintained without the cue
lights while very gradually increasing the required number of re-
sponses back to the original 500 responses of initial training. W

Currently, the animals' work for food is under 24 hour surveil-
lance to serve as baseline performances for the investigation of
effects produced by opportunities for exercise, recreation, or "Isocial relations in the larger room.

The conditioned suppression procedure essentially consists of super-
imposing a negative Pavlovian conditioning procedure upor a positively
reinforced operant baseline. The rate of the operant behavior is
suppressed during the negative CS, with the magnitude of suppression
monotonically related to shock intensity. However, this procedure
is but one of many possible combinations of operant and Pavlovian
conditioning procedures. For example, timing behavior of subjects
rewarded for every response with an interresponse time greater than
30 sec. is disrupted during a positive Pavlovian stimulus. With
this combination of procedures, the interresponse times decrease
and the response frequency increase. Also, response rates main-
tained by intermittent positive reinforcement are higher during
a combined positive and negative Pavlovian stimulus than during
a simple negative Pavlovian stimulus. Presumably, the rate of
operant responses during simultaneous presentation of positive
and negative conditioned stimuli is functionally related to stimu-
lus duration, shock intensity, and the magnitude of reinforcement.
These relationships are currently being examined. In a related
series of experiments, the rate of negatively reinforced operant
responses is being examined during positive and negative condi-
tioned stimuli presented singly and in combination.

The next set of results concerns the aversive control of behavior
and the study of stress-inducing procedures. One research project
studied total avoidance sessions as aversive events. Animals in
avoidance experiments are usually observed only during the avoid-
ance sessions, leaving us ignorant of effects the avoidance condi-
tioning may have on pre-session or post-session behavior. To
examine possible effects of the stressful avoidance conditioning
on pre-session and post-session behavior, 30-minute and 1-hour
sessions of food reinforced responding were inserted before and
after avoidance sessions. When the stimulus conditions were
identical in all food sessions, the avoidance reduced the rates
of food-reinforced responding late in each food session. When
stimulus conditions differed between food session that preceded
and food sessions that followed the avoidance sessions, the re-
duction was observed primarily on those that immediately pre-
ceded the avoidance sessions. The reductions in food-responding
arm attributable to conditioned suppression (also known as
"Conditioned Emotional Response*) which is commonly produced by
Swarnting stimulus followed by a brief aversive event (a shock).

Here, the conditioned suppression occurred on an expanded time
scale. The werning stimulus was food reinforcement for atu hour,
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Also, appropriate timing behavior was maintained without the cue
lights while very gradually increasing the required number of re-
sponses back to the original 500 responses of initial training.
Currently, the animals' work for food is under 24 hour surveil-
lance to serve as baseline performances for the investigation of
effect.s produced by opportunities for exercise, recreation, or
social relations in the larger room. 4

The conditioned suppression procedure essentially consists of super-
imposing a negative Pavlovian conditioning procedure upon a positively
reinforced operant baseline. The rate of the operant behavior is
suppressed during the negative CS, with the magnitude of suppression
monotonically related to shock intensity. However, this procedure
is but one of many possible combinations of operant and Pavlovian
conditioning procedures. For example, timing behavior of subjects
rewarded for every response with an interresponse time greater than
30 sec. is disrupted during a positive Pavlovian stimulus. With
this combination of procedures, the interresponse times decrease
and the response frequency increase. Also, response rates main-
tained by intermittent positive reinforcement are higher during
a combined positive and negative Pavlovian stimulus than during
a simple negative Pavlovian stimulus. Presumably, the rate of
operant responses during simultaneous presentation of positive
and negative conditioned stimuli is functionally related to stimu-
lus duration, shock intensity, and the magnitude of reinforcement.
These relationships are currently being examined. In a related
series of experiments, the rate of negatively reinforced operant
responses is being examined during positive and negative condi-
tioned stimuli presented singly and in combination.

The next set of results concerns the aversive control of behavior
and the study of stress-inducing procedures. One research project
studied total avoidance sessions as aversive events. Animals in
avoidance experiments are usually observed only during the avoid-
ance sessions, leaving us ignorant of effects the avoidance condi-
tioning may have on pre-session or post-session behavior. To
examine possible effects of the stressful avoidance conditioning
on pre-session and post-session behavior, 30-minute and 1-hour
sessions of food reinforced responding were inserted before and
after avoidance sessions. When the stimulus conditions were
identical in all food sessions, the avoidance -educed the rates
of food-reinforced responding late in each food session. When
stimulus conditions differed between food session that preceded
and food sessions that followed the avoidance sessions, the re-
duction was observed primarily on those that immediately pre-
ceded the avoidance sessions. The reductions in food-responding
are attributable to conditioned suppression (also known as
"Conditioned Emotional Response") which is commonly produced by
a warning stimulus followed by a brief aversive event (a shock).
Here, the conditioned suppression occurred on an expanded time
scale. The warning stimulus was food reinforcement for an hour,
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A procedure was devised in which animals' responding was produced
and maintained by changes in frequency of randomly delivered shocks.
This has produced some concern among avoidance theorists, since it
suggests that reinforcement, usually characterized as an event that
occurs at a discrete moment in time, can be based entirely on the
average rate of occurrence of an event over extended periods of
time, with no additional cues. A study is under way to determine
the extent to which the reduction in overall rate of random shocks
functions as if it occurred at a discrete moment in time. The
original shock-frequency procedure is being used, but delays are
imposed between responses and their consequent reductions in shock
frequency. The ensuing delay-of-reinforcement function will be
compared with those obtained in more conventional delay-of-rein-
forcement studies. An animal performing successfully on a con-
ventional avoidance schedule is accomplishing at least two things:
each response decreases the overall frequency of shock, and reduces
instantaneously the probability of a shock. In conventional avoid-
ance procedures it is impossible to assess the relative importance
of these two features, either of which could reinforce the avoid-
ance response. Procedures were devised that manipulated indepen-
dently the overall shock rate relative to the animal's performance.
The animal could eliminate single, impending shocks; this could
result in no chaatge in overall shock rate, or in an increase in
overall shock rate. Preliminary work indicated that rats will re-
spond to reduce the instantaneous shock probability provided that
this does not increase the overall shock rate. But a recent modi-
fication of the procedure has shown that in some situations the
animals will respond to eliminate the single, impending shock even
when this results in a fivefold increase in the overall rate of
shock. Present work is devoted to isolating the circumstances that
maintain responding in the face of response-produced increases in
overall shock rate.

Another research effort dealt with a technique for maintaining pro-
longed vigilance in rhesus monkeys. The monkeys, held in restrain-
ing chairs and housed in light-tight booths, were trained to respond
within 10 seconds in the presence of a dim light to avoid a brief
electrical shock. Once avoidance was well trained, a response in
presence of the light avoided the shock and decreased the intensity
by 1/5 of a log unit for the stimulus programmed on the next trial.
A failure to respond in the presence of the light resulted in a brief
electrical shock and increased by 1/5 of a log unit the stimulus pro-
grammed for the subsequent trial. Using this method we could track
the visual detection threshold over long oeriods of time. Prelimin-
ary results indicate that when the monkeys are required to maintain
a 24 hour vigil during which 2-3 signals per hour are programmed, no
decrement in performance is observed.

Rhesus monkeys were trained to respond on a fixed ratio schedule in
the presence of a blue light to avoid the onset of a green light.
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Failure to avoid the onset of the green light reqvired the monkeys
to respond on a serond fiAed ratio schedule to avoid the onset of a
red light paired with 3 unavoidable shocks. Once the monkeys were
stabilized on this avoidance performance, the sfze of the fixed
ratio required for avoidance was systematically increased in the
presence of the green light and kept constant in the blue light.
The results showed that as the ratio size was increased the number
of avoidances decreased. When the ratio size correlated with the
blue light was systematically increased, while that in green was
kept constant, a sinilar inverse relationship between ratio require-
ment and number of avoidances comp.leted was observed.

A third set of experiments are oriented toward the study of internal
mechanisms which mediate behavior. A number of these experiments
have been concerned with the septal area of the forebrain. Because
organisms subjected to ablation of the septal region fail to respond
normaily in the presence of stress-producing stimuli which suppress
responding in the intact animal, a variant of the Sidman avoidance
procedure is being used to identify the role of this neural structure
in mediating the behavioral response to stress. This procedure in-
volves the parametric reduction of the response-shock interval to a
value of one half or less of the shock-shock interval. Under these
conditions normal rats cease to respond in terms of their previous
training. This same effect, a suppression of responding, also occurs
in the septal animal. Because a behavioral procedure has been found
for which these brain-lesioned animals show no functional deficit it
is now possible to begin isolating the basic variables which distin-
guish this procedure from other stress procedures showing deficits.
One hypothesis suggested by the present experiment is that the septal
region permits the organism to deal with concurrent contingencies
when one such contingency is stress-related. Ablation of either the
septal region or the hippocampus changes in the response of an organ-
ism to behavioral stress. Changes in the basic variables in these
stress procedures may permit the organism to respond normally if the
procedure places no functional demand on the ablated neural structure.
Similarly, if the procedure does require the use of the ablated struc-
ture a deficiency in performance is observed. It is also possible to
arrange a procedure in which the ablated structure would, in the in-
tact animal, interfere with performance. In this case, the lesioned
animal performs better than normal subjects. The present experiment
was undertaken to account for the observed differences in behavior
discussed above. The Sidman avoidance procedure was setected as one
which had not been applied to animals with this type of brain lesion.
It was found that septal rats can perform this task and, as antici-
pated, are superior to normal subjects in that they avoid more shocks
while emitting fewer responses. Thus, removal of the septal region
improves the organism's capacity to respond to this stiess-producing

S) procedure. A tentative hypothesis suggested by the data is that
distruction of this region of the brain favors those procedures in
which the organism is required to emit rather than withhold responses.
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Preliminary data suggest that hippocampal lesioned animals will be 0
deficient in this task. These results should be of significance in
differentiating the roles played by these neural stitctures in the
mediation of the organism's response to b'havioral stress.

Under conditions that suppress the food-rewarded responding or normal
rats, rats with lesions in the septal region of the forebrain continue
to respond. Because this deficit is not motivational, eeptal ablation
should provide useful information on the warm-up effect in avoidance.
When normal rats are conditioned to avoid electric shock, they often
take many shocks at the beginning of each daily experimental session
even though they may avoid all shocks late in the session. This
change in intrasession performance is known as the warm-up effect.
Some investigators have suggested that warm-up reflects a build-up
of .F;otivation within an experimental session; recent evidence has
shown that warm-up is a transient suppression of responding. If
this is the case, then septal ablation may eliminate the warm-up
producing a constant level of performance throughout sessions. Pre-
operative baselines for avoidance behavior, including the warm-up,
were established in a number of rats. These were then operated and
their septal nuclei bilaterally ablated. Following postoperative
recovery they were re-run to compare their preoperative and post-
operative performances. The performances were strikingly similar.
This result questions the usual interpretation of suppression of
food-reinforced responding in septal animals, and favors a different
interpretation, that, rather than being unable to suppress or inhibit
responding, the organism with septal lesion fails to adjust its per-
formance to two or more concurrent contingencies. The present study
was designed to examine further the interpretation that, following
septal ablation, the organism fails to adjust its performance to
two or more concurrent contingencies. Rats were trained to press a
lever for food; then the food reinforcement was discontinued and re-
placed by a Sidman avoidance schedule. Finally, the food and avoid-
ance contingencies were combined, operative on the same lever-press
response. Previous work has shown that the reintroduction of food
will not appreciably improve the avoidance of shock, even though the
same response both avoids shock and produces food. Preoperative
results confirmed this. In animals with lesions ire the septal re-
gion, the reintroduction of food produced marked improvements in
performance; the animals responded as though sensitive to the food
contingency alone, which incidentally produced improved avoidance.

This is a further study illustrating that following septal ablation
an animal can no longer adjust its performance to two or more con-
current contingencies. When normal rats are given the option of
avoiding shocks either by holding a lever dowii or by pressing the
lever repeatedly, at least once every 20 sec, they spend over 90%
of their time holding the lever down. This lever holding persists
even if the hungry rats are rewarded with food only for repeated
pressing. Rats with bilateral septal lesions demonstrate that
the same general pattern occurs in the absence of food reinforcement. )
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Given the option, these rats will avoid shock by lever-holding
rather than by repeated lever pressing. However, when food Is
made contingent upon repeated pressing, these animals quickly
change over to repeated pressing. With subsequent removal of
the food contingency, they revert back to lever-holdlng. Once
again, when faced with a concurrent combination of two schedules,
the rats with septal lesions perform as though responding to one
contingency alone.

A set of recent experiments has suggested that, in humans, the
cardiovascular system may modify motor behavior. Specifically,
reaction time in humans seems to be related to the amount of sinus
arrythmia, even when the arrythmia is produced by external stimula-
tion. We are attempting to evaluate more directly the relation
between cardiovascular system and motor behavior. Monkeys were
trained to release a lever quickly at the presentation of an audi-
tory tone. With stable latencies for this response, the tone is
introduced at varying points in the cardiac cycle. For example,
in a given session the tone will sometimes be initiated 30 msec
after an R-wave, and sometimes 175 msec after an R-wave in the
monkey's electrocardiogram. The two values are alternated randomly,
and response latencies are recorded separately for the two modes of
presentation. The response latencies have been found to differ for
different periods after the R-wave; however, the latencies come to
differ only after several days of exposure to a single pair of time
values. This suggests that instead of reflecting relatively direct
facilitory or inhibitory effects originating in the cardiovascular
system, the differences in response latency must reflect cueing
functions of events in the cardiovascular system.

Adult rats were stressed by subjecting them to unpredictable ines-
capable electric shocks presented for 15 hrs on four successive
days. Befsre and after each stress period the animals were injected
(IP) with 3H-thymidine. Using autoradiographic techniques it was
found that the autonomic ganglia of stressed rats showed increased
numbers of labelled glial cells, and labelled neurons were also de-
tected though no direct evidence of division of neurons was present.
This interdisciplinary effort to idenify structural changes in the
nervous system in response to the functional demands of behavioral
stress is continuing with emphasis being placed on determining the
variables in the stress procedure which elicit in this response by
the nervous system. Comparisons of signalled and unsignalled shock
have been run, however, the tissue from these animals is still being
processed.

Partial recovery of function following insult to the central nervous
system is well-documented. However, the physical basis for this re-
covery remains undefined. Recently developed techniques permit the
introduction of radioactive label into neurons and the mapping of
neural pathways and the terminal endings via autoradlographic tech-
niques. This technique is maximally efficient when used in the
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visual system because the injection of label into the eye permits
the uptake of the isotope by retinal cells. This Isotope is then -)
transported to the lateral geniculate. The availability of this
technique makes the visual system an ideal model on which to test
the hypothesis that axonal sprouting may be involved in recovery of
function. This hypothesis suggests that destruction of neurons -
results in the de-nuding of synaptic sites and t hat recovery of
function occurs when axons adjacent to these sites sprout new ter-
minals. Previous tests of this hypothesis have had lin!4ted success
because earlier methods required 16 months of postoperative reco-
very before sprouting could be identified. Autoradlographic tech-
niques, however, can now be applied to this problem and allow for
the possibility of longitudinal study of sprouting beginning 5 days
or less following production of the neural insult. If it is poss-
ible to identify sprouting within 2 weeks to 30 days following a
lesion, a stronger case could be made for implicating this pheno-
arnon in the functional recovery of the nervous system. The lesion
being used in the present study is unilateral enucleation. Thisprocedure results in the destruction of some of the neural fibers
terminating in the lateral geniculate. Consequently, synaptic sites
should become available to axons from the contralateral retina. The
contralateral eye was injected with labelled lucine and autoradio-
raphs made of the terminal patterns of these fibers in the genicu-
lte. A comparison of the terminal patterns of these subjects with
those of intact animals should reveal sprouting if it has occurred.
To date, tissue from subjects injected 5, 10, 30, 60, 90 and 180 days
after unilateral enucleation is being processed for autoradiography.

A study of the effects of castration and Injections of testosterone
propionate upon second order fixed ratio avoidance has been completed.
A resus monkey was trained to respond on a fixed ratio - 40 in the
presence of a blue light to avoid the onset of a green light. Fail-
ure to avoid the onset of the green light required the monkey to re-
spond on a second fixed ratio 40 to avoid the onset of a red light
paired with 3 unavoidable shocks. The results of this training pro-
duced a stable performance in which the monkey avoided 50% of the
time in the presence of the blue light and 50% of the time in the
green light. The monkey was castrated after 2 weeks of this stable
baseline performance. Post operation, the nonkey made over 95% of
his avoidances in the green stimulus and less than 5% of his avoid-
ances in the blue stimulus. Exogenous injections of testosterone
propionate increased the nmber of avoidances in the blue stimulus
and decreased the number of avoidances completed in the green stimu-
lus. When the monkey was injected with placebo (sesame oil), he
made 95% of his avoidances in green and less than 5% of his avoid-
ances in blue.

The presentation of a previously neutral stimulus terminated by un-
avoidable shock consistently reduces the rate of positively rein-
forced operant behavior. The present series of experiments was de-
signed to investigate concurrent physiological events during train-
ing with this conditioned emotional response (CER) procedure. Heart
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rate, diastolic blood pressure and systolic blood pressure were
found to follow similar patterns throughout the acquisition of the
CER. Initially, the behavioral and autonomic responses decelerated
during the pre-shock stimulus. Subsequently, heart rate and blood
pressure accelerated to asymptotic levels approximately 150 to 200
percent above normal while the operant behavior continued to be
depressed to a near zero rate. The autonomic activity did not
exhibit this biphasic development when the stitmlus-$hock sequence
was presented during non-work periods. The collective data suggest
that the initial deceleration of heart rate and blood pressure is a
secondary effect due to the drastic decrease in physical activity
caused by the conditioned suppression of the operant behavior, later
followed by a direct conditioned acceleration of the autonomic re-
sponses. In the current investigation, the electrical activity in
various peripheral muscle groups is being compared with changes in
the behavioral and autonomic responses throughout the acquisition
of the CER. The data to date indicate that muscular activity in
all muscle groups is reliably decreased during the preo-shock stimu-
lus, similar to the operant behavior. Simultaneously, however,
heart rate and blood pressure levels accelerate to above normal
levels in spite of the decrease in muscle tonus and bodily activity.
Apparently, the increase in the autonomic responses are not mediated
by an increase in covert muscular activity contracting upon the
peripheral vasculature but are directly conditioned by the experi-
mental procedure.

Ward 108 of WRGH is a ward for soldiers diagnosed as character dis-
orders and is run according to operant conditioning principles.
Currently the program is being changed by instituting a curriculuu
designed to establish some basic social, educational, work, militivy
and recreational behaviors in the men who pass throu the ward.
approach is to use modern, instructional techniques tn this curricu-
lum which free the courses from a dependence on a specific teachr%.
This has several advantages. First, it means that relatively up-
skilled personnel can administer the courses. Second, courses e,11l
not cease to be taught when an instructor leaves the post. Third,
the curriculum, when developed and revised, will constitute a poickage
of educational material that can be transmitted for use on othar wards
in other hospitals. Following the co4Jrse work, the program w41l be
directed at having the patients transfer the learned behavior from
the classroom to the outside world fti gradual steps.
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Descri~ption.

The purpose of this work unit is to investigate relations between
the physical and psychological input of stimulation, both historical
and contextual, and the organism output of neurophysiological
functioning and behavior. It is at this interface between physiology
and behavior where som of our most baffling problems occur
and currently where soew of our mst significant advances are
being made. In the end it is the behavior of the individual
that is of concern, but well functioning behavior is supported
and In detail mediated by physiological wchanisi. and their
Integrative action. The elucidation of these mechanisms is
fundamental to solving a wide range of problems. The principal
sathods are those of pýychophysics, biophysics, sensory stimulation,
experimental psychology, electrophysiological tecording, and
auatistical analysis. The work is divided into two categories:
(1) correlative behavioral and electrophysiological Investigations,
mid (2) studies of central and sensory mechanism.

1. Correlative behavioral end elect roph, sioloa1ical ieves tiat ions.

a. Visual evoked responses durina pLaklem solving. The
series of experiments studying differences in averaged evoked
potentials to meaningful and nott-maninegful visual stimuli have
been continued and several extensions from the basic problem
have been made. It has been found that stimult, nuers and
letters, produce larger evoked responses when they are relevant
to a problem solving task than when they are not. In the recently
completed "sidlins" experiments 11 out of I1 subject. showed
a statistically significant greater meplitude of evoked response
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relevant stimuli than to the identical stimuli when they were
O irrelevant, with the brain potentials derived from vertex and

occipital locations. These results were obtained with a generalized
mean amplitude measure and the data are now being analyzed
in finer detail with extensive measuring techniques. A great

r• deal of computer processing has been devoted to (a) sorting
the responses into categories depending on the relevance of
the stimulus and prior sequence of stimuli, (b) averaging similar
evoked responses from a number of runs in different sessf.ons,
(c) measuring amplitudes at certain latencies, and (d) performing | .7
statistical evaluations of response differences. Differences|+
between the brain responses to relevant and irrelevant stimuli
were obtained for both long and brief (10 micro-sec) duration
light stimuli. Thus, differential scanning of the physical
stimuli, for example by eye movements or by neural modulation
of afferent input, is not necessary to obtain "meaningfulness"
effects in the averaged evoked potential. This finding strengthens
the interpretation that the AEP can reflect the neural post-
perceptual processing of external stimulation and not merely
the primary sensory input. Refinements permitted assessing
the effects of (a) the different processing required by the
relevant stimuli and (b) the expectancies generated by the sequential
contingencies. The data indicate that the AEPs are sensitive

,ot only to whether post-perceptual processes are required (relevant
vs. irrelevant) but also to the nature of these processes ("storage"
vs. "problem solving"). Expectancies controlled by the experimental
procedure had marked effeets, but differences are still found
vhen the stimulus sequence was randoaLmed and therefore are
interpreted to be associated with post-perceptual neural processes.
Thus, the AEP reflects rather subtle differences in the subject's
processing of visual information, as well as differences in
the physical stimuli.

In another series of experiments cerebral hemsphere dominance
effects were investigated using similar experimental designs.
In these "latezality" experiments 7 out of 8 demonstrated a
significant difference between relevant and irrelevant stimuli
at homologous parietal and occipital electrodes. In additi-m,
S of 8 subjects showed clear differences i, amplitude between
the left and right hemispheres, the left hemisphere usually
being dominant. The nature of these cerebral dominance effe.:&.
appears to depend markedly on the nature of the visual stimuli.
This problem is being investigated further.

Reaction time measurements are in progress with the same stimuli
to study the relationships beween the sensory ioforuation processing
and motor responses. Computer analysis is al4o being performed

) on data obtained from subjects during the learning process.
Using he same visual stimuli several subjects have performed
a much more difficult problem solving task involving calculations
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with the number stimuli and these results are also being analyzed.
Preliminary results indicate that the AEPs are sensitive to
the tasks being performed with the stimuli. Some of these findings
were presented at an evoked potential conference in San Francisco
and will appear in a NASA-AIBS sponsored book.

b. Brain activity and assessment of intelligence. Correlations
between a large number of parameters of the visual evoked response
and measurements of intelligence were made in 41 subjects. Hany
more subjects were run but their Form 20's were not available.
Intelligence assessment was derived from the Army Classification
Battery and the evoked brain responses were obtained to simple
light flashes under a minimal task load condition. Several
of the correlations were statistically significant and a new
series of experiments is underway with some fundamental additions
to the experimental procedure. This research is directed to
the question whether the averaged evoked potential can be used
as a culture free, non-verbal, non-motor test of intelligence.

c. Behavioral and physiological spectral mechanism in
a vertebrate. In an elucidation of basic mechanisms underlying
the visual system, spectral sensitivity determinations have
been made so that quantitative comparisons can be made between
these behavioral data and electrophysiological and photochemical
action spectra frou the same organism (Rana Catesbiana). The
behavioral testing involves a forced-choice, paired-comparisons
preference procedure with test lights of controlled wavelength
and energy. For some experiments a constant white light constituted
the comparison stimulus. The percentage of trials that the
test light was chosen increased as a function of light energy
at each wavelength, except at the highest light levels. A 502
criterion was applied to these response-energy curves to obtain
the relative energy requIred at each wavelength to "match" the
constant white light. The reciprocal of these energy values
yield the spectral sensitivity function. The dark-adapted curve
was such narrower than the Dartnall pigment nomogram, ERG spectral
sensitivity curves, or the dominator-type spectral sensitivity
curves obtained from retinal ganglion cell recording. As a
test of the multiple contributions to the behavioral curve and
an attempt to isolate the blue machanism, two groupe were run
under yellow-adapted conditions. The average yellow-adapted
spectral senoitivity curve was nearly flat from 400 to 560 nm.

It hab been reported (Hunts, 1962) that single units in the
fro$ diencephalon responded more strongly to short wavelength
light than to any other wavelengths. His data suggest a degree
of spatial localination in the 06S of wavelength information
that is without parallel in the literature. Because of the
implications of this principle for understanding neural coding,
electrical recording from this area has begun with the purpose
of obta•ning spectral sensitivity curves which can be related
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to retinal spectral mechanist., on the one hand, and behavioral
C) spectral sensitivity curves, on the other.

d. Alpha EEG activity and eye orientation. A paper showing
that visual input, not eye orientation, is a primary factor

- in controlling EEG alpha activity is being published in the
Journal of Electroencephalograph and Clinical Neurophysiology.
Mulholland and Evans' hypothesis concerning eye orientation
was tested using a larger sample, fixation targets, eye movement
recording, and a dark condition which eliminated the effects
of differential visual input. These experiments showed tteat
vertical elevation of the eyes had no direct influence on alpha
EEG activity. This was best demonstrated by the data obtained
in the dark where a significant increase with eye elevation
was not found in group statistics or in individual analyses
on the 35 subjects (with one exception which might be attributed
to Type 1 error). Differences in alpha EEG related to eye position
in the light condition were decreased when differential visual
input due to eye position was decreased by the use of fixation
targets. In these experiments the main variable controlling I.
the increase in alpha activity was the reduction in visual input,
caused either by closing the eyes or extinguishir*g the illumination.
In the publication the effects of variables confounded with
eye position, e.g., patterned visual input to the retina, accomodetion,
fixation, mnd effort required to rz.ftain specified eye positions,

are discussAd.

e. Studies of normal development of visual and auditory
evoked EEC responses. The purpose of the research is to examine
and evaluate electrophysiological measures which are related
to the developing sensory, perceptual and cognitive processes
of children. The general method is that of recording of computer
averaged evoked EEC responses to visual and auditory stiauli
in normal children and in children with abnormalities of sensory
and mental development. The relationship between sensory evoked
potentials, electroencephalographic, behavioral and biochemical
parameters of development is being examined. The applications
of evoked response recording to clinical diagnosis, i.e., in
patients with sensory, mental, and perceptual abnormalitie3,
are being investigated and evaluated. The research will provit.
basic data on the maturation of the EEG and sensory evoked potentials
of human children during the course of deoelopment and will
attempt to relate data obtained from psychological and neurological
testing with the neurophysiological data. It will provide normative
data for comparison with, that obtained from patients with sensory
and neurologic handicaps.

Several Investigations are in progress?,
(1) Longitudinal and cross-sectional studies of the telations

between evoked responses and age, behavioral state, EEG background ,
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tracing, stimulus intensity, nodality and order.

(2) Correlations between evoked-response measures and
scores on the Bayley Scales of Infant Development and other
psychological tests; investigation of possible response differences
in home-reared aud institutionalized infants.

(3) Studies of response decrement with repetiti.v stimulati'!n
in normal versus developmentally retarded infants.

(4) Studies of evoked responses to paired stimuli as the
significance or task relatedness Af the stimuli are varied;
these studies will be done in normal children and those with
learning problems.

In the normative studies the empnasis in the past year has included
completion of data gathering in several age groups and preparation
of data on evoked response characteristics and EEG for computer
statistical analysiv. In a sample of approximately 100 infants,
1 month, 6 nonths, and 12 months old, we are investigating possible
correlations between euditoiy and visual evoked response characteristics
and scores on standard test nf mental and motor development.
Developmental patterns are being studied by Dr. A. Lodge, Childrens'
Hospital, Washington, D.C. We have also examined over 350 auditory
rer-onse recordings of normal hearing children, the interest
he•a being to characterize the responses near threshold and
thus help to provide normal standards by which to evaluate the
EEG evoked response audiograms of hearing-impaired children.

f. EEG audiometa. The use of EEG audiometry as an aid
in the diagnosis of deafness and hearing deficits in the young
was studied. Clicks and pure tone stimuli were used. We are
at present summarizing our experience with the first 100 children
under 3 years of age referred for evaluation of possible hearing
loss using the method of computer average evoked EEG audiometry.
Comparison with the results of cliuical audiometric methods,
follow up data, and a discussion of the uses and limitations a
of the method are being included in this report.

g. Evoked responses in mentally retarded and brain damaged
children. We have continued to investigate possible relationships
beN,,een mental defect and evoked respo-ise characteristics.
In a study of auditory evoked response decrement with repetitive
stimulation with clicks, the findings in normal infants ar.J
infants with 21-Trisomy differ significantly. Normal infants
(N-61) 6 and 12 months old show smaller amplitude averaged responses
(pm. 0 0 1 ) to the last 25 of a series of 100 clicks than they
do to the first 25 of the series. Mongoloid infants (N-42)
6 and 12 months old do not ehow significant response decrement. ()
Neither normal 1 month old infants (N-22) nor 1 month old mongoloids
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(N-27) show response decrement. Further studies are being carried
out to find out whether the response decrement is related to
habituatior or the recovery cycle charaderts.tics of the auditory
system. These findings were part of a paper presented to the
American Academy for Cerebral Palsy in Dec~auber, 1968 sad a
report is being readied for publication. Fur paired stimuli
experiments instrumentation is now being tested.

h. Ultra-violet mechanisms In primitive pbotoreceptors.
Recording ERG's from, the corneal surface of the dorsal ocellus
in Limulus polyphemus has shown that the dorsaI. ocellus is primarily
an ultra-violet receptor, with a lower sensitivity peak in the
visible wavelengths. These electrophysiological data have been
correlated with behavioral data. Positive phototaxis was elicited
predominantly via ultra-violet radiation. The visible wavelengths
do not seem to elicit phototaxis. In order to understand more
fully the UV-receptor, action spectra of single visual cells
in the ocellar retina have been obtained. Nicroelectrode techbqiues
have been adapted for recording intracellularly. The single
visual cells either give maxima action of their spectra in the
near ultra violet or in the visible region of the spectru..
Thus these two classes of visual cells are proposed to be the
cellular basis for the near W and long wavelength mechanisms.

2. Studies of central and sensory mechanisms.

a. Glaucoma mechanisms: pathogenesis of optic nerve atrophy.
Our third paper on the pathophysiology of the distal segment
of the optic nerve has been accepted for publication. We are
half way through a fourth study of the distal optic nerve segment
using a calorimetric technique. A thermocouple probe is inserted
into the optic nerve of a cat through the anterior segment of
the globs-. Thus far we have been able to demonstrate a change
in the vasculature conductivity of the optic nerve with only
a 10 mmHg change in the intraocular pressure. Our method is
several times more sensitive than any previously used and has
exceeded our expectations. Concurrently, we are developing
a micro-oxygen electrode probe which can be inserted into the
optic nerve. This study will furnish further information concerning
the pathogenesis of optic nerve atrophy in chronic open angle
glaucoma.

b. Evoked responses in patients with visual impairment._Al
The visual occipital evoked response is potentially useful for
testing the presence or abe-nce of vision. The extreme difficulties
of stimulus control in young subjects may limit the method for

') clincial diagnosis, but even at present certain inferences can
be drawn from the presence or absence of responses or gross
asynmetries of response. In the past 1 year period we have
had the opportunity to observe 6 patients at the Childrens'
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Hospital of the District of Columbia with prolonged acute cortical

blindness who showed partial or full recovery of vision. We
recorded visual evoked potentials during the course of recovery
in an attempt to elucidate the pathologic physiology of this
relatively rare condition. A report is being prepared for publication
in collaboration with Drs. James Manson and Eliot Wilner of C)
the Childrens' Hospital, Department of Neurology.

c. Organization of single motor units in human muscle
uader stress. A series of experiments is in progress to measure
electrical activity of single motor units in human brachial
biceps stressed by sinusoidally varying isometric loads. The
protocol is as follows: a subject is required to produce a
sinusoidally varying isometric tension by matching his tension
output as displayed on an oscilloscope to a target trace displayed
on the same scope. Both frequency and maximum load can be varied
by the experimenter.

Data have been collected in 38 runs involving three subjects.
These are in the form of polygraph records of single motor unit
action potential trains recorded concurrently with tension output,
subject task, and a time mark. To accomodate the low frequency
response of the polygraph runs are recorded at high speed on
magnetic tape and played back slowly for polygraphic display.
Of interest is how firing freaquency of a single motor unit,
and the number of units active, vary with amplitude and frequency
of the imposed load.

Currently loads up to 7.5 kg and frequencies from .05 to 1.5
Hz are under study. Preliminary results suggest marked changes
in the muscle input-output relationship as frequency is Increased.
At the higher frequencies tension lags electrical activity by
more than 90*. How this relationship holds as the muscle is
stressed with greater loads is currently under study.

d. Vascular conductivity of the ocular papilla. The small
vessel structure of the papilla and lamina cribrosa in man is
the ciliary circulation and this circulation has a lower intravascular
blood pressure than the inner retinal circulation. Elevated
intraocular pressure compromises the small vessel structure
of the papilla and lamina cribrosa and it has been hypothesized
that this creates a functional disturbance. We have developed
a clinical technique to study the dynamic relationship between
the circulation of the optic nerve and its -unction in man.
A miniature light-sensing diode has been placed in the film
plane of the Zeiss fundus camera. Indocyanine green is injected
intravenously and an infrared absorption curve is obtained from
the optic disk as the bolus traverses the eye vasculature, This ()
curve reflects the vascularity and rate of blood flow in the
intraocular tissues. The camera facilities of the WRGH Department
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of Ophthalmology are being used and the clinical study is being
performed on glaucoma patients. The value of these measurements
is considerable since glaucomatous visual field defects may
be preceded by and are most likely the result of diminished
blood flow in the distal segment of the optic nerve.

e. Serial evoked response studies in patients with Down's
syndrome. Data collection for a double blind study of evoked

response characteristics of infants with 21 Trisomy who are
receiving the serotonin-precursor 5-hydroxytryptophan or a placebo
is continuing. The children are being tested within 4-5 days
of birth and at 6 months, 1,2, and 3 years.

f. EEG sleep and evoked response in patients with disorders
of serotonin and catecholamine metabolism. We have recently had
the opportunity to study the all night sleep patterns in a 10
year old patient before and during the administration of L-
DOPA. This child had profound insomnia, gastrointestinal disturbance,
and inter-dtttent spasm of the posterior cervical musculature.
Her older sister was severely afflicted with an atypical form
of dystonia musculorum deformans. Sleep abnormalities have
been reported in patients with dystonia but, to our knowledge,
the effect of exogenously administered L-DOPA in this condition
has not been reported. Dopamine has been implicated by several
investigators as playing a role in the regulation of the sleep-
waking cycle. This study and the mongoloid study described
above are being done in collaboration with Dr. Mary Coleman.
The biochemical, electrophysiological and clinical findings
were reported at the American Neruological Association Annual
Meeting June, 1969.

g. Effect of light damage on the retina. The investigation
of retinal damage by visible light has been continued along
a new track. It is currently believed that the mediating factor
in light damage to the retina is chronic visual pigment bleaching.
We have constructed and are now using apparatus which permits
differential damage of scotopic (rod) and photopic (cove) retinal
elements in the domestic cat.

h. Development of a field unit for ERG and BOG recording.
A field unit capable of amplifying the electroretinogram and
the electro-oculogram has been developed and is now being tested.
It is a miniature integrated cirruii amplifier which is attached
directly to the patient. We hive demonstrated that its characteristics
are more than adequate and we are in the final stages of testing
its field applicability and writing a report for the ophthalmic
literature.

i. Operant condititninqA psLchophysical determination of
spectral sensitivity. Using an extremely sensitive CER operant
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conditioning procedure in connection with an up-and-down staircase
psychophysical tracking procedure the absolute visual threshold
in the white rat has been measured. The experimental procedure
was extended to utilize monochromatic radiation and the relative
radiance required for rod vision at the visible wavelengths
of light (400 to 700 nm) was behaviorally determined.

7 J. Bye dmage and chromium deficiency. We have consulted
on a study of chromium deficiency in the white rat with Dr.
Martz, Department of Biochemistry, WRAIR. Rats deprived of
chromium in their diet develop corneal vascularization and opacity.
The etiology of these changes is obscure. We are studying the
development and progression of the eye changes using both standard
ophthalmological techniques as well as special histological
methods.

k. Dark adaptation and night vision under hemoglobin saturation.
The effect of a hemoglobin saturation of 852 oxygen (equivalent
altitude of approximately 15,000 feet) on the proficiency of
night vision and dark adaptation is awaiting apparatus.

Smary and Conclusions:

This work unit has been concerned with the neurophysiological
mechanisim mediating between physical and psychological stimulation
and behavior. The research has been divided into two categories:

(1) Correlations between behavioral and physiological functioning;
(2) Studies of central and sensory mechanisms.

In the first group of studies, EEG averaged evoked potentials
have been found to yield a wealth of information in a wide variety
of problems. Differential scanning of the physical stimuli,
for example by eye movements or by neural modulation of afferent
input, is not necessary to obtain "meaningfulness" effects in the
averaged evoked potential. This strengthens the interpretation
that the ASP can reflect the neural post-perceptual processing
of external stimulation and not merely the primary sensory input.
The research indicates that the AlPs are sensitive not only
to whether post-perceptual processes are required (relevant
vs. irrelevant) but also to the nature of these processes ("storage"
vs. "problem solving"). Furthermore, expectancies controlled
by the experimental procedure had marked effects. The use of
the averaged evoked potential as a culture free test of intelligence
hbs been supported by significant correlations in a group of
IN and further study is in progress. Comparisons of spectral
sensitivity at the electro-physiological and behavioral level
for a color-detecting vertebrate eye have been obtained and
are being pursued at a more central level. Alpha EEC activity ;
has been found to depend primarily on visual input and not on
eye orientation. Visual and auditory evoked EEG responses have
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been obtained and evaluated as related to the developing sensory,
k .) perceptual and cognitive processes in the young. In a sample

of approximately 100 infants correlations between auditory and
visual AEP characteristics an&'scores on standard test of menta•l
and motor development are being investigated. With repetitive

•~ ) click stimulation the amplitude of the evoked responses decreased
in a large group of normal infants, but did not in a large group
of 21-Trisomy infants. Electrical recording from single phatoreceptors
in a primitive photoreceptor system has revealed two classes
of cells as the basis of near-UV and long-vavelength spectrtl
mechanisms, also revealed in a behavioral study.

In the second group of studies a change in the vasculature conductivity
of the optic nerve has been found with only a 10 moS chuage
in the intraocular pressure. The pathologic physiology of patients
with prolonged acute cortical blindness who showed recovery
was studied by visual occipital evoked responses. The organization
of single motor units in human muscle under stress has shown
marked changes in the input-output relationship as frequency
of sinusoidally varying isometric loads was increased. A clinical
technique to study the vascularity and rate of blood flow in
intraocular tissues has been developed using an infrared absorption
curve and intravenously injected dye. A double-blinid study
of evoked response characteristics of 21-Trisomy infants who
are receiving the serotonin-precursor 5-hydroxytryptophan or
a placebo is continuing. The effect of L-DOPA and EEG sleep
and evoked response in patients with disorders of serotonin
and catecholamine metabolism was investigated. In studying
the effect of light damage on the retina an apparatus had been
constructed which permits differential damage of scotopic (rod)
and photopic (con*) retinal elemeuts. A compa, ct unit for ERG
and EOG recording has been designed and constructed. The absolute
visual threshold and spectral sensitivity have been behaviorally
determined in the rat by the use of a cobitiation of operant
conditioning and psychophysical tracking p,.ocedures.

.4 .
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23. (U) Basic biochemical responses to injury an ndies ili be studed ' oeti
means of controlling infectious agents by biochemical regulatory mechanisms will be in-
vestigated.

24. (U) The modern techniques and analytical approaches available to research biochemist,-
will be used to evaluate responses and to study the basic causes for disease production
by infectious agents.

25. (U) 69 01 - 69 06 During sabbatical absence in England, a crystalline fiber of TRNA
"TYR was obtained. X-ray diffraction analysis showed that helical regions of this TRNA
are more less parallel to the axis of the fiber rather than perpendicular. Based on
this information work is continuing on obtaining a working inodel of TRNA TYR. Further
isolation and purification of TRHA molecules involved in the regulation of RHA synthesis
in bacteria is in progress. Work to assess relationships At the nucleic acid level in
enterobacteria is bring continued. A study of diverse strains of Escherichia coll re-
veals significantly more divergence within this species than expected. The genera
Shigella, Proteus, Citrobactir, Alkalescens-Rt~r group and Erwinia are being studied
for sequences held in common'with E. Soli. These groups will be studied intensely as
radiolabeled preparations are available. It has been shown that the temperate subtilis
phage, SP02 is not eitensively related to its host. In addition, this phage appears to
ve a normal distribution of purine and pyrimidine bases about its mean base composi-

tion. Both of these findings differ from the data obtained with enterophages * .It there
k fore appears that the extensive relationship between enterophage DNA and DCA from L.q

and the heterogeneous base composition within temperate enterophage DNA are not a Un -1-

versal requirement for establishment of the lysogenic relationship, between temperate
viruses and their hosts. For technical reports, see Walter Reed Army Institute of

Research Annual Progress Report, I Jul 68 - 30 Jun 69.
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Projectt 3AO61102B72 BASIC RESEARCH IN SUPP•ORT OF MIlLITARY MEDICINE•
Task Ol Biochemistry

Work Unit 070, Biochemical activity in health and disease

Investigators.
Principal: Bhupendra P. Doctor, Ph.D.

Don J. Brenner, Ph.D.
Clifford 0. Yehle, CPT MSC
Saurille J. Fournier, Jr., CPT MSC

Associate: George R. Fenning, GS-11
Mary Ann $odd, GS-i1
Karl E. Johnson, SP4

The underlying purpose or mission of this project is to study dis-
easevs at the molecular level. Specifically, this involves the study of
variations in cellular processes caused by diseases in terms of molecular
biology, biochemical genetics, physico-chemical and structural studies
of macromolecules. Using the disease-causing agents such as bacteria,
viruses and mammlian calls, detailed studies have been pursued to under-
stand:

(1) The mechanism of protein synthesis.

(2) The role of nucleic acids in protein synthesis, the mecha-
nism of transcription, translation, and transfer of the genetic code.

(3) The hooology and heterology of nucleotide sequences in
various species of DMA and its correlation to the pathogene is of these
species. This in turn will provide the basic knowledge about the host-
parasite relationship at the genetic level.

(4) The regulatory function of various macromolecules under
normal md abnormal conditions of cellular growth.

Nucleic acid relttionahins amoiw species of Nalsseria enterobecteria
sad bacterial viruS.

Technical aspects: Resseociated deoxyribonucleic acid (DNA) is
separable frno single-stranded DNA on nydroxyspatite (HA). Thermal eu-
tion of reassociated ONM from HA is time cons-vting because it Is diffi-
cult to process more then two samples simultaneously. A method for batch

702



thermal elution of DNA from HA was developed. That allow simultaneous
handling of up to ten samples. In this method, DNA samples are mixed
with HA contained in test tubes. In each elution step the test tubes
are rapidly centrifuged in a heated centrifuge and the wash solution is
decanted. Fresh, prewarmed buffer is added and mixed with the HA pellet.

The centrifuge method was used successfully for: a) fractionatingi>
single and double stranded DNA in reactions exhibiting high and low
levels of reassociation; b) thermal elution reactions using DN1 from

the same or different bacteria; c) time-course reassociation studies;
d) reactions carried out at different incubation temperatures. Semi- I
tivity and reproducibility of the batch HA assay is virtually identical
to that observed in the column HA assay.

Experimental aspects: -A

(1) DNA relationships among species of iigssria (in collabc-.-
tion with D. Kingsbury, Dept. of Microbiology Naval Medical Keasearch
Institute, Bethesda, Md.). The genus Neisseria clearly forms three
groups based on the relatedness of their DNA to the DW. of !. m.insitidJa.
It is evident that based on the ability Lo form interspecies DNA duplexeg,
the great majority of nucleotide sequences are held in common between
pathogenic Neisseria. Furthermore, there is relatively little base
sequence divergence as judged by the high thermal stability of these
interspecies DNA duplexes relative to the stability of a homologous
!n. ingitidi duplex. The majority of the nonpathogenic species tested

are lses than 50% related to H. gmegig4liJ end the instability of their
interspecies duplexes ts indicative of the extensive amounts of unpaired
bases within those sequences still able to reassociate. At more stringent
Incubation temperatures, these organisms form 15% or less stable duplexes
with N. meinaltidis. .. catarrJ•tsi is essentially unrelated to the
pathogenic Hasgseria. These data support the contention that pathogenic
species show less divergence then nonpathogens.

(2) Nucleic acid relatedness among enterobacteria (parcly in
collaboration with S. Falkow, Dept. of Micro, Georgetwn Univ., Washingtom,
D. C.). The primary genetic isolating mechanism between strains of
; gherichis, Uah Ashia end S .J1, M je3gjj and binfla &and
between various Salli serotypes appears to be restriction enos.yn..
In the case of 6shrci X Sjhjggjja once restriction is oveivomo, tue
organisms exchange large sequences of genetic material at high frequency
and appear to be very closely related. Lven when restriction to not a
factor in hichaJrichi X Sgl jjj ratings, the frequency of rucombinatiem
is still quite low and recombinants are largely highly unstcale diploids. ,
Mating between unrestricted S jn g serotypes suggests that they ace
highly related although not identical.
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With these genetic relaLionships in mind, the molecular relation-
ships among many representttives of the E , bacter.a.eee were examined
by DWt,-DMi and DtW-RFA cplex formation in agar, in hydroxysOpLite and
on membrane filters. Th* amount ug nucleic acid hound in a reassociation
experiment is subiect to the temperature chosern for annealing. Homologous
reactions rea•an egsentialiy Ehe same regordless of the annealing tempera-
ture between 550C and a5PC in approximatriy one-tentii molar salt. Hetero-
specif ct duplex formation, ',ever, may decreaee dramatically (4 to 8 fold)
when the annealing temperature is increesfd. Thiý. observation prompted
us to examine the thermal stability of intc-specific enterobacterial
duplexes. The stability of Z. cola - S. flexneri duplexes at both 60°C
and 750C was virtually identical to that tf homologous E. colt duplexes
and the degree of heteroduplex formation was minimally affected by the
temperature increase (867 at 6C°C, 777 at 75°C). Heteroduplexes formed
at 60WC between E. coli and A. aerogenes, S. tphimurium, Serratia
marcescens, Bethesda-Ballerup, Arizona, and severcl protei had a thermal
stability some 10-13 degrees below that of reassociated E. colt duplexes.
At 75°C the formation of the heteroduplexes was markedly decreased, but
the stability of the DNA able to reassociate at this temperature now
approximated that of reassociated homologous E. colt DMi. Th-e degree of
reassociation and the thermal stability of E. colt - S. flexneri duplexes
suggest relatively little evolutionary divergence in these organisms. The
other enterobacteria tested, however, have diverged to a point where less
than 40% of their DNA can reanneal at 60°C and less than 8-10 percent can
react at 75 0 C. The degree of divergence between various enterobacteria
does not appear to be uniform along the DNA molecule. RKA specific
sequences are conserved among iuost enterobacteria. An examination of DN&
relatively specific for the lactose operon suggests that specific chromo-
somal genes may diverge more or less than the gernome as a whole. Experi-
ments in progress reveal extensive relatedness between L, coli and the
alkalescens-Dispar group; enough to include these organisms in one species.
retailed current studies reveal as much as 257. divergence among strains
of E. col. Here again it appears that the clinically isolated strains
have diverged irom the comnon laboratory strains to a greater extent than
the laboratory strains bave diverged from one another.

(3)_ Lack of relatedness between Bacillus subtilis and a temperate
subtilis phage. Temperate enterophage DNA's share three characteristics.
They are extensively related to one another, extensively related to their
enterobacterial host, and heterogeneous in nucleotide base composition.
DNA irom the temperate subtilis phage SP02, was shown to lack significant
base sequence heterogeneity, and to be unrelated to the DNA of its host,
B. subtilis. Two virulent subtilis phages were also unrelated to Sl'02.
These data show that neither extensive nucleotide sequence relatedness
between a temperate phage and -its host, nor base sequence heterogeneity
are universal requirements to form the lysogenic state.
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Biochemistry of Malgria.

Studies on isolation and characterization of nucleic acids from
Ir.aleirial parasites were pursued. P. knowlesi and chloroquine-sensitive
and resistant strains of P. berghei were used in these studfas. In col-
labo. ation with Dr. J. Wohlhieter, LTC Fitch and U-T Cook a technique was
developed to separate the parasites from other DMa-containing cells in the o•
blood. The chloroquine-resistanW strains appear to propagate only on

young red blood cel!e. The r2sulting DNA preparations of the sensitive
strain cf P. berkhei and P. knowlesi were free of host DNA. All the DNA's
afpeared to he normal In the chemical and phyjical properties studied.
P. knowlesi DNA had a density of 1.699 g/c.c. in CsCI and thermal denatur-
ati':) teperature Tm of 860, both corresponding to a base composition of
40% G:C content. Both strains of P. berghei have DNA of density 1.683
Sic.c. and Tm of 78.50, corresponding to 23% G:C. A preparatson of DNA
from chloroquine-resistanc P. berghei exhibited two additional bands upon
CsCl density gradient centrifugation. These bands were deemed to be due
to "contaminatina" mouse DNA. No other differences were observed between
DNA from the two P. berghai strains.

Mechanism of protein synthesis.

It is known that one of the species of methionine tRNA, tRNAfmet,
from L. coli, has ^ unique function in protein sytithesis: it acts as an
initiator of protein synthesis. Un the other hand, another species of
methionine tRNA, tRNA.met, also present in E. jolt, does not have this
unique property. Because of this unique function of the tRNAfmtt detailed
study of this tRNA was undertaken. . -

Using the combination of countercurrent distribution and column
chromatography procedures it was possible to show the existence of two
species of tRNAfmet and two species of tRNAmmet in E. colt. One each of
these species of tRNA were purified and their structural and functional

properties were investigated. These properties are summarized as follows:

(1) Both tRNAfmet can be charged with either yeast or S. colt
snthetases, whereas tRNAmj,2tet can be charged only with the E. goj

synthetases.

(2) Only tRNAfmet can be formulated.

(3) No difference in respfonses to triplet binding to ribosomes, 4.

between the two species of tRNAmme,

(4) The analysis and comparison of the •RNase and RNase T,
digestion products of purified tRNAfI'et showed that these two tRNA'smet,

) although having several similar biological activities, are structurally
different. However, there are only minor differences between tRNAf me"
and tRNAf 2 met. The same is the case with the two species of tRN~ met.
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The presence of sulf-ur-containing nucleotides in all these species
of tJIA was detected. The position of sulfur-containing nucleotide in
most of the tRNAts from . coli is fixed at the 8th nucleotide from the
5'-end from this and previous studies. The presence or absence of this
nucleotide does not appear to matter with regard to the function of tKNA.
This is nov shown in the case of tRNAtyr and tRNAfmet, although it should
be mentioned that the changes in conformation in the thionucleotide region
of tUNA is observed.

Upon mild digestion of tRNAfmet it was possible to split the molecule
at one position. Two fragments, a 3'-end containing S7 nucleotides and
a 51-end containing 19 nucleotides were separated and obtained in purified
form. Competitive inhibition studies with these fragments showed that
neither of these fragments interact or bind with the synthetase. When
both these fragments were put together, methiomine acceptor activity,
(i.e., thft binding with enzyme) was reestablished. At the present level
of information it is firmly established that both 5'-erid and 31-end frag-
ments are required for interaction with protein. It is also established
from present studies with tRKAfmett and also with tRNAtyr, that specific
nucleotides of RNA may not constitute a specific protein or enzyme-inter-
action site. Rather it is most likely that specific conformation of a

region or the entire molecule may be an enzyme-binding site. The study
of the nature of proteln-nucleic acid interaction on this basis is being
pursued. A project is being initiated at the present time to study the
nature of viral nucleic acids with their protein component,

Structural studies of macromolecules.

The nucleotide sequence of tRNAtyr is completed. The information
obtained from these studies clearly demonstzated that the conformation
of the molecule rather thap any specific nucleotide sequence may contribute
the enzyme interaction site. This fact is further substantiated by the
studies with the fragments obtained from tRNAfmet. In order to study the
molecular assembly of naecromolecules contained in agents such as viruses,
it is a prerequisite that the nature of interaction of macromolecules
such as nucleic acid and proteins be understood. The facts mentioned
above necessitate the study of spatial structure of tRNA to understand
the relationship between its function and its structure. The attempts
so far have been made by means of model building and the study of tRNA
in solution. It seems unlikely that such study will solve the problem.
The method of choice then is x-ray analysis of crystalline tRNA.

At first, microcrystalline forms of tRNamet were obtained. This was

the first time that a nucleic acid of this nature had been obtained in
crystalline form. X-ray analysis of the powder form of this microcrystal-
line tRNA revealed that the unit cell dimensions are: a=118, b=43.2,
cn53.2 (orthorhombic) with space groups P2221 or 0222. ')
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SFurther efforts to obtain single crystals were also successful and
single crystals of tRNAfmet, using more favorable conditions, have been
obtained. The x-ray analyses of these crystals have been pursued syste-
matically at NIH in collaboration of Dr. David Davies of NIA)D.

One of the ways to obtain information regarding the arrangement of
the helical regions of nucleic acids is to determine the orientation of
the crystalline fiber by x-ray analysis using purified tRNAtyr. The
x-ray analysis of this material revealed that the helices in tRNAtYr are
arranged parallel to each other rather than perpendicular. This informa-
tion has been confirmed by several investigators from the preliminary
x-ray analysis of single crystals.

With the expectation that a systematic and detailed study of crys-
talline tRNA by x-ray analysis will furnish the desired information, an
extensive mission has been taken. For this purpose, simplified proce-
dures for the purification of several tRNA from a given species in large
quantities have been evolved. Also it is hoped that the methods for the
co-crystallization of tRNA-enzyme complex will be evolved.

In order to interpret the x-ray analysis data and elucidate the
"functional sites" of the tRNA, it is essential to express the x-ray
information in terms of molecular model. One of the probable forms in
which the popular "clover leaf" secondary structure of tRNA can be trans-
formed in the spatial structure of tRNA is the "H" form. With the help
of Dr. Wats,)n Fuller of King's College, London, a molecular model of
LRNItyr and nucleotides are being pursued at the present time.

The application of these studies to the studies of the nature of
interaction between antigen-antibody production of interferon, enzyme-
substrate interaction and protein-nucleic acid interaction In virus
particles is actively being planned at the present time.

Part of the studies dascribed were performed at (a) Medical Research
Council, Laboratory of Molecular Biology, Cambridge, England, in collabora-
tion with Drs. SF.C. Clark e Al, and (b) King's College, London, England
in collaboration with Dr. Watson Fuller.

The regulatory function of macromolecules pnder normal and abnormal
conditions of cellular growth. The work described in this phase of the
project report was performed as a collaborative study with Dr. Alan
Peterkofsky of the NIH.

It has become increasingly apparent In recent years that the furction
of transfer RNA (tRIM) may not be limited to directing the positioning
of an amino acid into a growing peptide chain, but may include playing

. • a role in the regulation of a number of cellular metabolic processes.
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Evidence that the cell is at least equipped for a mechanism of
controlling transcription at the translational level using the t;(NA
molecule, comes from the findings that there is extensive degeneracy
in the genetic code and widespread occurrence of more than one acceptor
RNA for most amino acids--many of which have been shown to respond to -

different coens. 49
In at least two situations, namely, the control of RNA synthesis

and the repression of certain amino acid biosynthetic enzymes, there is
much genetic and biochemical evidence implicating the involvement of
aninoacylated tRMA in a regulatory role. In both instances there appears
to be a primary dependence on the intracellular levels of free amino
acids, and it is now clear that the amino acid in question must be acti-
vated and probably attached to its tRNA in order to assert its influence.
Added support for the hypothesis that tRNA also serves as a regulator
comes from several recent reports showing that certain tRNA's in dif-
ferent kinds of cells have been modified in response to a variety of
metabolic conditions.

Examples of these modifications include: a) the appearance of
chromatographically unique species of leucine tRNA in r. col..during
infection with phase T2 and T4; b) alterations in the valine specific
tRNA of B. subtilis during spore formation; c) changes in B. subtilis
seryl-tKNA and E. coli isoleucyl- and phenylalanyl-tRNA's under different
growth conditions; d) the production of new species of leucine and phenyl-
alanine tRNA during methionine starvation of 'relaxed' mutants of L.coli;
e) the appearance of a new arginyl-tRNA in mammalian cells infected with
herpes virus; and f) the occurrence of differences between tyrosine
acceptor tRMa's from fibroblastic cells and a number of differentiated
cells from animal and human sources.

tRNA as a regulator of RNA synthesis. It has been known that the
synthesis of both protein and INA ceases when an amino acid auxotroph
of 1. coli is starved for the required ,metabolite. For several yLears
the accepted hypothesis for this phenomenon held that the uncharged tRNk%
resulting from amino acid deprivation functions as a specific repressor
of MtA synthesis--probably by inhibiting the enzyme RNA polymerane.

Recently, experiments appear to demonstrate conclusively that nmint
acid regulation of RNA synthesis is dependent upon amino acid activation,
the first step in the formation of charged tRNA. Using two mutant strains,
workers have shown that the inability to activate a certain amino acid
analog in one case and heat inactivation of an aminoacyl-tRNA synthetase
in the other, leads to a cessation of RNA synthesis.
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) Important to any study of this regulatory mechanim are the
$relaxre' mutants of E. coli. Unlike the wild type strains which
exhibit a 'stringent' control over RN& synthesis, the 'relaxed'

-) mutants continue to make RNA upon starvation for a required amino
acid. A number of these mutants have been isolated thus far and all
appear to result from mutations of a single genetic locus called the
RC (RIA control) gene. It is of great interest to note that the
relaxed mutants (RCrel) do not show a requirement for the aminoacyl-
ation of tRKA, unlike the RCstr strains used in the study mentioned
above. The product of the RC gene is unknown. Results of experiments
attempting to show differences in the stimulation of tAM polymerase in
in vitro systems with charged and uncharged tRiM DNA, and polymerase
from both RCstr and RCre strains are not conclusive. There was little
difference in the effect of uncharged tRIM and the acylated species adm
no significant difference between the effects of the stringent and
relaxed components.

Because of these results tnd others which show no apparent correla-
tion between the levels of uncharged tiM in the cell and the rate of
RNA synthesis, the role of tRil in this process is not yet clear and
requires further investigation. One plausible explanation of the
seemingly contrary results described above is the possibility that the
regulatory function in this process has beep relegated to a mAnor species
of tiNA. If, in fact, an uncharged tRIM is a repressor (or corepreesor)
here, then it need not be present in high concentration. Thus, a con-
parison of the intracellular condition of tRIM may never reflect the
status of the minor species. Failure to influence the activity of IRA
polymerase in the studies mentioned above should be regarded as negative
evidence as it ts quite possible that Important elements are missing,
e.g. the RC gene product, or perhaps the apparatus for protein synthesis.

If this minor tRil species should be endowed with one or more
special properties, then our proposed explanation becomes quite attrac-
tive and certainly very tenable, For example, if this species has a Km
value for its amino acid that is an order of magnitude or more larger
than that or the other tRill's, it would be very sensitive to a reduction
in the amino acid pool. Another unique property might be its affinity
for the corresponding synthetase. If this relationship should change
from the intracellular level of amino acids, the tRNM may be selectively
ai•ioacylated or held in the stripped form. One mechanism for this last
situation has already been described, tRlU nodification Qtroug1h methyl.-
tion. It has been shown that unmethylated tRfN from RCre& strai is t
charged at a slower rate than the methylated species and that under-
methylated histidine, phenylalanine and leucine tllts from relaxed mutants
have much lower acceptor activities than the saoe tiNAs after jl .
methylat ion. Also, certain methyl deficient tiNl's whicl. have altered
chromatographic and coding properties can be restored to the native state . :.,
by in..j. methyltion. I
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Early in the year covered by this report, we observed that amino
acid starvation of a relaxed strain of f. coli for leucine results in
the appearanc* of a chromatographically distinct minor species of
leucine acceptor tRNA. This unique sub-species of tftNA is not present I
in the leucine-starved stringent strain nor in either cell strain when
non-starved. The amount of this particular tRNA present in the cell
varies with time of amino acid deprivation comprising upwards of 3C%
of the total leucine acceptor activity after about three hours of
starvation* Evidence that this tRNA is newly synthesized by the mutant
cell in response to the metabolic 'shift down' and is not the result of
some reaction that alters the structure of a pre-existing tRNA comes
from experiments in which cells were starved for both leucine and uracil--
an EllA precursor. Under these conditions the unique leucine tRNA is not
produced. Thus it appears that this tRNA which is present in the RC-
cells is either the product of a gene not normally expressed or is a
tUNA that has not undergone one or more of the several specific modifi-
cation reactions following its synthesis. Examples of such modifications
include oxidation, reduction, thiolation and methylation of specific
nucleotides and the addition of certain characteristic side chains to
others.

Decause base methylation is known to alter both structure and func-
tion of tMNA and because rethylation patterns of tRNA are known to vary
remarkably with the metabolic status of the cell, experiments were per-
formed to test the possibility that the unique species of leucine tRNA
observed in this study is in facts an under-methylated species. In vitro
experiments shoved the methyl acceptor activity of the bulk tRNA front
lemcine starved cells to be the same as that for tRNA fromn non-starved
cells,. further co-chromatography of the 'new' leucine LRtIA and methyl
deficient leucine tUNA (from relaxed cells starved for methlc'nine) failed
to show any sub-species of methyl-poor leucine tRNA co-eluting with the
unique species. Other tRNA modification reactions are being studied cur-
rently in an effort to determine the chemical nature of this tRNA.

Having established that leucine deprivation induces the production
of a unique leucine tRNA in these regulatory mutants, the question of
other distinct amino acid specific tkNA's ariser. That is, when the
cells are deprived of leucine, will examination of other (non-leucine)
tUNA's show the presence of similarly unique subspecies? At this point
we have only partially answered the question. It has been determined
that lemnci starvation induces the formation of a new species of histi-
dine tUNA. A comparison of the chromatographic properties of this tRNA
with that peculiar to leucine starvation shows these tRNA's to be quite
distinct.
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Experiments are presently in progress to determine if starvation
for histidine results in new histidine and leucine tRNA's and if so,
whether these species are the same as those produced by leucine depri-

• ) vation. Other lines of experimentation in progress include the determi-
nation of the kinetic parameters of the unique tRNA's in the aminoacyla-
tion reaction and also their coding properties when allowed to Interact
with ribosomes and synthetic messenger RNA's.

If a regulatory function for these tRNAs is indicated an attempt
will be made to construct an in vitro system for studying their role
and elucidating the mechanism of action in the controll of RNA synthesis.

Summary

In order to study reassociation of nucleic acids, a method for batch
thermal elution of DM from hydroxyapatite has been developed which
allows simultaneous handling of as many as ten samples. This technique
has been applied to evaluate relatedness between mutant strains of
bacteria.

Studies of the characterization of mutant strains of P. hg2yMjhh and
_. berRhei has shown differences in DNA characteristics between chloroquine-
resistant and chloroquine-sensitive strains of the malarial parasite.

In the study of amino acid transfer for protein synthesis, counter-
current distribution and column chromatography procedures have demon-
strated two different tRNA species for methionine by S. coLL. These have

been purified and functional properties studied. A successful purification
of tRNA of tyrosine has resulted in complete sequence definition of the
amino acid structure. A crystalline preparation has allowed partial defi-
nition of the crystal structure by x-ray crystallography. A molecular
model of structure is being assembled at this time.

711



Project3AO61102B7JP BASIC RESEARCH IN SUPPORT OF MILITARY EDICINi 8

Task 01, Biochemistry

Work Unit 070, Biochemical activity in health and disease
A

Investigators.
Principal: Bhupendra P. Doctor, Ph.D.

Don J. Brenner, Ph.D.
Clifford 0. Yehle, CPT, ?ISC
Maurille J. Fournier, Jr., CPT, MSC

Associate: George R. F nning, GS-l1
Mary Ann Sodd, GS-l11

Karl E. Johnson, SP4

1. 3renner, D.J. ani U.B. Cowle. Thermal stability of Ercherichia coli
- Salmonella typhimurium DNA duplexes. J. Bact. 95: 2258-2262, 1968.

2. Cowie, D.B. and D.J. Brenner. Bacterial and viral DNA reactions.
Carnegie Inst. of Wash. Yearbook 67: 301-310, 1968.

3. Brenner, D.J., R.V. Citarella and S. Falkow. Genetic and Molecular
Relationships among the EnterobacteriacAe. Second International
Symposium on Bact. Toxonomy, 1968.

4. Brenner, D.J., G.R. Fanning, A.V. Rake and K.E. Johnson. A batch
procedure for thermal elution of DNA from hydroxyapatite. Analyt.
8lochen. a8: 447-460, 1969.

5. Kingsbury, D.T., G.R. Fanning, K.x.. Johnson and U.J. Brenner. Thertal
stability of interspecies ftiiseri DNM duplexes. J. Gen. Nicrobiol.
a. 201-208t 1969.

6. Brenner, D.J., G.R. Fanning, k.Z. Johnson, R.V. Citarella and S.Frlkow.
Polynucleotide sequence relationships among the Enterobactoriaceae.
J. Bsct. 21: 637-650, 1969.

7. Bremner, D.J. and G.R. Fanning. Thermal stability of DNA duplexes
formed between species of enterobacteria. Sect. Proc. a9: 45, 1969.

8. C.O. Yehle and D.J. Brenner. Nucleotide sequence relationship between
the DNA of Bacillus subtilis and the temperate phage SM2, Bact. Proc.
a;9 173, 1969.

9. B.F.C. Clark, S.F'. Doctor, ý.C. Holmes, i. Klug, L.A. Harcker,
S.J. Norris and M.N. Parodies. Chrystallization c-f transfer RNM.
Nature U11: 222, 1968.

712

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



10 J. Durela, Mary Ann Sodd and K.O. Friedel. Acetylcholine

Stimulation of the Phospbodiesteric Cleavage of Guinea Pig Brain
Phosphoinositides. Uf Sciences 7(8): 363-366 (68). --

11. B.F. Doctors W. Fuller and NL, Webb. Arrangement of the Helical
Regions of j. gQg Tyrosine tRfAA. Nature 22'1: 58, 1969. "

12. B.P. Doctor, Judith E. Loebel, MHry Ann Sodd and David S. Winter.
Nucleotide sequence of Z. Sg2a Tyrosine tRNA. Science 163: 693, 1969.

13. 8.F. Doctor, B.J. Wayman, S. Cory, P.S. Xudland and B.F.C. Llark.
Studies on the E. coli methionine tRXA. Fur. J. Biochem. 8: 93, 1969.

713

(-') '.)

C, t~

,.. +713



_- _-.. ._ .j L • _1 .- . ... ..I;D ......:1v.:. ... . t: T

- Sol"•I- o1 - . oL. . ."
.Ii I i .t .i I ACTC't A ":~M11 .wa 1.~ 071

(11) UiSAMU" VartLee to Almobornl Sulth States (92)

SOON IsteshntTY 0030 Cllcal vedicis

550N D__ _ C. . . as.o _
NAly a. uW ,rC -TI.:l u I*.rA,"If0FuzAaLM hMIb V .C3 0 "! !

S lA69 460

*t COMM AuAfb * - LCIUL ALiV. 70 J4T
Vaiteti Reed At~Kitate of Resee Vallter Reed £z Rattutet of leg.a h '

Divliloi of slochmitry

ultoT Saw Am ImmtI ofvdgor -- ofie Reeldpmol lAl, Iseitsl of&ost

OU&bsNatee. D. C. M001 veblestoet, D.C. 20012

U.l m uie ere s*Kabllock, CLD I.. C.
Ne =i 3 y CIO V. N. • Il, 202571.333

,a M -i 20.76-3331 loa "MTV .s cwm v rve,,, -.. : 
Iu II on itocmI hIVIaUSA1-

Si _i uIe II. ileltgee CnierIa daeslrj, U.N. 13.5

"w" I I• O__.er D _sesses. M-14wf-u -------- (bit me_• lI L

I tMI : !. ,meil e •_. ret| see jeeaie aw iaekimweeae wil

00 Iihe m adII s • e sea . uei m ote slraIet N Ins.l data a
Mi i h~wJtd.• Ioai itte t aiwi, m th eIlel ie aIdlutLIN ola mmeee 1

to wd, I, 1 Jl i - i", L

aimI . 1w0- a 7ted ed dto, ue4sthe seesadames or tedou
f.t ep * g differentia diLs ts o f ..

""nhe I"t ohe Ieem e eto dI l a ptt ersL m sbesp

tupegeia n bla usd dt te eud 0010p~d tefput& an easkil r wl

06I ih h Valm .1U esaw sis we forI~ Inbajt~rA=s diffanILGbtla

time

WOWat~e to ethe ana ftitlf frnetes elicas as
A9.%~ ~ We e.t 

V-.* #..s "

ftAt r asC aso7ot14%



•-) Project 3AO61102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

Task 01, Biochemistry

S) Work Unit 071, Biochemical variations in abnormal health states

Investigators.
Principal: Edward C. Knoblock, COL, MSC

Nicholas M. Papadopoulos, Ph.D.
Jimy C. Standefer, CPT, MSC

Larissa de Beare, M.D.
Willias Jordan, GS-12
Albert Faulkner, GS-I1

Associate: John Kintzios, GS-09
Ed Hatusik. GS-07
Rochelle Abrams, GS-07
Malcolm Guilbeau) SP5

Desgcripoion

A biochemical approach is used to provide information in the study
and diagnosis of disease and for the early detection of abnormal processes
which may lead to disease.

Proaress

The electrophoretic test system for the integrated analysis of Iso-
enzymes, proteins and lipoproteins, which was developed at W3AlR for dif-
ferential diagnosis and early detection of abnormal metabolic processoos,
has b.eai ex•anded to include additional enzymatic and clinical tests for

complete and detailed biochemical information. It is being usoc in the
analysis of blood samples from selected patients of WRCH and other mill.
tary activities end in applied clinical research nf specific interest to
the Army.

Quantitative study of serum levels of lactate dehydrogemse (OMi)
which is present in all tissues of the body provides iafotmatioa on
abnormal metabolic processes due to disease ar injury. Determination of
LOU-isoeenymes provides additional information of the specific orgas"
involved by virtue of the fact that the isoenayme patterns are tissue
specific. Determination of the enzymes creatine phosphokinase, trens-
aminases and maiic dehydrogenase provide confirmation of other enzymatic
findings and expand the knowledge of cellular damage in diseased states.
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Quantitative and qualitative chAnges of serum proteins occur during
disease or injury. The electrophoretic analysis of serum proteins pro-
videos useful information, since an alteratien of their patterns and
concentration has been associated with pathological conditions. The
determination of serum protein has been expanded to include immunoelectro-
phoretic and radial immunodiffusion analyses. The latter two procedures
furnish specific iitformation in disease processes: e.g., alteration of
imunoglobulins G, As and M in infectious and autoiw.une diseases, and
alteration of the concentration of the proteins ceruloplasmin and trans-
ferrin in diseases involving copper and iron metabolism.

The method for the determination of serum lipoprotein patterns by
the same test system has been completed and published. Hlyper- and hypo-
lipoproteinemias are easily and rapidly detected by this test and very
useful information is furnished to the clinicians for the diagnosis and
treatment of lipid diseases.

A micro method for the determination of serum cholesterol in the
presence of high bilirubin levels has been developed and is being applied
to obtain accurate information of serum cholesterol values. The combined
determination of serum cholesterol, triglycerides and lipoproteins pro-
vides useful information for the diagnosis of lipid abnormalities and
also for the early detection of abnormal lipids and lipoprotein patterns
in apparently normal individuals. Early evaluation of these observations
suggests that this profile may be useful in detecting early atherosclerosis
and in evaluating patients with a history of heart disease. During the
past year many samples havc been received from WRGH and other military
activities, CONUS and OWONUS, for required special tests and differential
diagnostic evaluation not furnished in the conventional clinical labora-
tory.

Following the development of a method for concentrating cerebrospinal
fluid (CSF) by a vacuum dialysis technique using collodion membranes, the
same test system of protein, lipoprotein and isoenzyme determination can
now be utilized for the analysis of CSF. This test system together with
the techniques of gas liquid and thin layer chromatography are now being
used in the analysis of CSF samples from patients for the study and diag-
nosis of neurological diseases.

The long range study of lipoprotein analysis by ultracentrifugation
has been concluded. Two hundred and forty two blood samples were analyzed
and the results were forwarded for further consideration. Since new
simple techniques for protein and lipoorotein analysis have been developed,
the ultracentrifugal analysis is only used as an adjunct in special cases
which require its application.
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-• The development of ultramicrochemical techniques is continuing.
The following tests have been adapted and are currently used in the
analysis of blood from newborn babies in order to establish normal
values and obtain information of abnormal levels in pathological

- conditions: uric acid, alkaline phosphatase, calcium, magnesium, and
phosphorus.

Susmary and Conclusions:

A d-versified biochemical system has been developed for protein,
enzyme, isoenzyme, lipoprotein and mnicroliter analysis. It has been
applied to the analysis of serum and cerebrospinal fluid in order to
obtain information on physiological and pathological biochemical mech-
anisms and to provide information for the diagnosis and differentiation
of disease.

The system can further be expanded to include other tests of
importance in the study of diseases. It is rapid, inexpensive and
relatively simple so that it can be trodified to be used in the routine
clinical laboratory and in field operations.
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Paul S. Teschan, COL, MC
Calvin 0. Yearby, MAJ, MSC

Associate: Yin-Ying Djuh, GS-9
Frances Wright, GS-9
Dudley Grove, SP5
Daniel Cronin, PFC
Robert Fulfer, PFC

Descript 4 on.

An automated clinical laboratory capability has been established
which has expanded to furnish research support to investigators of the
WRAIR who require repetitive analyses using standardized techniques.
Special emphasis has been placed on a system using optimal methods
with continuing monitoring of quality control of each procedure.

Progress.

During the period 1 January through 30 June 1969, the Automated
Laboratory Facility performed 31 analytical procedures consisting of
19 procedures utilizing the AutoAnalyzer-Digitizer System, 2 "in vivo"
procedures, 4 Automated Atomic Absorption methods, and 6 manual tech-
niques. The specific methods are delineated below.

AutoAnalyzer Digitizer System

1. Albumin 8. Glucose 14. p-Aminohippurate

2. Alkaline 9. Inulin 15. Phosphorus
Phosphatase

10. Nitrogen, 16. Potassium
3. Ammonia Alpha-amino

17. Protein, total
4. Calcium 11. Nitrogen,

non-protein 18. Sodium
5. Carbon Dioxide

12. Nitrogen, total 19. Uric Acid
6. Chloride

* •13. Nitrogen, urea
7. Creatinine

720
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- Automated Atomic Absorption Manual Techniques In Vivo Methods

1. Calcium 1. Blood pH 1. Glucose

2. Magnesium 2. Carbon Dioxide 2. Phosphorus

3. Potassium 3. Chloride

4. Sodium 4. Osmolality

5. Uric Acid (uricase)

6. Digestion (wet-ash)

A total of 78,076 units (specimens, standards, and quality controls)
were processed employing an average of five technicians. This compares
with 47,818 units during the 1968 January-June period which employed an
average of four technicians.

The quality control data pertaining to the above AutoAnalyzer-
Digitizer procedures is generated in the following manner: The method's
initial evaluation is based on statistical parameters obtained from a
run of 30 consecutive samples of commercial quality control sera or
aqueous standards. Subsequent evaluation is obtained from data gener-
ated by the same lot of quality control serum or aquecus standard
included daily as the 10th or 15th sample of a routine run. The routine
run is calibrated against six aqueous standards and recalibrated every
15th or 30th unknown as necessitated by baseline drift, change in sensi-
tivity, or other variations evident during the initial evaluation. The
daily quality control values are treated statistically in groups of 30
or more and the resulting statistical parameters are recorded as indi-
vidual entries and as part of a running compilation. The parameters
calculated are the Average, the Standard Deviation, the Standard Error,
and the Coefficient of Variation. Analysis of current data indicate
excellent reproducibility both within a "run" and from day to day.

The Automated Atomic Absorption System was received in January and
consists of an Atomic Absorption Spectrophotometer, a 200-sample
Automatic Sampling and Diluting System, a Digital Concentration Readout,
a Recorder, and a Paper Tape Printer. Under the present operating con-
ditions, simultaneous analysis is not possible; however, the rate of
analysis for Magnesium, Calcium, Sodium, and Potassium is 600, 200, 144,
and 90 samples per hour, respectively, when a recorder is not used.
Utilizing a recorder reduces the rate for Hagnesium, Calcium, and Sodium
to 240 samples per hour, but does not affect the Potassium rate. Acces-

) sries permitting analyses by flame photometry have been purchased for
the Atomic Absorption Spectrophotometer. These accessories are expected
to increase the current precision and rates of analysis for Sodium and
Potassium determinations in serum and urine. The Quality Control Program
for this system is similar to that described above.
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A simultaneous method for the "in vivo" determination of glucose
and phosphate has been designed on a mobile laboratory cart. Bedside
monitoring of the above constituents for periods up to 5 hours is pos-
sible. The technique does not require heparinizing the patient.

The AutoAnalyzer-Digitizer System which was described in the 1968
annual report continues to operate with minimum downtime. The project
to completely automate stool and diet analyses was continued; however,
progress was impeded due to a personnel shortage. The current strength
is four technicians to one officer.

Summary and Conclusions:

An Automated Laboratory Facility has been established which has
expanded to furnish research support to investigators of the WRAIR who
require repetitive analyses using standardized techniques. The major
system consists of AutoAnalyzers adapted to an analog-to-digital con-
verter (Digitizer) capable of automatically calibrating its response and
then detecting, printing out, and storing results of analyses produced by
12 AutoAnalyzers. Also available is an Automated Atomic Absorption
System capable of multiple sample preparation and analysis and automatic
identification and printouts. A mobile "in vivo" system, which provides
bedside monitoring of several constituents without necessity of heparin-
ising the patient, is available to a limited number of researchers.
Special emphasis has been placed on systems using optimal methods with
continuing monitoring of quality control of each procedure.

7
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Project 3A061102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

Task 01 Biochemistry

Work Unit 072, Biochemical laboratory automation syntems

Investigators.
Principal: Edward C. Knoblock, COL, MSC

Paul S. Teschan, COL, MC
Calvin G. Yearby, MAJ, MSC

Associate: Yin-Ying Djuh, GS-09
Frances Wright, GS-09
Dudley Grove, SP5
Daniel Cronin, PFC
Robert Fulfer, PFC

Publications.

None
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Project 3AO6U102B71P, BASIC RESEARCH IN SUPPMU OF MILITARY MEDICINE

Task 03, Ent÷aology

Work Unit 035, Ecology and control of disease vectors and reservoirsq

Investigators
Principal: INC J. E. Scanlon, MSC*
Associate: LTC B. F. Eldridge, MSC; R. A. Ward, Ph.D.;

CPT E. S. Saugstad, MSC; CPT M. J. Peach, MSC;
CPT D. E. Bay•, MSC; CPT L. J. Nearman, NC**
Mr. W. Suyemoto, BS; Mr. L. H. Bell, BS;
Mr. T. J. Neal, BS

Description

This task involves field and laboratory studies of the relation-
ship between selected arthropods and various aspects of their natural
environment, especially those aspects relating to certain pathogenic
organisms, their hosts, and their reservoirs. Included are ecological i
and physiological studies on arthropods, studies of transmission mech-
anism and the development of Liproved methods of control of arthropods
of medical importance.

Progress

1. Transmission of arbcviruses by mosquitoes

During this period, studies on the transmission of dengue-2 and
chlikugunya viruses by Aedes a mosquitoes was terminated.

a. Experimental transmission of high mouse passaged dengue-2
virus (New Guinea C Strain). A pool of 47 Ataes aegpti which had
been experimentally infected in a previous transmission attempt were
ground in diluent and inoculated into suckling mice to produce seed
virus. This virus had been passed through mice 32 times previously.
When additional mosquitoes were infected with this virus by means of a
mibrane feeding technique. attempts to transmit the virus to baby
habsters by mosquito bite were successful in 7 of 69 attempts. Virus
from hamsters thus infected was in turn hioculated into suckling mice
to prepare additional seed virus and still another group of Aedes
a mosquitoes was infected by membrane feeding technique. In this
ia , transmissions by mosquito bite were attempted to suckling

mice at weekly intervals starting with postinfection day 7 and con-
tinuing to day 42. In all, 5 of 179 attempts were successful (2.7%).
No transmissinn took place until day 21. The highest transmission rate
vas observed at day 42 when 3 of 30 attempts were successful.

* Until 1 March 1969
SUntil 1 November 1968
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b. Experimental transmission of low mouse passaged dengue-2
virus (Bangkok 2358-62 Strain). In order to determine whether higher
transmission rates to mice could ýe obtained with lower mouse passage
material, Aedes a mosquitoes were infected by membrane feeder
with dengue-2 virus which had undergone 7 mouse passages. Infected
mosquitoes were held at 25.6 0 C. Attempts to transmit virus to suckling
mice by bite wer made at weekly intervals beginning on post-infection
day 7 and contir ng until day 49. Only 2 of 209 attempts were success-
ful. Attempts were made to increase the transmission rate by increas-
ing the concentration of virus in the blood-virus mixture placed in the
membrane feeding device. Even when sucrow- was eliminated from the
mixture and the concentration of virus inc,-eased four-fold, the virus
titer infected mosquitoes did not increase and no successful transmis-
sion were obtained. These experiments are summrized in Ta1e 1.

2. Field studies of arbovirus mosquito vectors

In late July and early August, 1968, arbovirus activity on the
Delmarva Peninsula of the eastern United States manifested itself in
the form of several cases of encephalitis in horses and also in domes-
tic pheasants and partridges. These cases occurred, among other
places, in the vicinity of Willards, a small town in Wicomico County,
Maryland. In order to determine the species of mosquitoes which were
becoming infected and presumably transmitting virus, and to complement
dsta being collected by the Department of Virs Diseases at the Poco-
moke Swamp Study Area, mosquito collections were made by light trap at
two localities in Wicomico County, Maryland, three localities in
Worcester County, Maryland, and at one locality in Sussex County, Dela-
ware. These collections were made between 13 August and 12 September,
1968.

The collection sites were as follo'.s:

A. Massey's Crossing. A secondary road crossing of the Pocomoke
River at the dicomico-Worcester County line, 3 miles southeast of
Willards.

B. Kill Pond. A swamp l miles south of Willards.

C. Porter's River Crossing. A secondary road crossi1ng of the
Pocomoke River, A miles northeast of Snow ltll, Worcester County,
Maryland.

D. Dennis Quail Farm and Woods. A farm on Maryland State
HighwaY 354, 2 miles southwest of Willards.

E. Mattapont Landing. A landing on the Pocomoke River, Pocoroke
State Foreat, 5 miles southwest of Snow Hill.

F, Cypress Swamp. On a secondary road in Sussex County, Delaware,
Just north of the state line and 5 miles due east of Selthy-ille.

-.. . .. . . .- ...... .



All of these sites were at or near fresh water swamp forests,

the typical breeding habit of Culiseta melanura. Collected mosquitoes
were pooled by species, frozen, and sent to the Department of Virus
Diseases for isolation of virus. Three pools, all of Culiseta melanura
were positive for the virus of eastern equine encephalitis (Table 2).
Two of the positive pools were from Area E (Mattapont Landing); one was
from Area B (Mill Pond). The Mill Pond isolation was from mosquitoes
collected on the night of 20-21 August. The two isolations from Matta-
pont Landing were from mosquitoes collected on nights of l0-11 and
l.-12 September.

Eleven other pools of mosquitoes, including six pools of Aedes
atlanticu,. showed marginal cytopathologic effect in the tissue culture
system used by the Department of Virus Diseases. These pools are being
retested in the Department of Entomology by inoculation into suckling
mice.

The 1968 epizootic on the Delmarva peninsula appeared to be one of
eastern equine encephalitis occurring generally along river flood
plains, and seemingly restricted to that habitat and its associated
mosquito vector, Culiseta melanura. Confirmed horse cases occurred in
Delaware and in the Willards area of Maryland in late July. Investiga-
tors of the National Communicable Disease Center isolated EEE from
Culiseta melanura in that area 31 July to 6 August. The first isolation
here reported was 21-22 August in the Willards Area. The two isolations
from Mattapont Landing, 20 miles to the south, were not made until
10-12 September, although collections there had been made regularly
since 21 August. Although these collections seem to indicate a north
to south movement of virus activity, data for the summer of 1968 from
the Pocomoke Swamp Study Area, 12 miles down river from Mattapont
Landing, do not fit this pattern. EEE isolations were made from mos-
quitoes collected there by the Department of Virus Diseases in July,
August, and September.

3. Studies on the effect of chemosterilants on susceptibility of
mosquitoes to malarial infection

The use of agents of chemosterilization offers a dual )otential of
malaria control through interfering with the reproductive p~tential of
the vector and interrupting the sporozonous cycle of the malarial para-
site. This study was designed to study the effect of Tepa (trin-(l)-
aziridonyl)-phosphine oxide) in Anopheles stephensi (India) infected
with the simian malarial parasite, Plasmodium cynomolgi.

Five day old mosquitoes were exposed to a chemosterilant treated
surface 3 - 4 hours after an infective blood meal for a one hour period.
Mosquitoes were agitated every ten minutes to assure that all individ-
uals rested upon the treated area for maximal chemosterilant exposure.
Treated females were individually transferred to glass vials for ovi-
position and dissections were made on the eighth day after an infective
feed to observe plasmodial oocyst development.
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High doses of chemosterilants are required to produce sterility.
(Table 3). Residue concentrations of 20 and 40 mg/ft2 produced 36 and
67 per cent sterility above that of the control. Mortality was 26 and

40 per cent above the control. There were no differences in mean
ooeyst counts among various dosage levels (Table 4). However, oocyst

•.• size became markedly reduced at higher residue levels. At 20 mg/ft2

oocysts were one-fourth the diameter of control oocysts. It is be-
lieved that further study will indicate that these retarded oocysts
will not produce infective sporozoites. Previous work performed in this
laboratory suggests that exposure of mosquitoes to a treated surface
for a three hour rather than a one hour period may produce a marked
chemosterilant effect at lower dosage levels.

4. Studies on Glossina and trypanosome transmission

The colony of Glossina austeni has been maintained in the insec-
tary for approximately 18 months at an average level of 1800 flies. At
present, 60 - 100 pupae are produced weekly which are used for colony
maintenance, Try~panos~a brucei transmission studies and tissue culture
investigations. The rearing procedure has been modified to produce
greater adult longevity. Pupae are now incubated in large mesh cages
with a layer of dry sand on the bottom rather than in moist sand in
small paper cups and adults are maintained at 240 C rather than 270C.
Under this regimen, adult longevity is 8 - 16 weeks as contrasted with
previous levels of 4 - 8 weeks. Effective 15 May 1969 a colony of
Glossina morsitans will be started with material supplied by Dr. T.A.M.
Nash, Director, Tsetse Research Laboratory, University of Bristol
England to replace the G. austeni colony. G. morsitans is a more vig-
orous species in the laboratory than the former species and is a vector
of both human and animal trypanosomiasis as contrasted to austeni which
is only associated with cattle disease.

Studies on comparative infectivity of different vertebrate hosts
to the fliea have continued. The results are tabulated below for feeds
of day old flies upon infected hosts. (Table 5). Although stumpy forms
of T. brucei were observed in the peripheral circulation of rats and
mice), these hosts wer, jnsat,4 -factory for infecting flies.

Several new strains of T. brucei, isolated from African miauals,,
have been received from Dr. John Baker, London School of Hygiene and
Tropical Medicine. These will be passaged in mice, frozen as stabi-
lates, and transmission be effected with the guinea pig - tsetse system.

As mentioned in the 1968 Annual Progress Report, polymorphic try-
panosomes of the T. brucei group may be cultured indefinitely on biphas-
ic media but lost-vertebrate infectivity within 24 hours. At that time
it was possible to maintain virulence in T. brucei (Lugala I) for 72

J hours in a medium of NCTC #135 with 5% fetal -bovine serum. Experiments
during the current year were designed to test various cell lines and
media for maintaining vertebrate infectivity of T. brucei.
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The initial studies utilized various media which were known to sup-
port the growth of other trypanosome species such as T. cruzi, T. lewisi
and T. theileri (all monomorphic species). Although abundant growth of
T. brucei occurred, these were all non-infective to mice with the excep-
tion of M + M medium which produced infection at 24 hours (Table 6). The
addition of 5 per cent fetal bovine serum (FBS) had a marked effect on
infectivity and raised it to 72 hours. A further increase in duration of
infectivity was achieved by the addition of Aedes mosquito cell lines or
mouse fibroblast cells (L-929) to various media. Consistently these
cultures remained infective to 120 hours. Previous in vitro studies
(LePage, 1967) mentioned that infectivity of cultures-could regularly be
maintained for 24 - 36 hours and rarely up to 70 hours.

Conclusions and recomnendations

1. It was concluded that a mosquito transmission model for dengue
using mice or similar small animals as recipient hosts and virus indica-
tors is not feasible. All experiments were marked by low frequency of
infection of mosquitoes and there was no evidence of virus multiplication
in those mosquitoes which were shown to be infected by mouse inoculation.
These results were not enhanced by the raising of mosquito incubation
temperatures after infection, by increasing the concentration of virus
in the infecting blood-virus mixture, nor by the use of low passage
material.

Experimental models for the transmission of a chikungunya virus to
mice or other small animals by mosquito bite have been demonstrated by
other workers. Results of experiments conducted here indicate that a
successful model is dependent upon the use of low mouse passage material.

2. Although it was not possible to start arborvirus studies until
late in the sumer of 1968 three isolates of EEE were reported from pools
of Culiseta melanura collected on the Delmarva peninsula in August and
September. In future studies, mosquitoes should be collected from out-
side the immediate vicinity of the Pocomoke Cypress Swamp to determine
vector and viral movement patterns prior to the detection of virus activ-
ity within the swamp study area.

3. Chemosterilant activity of Tepa was demonstrated in an Anopheles
stephensi - Plasmodium cnomolgi test system. There is a close relation
between the WD and LD of these compounds. Different methods of applica-
tion and exposure of mosquitoes to these compounds should be examined to
reduce the level of toxicity.

730

VOW



e 
.

'~ )

I4 'a
k4345

731

II i* i i i, i _ i i i j I _



I'

,4 u HC' l D ~ '01

P4 cu.i4~ f

ci1w c; 0
J0

ýq p rUINj .u*( -n.4 d. *
Z 1 i-I W CM

01 'A r r 1 t-

A
H.

q 0 (li W

I~ Ii
*..R 4-. 1n4). 'i3

1. 4 (u4
732



TABIZ 3

Effect of Tepa on fecundity, fertility and mortality in
Anopheles stephensi

Residue level (mg/ft 3 )

Control 5 10 20 40

% egg hatch 33 37 62 69 100 L
xeggs/female 61 61 68 72 72 .

% mcrtality 41 50 52 67 81

No. females 119 103 86 4o 7

TABLE 4

Effect of Tepa on Plasmodium cynomolgi oocyst development in
Anopheles stephensi

Re-idue level (mg/fto)

Control 1.25 2.50 5 10 20

97ooyts 98 100 96 97 98

No. females 36 13 32 36 30 12
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TABLE 5

Infection of Glossina austeni with Trypanosoma brucei (Lugala I) from
different donor hosts -

Host # Feeds # Infected flies % Flies infected
# Flies dissected

Guinea pig 20 9/106 8.5

Mouse and rat 8 0/34 0
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TABLE 6

In vitro cultivation of Trypenosoma brucei (Lugala I) at 27°C in
culture flasks

Maximal age of culture producing

Medium mouse infection (hours)

Tobie's Non-infective at 24 hours

Grace's Non-infective at 24 hours

Grace's + 5% lactoalbuminhydrolysate Non-infective at 24 hours

GIB Non-infective at 24 hours

SM+ M 24

90% Grace's + 10% M-109 (lox) Non-infective at 24 hours

M-109 + 5% FBS 72

NCTC-135 + 5% FBS 72

50% Home's (APG) + 50% M-309 + 5 W% FS 72

M-199 + 5% FWS 72

Aedes albopictus cells, K + M., + 5% FBS 120

Aedes ae&Mti cells, M + M + 5% FIN 120

Mouse L cells, M-109 + 5% FBS 120

Mouse L cells, M-199 + 5% FBS 120

Mouse L cells, NTC-135 + 5% FMB 120

•)
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23 (U) Work under this work unit involves the study of the basic mechanisms of the
immediate type allergies from the viewpoint of the enzyme systems involved. This
looks to the ultimate control of such allergies by a specific inhibition of these
enzymes. The development o. ,i2ehods for the isolation and characterization of the
enzymes involved in hypersensi(ivity reactions.

23 (U) Phosphonate inhibitors are being synthesized and tested in vitro for selective

action against various enzymes. The distribution of blood group antibody between

fluid phase and human erythrocyte is being investigated under various conditions of
temperature and concentration of cells and antibody. The nature of the lymphocyte-

dependent histamine release from rabbit platelets is being studied.

25 (U) 69 01- 69 06. Three already activated esterases capable of hydrolyzing acetyl
DL phenylalanine Beta naphthyl ester exist on the rabbit peritoneal polymorphonuclear
leukocytes. One of these has been shown to be the activated form of the activatable
esterase of chemotaxis. Utilizing cyclo-hexyl butylphosphor.iluoridate, evidence has
been obtained for the involvement of an activatable esterase in the complement depen-
dent erythrophagocytosis by peritoneal polymorphonuclear leukocytes. The lymphocyte-
dependent histamine release from rabbit platelets has been divided experimentally into
two distinct steps. The first involves the reaction of sensitized lymphocytes with
antigen, the secoed is concerned with the interaction of these lymphocytes with plate-
lets. For technical reports) see Walter Reed Army Institute of Research Annual
Progress Report, 1 Jul 68-30 Jun 69.
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Project 3A061102B71P, BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

Task 04, Immunology

) Work Unit 015 Antigen-antibody reactions in vivo and in vitro

Investigators.
Principal: Elmer L. Becker, M.D., Ph.D.
Associate: John F. Barbaro, Ph.D; MAJ D.S. Pearlman, MC;

CPT Gary C. Briney, MC; MAJ k. Hedlund, MC;
CPT R. Wistar, MC; MAJ E. J. Colwell,MC;
Peter A. Ward, MD; Nathan Zvaifler,MD (George-
town University School of Medicine); Louis
Hafner, MS; M.B. Gibbs, Ph.D.; D. T. 0. Wong,
Ph.D; F. Malik, B.S.; J.P. Bingham, H.
McCormick; J. Ortaldo; J. Pelluman; M.
Schoenbechler, MD, MAJ R. Evans, MC

Description:

The purpose of this task is to study the enzymatic and other
mechanisms of allergic reactions and the agglutination reactions
of the human blood group.

Progress:

1. Chemotaxis of rabbit polymorphonuclear leukocytes

a. As summarized in preceding Annual reports evidence
for a requirement for two serine esterases in the chemotaxis of
polymorphonuclear leukocytes has been obtained using phosphonate
ester inhibitors. One of them termed the "activatable esterase"
exists on the cell in an inactive form and the chemotactic factor
directly or indirectly transforms the esterase into an active en.-
zyme. Evidence was also obtained suggesting that the activatable
esterase was an enzyme with a particular affinity for aromatic
amino acid derivatives. In attempting to directly demonstrate the
activatable esterase, it was found that three already activated
esterases existed on the rabbit peritoneal polymorphonuclear leuko-
cyte that were capable of hydrolyzing the aromatic amino acid ester,
acetyl DL phenylalanine p naphthyl ester. Esterase 1 was complete-
ly inhibited by phosphonate esters in the range of 10" 8 -10- 9M;
esterase 2 in the range of 10-5-10-"M phosphonate, and esterise 3
was not inhibited even at 10"3M.

)
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b. Work over the past year on the inhibition profiles, ,
i.e. the relationship of the structure of the phosphonates com- C)
prising a given homologous series and their ability to inhibit
acetyl DL phenylalanine • naphthyl esterase activity using four
p-nitrophenyl ethyl phenyl alkyl phosphonates, four p-nitropheuyl
ethyl alkyl phosphonates, four p-nitrophenyl chloro-alkyl phospho-
nares demonstrated the following: The inhibition profile of ester-
ase 1 was shown to be distinctly different from the inhibition pro-
files of esterase 2 and both differed markedly from the nine non-
cell and cell bound esterases which have so far been studied with
the s-•e phosphonates. However, esterase 1 gave inhibition profiles
with these phosphonates which were essentially identical to those
given by the activatable esterase of chemotaxis whether the pro-
files were obtained by inhibition of chemotaxis or inhibition of
"deactivation," On this basis, esterase 1 has been tentatively
identified with the activated form of the activatable esterase
of chemotaxis.

c. Since only inconsistent results were obtained in the
search for the precursor form of the activatable esterase of chemo-
taxis using rabbit peritoneal neutrophils (see preceding Annual
report) attention was turned to rabbit blood leukocytes. The
blood leukocytes are first treated with phosphonates to destroy all
activated forms of esterases 1 and 2. Using an improved assay pro-
cedure, it has been possible to show that exposure of these cells to
the activated chemotactic factor leads to a small but statistically
significant increase of esterase activity compared to the samne lot
of cells treated with either non-activated chemotactic factor, or
with buffer.

2. Enzymatic mechanisms of phagocytosis:

a. As described in the preceding Annual report, an activated
esterase distinct from the activatable esterase of chemotaxis as well
as esterases 1, 2,and 3 has been demonstrated to be required in the
complement dependent phagocytosis of sheep red blood cells by guinea
pig peritoneal polymorphonuclear leukocytes. The exact relationship
of the activated esterase of chemotaxis to the activated esterase
of phagocytosis is still unknown.

b. Utilizing the p-nitrophenyl ethyl alkyl phosphonates,
phenylalkyl phosphonates, or chloro-alkylphosphonetes, no evidence
for the involvement of an activatable esterase in phagocytosis
could be obtained. However, simultaneous incubation of sensitized
red cells containing complement and neutrophils with cyclohexyl butyl- 1
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*. incubated with the phosphonofluoridate alone, and then inhibitor
washed out before the other cellular component was added, These
results indicate that an activatable esterase might also be in-
volved in phagocytosis. The subsequent finding that the phosphono-
fluoridate acts early in phagocytosis before the engulfment phase
is completed is compatible with the idea that it acts on an
activatable esterase.

c. We are currently attempting to obtain more conclusive
evidence for the involvement of an activatable esterase in phago-
cytosis, and through the use of new phosphonofluoridates recently
synthesized (see section 5) to relate this esterase to esterases
involved in other cellular processes.

3. The effect of chemical modification of the antibody on
its complement fixing and other biologic properties

a. As recorded in preceding Annual Reports, chemical
modification of the amino groups of rabbit $G antibody by amidina-
tion or carbamylation distinctly decreased the complement fixing
activity for guinea pig complement. Attention was next turned to
the effects of similar treatment of rabbit yG antibody on its
PCA activity in rabbit and guinea pig skin.

b. One preparation of rabbit 7G globulin, one third of
which was antibody against chicken ovalbumin, was used throughout.
It was prepared by repeated precipitation with one-third saturated
(NH4 ) S04 . The PCA activity was elicited by challenge with antigen
and blue dye four hours following introduction of the antibody into
guinea pig skin and 72 hours after injection into rabbit skin.
The PCA activity for rabbits was heat stable and sulfhydryl resis-
tant. It was thus unlike the rabbit, heat labile, homocytotropic
antibody activity discovered by Zvaifler and Backer, but rather
like the rabbit, heat stable, 7S 7C, complement dependent, PCA
activity recently described by Henson and Cochrane.

c. Carbamylation of this rabbit yG globulin preparation
sufficient to conjugate 80. of its free amino groups resulted in a
94% reduction in PCA activity with respect to rabbit skin, but no
alteration in reactivity with respect to guinea pig skin. The loss
of PCA activity in rabbit skin was attributed to the 87-98% lose of
complement fixing activity associated with this degree of carbamy-
lation.

d. Loss of PCA activity in guinea pig skin required greater than
907 carbamylation of the antibody molecule, and could be explained in

S _) terms of non-specific effects on the molecule produced by such treat-
ment. The latter were shown by light scattering and turbidity measure-
ments to be very great. This loss of PCA activity by 90% carbmylation
of the antibody was potentiated when crosi reacting, goose ovalbumin
was used in place of chicken ovalbumin.
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4. The latency requirements and rate of evolution of passive
cutaneous anaphylactic reactions in guinea pigs produced by un- 0
treated and carb.mylated rabbit yG antibody.

a. The requirement for a "latent period," that is, an
interval between the introduction of antibody and injection of
antigen in order to obtain maximal sensitization for anaphylaxis,
as well as other findings, has led to the concept that in at least
certain kinds of anaphylactic reactions an actual fixation of anti-
body molecules to specific tissue or cellular receptor sites pre-
cedes the reaction of an antibody with antigen. The following
study was carried out in an attempt to gain insight into the nature
and significance of latency and the mechanisms involved in anti-
body fixation.

b. The same rabbit 7G globulin preparation, one third
of which was anti-chicken ovalbumin, described in the preceding
section was used as the antibody source. The "no latency" PCA
reaction obtained by injecting antigen intravenously at the same
time antibody was injected into the guinea pig skin was compared
to the "4 hour latency" PCA reaction where there was an interval
of four hours between the time the antibody was injected into
the skin and the antigen injected intravenously. The minimum
mount of antibody required to produce "no latency" PCA is eight
times that needed for a four hour response. After a latency period
of 4 hours, the injection of blue dye and antigen results in the
appearance of pale bluing over the entire reaction site. This is
apparent in less than two minutes after injection of the antigen
dye mixture. The reaction site then progressively intensifies in
color. The time of initial appearance of this response was un
affected by a thousand fold range of antibody concentration.

c. In the "zero latency" PCA, the reaction begins focally
at the injection site, and then extends centrifugally with time
until the maximum reaction size is attained. In this situation
there is a direct relationship between the amount of antibody used,
and the rate of evolution of the reaction since both the rate of
diffusion of antibody and of the reaction of antigen and antibody
is dependent upon local antibody concentration.

d. The differences in the pattern of evolution of the
two kinds of PCA reaction depends upon the fact that in the case
of the no latency reaction, diffusion of antibody is apparently
rate limiting, whereas in the four hour latency response this is
not the case, maximal sensitization of all sites having occurred
during the 4 hour period. Thus, the above observations do not
imply a fundmntal distinction between the two forms of the PCA
reaction.
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Se. Antibody with 80• of its muino groups carbmnylated

showed no increase in the amount of antibody required to sensitize
for '*no latency" PCA, nor any charge in the rate of evolution of

Sthe reaction . The rate of immune aggregation is markedly diminished

by the 807. carbanylated antibody. The lack of effect of this degree
of carbamylation on either the zero latency or "4 hour latenc]#' ! •i7
reaction indicates that they both are instituted by the formation •
of complexes with antigen containing one or only a few antibody ,•
molecules. The lack of effect of 80"£ carbmuylation o£ the anti- •• •
body on the zero latency reaction, even thouah there is marked •
depression of its complement fixing abilities indicates that, like
the 4 hour latency reaction, the ze•o latency reaction does not •,•
require complement. • •,:•

f. These resemblances between the 4 hour and sere hour .•!.

latency reactions have led us to suggest that the two reactions
result from the operation of the same mechanisms mad that the
latency requirement may he the time required for antibody on the
cell surface to reassociate until an optimal configuration is
attained.

5. The synthesis of novel phosphonates. "

Seventeen nee phosphonates were synthesized. Their ele-
mentary analysis and physical properties are given in Table I

and II.

6. Characterization o£ mouse honocytotropic antibodies.

a. The previous annual report established that antisera
from mice infected with Tr!chinella spitalis could induce passive
cutaneous snaphylais (PCA) reactions. These antisera produced •TI
homologous PCA reactions after a sansitisation period of 2 hours ....... ': •,.•

and 72 hours.

b, It was hypothesised that 2 hour ]?CA re•etions were due
to 7S71 antibody while the 72 hour l•t r•aetions were induced by •'
another antibody, This hypothesis was tested by absorbln8 souse
anti _T. spiralls sere with a hishly specific rabbit antl-•Ousm

anttsera to induce PCA reactions after a sensltlsation period of
2 hours hut ability of the abaorhed sets to induce a PCA reaction
at 72 hours was essentially unhen•d. These results 8uJaest that
in the mouse, 7S71 antibody is responsible for the 2 hour PCA re- •'

action.
-) €. To cou•Lm these results and to dstsrai•e the relation-

ship of the 2 hour and 72 hour hemoloaous (mouse) antibodies to the •:,,. .•
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antibody inducing the heterologous (rat) PCA activity the following
experiments were done. Antisera from mice immunized with ovalbumin
wera collected at various time intervals and the ability of these
antisera to produce homologous and heterologous (rat) PCA reactions *

were determined using a sensitization period of 2 or 72 hours.
The following observations were made: 1) The homologous 2 hour
PCA activity increased whereas the heterologous and homologous 72
hour PCA activities decreased during imunization. 2) The 72 hour
PCA titer in mice was the same as the PCA titer in rats. 3) The
72 hour PCA activity in mice and the PCA activity in rats were
both heat labile. 4) Absorption of mouse antisera with highly
specific rabbit anti-mouse 7S71 scra removed the 2 hour PCA ac-
tivity in mice but not the mouse 72 hour PCA activity or rat PCA
activity. These studies confirmed the previous results obtained
with T. Spiralis infected mice that the 2 hour PCA activity in
mice as well as the PCA activity in rats is due to a heat labile
homocytotropic (reeginic) antibody.

d. These findings also suggested that the 2 hour mouse
PCA activity in general could serve as an index of y1 antibody
activity and the heterologous rat PCA activity as a marker for
heat labile hwiocytotropic antibody. On the assumption that these
two antibodies possess different tissue affinities an attempt was
made to separate the activities of these two antibodies. Normal
mice were injected intravenously with mouse antiserum, containing
both antibodies after 6 and 24 hour intervals these animals were
bled and their sera tested for mouse 2 hour and 72 hour PCA ac-
tivity. This procedure was termed biological screening of mouse
PCA activity. The results indicated that by in vivo screening
rat PCA activity heat labile hosocytotropic antibody was com-
pletely removed within 24 hours while the mouse 2 hour (7S- 1 ) ac-
tivity remained the sam. By this technique it has been possible
to show that the PCA reaction in mouse antisera obtained 8 days
after lmmnmisation is produced almost entirely by heat labile
homocytotropic antibody. The heat Labile homocytotropic antibody
present in this sera also induced a 2 hour mouse PCA reaction
which is not to be confused with that produced by the aS7n1ti-
body, As lamiaiation continusi this 2 hour heat labile, homo-
cytotropic .?A actLvity is supprssed, most likely by increasing
aumts of other competing antibodies. Additional data were ob-
taied involving heated mouse antisera and specific anti-mouae
7y "U4 %hilh substantiated these findings.

7. ot-.ltm release f•rm abbit glatelets.

a. The overall reaction of the lymphocyte-dependent release
of histanada from rabbits infected with SchlseosoMa ManSoi has been
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divided experimentally into two distinct steps. The first involves
the reaction of sensitized lymphocytes with antigen; the second is
concerned with the interaction of these lymphocytes with platelets
to release histamine from the latter. The reaction of antigen with
sensitized lymphocytes results in a cellular change that renders
the lymphocytes capable of reacting with platelets to release hista-
mine. Cells changed in this manner were termed "activated" lympho-
cytes,

b. The nature of the activation process of lymphocytes
was studied. It was established that once the antigen had reacted
with sensitized leukocytes the excess antigen could be completely
removed, leaving leukocytes capable of exerting a histamine re-
leasing effect on platelets. Further, the leukocytes activated
by antigen before the addition of rabbit platelets showed virtually
no lag in comparison to controls to which leukocytes, antigen and
platelets were all added simultaneously.

c. The length of time sensitized leukocytes had to be
incubated with antigen at 370C for maximal activation was deter-
mined, Maximal activation was obtained when leukocytes were pro-
treated with antigen for 15 minutes. When leukocytes were pro-
treated with antigen at 37 0 C for 180 minutes a substantial decrease
in activation was observed. Control leukocytes pre-treated with
Tyrode's solution at 370C for 180 minutes showed no change in their
ability to be activated.

d. Experiments were conducted to determine if the activa-
tion of leukocytes by antigen was temperature dependent.Leukocytes
incubated with antigen at 00C and 220C showed little or no activa-
tion and optimal activation occurred at 370C.

e. The activation of leukocytes with antigen in the cold
was studied in detail. It became apparent that low temperatures
had a deleterious effect on the ability of loukocytes to be activa-
ted. There is a dual effect of cold on the activation process;
one, the destruction of activable sites and two, the lowering of
the rate of activation.

f. The exposure of leukocytes to cold was studied to
determine if the deleterious effect was on steps prior to activa-
tion or on the activated sites. The results obtained demonstrated
that non-activated sites are labile to the cold if not reacted with
antigen but once the activation process is completed the resultant
activated state is quite stable in the cold.
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8. Studies on blood group antisens and antibodies. C)
a. The Wurmser's have concluded on the basis of extensive

work that the binding properties of the anti-B isohemagglutinins

naturally occurring in the sara of normal individuals are character-
istic of the genotype of the ABO blood group of the individual
(Prog. Biophys. 7: 88, 1957). Because of the theoretical impor-
tance of these claims and their potential practical importance in
forensic medicine and in clinical medicine (where knowledge of
the homo- or heterozygosity of the father is of importance in
cases of hemolytic disease of the newborn in those cases where
the mother is blood group 00), the observations of the Wurmser's
have been investigated.

b. In the earlier investigation the binding properties
of the isohemagglutinins of 5 group 00, 2 group A 0 and 4 group
A2 sera were tested using 500,000 to 800,000 B cells/fu 3 to ab-
sorb constant mounts of antiserum dilutions at both 37C and 25C.
Both the log-probit assay method of Wilie and Becker (J. Immunol.
74: 192, 1955) and the Wuruser assay technic were used to test
the antibody free in the supernatants at equilibrium. When the
reciprocal of the antibody fixed per cell was plotted against the
reciprocal of the amount of antibody free in the supernatant, there
were quantitative differences In the slopes and positions of the
lines obtained by the two assay methods. However, in each case,
the log-probit data could be converted by means of a proportion-
ality constant to fit the Wuruser assay line. These findings have

ben confirmed with two additional group 00 sera and another known
A1O serum, In addition, the sera from four siblings of the Cask
family of known A20 genotypes have given the same results as pre-
viously found with sara from A2 individuals of unknown genotypes.
These findings provide further independent evidence in support of
conclusions of the Wuruser's. However, to be of practical value,
it is essential to demonstrate with the log-probit assay method
that the results obtained with sera from homoygous A A persons
differ in their binding properties from those found Xti A20 sara,
An intensive search is being made to locate known AIA1 individuals
with no success to date. However, the mother of the Cask family
has five A20 children hence it is likely that her genotype is
A2A2 . An investigation of her erum is contemplated as soon as
her serum can be obtained.
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c. The Wurmser's have reported that the ratio of the
maximum number of B red cells agglutinated at 4C to the maximum
number of B red cells agglutinated at 37C (N4 /N3 7 ) ratio) is also
characteristic of the AWB genotype of the individual. However,
these differences could not be demonstrated with sera heated to 56C
for 60 mins. (Prog. Biophys. 7: 88, 1957). Irmgard Oeper using the
Wurmser assay method and a modification of the Wilkie and Becker
log-probit assay method has recently reported that the N41N37 ratios
for a given genotype by the Wurmser's could not be confirmed.
Humangenetick 5: 201, 1968). The N44/N3 7 ratio for an A1A1 serum
could not be distinguished from that of an AI0 serum. Moreover,
there was a wide range of variation among thi eleven A1 saera, the three
group 00 sera and the four group A2 sera tested. Moreover, there was
no difference in the N4/N37 ratios of heated and unheated sera and
reproducible results were not obtained with any given serum. As the
determination of an N4 /N3 7 ratio is less tedious and time consuming
than the determination of the binding properties of the anti-B iso-
hemagglutinins, the former procedure would be of more practical value
in the routine forensic vmdicine or clinical laboratory. In view of
the fact that our laboratory has been able to confirm the Wurmser's
findings of differences in the binding properties of anti-B iso-
hemagglutinins of individuals of different ABO blood groups, the
N4 /N3 7 ratios of the sera used in the earlier work were investigated.

d. In this investigation, the S4/N3 7 ratios of four group
00, two AlO, three A1 and three A2 sera were determined by the log-
probit and the Wurmser assay methods. The two A10 sera gave a ratio
of 2.5 as reported by the Wuruser's but the ratios found for t1,,
group 00, the AI and A2 sere were highly variable. In many instances
the results at 37C were erratic on repeated testing. This suggests
that the technic used at this temperature may be faulty. Modifications
in the 37C assay are under study. The effect on the N4/1 37 ratio of
heated and unheated sera has been studied with only one group 00 serm.
There was no difference in the results obtained at either temperature.

9. Studies of the blood arous A pnd B substmace activtimes of
vaccines.

a. The hemagglutination-Inhibition test advocated by the
Division of Biological Standards (DNS) of the N.I.H. in the 4th
Revision of the Minimum Requirements for Tetanus Toxoid effeotive
June L, 1951 is currently being used to test vaccines for blood
group A and B activity. The method is exceedingly insensitivie be-
cause of the high concentration of antiserum eployed (2 test doses
of a serum dilution giving maximm or 44 agglutination). Moreover,
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the method is not reproducible for the following reasons: 1) The
incubation period of the vaccinp with antLserum is too short (10
mine) tu assure completion of the reaction and 2) in the final
stage of the teat, the degree of agglutination is read macro-
scopically efter centrifugation and resuspension of the packed cells
by shakling. The factors contributing to the non-reproducibility
of agglutination after centrifugati.on and shaking have been docu-
mented by Solomon, Gibbs and Bowdler (Vox Sang. 10: 54, 1965). To
test the vaccines procured by the government for use by the Armed
Forces, a highly sensitive and reproducible method is desirable.
For this reason, the hemagglutinatio"-inhibiticn serial dilution
titration method of Springer et al. (J. Lab. & Clin. Med. 43: 532,
1954) was modified for the testing of vaccines. The modified
method employs four minimum doses of antiserum giving 2+ agglutina-
tion. (One minimum dose of antiserum is the dilution giving a +
reaction), a 2 hour incubation of the antiserum-vaccine mixture
to assure completion of the inhibition reaction, the final ag-
glutination stage is allowed to equilibrate for 2 hours at 25C
and agglutination is read microscopically. The method has been
thoroughly tested and found to be highly reproducible. It has
been recommended to the Division of Biologic Standards, NIH, for
consideration as their standard method.

b. The following commercial vaccines were tested for
the presence of blood group A and B activity: 34 Plague, 51
Typhoid and 2 Cholera. These vaccines had no detectable A or B
blood group substances.

Suiary, and Conclusions:

1. Three activated esterases, esterases 1, 2 and 3, exist
on the rabbit peritoneal polymorphonuclear leukocytes that are
capable of hydrolyuing the acetyl DL phenylalanine 0 napthyl
*steor

2. Esterase 1 was completely inhibited by phosphonates in
the range of 10"8 -10"9M; esteras* 2 in the range of 10-5-10-6M
and esterase 3 was not inhibited even at lO3 M.

3, Zsterase 1 has essentially the am@ inhibition profile
with three different homologous series of phosphonates as the
activatable esterase of chemotaxis. On this basis, esterase I
has been tentatively identified with the activated fQrm of the
activatable esterase of cheiotaxis.
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-) 4. No evidence for the involvement of an activatable esterase
In phagocytosis could be demonstrated with p-nitrophenyl ethyl
alkyl, phenylalkyl or chloro-alkylphosphonates.

5. Suggestive evidence of an activatable esterase was ob-
tained with cyclohexyl butylphosphonofluoridate.

6. Seventeen new phosphonates were synthesized.

7. Carbamylation of rabbit 7G globulin sufficient to conjugate
80% of its free amino groups results in a 94% reduction of PCA
activity in rabbit skin, but no alteration in reactivity to guinea
pig skin.

8. Loss of PCA activity in guinea pig skin could be accomplish-
ed with greater than 907. carbamyiation of the antibody molecule.
This was explained by non-specific effects on the antibody molecule
rather than to specific inactivation of PCA sites.

9. The minimum amount of antibody required to produce "no
latency" PCA reaction is eight times that needed for a "4 hour
latency" response.

10. It is concluded that the "no latency" and the "four hour
latency" PCA reactions result from the same mechaniams and that
the latency requirement may be the time required for antibody on
the cell surface to reassociate until an optimal configuration is
attained.

11. Evidence has been obtained that suggest that mouse 2
hour PCA reaction is due to a 7Syl antibody.

12. A procedure, termed "Biological Screening". which dependb
on the different tissue affinities of the 2 hour and 72 hour PCA
reaction was developed.

13. The lymphocyte-dependent histamine release from rabbit
platelets does not occur from the production of a soluble factor
reaulting from the reaction of antigen and sensitized lymphoeytes.

14. The effect of temperature on the activation of sensitized
lymphocytes by antigen to give a cell capable of interacting with
platelets is complex and probably enzymatic in nature.

15. The Wuraser's report that the ratio of the saxiso. number
of B red cell@ agglutinated at 40 C to the .axtmmn number of cells
agglutinated at 37C is characteristic of the ASO genotype has not
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been confirmed due to technical difficulties.

16. A Hemagglutination-Inhibition test for the study of
blood group substances in vaccine which is highly reproducible
has been developed.
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ecinted by kevr up to days after sainocution. i pleen, ofthe a&*nd nthroid
elaions ahppr to be sites of e dteasivira o replaincat . Virus yi e not tissoe

cutren vaccisseswt pot essed fremvccinatied monkeystri. Afulakl acn e

bess prepared in the 0 u an diploid asth tLasue culture. ad oteney assays of Cdthisg y
vaccine ateed fakesp orabys withthoer perouledion. aceins prepusaredi theyreenid

monkey kidney tissue culture. for tecnical reports, see Walter Reod ARD Instit
of Research Annual Progress Report, July 30 June 69.
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Project 3A061102BTIP BASIC RESKARCH IN SUPPORT OF MILITARY MEDICINE

Task 04, Imunology

Work Unit 016 Imanination studies of exotic diseases

Investigators* .Hrrsn
Principal: V. R. Harrison, ra
Associate: K. Uckels, MUS C, Hampton, BA

This task is concerned with the development, production and
evaluation of either live-attenuated or formalin-inactivated vaccines
against exotic viral agents.

A lot of formaln-inactivated Chikungwya vaccine has been
prepared in bank-frozen geen monkey kidney cells, certified-free of
detectable adventitious agents. This vaccine is now ready for the
perfomance of human field trials. The constantly increasing numbers
of adventitious agents being isolated from cercopithecus monkey
tissues makes the continued use of this mmnstrumm as a suitable sub-
strate for vaccine produe.ion highly questionable. Therefore, We
are invetigating the potential val*e of the human diploid cell
strain VI-38 as an alternate source of vaccine substrate. Cwpar-
ative asseays are being performed on vacisnes prepared in WI-38 and
emn soaker kidney (Mic) tissue cultures to evaluate their respect-
ive Imeuagsnicitlese Also in progress, are studies to determine
the efficay of soluble antigens obtained by Tveen-other extraction
of the CRIK virus, with the potential applcation of this technique
to vaccine production. In collaboration with the Department of
VeterinWar Patholof, we ar ilvestigating the histopathology and •
aurovirulence of C1MI infection in the rhesue mankey. It is
anticipated that these studies will elucidate the Infectious
procs an the protective mechnnisms of vaccine action at the
cellular level.

An ianologic baraeteriition of formalin-iawtivated CRIX
vaccines Lot -20s prepa•red in OW tisue culture Is presented in
Tal 1. in a previous reort It vas shmn that this vaccine solidly
protected rbheus mookeys apinst a virevia wben challenged with
se selected strain of the CII virus (Annual Report, 19).
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Physical oharacterisation of the CHU virus pown in M9 and )
aoneentrated by ultracentrifugation, before and after Ween-ether
(T-2) extraction, by rate soma and equilibrium isodensity gradient
centrifugaioni

S--a* r• rats S 4An,-*itv mdent-: Five to 30% (W/V)
sucrose slution, were prepared in phosphate buffered saline and
layered stepwise into cellulose nitrate centrifuge tubes. Concen-
trated CU] virus, before and after T-9 extraction, vas layered on
top of the gradients and centrifuged at 22,000 rpm for 1 hr in a
50L paco roto4 Approuimately 20 fractions were collected by the
drip-cat method and assayed for infectivity and hesagglutinLn con-
tent. Density m -asurements were ma in Abbe refractometer. In
Filue are shown the Infectivity levels before T-E extraction and
the hemgglutinin content after T-2 extraction.

ibde !MIA 8odenait eats: Cesium chlo-
rideso onvas to tyof1. gper nl in phosphate
buffered saline. Concentrated CHU virus, before and after T-9
extraction, was mixed with the CaCd solution and centrifuged at
40,000 rpm for 18 bis in a 50L Spinco rotor. Over 20 fractions were
collected by the drip-cet method and asseaed for infectivity and
hem•ggltnlafn content. Refractive indices were determined in an
Abbe refrectmter. Figure 2 shw the Infectivity leel before T4Z

extraction and the hemigglutinin content after T-2 extraction.

It Is of Interest to note that the buceamt density of CM
virs icreaws after T-8 extraction, Ths cam be explained, in
part, b the remval of lipid froe the virus particle. Frther
studies are being ale to determine the effect of this lipid removal
an satigenicity. Present Indications re that vaccine prepared by
the TM extractiom method Is lee stable than vaccine prepared by
the conevntlael method of foralain iactvatien. It say be that
lpid Is essential to log term stability of vaccine.

A comparative study of the relative iamopnioities of
vacc•i• s prepared b1 the conventiomal fomas i Laotivton method

* and by. the "eamsether (1-i) extraction procedure was uasa. both
vaccines wen prepared by poeing the CMl virs in ON- and harvest-
ing at he hrs am 96 bra post-inoultion. brieft', the T-- vaccine
we pr•epred. by hdag the viral harvest with 0e 01 (0 0/12)
S0 re r , flu ed by an equal volm of dietl etber.
sw mter reevod by agitatioa Man displasement with nitroden
p.. the preparation was p throo& a 0.45 umembrae filter

nd nsed es veacm. Characteristees of the two vaccines are
smmieod In ?able 2.

0
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FZGUR 1
Sucrose density gradient centrifuiltion of CHIE vims before and after

Tween-ether oetration

03

2O

5sucrose (u/v)

6.0 10 .
00

a

""41

"40

b•mo

5.0 10 15 20 2o
FRACTION

) (6) 0.m Infectivity (pra/al) before T24 extractaon.
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FIOURE 2

Ceisum chloride equilibrium isodensity centrifugation of CHIK virus
before nd after T-3 extraction
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TA3U,2

Characteristics of FormaUl-inactivated and Tveen-ether extracted
CHIK vaccines

Tim of Harvest Hemew Cawp.
and Infectivity Renag", Inhib. Fix.

Vaccine Typeo Pfu/0.1 ml 1/HAO l/4j 1/CF ED50/mi

48 hr - FI vaccine N.5 61 20 8 0L17

48 hr - TZ vaccine T.5 256 20 4 0.17

96 hr - FI vaccine 6.3 128 10 4 0.17
96 hr - TZ vaccine 6.3 256 20 16 0.24

: lw Formalin-inaetivated.

TZ = Tween-ether extracted,*' Highest dilution giving complete hemagglutination in 0.5 %1.

Although both vaetrnet ane quite dotarable in their l ongter

properties, further stud4y t Indicated to determine long termstability characteristics.

Vaccines were prepared in c•ickean bryo tissue cultures
derived from RIF (resistages-i-ducing.-factor) free flocks. Even
thogh earlier studies showed chicken embryo tissue culture to be
mrkedly inferior to OW for vaccine substrate, it vas felt that
all possible substrates characte.t aed for adventitious agents should
be investigated, Although aseas for the presence of interferon
were not done, it may be seen fros the data in Table 3 that grwth
curves for the incubation temperatures selected are mrkedly 6iffer.-
ent. ThIs is strongly suggestive of interferon activity.

TABLE 3
Charsateristice of CUE vaccines prepared in chicken embryo tissue

cultures at selected Incubation temperatures

Tim of Ramaest HEs4mauttaini Infectivity Vacciue
MA Content TCLD=o/0.1 al WiO/maIncubation OC I/RA

8 hs. - 31 4 2 It ID

2 br - 31 ,2 4.3 b.0

? hrs - 3 4C2 2.8 1.0
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TABLE 3
(cont'd)

Tim of Harvest Hemaglutinin Infectivity Vaccine
and Content TCW 5 0/. 1 Al ED/1

Incubation C 1/UA

96h r - 31 42 4.2 0.8
96 hrs- 35 4 2 2.6 J0.0

ID a Not done.

Thus far adsptation of the CHIK virus to growth in the human
diploid cell strain WI-38 has been carried through 18 passages.
Althouh not as imnogenic as GM& vaccine at this passage level,
vaccine prepared in the WI-38 cells is showing excellent potential.
The imanologic response of mice to both types of vaccine is shown
in Table 4.

TABLE 4

Immnologic response of mice(a) to CHIK vaccines prepared in G0 and
WI-38 tissue cultures

Vaccine Number Remagg-Inhib. Comp. Fix. ED, 0/dose
and Type(b) I/RI 1/CF

#1 - WI-38 20 14 0o.40
12 - WI-38 20 4 0.28
#3 - WI-38 10 4 0.31

Il - G!K 20 4 0,25
12 - GK 10 8 0.23 :1

#3 - OW 20 8 o.17

(a) Mice received 0.25 al vaccine on days 0 and 7, bled out on day
14.

(b) All vaccines harvested at 84 hrr post-inoculation and formalin-
inactivated with 1:1000 formaldehyde solution (37O).

Further evaluation of the iunogenic potency of vaccines pre-
pared in WI-38 cells and GMK tissue culture was made by perform-
ing an antigen-extinction type assay of the two vaccines. These
data are summarized in Table 5.
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IF
Using beth types of vaetine,groups of mice were giw4n two 0.25

were given" undilutes J:2, 1.9 -1:8, isl 1.32. On dear 1 th Ie
mice were exianguinated and the serms from a",h gr ) by i.l natifn
peoJed wdn ruA In t e•.•ga neutralization 'Lest 6ainst, the CKI= 168

•, " "viru3.

Steriw neutr~lis~t~ce indicee .<t,- ice receiving CHIK Yaccina prepazred
in (W =d WI-38 tissue cultures

Dilution of Vaccine House Serum Neutralization Index

Injecte i Vaccine WI-38 Vaccine

Undilute 3.0* 3,0
1:2 2.3 3.0
1:4 2.0 2.7
1:8 2,0 2,0
1:16 1.7 IJ
1:32 ... 3 1.3

S•CLD 50/0..1 m. Challenge: dcse consisted of approximately 100
TCLD50/0.1 Mi.

Studies on the histopathology and aeurovirulence of CHIK
infection in the rhesus monkey are in progress, Forty selected
tissues from each of 17 monkeys (6 vaccinated and 11 non-vaccinated)
have been processed for viral isolation. Results show that virus
persists in regional lymph nodes of non-vaccinated monkeys up to T
days after inoculation. Spleen, thymus and thyroid tissues appear
to be sites of extensive viral replication. This vill be confirmed
by fluorescence microscopy at a later date. No virus vas isolated
from any tissues processed from the vaccinated soukeys. Tissue
sections examined by the Department of Veterinary Pathology have
thus far shown no patent evidence of cellular damage attributable to
viral invasion.

Summary and Conclusions.

A formalin-killed chikungunya vaccine has been prepared in
bank-frosen green monkey kidney tissue culture, certified-free of
detectable adventitious agents. The immunogenic potency of this
vaccine against selected strains of the chikungunya virus has been
demonstrated in rhesus monkeys. Adaptation of the chikungumya
virus to growth in the human diploid cell strain WI-38 has enabled
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u to prepare a vaccine in thý. substrate which is nearly comparable
In potengy to vaccine prepared in GMK tissue culture. Preliminary
"Wtt4ieshave a•4own that the Tween-ether extraction technique, when
L40l1144 to'a Viral h&rve•t, yields a delizidized subunit which is

~a~ anigeiic an poceuesgood vaccine potential. Further
u-in ar i ptoo'ress to evaluate the long term stability of this

product. The histopathology and neurovirulence of chikungunya
infection in the rhesus monkey is being investigated to determine
thu mites of cellular involvement and the mechanism of vaccine
protection at t.4 cellular level.

I.t
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Project 3A061102B71P BASIC RESEARCH, IN SUPPORT OF MILITARY MEDICINE

Task O4, Immunology

Work Unit 016 Immunization stukies oi" exotic diseases

Publications.

Harrison, V. R., Eckels, K., Hampton, C. and Boyer, W. Chikungunya
Vaccine Project, Army Science Conference Proceedings, Office, Chief
of Research and Development, Department of the Army, 18-21 June
1968.

(This paper received an C-utstandilug Achievement Award.)
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Project 3A061102B71P BASIC RES••ACH IN SUPPORT OF MILITARY MEDICINE )
Task 07,il Pharmacology.

Work Unit 036, Basic Pharnacolo.-.al Studies 4)

Investigators
Principal: M. H. Heiffer, Ph.D.

As3soiate: W.AJ Jamzns A. Vick, MSC; MMA Gal- E. Demaree, MSC;
MAT Alan S. Nies, MC; CPT Phillip M. John, MSC;
CPT William Webster, MSC; R. S. Rozmaa, Ph.D.; Mr.
Robert Brockenton

S Description

The basic research efforts of this department are directed to
investigating the.pharmacology of promising medicinal agents, bio-
llogical r'-sponses to radiation, drug interactions with and the
nature of adrenergic receptors, the metabolism of and the interaction
of radioprotectant chemicals with connective tissue. In vies of the
basic experience of the department some work will be continued using
venoms to study the above phenomena.

Appropriate pharmacological, physiological, biochemical, and
electrophysiological studies are conducted in vitro and in vivo.
These studies encompass the acute responses to radioprotectant
cahemicals and their interaction with standard pharmacological and
phyv.iological agents. An outstanding feature of the capabilities
of th.is departmpto resides in, the vast inventory of serially re-
lated in.] liverse chemicils which can be used in detailed and in
screut•ug .tuJivs ff 4tie na-ure of drug interactions with biological
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(S I Progress

A. Studies on the Trigger Mechanism of Endotoxin Shock

The early hemodynamic changes associated with the syndrome called

gram-negative bacteremic shock continue to be an elusive medical
problem. Of particular concern has been the definition of the exact
trigger mechanism of this form of shock which appears to set into
a action series of irreversible cardiovascular alterations. These
changes in vital function all appear to occur secondary to the release
of some neurohumeral agent or agents into the blood stream. Sub-
stances such as histamine, serotonin, bradykinin and the cateahol-
mines have all been implicated as being involved in these earlier
stages of endotoxin shock. Reports are conflicting however, and no
clear cut deleniation has been made as to which of these substances
is most intimately involved in the trigger mechanism. All this
considered, however, most workers have concerned themselves with the
possibility of release of histamine or a histamine-like substance
very early in endotoxin shock.

It is the prapose of this study, therefore, to investigate the role
of histamine in endotoxin shock and to redefine its relationship to
both the trigger mechanism and the lethal outcome so often associaeted
with this form of stress.

Materials and Methods. A series of 140 adult Beagle dogs anesthetized
with pentobarbitol sodium (30 mg/kg) were used in this study. Heart

rate, EG, respiratory rate and blood pressure were continuously son-
itored on a Sanborn polygraph. In addition, a large bore polyethylene
catheter was placed in the femoral artery and advanced into the
abdominal aorta to allow for the rapid sampling of arterial blood.
Dogs were given graded doses of E. Coli endotoxin ranging from 0.005
mg/kg to 10 mg/kg. All injections were made directly into the femoral
vein of the dog. Blood samples for histamine determination were
then taken at 0, 15, 30, 4S, 60 seconds and at 2, 5, and 10 minutes
after endotoxin. histamine determination were made using a flouro-
metric technique. All animals were followed for 72 hours or until death.

Results. The effects of each dose of E. Coli endotoxin on plasma
histamine levels at specific time intervals are shown in Table 1. Those
doses of endotoxin which produced death at 24 hours are also indicated.
It to interesting to note that ultimate lethality is usually correlated
with a sharp elevation of plasma histamine at from 30 to 60 seconds
post- inject ion.

The typical response of the anesthetized dog to a sublethal (0.05 mg/kg)
injection of endotoxin is sbown in Fig. 1. Changes in plasma histamine,
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S) circulating platelets, and arterial blood pressure are simultaneously
presented. The minimal increase ini histamine, the subtle fall in
platelets and the slight decrease in blood pressure is evident.

Z) The response of the dog to a lethal (1.0 rag/kg) injection of endo-
toxin is shown in Fig. 2. A sharp and significant increase in plasma
histamine occurs at 30 seconds which lasts for from 5 to 10 minutes.
A marked decrease in platelets and a precipituous fall in arterial
blood pressure occurs simultaneous and in direct proportion to the
increase in histamine. As histamine levels return towards control
blood pressure increases to a near pre-endotoxin level.

The average change in histamine level produced by all doses of endo-
toxin is shown in Fig. 3. Also shown is the standard error of the
mean at each point in time. The effect of all lethal doses of endo-
toxin and all sublethal doses of endotoxin on plasma histamine levels
are also displayed in Fig. 3. Lethal doses consistently produ.e
elevations in histamine at from 30 to 60 seconds post endotoxin while
sublethal doses do not result in significant increases at any time.

Figure 4 shows the marked differences in histamine levels between
those animals which expire following 1.0 ag/kg E. Coli endotoxin and
those dogs which survive after having received the same dose. In
those animals which do not expire minimal increases in histamine are
noted while in those animals which die significant changes are noted
at from 30 to 60 seconds post-injection. Plasma histamine levels
return to control or near control levels at 15 minutes.

II In Vitro Screens

A. Studies using the Mallard Duck Esophagus Preparation

Theie experiments are being conducted to investigate the effects of
autonomic drugs and autocoids on the isolated Mallard Duck esophageal
strips in order to determine the feasibility of using this preparation
for this purpose.

Materials and Methods. Animals: Adult Mallard Ducks of both sexes
were used. The ducks were anesthetized with diethylether and longi-
tudal strips of esophagus, between 1 and 3 cm long, were removed and
placed in an isolated organ bath chamber at 370 C - 380 C in Modified
in Krebs solution. Constant aeration of the chamber and reservoir
was accomplished with 95% 02: 5% C02.

All strips were allowed to equilibrate in the bath for approximately
30 minutes before drug challange. Tension was usually adjusted to
approximately 1 gram before initial drug introduction. Three levels
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of aophagus from a given duck were usually used simultaneously in
the bath.

Kreb's solution: The recipe used is as follows:

Chemical Grams/liter

NaC 6.92

KCI 0.354

CaC 1 0.282

KH2 PO4  0.162

MgSO 4 . 7H12 0 0.180

NaRCO3  2.212

glucose 2.000

Drug: All drugs were calculated so that final dilution in the bath
was expressed in molar concentrations for direct comparison. When
stock solutions were too strong, the drugs were diluted with distilled
water, The drugs used were as follows: (1) Adrenergic: epinephrine
hydrochloride; norepinephrine bitartrate; phenylephrine hydrochloride;
isoproterenol hydrochlorida; (2) Adrenergic blockers: phentolamine
methanesulfonate; propranolol hydrochloride; (3) Cholinergic:
acetylcholine chloride; urecholine chloride; neostigmine methyl
sulfate; (4) Cholinergic blockers: atropine sulfate; scopolamine
hydrobromide; (5) Ganglionic: nicotine; (6) Autocoids: histamine
dihydrochloride; serotonine creatinine sulfate; (7) Autocoid blockers:
diphenhydramine hydrochloride; methysergide bimaleinate.

" " Preparations could readily be maintained for over 6 hours.
The average experiment lasted 3 - 4 hours.

Adcenergic: Phenylephrine caused either constriction or no discernible
effect in doses up to and including 10-4 M. No relaxation from this
drug was seen. Phentolamine 10-6 M blocked the contriction. Pro-
pranolol 10-6 M had no effect.

Isoproteranol caused relaxation at doses up to and including 5 x 10-6 M.
No constriction was seen with this compound. Propranolol 10-6 M
blocked this relaxation. Phentolamine 10-6 M had no effect.

Epinephrine caused either constriction, relaxation or constriction
followed by relaxation in a given preparation. Doses were varied
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from 10-7 . to 5 x 10-5 M Phentolamine (3 x 1 0-7M -- 10-6M)
reversibly blocked the constriction but not relaxation. Propranolol

(10-6 M) reversibly blocked the relaxation but not constriction. Both
drugs given together blocked both responses on anequimolar basis.

Cholinergic: Acetyl choline caused constriction. This could be
reversibly blocked with scopolamine.

Urerholine caused constriction. This could be blocked with atropine,

Neostigmine caused prolonged constriction.

Ganglionic: Nicotine first stimulated and then relaxed the muscle.
Once a block with nicotine was extablished further doses produced
little effect. Scopolamine did not affect the nicotine response and
vice-.versa.

Histamine constricted the muscle. This was blocked by diphenhydramine.

Serotonine constricted the muscle. This was blocked by methysergide.

Summar_ . In the isolated Mallard esophagus strip, contraction is
produced by alpha adrenergic stimuli, acetylcholine and related
cholinergic drugs, serotonine and histamine. The contraction can be
blocked by appropriate blocking agents. Relaxation is produced by
beta-adrenergic sti-iuli. Propranolol blocks this relaxation. The
significant finding in our preliminary work with duck esophagus
indicates that this preparation may be very useful in studying drugs
which may possess alpha and beta adrenergic mechanisms. Smooth
muscle of the intestinal tract of the many species that have been
tested in the past, with the exception of the most distal section
of the guinea ileum, relax to both alpha and beta-stimulating agents.
These duck esophagi appear to contract to alpha adrenergic stimulating
agents and relax to beta adrenergic stimulating agents, allowing a
clear differentiation.

Future studies. The constricting activity of alpha adrenergic com-
pounds will be further investigated to see if this can be used as an
in vitro screen for potential alpha adrenergic blocking agents.

The cross-blocking effects of agents such as antihistamines, serotonine
antagonists, and autonomic blocking drugs will be studied in more
detail.

III Drug Metabolism Studies

K) A. Metabolism of Radioactive Antimalarials
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mg ls Mthods4. Animals: Adult Walter Reed strain albino
mi~ic fitersxwre used. These were confined in Roth meta-
bolism chambers with water given ad libitum. Urine and feces were
collected.

Radioactive compounds: WR-40,070 (2,4-diamin-5-piperonylpyrimidine--
2-14C, purity greater than 95%)

WR-27,799 (6-(3-(diethylamino)propyl)amino)-5,8-dimethoxy quinaldine-
1 4 C, purity greater than 95%)

Separation of metabolites: Thin layer chromatography on Silica Gel
G, 250 u thickness, was extensively employed using a series of solvent
systems.

Localization of radioactive spots was performed using a Berthold-
Brinlkann two-dimensional radiochromatogram scanner.

Concentration of material using charcoal absorption with subsequent
elution was tried.

Extraction of urine with organic solvents with subsequent solvent
evaporation was tried, in order that a cleaner preparation be obtained.

Quantitation of radioactivity was d.one using standard scintillation
counting techniques.

Results. WR-40,070-2-14C: 100 mf,/kg formed two metabolites whether
Mmitjtered orally or intraperitoneally. This was determined "hroma-
tographically. The metabolites appear to be more water soluble than
the parený compound.

The approximate urinary excretion as percent of administered dose is
as follows:

% of dose
oral intraperitoneal

0 - 24 hours 64 29

24 - 48 hours 23 19

TOTAL 87% 48%

WR-27,799- 14 C: 2.0 mg/kg was administered intraperitoneally. )

A minLimm of 25-30% was recovered in the 0-24 hour ample.
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SThin layer chromatography indicated the possibility of a minor
radioactive raetabolite.

Further studies. An extensive workup on WR-40,070 it planned:
Excretory patterns, including possible excretion as lbo,, will be
determined in mi2e and possibly in rats.

Attempts will be made to characterize the structure of the urinary

metabolites.

Possible fecal metabolites will be investigated.

Little further work is planned on WR-27,799-1IC, since the radioactive
compound has a low specific activity and the compound is quite toxic
to animals.

IV Studies with Bee Venom

The venom of the honey bee (Apis mellifera) is a complex mixture of
chemical substances. Previous studies have shcwn that this venom an
its fractions have unique pharmacological and physiological activities
(1-2). These activities are for the most part manifestations of
enzymes such rs phospholipase A(3.,, a hemolytic polypeptide melittin
(4), and a polypepide called apauin (5). There are other fractions,
however, in the crude bee venom whieb have not as yet been identified
chemically nor has their pharmacological effect been observed. It is
the purpose of thic study to analyze the physiological activities of
the identified toxic and therapeutic fractions of bee venom by means
of a polygraph and standard pharmacological preparations.

All venom used in this study was collected by C. Hraz, Hiddlebury,
Vermont, by means of a method described by Benton, Morse and
Stewart (6). 100 mg of whole venom (approx. 1000 stings) was
separated into 9 fractions (Fig. 5 ) on a G75-40 Seph-adex colwun.
Bach traction was lyophilized and refrigerated until used. At the time
of use, each fraction was reconstituted with 10 cc of normal saline
and injected into the venous circulation of an adult mongrel dog
anesthetized with sodium pentobarbital (30 mg/kg). Changes in
arterial blood pressute, heart rate, respiration, electrocardiographic
trace (ECG) and cortical electrical activity (BEG) were recorded on a
Sanborn polygraph. Blood samples were drawn at hourly intervals for
determination of epinephrine, norepinephrine, histamine and cortisol
levels.

The fractions of bee venom are specifically identified in Figure 5.
Their respective molecular weights were estimated by gel-filtration
(7). Figure 5 also shows an index of the relative surfactancy of
each fraction. A decrease in volume of the normal 62 drops that were
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collected in each aliquot reflects a decrease in surface tension.

The weights of fractions 3, 4, 5 and 7 are 5.7, 2.5, 75 and 10.6 mg
respectively. These four fractions comprise over 90% of the whole
venom.

Results indicate that fractions 1, 2, 6, 8, and 9 do not produce
any significant change in the physiological parameters monitored.
In contrast, Fraction 3 (Phospholipase A) produced a precipitous
fall in arterial blood pressure, a decrease in heart rate, a
suspension of respiration and death in 10 minutes. Fraction 4 (the
mose surfactant fraction) produced a auch less marked Seccease in
blood pressure and heart rate with a modest respiratory depression
and no death. Fraction 5 (melittin) caused a decrease in blood
pressure and a narrowing of the pulse pressure. Heart rate decreased
sharply without cardiac arrhythmias. Immediately after injection of
this fraction there were 1 to 3 minutes of apnea followed by recovery
of respiratory function to near control values. Fraction 7 (apamin)
produced sLmilar effects and did not kill.

In addition to the described physiological changes, Fractions 5 and 7
produced sharp elevations in plasma cortisol levels (Fig. 6). It
is interesting to note that the increase in cortisol following
injection of Fraction 7 (apamin) was immediate in contrast to the
slower more gradual increase produced by injecticn of Fraction 5
(melittin). The maximum increase in cortisol with melittin ultimately
reached higher levels, however, than that produced by apamin. The
increased levels of plasma cortisol were maintained over the entire
5 hour observation period. The effect of whole bee venom on plasnua
cortisol is also shown in Fig. 6.

Again, as with whole venom, Fractions 5 and 7 produce sharp increases
in circulating epinephrine and norepinephrine within 15 minutes after
injection (Fig 7,8). The catecholamine levels then decrease to a
value significantly above control and remain such until the end of the
observation period.

The effect of bee venom on plasma histamine is such that a slight
decrease occurs shortly after injection; followed by a slow, sustained
rise over the following 5 hours.

None of the other fractions of bee venom produced significant alteration
in plasma cortisol, circulating catecholamines or histamine levels.

These studies indicate that whole bee venom is indeed a complex
mixture of substances capable of producing a variety of physiological
and pharmacological changes in the experimental animal. The most
lethal component of the venom, Fraction 3, has been identified as
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phospholipase A; it produced death by respiratory paralysis (8).
Earlier work has shown that this effect on respiration ii due to
interference with nerve-impulse transmission at the neuro-muscular
junction of the diaphragm (9). Bee-venom phospholipase A has also
been shown to be similar to the phospholipase A obtained from Indian
Cobra venom, an established neurotoxin (10). The observation
that Fraction 5 (melittin) and Fraction 7 (apamin) produced signi-
ficant and sustained increased in plasma cortisol levels is of •At
great interest. The release of corticosteroids was previously infer-
red by the work of Artemov who showed increased ascorbic-acid activity
after injection of bee venom (11). An increase in cortisol could
explain, in part, the observation that bee venom or some of its
components alleviate the symptoms of arthritic-like conditions (12-
14). Numerous reports have documented the beneficial effects of
cortisone and hydrocortisone on the inflammation and pain associated
with arthritis and it could well be that the increased cortisol
levels observed in these studies are in some way responsible for the
remission of arthritic symptoms (15-18). It is also known that
endogenously released steroids are far more effective therapeutically
than those administered exogenously (by injection) (19-20). It
could well be that apamin and melittir, specifically stimulate the
release of cortisol and in this way effedtively control some of the
symptoms of arthritis. The use of fractions of venom might also
serve to circumvent the high toxicity of whole bee venom, thus
allowing for larger and more effective dosage schedules.

The release of catecholamines after the injection of bee venom is not
sucprising since their release is often associated with the stress
reaction (23). The minimal increase in histamine observed in these
studies is in direct contrast to the results of other workers in the
field (21-22). One explanation might be species variation.

The possibility that bee venom or its components may act in still
other ways to control arthritis is by no means ruled out by this

s tudy. We have taken only one step in the understanding of an ex-
tremely complex pharmacological picture.

Suzary. The venom of the honey bee (Apis mellifera) is a complex
iixture of chemical substances. A deperation into its nine components
of bee venom has been carried out as well as a determination of the
pharmacological activity of each. Results indicate that fraction 3
(Phospholipise A) is the lethal compment of venom and kills by
respiratory paralysis. Fraction 5 and 7 are not lethal yet produce
marked physiological and pharmacological alterations. Increases in
epinephrine, norepinephrine and cortisol follow the I.V., I.P., or
S.Q. administration of these components in the dog. Further studies
are being carried out in the monkay to confirm these interesting ob-
servations.
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V The Effect of Actual Snake Envenomation on Vital Physiological
Function in the Dog

The bite and the venoms of selected members of the five major families
of poisonous snakes have been studies in experimental animals. Forty
adult mongrel dogs weighing approximately 10 kgs were anesthetized with
Na pentobarbital (30 mg/kg) and monitored for changes in arterial blood
pressure, EKG, heart rate and respiration. In addition, plasma
catecholamine and histamine levels were determined at hourly intervals
as well as the major clotting factors. Envenomation was accomplished
by grasping the head of the poisonous reptile and allowing the snake
to strike the shaved exposed thigh of the dog. Estimates of venom
content for each bite were made by averaging the voluie of venom
obtained from numerous and periodic "milkings" of the same animal.
Changes in vital function and blood chemistries were then recorded for
72 hours or until death.

The family and Genus species of each snake used in this study are
shown in Table II. There were 13 members of the Crotalidae family of
rear fanged snakes Boingidae.

Results indicate that envenomation by members of the Crotalidae
family produced death at from 8 to 24 hours. Immediately following
envenomation there was a slight increase in blood pressure which
occurred simultaneous with an increase in plasma epinephrine and nor-
epinephrine. Blood pressure and catecholamine levels then returned
to near control readings and remained so until just prior to death.
Death appeared to be due primarily to respiratory paralysis and was
associated with a sharp terminal increase in epinephrine and
norepinephrine. Certain snake venoms produced marked changes in blood
clotting factors.

Average time to death following the bite of the Viper was 3 hours.
It is interesting to note that several members of this family did not
produce death; however, tissue destruction and necrosis at the site
of the bite was extensive. Changes in blood pressure, heart rate, and
EKG were not remarkable. Death again appeared to be due to progressive

787



Table 11 SUM BnT

SURWAL hIr1l0X4A-.
TM DOSE OF 1V30A

C. wodostam 42 hours 50 m Local hencrrhugo
Generalizsd b.lcedin

T. p n ),T2 hours 50 i Massivo tissue demo
at .site of b"te

T. papureamslatus >T2 hours 5038 m Zas3ive tissue darAge
at site of bite

A. plcooorus 8hours 150 PS
A. C. Nokeson *T2 hours 50 mg Massive tissue damage

at site of bite

A. C. eoantwtix <24 hours 50 as Tissue damace

3. atraox -l,* hours 200 mg Swelling ede.a
C. Lurissus terrificus S.A. <24 hours 150 mg No tissue do=ge

C. horridus atricaudatus <2 hours 150 mg 3o tissue d=Z.•e

C. hbwidus horridus MT2 hours 150 mg No tissue d&=e

C. vfridus oreganus 2T2 hours T5 as No tissue da.m.e

C. lqidus klauberi M2 hours 15 ag No tissue daraae
L. WutA <24 hours 250 Mg Swelling edema

itie arieta•m >2 hours 200 mg No tissue dare

Vlpers vusselli c 3 hours 200 mg go svelling; some
local hemorrhae

N. laje C 2 hours 100 mg No tissue daesze

I. Ja 1 1/2 hours 25 mg No tissue dame

1. X. ksouthia < 2 hours 200 mg No tissue damage

0. hMmnah 28 minutes 500 a& go tissue da:ae
1. xivea (Flayv) 12 minutes 200 m% No tissue da:Z

D. anpsticeps 36 hours 100 MG No tissuo dw,:.Ce

D. polylepis 0o minutes T5 mg No tissue da=ie

UDROPHAZDIS

L. mamiftaciata 072 hours 10 mg No tissue damage

30ZGmaZ

I. dendrophIlis >T2 hours 20 mg Slight edema & hemor-
rhage at site of bite

D. Wp. 24 hours 25 mg; o tissue damage
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and irreversible respiratory failure.

The bite of the average member of the Elapidae family produced
death in 1.7 hours. Death was due to interference with nerve impulse
transmission at the level of n.ouromuscular function of the diaphragm.
No other significant changes were noted with these venoms except for
the sharp initial increase in c.atecolamines.

The see snake from the family Hydrophaedie produced a death almost
identical to that of the family Elapidae. A progressive decrease in
both rate and amplitude of respiration followed envenomation and death
occurred in 72 hours. Again no other significant changes were observed.

Rear fanged snakes kill at an average of 20 hours post envenomation.
As with all of the other families of snakes death was primarily due
to progressive paralysis of the respiratory mechanism.

Summary. The venoms of the 5 major families of poisonous snakes have
been studied. Dried reconstituted venom and venom obtained directly
from the bite of the living snake have been compared as to lethality
and physiological activity. Results indicate that dried venom
produces death in much the same manner as an actual envenomation. The
sequence of physiological alterations from time of envenomation until
death are also unmarkedly similar. Average lethal dose of each of
25 venoms has been established. Further work will be carried out to
evaluate the efficacy of current therapeutic approaches to envenomation.

VI Research in Product Formulation

A. Development of a Univorm Suspension Technique forDrug-Screening
Laboratories

When the results from a number of drug-screening systems must be com-
bined for subsequent analysis and evaluation, it is desirable that
similar drug-handling techniques be employed in each of the several
facilities.

Host testing laboratories have developed their own systems of handling
large numbers of candidate drugs' some prepare suspensions via
trituration in mortars, by shaking techniques, tissue grinders, or
sonication while others attempt to prepare solutions, searching for a

suitable solvent based on the experience of the technician. Results
from such a diversity of formulations cannot be effectively compared.

It was felt that much of this problem cou., be eliminated by developing
a simple uniform method o- preparing ali test drugs for administration
to animals. Admittedly, any uniform method could not reporsent the

790



* ,V

optimum choice in all cases, but for initial trial, uniformity was
considered more important than attempts at formulation optimization.

There is usually little if any chemical or solubility data available
on the candidate drugs to be prepared and tested. Aqueous vehicles are
preferred to any of the several oils, usually, because of their faster

rates of drug absorption, their ease of handling, and their suitability
for intravenous use. If the test drug were water-soluble, then a
solution would result. Since long-term stability is of no consequence
in a drug-testing program, no other consideration need be made for
drug solutions. If the drug is insoluble, then a suspension must
be prepared. Methyl cellulose 4030 has long been used as an effective
and safe suspending agent, used to add sufficient viscosity to the
preparation to prevent rapid settling of the drug particles. A
deflocculating agent is needed to promote wetting and to prevent the
formation of agglomerates or large clumps of drug particles in the
preparation. Polysorbate 80 USP has been frequently used in parenteral
formulations for this purpose. The vehicle should be isotonic for
satisfactory use in suspensions; there is no "general" method of
correcting for osmotic disturbances that would be caused by a variety
of soluble test drugs.

The solution chosed for use as a universal suspending vehicle was
composed of Normal Saline to which small quantities of Polysorbate
80 and Methylcellulose 4000 had been added.

To facilitate the preparation of large numbers of test drugs in solution
/suspension, the triturstion step shoudl be accomplished in the same
vial from which the medication would subsequently be removed for
dosing. Accordingly, vials were obtained from Brockway glass which
had a maximum capacity of 10.6 mls with the rubber sleeve closure in
place. The requirements of the vial were quite rigid: a finished
product of 10 ml volume was desired so that w/w percentage calculations
could be made mentally by the laboratory technician. Since Polysorbate
80 or some surfactant was required to promote wetting and to prevent
agglomerate formation, the excess volume in the vial, above the fluid,
would become filled with a very stable foam during suspension via
shaking. The smaller the airspace, the less error due to foam. It was
envisioned that 9.5 mls of the universal vehicle could be pre-packaged,
along with an appropriate number of 1/8-inch glass beads in these

vials and sterilized. At time of use, the appropriate amount of drug
could be weighed out and added directly to the prepared vial and
resealed. The Spex MixerA4ill model 5000, can 6. used to shake the
assembled vial for a specified length of time. After trituration
has been accomplished, the drug formulation can be withdrawn by
syringe directly from the vial, without transfer or loss of material
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The major obstacle to the development of such a system was the discovery )
that suspensions of poos quality often resulted from the described
treatment. The action of this particular model mill does not seem
to be as vigorous as needed; clumps were often visible after prolonged -

shaking times. The use of a variety of both small and large pyres or
stainless steel balls did not resolve the problem. It is felt that
the idea has merit, and alternate methods of suspension preparation
are being pought.

B. Formulation Effects on Drug Absorbtion

Several of the Bunte Salts afford a degree of radio-protection when
injected by any of the several routes, but are not absorbed when
administered orally. A series of experiments were designed to deter-
mine the effects of certain formulation alterations on the gastro-
intestinal absorbtion of a representative member of these radio-
protective agents.

The test drug selected was WR-1607, n-decylaminoethylthiosulfuric
acid. This drug is one of the most effective anti-radiation compounds
known in mice, providing good protection at 5 to 10 mg/kg when injected
I.P. The parenteral LD5 0 is 12 mg/kg. Orally, however, no protection
had ever been shown, and the toxic dose was estimated well over 1000
mg/kg, though the typical lethargy produced by this drug had not been
achieved orally at the start of these experiments.

Our screening procedure was to prepare 5% w/w suspensions of WR-1607
in various systems, intubate at 1000 mg/kg, and watch for toxic signs.
Suitable solvent-system controls were run simultaneously. When
promising systems were discovered, these trial formulations were run
in our anti-radiation screens to determine if radioprotection was also
being conferred by the additives. Two general types of formulations
have been tested: suspensions containing surfactants of various types,
and buffer systems of WR-1607 solutions.

Surfactint Effects. The suspensions were prepared generally through the
use of a minatvze waring blender, 45-ml size. These suspensions were
then used to dose 5 to 10 mice, via intubation, at 1000 mg/kg; an
identical system omitting the drug was also given to 5 control mice
in each case. Approximately 40 vehicle systems have been prepared from
the following list of surfactants and evaluated against controls.
They were tried alone or in various combinations with one or more of
the other surfactants, at levels ranging from 1% to 100% of the drug
solven. They were also tried in combination with water or with
peanut oil. Several emulsions of water and peanut oil were also
prepared and used as the suspending sustem for WR-1607.
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) Dioctyl Sodium sulfosuccinate

Tween-20 (Polyoxyethylene sorbitan monolaurate) HLB: 16.7

Tween-60 (Polyoxyethylene sorbitan monostearate) HLB: 14.9

Tween-80 (Polyoxyethylene sorbitan monooleate) HLB: 15.0

Span-85 (Sorbitan trioleate) HLB: 1.8

Span-80 (Sorbitan monooleate) HLB: 4.3

Span-20 (Sorbital monolaurate) HLB: 8.6

G-1288 (Polyoxyethylsorbitollin derivative) HLB: 16.0

Sodium lauryl sulfate HLB--40

Triethanolamine

Pluronic L-101 (Non-ionic exchange Resin)

The only surfactants that showed potential were Tween-80, when used
alone as the solvent, and Dioctyl sodium sulfosuccinate, at .25%.
Both of these produced initial excitation followed by pronouncedlethargy. Further studies with Dioctyl sodium sulfosuccinate at higherconcentrations are planned.

WR-1607 will form a milky semi-solution with Tween-80 if warmed.
Repeated experiments with this combination did lead to a few instances
of toxic deaths from acute respiratory depression, but no LD5 0 has
yet been established.

Five percent solutions of 1607 in Tween 80 were tested for radio-
protection by Miss Grenan of the Biology Department. She found
that at 1000 mg/kg, 5 out of 10 mice survived lethal (950 rad)
radiation, and at 500 mg/kg, 3 out of 10 mice survived. All
controls using aqueous suspensions of WR-1607 succumbed to this
level of radiation. From these results we conclude that some pro-
gress has been made in promoting the oral absorption of this particular
radioprotectant.

These combinations of drug and surfactant produce severe diarrhea,
and would no doubt be very objectionable for human use.

Buffering Experiments

WR-1607 forms a sodium salt and will disiolve in water at pH 11.
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When this solution was intubated to mice the drug precipitated out
and no pharmacological effects were observed.

Buffer systems were tried in an attempt to keep the drug in solution
long enough for some absorption to take place. Sodium acetate,
20%, was used as a solvent for 1607-Sodium, previously prepared and
purified. No effects were observed in the mice at 1000 mg/kg, and at
necropsy the drug was found precipitated in the stomach. Other common
alkaline buffers were tried without success.

A proposal was made that WR-1607-Sodium might be absorbed from the
gut if it could be passed through the stomacb without being exposed
the the acid pH and being reconverted to the base compound. In an
attempt to protect the sodium salt from the injurious acid environment
of the stomach, WR-1607-Sodium was encapsulated in large gelatin
capsules and given multiple coatings of cellulose acetate phthallate,
a dependable enteric film, insoluble in acid media. The reliability
of the enteric coating was fiest confirmed by giving dogs sodium
pentobarbital in these plastic enteric coated capsules (about 50
mg/kg) and observing the delay in onset of action. Uncoated capsules
produced sleep in 12 to 25 minutes. Coated capsules lead to a delay
of from 155 to 300 minutes, and it was presumed that the coated
capsule had passed the stomach and dissolved in the intestine.

Enteric coated capsules containing either WR-1607-Sodium or a com-
bination of WR-1607 Sodium and sodium acetate were prepared. Un-
coated capsules, as desczibed produced vomiting from 15 to 30 minutes
after drug administration. Coated capsules produced anxiety, trembling,
irritability, and diarrhea after about 5 to 6 hours, without vomiting,
at dose levels from 103 to 208 mg/kg. No cyanosis was observed in the
animals, and the eff~ects seen could have been due to the irritation
resulting frcm the very alkaline drug being released from the capsule.

Subsequent studies were conducted in cooperation with Major Loizeaux
of the Biology Department. It had been determined earlier by Dr.
Heiffer, wt al., Pharmacology, that WR-1607 administered I.V. would
produce a reversal of the typical depressor depression response
produced by an isoproterenol challenge. This simple test was used
to determine if WR-1607-Na could be absorbed by the gut when an
aqueous solution was inlected directly into the luman.

Two dogs were anesthetised with Pentobarbital, A Sanbon Model 350
recorder was used to follow ta. blood pressure of the animals, and i:
was confirmed that isoproterenol doses produce hypotension. After
a 17.5 mg/k& I.V. injection of WR-1607 the previously reported reversal
was seen. This effect is transient lasting for two hours. A 200
mg/kg dose of WR-1607-Sodim 10% solution was injected into the lmen
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. ) of the duodenum and isoproterenol challenges were begun. After
periodic challenging every 20 minutes for 3 hours no reversal had
been seen. The drug was found precipitated near the site of injection,

- and it was concluded that no absorption had taken place.

The second dog was treated in an identical manner with the exception
that the drug, 200 mg/kg was injected into the lumen of the upper
colon. The results were similar to the first dog, as was the con-
clusion that no absorption had taken place. This further suggests
that the effects observed following the enteric coated capsule
ingestion were caused by local irrition tv the gut rather than drug
absorption. No radiation tests have yet been conducted with either
enterically coated WR-1607 or intestinal injection.

C. Preparation of Colloidal Suspensions of Bunte Salts.

The absence of drug absorption from oral administration of the several
radio-protective Bunte salts, contrasted with their remarkable
effeciency when administered parenterally, has long been a problem in
this drug development program.

One approach to this problem of poor gastrointestinal drug absorptioni
is to greatly reduce the particle size of the drug, thus exposing a
greater surface area to the absorbing tissues. Many of the Bunte
salts are waxy or soap-like in nature, and grinding or micronization
would be difficult, if not impossible by conventional means. Many
topical drugs have demonstrated increased efficiency when applied as
colloidal suspensions, i.g. the silver salts, complexed with peptizing
proteins.

Attempts were made to prep.sre colloidal suspensions of the drug WR-1607
n-decylaminoethylthiosulfuric acid. While the drug is insoluble in
water, it wtll dissolve in alkaline solutions of pH 12 or more. The
sodi~um salt of this drug was dissolved in 0.25% Gelatin and filtered
through glass wool. A Brookfield Counter-Rotating Mixer was used to
provide a high rate of shear to the 1% drug solution as dilute RC1 was
used to neutralize and precipitate the drug as a colloid. In these
initial attempts the precipitated drug quickly agglomerated and settled
as soon as the mixer was turned off. Feeling that the instability
was probably caused by the very high ionic concentration in the

solution, a 1% solution of the drug was prepared, this time with a
gelatin concentration of 0.5%. The drug was slowly precipitated by
the addition dilute acetic acid with constant and rapid stirring. The
precipitated product was quickly transferred to a dialysis bag and
dialysed in 1000 las of distilled water. The water was constantly
stirred and frequently changed during the following 24 hours.
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At the end of this time, the contents of the bag were found to have
a pH of 7.5, and the product was, a homogeneous suspension without
visible particles. ine suspension placed in bottles for settling-
rate studies, showed good stability, and at the dnd of one week,
only slight settling had occured. The particles were not in the
colloidal range, however, and starting from an average size of 5-15
microns, monoclinic crystals could be seen by the third day after
preparation. By the end of the week the product was composed only
of crystals, 30 to 50 microns long. Gross settling did not o:cur,
however, for approximately 30 days.

In an effort to eliminate the ionization present in the aoove aquious
solutions, WR-1607 was dissolved in a quantity of hot methanol and
added dropwise to a much larger volume of rapidly agitating 0.570
gelatin solution. Platelet crystals, 25 - 75 microns, immediately
formed, and after two replicate experiments, this line of attack was
abandoned.

Gelatin was chosen as principal paptizer because of its general
effectiveness in a wide variety of colloidal systems. However,
since a colloidal dispersion did not result from the above procedure,
other peptizers should be examined; zein, agar, casein, pharrn.gel A
and B, gum arabic, dextrin, albumin, and starches.

D. Prolonged-Release Depot-Parenteral Antimalarials

The purpose of this study, was to jevelop a parenteral formulation of
an antimalarial drug suitable for intra-muscular injection which would
provide sustained blood levels sufficient to protect the individual
against malaria for a prolonged period of time.

The phananthrene methanol, W1-33,063, 3-Bromo-lO-r-.hydro,-y)(N,N-
diheptylaine)ethyl] phananthrene hydrochloride, was chosen i-s the
test drug because of its demonstrated efficacy as an antimalarial, and
because of its resistance to detoxification mechanisms ,and absorption.
It was felt that if this drug maintained its slow absorption when
administered as a deep depot intra-muscular injection, that prolonged
blood levels would result, possibly for several months, sufficiently
high to be efficacious as a prophylactic.

Several trial suspettsions were prepared. M•icroscopic analysis.
conducted by Biodynamics Research Corp., Rockville, showed the material
to be extremely fricble. Rlectronmicrographs taken of dilute WR-33,063
aqueous suspensions showed the gross structure of the material to be
clumps of needle crystals, which readily shattered from the weight of
a coverslip. Therefore, micronization was expected to occur readily
from simple trituration. Using 0.25% and 0.51 gelatin as a suspending
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agent, several suspensions of 33,063 were made in concentrations
ranging from 2-1/2% to 10% by weight of drug. The fluidity,
viscosity, and physical stability of the products were all well within
acceptable partnteral ranges. Suspension was accomplished using

) No. 6133 11-mi plastic vials (Spex Industries, Inc.) one to three
3/16" steel balls, and the Spex Mixer/Mill, shaking the product in
the vial for 5 minutes, or until a uniform suspension was obtained.

Histopathologic toxicity studies have been started with the cooperation
of the Department of Experimental Pathology. A 15% w/w aqueous
suspension of WR-33,063 was prepared as described above using an
autoclaved vehicle composed of 0.5% Gelatin USP added to Normal
Saline Solution. The drug was assumed to be totally insoluble;
accordingly no colligative correction was made to maintain isotonicity.
Two mls of the above solution was injected into the left tbigh
(proximal) of three healthy adult rabbits. Two sls of the suspending
vehicle without drug was injected similarly into the right thigh as
a control. Afteh three days the animals were sacrificed, the six
thighs were disarticulated atid examined for histologic pathology.
Early reports indicate that while no damage was caused by the vehicle
alone, extensive necrosis was found around the drug injection sight.
Further studies are now in progress to prepare a formulation which
will produce no change in the tissues. After a safe formulation has
been obtained, drug toxicity, blood levels, and efficacy studies
will be initiated by this department.
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Project 3A061102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

S) Task 08, Physiology

Work Unit 075, Cell growth and regeneration

Investigators.
Principal: Andre D. Glinos, M.D.
Associate: James M. Vail, PhD; Edwin M. Bartos, PhD; Robert I. WerrIeis, M.S.

The Problem.

While a great number of clinical studies in man and experimental studies
in animals have revealed some of the factors influencing wound healing,
the essential determinants of this process continue to elude us: ve still
do not know what makes fibroblasts proliferate in the early stages of a
wound and what, at a later stage, causes these cells to stop dividing and
to begin the synthesis of collagen which is responsible for the tenaile
strength of the wound. As long as this ignorance persists we will be
essentially powerless to control the course of wound healing in the

injured soldier.

Approach.

The reason for this failure is the great complexity of the clinical situ-
ation in man and of the experimental situation in the intact aninal. To
overcome this difficulty by simplifying the experimental situation, a wll
defined in vitro culture system is- used in this department to study fibro-
blastic cell populations under normal and simulated trauma coaditions.
Details of the development of the system and of the finding that under the
proper conditions fibroblasts growing in v proceed from a logaithma e
growth phase characterized by a high rate of cell division and minimal
collagen kynthesis to a stationary phase characterised by minima• ell
division and a high rate of collagen synthesis, have been reported pre-
viously (Walter Reed Army Institute of Research Annual Progress Reports,
30 June 1967; 30 June 1968; Glinos, A.D. in Control of Orowth in the
Adult Organisms, Academic Press, London, 1967).

Results.

The evolution of the fibroblastic cells in this to itro model was thus
shown to parallel the maturation of a wound in thebW. In a further
search for the determinants of this evolution It was found that she iLhi-
bition of cell division was preceded by a decrease of the level of the
high mrgy compound adenosine triphosphate (ATP), an increase of the
level of cellular uridine diphosphate-l-acetylglucosmine (UDPM) awd
-galact•smine (UDPAOal), a aruked decrease of the partial pressure of
oyen in the medium of the culture and a decrease of the ellulr rem-
piration rate.

0
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The decrease of the ATP level originally demonstrated through the luci-
ferin luciferase enzymatic assay method was confirmed thrcugh column
anion exchange chromatography which also revealed an increased level
of uridine-N-acetylamino sugars associated with the effluent peak 3
from stationary phase cells (ibid.). Removal of the acetyl group by
stronger acid hydrolysis and separation on cation-exchange columns
showed that the major portion of the sugar moiety was a combination of
glucosomine and galactosamine, as shown in Figure 1, The volume of
elutant for a particular amino sugar was compared to that required for
the appearance of glucosamine, and the identity of the amino sugar de-
termined by its ratio and compared to published values. The separation
of deacetylated samples of N-acetylglucosamine and iI-acetylgalactosamine
yielded a ratio of 1.17 which compares favorably with the 1.20 value
given by Crumpton (Biochem. J., 72: 479-486, 1959) for the separation
of glucosamine from galactosmmine. Analysis of the sugar moiety from
peak 3 isolated from stationary phase cells showed that there were three
amino sugars present. Although the baseline shifted slightly from the
earlier standardization run, the ratio of 1.21 between the first and the
second peak indicates that the sugars are glucosamine and galactosamine,
respectively. The ratio of the small third peak to the first gave a
value of 1.34, which does not correspond to values for any common amino
sugar,

Integration of the curves and allowance for differences in the molar
extinction coefficient of the chromagen produced by glucosamine end
galactoesmine shoved that stationary phase cells contain approximately
62 per cent UDPAO, 31 per cent UDPAGal, and 7 per cent of the unident-
ified amino sugar,

A comparison of the chromatogram obtained from stationary phase cells
with that of a synthetically prepared nucleotide, nucleotide-sugar mix-
ture Is shown in Figure 2. Guanosine triphosphate (GTP) was used for
peak 5, in lieu of the unknown uridine compound. The uppermost elution
pattern hohs a stationary phase profile, obtained from a large quantity
of cells, with the usual six major peaks appearing. The use of a more
gradual HCl gradient permitted the resolution of the first peak into two
components, labeled 1 and lA. The occurrence of the N-acetylamino sugar
chromagen under peak 3 allowed the separation and quantification of
peak 3 (UDPAO/UDPAGal) from peak 4 (ATP). A linear relationship between
A260 and A585 existed on the left-hand side of peak 3, due to the absence
of interfering UV-absorbing substances, Because of this, the contribu-
tion of AO by peak 3 an the right-hand side was graphically determined
by mesurgA 585o The difference between total A260 at a given point
and the quantity coptributed by peak 3 alone was the amount due to peak 4.
The quantity of nucleotides under each peak was determined by integration
of the curves and a synthetic nucleotide mixture prepared for each peak
so as to imitate IAe upper chromatographic pattern. The nucleotide mix-
ture was treated in the exact manner as the cell pellet from the station-
say phase, ad it was chromatographed the same vwy, A comparison of the
tvo patters shohs that the profiles are quite similar. It appears that ()
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adenosine monophosphate (ANP) comprises peak 1A, rather than peak 1.
Adenosine diphosphate (ADP) corresponds to peak 2, UDPAG to peak 3,

•j GTP to peak 5, and uridine triphosphate (UTP) to peak 6.

Taking into account the per cent recovery obtained and quantitatively
__ comparing these and other relevant data, cells in the stationary phase

contain the following (in umoles x 10- 9 /cell): UDPAG/UDPAGal a 8.31
and ATP a 2.76.

These results indicate that during the transition from logarithmic growth
to the stationary phase, there is a reduction in the activity of pathwayL
leading toward synthesis of adenine nucleotides and a corresponding in-
crease in the synthesis of uridine-type compounds, so that uridine becomes
the major component of the nucleotide pool, replacingadenine nucleotides.
Although the basic cause of these changes which occur in the stationary
phase is at present unknown, the increased amounts of UDPAG/UDPAGal meas-
ured is considered significant because, in addition to correlating with
ATn decline, its appearance may be related to functional alterations in
cellular activity.

Sugar nucleotides are known to perform two major functions in the cell:
as rubstrates for enzymes that transform monosaccharides and as glycosyl
donors in the formation of complex saccharides (Ginsburg, V. Adv. Enzymol.,
26: 35-88, 1964). The finding that 2/3 of the labeled UDP-11-acetylhexos-
amine pool of HeLa cells is eventually secreted into the mediwu as polymers
containing amino sugars indicate that the UDPAG/UDPAGal pool in the L cell
is associated primarily with the latter function. Similarly, Dingle and
Webb (in: Cells and Tissues in Culture, Methods, Biology and Physiology,
Vol. I. E.N. Willmer (ed.), p. 353. Academic Press, London, 1965) have
reviewed several papers which show that fibroblasts maintained in tissue
culture are able to secrete chondroitins and hyaluroric acid-mucopoly-
saccharides which in part arise via UDPAG and UDPAGal.

A recent study (Kornfeld, S. and Ginsburg, V, Exp. Cell Rems, 41: 592-
600, 1966) has shown that UDPAG inhibits mammalian L-glutamine D-fructose
6 phosphate amidotransferase, the enzyme that catalyzes an initial step
in the synthesis of UDPAG, This negative feedback mechanism would seem
to imply that in most mammalian cells the pool size of UDPAG is well reg-
ulated. The maintenance of large quantities of UDPAO in the stationary
phase compared to the logarithmic phase therefore suggests that there is
an increase in the activity rather than a metabolic block in the pathway
leading toward production of mucoid products.

Among the environmental factors which could possibly account for the
decline of the level of cellular AT? in the stationary phase is the
availability of glucose and/or oxygen to the cells* As reported ear-
lier (Walter Reed Army Institute of Research, Annual Progress Reports
30 June 1967, 30 June 1968) the experimental results obtained eliminated
glucose as a possibility and suggested that a progressive decrease of

-' oxygen availability could indeed be involved in the induction of the
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stationary phase. In order to explore this possibility further, the
partial pressure of the oxygen dissolved into the medium and the rate
of cellular respiration were determined daily during the progression
of cultures from the logarithmic to the stationary phase.

Experimental cultures were set up in Eagle's spinner minimum essential
medium (sM) supplemented vith 10 per cent horse serum. Initial total
suspension volume and population density were 200 ml and 3,5 to 4,5 x 105
cells per milliliter respectively. The temperature of incubation was 350C
and the gas phase 5 per cent CO2 in air. The medium of the culture was
changed daily. The percentage of oxygen in the (as phase was determined
at +he beginning and the end of each 23 hour period, by using the incuba-
tion chamber previously described (Greer and Glinos, Fed. Proc. 231: 574,
1964) in association with a magnetic oxygen analyser. A membrane type
oxygen electrode was mounted on the cover of the incubation chamber and
polarized to a potential of T00 millivolts by a mercury battery driving
a voltage divider; the current generated by the electrode was measured
with an electrometer. After standardization in the gas phase on the
basis of the initial percent of oxygen determined with the magnetic
oxygen analyser, the electrode was lowered into the liquid medium and
the partial pressure of the dissolved oxygen measured. This procedure
could be repeated as many times as desired without restanderdization,
since exhaustive testing has shown the response of the electrode to be
linear with respect to P0 2 and stable from day to day, provided the
electrode is not continuously polarized.

The results obtained are shown in Figure 3, where the upper graph repre-
sents the population kinetics of a culture progressing from the logarith-
mic to the stationary phase. The partial pressure of oxygen dissolved
into the medium is shown in the lower rraph where solid lines represent
the changes observed within each 23 hour incubation period and broken
lines the restauration of the P02 to 140 mm Hg upon renewal of the cul-
ture medium at the beginninr of each day. The bers represent oxygen con-
siýption in ml x 10-10 / cell / minute, calculated on the basis of-the
difference of the oxygen present in the gas and liquid phases of the
culture at the beginning and the gad of each incubation oeriod, the
total number of cells present, and the time of incubation.

It can be seen that as the cell density increases the slope of the pO2
curve, within a given 23 hour incubation period, becomes progressively
steeper and the final pO2 level attained lower, Thus, on day 1, with a
population density of 5.3 x lO5 cells/ml, there was only a minimal de-
cline of the pO2 at two hours after medium renewal (second point of the
curve) and the lowest level reached at the end of 23 hours was 98 mg HR.
O day 12, on the other hand, with a population density of 9.8 x 100
cells / ml, the pO2 declined from 140 to 66 -m Hg within 2 hours after
mediun change end to 5 -m Hg vithin the next 4 hours, showing only minor
fluctuations for the remainder of the incubation period. In parallel
w1th the decline of the pO% of the medium there was also a decrease of (
the cellular respiration, the volume of oxygen consumed declining from
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0.95 ml x 10.10 / cell / minute for day 1, to 0.29 ml x 10-10 / cel /
minute for day 12, The decrease of the oxygen content of the gas phase,
due to cell respiration, was never more than 3 per cent within any 23
hour period. Accordingly, the rapid decline of the pO2 in the medium
must be ascribed to the inability of the diffusion of oxygen from the
gas phase to replace the oxygen consumed by the cells. This appeers
to lead to a decrease of the cellular respiratory rate which through
a decrease in oxidative phosphorylation could in turn be held account-
able for the low ATP levels characteristic of the stationary phase cul-
tures.

Discussion. Conclusions and Recommendations.

If proliferation of fibroblasts and production of ground substance and
collagen are considered to be the most essential part of wound healing,
the problem of the mechanisms involved may be stated in the form of the
following two questions:

First, what is the nature of the changes in the cellular envirorment
which following injury induce fibroblasts to proliferate and later signal
them to stop dividing and to begin the synthesis of specific macromole-
cules?

Second, what is the nature of the intracellular molecular inter-
actions which occur in response to the extracellular signals and result
in the early phase of DNA replication and cell division followed later
by the synthesis and secretion of specific macromolecules?

1. In regard to the first question our results up to now suggest that
cbanges ir the oxygen tension of t.he cellular environment may be one of
the signals involved, in the sense that high partial pressures of oxyen
wruld be associated with cell proliferation and low ones with collagen
and acid mucopolysaccharide formation. At this point it should be notedt

a. that, although molecular oxygen is needed for the hydroxylation
of proline, a key step in the synthesis of collaven, the rit for 02 of the
hydroxylase involved is only 2.6 volumes per cent. If compared with the
p02 recorded euring the stationarj phase (Figure 3) it can be seen that
collagen synthesis would not be expected to be limited by lack of oxygen
during this phase.

b. that the low pO2 values exhibited by the model during the ets-
tionary phase when collagen ti formed (cf. Figure 3) are within the
range characterizing intercapillary areas In the tissues of the Intact
animal. In contrast, the pO2 values recorded during logarithmic growth
of the model cell population are found in the intact animal only directly
above the capillaries, the pO2 gradient between a capillary and the area

i)• adjacent to it being very steep. (Silver, L.A. In Oxygen M.easurements
in Blood and Tissuaes, J.A. Churchill Ltd, London, 1966; Mo.8. M~etro
Blol. EAgin. 3: 377, 1965)
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c. that in addition to being exposed to atmospheric oxygen, a wound
shows an initial profuse ingrovth of new capillaries and that later vhen
fibroplasia begins, most of these neo capillaries regress.

d. that clinically, excessive fibroplasia has been frequently asso-
eiated with hypoxia.

e. that work at the University of Cambridge, England, undertaken at
the suggestion of this department, has shown that in transparent chambers
implanted in the ears of rabbits, fibroblast proliferation occurs only in
areas of high oxygen tension associated with the advancing capillaries

while deposition of collagen fibers occurs in stabilized areas where no
cell division can be seen (cf. US Army Contract No. DAJA37-69-C-1169,
Dr. I. A. Silver).

On the basis of the above it can be stated that the association of high
oxygen tensions with fibroblast proliferation and of low oxygen tensions
with synthesis of collagen suggested by experiments involving a cell
culture model are consistent with clinical observations in man and exper- I
imental observations in the animal.

To test the validity of this concept further, it is proposed to subject
a low density logarithmically growing culture to partial pressures of
oxygen comparable to the ones recorded in Figure 3. In case oxygen
tension is indeed one of the environmental factors controlli:g the evol-
ution of the model, this should result in a decrease of the respiratory
rate of the cells, decrease of the cellular ATP level, inhibition of cell
division, increase of the cellular UDPAG and UDPAfal level and increased
collagen synthesis. It is also proposed to study the possibility that
other mstabolýtes from the medium or substances released from the cells
are involved in the induction of the stationary phase.

2. In regard to the second question concerninC the intracellular mole-
cular interactions responsible for the Initiation of cell division in
the early phase of the wound, follovvd later by a shift of the metabolic
activity of the cells to the synthesis of specific macromolecules, our
results suggest the possibility of an inverse relationship between the

amerg metabolism of the cells and the synthesis of collagen and acid
mucpolonoaccharzdes At this point it should be noted that:

a. the suggested inverse relationship between energy metabolism
and the "thesis of differentiated products is consistent with observ-
atlcas oa bacteria, slim, molds and ftagi, where withdrawal of energy
soces ftcm the environment or blodkage of a step in the Krebs cycle
leads to arrest of growth and to the biosynthesis of differentiated
proftcte such as the insoluble cellulose polysaccharide complex of the
cell vall. This type of molecular Interaction has been shown to be
meiatd thromo the depletio or accumulation of intermediates which in
gdltloa to their role in energy metabolism are also participating in
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biosynthetic reactions either as substrates or as regulrtors of the
activity of key enzymes. (Atkinson, D.E., Science 150: 851, 1965;

) Wright, B. et al. Science 153: 830, 1906, and P.N.A.S. 60: 644, 1968;
Smith, J.E. and Galbraith, J.C. New Scientist 41: 334, 1969.)

- b. the data from our cell culture model suggesting an inverse rela-
tionship between energy metabolism and the synthesis of differentiated
products cannot be compared with data obtained in wounds or in other
cell and tissue culture experiments involving mammalian fibroblasts as
this is the first time that such data were obtained. These data are,
however, consistent with observations on cultures growing on glass in
the sense that in both cases synthesis of collagen occurs in the station-
ary phase (Green, H. and Goldberg, B. Nature 200: 1097, 1963).

c. the suggested inverse relationship between energy metabolism and
the synthesis of differentiated products is at the present time based om
the observed sequence of appearance of a number of terminal events mani-
feasted by the cell cultures as they progress from the logarithmic to the
stationary phase. These events are: decrease of cellular oxygen uptake,
decrease of the cellular ATP level, decrease of mitosis, and increase of
the cellular levels of hydroxyproline, UDPAG and UDPAGal. These events
are considered terminal because they are the end result of changed mtet-
bolic reaction rates which in turn are controlled (1) at the level of
enzyme activity (this includes substrate levels as well as effectors and
inhibitors), (2) at the level of the translation of the nucleotide se-
quence of RNA messengers to the aminoacid sequence of proteins, and (3)
at the level of the transcription of the nueleotide sequence of Qhe
genetic DNA onto the RNA messengers. The suggested inverse relation-
ship between energy metabolism and the synthesis of collagen and acid
mucopolysaccharides may therefore be visualized as resulting from mole-
cular interactions occurring at any of these three levels of control,
with intermediates having multiple functions playing a key role,, as
described In per& a, above.

Accordingly, in order to test the validity of the concept of an inverse -:

relation between energy metabolism and the synthesis of collagen and
acid mucopolyeatcharides,, it Is proposed to undertake, a systematic Invest-
igation of the metabolic reaction rates involved and their coetrol at the
three levels previously described. It is proposed to beein this Invest-
igation by using radioactive labelled precursors to study the rates of
the oxidation of glucose and of oxidative pboephoryletion in parallel
with the rates of the synthesis of collagean, of glucosamine and g •ee-,cto
mine and of the adenine and uridLne nucleotides, in cultures progreesag
from the logarithmic to the stationaw phase.
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•< ) Task 08, Physiology

Work Unit 075, Cell growth and regeneration
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3 M(U)orphological and physiological analysis of the primate and subprimate CNS
irects mainly toward delineation of longitudinal systems. An analysis of structures
tapplied by the autonomic nervous system in regard to method of CHS control. An analysis
f the effects of stress on autonomic control mechanisms.

24. (U) Determinition of CHS pathways and terminations in various primates and sub-
primates by histological and histochemical techniques following appropriaýe surgical
lesions. Use of radioautographic methods for determination of cellular actility.
Rcording and analysis, utilizing computer techniques, of the cardiovascular response
to controlled hemorrhagic shock in awake chronic monkeys. Recording and analysis of
ingle cell in the CKS and their relationship to other physiological events.

25. (0) 69 01 - 69 06 New information on the organization of corticofugal systems has
en obtained. Neuroanatomical correlates of stress are under study. Construction of
electron microscopic laboratory is uear completion. Instrumentation for determining

lood flow and cardiac output has been tested and integrated into the hemorrhagic shock
tudies. Detailed analysis of US control of physiologicel, eodocrinological, and behav-
SObl responses in this model continue. UIS control of liver metabolism is under study.

"npoted visceral somatic interactions have been found in the spinal cord. Autonomic
dsemaic responses to increased intracranial and intraspinal pressure are being stud-

* Uihmaps in reaction time during phases of the cardiac cycle have been found.
la of CO control of bladder function are being established. An experimental method

contiolling limb pain is being tested. Several special purpose electronic devices
itbeen designed and fabricated, for technical reports, see Welter Reed Army Institutej

A Research Annual Progress Report, I Jul 68-30 Jun 69.
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Project 3AO61102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

k-) Task 08, Physiology

Work Unit 076, Analysis of behavior and of mediating mechanisms:
) Anatomic and electrophysiological factors

Investigators. ,:
Principal: David L. Winter, M.D.
Associates: CPT John C. Adkins, MC; MAJ Robert D. Cardiff, MC;

CPT John J. Dropp, MSC; CPT Howard L. Fields, MC;
MAJ John C. Hedreen, MC; William Hodos, Ph.D.;
CPT Michael L. Katz, VC; MAJ Glenn A. Meyer, MC;
1LT Lloyd D. Partridge, MSC; James M. Petras, Ph.D.;
Andrew T. Pryzbylik, EE; Maurice E. T. Swinnen, EE;
MAJ William G. Troyer, Jr., MC

Description.

1. The general object of this subtask is the analysis of neural
mechanisms mediating behavior. The specific type of behavior under
study is the response to stress. The experimental approaches which
have been followed are of two types: 1) Studies utilizing the
specialized techniques from the disciplines of anatomy, physiology,
experimental psychology and endocrinology and 2) Studies of an inter-
disciplinary nature utiliztng techniques from several fields simul-
taneously. An attempt has been made to pursue both the general and
the specific aspects of behavioral mechanisms. Some aspects of the
response to stress can be studied in greatest detail within one
specific discipline using the classical methods of the discipline.
The questions which have been asked are clearly defined, narrow in
scope and well suited to solution by available techniques. However,
many aspects of the response to stress do not lend themselves to
study in this manner. The questions to be answered are not particu-
larly well defined because there is not enough information available
to formulate them in an ideal fashion. These aspects of behavior
can be studied only when the classical approaches are extended and
combined with techniques from other disciplines. Considerable effort
has been put into interdisciplinary approaches to specific behavioral
responses. From these studies new concepts and hypotheses have
emerged which subsequently have been looked at in far greater detail
with specific techniques. Thus the constant interplay between the
general and the specific, the single and multidisciplinary project
has formed the backbone of the approach used in this subtask.

2. It is convenient to divide the response to stress into some of its
) components, not only to facilitate presentation in this report but

also because this breakdown allows some insights into the mechanisms
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involved, and illustrates further our approach to understanding
these mechanisms. We will consider four interrelated areas of
study: Studies on transduction mechanisms, studies-on integration

mechanisms, studies on perception mechanisms and studies on response
or effector mechanisms. Clearly the behavioral response to stress
involves each of these mechanisms.

Progress.

1. Studies on Transducer Mechanisms. The first event in the com-
plicated chain of activities leading to a response is the conversion
of the energy in the stress stimulus into neural energy or neural
activity. This conversion or transduction takes place in sensory
receptors which subsequently relay this information to the central
nervous system.1

a. Prhsiologic identification of sensory receptors in the
adrenal land. As reported last year, three types of sensory recep-
tors ave en identified in the adrenal gland: 1) Mechanoreceptors,
which respond to distentions of the gland capsule and parenchyma,
2) Baroreceptors, which respon- to changes in arterial blood pres-
sure, and 3) Chemosensittve receptors, which respond to changes in
blood levels of epinephrine or norepinephrine. Additional charac-
terization of these receptors indicates that the mechanoreceptors
are highly phasic, rapidly adapting units which fire only during
the stimulus. The baroreceptors are also phasic, rapidly adapting
units, but since the firing threshold for many of them is exceeded ¶
by normal blood pressure levels, they fire continuously in synchrony
with blood pressure changes. Severe reduction of blood pressure
is followed by cessation of activity in these units. The chemo-
sensitive receptors are tonically active, slowly firing units.
Elevations of catecholamines cause a decrease or cessation in their
firing.

b. Physiologic and anatomic identification of urinary bladder
afferents. Identification and characterization of tension receptors
in the urinary bladder has continued. Afferents have been identified
in both the nerves of the pelvic plexus and in the hypogastric
nerve. Conduction velocity studies indicate that the afferents
are in the small nyelinated and unnmyelinated fiber range. Initial
observations of these nerves using electron microscopy indicates
an unsuspected large proportion of unmyelinated fibers. The function
of these fibers is under study.

c. Distribution of afferent terminals in the sginal cord.
Anatomic itouies navw 4,t.nued in an effort to define the termi-
nhtions of sensory fibers in the spinal cord. Of particular interest
is the interaction of sensory afferents and nuclear groups of the )
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autonomic nervous system. Since we have clearly demonstratedi that the bineuronal arc between a sensory fiber and an autonomic
efferent, as illustrated in every neuroanatomy and neurophysiology
textbook, does not exist, we are trying to work out the more compli-
cated pathways which must be present.

2. Studies on central nervous system integration. The central
nervous system can be. considered to contatn a relatively few
number of afferent fibers, a relatively few number of efferent
fibers and an overwhelming number of inteneurons. It is within
this vast interneuronal pool that the integrative aspects of'behavior
take place. The following studies pertain to isolated portions of
this pool.

a. Neurophysiologic studies of spinal cord integration. The
electrical activity of single cells in the spinal cord is being
studied with intracellular microelectrodes. Of particular interest
is the discovery of a uarge group of cells which show marked con-
vergence of somatic and visceral stimuli. These cells have complex
receptive fields and may respond to stimulation of several viscera
(i.e., gall bladder, stoemch, urinary bladder, large intestine)
and to stimulation of skin surfaces of one or more extremities.
Combinations of excitation and inhibition from these various loca-
tions have been found. These interactions have not been previously
thought to occur in the spinal cord and have been considered to
be "higher" CNS functions. Of unique interest is the finding of
some cells which respond both to skin stimulation and to stimulation
of a viscus immediately beneath it in the abdominal cavity. Such
units have been postulated, but never described, in one respected
theory of referred pain.

b. Descending connections of the neocortex. The main emphasis
of this anatomical study had been to detemi-ne the subcortlcal
targets for projections from the precentral (motor), postcentral
(sensory) and parietal gyri in a series of primates. Particular
attention has been given to delineating pathways to the thalamus,
subthalamic region, mesencephalon, basal ganglia and hypothalamuE.

c. Corticofugal connections to autonomic and somatic motor
cell groups In the spinal cord. A comparative study of cortico-
spinal projections has been continued in several species of primates
and carnivores. Of special interest has been the connections be-
tween the motor cortex and the anatomic and somatic motor neuron
groups in the spinal cord.

0
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d. Forebrain afferents from midbrain and pons. Experimental
anatomical work on the important midbrain projections to the fore- • )
brain has continued. Unsuspected projections have been found
from the substantia nigra to the caudate and putamen, and also
from an area near the interpeduncular nucleus to the region of )
the cingulate cortex via the septum and around the genu of the
corpus callosum.

e. Hypothalamic connections in the primate. Work on hypo-
thalamic projections has continued. The medial hypothalamus has
been found to project only to the lateral hypothalamus and to mid-
line thalamus. The lateral hypothalamus, however, has been found
to project forward to the lateral preoptic area and caudally to
the midbrain tegmentum.

3. Studies on perception mechanisms. Following the transduction
of a stimulus from the environment into neural activity and the
integration of this activity by the central nervous system, there
is a point at which this stimulus enters the organism's awareness.
For integrative responses, other than simple reflex responses, the
perception of the stimulus is important in detemining the nature
of the response to this stimulus. Using psychophysical techniques,
it is possible to study the mechanisms (anatomic substrate, physio-
logical components) of perception in both its quantitative and quali-
tative aspects.

a. Mechanisms of visual perception. Studies have continued
on the nature of the visual pathways and visual behavior in the
avian brain. These species have proven to be particularly useful
because of the acutely developed visual abilities and the ease
of accessibility to some anatomic structures as compared to the
mammalian brain. Two distinct ascending visual systems have been
found. One which goes from the retina to optic tectum, to nucleus
rotundus thalami and to ectostriatum of the telencephalon. This
avian pathway seems similar to the mammalian retina-superior colli-
culuslat post thalamus-circumstriate cortex pathway. The second
-pathway goes from retina to principal optic nucleus of the thalamus
to a specific zone of granule cells in the Wulst region of the
7telencephalen. This pathway is similar to the mammalian geniculo-
striate system.

Psychophysical studies have shown that lesions in the first
"mentioned system produce deficits in visual discrimination perform-
ance based on intensity, pattern or color. Lesions in the second
system seem to produce deficits in visual discrimination performance
"based on minimal separable acuity and minimal detectable differences
"in flash rate. Lesions to both system always produce more profound
"deficits than lesions to one system alone. These studies represent

-aunique approach to establishing structural-functional relation-
"• .. ships in the brain.
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i)• b. Optic projections in mammals. A re-examination of mammalian
visual projections following enucleatton was undertaken as a result
of the findings in the avian brain. Previously unreported findings
have appeared such as: 1) Terminal degeneration in the upper two
layers of the superior colliculus; 2) Sparse degeneration of axons
in the external medullary lamina of the thalamus near the lateral
geniculate nucleus; and 3) An lpsilp.teral projection to a layer in
the middle of lamine B in the lateral geniculate, previously thought
to receive only contralateral input.

c. Mechanisms of auditory perception. A parallel series of
studies have been undertaken to determine auditory pathways and
auditory behavior in the avain brain. The same basic approach of
combining experimental anatomic and behavioral techniques is being
employed to work out those structures and connections necessary
for the integration of stimuli necessary for the perception of
auditory infon-mation.

d. Neurophysiologic aspects of huma pain perception. A
neurophysiologic theory of pain mechanisms has recently een pro-
posed. This theory postulates that in the spinal cord, large fiber
afferents which mediate skin proprioceptive sensibility and small
fiber efferents which are supposed to mediate pain sensibility
interact. This theory suggests that large fiber activity may
"gate" small fiber activity and possibly control its in put to the
cord and its subsequent perception. A pilot study has been carried
out utilizing transcutaneous electrical stimulation of superficial
nerves in patients with pain problems of the causalgia type. Since
large diameter neurons are electrically excitable at lower level
thresholds than the smaller diameter neurons, it is possible to
selectively activate these fibers. In those few patients thus far
studied, there has been significant relief of pain during and up
to two or three hours following several minutes of large fiber
stimulation. A more comprehensive study is being formulated now
to investigate these mechanisms further and to attempt a quantitatton
of the apparent pain relief.

e. Dorsal Root Terminal Fibers in the SubstimtiatG lttnos&.
The substtia a gelatinosa of the spinal cord hs ben lmp lcited
neurophysiological experiments as a nucleus in the central pttwey
related to pain. This is a suggested area of large and saill fiber
interactions. An anatomical study has. attempted to define in
detail the relationships of afferent fibers in this region. Several
recent modifications of anatomical techniques have been utilized
in this study.

oi~
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4. Studies9 efferent or response mechanisms. In this series S
of studlies, e variables being measured are functions of the
response mchanisms of the organism. These response characteris-
tics represent the end result of all the preceding types of !
activity and define the behavior of which the organism is capable. V

a. Somatic and autonomic responses to intracranial or
ntrasptna~l pressure. Increased intracranial or intraspTnal)

pressure evokes a cardiovasculair response which elevates the
blood pressure to exceed the imposed pressure. As reported last
year, our studies have indicated that the thoracic spinal cord
is largely responsible for these reflex adjustments. By elevating
the spinal subarachnoid pressure, a response pattern is seen which
closely resembles that seen in the Cushing Reflex. Besides the
autonomic responses, changes in reflex excitability of the somato-
motor pathways have been observed. Detailed examination of these
effects using neurophysiological techniques has indicated major
differences in the time course and sign of autonomic and somato-
motor responses. Recent experiments have, for the first time,
demonstrated synchronous firing of autonomic preganglionic fibers
with Traube-Herring or Mayer waves in the blood pressure.

b. Characterization of urinary bladder efferents. Work is
progressing on the characterization of efferents to the urinary
blalddr and the relationship of efferent activity to afferent
stimulation. Efferents in both the hypogastric and pelvic nerves
have been characterized and conduction velocities determined.
Both tonic and phasic units have been found in normal cats. In
a few animals studied with chronic spinal cord sections, an
apparent absence of phasic efferent unit firing has been noted.
Work is continuing in order to substantiate these findings and
to examine the mechanisms operating in both the normal and chronic
cord sectioned animals.

C. Aut Ic responses in hemorrhagic shock. The effectsof slw an s progression towards shock are being
studied in chronic, extensively instrumented monkeys. The basic
amn of this study is to determine the mechanisms and sequences
of breakdown of the normal homeostatic autonomic reflexes in-
volved In the maintenance of blood pressure and blood flow. As
reported last year a reproducible model of this form of shock
has been established and the natural history of the blood pressure
changes has been determined. During the past year extensive
redesign of the digital data acquisition system was undertaken to
allow or the integration of blood flow data into the system.
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SIt had become quite evident that blood pressure measures had to
be supplemented by blood flow determinations. Our present studies
are attempting to study regional as well as systemic flows and
the neural mechanisms responsible for their control.

d. Biochemical concomitants of hemorrhagic shock. Blood
samples taken prior to and during the hemorrhagic procedure are
studied for changes in such variables as EPI, NIE, 170H and 17KS,
blood sugar, insulin and growth hormone. The time course of
changes in these variables, especially EPI and NE, is under
study as are the possible mechanisms which stimulate their
release. An additional group of determinations has been set
up to study liver metabolites during hemorrhage. Recent experi-
ments have suggested a neural role in liver metabolism and the
hemorrhage model may offer some insight into this possibility.

e. Effect of physiological state on glucose metabolism.
The establishment of baseline data on glucose metabolism in the
liver is a prerequisite to studies on possible neural control.
A technique is available, for the first time, to study liver blood
flow in the conscious dog. Studies are in progress to assess the
handling of the glucogenic metabolites pyruvate, lactate, glycerol
and aloha amino nitrogen by the liver in the fasted, fed and post-
absorptive dog. In this way, It should be possible to assess
the relative importance of these glucogenic metabolites contained
in the blood in relation to the normal sources of glucose produced
in the liver.

f. Chanoes in autonomic ganglia following behavioral stress.
An autoradiographic study of the superior cervical and coellac
ganglia is being performed on behaviorally stressed rats. Follow-
ing exposure to unpredictable electric shock, the stressed animals
show markedly increased numbers of proliferating glial cells and
increased numbers of binucleated neurons in these ganglia. Of
%pecial interest is the finding of neuron nuclei labeled with

.T-Thytdtne. The time course of this response is being worked
out as well as the duration of stress needed to evoke such a
response.

g. Cha nes in reaction time deurtn: the cardiac cycle. This
study has bee designed to dete-rmirne if ute motor responsze to an
external stimulus is modified by ongoing autonmic activity such
as the cardiac cycle. Monkeys have been trained to release a
lever in response to a tone which is triggered at various phases
of the cardiac cycle. This response has been found to take place

2)
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significantly faster during diastole than elsewhere in the cycle.
Of particular interest is the observation that this facilitation 4-)
effect has a time course suggestive of learning. The mechanisms
responsible for such interoceptive learning are under study.

h. EEG Changes in Uremia. In conjunction with studies in
the Division of Medicine, an attempt has been made to developk-
simple method of quantitating EEG activity in monkeys undergoing
experimental procedures producing acute and chronic uremic states.
A very close correlation has been found, in the initial animals
studied, between changes in electrical activity of the brain and
chemical indicators of depressed kidney function.

5. Technical Develoopmnts.

a. Experimental.

(1) A new laboratory of electron microscopy has been
built in the Department. The electron microscope has been in-
stalled and should be completely functional in a few months.
Most major support items have been installed, although some are
still on order. The training of support personnel is in progress.

(2) An autoradiographic neuroanatomical tracing tech-
nique is under development. This involves the axonal transport
and subsequent identification of 3H-Leucine following injection
into neural tracts.

(3) An automated method has been designed and set up
for the differential determination of urinary catecholamines.
This procedure has increased threefold the number of determina-
tions possible with a 50% increase in precision.

b. Electronic.

(1) Controlled temperature bath. A servo system to
maintain water at a constant temperature.

(2) Staircase generator. A device to move the horizontal
beam to successively higher levels on a storage oscilloscope.

(3) Respiration monitor. A transducer to measure
respirations.

(4) Paper speed control system. A programmed system to
remotely control paper speed on an 8-channel Sanborn recorder.
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0) (5) Cardlo tachometer. An improved model to be used
with the Offner Polygraph Whch has an expanded scale.

(6) FPeueny and period counter. A device to measure
the frequency or period of cyclic events.

(7) Cardiac kacemaker. An instrument which permits a
frequency-modulated pacing of the heart.

(8) EEG preamplifier. A special purpose 8-channel EEG
amplifier system mWifchcan be mounted close to subject.

(9) Tone stimulation panels. A system to present tone
signals to experl'mental animals.

(10) ENG intearator. A device that will integrate the
area under the curve of any ERG or periodic signal.

(11) Blood pressure digitizer. An instrument which deter-
mines maxima and minima of blood pressure and digitizes the mean
values over time.

(12) Photo-electric pigeon key. A special photo-electric
key to be used in the initial training of pigeons.

(13) Logic pattern generator. An instrument that presents
a predetermined audio pattern to the experimental antial.

(14) Tape reader control unit. A control device to faci-
litate use of a Tally Tape reader.

(15) Pulse former. Pulse formers to be used in conjunction
with SODECO parallel-entry electro-mechanical counter printers.

Summary and Conclusions.

The organism's response to stress has been studied using a variety
of experimental approachesu Particular emphasis has been given
to the role of the autonomic nervous system in mediating these
responses. Morphological studies have been directed towards the
delineation of longitudinal systems interrelating successive levels
of central nervous system organization and control. Physiological
studies have covered problems in transducer mechanisms, integration
mechanism and effector or response mechanisms. And also, inter-
disciplinary studies have been directed towards establishing func-
tional properties of neuronal aggregates and their relationships
to behavior, endocrine release and central control of peripheral
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res ses. A new definition of the autonomic nervous system from
botrananatomical and a physiological viewpoint is clearly
emerging from these studies. The role of this system in homeo-
static reflexes and the ability for discrete as well as general
actions are new concepts. The control of biochemical and endo-
crinological responses by the anatomic nervous system is emerging
as an extremely important and unsuspected finding. Several of
the listed projects were accompanied and facilitated by new
developments in technical instrumentation.

82
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23. (U) Principal objective Is to study central integrating mechanisms which control
and coordinate visceral and metabolic functions. Understanding such mechanim is
essential to the understanding of bodily reactions to environment and stress, both
psychological and physical, and of basic concern as an objective approach In psychoso-
matia medLcine.

24. (U) This Involves measurment of plasm -%d urinary bowmne levels in monkeys and
humans in a variety of acute and chronic stress situations, with ephasis on the concep
developed by our earlier works that we must viev changes in broad, overall hormonal pat
terns or balance, rather than in single endocrine eystmea as ma previously customary
in the stress field.

25. (U) 69 01 - 69 06 Study of the organitstion of multiple endocrine responses to
various physical stimali such as heat, cold, hypoxia, infusion of organic substrates is
being continued. In an effort to increase the pace of this uork, neotiations are in
process vith CL Jones at Natick with a view to Initiating collaborative research proj-
ects on heat, cold, and *ae*oie this fall. A pilot psychoendocrine study of five
extremely oboes patients before, during, and after a period of marked weiSht reduction
has been initiated in collaboration with Dr. Jules Hirsch at the Nockefoller University
Medical Center. txperiments are continuing also in efforts to build an adequate series
with regard to hoonal responses to electrical stimulation of selected brain areas,
and hormonal respbnese to wntional stisiuli following adrenalectoumy and/or gonadectomy.

SFor technical reports, see Valter Reed Army Institute of Research Annual Progress
Report, I Jul 68-30 Jun 69.
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Project 3AO61102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 0
Task 08, Physiology

Work Unit 077, Analysis of behavior and of mediating mechanisms: 0
Neuroendocrinological factors

Investigators.
Principal: John W. Mason, M.D.; COL Joseph V. Brady, MSC
Associate: CPT Albert L. Ehle, MC; CPT Marvin S. Wool, MC;

Robert M. Rose, M.D.; Edward H. Mougey, M.S.;
Frances E. Wherry, A.B.; David R. Collins, B.S.;
Elizabeth D. Taylor, M.S.; Percy T. Ricketts, B.S.;
Norman Krasnegor, M.S.

Description.

This program is concerned with the role of the central nervous
system in the co-ordination of endocrine regulation. Instead of
the conventional study of single endocrine systems in isolation,
multiple endocrine systems are studied concurrently so that the
overall balance between the many interdependent hormones may be
investigated. In recent years we have learned that various forms
of psychological and physical "stress" elicit broadly organized
patterns of hormonal response involving many hormones in addition
to those of the adrenal systems. A major goal is to define con-
clusively these distinctive "overall" hormonal response patterns
for various stressful stimuli, incluiing psychological stimuli,
cold, heat, hypoxia, fasting, exerciie, hemorrhage, dehydration,
trama, infection, and varioub nutrizional changes. A substantial
am•unt of work on the development of new and improved hormone
assay procedures, as wall as some basic studies of endocrine
physiology, have been continued in order to provide the necessary
methodological foundation for this stress research program. Some
new lines of approach in the study of psychosomatic illnesies and
in the study of social factor, in psychoendocrine development have
been explored during the past year.

I. Homonal Balance in otLonal Stress.

a. Monkey Studies.

(1) Acute b-otional Disturbances. An extensive monograph,
representing a review of the current status of the peychoendocrine
field along with a large body of our stress research data was pub-
lished as a supplement to the September-October 1966 issue of
Prcyoeoosdftic Medicinep A companion series of pmychoendocrip e ex-
percments defining the pattern of omanieation of multiple endocrine-
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response to restraining chair adaptation has been completed during
the past year, and this work is being prepared for publication.

Newly available radioimmunoassay methods have made it possible
recently to obtain new information on psychological influences on
plasma glucagon and thyrotropin (TSH) levels in monkeys. Prelimi-
mary experiments indicate that small but consistent elevations in
plasma TSH and glucagon levels are associated with both conditioned
avoidance and chair adaptation in the monkey. Additional experi-
ments have been performed in the study of hormonal responses to
conditioned avoidance in the adrenalectomized monkey. Preliminary
indications are that the non-adrenal hormonal responses persist
but may be modified in some instances, such as with the growth
hormone, which appears to be exaggerated following adrenalectomy.

(2) Developmental and Social Factors. Studies on mother-
infant interactions, controlled-environment developmental studies,
and social hierarchy studies have been transferred within the past
year largely to the Department of Psychiatry under the direction
of Dr. Rose. Transfer of this work will make possible a greater
emphasis on current research on physical stress within our Department.

2. Hormonal Balance in Physical Stress.

a. Fasting. With additional recent experiments a series has
now been completed on the effects of fasting on multiple endocrine
systems in the monkey. When careful measures were taken to minimize
psychological reactions to the fasting situation, no 17-OHCS re-
sponse was observed. Elevations were observed, however, in growth
hormone, epinephrine, and thyroxine levels, with depression in the
levels of norepinephrine, insulin and testosterone.

b. Heat., Effort on heat experiments in the monkey has been
diminished since CPT Poe's departure and because the constant tem-
perature chamber has been devoted to cold studies. New fac-lities
to pursue this work in the monkey are being prepared. Pilot studies
here have shown that heat is not a "stressor" to the adrenal gland
if psychological factors are minimized.

c. Cold. CPT Ehle has initiated new experiments on hormonal
response patterns to cold in the monkey and appears to lhve elimi-
nated a ventilation problem in the constant temperature chamber
which is believed to have been a problem in earlier experiments. I A.

At. Arainine Infusion. It has been discovered this past year
that arginine infusion elevates testosterone levels in the monkey.
as well as insulin and growth hormone levels as was prevtously
known. At present, a series of experiments is under way to deter-
mine other hormonal responses to amino acid infusion and other
humoral stimuli.
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Through CDL LeeRoy Jones of the Army Environmental Medicine 0
Research Institute at Natick, Massachusetts, plans are presently
being made to initiate collaborative studies in human subjects
of physical stresses such as heat, cold, exercise and hypoxia
later this year.

3. Hormonal Balance in M.edical Illness.

a. Respiratory Infection. New findings have emerged from
further analysis of hormonal data from o-ir study of basic trainees
at Ft. Dix in relation to respiratory infections. Two-dimensional
analyses of the frequency of extremely high or extremely low
17-OHM , etiocholanolone, androsterone and thyroxine levels during
the pre-illness period indicate a significantly higher percentage
of extreme values in the pre-illness group than in a control
group. While our number of subjects is relatively small, it is
felt that these and other findings of hormonal changes prior to
onset of respiratory infections merit publication and priority
will be given to preparation of a manuscript reporting this work.

b. Obesity. A collaborative study of obese patients has been
Initiated with Dr. Jules Hirsch of the Rockefeller University
Medical Center. '1)verall" hormonal balance in five extremely obese
subjects is being studied before, during, and after weight reduc-
tion on a 600-calorie diet. Preliminary findings are most inter-
easting and provocative, particularly with regard to indications in
two subjects that anabolic hormones may paradoxically rise during
periods of stress, in contrast to what happens in most normal human
subjects and monkeys.

It has also been observed that I7-ORiS, epinephrine, norepineph-
rine, and testosterone levels tend to fall during the weight
reduction period. Samples are currently being collected on the
fourth and final low-weight maintenance period. This study repre-
sents part of a continuing search for a disease model which may
serve as a striking azmple of how the peychoendocrine approach
linked with a broad assessment of "overall" homonal balance may
be applied to the study of certain medical illnesses.

4. biochemical Methodolon and Indocrine Physiology.

Substantial progress in this area has been made this year. With
regard to radioimunoasays, Mrs. Wherry has fully validated a new
method for plasm ISO meseurment in the monkey, and physiological
studies including thyroidectomy and thyroxine injection experiments
have confirmed its validity. This is the first method reported for
assay of ISM in the monkey. Further studies with the plamas
glucagon method also have added support to its validity in the
monkey.
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A semi-automated method for urinary epinephrine and norepinephrine
~ ) analyses has been set up and validated fully this year under

KAY Troyer's guidance. This method more than doubles our previous
output of catecholamine analyses.

Evaluation of a urinary cortisol method, using the competitive
protein-binding principle indicated that this method is not reli-
able with only crude urinary extraction and work on this method
has been discontinued.

A method for the measurement of free thyroxine has; been developed
by Mr. Nougey and is currently being evaluated. Indications are
that the free thyroxine level may be a more sensitive and useful
measurement of thyroid activity than the PBI or BEI determination.

Suimmary and Conclusions.

Further support for two major concepts in the stress field con-
tinues to emerge from our studies.

First, our studies indicate that the "stress" field must begin to
move away from a preoccupation with tthe adrenal systems alone to
a consideration of the many other hormonal changes which appear
to be organized distinctively in a broad, overall manner for dIf-
ferent psychological and physical stimuli. Further study of broad
patterns of hormonal change seems likely to uncover some Important
basic principles of physiological co-ordination or integration*

Secondly, it appears that the entire field of "stress" theory iso
thrown into confusion by the new findings that the adrenal re-
sponse to marty "physical" stimuli is probably spurious and
actually related to contaminating psychological reactions involv-
Ing emotional arousal, discomfort or pain rather than the physical
stimulus Itself. It is imperative, therefore, that a painstaking
re-evaluation of the many different "physical stresses' be carried
out with close attention to minimizing and asssesing possible
interfering psychological factors..
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Project 3A061102B71P, BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE

Task 09, Radiobiology

Work Unit 015, Mechanisms

Investigators.
Principal: LTC Dorsey T. Mahin, MC
Associate: B. G. Bass, B.S.; A. R. Berman, B.S.; E. S. Copeland,

Ph.D.; W. N. Crofford, M.S.; M. H. Davis, B.S.; MAJ
J. E. Del Favero, VC; CPT R. M.. Donati, MC; CPT E. C.
Friedberg, MC; MAJ H. B. Gardner; MC; LTC D. M.
Ginsberg, MSC; CPT R. B. Hawkins, MSC; H. J. Jervis,
D. Sc.(Dept Exp Path); LTC M. C. Johnson, MC; M. M.
Hill (McLaughlin), M.S.; MAJ T. L. Pitchford, MSC;
E. C. Richardson, M.S.; COL H. Sprinz, MC (Dept Exp
Path); LTC LW. R. Stromberg, MC; LTC H. M. Swartz, MC.

Description.

Comprehensive knowledge of the biochemical and physiological basis
of radiation injury in humans and other mammals is necessary for the
recognition and understanding of the clinical and pathological manifes-
tations of radiation injury, and for the development of effective pro-
phylactic and therapeutic measures. Therefore, the objective of this
work unit is to define the biochemical and physiological mechanisms by
which ionizing radiation affects living organisms, submammallan and
mammalian, at the levels of physicochemical, molecular and cellular,
tissues, organs, and whole organisms. Research efforts under this work
unit include:

1. Physicochemical studies of radiation injury.

Electron spin resonance techniques are being used in the detection,
measurement, and evaluation of physicochemical parameters of radiation
injury. Included in these studies are Investigations of effects of
various radiation response modifiers on metabolism in tissue from normal
and irradiated animals.

2. Molecular and cellular biology of radiation injury.

The objective of this work is to identify and measure specific
kinds of ionizing radiation damage to blomacromolecules within cells,
and to determine the biochemical mechanisms involved in the Induction
and repair of specific cellular lesions.

()
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3. Mammalian tissue, organ, and whole organism studies.

Immediate and long-term changes in functional integrity, chemical
consistency, and genetic constitution of whole mammals after exposure
to ionizing radiation are being investigated.

4. Radiation dosimetry.

The correct interpretation of biological responses to radiation
exposure requires precise knowledge of the amount of radiation delivered
and absorbed. This work is designed to develop and standardize accurate
techniques for the measurement of ionizing and microwave radiation.

5. Human whole body radiation detection. -

The Walter Reed Human Whole Body Counting Facility (HUNCO) is used
in support of Health Physics and Nuclear Medical activities at the Walter
Reed Army Medical Center.

Progress.

1. Physicochemical studies of radiation injury. (LTC Swartz,
Dr. Copeland, Mr. Richardson, LTC Mahin).

a. Tissue studies. Previously described studies (WRAIR Annual
Progress Reports, 1966-67, 1967-68) using electron spin resonance
spectroscopy (ESR) to investigate the nature of free radical species in
unirradiated tissue have been continued. The characteristics of such
background resonance must be understood before the radiation induced
changes in tissue ESR spectra can be meaningfully interpreted. Such a
characterization of paramagnetic species in unirradiated tissue may also
provide useful fundamental biological information.

1) Comparison of frozen and unfrozen tissue ESR spectra. In
order that ESR tissue studies can Rbe carried out in the much more con-
venient frozen state, it must be established that phenomena observed in
living tissue slices can be equally well observed in frozen samples at 4

770K. Our efforts in this regard have included the variation of pH.
incubation time, incubation temperatures, addition of copper in trace
amounts, and repetition of previously reported in vivo and in vitro
alteration of tissue prior to ESR observation ortrt'am sic ilp", both
as a metabolizing tissue slice and as a frozen cylinder. Our general
finding is that ESR centers of free radical origin show parallel behavior
in the living and frozen states. On the other hand, ESR centers result-
ing from paramagnetic salts do not produce strictly parallel results in
the two states. It is possible that the ligand fields influencing such
ions suffer considerable transformation during the formation of an ice
lattice. However, since we expect ionizing radiation to have its more
significant effect on ESR centers of free radical origin, analysis of
tissue samples in the frozen state by electron spin resonance seems
valid.
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2) Organ viability determination. Previously reported (WRAIR
Annual Report, 1967-68) changes In dog liver ESR spectra as a function
of the liver physiology of the donor dog have suggested ESR as a means
of testing organ viability prior to transplantation. Studies designed
to verify and determine the practicality of such a test have been con-
ducted in collaboration with the Division of Surgery at WRAIR and with
Dr. Starzl's group at the University of Colorado. Results to date in-
dicate a consistent change in ESR spectra during a period of sustained •.7)
hypotension followed by death. No correlation of ESR signal variation
with long term success of liver transplant is possible at present.

b. Oxygen effect, freezing and protection. Consideration of the
known deleterious effects of oxygen In several different circumstances
including radiation, lyophilization, drying and high pressure led to a
hypothesis that all of these "oxygen effects" had a common underlying
mechanism. This mechanism appeared to be the reaction of oxygen with
free radicals formed or uncovered by the damaging processes and by
oxygen reaction with normal cell constituents to form free radicals.

an Previously reported studies (WRAIR Annual Reports 1966-67; 1967-68)
wand ork this past year have demonstrated that a freezing-oxygen effect

does exist in E. coli on four levels. These levels are: 1) free radi-
cal formation, 2)-cel membrane and/or transport damage, 3) DNA damage
and 4) reduction in cell survival. These findings are consistent with a
general theory of oxygen toxicity mediated via free radical reactions.
The free radical reactions are a consequence of the electronic structure
of the oxygen molecule, the chemical nature of cellular components and
the organization of the cell.

2. Molecular and cellular biology of radiation injury. (LTC Ginsberg,
CPT Hawkins, CPT Frledberg).

Previous work in this unit (WRAIR Annual Report, Ginsberg and
Webster 1969) demonstrated that production of single-strand breaks in
viral and bacterial DNA's by gnm radiation and modification of this
effect in the presence of a radioprotectant, beta mercaptoethylamine
(MEA), do not systematically correlate with radiation killing of the
bacteria. Evidence from other laboratories suggests that double-strand
breaks may be the significant molecular lesion in gaima-ray killing of
cells and viruses. Using radiation sensitive and resistant strains of
one bacterial species, E. colt and a comn bacteriophage of E. coli,
phage T-2, the possible'let-iT role of double-strand M breals TiM- ing
tested. Using another coliphage, T-7, studies are underway to relate
the observed changes in DNA structure to the survival of virus plague
forming abili ty, and from this to infer the mechanisms by which radi a
tion reproductively kills cells. The well-known dae repair
systems in the K.12 strain of E. coli and the T-4 bacteriophage are
being studied in an effort to in•iffsend how such repair systems may
operate in the case of damage by ionizing radiation. )

0
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a. Double-strand breakage In irradiated phage T-2. Phage T-2
were grown on E. coil host in the presence of tritlated thymidine to
label the viraT DO7 The labeled phage were purified and game ir-
radiated in phosphate buffer without and with MEA. After irradiation
the phage were lysed and the DNA freed of protein prior to analyses

0 by sucrose gradient ultracentrifulgation. All procedures were chosen
to prevent breakuge 'RV DNA during isolation and analysis.

The rate at which DNA sediments in a sucrose gradient under a
high gravitational force is related to the weight of the DNA. Since
the effect of breaking a DNA molecule is to produce sub-units of lower
weight, changes in sedimentdtion patterns of the DNA can be used to
interpret the degree of breakage.

The amount of double-strand breakage of phage DNA in buffer was
proportional to radiation dose. The dose required to produce an
average of one double-strand break per phage genone on unbroken) was
about 120 Krads. The radiation dose that gave 37% survival (D37) of
phage infectivity was 12 Krads. Thus, about 90% of the killed phage
were deactivated by damage other than DNA strand breakage. In the
presence of MEA, the amount of killing was significantly reduced.
Under the protected condition at any given dose the ratio of double-
strand breaks to killing was closer to unity. The latter observation
is preliminary, but suggests that NEA prevents most of the killing
attributed to damage other than strand breaks (it also appears to pro-
tect against some of the double-strand breakage). It is concluded
that double-strand breaks in DNA are, indeed, lethal but that the
efficiency of gamma radiation for production of double-strand DNA
breaks is low compared to its efficiency in producing the other kind(s)
of lethal damage. Thus, in buffer, the irradiated phage are killed by
the other kind(s) of damage. This damage is prevented by NFA, and In
the presence of MEA the phage are killed predominantly by double-strand
breaks.

b. Double-strand breakage in irradiated Escherichia coll strain
9/r. Double-strano bN realkage in giam-Irradiate stationr ia
E. coli S/r was measured using t iues similar to that ec dfor
FACeRlophage.

While the D07 for killing of cells in buffer was about 12 Kreds, no
significant doub e-strand breakage of DNA was detectable at doses *to
100 Krads. The detection of double-strand breaks in the E. coll DNA is
complicated because the bacterial ganom cannot be extracTedfThone
pilce. The DNA extracts reproducibly and rather uniformly in units of

50 million molecular weight, or pieces about one-tenth the size of the
intact genom. Thus, If one break occurs In the bacterial genam, it
will appear in analysis in only one out of ten of the extracted units,
The sucrose gradient procedure used in these analyses is not sufficiently
sensitive to detect this mount of breakage. Future efforts of this kind
will r"quire either extrapolation of data from very high doses (doses at
which several breaks per genom can be observed) or use of a more senst-
tive method of analysis, for instance, measuremet of intrinsic viscosity
.as was used for phage T-7 studies (see following section of this unit).
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c. Physical changes in DNA of irradiated phage T-7. The purpose
of this research is to characterlze the effect of gamma radiation on the
molecular structure of the DNA from irradiated virus, and to determine
the dependence of this effect on dose and on the chemical composition of
the virus suspension medium. The aim is to relate the observed changes
in DNA structure to the survival of virus plaque forming ability, from
this relation to deduce the mechanisms of radiation killing of virus,
and hence, to infer the mechanism by which radiation reproductively kills
cells.

Coliphage T-7 was exposed to 60 Co gamma radiation while suspended in
phosphate buffer or in phosphate buffer plus .001 N 1-histidine. Isola-
tion of the DNA was accomplished by incubating the phage with sodium
lauryl sulfate and pronase, and then extraction with cold phenol. Incu-
bation with pronase was found necessary for clean phenolic extraction of
protein from irradiated virus. This implies possible radiation induced
covalent binding of protein to DNA. The intrinsic viscosity of the
isolated DNA was measured in a Ziumi-Carothers low-shear viscometer and
is found to decrease with increasing ganua dose. This decrease is in-
dependent of the presence of 1-histidine, even though plaque survival of
T-7 is much greater in the presence of histidine. If random scission of
monodisperse polymer is assumed, the number of double-strand breaks per
virus genome, and the fraction of surviving intact virus genomes, can
be calculated from the viscosity. The fraction of surviving viral

m s is found by this method to agree approximately with that esti-
mated from the shape of the boundry formed by sedimenting the DNA in the
analytical ultracentrifuge. This implies the assumed model of random
double-strand breakage is substantially correct and accounts for the
observed decrease in viscosity. In both solvents, the surviving frac-
tion of intact viral genomes far exceeds the surviving fraction of
plaque forming units. For T-7 irradiated in buffer alone, the double-
strand breaks in DNA account for an insignificant fraction of the kill-
ing.

It is concluded that the intact protein coat of the virus protects
the DNA from double-strand breakage due to attack by chemical species
formed as a result of radiation induced ionization and excitation of
the solvent medla. Double-strand breaks occur only as a result of
ionization events in the virus particle itself; that is, they represent
a direct effect of radiation. This follows from the solvent independ-
ea of MA breakage.

The radiation-Induced killing of virus is mostly due to lesions
other than double-strand breakage. These other lesions may occur
either in the DNA or the protein coat or my involve both. The other
lesion to CM my consist of single-strend breaks and of chemical al-
terations of the ucleotide residues that do not lead to chain breakage.
From this work it is expected that these DNA lesions will be found in.
deprendt of the suspension medium. It is expected that the solvent
deendence of virus survival reflects a solvent dependence of the frt-
quenc of damge to the protein coat. A certain class of radioprotec-
tive substance;, which includes histidine, is believed to protect the
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virus protein by Intercepting the otherwise inactivating chemical series
produced by the radiation in the suspension media. The bonding of pro-
tein coat to DNA may or my not be dependent on the nature of Ute sus-
pension medium. It may be possible in the future to show the existence
of this protein-DNA bonding and examine its dose and solvent dependence.

d. In vitro studies of the =air of photodag to DNA in E. coi
K-12 and Phage T-4. Exposure or UM to ultraviolet radiation (UW)
results In a number of demonstrable physicochemical alterations. Of
these, the most biolorically significant, as gsuged by in vivo studies,
is the formation of pjrimidine dimers. Such studies sugLgeiTtoo, that
recovery from the effects of UV radiation is accompanied by enzymatic
excision of dimers and repair of the DNM. They do not, however, rule
out the possible existence of-other, as yet unidentified, photolesions
in DNM.

Current investigations in this laboratory are aimed at the identi-
fication and isolation of enzymes involved in the early stages of DNA
repair in E. colt. The purpose of these studies is threefold: (a) the
duplication of DNA repair in vitro; (b) an investigation of the speci-
ficity of the repair systeiF-or -p-otodamage by examining the role of this
system in the repair of ionizing radiation damage chemical mutagenesis,
and D damaged with radiomimetic coqmounds; and 1c) an understanding of
the mechanism of interaction of hydrolytic enzymes with MNA.

Preliminary Investigations have been concerned with the effect of
crude extracts of E. colt K-12 on irradiated E. coli and T-4 DM. In
all cases, unirradTate-dTA has served as conlroT.-Ihe presence of
enzymatic activity in crude extracts has been detectid by the release
of acid-soluble radioactivity from Jff-labeled irradiated double-stranded
MNA incubated with extracts; the release of acid-soluble radioactivity

from 3H-labeled irradiated single-stranded DNA incubated with extracts;
the presence of enzymatically-induced single-strand breaks in irradiated
double-stranded DMA; and specific dimer excision from irradiated double-
stranded DNA.

1) The release of acid-soluble radioactivity from led
irradiated double-stranded MA. lider condtions were enanuclease i
ictivity is inh5b1ted in crude extracts, the rate of degradation of
irradiated double-stranded DNA is significantly greter than that of
unirradiated DNA. The rate of degradation is W-dose dependemt and
results in a curve which closely parallels the curve measuring the
dose dependence of dimer concentration of the DNM. It has not yet
been established whether this quantitative difference in the degrade-
tion of irradiated as opposed to unirradiated DNA also represents a
qualitative difference. Degradation of DNA is demonstrable in extracts
of 3 W-sensitive mutants of E. coli at levels indistinguishable from
the wild-type strain.
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2) The release of acid-soluble radioactivity from 3 H-labeled
irrediated single-stranded DNA. In the presence of Ng", crude ox-
tracts of E. coll degrade unirradiated denatured DNA approximatelL five
tims fastOr i irradiated DNA. However, in the presence of Mn',
this differential is largely eliminated. These experiments suggest
that in addition to exonuclease I (an enzyme that specifically degrades 0
unirradiated denatured DNA), there may exist in E. colt an exonuclease
that degrades both irradiated and unirradiated DIA.--Tractionation pro-
cedures are in progress in an attempt to purify such an enzyme.

3) Enzymatically-induced single-strand breaks. Examination
of the sedimentationvelocity of eaiA in alkalyne sucilste gradients re-

feals the presence of enzyoatically-onduced single-strand breaks rn
irradiated DNA. This effect also appears to be UV dose-dependent.
This activity is present in 3 UV-sensitive mutants of E. coli and it3
significance in terms of UV repair in general and dimeF exc-sion in
particular remains to be determined. This fraction is also being puri- i
fied.

4) Dimer excision. Specjfic diuier excision has been investi-
gated by determining the ratio of 9--labeled thymine dimer to monomer
in hydrolyzed samples of irradiated DNA. The results of experiments
with unincubated DNA and DNA incubated with crude extracts of E. colt
do not show any evidence of specific dimer excision. A large iu~m&"
of variables are currently being tested in order to evaluate the sig-
nificance of this observation.

Studies carried out to 4ate convincingly demonstrate the prefer-
ential degradation of UV-irradiated DNA by enzymes present in crude
extracts of E. colt. Some of these enzymes are being purified.

A number of fundamental qucstions remain to be answered. Firstly,
are these enztyms absolutely UV specific or do they simply degrade
irradiated DNA more rapidly Wan unirradiated DNA? Secondly, does the
inability to demonstrate specific dimer excision in vitro represent a
technical limitation or does it have biological sTgnTYfTcnce? These
questions are being probed by further experimentation,

3. Mammalian tissue org1n, and whole organism studies. (Mrs. Davis,
M e FveRro, CPT Donati, Mrs. Hill, Dr. Jervis, LTC Johnson, COL
Sprint, LTC Stromherg).

a. Human cytooenetics. A rou f 18-22 year old men who were
expected to oexposed to a low l ,low energy, non-ionizing eiec-
tromgnetic radiation source were selected for somatic chromosome
analyses. Unexposed controls were i,. 'uded In the group and analyses
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were performed blindly. Heparinized blood samples were taken approxi-
mately 8 weeks apart before and after the exposure. Successful
lymhocyte cultures were prepared from the blood of 18 of 20 individ-
oals available for the first bleeding and from 16 of 16 individuals
available for the second bleeding. Cultures were treated with colcimed
and chromosome spreads were made. Dosimetry performed during the ex-
posure proved the radiation dose to be negligible. Therefore, the
results actually represent two somatic chrimos•w analyses performed or
the sam group of Onormal" individuals.

No significant structural alterations of the chromosomes were
found at either bleeding. There was no significant difference in the
aneuploidy rate between the "exposed" and the control individuals at
each bleeding (Chi square p - .05). Not unexpectedly, there was a
significant difference between the total aneuploidy rate for the first
bleeding (16.3%) and that for the second bleeding (7.4%). This indi-
cates that changes in the enviroment of all the individuals being
studied, andor unrecognized differences in the laboratory procedures
used for preparing the chromosomes, contributed significasnty to the
aneuploidy rate. Such a "preparative areuplo dj" is a laboratory
artifact found by all cyto4enetic workers and aLmst certainly accounts
for most of the difference in aneuploidy encountered. Tils Is further
substantiated by a closer examinatinn of the spreads which were ex-
amined but rejected for analysis. material prepared from Vh first
bleeding, 11,846 spreads were exammed and 282 (2.3%) were acceptad for
analysis. In material prepared from the second bl•eding, 2,983 speds
were examined and 321 (10.7%) were accepted for aftlysis. Rejected
spreads were placed in one of five categories depending upon tb vaeasnfor rejection. Distribution of rejected spreads &- the Waegories

was not essentially different in material from either bleeding.

It is felt that standardized met-ods of chromosew prepration and
strict criteria for spread acceptance will redu:c preparative aneuploidy.
Such a reduction is desirable, but in its absotce, the -rew.t study,
allows valid conclusions concerning aneauploiv rates to be driam if
control material is processed concurrertly with the experimental prep-
arations.

b. Transplantation in treatment of combined injury. Adelay In
wound contractuIre, an lndex of o Ro h 5lng, foilwswlebO@ .-
irradiation. This defect has been attributed to altered fibroblastic
function. The degree of alteration in wound contracture depMds on the
relationship between the ti of wounding and the time of irradiation,
being most pronounced Wien w ding follows irradiation by 4 doys.
Partial bone marrow shielding during X-Irradiation improves the wound
healing pattern. This suggested that fibroblastic function and result-
ant wound repair may depend upon a competent bone mrrw either as a
direct source of fibroblastic precursors or for indirect support. In-
bred rats were expase' to 675R total body X-ray, then imediately
transfused with pooled donor bone iarrow calls. The rats were wounded
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4 days after radiation and the wound contracture curve demonstrated a
platial correction toward the curve of the non-irradiated controls.
Other non-irradiated and irradiated rats were transfused with bone
marrow obtained from rats pretreated with rabbit anti-rat lymphocyte
"sere. In the irradiated animals the wound healing pattern did not re-
vert toward the normal pattern. These data indicate that altered wound
heeling which follows X-irradiation is, in part, secondary to altered
marrow function, and suggest that the marrow lymphocyte is necessary
for wound repair.

c. Acute intestinal radiation syndrome. It has been repeatedly
demonstrated In this and other laboratories that germfree animals are
more resistant to irradiation with X-rays than their conventionally
raised counterparts. This was recently confimd f,'r mice exposed to
a wide range (energies) of fteutrons in the mixed neutron-game field
at the Ualter Reed Research Reactor (WRRR). Germfree mice survived
longer at every dose of radiation tested. The differences in survival
tUr are greatest for doses that produce death, resulting from damage
to the hamttopoletic system (where infection plays a prominent role).
There are also clear-cut differences in survival times after higher
doses that cause extensive dmage to the gastrointestinal tract, where
death is primarily the result of fluid and electrolyte losses due to

To determine if the longer survival of gemfree mice at these
doses is due to different morphologic responses of the small gut, the
development of mucosal lesions w, studied sequentially in germfree
and conventional mice irradiated by neutrons. These experiments were
conducted In collaboration with the Department of Experimental
Pathology. Five month old female MCR mice, both germfree and conven-
tion0li, were exposed for ten minutes in the MWRRR (operated at I KI,;
dovi rate 100 rads/min) receiving approximately 1000 rads (gold foil
dosimetry). Five mice from each group were sacrificed two, eight and
twlve hours after exposure and daily thereafter. All conventional
dice developed diarrhea before ft end 0' the fourth post-irradiation
day and nonM survived beyond the fifth day. At this tim diarrMe
vibbserved in only a few germfree miel, but by the sixth day was

Wted tn all of-tham. Deaths occurrod on the sixth and seventh post.
irradiation daWs. Germfree mice lived one to three days longer than
coventional mice.

1Iqtcroscopkclly, the initial dge in the crypts was qualita-
tivel•y si ar in both groupsw although as early as two hours after
exposm more debris and cellular disruption were seen in conventional
mic. The sum was true at eight hours. By twenty-four hours the
4Oftrence bo•van the two groups was mr pronounced; the debris had
disppeared from the crypts which by now were 1ined with abnormal 4
cel1s 1n both groups. However, in the convntional these almboml
cells Md alr*ady merged from the crypts. Furthe- examination of
saterial obtained throughout the study dmonstrated that evolution of
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the mucosal lesion in the germfree mouse follows the pattern of its
conventional counterpart, but more slowly. In the ileum of conven-
tional animals, abnormal,, postirradlation-formed cells reached the
villus tips on the fourth day while in the germfree it took from one
to two days longer. (The appearance of abnormal cells on the dillus
crest coincides with the onset of diarrhea'. At the time of death
there were no differences in the histopathologic findings of the small
gut mucosa of germfree and conventional mice.

A close relationship has been established between development of
acute radiation lesions and mucosal cellular' dynamics. It is also4
known, from the work of Abrams and collaborators, that there is a
lower rate of cell proliferation in the crypts of germfree mice than
in those of conventional mice and, moreover, that in germfree animals
the migration time is about two days longer. Since tissue sensitivity
to radiation is related to mitotic activity, the. initial difference
in the extent of crypt damage is largely attributable to the slower
cellular proliferation in the germfree small gust.

It is clso suggested that the slower rate of development of the
mucosal lesion is responsible for the difference in the time of onset
of diarrhea and ultimately for the difference in survival time.

It is concluded that the absence of an intestinal flora in the
germfree animal does not alter the sequence of pathnlogic changes in
the intestinal mucosa, but only slows it dawm.

4. Radiation dosimetry. (Kr. Bass MAJ Pitchford, Mr. Crofford,
Dr. Moeand LT Swar * LTC Mahini.

a. Reactor dosimetry. Several systems have been evaluated and
implementeZ Mor assessing the radiation levels in the reactor and the
game and X irradiators used by the WRAIR. Tharmolwuminascent materi-
als, ion chaubers, threshold foils, semiconductor diodes and chemical
dosimeters are devices that are used routinely for radiation dosim-
etry.

A ain"~m coincidence countil s too has been designed and
parialyy0st, im used for assessing

positron-emitting radionuclides. This system. will also be used to
extend the threshold-foil counting capability of the division. These
foils will be used in measuring the neutron specttal distribution for
the WRAIR reactor iMd the Diamond Ordn~ance Reactor Facility.

b. Thevmolumlnescent dosimetry. Research has been conducted to
determine Wh thermoluminescent properties of lithium fluoride (LiF),J the routinely used thermoluminescent dosimetry material,, irradiated
at crogni p iratures. These investigations have thown that the
therfooluminescent response of LiP irradiated at -196Ct is reduced to
approximately 40 percent of its response at 270C. The reponse of
LiP irradiated at -790C is approximately 85 percent of its response



at 270C. In these investigations the same samples of LOF were tested
for free radical concentration using the electron spin resonance (ESR)
spectrometer. The ESR studies indicated a free radical concentration
at -196oC that was approximately 12 percent lower than the concentra-
tion at 270C. The concentration at -790C was approximately 8 percent
lower than the concentration at 270C.

Investigations have been made to determine the feasibility of a
throw-away dosimeter. Common NaCl, ground to a 80-120 mesh grain size,
has demonstrated thermoluminescent properties that look attractive for
this application. Linearity of response and precision have been ade-
quate for routine dosimetry. Equipment procedures and sample prepara-
tion and handling are being refined to establish a basis for using this
very inexpensive material as a disposable, effective dosimeter.

c. In vivo detectors. Microminiature G-M tubes have been con-
structed and tested for chronic implantation in the cardiovascular
system of primates. These detectors will be used in conjunction with
radionuclides for studying the peripheral blood flow of the heart. In
addition, lithium-drifted silicon detectors have been developed and are
being tested for similar applications. The G-M and silicon detectors
are approximately five millimeters in diameter and three millimeters
thick.

d. ESR dosimetry studies.

1) Progress on the use of ESR for in vivo dosimetry was re-
ported at the semi-annual DASA Medical Coordai-iaTon Conference,
Albuquerque, New Mexico, May 1969. Previous studies (WRAIR Annual
Reports 1966-67; 1967-68) indicated the feasibility of using radiation
induced, long-lived tissue ESR center concentration as a measure of
gamma-radiation absorbed dose. These ESR centers may or may not be free
radicals. Two of the tissues in which such ESR centers are induced
(bone, teeth) are not likely to be available after a human accidental
radiation exposure. In previous investigations, the third candidate
tissue (fingernail) was not extensively investigated. After high doses
of gamma radiation in vitro, human fingernail gives an ESR spectrum
very similar to thaft-obaned from irradiated cystine, thus reflecting
the high concentration of this amino acid in fingernail. Current in-
vestigations involve the use of computer averaging of ESR signals to
cope with the considerable noise encountered when fingernail is gamma
irradiated in vitro with low doses.

2) A comparison was made between ESR yield of F-center con-
centratiorn and thermoluminescense yield on the same LiF samples irradi-
ated at low temperatures. A linear relation was found between these
two indicators of the number of electrons trapped in excited states in
LiF. Approximately the same re~ation was found at irradiation temper-
atures of 770K, 1960K and 298 0K. These studies were done as a pre-.
cursor to investigations of gamma-radiation dose as a function of
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depth in frozen mammalian specimens. Lithium fluoride dosimeters will
be Implanted in rats, the animals will be frozen, and the LiF thermo-
luminescence dose will be compared with the •SR determined dose in
adjacent tissues after gama radiation at 77 K.

3) Work has been carried out in collaboration with Dr. Stenn
of the AFIP using ESR to determine specimen dose during electron
microscopic observations. Gamma-irradiated Teflon gives a character-
istic ESR s'gnal, the magnitude of which is linearly related to dose up
to about l0• rads. Teflon cylinders equal in diameter to electron
microscope specimens were electron bombarded in the AFIP electron micro-
scope and the dose estimated by ESR. The intensity of the ESR signals
was approximately linearly related to the time duration of exposure.
It has not yet been possible to measure absolute exposure doses by this
technique.

5. Human whole body radiation detection. (MAJ Gardner).

a. Health phsics. Routine monitoring of reactor personnel and
other occupationally exposed individuals for possible gamma emitters
has been continued from previous years. No established procedures for
routine monitoring are available, but a standardized approach is under
study.

A questionable exposure due to an exhaust fan malfunction and a
legal case requiring extensive isotope identification and measurement
were investigated with the Health Physics Branch, WRAMC.

b. Ward 30. Total-body potassium estimates on acromegalics and
other end-oFine-metabolic patients have continued. A new protocol in-
volving experimentally induced potassium fluctuations is also underway
with the counter used as an independent check on the balance studies.
The constant search for more precise and accurate estimates occupies
much of the counter's time.

c. Nuclear Medicine Service, WRGH (isotope Clinic), A close
working relationship has been established with the Nuclear Medicine
Service, WRGH, since they are the principal users of isotopes in human
subjects. The use of the counter for kinetic and distribution studies
in vivo has begun with patients receiving O*Sr for bone Scintiscans.
Sscisreening test using the counter to pick out high activity areas for

the more detailed and time consuming Sctnticans has been put intoactive use. Kinetic studies on several other isotopes are planned for•

the future. The HUNCO is also used to count other radioactivity in
large volume samples obtained from patients in the clinic.

Summary and Conclusions.

The adaptability of ESR techniques to problems in applied and basic
biology is well established. Improvements and refinements of methods
for interpretation of biological and ESR data were developed, and the
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validity of results using wet frozen tissue samples was evaluated.
Practical application of ESR to determination of organ transplant-
ability is of continuing interest; however, no reliable technique has
been found. Examination of the fundamental processes in ionizing S
radiation and other physically-induced injury has led to the develop-
ment of a "unifying hypothesis" about the role of oxygen in deleter-
ious cell processes.

The nature of the initial physiochemical lesions in irradiated
microorganisms and their responses to the lesions are being studied
in considerable detail. Analysis of DNA damage in gamma-irradiatedbacteria and viruses without and with protective compounds provided
strong inferential evidence that single and double-strand breaks in

DNA are not principal lethal lesions in unprotected organisms. Two
newly identified potential radiation lesions were reported. In
future studies, the roles of non-genomic cellular components in ion-
izing radiation injury should be emphasized. A new comprehensive
study of enzymatic repair systems was initiated and preliminary
studies have demonstrated the presence of potential repair enzyme
activity in crude extracts of radioresistant bacteria. 1

Negative cytogenetic findings are reported from -.tudies of humans
exposed to very low doses of low energy electromagnetic radiation.

The effect of bone marrow transplant on wound contracture patterns in
X-irradiated rodents was examined. The results show that beneficial
effects of marrow transplant on wound repair following X-irradiationare attributable to the marrow lymphocyte component.

A comparison of the small bowel histology in neutron-irradiated
germfree and conventional mice indicates that the absence of an
intestinal flora in the germfree animals does not alter the sequence
of pathological changes in the intestinal mucosa, but only slows it
down.

Reliable radiation dosimetry is a constant problem in radio-
biological experiments. In collaboration with the biological inves-
tigators, the physical research staff has continued to develop and
evaluate new methods of dosimetry. A promising new approach to in
vivo dosimetry using ESR spectrometry is being exploited. CorreTi&-
TIons between physical dosimeters and biological indicators of radia-
tion absorbed dose are being developed as a means of evaluating
dosimeter reliability.

Clinical support services of the Walter Reed Army Institute of
Research Whole Body Counter were expanded and routine procedures are
performed for the Walter Reed General Hospital Metabolic and Nuclear
Medical Services.
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Projqct 3A062110A806 MILITARY PREVENTIVE MEDICINE

C") Task 00 Military Preventive Medicine

Work Unit 030 Global Health Data

Investigators:
Principal, COL Stefano Vivona, MC
Associate, Ann C. Fred, M.D.

Description.

Health Data Reports are prepared for the use of Army Medical Service Offi-
cers and contain unclassified information regarding the health and sanitary con-
ditions likely to be encountered in foreign countries to which they are deployed.
They describe the geography, climate, religion, animals and plants of medical
importance, water supplies, methods of waste and sewage disposal, diseases
present, medical facilities, etc. of each country reported on.

Progress.

At the end of FY 1969, Health Data Reports had been completed and published
on 44 countries. Updating, with complete revision of text and maps, was ac-
complished on Tanzania, Israel, Lebanon and Egypt. Libya was the most recent
publication of a country not previously studied. Reports on North Korea,
Cambodia, Bthiopia, Syria and Jordan are well on the way to completion.
Afghanistan, Upper Volta, and Uganda will be the next entirely new countries of-
fered for publication.
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Project 3A062110AB11 MILITARY MEDICAL RESEARCH PROGRAM; SOUTH EAST ASIA

Task 00, Military Medical Research Program, South East Asia

Work Unit 303, Military Medical Research Program, South East Asia,
(Malaysia)

Investigators.
Principal: COL Garrison Rapmund, MC

Description.

The objective of this work unit was to evaluate the extent and
foci of chloroquine-refractory falciparum malaria in Malaysia. Con-
ventional entomological and parasitological procedures were used,
including the WHO standard test for chloroquine resistance.

Progress and Results.

Due to the incorporation of this work into the major project
conducted by USAMRU-Malaysia, only the period 1 July - 30 September
1968 is reported on here. Surveillance for malaria in a federal
resettlement project was continued. Blood smears made on all incoming
settlers show incidence of malaria in these persons to be very low.
Anopheline catches in human and animal biring stations are also
continuing to be low. Anopheles constituted only 0.1% of all mos-
quitoes captured. All anophelines, including A. maculatus, the
principal vector in Malaysia, were negative for plasmodia by salivary
gland dissection.

Recommendations.

Although the work conducted under this project should be con-
innled, for reasons of administrative simplification, it was desirable

to incorporate it into the larger project conducted by USAMRU-Malaysia
which is reported under DA OA 7413.
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Project 3AO62110A81l MILITARY MEDICAL RESEARCH PROGRAM; SOUTH EAST ASIA

Task 00, Military Medical Research Program, South East Asia

Work Unit 303, Military Medical Research Program, Sguth East Asia,
(Malaysia)

Publications.

None.
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Walter Reed Army Institute of Research Walter Reed Army Institute of Research v
Seamm Med Rsch Team ., Vietnam
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Om"e N"NA Cutting, LTC Robert T.
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23 (U) To conduct the studies required to improve medical capabilities to support limite4
var ground combat in Southeast Asia.

2i4 kU) A small staff is maintained in Saigon augmented by TDY personnel. Field units
are established as required. Many studies are done in cooperation with the Pasteur
Institute of Saigon.

25 (U) 68 10 - Studies during the past year have confirmed the high incidence of
Wachereria bancrofti infections in indigenes resident in the Song Be area only; the high
prevalence of antibiotic resistant gram negative rods associated with febrile diarrhea;
search for chloroquine resistant P. vivax malaria has not identified such organisim
infecting can; Plague was studied in Na Trang to continue evaluation of flea coiltrol
procedures. For technical report, see Annual Progress Report., Med Rsch Team (WRAIR),
Vietnam.
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,ANE Alexander, Ph.D., A. D.
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ENL3IV(P.'~.AL..hI. ,,.J~I *~(U) Zoonoses; (U) Leptospirosis; (U) Melioldosis;
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2'3. (U) To define zoonoses hat have potential military significance, to determine
prevalence, sources and modes of infection, and to devise measures for diagnosis,
prevention and control. Studies are coordinated with field units, emphasizing
leptospirosis and meliotdosis and include identification and studies of isolates
obtained in epidemiological investigations, chemo and vaccine prophylaxis for
leptospirosi~s, development of laboratory diagnostic technics for melioidosis,
surveillance of these diseases in S. E. Asia.

24. (U) Conventional cultural and serological technics are used in epidemiological
studies. Genetic tool utilized for study of antibiotic resistance in melioidosis.
Hams-ers and dogs are used to evaluate vaccines and drugs. Major problems --
maintenance of strain virulence for experimental infections, wet-tail in hamsters,
and lack of safe animal facilities for melioidosis studies.

25. (U) 69 01 - 69 07 Sulfamylon was bacteriostatic but not bacteriocidal for pseudo-
monas pseudomallei at concentration of 5 mg/ml. Lower levels were not bacterio-
static. The high specificity of the HA test for melioidosis was affirmed in exten-
sive tests for heterogeneric reactions. The CF test for lnelioidosis elicited
reaction with different bacterial antisera, notably P. aeruginosa. Negative HA
reactions in known melioidosis patients with CF antibodies could not be related toJ) specificity of HA antigen. Observations of intraspecies growth inhibition in P.
pseudoallei were extended to P. aeruginosa strains. Small molecular weight

(dialysable) inhibitor was also found in P. aeruginosa cultures. The dialy'able
inhibitor was only active against P. pseudomallei strains but not against them-
selves. For technical reports, see Walter Reed Army Institute of Research Annual
Progress Repdr*., I Jul 1968 - 30 June 1969.
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA

Task 00 Tropical and Subtropical MIlitary Medical Research •

Work Unit 305, Military Me4ical Research Program, SEA, WRAIR -
Zoonoses

Investigators.
Principal: COL S. G. Asbill, VC
Associate: A. D. Alexander, Ph.D.; M. Rogul, Ph.D.; L. B. Evans,

B.S.; S. Schwarting, M.S.; V. M. Shepler, M.S.;
A. Warner, Jr.

Description.

Major objectives are to evaluate real or potential military signi-
ficance of selected zoonoses, to characterize etiologic agents, to
define epidemiological factors and to establish methods of diagnosis,
treatment, and control.

Progress.

1. Leptospirosis.

a. Antileptospiral Drug Screening. Drug testing for anti-
leptospiral activity using a previously developed hamster-
infectivity system (Annual Report 1966-1967) was limited to an
examination of the anti-trypanosomal component "antrycide." Two
different investigators reported this compound to be a useful
prophylactic agent for leptospiras. The purported findings were
not affirmed with the hamster-infectivity test system. The drug
was ineffective in altering a predictable course of disease when
given either parenterally or per os.

b. Leptospirosis Surveillance. Sora from 8 leptospirosis
cases diagnosed at the 9th .rmy Medical Laboratory with the
hemolytic test were submitted for check tests using the conven-
tional microscopic-agglutination test. All samples were positive.
On the basis of cross-agglutination reactions, seven different
serotype infections occurred among the selected samples. One of
the patients had predominant antibodies to hyos serotypes. This
type has not previously been reporte, in human infections in
Vietnam.
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Serum samples from normal swine submitted by the USAMRU in Malaysia,
and the 9th Amy Medical Laboratory in Vietnam were tested for the
presence of leptospiral agglutinins with 18 different serotype
antigens. Twenty-six (8,7%)of 297 swine from Malaysia had signifi-
cant antibody titers ranging from 1:100 to 1:6400. In addition,
86 swine (29%) had doubtful reactions of 1:25. Twenty-one of 26
reactors had titers against autamnalis or .omona serotypes. The
prevalence of significant antibodies in 156 swine in Vietnam was
13.5%. Titers ranged as high as 1:1600. Forty-se~en swine (30%)
had doubtful reactions. As is the case of Malaysia swine, titers
were primarily against pomona or autumnalis serotypes. The slide
test (Difco macroscopic-agglutination test) findings c.btained at
the 9th Army Medical Laboratory were compared with results of
microscopic-agglutination tests. Approximately one-third of the
samples positive on the microscopic-agglutination test were non-
reactive on the slide test. Twelve sera were positive on the slide
test but negative with the microscopic-agglutination test. Further
comparisons were made on slide test findings of the 9th Army Medical
Laboratory with slide tests done at WRAIR (Difco antigens) and the
Communicable Disease Center (locally prepared antigens) on a select
number of positive and negative sera. Findings are summarized in
Table 1.

Table 1. Comparison of Results of Slide Tests in 3 Laboratories and
Microscopic-Agglutination Findings on 33 Swine Sera from Vietnarm

Slide Test Results
Microscopic 9th AML WRAIR CDC
Agglutination
Test Results Neg. - + Neg. -+ + Neg. - +

Negative 10 6 1 3 10

Partial (-) 2 12 6 3 5 13 1
Positive (+) 7 2 7 1 1 7 2

Non-specific reactions apparently occurred with Difco antigens. All
three slide antigens had limitations in detecting reactors I.n
serological surveys of swine.

At the request of the Navy Medical Research Institute, serological
tests for leptospirosis were done on serum saWples from 78 (single)
and 20 (pooled) serum samples from 80 animals trapped at Con Son,
Vietnam for a plague epidemiological study. Results of microscopic-
agglutination tests are shown in Table 2.
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Predominant antibody titers for icterohejorhgiae, canicola, javanica,
grippotyphosa and australia were~ound among various trapped species.
Within the' limitation of number of samples tested, a high percentage
of Tupaia lis dissimilis and Rattus rattus were reactors. Cultural
tests on 10 frozen animals were negativeT

A pathogenic leptospira (strain 267-1348) isolated from surface water
in Malaysia was found to be a new serotype with serological affinitiesto members of the canicola, Javanica, autumnalis and pyrogenes groups.
This isolate has potential usefulness as a vaccine strain because of
its diverse antigenic relationships.

2. Melioidosis.

a. Serological Studies. Support of melioidosis laboratory diag-
nostic services of the Armed Forces Medical Laboratories in Southeast
Asia and CONUS was continued. During the period of this report, this
laboratory confirmed 118 cases of melioidosis in Armed Forces
personnel in Vietnam by cultural or serological or both procedures.
Approximately 42 of the cases were initially diagnosed at the 9th
Army Medical Laboratory during the previous fiscal year. Approx-
imately 220 cases of melioidosis have been affirmed by this labors-
tory since February 1965. The sensitivity and specificity of the
hemagglutination (HA) and complement-fixation (CF) tests for melioi-
dosis was evaluated further with single or serial serum samples from
185 patients. CF titers of 1:4 and greater and HA titers of 1:40
and greater were considered to be significant. The selection of
these levels of significance was based on previous test findings on
sera from normal individuals with no previous history of residence
in Southeast Asia. Non-specific reactions at these levels in either
test was less than 5 percent. Approximately one-half of the cases
were proved bacteriologically by cultural recovery of Pseudcmonas

sseudomallei. The remaining patients were admitted in thie seres
f sagnf• cant antibody titers were demonstrable by both HA and CF

tests, or if a rise in antibody titer was demonstrable in either test
in appropriately timed serum samples.

HA tests were done on sera from all 185 patients. Satisfactory CF
tests were obtained on all but 10 of the patients. All but 2 of
the patients had significant antibody titers on one or both tests.
The two seronegative patients were fatal cases and samples were
obtained during the first week of disease. Of 175 patients tested
by both procedures, 168 were positive by both tests; two were CF
positive only and 3 HA positive only. The correlation of HA and
CF results in 175 cases was 97%; in 445 sera from these cases the
CF and HA findings correlated 90% (Table 3). The upper range of
HA and CF titers were 1:20,9480 and 1:1020, respectively. The j2 D distribution of maximum HA and CF titers in proved cases is shown
in Table 4. The geometric mean titer in HA test was 1:692; in CF
test it was 1:97. 863
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Table 3. Correlation of HA and CF Results on 425 Sera
from 175 Cases of Melioidosis

Reactions
Tests 425 Sera 175 Patients

*HA
CF Negative Positive Negative Positive

Negative 11 17 2* 3
Positive 26 371 2 168

Correlation 382/425 = 90% 170/175 = 97%

* Samples obtained during first week of disease in fatal cases.

Table 4. Distribution of Maximum*HA and CF Titers in Sera
from Proved Cases of Melioidosis

HA Test CF Test
Titer No. % Titer No . %

Negative 1 0.54 Negative 3 1.71
20 1 0.54 4 1 0.57
40 13 7.02 8 3 1.71
80 16 8.65 16 24 13.71

160 18 9.73 32 20 11.43
320 22 11.89 64 24 13.71
640 26 14.05 128 31 17.71

1280 39 21.08 256 36 20.57
2560 15 8.11 510 31 17.71
5120 18 9.73 1020 2 1.14

10240 10 5.40
20480 6 3.24

Total 185 Total 175

GM titer 692 GM titer 97

* Maximum titers observed 1 or more weeks after disease onset

The distribution of HA and CF titers by time after disease onset is
shown in Tables 5 and 6. The occurrence of high titer reactions In
a high percentage of sera during the first week of disease is not
surprising in view of the known manifestations of latency, recurrent
attacks and prolonged prodromal periods in cases of melioidosis.
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After the first and second week of onset of disease, antibodies
were usually detectible and reached optimum titers by 1 to 3 months.
In 90% or more of the cases, HA and CF antibodies were still
detectible frequently at high titer 6 months to 1 year after disease
onset. The persistence of HA and CF titers one year or more after
infection was not unusual.

The specificities of the HA and CF tests i-are further evaluated with
diverse rabbit antimicrobial sera and with convalescent sera from
patients with various diseases. HA tests elicited few heterogeneric
reactions with the series of rabbit antisera (Table 7). The few
reactions ranged in titer from 1:20 to 1:40. It was difficult to
evaluate CF cross-reactions with diverse hyperimune rabbit sera
because of non-specific and anti-complmentary reactions. Tests
conducted on paire sera from 18 rabbits immunized with Verder sero-
types of P. aeru•inosa provided evidence of heteogoeneric cross-
reactions with the CF antigen. The CF antigen also cross-reacted
with 3 of 7 sere from cystic fibrosis patients with P. a! inosa
infections. In human serum, there was a greater numabe of cross-
reactions with CF than HA antlgens (Table 8). The HA reactions were
low titer and were within the range of non-specific reactions pre-
viously observed in normal human sera. The relatively strong CF
reaction obtained with the serum from a human leptospirosis case in

-Puerto Rico poses the quostion of occurrence of mvlioidosis in this
island. Nelioidosis has been found sporadically in other Caribbean
areas.

Sonr from melioidosis cases which were seronegative on either MA or
CF but not with the other respective test were studied. The negative
reactions could not be attributed to strain heterogenicity. The mie
results were obtained when homologous strains were used as HA or CF
antigens. To determine whether the lack of HA antibody was due to
incomplete antibody, tests were conducted with a diluent containinq
25% bovine serum albumin In lieu of the buffered salt solution that
Is used regularly. Incomplete antibodies incapable of agglutinati•g
erythrocytes in saline solutions frequently come aglut•ation in
a colloid milieu. HA reactions of 9 sere were not significantly
different in this test. A Coc1b's test for Incomplete antibody
yielded negative results on MA-nmgative soen. The •A-nmgative nut
CF-positive sere wre also tested in a hemagglutination test with
CF antigen previousaly standardized. The sera were still non-
reactive. Attmpts to use a HA antigen in a CF procedure to test
HA-positive but CF-negative awe were unsuccefsful because the IA
antigen was anti-complementary.

b. Intrae-Strela Qr~wtb Inhibition of P. pseadmallei. Corre-
lation hj O pr•eviously b mae of inooRb colonies of P. bseudo-
*"I.s, alkaline production in agr media and the abiltflt MIbIt
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all other P. poeudomallei strairns (WRAIR Annual Report 1 Jul 1967 -

30 Jun 1968). Attempts to demonstrate the inhibitory substance in
fluid cultures or fluid expressed from agar cultures were not
successful. The use of amonium sulfate for precipitation, dialysis
and vacuum dialysis concentration on expressed agar fluids did not
reveal any inhibitory substances. In order to characterize the
inhibitory substance, growth was removed from inhibitor cultures.
The agar surface was sterilized with chloroform vapors and covered
with a dialysis membrane. Growth inhibition indicator strains (GII)
were streaked at right angles to the original growth. The GII were
still inhibited within 24 hours but colonies were eventually dis-
cernable in 48 to 72 hours. This indicated that (1) the inhibition
was probably move static than cidal, (2) nutrient depletion was not
involved and (3) the substance passed through pores of 4.8 mu
diameter and was probably less than 12,000 in molecular weight.

P. pseudomallei, strain 165 (an inhibitor) and strain 7815 (non-
T rtor) ww grown in Rice's protein-free broth media (Rice, C.
E. et al., Canad. J. Comp. Med. Vet. Sci. 15: 284, 1951) with 0.1%
ioifgar. After three days of intermittent-shaking at 37 C the cul-
tures were sterilized by chloroform vapors, the cells removed by
centrifuation and the supernatant fluids were chromatographed.
Both cultures had two ninhydrin reacting spots in common. The
inhibitor culture (strain 165) had an additional spot which migrated
in a manner which was indistinguishable from lysine or arginine.
This was in good agreement with the fact that both of these amino
acids are diaminomonocarboxylic and could cause the alkaline condi-
tLons found in agar media. The D and L forms of these acids were
purchased and incorporated into Wahba agar pH 7 and pH 8.6 (adjusted
with NaOH). The concentrations of amino acids were 0,250,1000 and
£40001/ml. Strains 165 and 7815 were grown in Wahba broth pH 7 over-
night at 37 C. The cultures were diluted and spread on the plates.
Although the actual number of colonies were not reduced on Wahba
agar pH 8.6, the colonies did not develop in size as quickly as at
pH 7. Comparative counting was obtainable between 1.5 and 5 days.
All plates containing D-amino acids were compared after one week.
The L configurations of lysins and arginine had no inhibitory
affects in Wabba agar at either pH 7 or pH 8.6. However, at pH 8.6
inhibition by D-arginine or lysine was strikingly demonstrable at
high concentrations by either reduced colony size or reduction in
actual number of colonies formed (Table 9). The inhibitory culture
supernate differs from the noninhibitor by one chromatography spot
which is reactive with ninhydrin and has a mobility similar to
arginine or lysine. Only the D configuration of these compounds
are active inhibitors. It is hoped that enough of the inhibitor
may be obtained so that it may be compared to arginine and lysine sj
by infra red spectrophotometry.

0
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C. The Use of Redox Dyes to Indicate the Use of Carbon Com-
onds by Pseudmonads. For many years the only pseudomonad to be )

considered an animal pathogen was Pseudomonas aeruginosa. How-
everr our concept of this genus as primarily pýhytopathogens and
saprophytes has slowly charged, mainly because of better laboratory
di4n4.osis and a restructured taxonomy which have led us to realize
that other pseudomonads, such as, P. pseudomallei, Actinobacillus
mallei, P. multivorans, P. maltophila, P. stutzeri, and P. fluo-
resceps are also associated with animal di7seases. -

The epidemiology of these organisms is still hindered by our
inabilities to rapidly distinguish them from other gram negative
aerobes, as well as other pseudomonads and biotypes within the
species. Some of the difficulties are due to a lack of universally
acceptable classification criteria and identification schemes using
media and interpretations based on enteric bacteriology. Conse-
quently, most clinical laboratories identify non-pigment producing
monas species or even other genera.

Our attention was obliquely drawn to these considerations while
investigating intra-strain inhibition within the species of P.
pseudomallei. This species could be separated into two groups:
1) inhibitors which were subsequently found to be smooth and caused
alkaline conditions in their agar media and 2) non-inhibitors which
were colonially rough and caused acid conditions. The latter are
usually mistaken for coliform on Macconkey agar. The alkalinity
and inhibition seem to be due to the production of large amounts of
a basic D-amino acid-like substance. It then became cbvious that
any diagnostic test employing pH indicators could be as much an
indication of colonial dissociation as well as the by-products of
carbon assimilation. Many of the media employed for gram-negative
rod identification do contain pH indicators. For instance,
MacConkey, SS, Brilliaitgreen agars, phenol red and purple broth
bases, OF media, triple sugar iron agar, Kligler's agar and urea
broth are some of them. Except for urea, these media were designed
for acid producers.

Part, of Table 10 illustrates the reactions of P. pseudomallei and
A. mallai in two diagnostic media containin crbogydrates. These
are t oxidation-fermentation (OF) and phenol red broth base media
(the OF media was not originally designed for this purpose, but is
often misused to determine differential carbohydrate utilization).
It is obvious that the pH varies over a period of time and even
the blank tubes without added carbohydrates elicit irrelevant
differential reactions. In fact, these organisms are quite capable
of growth using the nitrogenous proteinaceous components of the media.
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The possibility existed that redox dyes might be of better aid in
demonstrating substrate utilization with consequent growth and
respiration than acid-base indicators. The selected dyes had
electrovalent potentials which could accept H1 and electrons from
MAD and cytochrome B. The dyes chosen were triphenyl tetrazolium
chloride (TTC), nitroblue tetrazoliwa chloride (NBT), phenol-
indo-2:6-dichloro-phenol (DIP) and methylene blue (MB). Reduced
TTC and NBT formed precipitable insoluble formazans and had to be
suspended in agar. The desired dye features were that the dye
(1) would be poised enough that carry over growth of inoculum and
use of trace media contaminants would not cause false conclusions,
(2) not be readily affected hv pH, (3) not be utilized as substrate,
(4) be changed specifically by respiration, (5) not be auto-oxidized
or reduced by molecular oxygen or the substrate, (6) be non-toxic,
and (7) be unaffected by light or storage.

The dyes were incorporated into Stanfer's minimal media (J. Gen.
Microbiol. 43: 168, 1966) which contained only a single carbon
source. InItially agar slants were used. At least two transfers
were made in each media to dismiss the possibility of carry over
growth. In general the dyes were reduced only in the butt or where
there was large surface growth on the slant. All organisms tested
preferred molecular 0 to the dyes, especially MB which was easily
autooxidized and considered a poor choice. TTC was difficult to
read and was only reduced in the vicinity of the stab and heavy
surface growth. NBT was generally reduced throughout the butt.
Both tetrazoliums varied in their reactions and reacted too
strongly in non-carbon containing controls (carry over growth). In
liquid media the presence of agar carbon contaminants were obviated.
The reduced tetrazoliuma precipitated and could not be easily judged.
Methylene blue was too easily autooxidized. DIP reduction was
easily discerned (Table 11) and discriminatory. It was picked as
the redox dye of choice. Table 11 shows how a variety of strains
can be differentiated by their ability to use various sutstrates.
Iz a number of cases the dyes were reduced prloiý to any turbidity
in the culture media.

The results are presented tor reactions occurring after one week.
Previous trials with vitamin additions have accelerated the utiliza-
tion of these carbon sources but have clouded the issue by being
used as substrate in some cases. The disadvant4ges of the DIP dye
to date are that autoclaving reduces DIP to some extent and there-
fore is not used; the dye -.s preferentially reduced by seme sub-
strates, such as, inositol, xylose, ribose W tr"ptophans and in
general the dyes will fade noticeably at 2 months at rom tempera-
ture and fluorescent lighting. Their shelf life has bedn increased
past this time by storage in walk-in refrigeratorv in closed
cabinets. At the present time, we are working on a diagnostic
scheme which utiJliz* about six of these substrates in conjunctionwith seae common laboratory madia.
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.
d. ChemQtherapy. An in vitro drug test system was established

to determine bacteriostatic and bacteriocidal levels of select anti-
biotics and combinations of antibiotics. Tests were conducted with
six strains which varied in their susceptibility with an array of
antibiotics and included strains that were sensitive and resistant
to chloramphenicol. A tube dilution technique was used. Bacterio-
static activity was measured on the basis of observed growth (e.g.,
turbidity) ir, media containing appropriate dilutions of test anti-
biotics, and which were inoculated with a known concentration of
org•nims. Bacteriocidal activity was determined quantitatively
using conventional cultural and agar-plate counting methods.
Bacteriostatic and bacteriocidal levels were determined after 24
and 48 hours of incubation of test media. The criterion for cidal
activity was 99% or greater reduction in mnnber of organisms origi-
nally inoculated.

Two drugs were extensively tested for activity against P. Rseudo-
maliei, dapson in view of its extensive use -n troops in Vietnam

8rmaiaria1 prophylaxis ad sulfamylon in view of occurrence of
P. peuiaomllei infections in burn patients treated with this comn-
poud. Dapeca was inactive for P. pseudomallei at concentrations
of 25/pgf/ma. At 125 ug/ml levels it was sllghtly bacteriostatic.
The giith of P. pseudomallai was unaffected by sulfamylon in
concentrations up through 2.5 mg/m.., A 5.0 mg/ml concentration
was bacteriostatic but not bacteriocidal.

Preliminary tests were done on effects of cobination of antibiotics.
Antagonlistic affects were seen with cumbinations of kanMvcin and
novobiocin with select strains but not others. With one strain, a
combination of novobiocin and tetracycline cppearod to have a syner-
gistic efO.ect.

The bactwiooLdal activity of the patient's serum was tested after
optimal treatment with ampicillin, gantrisin, chloramphenicol and
auremyciv. Tests were conducted with the strain isolated from the
patient. No significant bacerlocidal levels were detected in the
102 final saerm dilution (after addition of culture).

a. The purported prophylactic efficacy of entrycide for lepto-
spirovis vas not affiraWd in a hmaster-Infectivity teat systm used
for icreening ati-leptospAral drug activity.
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b. Vicroscopic-agglutination tests on serum from 8 cases in
Vietnam provided presumptive evidence of 7 different aerotype infec-
tions, one of which -- hyos -- has not previously been reported in

Sthis area. A high prevalence of antibodies werg found in normal
ewire from Malaysia and Vietnam. In both countries predominant
titers were against pomon and autwmmalis. This contrasted with
marked diversity of serotypes found Inhun infections in these
areas. The macroscopic-agglutination (slide) test had poor sensi-
tivity and specificity when used at a seroepidmiological tool in
swine surveys. Antileptospiral antibodies for diverse serotypes
were demonstrated in sera from various rodents trapped in Coo Son,
Vietnam. Antibodies to serotypes commonly associated with human
infections in Vietnam were found in animals in this area. One of
the leptospiral strains isolated from surface water in Malaysia
was found to be a new serotype and has potential usefulness as a
vaccine strain because of its unique antigenic affinity with diverse
serological types.

2. Melioidouis.

a. One hundred and eighteen human cases in Armed Forces pov-
sonnel were affirmed by laboratory tests. Approuimately 220 cases
were established at WRAIR since February 1965. The sensitivity and
specificity of the hemagglutination (HA) and complement-fixation (CF)
were evaluated from test results obtained on single or serial serum
samples from 185 patients. All but 2 of the patients had significant
antibodies on one or both tests. In the exceptional eases the sera
were obtained during the acute phase of disease. Two cases were CF
positi,m only and 3 were positive only on HA. The correlation of
HA and CF results on 175 patients for which both tests were per-
formed was 97%. The correlation of findirgs in 445 sera from these
patients was 90%. Both CF and HA antibodies were usually present
one week after onset of disease. In both tests titers reached
maximum levels in L-to 3-months and persisted in approximately 90%
of the patients for more than six months. Perstitevce of antibody
titers far 1 year or longer was not unusual. The high specifilaity
of HA test was affirmed In extensive tests with divorce anti-
oicrobial rabbit serum and with sera from patients with various
becterial and viral diseases. In CY tests on the e series of
sure, heterogneric reantions occurred with other Peoie p~.ft
antbodUi occasionally at relatively high titers. Thiie1ajgcal
studies served to establish the hA and CAZ tests as excellent "ro-
diagnostic procedures. The relatively few seronegative or low
titer reactions in HA or Cr tests on sure tron proved cases could
not be related to strain antigenic differeaces or incomplete
antibody.
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b. The broth supernatant or expressed agar fluids of an inhib-
itor culture Qf P. pseudomallei were compared to those of a non- • ,'
inhibitory straGn by paper chromatography and thin layer chromato-
graphy. The inhibitor cultures contained an additional ninhydrin
positive spot which had the same Rx mobility as arginine or lysine.
Only the D-configuration of these two compounds had inhibitory, )
properties. Further chemical identification of the inhibitor is
planned.

c. Redox dyes were incorporated into minimal media containing
single sources of carbon. Growth and respiration of the pseudo-
monads at the expense of the carbon sources caused a concomitant
reduction and color change of the dyes. Phenol-indo-2:6-dichloro-
phenol was considered the dye of choice.

The results obtained were a better differential of pseudomonad
species than commercially available complex media containing pH
indicators. At present the major difficulties involve auto-
reduction of the dye by some substrates and fading on prolonged
storage.

d. An in vitro drug test system was established to determine
bacteriostatic and bacteriocidal levels of select antibiotics and
combination of antibiotics. Concentrations of dapson and sulfamylon
at levels attainable in clinical applications were not active for
melioidosis organisms. The occurrence of melioidosis in sulfamylon-
"treated burn cases from Vietnam is consistent with in vitro test
results. In preliminary tests on effects of combination of anti-
biotics, antagonistic effects were seen with the combination of
kanomycin and novobiocin with some but not all strains. With one
strain a combination of novobiocin and tetracycline appeared to
give a synergistic effect. No significant bacteriocidal levels
of gantrisin, tetracycline and chloramphenicol for P. pseudomallei
were found in sera of a patient following drug admi-istration.
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23. (U) To acertain If the prophylactic administratima of Samme globulin to troops is
effective In reducing the Incidence of clinical hepatitis, to determine the period of
Immity and the dose required.

24. (U) All 1WS male U. S. Army personnel assiged to NUSA receive an I.,trrasuculair
Injection at the aerial port of entry and-again five months Later. These injections
contain either 2, 5, or 10 ul. of 16 percent gamea globulin or placebo mater'ials The
Inoculations are given lik a double blinded am-At based ivpon th~e last ditlit of the
solder's sorial numbers Data wuill be analyzed, based upon the Incidence of documented
viral hepatitis In soldiers "eCeiving each of these materials.

25. (U) 69 01 -69 06 A WRAIRcoamoits teanvwas eassigned to Korea during May 1967.
Ibi team ha established an Inoculation mid record center at the aerial port of
debarkation for all U. Be ArM personnel arriving in Korea. boldier. assigned to Korea
receive biologic meaterials upon arvival mad again five wmotho lateir. Scrutiny of all
admssions to hospitals is maintaived to insure proper docmmtstion of hepatitis in
eam& study patient. Ninety Six 2housand soldiers have received. second Injections.
Games S1,0bill does net protect all soldiers from the occurrence of alinical illmess.
UMether significant reductions In Incidence or morbi4ity result from Von globulin
adminstration can wt be ascertained until the stody is decoded. for technical C
reports seeWalter Reed Anmy Institute of Research Annual Progress Report, 1 Jul 66-
Joe 69.
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Task 00 Tropical and Subtropical Military Fledical Research

Work Unit 308, Prophylactic use of gamm globulin to prevent
Sinfectious hepatitis

Investigators

Principal: COL Marcel 5. Conrad, MC
Associate: MAJ Bertram F. Felaher, MC, MAJ George N. lernler, NC,

Joseph D. Boggse, M.D., Hans F. Suetana, M.D., and

Allen A. Young.

Description

Gamm globulin has been used in both civilian and military populations
to prevent the occurrence of infectious hepatitis. Scrutiny of the
incidence of hepatitis In troops receiving prophylactic Injections of
gamma globulin has failed to provide convincing evidence that it has
reduced the incidence of disease. A double blinded clinical study was
initiated to permit evaluation of the effectiveness of U. S. game
globulin in the prevention of hepatitis in U. So Forces stationed in
Asia°

Despite many reports of isolation of a virus from materials obtained
from patients with infectious hepatitis, there is no convincing
evidence that the causative organism of infectious hepatitis has been
cultivated, Studies were initiated to obtain materials from patients
with infectious hepatitis and prove that they are infective so that
these specimens can be distributed to various laboratories attempting
to cultivate and identify the virus. It is postulated that the avail-
ability of materials from single sources and their distribution to many
laboratories will provide the best opportunity to cultivate the causa-
tive organism of disease and hopefully lead to the production of a
vaccine for the prevention of hepatitis,

Proaress

During 1964 a program was initiated by the U. So Amy to immunuse all
military personnel stationed in the Far East and Southeast Asia with
gama globulin to reduce the incidence of infectious hepatitis,
Soldiers were injected with 10 ml of 16 per cent human serum gasma
globulin shortly after arrival overseas and again five months later.
it was hoped that this would produce passive immumity against hepatitis
and that active immmity would develop through a subclinical Infection,
The escalation of the conflict in Vietnam increased the number of troops
stationed in Asia and markedly reduced the amount of 8ams globulin

K) available In national stockpiles. During 1965, the recommended dome
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of 8nmme 8bulin was reduced to 5 al twice during a one year tour in
4514 an during 19"6 the recommendation was made that the reduced dose
lbe Almateimd 1aly to "oldiere signed to units with a continued
bi#a incididep of hepatitis. Eamination of the incidence of hepatitis

reth Korea dad Vietnam showed a marked and sustained
mlon n the Incidence of hepatitis from 1964-67 when compared to

Vr.WtOS intervals. wowever, this reduction In incidence occurred
w Umral m*the before the Initiation of the gams globulin prophylactice and could not be attributed to it. In addition, the incidence

te d 1W following reduction in both the dose of game globulin and
0 01004t of troops included in the immunization program. This infor-

.lism ad the relatively limited availability of Sam globulin made
it desirable to ascertain the effectiveness of gamma globulin adminis-
tration in a controlled study.

During Nay 1967 a field study was initiated In Korea in which soldiers
aOseped PCS to EUSA were given various doses of gmm globulin or

tb upon arival and again five months later. Soldiers receive
either: (1) 10 ml of 16 per cent human serum gmna globulin (20 per
cent); (2) 5 ml of gmma globulin and 5 ml of an albumin-sucrose-
potselsu glutamate solution (20 per cent); (3) 2 al of Samma globulin
mad 8 al of coQntrol material (20 per cent) or (4) 10 ml of the placebo
'Wection (40 per cent). All materials must be characterized for anti-
" Aesaga•ist known bacteria and viruses and for fragmentation and
codtent of various gnma globulin components. Selection of soldiers
for each Injection ti made based upon the last integer of their military
serial eAber. The various materials used for Injection are bottled
In 10 al containers marked with the ton Integers, 0 through 9. Two
integers are used for each material containing the various quantities
of g8mm globulin; (1) (2) and (3) above and four integers are uti-
Used for control material. Each soldier receives the contents of a
bottle labeled with a number matching the lost number in his serial
number upon arrival in the aerial port of debarkation in Korea and
again in medical military dispensaries throughout Korea five months
later. All cases of suspected hepatitis are evacuated to one of two
military hospitals in Korea where the diagnosis Is evaluated by both
clinical and laboratory studies. Each documented case of hepatitil
Is verified as a study patient by maintenance of central limunization
filse at the aerial port of debarkation. It is believed that 100,000
man years of study will be required to document the value or limita-
tions of lmm globulin in the prevention of infectious hepatitis.

Stwdies wre being performed at the Illinois State Penitentiary in
collboration with Dr. Joseph D. Boggs of Northwestern University.
PotentaleLy Infectious materials from patients with documnated
iafte#ooe hepatitis are being administered to volunteers. Each
patient Is hospitalised ad carefully controlled clinical and labors-
tory teats are performed to ascertain if the volunteer develops
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hepatitis. Blood, urine end feces are collacted before the adminis-1 tration of tat materials asd a stored at 0800 C. until the
completion of studies. Materials frost ubjects devewip bepatltis
are selected and divided into slshl all•wta for distribution *to
laboratories attemptiog to (1) isolate the vlres of hepa•tits (2)
develop antibody tests to ideutify the disease and (3) produce the
disease in animals to cbviate the need for hIbm studies.

Results

During the period Hay 1967 through May 1969l 95,000 soldiers arriving
in Korea have received-an Injection of Stmga globulin or placebo
material, and 50,000 soldieis have received Injections of the same
biological materials five months latur. Icteric haepatits In *ccur-
ring in soldiers receiving both gamma globulin and placebo material
at all intervals following injection. Whether gmem globulin Is
providing partial protection or a reduction in morbidity of the
clinical illness can not be ascertained until the code for tbe ma-
terials is knomn and subjected to statistical evaluatiGn. The pon-
sibilfty that no difference will be shown has been considered and in
this event it would be necessary to consider the hypothesis that the
etiologic agent of hepatitis in Koret is d4 fferent than that observed
in the United States. The incidence of previous hepatitis for all
soldiers assigned to Korea has been obltai~d and siml•ler Information
is being obtained from each hepatitis patient; failure of soldiers
with a previous history of hepatitis to develop a second infection
in Korea would be suggestive of Ismity. In addition, preliminary
data Indicates that most hepati tis patients ware reared in a rural
environment. This might indicate that urban U. S. populations are
relatively immune to hepatitis contracted in Korea; presumably because
they were exposed to this viral Illness during an earlier period of
life. Lifelong geographical histories are being obtained from each
patient with hepatitis and from a randomly selected p1pulation of
well soldiers to ascertain if this can be documented.'

Last year serum was provided by Dr. Krugman frat cil~dren with
hepatitis at the Willowbrook School, Long Island, KweYork, Oral
administration of small ahiquota of this @ern to hIum adult
volunteers produced clinical hepatitis thirty to forty das later.
Specimens of plasma were wollected from all volunteers at lntervals
after infection. A thirty day specel•n of plasma collected from om
of these patients has been fed to ten volunteers and falled to produe
hepatitis. This specimen was obtained two dys before laborator tests
Indicative of hepatitis becme abnorel. A second specimen has been
selected during the Interval when the transmanese es elevated but
before bilirubinemia occurred and will be a&d.istered to voleunteer
to ascertain if it contains the causative agent of hepatitis. If so,C) this pool will be used for virologic Isolation studies by laborateree
under U. S. Army contract for this tpe investigation amd to invsti-
gators attempting to develop - mperimental mammal for hepatitis studes.
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A doubls blunded field study ws. initiated in Korea by a WRAIR team
to *va•lusto the usefulnes of 8ma globuln in the prevention of

•toUD hepatiJ~tis. This team has completed the second of three
yer of operations oversew* Serm pools with demonstrated in-
fectivity for Infectious hepatitis are being developed for use by
iWestilgtoTs attempting to ealtivate the etiologic agent of viral
hepatitis or to develop an animal system for use in the study of
this diseae.
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John 0. Brown, SP5
Normau West, S14
Morris Wilkinson, SP4

This project has included the evaluetion of special items of equip-
ment for use under field conditions for preparation of intravenous solu-
tiota and evaluation of new technical approaches for improving the opera-

tion of the medical laboratory.

Anoroac to oioble@:

A concept of preparation of intravenous solutions which is designed
to package the desired components in a dried form in a fluorinated hydro-
carbon package instead of a glass bottle was developed and has been
funded by the Medical Research and Development Command. The packaged,
dried reagent offers a considerable logistical advantage in several
respects as well as increasing the shelf life of the product. An easily
portable distillktion system Us been developed as a component to provide
the necessary purified water for reconstitution of the intravenous solu-
tiono.

For toxicologic amainations an analytical system which uses a
numier of diffetiag analytical approaches; for the identification of
ftotc substances was cousiderd an essential development in light of

tbe coatinuin increased complexity of requirements for analysis.

S$M_ tfor field relanvation of Klectrolvto Solutions

Problems of excessive weight. deterioration of solutions during
skipping aind storages "casualty rate" during shipping, and other con-
sidertiloom of solutions packaged in glass bottles have led to produc-
tion of a plastic bea of specially formulated material which now allows
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\) packaging of dried chemical, or of highly concentrated liquid prepara-
tions, by a pharmaceutical contractor in a container which is no longer
easily broken and which will withstand 1,rge extremes of temperature.

SThe dried chemical also has another highly desirable charactaristic of
chemical stability, since most dry chemicals deteriorate mord rapidly
when placed in solution than in the dried form. Preparations made
available to date include normal saline, 5 percent glucose, 10 percent
glucose, bicarbonate buffer solution, and concentrated sodium lactate.
These preparations allow a considerable relief of logistical burden since
the dried constituent represents a maximm of 10 percent of the final
weight and the plastic container is mucha lighter than the g1ass bottle.
Another feature of the plastic unit is that it contains everything
required for transfusion purposes as a component in the shipping package.
This assures delivery of all the essential items for use in the bospital
by the physician when an intravenous solution of these types are required.

The distillation unit for this assembly was made to the special
requirements of use in isolated areas where transportation is very
limited and where a minimum of weight to be carried is associated with
success of a mission. The unit is totally contained in a suitcase-else
assembly which lends itself to easy back-carry or allows air drop if
necessary. Components contained in the assembly include a portable auto.
clave, the distillation assembly complete with quality tontrol monitor
apparatus, collection containers, and a smell supply of the transfusion
bags. The still has the ability to produce USP Quality Water for Injec-
tion from most naturally available water. The still may be suspended
over a suitable heat source (a charccal fire) and water is fed to both
the condenser and the boiling unit from a bag or other suitable feed
source. The boiling unit produces steam which passes through a condenser
which ts cooled by a spirally waund trough. The condensate passes through
a battery-operated conductivity meter adjusted to give an audio signal it
the even water purity is questionable. This 'mechanical rabbit" hbs under-
gone extensive testing to establish that water produced end monitored by
this device meets all requirements for intravenous applications. Selected
bags containing the desired chemical are filled consecutively by a manifold
connection which allows the collection of four units per pass. Four units
are indicated in this situation since volume adjustment is assured by
placing the bag in a calibrated can. This can also serves as a container
for the terminal steriliustion process which may be carried out in a port-
able autoclave which serves as the external container for the still com-
poneants during transportation. Total weight of the assembly is approxi-
mately 30 pounds, with a production capacity of one gallon of water per
hour of operation. Cleaning and maintenance are easy operations with the
unit designed.

A further extension of mater purification on a mach larger scale
J (5 gallons per bout) is currently under development.
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An evaluatiop of product produced has resulted tn the following
observations:

(1) It is feasible to reconstitute a packaged dried electrolyte
which will comply with USP requirements for use as intravenous solutions.
Intravenous solutions which were packaged by the contractor were shown
to be within assay limits, sterile, and pyrogen-free for extended periods.
Accelerated studies of stability by storing solutions at elevated tempera.
turnes and humidity indicate solutions may be satisfactorily stored for
varying periods without any appreciable deterioration. These data are
siswrised in Tables I and I1.

(2) The portable distillation system will produce a safe product
for intravenous use even though the source water may be non-potable and
heavily contaminated. Results of these examinations are listed in Table IIL

(3) Suspended matter which may be contained in the dried chemicals
can be satisfactorily removed from the solution by a "final filter" which
has been specifically developed for this purpose. An examination of
Table IV data will show that extremely small particles may be removed and
that the quality of the product produced exceeds that normally contained
within the glass-packaged solutions.

Analytical Toxicoloty.

Automated analysis of gas chromatography (7 units), ultraviolet spectro-
photometry (Cory XV) and infra-red spectrophotometry has resulted in a
highly effective analytical system which has been reported elsewhere in
support of the antimalarial assay program. The addition of a mass spectro-
graph during this year has greatly enhanced the potential for study of
medicinal metabolites and for identification of minute amounts of toxic
materials. Work is continuing to add reference materials to the library
of data which can be accessed by use of the off line computer facility.
This type of data processing has not proven to be highly effective due to
the delay in return of processed information. The system has demonstrated
that for more efficient operation a dedicated laboratory computer is the
best answer to this type of operation. Efforts will be continued to com-
plete this requirement.

SMMrY and conclusions:

A system for preparation of intravenous solutions by addition of
distilled water to pre-packaged dried chemicals has been evolved which
has been demonstrated to be safe and feasible.

Analytical toxicology has been extended to facilitate analyses. The
system has resulted in reducing analytical time and in increasing pre-
cision of .utaminations.
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23. (U) 1. To evaluate the contribution of sicromboll, fat mboll, pulintlrY oota-
*ion causing the "shock lunl" syndrome. 2. To detemime effect of local enatbietocs in
preventing sepsis in closed spaces. 3. To correlate adequacy of debridemi t With sur-
face PH.

24. (U) Pulmonary microcirculation insulted by fat mbolt, microaggr•gstiom e d coWm-
tusion were studied by angiography, bistology, end radioactive fat. Dtaled Aelunar

functions were studied in animals subjected to pulmonar contusion. A uodel fw pro

ducing subdLapbragwetic abscesses in rbbiLts me made. 1Itb velocity owdsd of extrem-
ities were produced in animals and debrided using the surface pf ele*lrode as a gUe
to adequacy of debridement.

25. (U) 69 01 - 69 06. Pulmonary and •icro•aol caue puilmemy hypertesesi, Satn-
pulnonary shunting, elevation of pulamonry artery pressure and artwrial hypoi•nsea.
Pulmonary contusion causes intrepubonary shuntiag and aspirstion of blood seelmetioa
to the normal lung vith eStenLion of the picture of "shock lung." A hom qumtity

of bacteria bas bee" placed in the subbspatic space to produc as -- mreeritemal
abscess. Cood model baas been estoblisbed. Tbe urfate p1 of devtialisd m lel ise

acidotic. Tbe technique for debridamOnt, using a surface eectdeis to 0 e e1
for clinical application.

For technical, reports, se0 Walter MWd Arny tuetitnie of bamrch Am" p,281e-o
Import, I Jul 6-30 3u 6.
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teseT, NtC

1. Un Ue of nialmiu for Wound infection

a. -3: _te of the ----- : infection following combat wounds
costu1m, to be a major caus of morbidLty.

b. a: Wigh velocity missile wounds often result in severe
infeclto due to prose contminations incomplete debridinent, and the
bostooronimi relationship. Topical antibiotics, sulfailon, have been
,seful- in controlling burn wound sepais.

C. blo d to do Rolm: the wounds of 250 patients from Viet-
mm were cultured in Sapsm and the wound organisms and entibiotic son-
uitivity determined. nsdaelemine solutions at IN 6.0 and 6.8 waro
tested against various strains of organim. Toaicology of mandeliins
was tested by intraperitosal injection in mice.

d. Waults a Kisusg icn: L. imnem P. L..~& .colI were
"the major causes of wund semple. Mmdelim Was highly effective
""gainos thdee orgmnims as teoted by diee sensitivity and tube dilution.

a. CJnclus: omKelimin &ad/or other aents my be useful in
controlling void sepais.

f. H jIIM: U tonic effects of safdeliin, should be
Lavestei.•eiIn dMe ad a clinical tri1l Cosidered using Uhadelsimn
to control unud sepals.

2. Lan luctuatim in Wou d s durima the domelosn beriod.

a., go Problem: Unreopined sPsis and residual
tism injuri a often present in tde convalescent period following
combat wofmd5. )

relea. ed~ i It has been foul that org an #ecific smayms are

geleassed Isjuiss to deo tismsue, Sorum ewm determinations
$98
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are useful in discovering occult damp to specific organs or tissues
and nay elucidate a diagnostic dilems.

c proach to the Problem: In 205 rsndo• selected patient with
extremity wounds, the creatine AcephoM&nase ( lactic deiytosmae
(IfM), sad serum lutemic moaloacetic t aemiase (in) were meaisured
using the method described in the Sips Tedmnical Bulletin.

d. IRsults and Discussin : The CP was elevated in 60 of 205 pa-
tients. The LM was elevated in 58 of 140 and 49 patients had elevated
SO0. An elevated CU was highly specific for soft tissue Isuay ad
persistent elevation in the convalescent period suggested wd* .sepsis.
Peudmoas aerusnos wes cultured from the woud of 94.1 of e
patients having an elevated CPU.

e. Conclusion: #erum emsyms detetmistioos may have ellical a&WI-
cations in discovering moldering sepsis end residual tisse dlmgs.

.. *gEgf5tjI: A clinical study using several bhndred patient.
should be developed to further detemins the specificity of sem CIU
elevation in septic extrmity wounds.

a. Statimnt of the Proble: The proper tim for OPC of a cadet
wound is based on clinical fiudinp and the experience of pmvous wr.
An objective test of the Ideal time for wound closurmto needed.

b. ilgMM : Inperience had denaostrated the wisdom of debridia
combet wounds end leaving the wound open for delayed closure an the 4th
to 6th post-injury days. The success of DPC depends upon the edequa
of initial debrdmmt, the prsence of necrotic tissue or woumd sepsis
at the time of procedure.

c. $ to e Prl: $rm erm e w measured In 40 pa-
tients with extremity uwounds o detevatse if the CR correlated with a
clean wound or a wond with necnti. aiawe or sepsis.

d. milslt J IJgjd Dh.tye. e patiens wIth sornal CK
values bed uneventful m recovey following DEC. $eIn p'tioste with aeI-
vated CR at the time of DIC developed wound complioctions, eider in-
fection or deabhieCe. The CK returns t* l following edequ~e
debridmoit but ramao elevated in th prescce of sepsis or devital-ised mosce.

a, Olutm : the Ci% may be of value tn de•aermials the pror) tim for DIC. La elevated Cm in the pesence of entr-ity wmuif
suggests that a DC t likely to fail.

0 K
4•. "



f.M : the usefulness of C1K to prognosticate success
of DEC whoi l betasted In sveral hundred combet casualties.

4. h~elsies and Wm balms

a. _ --- Isile the use of cyanoacrylates has
bee" efattiw in UN. t reatomist situations, these agents are histo- 0}
t.IC and iwnterfere wI* wound healing.

b. hai: mil experimental work and clinical situations
1.t he usefulness of tissue adhesives in providing hemos-

sof d oqpm or large denuded surfaces, sealing cerebrospinal
flUid fistual, and reinforcing precarious vascular mstomoses. The
efct of tissue ateeivee used for skin closure was investigated.

c. to dhe _-- : Bilateral skin incisions were made on
h beks of In rate. Oincision was closed by conventional sutur-

04..tedmiques and the other by various hoaiagues of cyanoacrylates.

d. & a ions: Tissue adheLves provide greater ten-
sile t rst o 5 days post-wounding. Thereafter,
sutured vwols had a hfIter tensile strength. Histologic exminatnion
damstratod interference of collagen bridging by the cyanoacrylates.

e. Co=IUAM: CyMnocrylates my add strength to precarious or
we-iseed iutute lines. iowever, they interfere with wound bealing and
decrease tensile strength during later ruases of wound healing.

f. i: Tissue adhesives should be used only upon indi-
cation for life-toratening situatLons.

5. ha"n not Ocft Ra m8Iu A rM ad CWM M

a. Ifyg" gfm: Voerve hbamografts usually fail beamse
thy ngeader sovers host reaction.

b. /j~jq: Military conflicts and severe civilian accidents
provtde larIe& nos of patients with nerve deficits causiga severe
pemsent, disability. Loss of nem Subeteace precludes primary repair;
acorodingly, rIeConstruction by hamsgraft is required.

to &IM to *2Poidi. ial. nerve injuries in dapg wonere
paired by (1) autogtrfte, (2) pre-degaeerata grafts, end (3) irradiated
hompaafte, all 2 ca. in lengft. Use nerve ntmeoses wve standard.
teohniques using Silatic cuffing procedute. Rn sixz chimpanset both
radial and teroasl nerve deficits were repalited sing a hanoWaft tich

Sdegenerated sad irrd•tated.
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d. haults Discosugn: So. binpaft is the beat sense of
spwdnng irreduc ibl nem ~P if &M, aPPOCt*pit OUtogrft isa Net awil-
able. hrrediation~sed not pre-degamerations Wasth do taaag co
in succeussof hanopafta. In cbispeae~ess bafrsfts of 4 C. orle68b
ware, 00% successful.

C. ~iJI~~ !~persurical tachniques, preparation of spfa
and length of konograftsaft important peMaters for a successful a
graft.

f. Min:Aditional investigation- in semv Crafts is an
Important military project.

Dterminationog ;Isue Vigit

a. stateMet of the Problem: "1 velocity missiles causeo tame
desge beyond the grossly visible evidence. The extent of dWMbrIdt
is dete=uinod by clinical criteria,, 1.e. color, conhistency, N -9 ~Ll-
ity, and bleeding of skteletal. uncle. An objective method of detevia-
ing muscle viability io needed.

b. 3bskayUn: Due to dissemination of lateral aemrp, ice a i
velocity missile passes throuna the tissm there is image beyond the
missile tract. Recognition of dwitalised tisue bas beem baead as a
clinical Impression and requires extensive experience. Vith mroe
debridemwet sepsis and poor wound healing ax* likely to occur. coessalve-
debridement results in loss of fiuctional tissue and increased sorbid~ty.

c. to AgPo n: Tissme surface pR Is log~cally asemaimd
to be related to the aeucy of tissue perfusion. Onob injuries -Neri

I ldin skeletal muscle of rabbts sad debrid~ed uslag a surfase else-
trade to measure the go and debriiinat proftwed watil a smeml IS we

4.werd am wod :wr FXollowngd aloundeing d gab* a decrese

in surfase 0m probably dwto acowuaftes, of actid 19 matsholifts* so
SuraN in of charred muscle did not decrease and of interest M4 bown

e. 0jjMuso: A surfed electrode say be of value in detemadabe
viability of crsbd or oherred mascle and mW be a VAN* to the aftent
of debridmenet. Soe techique to laborious and ptecludee extowive
clinical application in oeamt vumiaf.

f. Rkgo" n: Ojective manss of datemlaing tissue viOUIlity
are nee.S ioopeent of technique to detenae rapidly ama-
viability of tissue is a project of bi$b priority and military Importanoe.



7. Dmstration of Pulmonary Microemboli by a Nicroradioara,*ic
Tachnigue.

a. Statement of the Problem: The histologic picture of pulmonary
microemboli and their physiologic significance have been the subject of
much dispute.

b. Background: Pulmonary embolism from massive intravascular clots
or microemboli from fat, platelet aggregates, particulate cellular
matter, air, and debris from infused blood is a cause of significant
morbidity and mortality in both military and civilian trauma. To under-
stand the pathophysiology, the problem requires separation into its
component parts and models developed to study each component.

c. Approach to the Problem: Pulmonary emboli were produced by
injection of 200 mg. of microspheres into the ear veins of rabbits.
After embolization, heparin, 1 mg/kg., was injected intravenously aad
the animal immediately sacrificed. The lungs were removed and the
pulmonary arterial tree infused with micro-opaque suspension.

d. Results and Discussion: The pulmonary arterial circulation was
demonstr -ed to the precapillary arterial level. The gross and histo-
logic abnormalities were related to the size of m crospheres injected.

e. Conclusion: The use of microspheres and radiographic techniques
is a useful method in studying pulmonary embolism.

f. Recommendation: Expansion of this method may unfold additional
pathophyeiologic alterations of pulmonary embolism.

8. ?j anoacrlate issue Adhesives: Experimental and Clinical Evalua-tion•3, Op LZ, LJ, 11, L9, 21

a. Statement of the Problem: In extensive trauma there may be un-
controlled bleeding from denuded surfaces, weak vascular anastomoses,
severe wounds of solid organs, and fistula which cannot be ideally
managed by standard suture techniques.

b. Background: In military and civilian trauma massive tisrue loss
and wounds of solid organs cause extensive blood loss which is difficult
to manage rapidly by standard techniques. Excessive blood loss results
often in a bleeding diathesis which compounds the problem. Following
wounds of some organs, fistula may result from residual devitalized
tissue or closure of defects with sutures under tension. In many diffi-
cult and often precarious situations, tissue adhesives have been useful
in the experimental animal model and in man.

c. Approac| to the Problem: The cyanoacrylates have been useful
in experimental models to manage difficult surgical problems. Because

902
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of hisLotoxicity various homologues have been developed. To preclude
the deposits of large volume of cyanoacrylates, a spray dispenser was
developed. The various hamolopues were tooted in miltiple, organs to
determine histotoxicity and the feasibility of using tissue adhesives
am an adjunct to standard surgical tediniqkws.

d. Results and Discussion: As the leafth of the alhip! d~ain in-
creases, there is a decrease in hisotoxictty~. Alpha cyanoecrylate cansuo
an intense polymorphonucloar leuikocyte reaction whereas the longer dhkin
radicals cause a lymjilocytic reaction. A Frnom propellent wa&4 dmod
to spray the adhesives on solid organs or donuded surfaces. Using the
technique a smaller quantity of monomer was deposited i.n or on the tissues
resulting in less tissue reaction. In the laboratory n-butyl and iso-
butyl monomers uaing Freon propellant have been useful in controlling
hemorrhage from liver, kidney, spleen, and vascular anastomosis. Becaase
of intense fibroblastic reaction and thrombosis engendered by the nowo-
mers, their isse should be confined to situations where intense scarring
does not pose a residual problem. These adhesives have been used in
desperate clinical situations in2 the combat zone and in civili~a sur-
gical emergencies in which deatise is threatened by continued bLood loot.
The most useful application has been for control of blee~ing from the
surface of solid organs or large oozing areas. Even ir- the presence of,
infection, butyl cyenoacrylate spray has effectively controlled the
bleeding surface of liver.

e. Conclusions: Spray application of cyAnoacrylatea may be life-
saving where oozing from bleeding surfaces cannor be svAnaged by standaed
techniques. Even in the presence of infection, cyanoacrylate spray is
efficacious. The intense scarring and tissue reaction limit its useful-
ness in vascular surgery where intravascular thrombosis may complicate
the repair.

treaed ithcyaoacylae shuldbe ontnue todetermine the carcino-
sencit poenialof he yaoacy].tesan deermnethe best indi-

a. _Sttemenof_ hePrblem_______ra antibiotics have not solved
theprolemof epss i lage urfce ouns. urnwouud sepsis has

been controlled by the use of Sulfamylon and similar drugs. Since sepsis
is a significant cause of morbidity following combat wounds, topical

antiiotcs ay e uefulas prphyaxi ortherapeutic regimen.

b. ________ pishs en h mjr aseo morbidity and
moraliy flloingressciatin ad srgialtreatment of wounds in

Vietnam. This is due. to the nature of the high velocity wound which
causes tissue destruction beyond the grossly visible evi ence of damage
and i's likely to result in inadequa e debridement. Land mine injuries
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and booby trap wounds cause severe gross contamination and are likely
to develop wound sepsis particularly if there is several hours' delay
between wounding and debridement. Sepsis is rel&Led to the nature of
a wound, the type of contaminating organisms, the adequacy of debride-

meat and the host organism relationship.

c. AvvEach to the ProbLm: Soil from various troop concentrations C)
in Vietm *s cultured for predominating organisms The bacterial
flora of 112 combat wounds was determined. A standard rabbit model was
developed to simulate a combat wound which was infected and debrided by
standard techniques then treated with m~ny combinations of topical anti-
hiotic..

d. Uiaults and Discussion: The organisms found in infected wounds
in Vietwm are similar to those found in other conflicts and in civilian
wunds, i.e. Staph. aureus, pseudomonas, Aerobacter aerosenes, E. coli,
and Proteus. In the experimental model and in clinical cases where there
was a delay between wounding and debridement or when there was inadequate
debridement several types of topical antibiotics were found to decrease
the incidence of wound sepsis. Rapid helicopter evacuation in Vietnam
has reduced the lag time between wounding and treatment to the shortest j
period in military history. Accordingly, the application of topical
antibiotics in the field may have limited usefulness. When the tactical
situation precludes prompt evacuation or large numbers of casualties
overwhelm the treatment facility and result in a prolonged lag time
between injury and debridement, the application of antibiotics directly
to large extremity wounds may reduce the incidence of wound sepsis.

a. Conclusion: In the presence of contaminated wounds in which
there is a delay between wounding and debridement or in which sepsis
has developed following debridement, topical antibiotics may be bene-
ficial.

f. Recommendation: Sepsis is a major cause of morbidity and mortal-
ity in military and civilian trauma. Additional investigations are
warranted to untangle the problem, to discover the separate factors
which are responsible for sepsis, and to determine the role of both
parenteral and topical antibiotics for prop.lylaxis, or therapy of wound
sepsis.
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I. Iltho.Log Anat of Lumas followina Shock and Trauma 5

a. t of t blm In both civilian and military tram
pumonuaryecmplications are a mjor cause of morbidity and mortality.

b. 1@SWMqW: Study of morbidity and mortality statistics in
Vietmom revealed that the most coesn cause of death following success-
fl resuscitation and surgical treatment of combat wounds was pulmonary
iasutficlemp7. A" factor ihLch interferes with ventilation, perfusion,
or diffusion may be responsible for hypozmia. Accordingly, airway ob-
struction, aspiratio, retained tracheobroachial secretions causing
atelectesis, pulmonary emboli, increased pulmonary vascular resistance,
and myocardial failure may be responsible for bypoimnia.

c. Agro" to thg ProEir: The gross and microscopic autopsy
findngs of 100 casualties uho died following shock and/or sevrv. trama
were carefully studied.

4. lsults &ad Dis cussion: The incidence of pulmonary lesions was
acute compstiLa 46; brobopomeummonia, 39; thromboomboli, 24; pulmonary
edoma, U; pleural effusion, 42; hyaline mbramn, 14; chronic posumoia,
4; beme:orez, 9; pulmonary homordiage. 19; cracheosto•y, 49; fat mboli,
12; atelectasis, 10. The precise cause of pulmonary hyaline mumbrames
is umnkmo. Clinical records of five cases demonstrated a picture of
acute respiratory distress and blood gas analysis suggested en alveolar
capillary block. The use of high concentrations of oxygen in the in-
spired air way also be a contributing factor to the formamtion of hyalins
membtes.

e. .•egj•.l: Pulmoaary Lnsufficiency is a cmmon problem follow-
ing severe trama and has moltiple etiologies.

f. kIin iaio: Laboratory models should be developed to study
"each of rk. contributing factors to pulmonary insufficiency.

wtG iLg General, U. S. Army Nedical Cqeand, Japan )
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2. Adult Hyaline Membrane Disease: ielationshilp to Chygn Theral

a. statment of the Problgm: A diffusion block occurs in patients
k / dying after prolonged respiratory support.

b. Background: Hyaline mnmbrane formation is a reapon" to pul-
monary injury of various etiologies. The cause and effect relationaiip
between oxygen therapy and hyaline membrane formation Is apparent In
laboratory models. Autopsy findings also show an assoclation between
prolonged oxygen therapy and hyaline membrane formation in boon.

c. Approach to the Problem: The histologic findinsp in th luogs
of six patients dying with progressive pulmonary Insufficiency due to
alveolar capillary diffusion problems were studied.

d. Results and Discussion: Hyaline mmbranes are a conspicuous
feature of prolonged oxygen therapy. The membranes may c•nsiet of
fibrin, fat, hemoglobin, mucus, and proteinacious material. Ilectron
microscopic examination showed swelling of mitochondria In altere
alveolar cells and damage to alveolar cells which produce surfactent.
once alveolar capillary block is initiated the process is self-perpetu-
ating and requires increased concentration and pressure of inspirtd
oxygen to maintain satisfactory arterial p02 .

e. Conclusion: Prolcnged oxygen therapy has been indicted as a
cause of hyaline membrane formation and histologic exeminatin of the
lungs of patients dying in pulmonary insufficiency tends to support the
indictment.

f. Recoendation: The etiology of respiratory ineufficiency needs
further study.

3. Cerebral Acidosis: Precursor to the Pressor Ms,,pos to ,lNc md
lntracranial Pressure

a. Itatement of the Problem: To identify alterations in cerebral
perfusion which accompany elevated intracranial pressure.

b. .aro% d: Surface pa of organ and tissues is related to the
adequacy of perfusion of the tissue being studied. A relaltiohip of
cerebral perfusion to initiation of the Cushing response bas been
suggested but not directly identified.

C. AMproach to the oblem: Sequential measurment of pR of
cerebral surface and arterial blood wae correlated with h€modywole
alterations and ventricular pressure. Intracranial pressure ma ale-
vated with an extradural balloon.

d. Results end DKlcusei"n: Cerebral surfsc acidosis ragularly
preceded the arterial press.o response. Fall in cerebral surface pV
was greater than fall in blood pN.

• 0 +•
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e. Conclusions and Recoouaendation: Cerebral acidosis reflects
cerebral hypoperfusion which precedes the Cushing response. Rise in
arterial pressure, therefore, represents adaptation by the organism
to increase flow to the ischemic brain.

4. HIcroassaetion in Bank Blood

a. tatemenst of the Problem: To investigate microaggregation accom-
playing blood storage with acid citrate dextrose (ACD) and ACD-adenine.

b. Background: Intravascular microaggregation has been identified
in combat casualties as a factor contributing to pulmonary insufficiency
after trams.

c. Agvroach to the Problem: Adenosine diphosphate (ADP), serotonin,
and aggregation were serially determined in 10 units of bank blood pre-
served with either ACD or ACD-adenine.

d. Results and Discussion: Increase in aggregation occurs in blood
preserved with AMD or ACD-adenine. This is associated with a rise in ADP
levels. Adenosine diphosphate added to platelet concentrates increases
as•eation proportionate to platelet count. Stored platelet concentrates
produce aggregation of blood elements without addition of AD?.

e. Conclusion and Recommendation: Mtcroaggregatton in bank blood
is the result of platelet disintegrates independent of AD? in the stored

blood. Large transfusion of bank blood may, however, enhance aggrega-
tion of patient's platelets by infusion of ADP.

5. Impedance Plethysmoareaihy

a. 8tatemnt of the Problem: The measurement of cardiac output and
central blood volmne by standard techniques has many disadvantages.
Impedance plethysmography may satisfy the requirement for a simple method.

b. bDackround: Impedance plethysmography has been employed as a
method for estinating cardiac output obviating the necessity of blood
smpling or vessel canmulation. Impedance changes are due to changes in
che voltm of blood within the area being evaluated, i.e. the thoracic
cavity. Studies by others suggest to us that the method may be of value
ist detensining an actemulation of fluid in the lung perenchyma or pleural
cavity.

Post-tratmetic pulmonary problems are a major cause of death in
patients with combat injuries. Same of these problems may be related
to Lnterstitial pulmaaary edemma the- is undetectable by clinical or radio-
graphic memsa. For this reason, ii spedanca measuremtnts are indicative
of chags in intrapulmosary volum, the method could be valuable as a
clinaLal adjunct in tho study and care of patients in Vietnam.
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c. Aproach to the Problem: Fifteen beagle dogs were anesthetized
with sodit• pentobarbital and subjected to acute intravascular overload

-) with 200 cc/kg of normal saline containing 25 Sa human albumin per liter.
Transthoracic impedance, blood volume and hemodynamic measurements more
sequentially determined,

d. Results and Discussion: Acute intravascuiar overload resulted
in increased cardiac output, decreased peripheral resistance, a-d perL-
pheral and pulmonary arteriovenous shunting. Fall in transthoracic
Impedance and pulmonary edema regularly accompanied infusion of fluid.
Fall in transthoracic Impedance is the result of increased intrathoracic
conductivity due to increased electrolyte containing fluid within the
thoracic cavity.

e. Conclusion and Recommendation: Transthoracic impedance falls
in a predictable manner with acute intravascular overload. VMeasuraments
of electrical Impedance would appear to be as sensitive as central venous
pressure measurements. The method appears to have merit as an investi-
gative tool and as an additional means of better patient monitoring.

6. The Etiology of Rypoxemia during AerKmedical Evacuation

a. Statement of the Problem: Hypoxamia may occur during aeromedical
evacuation.

b. knund: It has been reported that certain patients arrive
in Japan from Vietnam with low total blood voilme. This study wTe do-
signed to evaluate this problem. Information is lacking on the physio-
logical effects of aeromedical evacuation on battle casualties. This
study was designed to assess this sphere of interest.

c. Approach to the Problem: Seventy-two patients were studAed at
the 24th Evacuation Hospital, Republic of Vietnam, and following evacu-
ation at the 249th Seneral Hospital, Japan. Cr 5 ' red cell mass (WO and
total blood volume (TBV) were determined pre- and post-ivacuation.
Arterial blood g&ses, pH, and Z saturation were determined pre-flight.
in-flight and post-flight during their aeromedical evacuation from
Vietnam to Japan.

d. Ieults d- Riecmseion: The results of these studies indLcate
that the total blood volums of the majority of combat casalties evacua1-

ted from Vietnmo to Japan remained unaltered. The very seriously In-
lured (VSt) patients evacuated demonstrated the following: (1) a mean
deficit of 300"cc in TBV before leaving Vietnis, and (2) so further in-
crease in this deficit upon arrival in Japan that did not already euist
in Vietam with the following exceptions: (a) patients with traakeos-taxies *bowd a decreased plane volume, (b), se~tc patientseshowd Wth-

"x• a decreased I- end decreased plasma volum, (c) fractured femun and I
maltiple lower extremity fractures showed a decreased Rt, (d) spinal
cord and associated injuries showed a decreased NX and decreaed plasma
olums, (e) extensive abdominal injuries *howed booh a decreased W~. and

decreased plaim volume.
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Arterial blood gases, pa, and % saturation were detemilned pro-
flit$ht in-flight and post-!fligc during their aercuedical evacuation
from Vitanm to Japan. 7he findings were a severe hypoemia occurring
in the seriously injured and very seriously injured groups. "he lowest
recorded pO2 s vere found in the fractured famurs, multiple lower extrem-
ity fracturei and the abdominal cases. Parsamters to assess t.,e status
of hydration show that these patients receite ample fluid during their
evacuation.

a. Conclsion and Recommendations: It is recommended that in the
a bove -mutioued "I group more attention to replacement of their volume
deficits be accomplished prior to evacuatioa.

Conclusions and recoumendations will be given after thorough
statistical appraisal of these data.

7. Ivesralyemic b1nIse to Tagua in Combat Casualties

a. StatH m t of the Problem: Severe trauma causes many changes in
ustabolic pasthways.

b. H iyperglycemia is a recognized metabolic response to
trawe, haumbag end shock. Several investigators have demonstrated
that acute hyperglycemia will increase cardiac output, decrease pern-
*bexsl vascular resistance, and favorably influence survival rates of
emnimls following hemorrhagic shork.

C. Aeroa=ch tohe S rob.al: The pI lactate and bWood glucose were
measured in 67 battle casualties upon arrival in the receiving ward and
prior to institution of resuscitation.

d, lasultl and Diacssis : In casualties with severe trauma having
)Actat-&-over 20 ug. % the blood glucose was elevated. Of 15 casualties
vith an average lactate of 43 mg. %, the blood glucose was 256 ug. 7.
She data suMrt the laboratory evidence that hyperglycmeia is a response
to trams in afa and that the magnitude 3f hyperslycemia is related to
the searitty of trauma. This response may represent the body's attempt
to incrase the amilabiltty of glucot* to the cell and provide adequate
eour& oubstrate to meet the increased metabolic demands fhat trema
tapse".

e. qWmI.JU: Ilevation of blood glucose is a documnted response
to 45~41e treM in osa.

f. lggoIoo: Aerations in the metabolic pathways engendered
by seVe tram•shoed be studied in combat casualties In Vietnam.
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1. Ventilator.

a, Statement of the Problem: To develop a volume-cycled respirator
with pressure cycling capabilities which can assist or control a patient's
ventilation and satisfy the unique requirements of the Army.

b. Background: A volune-cycled respirator witb capabilities of
assisting or controlling a patient's ventilation was developed by Harry
Diamond Laboratories and tested at the Walter Reed Army Institute of
Research and in Viet Nam. Reports from testing facilities show that
some modifications in the design must be made to improve performance.
These modifications were:

(1) A better calibration of total volume and air-oxygen mixing
volume.

(2) The large compression effect when the machine is working
against severe compliance resistance load.

c. Results: The present Army volume-cycled respirator has greater
overall performance capabilities as compared to the previous model. A new
air-oxygen mixing valve was designed, fabricated and tested. A new
trigger arrangement to reverse the function of the existing trigger was
made. The purpose of this change was to reduce the internal compliance
of the respirator by insuring that the bellows would be completely
collapsed.

d. Conclusions: A volume-cycled ventilator is being operated in
Viet Nam at present to test the new breathing valve, mixing valve and
overall performance

e. Recome ndation: Continued field testing of this ventilator is
needed in order that proper evaluation can be made as to its capabilities
and usefulness for the Army.

2. Pulmonary Blood Flow Measurement.

a. Statement of the Problem: Measurement of pulmonary blood flow
using chronically Implanted electromagnetic flow probes is a problem
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because of occlusion or rupture of the pulmonary artery.

-• )b. Background: Pulmonary artery blood flow to individual lungs
following atelectmses has been indirectly measured. No one has attempted
to measure pulmonary artery blood flow following re-expansion of a
chronically collapsed lung. This study will attempt to measure directly
"the blood flow following collapse of a lung and re-expansion of a previously
collapsed lung by the use of implanted electromagnetic flow probes. This
study has been attempted on ten dogs.

c. Results: The electromagnetic flow probes have been implanted on
the main pulmonary arteries and the left pubmonary artery of ten dogs.
All the dogb, died within 10 - 21 days because of rupture of the pulmonary
vessels. It is believed that this problem can be solved by first
wrapping the artery with teflon mesh. Several investigators who attempted
to implant electromagnetic flow probes on the pulmonary arteries have
reported similar results.

d. Conclusions and Recommendations: Teflon mesh will be used to wrap
the vessels before implanting the electromagnetic flow probes. The exper-
iment has been delayed pending the arrival of the teflon mesh and the
electromagnetic flow meter.

3. Oxygen Toxicity.

a. Statement of the Problem: It is not known whether 02 toxicity is
a local problem caused by irritation of the pulmonary parenchyma by high
02 concentration or whether it is a result of high pO2. A model to study
the effect of high oxygen concentration is being devised.

b. Background: ProlQnged exposure to high oxygen concentration in
the lungs has resulted in pulmonary dysplasie, pulmonary insufficiency and
death. What is not known is whether the pulmonary morphologic changes of
02 toxicity is a local phenomenon or a result of high arterial pO2. This
study will attempt to produce the classic pulmonary morphologic changes
of 02 toxicity in one lung.

c. Results: Results from two dogs following exposure of one lung to
1007 02 for twenty-four hours and the controlled lung to room air, showed
areas of atelectasis in both lungs.

d. Conclusions and Recoumendations: The atelectasis seen in both
lungs was probably due to prolonged ventilation. The studies have not
been performed long enough for conclusions to be drawn from the results
obtained. Recommend these studies be continued for much lonfer periods
until one lung or both lungs present clinical and morphologic signs of
pulmonary insufficiency.

4. Pulmonary Hyoxemia.

a. Sltament of the Problem: Pulmonary hypoxamia causes an increased

pulmonary vascular resistance and bronchiolar constriction.
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b. ftckground: It is known that hypoxemia will cause pulmonary
vasoconstriction, bronchospam, and increase pulmonary vascular resistance.
VUin$ a double luuen canine endobronchial tube which divides the two lungs
into separate units, the effects of differential oxygen tension upon the
alveolar unit will be studied. The arterial oxygen tension will be kept I
at a normal level.

c. Results: Study to be started in August 1969.

5. Cardiopulmonary Insufficiency in the Intensive Care Unit.

a. Statement of the Problem: Respiratory inadequacy is a major
problep of surgery, trauma and disease.

b. Background: In the Intensive Care Unit only two patients were
studied. Both patients had low 02 tension on 507 02 and increase shunting.
One patient had an increase VD/VT ratio of .5 and required a tracheostomy
and assisted ventilation. Both patients survived and were transferred to

their respective wards.

c. Results: Postoperative and severely ill patients have low 02
tension when breathing room air, an increase in ventilation/perfusion
ratio, and an increase in shunting.

d. Conclusions and Recommendations: Because of delay in arrival of
equipment, we were unable to perform other studies. However, the results
obtained have demonstrated the necessity to continue these studies.
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ceptives. Biologic activity of this "Big" Insulin is being evaluated. insulin in
plama and bile have varied inversely following oral glucose and animal studies of
hepatic Insulin clearance are in progress. Insulin-hypoglycemia in thyrotoxic patients
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horrwme consistently. Exercise stress In a hot climate elevated growth hormone but not

../ 17 0.0 after physical conditioning. The cause of elevated estrogen excretion in sales
with lung tumore end osteoarthropethy or ectopic HCG production is under study. 3Ral-
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DeveloDnent of Radio-iumunoassay: Specific, sensitive assays for
insulin and growth hormone have been automated, providing up to 2,000
assays per month in support of investigational work. Competitive
protein binding assays for plasma thyroxine of cortisol are operational
and assays for 11-deoxycortisol and testosterone are under development.

Bit and Little Insulin: Insulin with higher molecular weight than
normal insulin has been separated by sephadex chromatography of plasma
from steroid-treated subjects and patients with acromegaly, uremia, and
obesity. In vitro studies of its biologic potency are in progress.

Hepatic Razulation of Plasma Insulin: Insulin in plasma and bile
(T-tube draiuage) have varied inversely following oral glucose in four
patients. Animal studies of hepatic clearance of insulin are in
progress.

Carbohydrate Intolerance in Pheochromocytoma: Insulin secretion was
normal after IV arginine but impaired after oral glucose prior to
removal of a pheochromocytoma.

Q1r.hvdr&te Intolerance in Women on Oral Contraceptives: Seven of
fourteen women with normal initial plasma insulin and growth hormone
response to glucose and arginine showed impaired glucose tolerance with
late insulin peak and increased quantities of big insulin. 2,3

G•lcagon Stimulation of Growth Hormone produced no consistent rise
contrary to recent reports.

growth Hormone Reosonse to Insulin-induced Hypoelyceoua in Th.rotoxicosis
was normal In 10 patientb contrary to published data. 4

Tests of Growth Hormone and ACTH Reserve in over 27 subjects by
pseudomonas polysaccharide (Piroent), insulin-hypoglyceals, arginine,
and metyrapone showed a high incidence of divergent test results. 5,6

K4 0 Counting of Total Body Potassium: Potassium changes masured by
external balance and KX0 counting were similar in a normal subject
sad in a patient recovering from gastrointestinal K depletion. Serial
140 counts proved helpful in detecting developing K depletion in the
latter patient.
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f]cessive Estrogen Production in Wlsl.A itb Luna Tmrs: High estrogen

excretion was attributed to ectopic COG production In one patient
and associated with pulmonary osteoarthropathy in two patients. Studies
of the source of estrogen production are in process.

Carbohydrate Intolerance in K Depletion: Plasma glucose and insulin
response to glucose, arginine and glucason before and after K depletion
(quantitated by external balance and KS4) counting) has been studied in
two normal subjects. Four additional studies are scheduled.
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Investigators.
Principal: Smuel B. Formal, Ph.D.
Associate: Eugene H. LaBrec, Ph.D; MAJ Thomas Lawrence, MC;

L. S. Baron, Ph.D.; Peter Gemski, Ph.D.

Description.

The patV':enesis of enteric disease is studied to elucidate
the mechanisms by which enteric pathogens produce symptoms. By
understanding the disease process improved procedures for preven-
tion and treatment of diarrheal disea&es will become evident.

Progre ss.

1. Previous experience has shown that an avirulent mutant
strain of S. flexneri 2a reverted to a virulent form when fed
to volunteers in doses above 1 x 108 organisms. Last year this
avirulent mutant strain was hybridized with E. coli so that the
female shigella strain incorporated the xylose-rhamnose region of
the E. coli chromosome into its genome. This strain protected
monkeys against experimental challe-ge. This year the mutant hy-
brid strain has been tested for safety in volunteers (by Dr.
Richard Hornick) and has not elicited reactions after doses of
5 x 1010 living organisms.

2. Because of the finding that the avirulent mutant strain
of S. flexneri 2a reverted to the ability to penetrate epithelial
cells and thus cause disease, an investigation was initiated last
year to determine the locus on the Shigella chromosome which is
responsible for epithelial cell penetration. It was found a year
ago that the region lay somewhere between the lactose-galactose
portion of the chromosome. However, Shigella hybrids which had
incorporated this relatively large chromosomal region from E. coll
invariably lost their type-specific antigen because this character-
istic is controlled by genes near lactose. Because of the loss of
the type-specific antigen such hybrids could not be used for oral
vaccine. For this reason we have attempted during the past year,
to localize more precisely the chromosomal region responsible for
penetration so that hybrids might be prepared which retained the
Shigella type-specific antigens but which lacked the ability to
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enter epithelial cells. Such -crains might then be used for oral
vaccines. We-believe that we have accomplished this. A chromo-

Ssomal site which controls penetration (as assayed by the kerato-
S) conjunctivitis test) has been found near the purine E locus

which is situated between the genes controlling leztose and galac- o
tose fermentation. By using an Ffr strain of E. coil which is purine
E- one can obtain purine requiring Shigella hybrids with relatively
small amounts of E. coli chromosome. These hybrids are avirulent
but sttll retain the antigenic structure of the wild-type Shigella
parent. The loss of virulence is not due to the requirement for
purine, because reversions of the hybrid strains to purine-indepen-
dence remain avirulent. Onesuch hybrid strain has been tested for A
its ability to protect monkeys against experimental challenge. The
pooled results of two experiments are presented in Table 1, and in-
dicate a significant difference between the vaccine and control
groups. However, the degree of protection which was observed was not
as great as we would have wished it to be.

3. Another approach to preparing safe living, oral dysentery
vaccines might be to transfer the ability to synthesize shigella
antigens to E. coli. This has been accomplished using a S. flexneri
2a Hfr donor strain and an E. coli K-12 strain as a recipient. After
mating and selecting for his+ recombinants, a high proportion of
these hybrids agglutinated in unadsorbed S. flexneri 2a antiserum.
None of these hybrids expressed the type-specific II antigen. These
hybrids were assumed now to possess some S. flexneri gi)up antigens.
When such a hybrid was remated with the same S. flexneri donor, select-
ing this time for pro+ recombinants, a proportion of clones now ex-
pressed the type-specific antigen as well as the previously inherited
group antigen. If such crosses were done in the reverse order i.e.,
pro+ followed by his+ selection, a different pattern of serological
behavior was observed. None of the pro+ hybrids possessed either type
or group antigens. Subsequent mating for his+ resulted in hybrids with
both group and type-specific antigens. These results show ýhat the
genes controlling the synthesis of at least some of the S. flexneri
group antigens (linked to the his+ locus) and type-specific antigen
(linked to the pro+ locus) are widely separated on the chromosome.
Expression of the type-specific antigen II depends also on the presence
o' at least some of the group antigens. Protection tests, using some
of these hybrid strains as oral vaccines, will be performed in
monkeys.

4. We have previously reported that the distribution of anti-
body forming cells in monkey organs following immunization with
S. flexneri 2a vaccines was related to the route of administration.
In monkeys receiving a live oral attenuated S. flexneri 2a vaccine,
antibody forming cells were detected mainly in the intestinal
mucosa. Occasionally antibody cells were found in the mesenteric
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nodes or spleen but not in peripheral nodes such &a the inguinal

nods. on ithe" othe hand, in monkeys parenterally imnised with
a -haet-lled 2. "& 2s vaccine, antibody forming cells were
4eoted iLi the ivaS1 nodes draining the site of injection andthe *iUpi. Few or no cells were found in the intestinal mcosa. )
we reore that the serm wtibody response apeared to be ex-
clusivoly Associated with the Inzaoglobulin M (IgM) class of

In #ks above a rinmats, aniaals were usually sacrificed at
44t dW* aft" the last dose of vaccine, and a few were sacrificed
at 10 d•na It was Imortant to know whether this pattern of re-

Smpgsd If the aninits were sacrificed at a later time after
S does of vaccine. Did the animal continue to produce Ig

M#Aofe*e, or did the animal begin production of inumoglobulin
( * 91~bodies which would be indicative of a more lasting

Rlw mrnkays were Sanized at weekly intervals with 4 doses of
aftA-R* .it oral or parentealr vaccine. The oral vaccine dose was

cells In 20 al; the parenteral dose 109 heat-killed
.-41.. All of the aniuals in theme groups were sacrificed 17-19
'day. 41r the last vaccine dose. An additional 5 monokeys were

i.• tmo doses of vaccine and then sacrificed 14 or 15 days
1ter At time of sacrifice the animals were bled and portions
o2 leam, •.'u, colon, spleen, mesenteric and inguinal nodes were
'rmoved, They were processed in the usual manner. Fluorescent
4stibdy (VA) studies were performed to detect the presence of
Antibody forming cells in the specimens.

The results are presented in Table 2. The FA studies reveal-
ed that only one of the orally Jymmized animals had significant
=*wse of antibody forming calls in the intestinal tract at 17
d•ys n 3 other animals the antibody activity was considered
• erg~4 i.e., some antibody containing ce~ls were found but the

fluorescence was weak. Iu the parenterally ifmunized
aas none of the animals appeared to have active antibody form-

Scells. In all but one of the monkeys substantial increases in
4tibbdy titers as measured by the passive hemagglutination test
(R) were found. Again, data obtained on individual serum samples
by 1) &*l filtration on Sephadex G-200, 2) sucrose density gradient
ultracentrifigation and 3) reduction by dithiothreitol indicated
that the aglutinins belonged to the IgM class of antibody globu-
line. We have tentatively concluded that the dose and schedule
sed for Imunisztion in thee experiments prolongs the production

of IgM antibody, and monkeys fail to produce significant or detect-
able quantities of I4G which would indicate a more lasting imnunity. )
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Indeed the PA studies showed that antibady synthesispay have
ended.

Our studies an the luportance of co ntilbody wreted hAto
the intestina lumen in amnity to emprimMt baCill tyfta-

K tery have been hampered by the very U munts of SIobulft ob-
taiued after simple washing out of the in*ýsiaal tract when the
monkey was sacrificed. We have tried nveral perfusion experi-
muents in an attempt to provide more intestinal secretions for
study. In preliminary studies, perfusion of the latj intestine
proved technically difficult and only n et monmts of prqtei
were recovered. Therefore, the mall intestine was used 4 lusive-
ly for these studies. At the appropriate number of days after
immunization the monkeys were subjected to srgery. A perfusimn
apparatus was attached to the small intestine and perfusion curled
out in situ for 4 hours. At the end of the perfusion period the
animals w-ere sacrificed for complete studies of the limune respose.
Before perfusion was started the small intestine was washed out
and the fluid saved for comparisons with the perfusaits. 1ien
the animal was sacrificed the contents of the large intestine wae
also collected, homogenized, clarified aid concentrated. All crt-
centrations were done by membrane ultrafiltration at 0oC. A total
of 27 monkeys were perfused, 6 normal animal, 11 orally imunised
and 10 parenterally immunized. Some preliminary studies of the
perfusates and intestinal washes are available. Qualitative im-
minodiffusion studies of the fluids using commercially prepared
monospecific goat antisera to human immunoglobulin classes have
been done. These antisera cross react strongly with monkey globu-
ln3n. Of the perfusates examined 13 of N8 contained detectable
mounts of IgA, 14 of 17 I,1M, and 12 of 17 IgG. Analysis of the
small intestine and large intestine washouts showed that most spetA-
mans contained detectable amounts of IgA and IgM.

However, the precipitin lines in agar suggested that the Ism
determinants may exist as monomeric subunitr of the molecule.
Further studies are being done. It is possible that the molecule
is either excreted in this form or that it is reduced to the mono-
meric form in the intestinal tract. The presence of ISC was variable
and may be related to the pvesenne of proteolytic enzymes present in
these preparations, although the perfusates usually did not contain
detectable proteolytic enzymes.

A necessary tool for the study of antibody formation, and
the relationships of the various inmunoglobulin classes to local
and systemic inmunity, is a source of monospecific antisera to the
various iunmoglobulin classes. The most difficult to prepare is

j)antiserum to IgA because of technical difficulties in obtaining
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pure I2A fna normal serum. We have succeeded in modifying and
syntheb5isin 5uve*l methods to produce a relatively pure IgA

0WOW-tat I 4 .0"t .es4*~ 40 -14) of seem IMs diluted 1: 15
I t u s p r p a e d a s f o l o s .' -in ft- sad tb ooled In ai ic bath. 'ft pH was low-

ewlt .2... i (m• . Ul u•l •hp v Isma pacupltate eoas rmowb~ - iq~a . Tht p~4I~t** ws sav~d because it com-
WAS"M .0"of r~m is dtf Spraeaý in serum. The supermaft

06 40* Mi th VRtA d to S.4 withk =cL Te pro-
Tkis prcipitate contAins

Akol" slOa suh aso 01C. The supernate
S.... ... •med with MOBH ad precipitated with

A*e 2,1 7 ation Tba-precipitate was
ipnt 0421K phosphate buffer at

2~ diSsd utee4 ~san MhZ el lu-
i• .. *t ef '.0 I diftISO was eluted in the first fraction.

V" , oostlied ...... alution using Increasing concen-
of R•01 u fhos:;p . buffer, Eac fraction was tested

• •A- m d 'Immoelectrophoretic methods.
|t.e mpr portions of IgA were pooled and

Wei*St 0)A - itlate'r ° sphate buffer at pH 5.5. This
... G S tj Rwaphsd:ft:' K cellulose (WIatman CM 52). The

""O:u . ,ias most of the IgA present in the ample.
" &*tt•.:' c •m Wm�"eatr ad. tested for purity. No detect-

- de tt I%@ w • U. d. -The purified ISA was used to lumunize
1W. • ti"'t ati soa collected after a suitable inmuniza-
*le prec•ipitsed strongly with the IgA antigen and the
dt $A wre I machey sNrom. Only a slight reaction was

A"LR6 4*t, ISO gl~bulfsiu.

53 Wok bio coat4ised on eucephalomyocarditis (ZHC) infection
sd ,ta copiari the effect of orally adminIstered

"11010 4W ebc fal.sly administered, foruslin-inactivated virus
,tei eqperlsnts woe -confirmed in tests where the period

two"sWietn and challenge was extended. Both pr.parationm
+"6 tp4,ifiunt 'viral replication in the bowel, as reflected

"o1ots in faces or in mall bowel washings.

.. ee. g"oups of mice were studied: control (C), paronteralh
Os" with fmOelix-imu tivated virus (s.c.), and orally im-.4wish aetive Infectious attenuated virus (p.o.), The attenu-
I *bus prepaation caused an asymptomatic infection with viremia
stit • ar•etion of virus from the second to the fourth day after
tMien, The three groups were studied in parallel three

ems maoth, two mogths, and three months after Smunizstion.
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The p.o. group was imtiaj with 5 x!08 plaque foxping uaits
(Pi) of Ottenuated DEC (4_d0iaptod WOOL) In a voliws of oes a.1
The ani"mls vee allomed t'- the M aftir a overnight !wt
individually identified, and ud fu•8 per capg. The eSX. St~up

Sreceived 0.5 al. of an smulsi of f-Iateivatd viu
wNC (approximtely 108 F) mied with a8 equal vohuu of F.Mal'-
complete adjuvant, injected subouteouslyt hTM& InJOctAiq was
repeated in 14 days. At the appropriAte tt d three groups
were fasted overnight, bled f the retVro;bital plexs and-Abhal-
lenged by being allowed to drink 11. of su-ernteut culture fluid
containing either 2 x 109 or 2 x 101 lPU of virulent virus.

Subsequent to challenge, fecal pellets were collected each
day, homogenized in phosphate buffered saline pH 7.2, containtsi
2% fetal bovine aerum (PBS 2% PBS), and centrifuged. The clea
supernatant fluid was aspirated and frozen until used for virus
analysis. The procedure was modified as follows for the three
month group. A control challenge (2 x 109 PFU) established that
nearly 100% mortality could be expected in three-month old un-
imiunized mice challenged with ENC (20/20 died). Consequently,
control, p.o. and s.c. groups were challenged, and on successive
days groups of ten each were sacrificed. Each animal was bled,
and the small bowel from jejunum. to ileum was removed end rinsed
with two ml. of PBS 10 FBS. Serial five-fold dilutions were made
of the centrifuged rinse fluid supernatant, and virus analysis was
performed using 0.2 ml. per plate.

Both formalin-inactivated virus and attenuated active virus
were effective in protecting mice against an otherwise lethal oral
challenge with EHC. Surviving animals seemed to be protected against
significant bowel infection since excretion of virus was suppressed
in both experimental groups (Table 3,4). The analysis of antibody
levels is in process for the later groups. In general the control
mice all excreted more than five FFU per fecal pellet per day.

Antibody was recovered in small bowel washings three meeks
after oral immunization. Parenteral formalin-inactivated virue did
not stimulate detectable coproantibody formation. The time course
of coproantibody production is illustrated in Table 5. Nice were
imeunized by feeding ENCL, and then sacrificed at the times indi-
cated. Paired blood and bowel washouts were studied. Coproanti-
body appears between the 15th and 27th day.
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.;*'differ,~ce in coproantibciy betieen IPo.O and soc. groups
~ua Qos:iuis4 .agpoled concentrated bowel washouts. The wash-

oukti: " precipitated by 507. mauSmm sulphate at phl 7.6,sous-
pan&d- 1*- equal oleus w4d dialysed eirliustively against AS~until
aoý P"#O$~t formad with We12. Thd6 utive material from the p.o.
WiAjl i64tba "as lOc4ized to the first peak when subsequently
&4, eted to 8.phodix'0-200 geot filtration. Augmentation of viral

isIb~ouwa otained *y adding anti-moufie gamma globulin to the
raftio s urea 4ter preliminary incubation of virus and washout,

it " "hs 'W~~ed that the inhibitory material in p.o. washout was

06m difference between the p.o. and s,,c. groups is not conclu-
$ive ceu. the gpttp coud not be matched with regard to the

U.,1" qt,. *ervm antibody generated in response to vaccination, The
* tao p og pamnteral forsialin-inottivated virus to elicit copro-

sa tl~y reflect its inherently poorer lmuenuogenicity or
04 -be wi~etd to dose. EM4L replicates in the host and there is
Ma Attmdt vfromia. The ant igenic challenge is massive compared

ta tba ~ftig1iactivatao virus. The titers from individual bleed-
Upq d*e l6 days after primary iminunization are shown in Table 6.
Tlip'oc, group had e booster Injection at day 12. The serumi titers

1i5 Orel group are clearly higher than the s.* c.* group * The
~~~ow thathr parenteral non-replicating antigen can stimulate

oopusntibdyformation is thus not resolved by these experiments.
4 is evident, however, that detectable eoproantibody is not re-

q*ftsd to prevent significant bowel infection as measured by virus
W",Can.

turther studies ware done on passively transferred immiunity.
A 4previously shown that rabbit 7S hyperiusune antibod~ies pre-

40"both faatý infection and viral shedding. An early bleeding

k., titer vas 1:10,000 and 957. of the antibody activity was pres-
Out i*i the 198 region by sucrose density gradient ultracentrifuga-
tion.,,this sru was not effective in uniformly protecting mice
from virulent challenge.

Use question arose whether the protective effect of the 7S
oattb*d "2A~ected antibody that had reached the bowel lumen. Rabbit
78 &Am globulin was isolated by DEAS cellulose chromatography at
916-80 conductaice 25 asshos * The isolated protein was titan trace
labelled with 1251. A single line was seen on radiounmunoelectro-
Oboseis against anti-rat gama globulin. The 125, tagged gamm
globulin was diluted 1:10 in normal rabbit serum and 1 mi.* was
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was injected subcutaneously into mice. The nlaals ware sacrificed
by ether anesthesia at twenty-four hours and blood and bowel " .-
ings collected for the determination of radioactivity %J a val-
type scintillation counter. Less than o.02 of blood ra tio ityivity
was found in the bowel. By radionummoelectrophoresis little or
no activity was seen in the gmma region. These waahouts we're
collected in the same way that washouts from p.o. animals wte
collected, and antibody activity was easily demostrated in 4A
latter. In light of these data and Zeller's observatlon* that low-
born infants with significant levels of circulating, passively-
acquired antibody had no coproantibody, it seems unlikely that the
passively transferred rabbit anti-EI4C antibody reached the bowl
lumen.

Several facts emerge from these studies. Viral excretion
is similar whether virus vaccine is given orally or parenter%4ly, so
an initial phase of gut replication is not mandatory. Oral, Usfb-
tious attenuated virus produces higher antibody levels than s.c. forma-
lin inactivated virus, and elicits demonstrable coproantibody; but the
formalin treated virus, subcutaneously administered, is sufficient
to establish moderately long term immunity to reinfection as me'asured
by bowel virus count. Passively transferred 7S antibody does not
reach the bowel lumen in significant quantities, but as might be
predicted by the preceding is effective in preventing infection
with virulent EMC, and is effective in low concentrations. Copro-
antibody protecting local epithelial surfaces against viral replica-
tion, seems unimportant in EMC infection in mice.

* Pediatrics 43: 330, 1969.

J. Immunology 10.1: 192, 1968.
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Titers of serum neutraliving atitbody
From mice imnmized with oral attenuated vies or formation

inactivated virus. See text,.

Log 2 Titer*

5 2

5 4.4

6 2

7 0

6 2

*starting material was 1/20
t excreted 100 PFU when challenged
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S Progress.

1. Transfer of lacherichia coli Chrotosomal Segment@ foun a Partial
Diploid Salmonella tphosa Wf-r. In previous studies on the hybridise-
tion of escherichia coli Hfr donor strains with SalmoeMlla tyhosa
recipients7,weha-ve oe-barved and reported the fet io-a oT partLial
diploid S. yhgosa hybrids. In such hybrids, the transferred segment
of the I. coli chromosome does not undergo recombination with, i.e.,
replace, the homologous S. typhosa chromosomal region. Instead, the
E. coli chromosomal segment is maintained and replicated almns with
the resident Salmonella chromosome; so that the hybrid to diploid with
regard to the genetic markers contained on that selment and haploid
with regard to the remainder of its genoe. This condition of the
Salmonella hybrid is an unstable one and segregants may be obtained
whic have lost part or all of the E. colt DNA.

The manner in which the Salwonell# hybrid conserves the 1. colt
chromosomal segment is, at present, unknow. Specifically, we do not
know the nature of the chemical association between the K. coltN A
and the resident Salmonella chromosonal DRA. It is poassalCethat the
E. coli DNA is tandeuly inserted into and covalently bonded with the
resident Salmonella chromosomal DNA (thus producing a d'plicated iregion
within the hybrid chromosome,) and replicated " ,art of the contilme
of a single DNA duplex. It is conceivable also that the 3. €oll DNA
may be conserved as au independent replicon unassociated Vy ahdcal
bonding with the host chromosome. As one approach to an uneorstenetig
of the nature of the partial diploid state in Zscherickla-6lonasl5
hybrids, we have constructed partial diploids from a S;-Sl*Il; F
Hfr strain which possess various chromosomal seogmnts derivcd from
R. coli. These strains, In addition to their normal capacity to mobil-
ice and transfer resident Salmonella DNA in matings with Salmonella
recipients, are able to mobilize and transfer the diploid 2. c IIA
segment to E. coli recipients.

The S. IT os. Hfr strain, WR4000, (which contains the Integrated
lac region and the sex factor, F, of !. colt) was used as a roci•:eamt
in a cross with the R. colt Ofr WR2004. 3. coli W22004 transfers its
chromosomal markers in the order: origin -- (proline synthesis),
ara (arabinose utilization), rha (rhamnose unilisation), M1 (xylose
utiltzation) and fuc (fucose utilitation). Selection was made for those
S. typhosa WR4000 -hybrids which inherited the are marker from the
2. colt Mfr. Unselected marker analysis of 25of these hybrids revealed
that-22 had received the distal rha and xyl Sene., and 17 of these 22
had inherited the more distal fuc Sens. With tsgard to the extent of
S. colt chromosome transfer involved in this mati%, the aera marker to
trai---rred about 12 minutes o ter the origin of R colt 11 132004,
the is situated 16 minutes distal to ar., xj is Rb -"tat distal to

9 eara and fuc is 36 minutes distal to ara.
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The majority of the 22 S. typhosa WR4000 hybrids which had received
markers in addition to ar& were unstable and readily lost the E. coli

Baweoml sevines. For of these, however, proved stable enough for C
further epi~erntation. Two of thoese 4 hybrids, designated VR14000
fA1 1 and 10400.j 22 , containad the ar~a+, . Aty+ and fuc+ mark-
Wes of the 2. eq Wet The others desgnted ave-F 1-5+T and

OMMOe SF73, tcontued the ara+, rh 4 and .!zi+ genes, but ot the fuc+ C
IW 4 R14000 er+ hy~swere mated with the 1. coli recipient

strelil 32051. !. Co I 1310 does not accept transfer of Sealao~nella
go"n~ frtom the S.,l 9W 3400 (except fo~r the lead marker ro

*I& 14w a low frequency). However, all of the. 10400
Oft gpebls of transferring the diploid E. coli genes to

* 1S$53.at Xt*Vmcisa chaxacteristic of the R. coli Hf r 1112004.
rwTh 3 ot the 4 hybrid donors, a transmission gradient similar
of V~~fr W200 was observed (See Table 1), strongly sug-

NL4#loid material in these hybrids Is a con-
akWO jj~ 15hybrid, however, displayed

io~t~.usmsetor flM a ind transfer.

~~~~4.2 qbr1 vas further examined in matin~gs with
"*W~±ms wete made for 171 , L49 +* and ara+,

bSdohws). The gg gene in situated
04 1 The transfer f requenciis of

iiýt~M 15 hybrid were es follows:
sis, 7 x 104 r'7 x 1O-4; xyl+, 1.4 x 10- 3 .

93"tbat the! coli pro to xyl segment, n h
ý 'tranisferrd vitra polarity similar to that

by so" ofthe cells,, while others transfer it with
At, 0 246 notion was supported by the examination of

M WaOInets -friom the crons between 11R4000 ara+ 15 and
No*e of the. 3Ml V1301 hybrids had inherited either

* ~makers, suggesting that these genes were not
to 1+ ic . coli 11R3051 is resistant to

SO: of the~ yrd were examined for their reaponse
is wre fundto be strepto@ycin sensitive.

: Srtedthe R. coll streptomycin sensitivity (str)
doth diploil 84"t of 11300 ara+ 15, at a f requency

that hioak= Was transferred prior to I+ This
siuatestht the !W selected recombinants are those

14 as the result of a transfer polarity irk which
at~ Ma lead aWker, followed by 71+. and thus, oppo-

Rfr S M. Axmintof !i6 ora+ recombinanto
333031 cross Indicated that tho ar&+ selected

I'm ONe donor cells which transfer the!. coli
Eft te 3*04poaerity; 26 received the Irg marke~r, indicst-

riner tdaul to eawhereas none, received either ar+
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Table 1. Transfer of Bscherichia coli Genes by Partiol Diploids

Constructed from the Salmonella typhosa Hfr WR4000*

Selected M4arker

Donor pro wl+ fU..+

WR4000 ara+ 1 10" 2  4 x 10"4 2.5 x 10-5

WR4000 ara+ 3 4 x 10- 2  8 x 10-

WR4000 ra+ 15 2 x 10" 3  2.5 x -3 -

WR4000 ara+ 22 10-2 3 x 10"4 1.5 x 10-5

E. coli Rfr WR2004 9 x 10- 3  3 x 104 10-5

* The recipient etrain vas S. coli WM3051. Transfer frequenctes

are earessed as the number of recombinants per donoi cell.

j2)
'A;
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One of the WR4000 ar___a hybrids, WRA000 ara+ 3, was tested for its r
ability to promote transfer of its resident Salmonella chromosome to an

S. Ius recipient. Since the S. typbimuriou @train does not
accept trans at of 1. col DNA, we were able to determine whether the
1UVO00M + 3 hybrid vM T still function in the manner of the S. typhosa

r from uhich It was derived. Transfer of the Salmoneita genes
S (histidine biosynthesis) from the VR4000 are' 3 donor

eat frequancies of 8 x 10-6 and 7 x 10-S respectively. By com-
.the 8 * sbos lfr V14000 trawferred IMI+ and his+ at frequen-

41e of 10-4 Zatd TE_ 7  repectively. Thus, the WA000 ara+ 3 hybrid
still displays its ability to promote transfer of its resident

cbuIms, al& thou the frequency at which this transfer is accomplished
is 0 duced approiately 10-fold.

2. m Tranfer from Iacherichia coll to Proteus It has been
P0681 to transfer eassive portions of the R. co-i chromosome to

gv& by mating with 1. coli Hfr's. The hybrids formed
as pet , diploids which ae umstable as evidenced by the oc-

sepugeten of . caoli characters with the reappearance of the
SphOt . tic markers from about half of the
t• hays been detected in the Proteus hybrids.

Lae•m tatt.onm was the first character to be transferred by
~q t~frj~. Too dfferenc 9. coil Rfr's, 111895 and MfRi,
-toj-t e diploids. These diploids differ from an

~qtpe n faimctift o"Frotmes In that 7 characteristics cannot be
hta Se di"Ploidstrains. For instance, 3. coli char-

M.0 net UNO out. Wa specific phages do not propagate
# p111 mac be observed in the electron microscope. More-

drb Is diplold can be remnted with I. coli Hfr's and addition-
•itftet cm be added so that larger diploids can be

an We e Duomton e to this difference in bas* composition,
• gity, vixtursm of these DNA's band at separate positions in

40#0ity gra•dent. Um MA is extracted from the Proteus dip-
::i• ILIs a •Co density gradient it is possible to observe

i~~ ~ CC jfa actors increases there is an increase in the
44*6WmG to As Prot cell. The SaLellite band

a ldiai is 62 oft t~otal DNA; the iacc and are+
If.(See Tabls 2s.)

-06st owseoetsd meikets besides the fermetto characters haie
.Mj Amoin tboee are It c type I pili end the

Ti .... vt 0. ..is

, • kmZ
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C) Table 2. Correlation of R. coli Characters

and DNA in Protew Hybrids

Z DRA In

Hybrid Characters Satellite S•d

lac4 6

lac+ ara+ 14

lac+ ara segregant 6

lac" ara oegregant 0

Lac+ Ia+ 16

lac+ ara+ gal+ 26 $
ic+ .e+ 9 . .

lac+ mel+

lac ara+ So+ 191

lac+ ara÷ mal+ atl÷ ttna strs 32
l+ ars+ Stl+ 20 -

+ ++Mael mitl tn_+ strs i8

Sal+ mtI+ 15

lac+ - lactose utilization mal+ s maltos utilization

s r+ - arabinoe* utilization xtl+ mannitol utilization

MiL+- galactose utilixation tv 4 - tryptophamas. production

ml+ - malibiose utilization strS strepto*ycin smaitivity
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The presence of E. coli, ty~pe I pill. was scored by slide

agglutination tests employ-ing antiserum prepared against purified)
E. coi type I pill. The presence of coliphage TI receptor was scored
b9y 'Spotting a high multiplicity of Ti phage on faint lawns of the
Prtu diploids. After about 4 hours of incubation diploids posses-

sing the Ti receptor were partially lysed, presumably a killing phen-
omenon. Although we have been unable to plaque Ti on such hybrids,
the validity of~ this test is supported by adsorption experiments and
experiments showing Inhibition of growth by high input ratios of phage
Ti1.

The largest Protous diploids that have been constructed were made
by cossig a ac_ ra-diploid. with the Rhr AB22`97, which has its ori-

gin near the mal A ualtose utilization) region and the strep tomycin
sensitivity loc~us: From this cross we have obtained a lac+ ara+
manditolt maltose+ diploid. When DNA1 is extracted from this' diploid,
32! of the total DUA is E. coli DNIA. (See Table 2.)

With the hfr AB2297 the first marker transferred is streptomycin
sensitivity which is dominant to streptomycin resistance of the host

Schromosome. We have been particularly interested in this mating
W~aise adjacent to the sal A region is the lambda receptor site.
?Usea malto"e+ Proteus diploids adsorb lambda phage, but no plaques are
ebrned Lose ofte 1e A region of the diploid leads to loss of the
abli~ty to adsoitb lambda phage. Attempts have been made to isolate

l ~a utants that would plaque on Protege, but these have been unsuc-
assaftl. This class of Proteus hybrid appears to differ from others we
hove stwfted In that propagation tests for male phage indicate that
this hybrid is sensitive to the male phage R-17. Attempts to transfer
theý omnitol-maltose segments out of Proteus, however, have been nega-
tie It appears that the mmnnitol, maltose hybrid may be an

Imsoenoto or at least harbors a free F factor.

It has been possible to transfer segments of E. coli chromosome
from about half of the chromosome to Proteus * Not all the characters
me transferred at one time, but it is possible by repeated matings to
build up the number of Z. colt genes in Proteus. The presence of all
the marbers In any oue diploid may also be ifficult to achieve since
the segregation of existing E. coli segments in Proteus diploids is not
vsoy to control. In spite of theae difficulties a large portion of the
X. coli chromosome has been transferred to Proteus and it has been pos-
ilklo-to examine 1. coll. fermentation characters and demonstrate E. colil
surface antigens and susceptibility to R. coi ph..geo in Proteus.
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3. Studies on a Derepresmd R-factor. Most wutiple drug resistance
transfer factors (IT?) are subject to £ ropression-derepression control
of their genetic transfer from one host cell to mother. Decently,

Sustant derepreased I-factors hre been Isolated. Unlik the wild type
R-factor, such mutant plasaids are genetically altered to remial in a
constant derepressed state. Hence, host cells with a dewepresoed
R-factor are always, regardless of cell age, etc., able to sGrOe as
efficient Senetic donors of their antibiotic resistance Sgme. Most
of the information on derepressed R-factors is based on recent studies
within the B. coli mating system. Since very little inforsation is
available on the behavior of derepressed R-factors in interenric mat-
ings, we have initiated studies of this nature on one such derepressed
plasmid which confers on host cells resistance to chlorsphenicol,
streptomycin, kanamycin, ampLcillin and sulfadiazone. Our results from
intergeneric matings, in which E. coli K-12 with this R-factor was Oa-
played as donor and in which Salmonella typhosa, S. h and
Proteus mirabilis were used as recipients, indicate that i type of
R-factor is 100 to 1,000 times more efficiently transferred to diffeent
genera classified in the Enterobactereaceae than a wild type R-factor.
Furthermore, preliminary data indicates that sow of the drug resistance
genes conferred by this plasmid can segregate independently. Most fre-
quently, cells that have received the R-factor are resistant to all 5
antibiotics. On the basis of 69 S. typhisuriu clones analyzed for
their pattern of resistance ta kannaycin, chloramphenicol and ampicillin,
however, we have found 1 clone whi.ch is kanamycin resistant and sensi-
tive to ampicillin and chloramphenicol, and 7 different clones which
are sensitive to kanamycin but resistant to ampicillin and chlornphmni-
col. Although the data are preliminary, they suggest that kanapycin
genes for resistance may in some hosts exist independent of the other
resistance markers.

Our investigations on this derepressed R-factor have also revealed
that it is capable of promoting chromosome transfer on the intergeneric
level. This finding was made possible by the fortuitous employment of
a uniquely fertile S. typhisuriim LT2 recipient line in these studies.
This strain, termed THAX, was found to be a very efficient recipient
of the R-factor. Furthermore, during R-factor matings between Z. calL
donors and the THAX strain, the transfer of chromosomal gents control-
linl the biosynthesis of threonine was detected at frequencies of about
10"z per input sale. Since efforts to transfer other chromosomal gene"
by R-factor mediated crosses have failed, we suspect that the THAX
strain may harbor genes linked to the threonine region which determine
the fate of chromosonally transferred E. coli segments. Since R-factor
mediated chromosome transfer is not as efficient as Hfr chromosome
transfer, we have employed the THAX fertile recipient line in matings
with E. coli K-12 Hfr donors to further characterize its recipient
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ability for curoacmal markers. The results of preliminary matings
support ouw origAal notion of the importance of the threonine chromo-

eoml region, since the only chromosomal transfer readily detected is
for the threoeoue marker. Furthermore, we have recovered at low levels
labride selected fOr lactose utilization. Of 5 such hybrids presently
availAlej, all won found to have inherited as an unselected marker the
thro -•8s csegment suggesting again that this chromosomal
soent In some wa determines the fate of conjugally transferred DNA
and, hbece, the extent of chromosomal hybridization. Further study of
this stralu may provide Information on the genetic and molecular mechan-
Leme controlling the Intergeneric hybridization of the Enterobacteriaceae.

4. Production of a Groan Fluorescent Pigment by a Proteus mirabilis
lbtent. Da" the course of experiments designed to produce auxotro-
phic mutants of _Pous msivilis strain %Ml with the mutagen N-methyl-
I'-nitroN1-sitroe mIdlne, we encountered a strain producing large
woufte of a peaw p~llt Ahich diffused into the media. To eliminate
any p4ei~bIty of a contamnant, the presumed green mutant of

was4 compared with the original Proteus strain, WRIl. The
rei.Pests for [IN base comiostion,; agglutination by P. mirabilis
MO , slsetIbility to a Proteus phage specific for WRl-, produc-

of .tMe and presence of known genetic markers chaacteristic of
11 ae tha, oside from the production of the gre" pigment,

'he* m mad its Wi ll parent are identical.

cs thbe color of the pigment of the mutant strain closely re-
ft•a of fluorescein, a fluorescent dye produced by a number of

0AMS of M-16 the Proteos strains were examined under long-
• -ltm1 lIft b11iil •ht for possible fluorescence. Plates of both
-. e 311�a..• rnt and the pigment-producing mutant were found to exhibit
. s under a source of blacklight. The plate of the 1ill parent

*te'awod a definit, blue fluorescence whereas -its pigment-producing

" 1•d fA yall both the fluo parent and the mutant intensified at s
Spi. Whe the supernatant fluid was acidified, however, the

a" of these pigments was lost. After neutralization with ,
k .Me fluorescence of the pigments reappeared. The pigments were
apoestrated from cultures grown in minimal media by repeated extraction
wfth Ultg voitmes if n-butanol. After extraction of the pigment
material from the medium with butanol, the addition of a small volume
of water to the butanol resulted in removal of the pigments from the
butanol into the water. This procedure produced both a purification
and A concentration of the pigments.

The extracted pigments were next examined in a spectrophotofluoro-
meter and the spectrum of the yellow pigment showed adsorption and
emission maxtia very similar to those of the fluorescent dye, fluorescein.
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S Adaorption ad emission maxima of the unknown blue fluorescent pigment
found in both the WIll parent and the green mutant were different from
those of fluorescein. This blue pigment as well as trace or larger
amounts of the yellow fluoresceli-like pigment havs been found to be
present in all P. Airabilis, Z. aris., P. rettli and P. morganli
cultures tested.

Paper chromatograms of these pigments were prepared using a butanol:
ammoniun hydroxide:water:ethanol solvent mixture. The results of these
chromatograms indicated that the yellow fluorescent pigment produced by
the mutant had approximately the saw if value as dld authentic fluores-
cein, whereas the Rf value of the unknown blue pigment was considerably
lower.

We have also noticed the presence of 2 similar pigments produced
in small amount in cultures of E. coli K-12 grown in min4=a broth.
After concentration of a 2 liter volume of supernatant fluid from 9-12
cultures by lyophilization, 2 distinct fluorescent bands were observed
when this concentrated material was being desalted on G15 Sephadex
columns. The leading band exhibited a blue fluorescence with the
second band showing a yellow fluorescence. These materials behaved as
though they were adsorbed to the Sephadex column, but they could be
removed from the column in 2 separate fractions which appeared to have
similar characteristics to the pigments observed in Proteus.

Despite a number of attempts, we have not been able to isolate a
mutant of E. coli K-12 producing large amounts of the fluorescein-like
pigment nor have we been able to isolate additional mutants in Prtow.

These results indicate that Proteus, 1. coli and very likely
other enteric species have small amounts of the fluorescent pigments
produced in larger amounts by the P. mirabilis mutant described here.
These fluorescent pigments appear to be very similar to those made by
many Pseudomonas species.

5. Promotion of Chromosome Transfer by Extrachromosomal lac Elements
of SalrAonella Strains Obtained from Clinical Sources. We have continued
to investigate 6 lactose fermenting Salmonella strains obtained from
clinical sources which harbor transmissible extrachromosomal lac elements
(see Annual Report, WRAIR, 1968). Six S. typhimuritm VW5000 straino,
each harboring one of the lac elements, were examined for their ability
to promote transfer of S. typhimurlum chromosomal determinants. The
recipient used in each cross was S. typhosa VR4204. Selection was made
for the ara+ and fuc+ markers of S. typhimuriua WR5000. At the so
time selection was also made for transfer of the extrachromesomal la•c
elements. Transfer of ara+ chromosomal determinants was detected at
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1W fr equency (ca. 10-7) in all cases; transfer of fuc+ occurred at the )
OW frequoecy in all but one of the crosses. In e'1• of the crosses,
transfer of the extrachromosomal ac elements occurred at high frequency
(10-3).

We were concerned also with establishing whether the lac elements )
would promote transfer of 1. coli chromosomal markers. Moreover, it
vas de:ried in this instanýce, to obtain a lac donor against which strep-
tomycin cmmt.eiseleation could b GIMPoyod. The 1. coli strain Vo3010
wA, am, for this purpose. 1. S 3010 behaved rather poorly am

xjdpi lt of . lsemts but we. wre able to transfer to it a
s lassatt dolaiuAt.lack.'%2. 1. coll, VR3010 containing lac-32 wascrossed, with the f. l recipient 113050, and selections were made

f•or the c osoa ar.rs • , aa+ , • +, +, fuc+ and his+.V I*" ; :eptomycin cotmterel•ctin s vwell as the m-thionine require-

mast). g*Mwt the deisr, low frequancq transfer (1-5 x 10-6) was observed
foi 4.1g %aters. With r*rd -to the transfer of the exrachroauosomal
VOW 41M _cp.. M50 U9, like I. ccl 113010, a poor recipient.

An a ......• • is nt, t .e K.coli 111010 containing
ft bIgg.2 sel nt traUsferred It to It coli WSOW0 at a frequency of

0" C a4u - B."

14. l 41 ds woo constructed from the Salmonella typhosa Hfr
i !by -4ts.this nfr a a recipient in matings with the Eacherichia

SiOO.. four relatively stable S. typhosa WR4000 hybrids were
A 2 of which possessed I. col MU segments bearing the pro+,

sad fg+ markers and 2 of which contained the E. coli
t + and 1+ but not fuc+. All 4 of these partial

ke capable of obilizing and transferring the R. coli
- -tip e. boli recipien1 W13051. Three of the hybrids transferred

U .d • genetic material with a transmission gradient
to that of the a ccli Hfr VU1004 , suggesting that the E. coli

conotained in these hybrids is continuous. The remaining
14ye the characteristics of a population in which some cells

ttp"tv4 the 3. . diploid sesment widh the polarity of the E. coli
004, while oter cells transferred this segment with the opposite

. 2. Zt was possible by conjugation with various i. coli K-12 Hfr donors

A'. f�to trasfor at low frequency extensive portions of the S. col senome
h"to h mitabilis. Rzamiiation of DNA from such hybrids by CsCi
arty Sii OGent ultracentrifugation showed that in addition to the
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Proteus DNA, another component was present which was identical to the
. colt. donor DVA. By rentinS Proteus hybrids with different E. coli

"i6fr strains, other genetic characters could be added so that diploR'
Proteus hybrids have raw been constructed containin up to half of the
9. c Senoms. Corresponding amounts of 1. coli MA were found when

- such Proteus hybrids were examined in density gradients. The extent of
the g. coli genetic material in these unstable Proteus diploid hybrids
included segments with the following selected srkers: l, B a.,
mel, itl and mal A. Unselected markers know to map throughout this
region of the chriomsome also were detected in thes hybrids. As"$
the markers expressed in Proteus hybrids with the mel A region was the
receptor site-for coliphage lambda. Although plaques were not seen,
lambda was adsorbed by these Proteus hybrids. Thus, a large number of
E. coli characteristics such as fermentation properties, surface anti-
gens and susceptibility to phages have been transferred by E. coli Nfr's
to Proteus.

3. We have investigated the properties of a derepressed resistance
transfer factor (RTF) which, in addition to transferring at h* fre-
quencies resistances to chloramphenical, kanamycin, ampicillin, strep-
tomycin and sulfadiazine, also promotes transfer of the chromosome of
its E. coli host. In the course of investigation we have discOVered a
uniquely fertile Salmonella tyhimurium recipient strain derived from
a normally sterile cell line, which accepts MtF promoted transfer of
E. coli chromosomal markers. Preliminary investigations of this
Salmonella strain in matings with E. coli hr donors indicate that it
displays an atypical unselected marker inheritance pattern as compared
with previously studied fertile Salmonella strains.

4. In an experiment to obtain auxotrophs of P. mirabilis with
N-methyl-N'-nitro-N-nitrosoguanidine, we encountered a mutant producing
large amounts of a green pigment which diffused into the sedium.
Possibility of a contaminant was eliminated by characterizing the mutant
biochemically and seroloSically. This strain remained sensitive also
to a virulent Proteus phage and had the DNA GC content of P. mlrabiliA.
The green pigment fluoresced under long-wave UV light at alkaline pd .
Fluorescence of the pigment was lost on acidification but reappeared
after neutralization with NaOH. The pigment was concentrated from
cultures grown in minimal media by extraction with butanol. Addition
of a small volume of H20 removed the pigment from the butanol. Spectro-
photofluorometric analysis at alkaline pH showed maximum adsorption and
emisslon to be very similar to the green fluorescent dye fluorescein.
At acid pH these maxims were different from those of authentic fluores-
cein, suggesting that the pigmant is conjugated to another compound.
Wild-type P. mirabilis in aanimal media produced trace amunts of the
gr-en fluorescent pigment as did all P. vul4aris, P. rattieri and P.Dorganii cultures tested. It is therefore liky that einutant syn-
thesisei an excess of the pigment found in trace amounts in wild-type
Proteus cultures.
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5. $$x $T jmouela strains isolated frcu clinical sources and
contab~Ift timuwiassibTo lee elemnts were examined for the mobilization
of oil id.xmwl $wee. These *Re elements when contained in S.

4kw-15M0 promoted transfer of the chromeomsol gene ara, and)
Dotev promoted the transfer of fuc to a 9!!!!gIJ.l recipient.

Od *4alnt contained In R. Mj K-127promoted trnfrof the chromo-
!E&-$~ 131 are, -S tu and his to an E. c.l recipient.

Transfi frequencies were low for all ma-rkrv.
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23. (U) Pathclogy and Pathogenesis of various conditions of the gastro-intestinal tract
of man and experimental animals is studied by multidiciplinary approaches with emphasis
on morphology. These investigations are considered essential parameters for a compre-
hension and scientifically based therapy of diarrheal diseases and radiation injury to
the intestine.

24. (U)Principally morphologic, including light, fluorescent and electron microscopic
xaminations. Kinetic Studies using tritium-labelled thymidine and histochemnical

investige.ions are also employed.

25 (U) 69 01 - 69 06 - The manuscript on benign idiopathic cholestasis has been revised.
The study of intestinal globule leucocytes appeared in the Anatomical Record. The two
studies of the effects of x-radlatkg on morphology and function of srall intestines have
been published in P-oc. Soc. and Strahlen therapy respectively. Work on intestinal
spirochetosis, cholera and in radiation biology is continuing. Three papers were
presented before the Fed. Am. Soc. Exp. Biol., one before the Mssoc.-for (Motobiotics,
one before the Am. Gastroenterological Assoc. For technical reports see Walter Reed
Ar Institute of Research Annual Progress Report, 1 Jul 68 - 30 Jun 69.
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Project 3AO62110A822 MILITARY INTERNAL MEDICINE

Task 00, Military Internal Medicine

Work Unit 123, Histopathologic manifestations of diarrheal diseases

Investigators:
Principal: Colonel Helmuth Sprinz
Associates: Akio Takeuchi, M.D.; Helen R. Jervis, Dr. Sc.; Major

Michael R. Zimmerman; Major Daniel G. Sheahan; Thomas
G. Merrill, Ph.D.

Description

Studies of the pathogenesis and the evolution of histologic lesions
of various infectious forms of enteritis were continued or started.

Progress

The progress made in the area of this work unit was summarized by

Col. Sprinz in a review article (see bibliography).

1. With the arrival of Major Sheahan, an expert in the histochem-
istry of intestinal mucins, we returned to the study of the acute
effects of a non-lethal does of staphylococcal enterotoxin on the
mucosa of the gastrointestinal tract. Applying the latest teehi-iques,
the distribution and the sequential alterations in the amounts of
neutral, sialo- and sulfo-mucins were determined. The findings were
correlated with morphologic alterations and with the enzymatic histo-
chemical changes previously reported from this department. A manus-
cript is in preparation. Major Sheahan is applying identical techni-
ques to the study of intestinal mucins in experimental cholera. In a
related field he has completed a study of the distribution of tissue
blood group glycoproteins in human intestinal mucosa in health and
disease.

2. Major Zimmerman is the prirncipal Associate Pathologist who to- K]

gether with the Chief of the Deparment handles consultations. He is
also engaged in a collaborative study with Dr. S.B. Formal on the
effects of bacterial hybrids on the gastrointestinal tract of guinea
pigs. As his personal project he has selected a multidisciplinary
study of malabsorption in rats. Malabsorption is induced by deverting
the bile into the urinary bladder, and replacing the endogenous bile
with exogenous bile acids.
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3. Dr. Takeuchi has concentrated on the study of intestinal
zpirochetosis in man and monkeys. He is applying multiple morphologic
techniques, such as light microscopy, transmission and scanning elec-
tronmicroscopy, freeze-etching and negative staining electronmicroscopy.
Intestinal spirochetosis had been previously described but the entity
was lost sight of during the past decade. Dr. Takeuchi's rediscovery
and application of the latest techniques have kindled a great interest.
The work was presented at the Federation Meeting (Takeuchi, A., and
Sprinz, H. Spirochetes ia the colon of the rhesus monkey. Fed. Proc.
28: (2) 513, 1969), and a manuscript is in preparation. As an out-
growth of his lecture trip to Japan (see Annual Report 1968) he was
invited to submit a monograph in Japanese on the mechanism of penetra-
tion of enteric pathogens. This paper consisting of 90 pages and 35
figures will appear in the Proceedings of the 49th Meeting of Japanese
Society for Microbiology held 1968 in Tokyo. The paper entitled
"Electron microscope observations on enteric infections oy pathogenic
bacteria will be part of the to be published Symposium on "Invasion of
the Gut Mucosa by Pathogens". A shorter version of this work of
approximately 25 typescript pages plus 20 text figures will appear in
the Current Topics in Pathology Series (Springer Verlag, New York) by
invitation. Anunrelated study on the effect of pilocarpine on intes-
tinal mucus led to an investigation of the globule leucocyte (see biblio-
graphy).

h. Dr. Jervis has been the principal associate collaborating with
members of the Department of Radiobiology, Division of Nuclear Medicine.
She further explored the effect of radiation and radiominetic drugs on
the small intestine of mice and rats (Jervis, Helen R. Effect of
Irradiation with 2000 R X-rays on the exteriorized small intestine of
the rat. A communication to the meeting on "A Study of the Metabolic
Aspects of Therapy of Radiation Injury in the Soldier." of Sept.
24-25, 1968). A study of the effects of neutron irradiation on the
small intestine of conventional and germfree mice is near completion.
Preliminary results of these studies were presented at the Federa-
tion Meetings in April 1969 (Jervis, H.R. and M.M. McLaughlin. A
reappraisal of the phenomenon of intestinal denudation in case of
radiation and radiomimetic drug injury. Fed. Proc. 28: (2) 514, 1969),
and at the 8th Annual Meeting of the Association of Gnotobiotics, in
June 1969 (Jervis, H.R. and N.M. McLaughlin Acute intestinal radiation
syndrome: Coarison of the small bowel histology in germfree and
conventional mice folloving neutron irradiation - A communication to
the 8th Annual Meeting of the Association for Gnotobiotics. Oak Ridge,
Tenn. June 10-13, 1969). She completed a manuscript of work started

by Dr. K. Madi, a Brazilian Fellov, on the effects of protein deple-
tion in the rat.
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5. Dr. Merrill completed a manuscript on the ultrastructural changes
in experimental cholera and is continuing work on electron histo-
chemical tracers in cholera. A preliminary report was presented on
this work at the Federation Meeting (Electronhistochemical demonstra-
tion of increased vascular permeability in cholera. T. G. Merrill, Fed.
Proc. 28: (2) 1059, 1969).

Summary and Conclusion

Captains Kasdon and Maenza were succeeded by Majors Sheahan and
Zimmerman. Dr. Merrill left in early 1969. In our research effort we
have been trying, to the extent that we are permitted or that material
is made available to us, to study human conditions or experimental
models applicable to man. Great emphasis was placed on multidisciplin-
ary and collaborative research.
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25, (U) 69 01 - 69 06 .Iron deficiency is a major autritional problem throushout the
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of iron absorlption delineated the me-haniSs responsible for the better absorption of
iron from meat than vegetable diets. Studies of IntraluI~nal factors revealed the
role of hydrochloric acid In Iron absorption. Absorption of many trace metals was
shown to occur through coin absorptive pathways in the intestinal mucosa, Fortechnical reports, sLe Walter Read Army Institute of Research Annual ProHr.es Report,
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Project 3AD6211DA822 MILITARY INTERNAL MEDICINE

Task 00 Military internal Medicine

Work Unit 125, Absorption and loss of radioisotopes by the gut

Investigators
Principal: COL Marcel E. Conrad, MC
Associate: MAJ Stanley G. Schade, MC, ¶•AJ George M. Bernier, MC,

and Harold L. Williams

Description

Studies of the mechanisms rtgulating the body content af trace metals
by investigation of both absorption and excretion of radioactive
labelsd compounds.

Proaress and Results

Iron deficiency is a major nutritional problem throughout much of the
wvorld. It reduces the capability of affected persons to remain self
sufficient and maintain sustained productive work. The incidence of
iron deficiency in populations has been estimated in population
studies by the frequency of anemia. Since there are many other catuses
of anemia and mild iron deficizncy is nat accompanied by significant
anemia, it was believed that better methods for quantification of
iron deficiency were needed. Measurements of the serum iron concen-
tration and the total iron binding capacity providei better method-
of determining the incidence of iron deficiency than the hemoglobin
concentration. However, there are no established standards for these
tests and the methodology ts moderately complex, time consuming and
requires standardization before reliable results which permit com-
parison between laboratories are obtained. Under the auspices of
the International Committee for Standardization in Hematology and
in collaboration with the World Health Organization improved method-
ology for both standardization and practical use are being developed.
Serum specimens and artificial standards containing measured amounts
of purified transferrin and albumin are prepared sad distributed to
eight collaborating internationally recognized laboratories with
competence in the field of iron metabolism. Laboratory results
obtained in these laboratories with various methods are compared.
Methods are improved based upon comparisons of results and retested.
These analyses have resulted in significant modifications of currently
accepted chemical methods. A method for autoanalyais of methodology
is being developed for large nutritional studies. Although serum iron
methods are reasonably standardized at present, marked variations in
measurements of transferrin continue to be a problem which requires
additional scrutiny. The effects of storage of standards for intervals
under various conditions of temperature and humidity and in wet and
lyophilized states are being investigated.

962

p



L'on deficiency occurs in many geographic areas because of an iron
depleted diet. However, the problem is more complex because iron
deficiency anemia is commonplace in many populations who consume an
iron replete die.t Intestinal parasites, chronic infection and
frequent pregnancy contribute significantly to the severity of iron
deficieucy in poorer populations. However, the coimion denominator
seems to be the consumption of a protein deficient diet. Harked
differences in the quantity of iron absorbed from various radio-
labeled foods attest to the importance of the chemical composition
of th"e diet. Iron is absorbed efficiently from meat and reletively
poorly from most vegetable foods such as rice and corn. This
difference can partially be explained by the absorption of heme
from the diet into intestinal mucosal cells as a metalloporphyrin.
However, iron is poorly absorbed as hems when compared to test doses
of hemoglobin-iron indicating that amino acids from globin are
important facilitators of iron absorption. Amino acids prevent
polymerization of hems into macromolecules which cannot be absorbed
by the gut. Similarly, amino acids and certain sugars improve the
absorption of inorganic iron, and vegetable iron is absorbed in greater
quantities when meat is added to the diet. Depolymerization of hem
occurs at the alkaline pH encountered in the duodenum. However,
similar reactions with inorganic iron occur only at an acid pH.
This latter observation provides a role for hydrochloric acid in the
stomach. Acidification of inorganic iron in the diet in the presence
of amino acids, sugars, amides or ascorbic acid permits the forma-
tion of complexes which remain soluble and available for absorption
after they pass into the alkaline duodenum. This observation explains
the poor absorption of iron by achlorhydric sublegts and the high
incidence of iron deficiency after gastrectomy.

Other studies of intraluminal factors were continued. Previously,
we showed that endotoxin markedly depressed iron absorption. In-
vestigation of drugs that ameliorated the effects of endotoxin such
as antihistaminics and corticosteroids had no effect upon iron ab-
sorption. However, certain drugs affecting the autonomic nervous
system increased iron absorption. Studies of the alpha adrenergic
blocking agents showed that their primary effect was slowing of
intestinal transit time to permit more prolonged contact of iron
with absorptive cells, and that it was unrelated to the endotoxin
effect.

Studies were initiated to investigate the interrelationships of
nonferrous metals upon iron absorption. Cobalt, nickel and manganese
each compete for the same absorptive sites in the intestinal mucosa
as iron. Absorption of these metals is significantly altered in the
various states of iron repletion and by conditions which affect iron
absorption. Additional scrutiny of these observations may provide a
better understanding of basic factors affecting mucosal uptake of
trace metals from the gut.
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Conclusions and Recommendations

Iron deficiency is a major nutritional problem throughout the world.
Collaborative undertakings with other laboratories have provided
improved methods for quantifying this problem and establishing world
standards. Basic studies of iron absorption delineated the mechanisms
responsible for the better absorption of iron from meat than vegetable
diets. Studies of intraluminal factors revealed the role of hydro-
chloric acid in iron absorption. Absorption of many trace metals was
shown to occur through common absorptive pathways in the intestinal
mucosa.
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23. (U) To investigate developmental and sociocultural factors in primates and aen
influencing production of ualadaptive psychophysiological and group behavior, using
results to maximize individual adaptive behavior In military units, e.g., reduction of
man days lost due to psychophysiological complaints, AWOL, basic tranting stress, land im-
provement of the ability of the soldier to communicate with members of other cultures.

24. (U) To study influence of Individual and sociocultural factors In clinical and
field circumstances in the US Ani, SE Asia and certain portions of Amricancivilian
society on human behavior. The techniques employed are Individual psychiatric Inter-
views, questionnaires, social anthropologic investigations, semantic analysis, operant
conditioning, analysis of formal and Informal structure of organizations, and measure-
ments of psychoendocrine reactivity. Since these studies are carried out using lumens
operating in varying environumnts, the major technical problem arise from unexpected
environmentAl changes, e.g., intensification of the strugge in Vietnam.

25. (U) 68 10 - 69 06 Investigat ons continue into origins anr maintennc of
alcoholism at Ft. Neade, Md. Followup has been completed demonstrating the effective-
ness of operant conditioning in a therapeutic environmnt on restoration to duty. Work
ontinues correlating Individual personality characteristics, field eroot,iand

endocrite activity at Aberdeen Proving Ground. Longitudinal studies of I ve aNd
donant behavior in primates have been initiated in collaboration with Veiues Regioli'mete Center. A new laboratory to mesure testosterone activity in primates, rats,..n
humans Is being coleted. For technical reports, see Walter Reed Aiy Institute of
Research Annual Progress Report, 1 0u168-)0 Jun 69.
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Project 3A062110A823 MILITARY PSYCHIATRY

Task 00, Military Psychiatry

Work Unit 030, Social and preventive psychiatry

Investigators.
Principal: Robert M. Rose, M.D.
Associate: MAJ Arthur D. Colman, MC; MAJ Jay P. Mohr, MC;

CPT Alan D. Sklar, MC; CPT Peter B. Rosenberger, MC;
CPT Leo E. Kreuz, MC; CPT Gene R. Moss, MC;
CPT Timothy F. Hartnagel, MSC; LT John W. Holaday, MSC;
David H. Marlowe, Ph.D.; William Smith, Ph.D.;
Julius Paul, Ph.D.; SSG William H. Haynie;
SP5 Robert Decker; SP4 Gary Sax; SP4 Dana Jones;
SP4 Lester Karns

I. INTRODUCTION

Leadership potential and the ability for sustained motivation
or drive are two related and crucial determinants of effective
performance. These characteristics are the product of many
influences, for example, past personal history, education or
training of the individual alone or in groups, as well as the role
of various biological factors. The ability to assume command and
pursue a task vigorously may be viewed as an appropriate and
channeled expression of aggressive behavior. This is in contrast
to the inappropriate and impulsive expression of aggression seen
in individuals with a chronic history of anti-social or delinquent
acts. This ability also contr'-ts markedly with individuals who
show the absence of drive or motivation, those who show a
diminished capacity for accomplishment, those with inadequate
aggressive behaviors. In the past year the Department of Psychiatry
has undertaken a new program to study the relevance of endocrine
variables on the expression of aggression, and on the ability for
systained motivation and leadership. This new area of investigation
into the psychoendocrine basis cf aggression complements the field
studies undervay on alcoholism, repetitive AWOL behavior, group
influences on behavior and the follow-up of patients with behavioral
disorders treated on Ward 108 'n 19T, 1968.

II. PSYCHOENDOCRINE BASIS OF AGGRESSION

A. Background and Goals

In the past several years the crucial influence of
testosterone on agressive behavior in animals has been documented.
Male animals deprived of testosterone during a specific period
owarly in life fa led to respond with normal aggression later in
adult life. Female monkeys treated with androgens early in life
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exhibit male patterns of aggression and play behavior during
adolescence and adulthood. The precise influence of testosterone
on human aggressive behavior is unclear. Castrates and hypogonadal
males are reported anecdotally to show decreased libido and aggres-
sion. The effect of absent testosterone may also be appreciated
from the work done with genetic males who recently have been shown
to have an enzymatic defect in utilizing the normal amount of
testosterone they produce. These individuals have the external
appearance of females and behave like females despite their male
XY chromosome complement ("testicular feminization syndrome").

The precise influence of an excess of testosterone on aggressive
behavior is also unclear, but there are some clues to its importance.
There exists the clinical lore of administered testosterone
increasing drive and some relatively uncontrolled studies in the
19 4 0's reporting salutory effects of administered androgens on
underperforming adolescents. Recent work by Klaiber and associates
at the Worcester Foundation for Experimental Biology and Medicine
demonstrates that infused testosterone improves performance in
mental arithmetic during stress. There has been a flurry of
interest recently about males with an XYY chromosome complement
and the possible relationship of the extra Y chromosome to increased
impulsive, aggressive behavior. There are some reports in the
literature that these men excrete increased amounts of gonadtrophins
in the urine and some are reported to have unusually high levels of
plasma testosterone.

A recent study completed in our department in collaboration with the
Department of Neuroendocrinology has shown that some men in Basic
Combat Training at Ft. Dix, New Jersey and other men at a Special
Forces "A" Team in Vietntam had diminished excretion of testosterone
and the two major 17-ketosteroids. Lacking longitudinal data, it
is not certain that this was in response to the training or combat
environment, but supports the view that stress potentially alters
testosterone secretion.

This brief background review provokes the question of what the
relationship is between an individual's stable and stressed level
of testosterone secretion and the ability to behave aggressively,
to respond with appropriate determination and drive to accomplish
his mission.

It is hoped that studies designed to clariry testosterone-behavioral
interactions will have the following three relevant goals:

1) To provide a more objective and reliablr basis for
selecting men with high leadership potentials.

2) To potentially screen men whose response to stress
endocrinologically tends to diminish their performance

) effectiveness.
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3) To help discriminate among the group of men with a history
of delinquent, antisocial behavior, those individuals who
by virtue of their endocrine-behavioral set, are less
rehabilitable and show less potential for change.

B. Progress

The department is in process of pursuing the issue of
testosterone-behavioral interactions in rats, primates and humans.
During the past year a new laboratory was set up with the help of
recently assigned Biochemist (MSC) and Enlisted Chemical Laboratory
Specialist to measure the extremely low level of testosterone in
the plasma and urine of animals and man as well as the capacity to
measure secretion rates of testosterone using tracer doses of
radioisotopes. Permission to administer radioisotopes to volunteers
being studied in collaboration with the Behavioral Research Labora-
tory at the Aberdeen Proving Grounds has been obtained from the
AEC and from the Secretary of the Army. Principal Investigator has
attended the radioisotope user's course given by Health Physics,
WRAZC to qualify him as a principal user and enable him to admin-
ister radioisotopes to humans as well as to animals.

1. Animal Studies

Studies have been initiated in rats, relating variables
of developmental history, the appearance of aggressive behavior in
adulthood and testosterone activity. Rats differ with respect to
their susceptibility to stress, and this has been shown to relate
to handling experience, group contact, etc. As stress appears to
inhibit testosterone in rats, studies are in progress to correlate
the degree of stress response, the decrement of performance during
stress and testosterone levels. Do animals survive longer who show
less inhibition of testosterone during stressful experiences? In
addition, brain stimulation studies are in progress to elucidate
the areas responsible for testosterone activiation and inhibition
in rats.

Studies in primates are being conducted in collaboration with the Depart-
ment of leuroendocrinology, WRAIR, Dr. Levine, Behavioral Research Labo-
ratory, Aberdeen Proving Grounds, and with Dr. Bernstein, Yerkes
Regional Primate Center, Emory University, Atlanta, Georgia. During
this past year four compounds and associated observation areas have
been constructed at the Yerkes Field Station outside Atlanta. These
provide for the unhampered observation of groups of rhesus monkeys
in as nearly natural surroundings as is feasible.

•heus macaques establish a strict dominance heirarchW maintained
tb a great deal of aggressive interactions. One group of 40 males
will be established this suier and, after the group has stabilized,
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the most and least dominant animals will be removed for study of
testosterone and cortisol responses during stress. Two groups of
animals with a normal age and sex distribution will be established
to provide infants whose genetic and behavioral history will be
precisely known. In collaboration with the Behavioral Research
Laboratory, Aberdeen, it has been shown that the animal's endocrine
response to certain stresses is related to his previous dominance
status and to certain aggressive propensities. The exact relation-
ship between the animal's adequacy of performance during stress,
his aggressive and dominance characteristics and his testosterone
and cortisol responses may be clarified in studying these groups of
animals. Dominant male monkeys have been observed to undergo a
very dramatic shift in behavior, reminiscent of that seen in
human depression following expulsion from group leadership. Exper-
imental manipulation of the group structure at Yerkes will also
provide an opportunity to study the endocrine correlates of this
behavioral state following shift in leadership roles. The dominint
male rhesus is highly motivated to maintain his leadership and
usually exhibits well directed and specific aggressive behaviors in
preserving his dominance status. He aid his low status, subordinate
counterpart present an excellent model for the study of the
influence of testosterone on goal-directed aggressive behavior.

2. Huma- Studies

a. Aberdeen Proving Grounds.

More specific studies of the relationship between
performance, endocrine functin and stress in humans were started
this year in collaboration with the Behavioral Research Laboratory
and the Small Weapons Branch, Human Engineering Laboratory, Aberdeen
Proving Grounds, A barracks was modified to provide maximum control
and observation of the group of 12 men by cadre living continuously
with them. The first pilot group of 12 subjects was selected
from graduates of AIT, Ft. Dix, and brought to Aberdeen for two and
a half months. Intensive psychological testing was performed,
daily behavior observations were made, urine and multiplft plasma
samples were collicted continuously for the entire period. Perform-
ance was measured on rapid rifle fire with the contingency of the
subject being shot at by a BB machine gun should he fail to adequately
engage In the target. Men were adequately protected so as to
prevent any serious injury. Analysis of more than 60 days of urine
collection and the numerous pliasma samples is not yet complete.
Initial results indicate the usefulness of urinary 17-OHCB as a
sensitive measure of stress. Each man maintained an extraordinary
constant level of excretion of corticosteroids during this prolonged
period of study. Most men adapted rapidly to this environment,
initially thought to be fairly stressful. There were some pre-
liminary correlations between performance and estimat,-s of personal-
ity styles, which are serving as a guide for selection of subjects
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for our next study to begin this summer. Testosterone values have
not yet been determined, and correlation with aggressive behavior
awaits completion of laboratory and subsequent sample analysis.

b. Patuxent Institute for Defective Delin uents.

Preliminary work has begun on the study of
prisoners serving indeterminant sentences at the Patuxent Institute,
Jessup, Maryland. These men have a history of violent crimes and
many show presumably uncontrollable outbursts of undirected,
impulsive aggressive behavior. In a pilot study, several men are
being followed over a six to eight week period with frequent blood
samples drawn for analysis of testosterone and cortisol content to
be correlated with outbursts of aggressive behavior. This study
will help in the design of a proposed longitudinal study of men in
the stockade at Ft. Meade, to be selected on the basis of persistent
delinquent behavior and to include men with an XYY chromosome
complement.

c. Depressed Patients.

In order to test the hypothesis that individuals
may inhibit their own secretion of testosterone during psychological
stress, cli.,ically depressed male patients are being studied. It
is possible that some of the symptoms of apathy, withdrawal from the
environment, and general lack of interest may be maintained or
ini isified by a fall in testosterone secretion. A pilot study of
six male patients before and after ECT therapy has begun. Plasma
and urine samples are being collected for testosterone and cortisol
analysis, with cortisol being used to monitor the intensity of the
stress associated with depression. It is possible that the de-
pressed patient may represent the extreme lower end of the moti-
vation-aggression continuum and, in addition, study of these
patients permits a more accurate investigation of the dynamic range
of testosterone inhibition-activation with the individual being
studied serving as his own control.

d. Stockade and XYY Study.

If there is a genetic predisposition to more
aggressive or violent behavior, it is possible that the phenotypic

expression is mediated through testosterone's action on the brain.
Although the prevalence of the XYY chromosome abnormality in the
general population has not yet been established, studies on indi-
viduals in penal institutions and mental hospitals yield an inci-
dence of 1:100 to 1:250. A recent Dar.sh study reports that indi-
viduals with the normal male XY complement but with a presumably
larger than normal Y chromosome also have a tendency for aggressive,
criminal behavior. There are no studies to date correlating
psychiaoric anl psychological observations with testosterone
activity. Th, re is some evidence that these individuals may exhibit
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an acute or chronic abnormality in testosterone secretion, and they
may constitute the extreme end of the high testosterone-impulsive
behavior continuum,

The Genetic Analysis Laboratory at Andrews Air Force Base Hospital
has expressed the wish to collaborate with our deoa8rtment, providing
genetic analyses of suspect XYY males at the stockade at Ft. Meade.
We propose to follow men who have been shown to be XYY over a 4 to
6-week period, with frequent blood and urine samp!.-s to be corre-,
lated with the behavioral observations. This project is stiil in
the planning stage and requires support at the field level. It
provides an excellent opportunity to investigate in detail the
relationship between anti-social behavior, testosterone %ctivity
and possible hereditary disposition to respond with inappropriate
aggression to demands from the environment.

III. FIELD STUDIES

A. Ft. Meade

1. Alcoholism.

The Walter Reed NP Field Research Team at Ft. Meade
has continued work this year into investigation of the factors that
contribute to and maintain chronic alcoholism. CPT Sklar, MC and
his associates have collected a great deal of data this year on
600 patients and controls, 150 alcoholic patients and their spouses,
150 patients with other diagnoses from the MHCD, 150 men from the
Stockade and a control group of 150 individuals. They have obtained-
historical data on the age and extent of loss of either parent of
the subject during his childhood, administered various psychological
tests including the MMPI, and administered a questionnaire to assess
style of interpersonal interaction. This data is being processed
for computer analysis and results are incomplete. Preliminary
findings indicate that the alcoholic patients and those men with a
history of repetitive AWOL behavior have experienced a more severe
and prolonged disruption of their family during childhood compared
to the control group. Groun treatLent of alcoholic patients has
continued. Present goals are to prepare a plan to optimize place-
ment of dependents when separated from the head of household due to
active duty commitments. We are also preparing recommendations
for tne optimum placement of individuals with a history of alco-
holism so as to minimize the interpersonal difficulties they
experience.

2. AWOL Offenders.

CPT Hartnagel and associates have completed the first
stage of a study of repetitive AWOL offenders. The first group of
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men studied were from the Stockade at Ft. Meade and 100 individuals
had an extensive structured interview lasting one and one-half hours,
and took several psychological tests. They will be compared to men
diagnosed as behavioral and character disorders admitted to the NP
Ward at Walter Reed General Hospital. As many of the men on the NP
Wards with this diagnosis have a history of chronic AWOL behavior,
they will serve as a comparison group to the men studied from the
stockade. Individuals from both groups will be followed for 6 to
12 months to determine the outcome of their career in the Army.
The men will be compared in an effort to determine what personality
characteristics lead to admission to the hospital rather than
confinement in the stockade. Another goal will be to examine the
hypothesis that being confined in the stockade by itself may tend
to prejudice the future performance of the individual end actually
contribute to any tendency for repeat AWOL behavior. In addition,
it is hoped that this study will be coordinated with the XYY-endocrine
project that has been proposed.

B. Thailand-Group Relationships.

The field research involved in this study was carried out
in the period April 1965 to June 1968 as a project of the U.S. Army
Medical Component, SEATO Medical Research Project. This research
was concerned with the comparative analysis of the determinants of
systems of medical care and the analysis of how health and illness
behavior alter group relationships. The data were collected through
the use of standard anthropological participant observation inter-
viewing two villages in northern Thailand. Six hundred households
were covered by the surveys and data were collected on medical,
social and economical phenomena. The past year's work has involved
the organization, reduction and analysis of data acquired during the
previous three years.

C. Alaska.

Field studies in Barrow, Alaska, and in a village in the
Canadian Northwest Territory were completed in September 1967. The
studies focused on small isolated communities which manifested a
high degree of interdependence among the members. These studies
have helped clarify the changes in group structures that occurred
following isolation and intensification of interdependence among
the members. These studies are relevent to the individuals who
are running the DEW line, those aboard oceanographic vessels,
lightkeeping and loran stations. Another finding that has emerged
from these studies is the discovery of an excess consumption of
alcohol in 'he two communities studied.
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_W IV. Clinical Studies

A. Hypertension.

b In collaboration with the Department of Experimental
Psychophysiology and the Cardiology Unit at WRGH a study was begun
in the operant conditioning of hypertension. There have been pre-
liminary reports in the literature that individuals with both
cardiac arrthymias and essential hypertension have responded to
the use of operant techniques in the control of these cardiac
disorders. In order to more systematically evaluate this and
potentially apply it to patients treated at WRGH, a study was
begun on normal subjects as controls and a pilot study. The aim is
to explore more systematically the parameters used in establishing
operant control of cardiac function, as well as obtain base lines
for studies in patients.

B. Short Term Psychotherapy.

A stndy was initiated to investigate the usefulness of
shozt-term psychotherapy in treating individuals with various acute
psychiatric emergencies. It is hoped that this study will yield a
more systematic and reproducible approach to short-term psychotherapy,
whicn may be applied in MHCD at various Army installations. The
project involves the video taping of twelve one hour psychotherapy
sessions in which independent ratings of diagnosis and treatment
techniques will be made. Follow-up of the individuals will be made
at a 6 and 12 month period to provide more systematic data for com-
parison of therapeutic effectiveness. In addition, a home interview
at the onset as well as at the termination of therapy will be
conducted by a Sociologist to provide collaborative data to that
which is obtsined in the clinical interview. The project also
involves the participation of one or two residents in psychiatry at
WRGH and potentially may develop into a teaching seminar on the
application of operant principles in psychotherapy.

C. Ward 108.

The follow-up study of patients admitted to Ward 108 and
matched controls admitted to WRGH from January 1967 through April
1968 has been completed. The experimental group has an overall
success rate of 62 percent compared to the success rate of only
28 percent of the control group. Success was defined as either
still on active duty and functioning successfully or honorably dis-
charged. Failure was defined as having received an administrative
or dishonorable discharge or on AWOL or in a stockade. The crucial
test of any therapy program is to show that the specific procedure
used rather than a "charismatic" leader, is the important independent
variable in its effectiveness. In order for a treatment program to
become a routine operation in psychiatric wards and hospitals, it
must be demonstrated that the skills required from the staff are
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easily transferable to the usual personnel available. To test these
variables, a regular Army psychiatrist and psychologist, previously
untrained in the application of operant techniques to a clinical
population were trained fcr ten two-hour sessions over a three month
period in operant ward management principles and procedures by
members of the Y? Division staff. In July 1968 these men took over
as leaders of the ward with the former Principal Investigators as
consultants. The treatment program has continued to function well
and although follow-up on patients, treated since July 1968 is still
incomplete, indications to date are that the results will be compa-
rable. In addition, an extensive manual was written describing the
therapy and principles, as well as the techniques involved in
establishing a controlled therapeutic environment.

D. Neurological Studies.

A recently assigned Neurologist has taken over the behavioral
studies in aphasia initiated previously. The plans include continu-
ation and extension of the method of testing various forms of
aphasia; matching individual choices, oral naming, and written naming
are used as a response form for sample stimuli presented in visual
tactile and auditory modes. Individual patients showing new, previous-
ly undiscovered deficit to profiles will be studied more intensely.
This Neurologist also consults on the neurology wards at WRGH once a
week in resident training. In addition patients with temporal lobe
disorders are being selected for potential study of temporal lobe
epilepsy and changes in testosterone function. This work is based
on stimulation studies done in the rat and in primates demonstrating
the importance of the temporal lobe in regulating neuroendocrine
secretion.

976

i l.W..



3A062110A823 00 030, BIBLIOGRAPHY

Levine, M.D., Gordon, T.P. and Rose, R.M. Individual Differences
in Urinary 17-OHCS Levels During Chronic Free Operant Avoidance.
Proc 76th APA Cony 1968.

Mougey, E.H., Collins, D.R., Rose, R.M. and Mason, J.W. Measurement
of Testosterone and Epitestosterone in Human and Monkey Urine
by Gas-Liquid Chromatography. Analytic Biochem 21, 343, 1969.

Colman, A.D. and Baker, S.L. Utilization of an Operant Conditioning
Model for the Treatment of a Character and Behavior Disorder
in a Military Setting. Am J Psychiat 125, 1395, 1969.

Paul, J. The Psychiatrist as Public Adminstrator; Case in Point
State Sterilization Laws. Am J Orthopsychiat 38, 76, 1968.

977

KIR&



. g .. . a i n a . ACCZ * 10A.fl ~ ~ l 2 W rt) ft1. r3 SY. .* - JL
RlSARN A' ND TECr:CL0'GY V0.1 U.:I' 5U!"1AAY DAA6456 6 07 01"A

L76 1014 IV WWI IIn T . n-Hus

TT~~)"I. M. A1=11 ~v.

T2 A.. 16;X !

9. QOP A I N CU. 3 1 Do gTI 0 6 n 1. F 0Oow.cmhSI OPmOINVA10 BLES4T PfloJzcy ?UMUEN TASK AflZA Wur WIT wO Pu~a :u1:1n

62110AI! 3AR-2110AS23 00 -- 031 J

0 (U) Jed Ays a ofu We-4 or and of edatrn Ingstinisu of esaire-
mat of Performance and Decrement of Performance (09) _ __

BIt 1Somoi Me. EoWo*LoliAL AII2A
016200 Stress Physiology 009400_Man-Machine Relat 013400 Psychologyo

0761 A DC, 20012

B.ma~uunwRKPIRAYMMO: 9-

I4 ,•M OLroy AnOmv TEAM T 1t.I.M 20-7"27

a U&0PaWAM , t. CUM. AMT. 70. 6h.D
IL ASOPOU Ot CIAIZATIS 

PIlIITIE=

Walter Roe d Army Institute of Research nAmr)*Walter Reed Army Institute of kesearch
Division of Neuropsychiatry

almelm~Washington, D.C. 20012 ro d r a Washington, D.C. 20012

iItO.PAL MiVINWTIATIOp (Fuo deSoA o Wo Aediti o.fI pe-

mot'nom d revvsAL NAMEl . Frazier, T.W., Ph.D.
maome aroe• y, COL V.d. eiLObtohvo 202-576-5257
iwmmiusum .102-576-3551 SOCIAL SCIam,,T ACCOUNT IM1110116 

BU63L em&NWi A 9 INVESTIGATORSI

loreign Intelligence Considered DA
2o )Lbrty sphysioloijto (U) Human Vo unteer; (U) trefin

M3UIIROAitTW&L PAIAEWhA bWWO% #001O &WI ~ .. AAPM& 4"4 00AW .5 MA J*A~ 014.8ft40 Ci.J&e .

2.e This r zesseachfo es upon analysis of principles underlying behavior environ-
mat relationships leading to performance decrement and associated physiological re-spouses. Emphasis is placed upon develoymnt of models ich are predictive of per-
dotmence at different levels of task complexity. Research content includes vigilance
de)gradation, humen dat processing, behavioral stress, conctpt formation, Newry, psy-
chologieal faitigge, programmed instruction, and physiologic/Al conditioning processes.

24. (U) Laboratory exparimentation with human volunteer subjects is perfotsd to define
unerlying processes w -ich consistently lead to stress and fatigue phenomena. Psycho-
physiological measureiments are used to assess physiological cost associated with expo-
suOs to experimentally defined environments. Performance limits are experimentally
defined under a variety of normal and unusual enviromeatal conditions.

Sl (U) 69 01 - 69 06 Research has been extended to study effects of 72-hour sleep
depeivatloa on comp~lex vigilance performance. A total of six test subjects have been
tested nver continuous 14-day periods each. A secon project performed to study normal
oscillatioft in panel monitoring performance over lont (22-bodr) periods of continuous
madtft~eg* Each subject wase given three of these 22-hour sessions, and the resulting
dataee man.amlysed using spectral analyses. Current efforts include the study of rapid
sLhfts i work-mast schedules on oomplet vigilance performance. Two 14-day investiga-
time in this study have beean cm tted, each involving a four-hour shit. Longer
rhllts viti be studied in the near fture. For technical reports, see Walter leed Army
Institute of Research Anmal Proess Report, 1 Jul 68-30 June 69.

ARM B - (O AM UE

i 8-1 ¢•o mr us a) 978 .. m

__ _ _ __ _ _ _

1|



av

Project 3A062110A823, MILITARY PSYCHIATRY

Task 00, Military Psychiatry

Work Unit 031, Analysis of behavior and of mediating mechanisms:
Measurement of performance and decrement of performance

Investigators.
Principal: Thomas W. Frazier, Ph.D.
Associate. CPT James P. Flanders, MSC; CPT James R. Gentile, MSC,

Harold Lawson, M.A.

Description.

This work unit studies influences of social and environmental
variables upon human performance. It includes psychophysiological
measurements to determine physiological costs associated with
maintaining demanding task performance in aversive laboratory
and natural settings. Research content includes decrements
in human vigilance performance, behavioral stress, verbal learning
and retention, interpretation of psychological tests and measurements,
and group behavior.

Progress.

1. Rhythmicity in baseline vigilance performance.

The vigilance research program has been extended from basic
methodological investigations to identify and characterize factors
leading to performance decrement. One of the completed studies
in this program was performed to investigate oscillations in
vigilance work and efficiency performances within the range
from 1-hr. to 24-hr. variation. While previous studies had
demonstrated strong 24-hour (circadian) rhythms, both in visual
scanning rates and in measures of signal detectability, this
study was concerned with the possibility of fluctuations at
higher frequencies. The main focus of concern was directed
toward investigating whether a period of 90 - 100 minutes could
be detected through spectral analysis. This 90 -100 minute
cycle was associated with past findings that the electroencephalogram
routinely reveals siailar fluctuations during undisturbed sleep.
Others have suggested that these fluctuations occur throughout
the day, as a basic biological rhythm which might be manifested
in vigilance ueasurements.

A total of six test subjects were tested for three 22-hour sessions
each, and were given only 15 minute breaks at 2 1/2 intervals
in the course of a daily session. The task employed for the
investigation consisted of detecting pointer deflections on
three test meters, each programmed to present signals according
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to qualitatively different schedules. The results are as follows:
On a group basis, power density spectral analyses revealed four
consistent sources of cyclic variations in efficiency and work
levei data. The primary spectral intensity observed was associated
with a period of about 24 hours (the circadian rhythm0). Another
intensity, which was even larger in the case of several measures
than the 24-hour rhythm was associated with the 2 1/2 hour work-
rest schedule. A third spectral intensity appeared at around
9 hr. The source of this rhythmicity has not yet been identified.
A small intensity was consistently observed at around 100 minutes,
and it was most pronounced in the signal detectability Yeasures.
Rectal temperature measurements revealed only the 24 hour rhythm.
Heart rate was highly similar in spectral configurition to visual
scanning rate data, with rhythmicities noted at all of the points
described above. Day-night differences in spectral configuration
were observed in each of the signal detectability measures,
with enhancement of the rhythms described above during daytime
hours. Additional analyses, including cross-spectral analysis,
coherence analysis, and phase spectral analysis supported the
conclusions described above, in showing that the rhythms detected
were shared across the different estimates of vigilance performance.

2. Effects of sleep deprivation of complex vigilance performance.

A second area of experimental emphasis concerning performance
decrement has been the investigation of how sleep deprivation
induces decrement in human vigilance performance. A series
of three continuous 17-day studies have been completed to study
how 72-hour sleep deprivation alters normal performance rhythmicity,
and how quickly individuals deprived of sleep for this period
recover to original baseline levels, Two test subjects were
employed in each 17-day test. Each individual was tested for
six 45-minute sessions per day, following one day of initial
practice on the visLal monitoring task. A subject was given
two additional test sessions on sleep deprivation days during
nighttime hours. Subjects were also monitored during sleep
during baseline days to study heart rate and rectal temperature
at those times. During the 72 hours of sleep deprivation, subjects
were always accompanied by assistants to insure that they Stayed
awake. The results are as follows:

a. Heart rate, and rectal teperature. As sleep deprivation
progressed there was a marked decline in heart rate, with a
sugstion of stabilization during the third day of deprivation.
Rectal temperature also declined continuously. Superimposed
upon these declines was a 24-hour rhythm, which was most piotinunced
in rectal temperature. Heart rate showed evidence of more compleoity,
associated with other sources of rhythmicity.

b. Signal detectability. The group its revealed a pattern
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of decreasing efficiency as sleep deprivation progressed for
all of the signal detection measurements. The individual trends
were highly similar from one measurement to another. The extent
of this change by the third day was in the range of 50% baseline
levels.

c. Visual scanning rates (observing rate). The rate of
scanning individual meters showed highly different trends, as
a result of the different schedules of pointer deflections employed.
The first meter, programmed according to a fixed-interval schedule,
showed first an increase in rate of responding followed by a
subsequent decrease on the third day of deprivation, reflecting
an initial attempt to compensate for increasing difficulty in
signal detection, followed by a weakening of effort levels.
The second meter (variable-interval schedule) revealed a continuous
decline in effort as time progressed, which was highly similar
to the trends observed for heart rate and signal detectability
measures. The third meter (differential reinforcement of low
rates schedule) showed simply increasing variability in scanning
as time progressed. This variability was attributed to increasing
periods of no responding, and the development of bursts of observing,
as attempts to compensate for the pauses in responding.

d. Variability in scanning rates. Hinute-to-minute variability
in scanning rates varied from one schedule to another. For
the fixed-interval schedule, strong circadian fluctuations were
observed during deprivation, superimposed upon a slightly increasing
trend. For the variable-interval schedule, variability increased
continuously. For the differential reinforcement of low rates
schedule, variability increased continuously, with increasing
amounts of session to session fluctuation as deprivation progressed.

e. 'Recovea. After only about 8 hours of sleep following
the deprivation period, performance levels approached pre-deprivation
baseline levels.

3. Efiects of work-rest schedule alterations on complex vigilance
performance.

The current efforts in the vigilance performance program concern
studies of performance decrement associated with sudden shifts
in work-rest schedules. Two of these studies have been completed.
Both of these studies involve shifting the normal activity cycle
forward by four-hour increment following determinatior of baseline
performance levels. Test subjects are given the same basic
complex vigilance peroermaace task used in the previous investigations.
After one week of baseline performance, the work-rest schedule
is shifted to the new schedule for the second (final) week.
In the two studies which remain to be done, the shift will be) a backward shift, so that after 7 days of baseline masurements,

I
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the new schedule will be set back by a 4-hr value. Analyses w1ll be
performed to assess degree of performance decrement and the amount
of time required before performance changes reflect the phase shift
of the circadian rhythm to the new activity cycle. This work will
be subsequently extended to include assessing shifts in excess of
four hours.

4. Effects of behavioral stress on tracking performance.

Research has been continued to study effects of punishment avoidance
contingencies upon compensatory tracking performance. The goal
of this study has been to distinguish factors which lead to
increased effectiveness in tracking performance from those which
induce performance degradation. Work up to the present time
includes (a) study of contingent punishment on tracking performance
alone; (b) study of how avoidance contingencies based upon a
secondary (choice reaction time) task influence combined tracking
and secondary task perfozmances; (c) how avoidance contingencies
based upon the tracking task influence combined tracking and
secondary task performance; and (d) how avoidance contingencies
based upon the secondary task influence performance when it
is performed alone.

Experimental hypotheses suggested that these four conditions
might lead to performance enhancement in the case of shock associated
tasks and performance decrement in the case of the same tasks
when the contingency was transferred to the other concurrent
tack. The results obtained are as fo'lows:

a. When the tracking task was nerformed alone and shock
avoidance was made contingent upon minimizing error levels,
performance efficiency increased in the presence of the contingency.

b. When the choice reaction time task was used alone the
resu!ts were highly similar. Reaction times consistently decreased
iv the presence of the avoidance contingency.

c. When both tasks were performed together and the contingency
wa based upon the reaction time task, performance on the reaction
time task cmasistently improved. Number of control commands
increased during availability of shock. The error levels in
tracking performance increased during availability of punishmnt,
however, revealing decrement in tracking accuracy.

d. Analysis of how Ehe contingency based upon the tracking
task influences reaction time measurements on the secondary
tk is not yet complete, but the results thus far suggest that
decemnts in this situation occur for reaction time performance.

5. Effects of group discussion and real threat upon risk-taking
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decisions.

An exterujive literature on risk-taking indicates that individuals
advocate riskier solutions to risk-taking problems after discussing
the problems with a group than the solutions advocated alone
or before group discussion. Thus far, this literature is based
upon hypothetical problems and inconsequential consequences
of the decisions which are made. The relevance of the "risky
shift" to group decisions in situations involving actual threat
Sas been alleged but never investigated. One experiment is
near completion which had the following objectives: (a) to examine
the generality of the risky shift phenomenon by employing different
group tasks, one with real aversive consequences, one with real
trivial consequences, and one with hypothetical consequences;
(b) to relate heart rate co group decision dependent variables,
and (c) to assess the risky shift using other tasks in addition
to the much-used Stoner dilemmas with the same subjects.

College volunteer males came to the laboratory and were formed
into three-man groups. Each member of a control group made
decisions on a series of 12 equal-expected-value two-choice
problems and the 12 Stoner dilemmas on three occasions: individual
pretest, group-consensus test, and individual poettest. Payoffs
for the two-choice problems were poker chips, and payoffs for
'he Stoner dilemmas were hypothetical, as usual. Subjects in
the experimental group received identical treatment except that
in the two-choice problem on group and posttest occasions the
payoffs were electric shocks rather than chips. Probability
preferences on the two-choice task and level of risk chosen
on the Stoner dilemmas constituted indices of risk, while heart
rate was monitored throughout the experiment. Data acquisition
has been completed and analyses are being performed at this
time.

6. Stress-associated forgetting of verbal materials.

Gluckensberg and King (Science), 1967, 158 , 517-519) reported
that significantly greater forgetting in paired-associates could
be obtained by shocking words which were implicitly associated
(from word association norms) with the originally learned words.
Their materials were an A-B list, composed of a nonsense syllable
and a common word (e.g., CEF stem); a C list composed of associates
of the B words (e.g., flower); and a D list, composed of word
associates of C but not of B (e.g., small). Subjects first
learned the A-B list without shock, then received electric shocks
on some words ont the D list. Although the C list was never
presented, significantly greater forgetting occurred on shock-
associated B words than on non-shock associated B words.
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Gentile replicated and extended these results, giving half the
subjects D words and half C words, some of which were shocked.
It was argued that if forgetting occurs in B words when associated
D words are shocked, even more fcrgetting should occur in B
words when associated C words are shocked. When original learning
of the A-B list was controlled, there were no differences in
forgetting attributable either to the C or D word lists or to
the shock-no shock conditions.

Since these findings contradicted the Glucksberg-King results,
as well as a more recent replicaticn of those results, a further
extension was completed by Gentile and Lawson. The same basic
procedure was used, except that a Galvanic Skin Response (GSR)
measure was obtained simultaneously with the recall measure
on the A-B list. Then the C and D lists were presented to obtain
further GSR data. Significantly greater amplitude GSRs were
obtained on the shocked than on the non-shocked D wcrds, demonstrating
that the shock had its expected aversive effect. However, the
GSRs on the other lists were reversed: the nonshock-associated
words yielded higher amplitude responses than shock-associated
words (p .05 on A-B list, nonsignificant on C list). In eddition,
there was no significant difference in recall of the B words,
although the difference was in the predicted direction. These
results are interpreted as indicating that the hypothesis of
motivated forgetting mediated by implicit verbal chains is,
if not incorrect, of limited importance for the prediction and
understanding of forgetting.

7. The content of the manifest anxiety scale (MAS).

Flanders and Gentile replicated and extended a study by Kimble
and Posnick (J. Pers. Soc. Pnsschol., 1967, 7, 108-110) which
tested the hypothesis Tt at subjects respond not so much to the
anxiety-relatiOd content of the MAS as they respond to the way
in which tae statements are phrased. In one study, words judged
to be most anxiety related in the items (such as nervous in
the item "I am about as nervous as other people") were deleted,
and subjects solved the deleted conteut MAS (DMAS), followed
by the actual MAS items. In another study, subjects filled
in the missing word or words in the same DMAS items.

The following results were obtained: (I) The DMAS and MAS correlated

+.79 thus sharing over 60% of their variation. (2) The more
cor.nent deleted, the more subjects answered in the anxiety-
keyed direction. (3) The more content deleted in a given item,
the less variance that item shared with the total scale scores.

These results were interpreted as follows. The correlation
between scales remains high despite deleted content, apparently
because a large number of nonanxiety related responses can be
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substituted into the deleted space. These substituted responses
allow the subject to respond in the same direction they would
were the anxiety content not deleted. The particular item phrasing
is probably responsible for this directional response tendency
(response set). However, this does not imply that specific
content is unimportant. In fact, as more key content words
are deleted, the variance shared by an item with total scale
scores (and with the original item) drops to virtua.lly zero,
even though item phraseology remains the same.

Thus, while the present results suggest that it is doubtful
that what is measured by the MAS is any very specialized or
limited trait, they do demonstrate that Kimble and Posnick overstated
the case fur the importance of item phraseology. Content does
make a difference.

8. Analogy Item Solutions.

A program of research, in cooperation with Delores K. Kessler
and Robert Seibel of The Pennsylvania State University, has
produced this year three publications describing (1) a rating
scale measure of word relatedness, (2) the process of solving
analogy items, and (3) sociocultural differences in the solution
of analogy items. The first area of research presents the Word
Relatedness Rating Scales (WRRS) which (a) yields relatedness
measures on an crdinal scale for individuals as well as groups,
(b) forces a measure on each group of words, (c) is easily administered
and scored, and (d) has shown a high degree of replicability
and concurrent validity.

The second area of this research presents the results of four
studies, designed to identify the processes used in solving
analogy items. The results of Experiment I suggested that an
associative relatedness process was being used to generate and
evaluate the relationships assumed to be important in the solution
of the items. Experiments II and IV used the WRRS in a rank
order correlational technique to predict the judged degree of
correctness of each item's alternative choices from ratings
of the associative relatedness of the words comprising the alternative
choices. Experiment III used a transfer design to determine
experimentally the relation between primed associates of the
analogy stem word pairs and the solutions to the items. The
results suggest that associative relatedness among the item's
words may account for from 28% to 50% of the variance in the
solutions.

The third area of this research program has attempted to answer
the question why do lower sociorultural status groups obtain
fewer correct answers on standardihed analogy test than do higher
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sociocultural groups? Deficiencies in definitions of the words
comprising an item appear to be part of the reason for the poorer
performance of students of lower sociocultural standing. However,
thus far the results indicate that definition deficiencies are
only a minor part of the problem. The major reason appeais
to be that the different sociocultural groups have differences
in associates to the words comprising the items. This hypothesis
is presently being tested.

9. Measuring Mediational Processes.

The typical study using a mediation chaining paradigm (A-B,
B-C, A-C) compares the rate of learning of the A-C list by the
experimental group with various controls. If facilitation occurs
in the experimental group vs. controls, mediation is said to
occur. Nowhere in this process is any measure obtained of the
assumed changes in strength of the newly learned associations.

Gentile and Sorensen, in three studies using CVC nonsense syllables,
have attempted to obtain new sensitive measures of the associative
heirarchy following learning the lists. In each study sutbjects
first learned the original lists (e.g., A-B, B-C) to a criterion }
of five consecutive perfect trials. In Study I subjects then
rated all possible pairs of CVCs on a 9-point rating scale from
high to low association. In Study II, subjects then received
all possible pairs of items and were asked to recognize whether
each had been paired together in the lists. In Study III, subjects
were then asked to associate to each A,B, and C term, giving
the first response they think of from the list CVCs.

In the first two studies the distribution of associative relatedness
and recall of the pairs was ordered approximately as expected.
However, there appeared to be some restriction in range and

4 no difference was found between the facilitation and interference
pairs. In the third study the results are not completely clear,
but suggest that the facilitation items are more available as
responses than the interference itene.

Follow-up studies are planned to replicate the finding and demonstrate
the strength of associates due to the mediation paradigm using
words as well as nonsense syllables.
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Progress

I. General

There has been continuing support of a program to develop a chemical
prophylaxis drug to offset the effect of ionizing radiation on exposed
troops. The major technical problems confronting this study required
the separation of the antiradiation activity of the drugs from their
chemical toxicity and the development of drugs which are tolerated
in man. The approach to these objectives is through accepted drug
development protocols. Synthesis and testing of potential agents
are being carried out. Test results are analyzed on a continuing
and cumulative basis and fed back into the synthesis program.
Promising agents are then moved forward to testing in large iammals;
then submitted for preclinical and pharmacological evaluation. After
these careful considerations, the most promising chemicals are studied
for human tolerance. Findings with a small number of agents in m.an
indicate that sufficient success has been achieved to support the
research approach and to recommend an acceleration of this program.

Chemistry

II. Contract Synthesis Program

As of the end of FY 69, there are six active synthesis contracts;
one of these with the University of Cincinnati, is new to the program.
One contract, University of Southern Mississippi, was terminated dur-
ing the fiscal year. In addition, there are two preparations labora-
tory contracts for the scale-up of compounds of interest. One of these
with Aerojet-General Corporation, is new to the program. Finally,
there is one contract with the New England Nuclear Corporation for the
synthesis of radiolabeled compounds.

During FY 69 there were 232 target compounds submitted that were synthe-
sized in the contract program. Fifteen new compounds were requested
from the preparations laboratories during the year. Eleven compounds
have been received; three of these were requested the previous year.

A meeting of all contractors, including biology and pharmacology, was
held on 27 and 28 January to update them on the program, to exchange
information and to elicit new ideas that would be worthy of pursuit.
Each contractor gave a presentation of his work.

The growing realization of the importance of sulfur-covering groups in
the aminothiol type of antirad with respect to toxicity and activity has
given impetus to research in this area. Classes of compounds illustra-
ting sulfur-co;-"ring would include polysulfidee, hydrosulfides, Gulfen-
amides, dithiosulfates, dithiophosphates, sulfenylisothioureas, acyl

o)
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polysulfides, hemimercaptals, mercaptoles, unsymmetrical disulfides,
and perthiocarbamates. This list is illustrative rather than
exhaustive.

Problems with oral absorption of the thiosulfates have not been sur-
mounted. In an attempt to increase absorption a number of the beat
compounds have been synthesized with the mercaptoethylamino moiety
tied up as a thiazolidine. In general, oral activity has been in-
creased by this device compared to the Bunte salts but results have
been erratic.

Ibteroarylozyalkyl moieties substituted on the N atom of mercapto-
ethylamine or derivatives continued to enjoy high priority during
the past year. The 5-halopyridines are the most promising compounds
in this area in that the thiazolidines have the highest oral protec-
tive index. Because of the poor absorption characteristics of the
Bunte salts emphasis has shifted to the thiols and phosphorothioates.

The amidines have assumed increased importance during the year because
of outstanding activity uncovered in the terpenoid and adamantane
series. The oral activity of WR-109342 is particularly noteworthy.

Although the atinopropanethiol series has proven to be inferior to
the aminoethanethiol series in the past, the introduction of func-
tionality on the propyl backbone increases activity tremendously
and work in this area has been started during the year.

IHl. Organic Chemiatzy Laboratory

Work on a series of primary aminoalkanethiosulfuric acids (1), pre-
pared by the reaction of bromoalkylaminc hydrobromide salts with
sodium thiosulfate, was completed. These Bunte salts, having carbon

H2N(CH2)XSSO3 H (CH .. N--CH2CH•3 S'9 3 H

I II

chains consisting of 4,',6,8 and 10 atoms, were tested for potential
radloprotective activity and found to be inactive in mice.

Other aminoalkanethicaulfuric acids prepared include the methylene-
Iminoethanethlosulfuric acids, II (xw4,7,6).
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The chemistry of the S-methyl derivatives of thioureas has continued
to be of high interest to this laboratory. Such compounds have been
used in a variety of reactions designed to yield potential antiradia-
tion agents.

The guanidAnoalkanethiosulfuric acids (III) synthesized by the reaction
of an S-methy! derivative of a thiopseudourea with the sodium salt of
an aminoalkanethiosulfuric acid were tested for antiradiation activity

§CH3 H e
RNH---iNH + R'NIKH 2CH2 SSO3  RNH-- HCHSSO

III

as a function of R and R'. Progress of the reaction was followed by
the evolution of methyl mercaptan. Of the compounds thus prepared and
tested, best radioprotective activity was observed for the parent com-
pound, 2-guanidinoethanethiosulfuric acid (III, RffR'r H).

Previous work on the reactions of the S-methyl derivative of 1-bensoyl-
thiourea (IV) with hydroxylic solvents has been extended and completed.

0 SCH3  0 0
gG ROH I, 11

C6 H3 IC-NH2  1 - 30 C6 R 5-C-NH-C-NNH2 + CH3SH

IV V

0 02

+ 631N*--SH C6HC-t4H-
4 NR2  + RI *NH4 1

VI VI!

A procedure for the separation and quantitatlon of products V,VT, and
VII has teer developed. in add~tt..n, an improved synthesis of VII (from
which IV is prepared by addition of methyl iodide) has been achieved.
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New selenourea derivatives have been prepared through the nucleo-
philic displacement of methyl mercaptan from thiopseudoureas by
the hydroselenide ion at pH 8. The previously unknown 4-seleno-
biuret (VIIIa) and 2-seleno-4-thiobiuret (VIIIb) are included
among the compounds prepared.

X SCH 3  X Se

II +| H
H2 N- C-N.'-ý-NH P-------> H2 N- -NH-- L-NH

VIIIO, X = 0
VIlIb, X = S

in this manner. By adjusting the pH at %hich the displacement is
carried out (to approximately pH = 5), an amine function is aiim-
inated, giving selenothiocarbamic esters (IX).

MR' Hel

114--C-- SCHo3  RNH- -SCH 3

Ix

The reaction of 2-aminc2-thiazoline WX) with a molar equivalent
of phenylisothiocyanate has bee;, shown to give, contrary to an early
literature report, only l-phenyl-3-(2-th azolin-2-yl)-2-thiourea
(XI), regardless of the reaction temperatur- An analogous adduct
(XII) was obtained using phenylisocyanate t-..gent. Structures of
the complex products formed in the reactions of X, XI, and XII

N CHRNCS N S N S

I moleYY
M}Iz NH- I -N RC6113i NH.- ,- NHIC,6H,

x XI XII

vith excess phenylisocyaaate and phenylisothiocyanate were also
determined. When X or nl was heated with an excess of phenyliso-
thiocyanate, R1 S was evolved and 2-phenylimlno-3-phenyl-4-thioz,-
thiatolo[3.2-altetrahydro-s-triazine (XII) formed.
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[-*--\ r-~ C6H5NCS• ~ ,)S N S
N N S or N S excess

Y,Y ~~~[-HasI CH
NH2  NIENRIC6H5

S ~N--C6H3SI

X XI MIT

Attempts to prepare sulfoxide or sulfone derivatives by oxidation of
2-amino-2-thiazoline hydrobromide yielded instead 2-ureidoethane
sulfonic acid (XIV).

NoN S . H2r . N-- --N H2CH2 SD3 H

NH2 XIV

The S-methyl derivatives of thiobiuret, dithiobiurqt, and guanyl-
thiourea were prepared. Further reactions of thee systems are
being studied.

IV. Rodent Testing Program

The primary screening test in which now chemical compounds are eval-
uated for antiradiation activity is the mouse system. Animals are
lethally irradiated following administration of the test compound,
and 30 day survival is recorded to evaluate the protective activity.
Primary screening was performed in two laboratories: Woodard Re-
search Corporation under the direction of Dr. Henry Horn and the
Walter Reed Army Institute of Research. The Walter Reed test
facil~ty screens new compounds specifically synthesized for anti-
radiation testing and performs secondary tests on those compounds
showing activity in the Woodard Laboratories. As much data as pos-
sible regarding the acute toxicity and pharmacology of the agent is
collected and recorded at the time of the primary test. The fol!ow-
ing table sumarize3 the testing performed in each of the screens
during the past fiscal year. Compounds listed in this table were
administered intraperitoneally at 15 or 30 minutes prior to irradi-
at ion.
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Table I

Facility No. Tested Activity

Wooderd Laboratories 2064 530 *

Walter Reed 530 Good Fair Poor
(100-50%) (49-20%) (19-0%)
69 51 410

"*Compounds showing 33% survival are listed as active.

Active compounds are further evaluated at Walter Reed for effective-
neww by oral administration, effectiveness at reduced drug levels,
and duration of action. A summary of the activity of drugs given
orally follows: 107 drugs were tested of which 26 showed good
activity, 29 fair activity, and 52 poor activity. In addition,
31 compounds were tested •.r duration of action at time periods
greater than 30 minutes prior to irradiation. Twenty-three drugs
were active at 60 minutes and eight were active for periods longer
than 60 minutes pre-,cradiation.

The "Astro" (ICR/CR - Caesarean originated, barrier-sustained) strain
of Charles River Mouse Farms, Inc. was used for all drug screening at
the Woodard Laboratories and the ICR/CR stcain of the Walter Reed Army
Medical Center at Forest Glen was used i.n the Walter Reed Screen.

A limited number of agents were further evaluated in mice for radio-
protective effect under contract at the University of Chicago. Dur-
ing the past FY, 28 compounds from previous screening programs which
were consistently radioprotective were evaluate" for their dose re-
duction factor (DRF) values alone, in combination with mercaptoethyl-
amine (MEA), paraminopropiophenone (PAPP), and with both MEA and PAPP
Ele~en compounds gave DRF values of over 1.30 when tested alone, the
highest value being 1.69 for bia(diglyme) sodium hexacarbonyl vanadate.
Twenty-four compounds were tested in combination with MEA and 19 of
these had a DRF value greater than 1.50. Five had values greater
than 1.88 and the highest value was 2.2 for p-aminophenol trifluoro-
methyl ether. Of 22 combinations of these compounds with PAPP, 9
had DRF values greater than 1.73. All of the rest had DRF values
of 1.49 or better. Triple combinations of the screening compounds
and MEA and PAPP were of particular interest with DRF values ranging
from 3.27 down to a minimum of 1.67. The triple combination of 2822,
MEA and PAPP which gave the highest value was evaluated further to
ascertain the type of protection afforded by it and at which x-ray
dosage level either the intestinal or hamatopoietic protection di-
minished. To study this aspect of protection cholinesterase measure-
ments and spleen weight determinations were conducted. Fourteen
special compounds from WRAIR were studied further. Their toxici-
ties were accurately determined alone, after pre-treatment with pheno-
barbital to induce the hepatic m"'rosomal enzymes, and after pre-treat-
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ment with EPN to inhibit hydrolysis. Preliminary enzyme studies
were conducted with all fourteen of these compounds to study the
metabolic aspects of their radioprotective activity and toxicity.
DRF values were obtained for these compounds alone, after pheno-
barbital pre-treatment and after EPN pre-treatment. Cholinester-
ase studies and spleen weight determinations were conducted on
both the screening compounds and the special WRAIR compounds to
differentiate between the two kinds nf protection (intestinal and
hematopoietic). Compounds will be combined on the basis of the
results of these determinations for further study of drug specifi-
city and potentiation.

V. Radiation Protection in Dogs

Chemical agents exhibiting significant radioprotective activlty in
the mouse screen at Walter Reed were selected for evaluation in
dogs. Those compounds that protected mice at dose levels well
below the maximum tolerated dose were of particular interest.
Compounds exhibiting radioprotection in mice only at near toxic
levels have frequently failed to show protective activity in dogs.
A preliminary toxicity study was performed with each compound
prior to use for radiation studies. The initial radiation study
was generally performed using the maximum tolerated dose. Com-
pounds are routinely injected intravenously to dogs but a few com-
pounds having exceptional oral efficacy in mice are given orally
to dogs.

Radiation exposures were performed using a Triga Mark F. Nuclear
Reactor. &rpoaurea were made possible through the cooperation of
the Diamond Ordnance Fuse Laboratory reactor staff under the di-
rection of Mr. Walter Giesler. Animals were exposed in the wood-
lined exposure room adjacent to the reactor tank. The room is
20 ft. by 20 ft. in diameter with a 10 ft. ceiling. Animals were
confined during irradiation in rectangular lucite exposure cages
arranged in a four cage array parallel to the gamma isodose curve
produced by the reactor flux. The individual cages are 12 inches
by 12 inches by 20 inches. The mid-line of the cages was 130
centimeters distant from the tank wall. By maintaining a thick-
ness of 70 centimeters of tank water between the core of the
reactor and the exposure room neutrons were selectively reduced.
In this configuration the gamma radiation contributes over 98%
of the dose in Rads delivered to the animals. Of the less than
2% neutron contribution to total dose, energies were predomi-
nantly thermal. The total distance between the reactor core
and the cage mid-line was 2 meters. The measured radiation dose
varied by less than 5% within the exposure cages. The gamma dose '
rate with the reactor operated at 2'0 kilowa t power steady state
was 100 to 108 R per minute measured at the mid-line in air using
a tissue equivalent ionizing chamber.

097



IF

he results or• 1 c the drugs tested in dosa in the fLical yar of 1969
are listed in Thble II. A compariman to the redults in miye La a1or 1 ated.

7able 1i
""[lR No. N&A "'ut* Pre- Percent

N tr u ctC r e M ,/ o . u~ R o u t s lt d ia t L on S r i a

i x& cH02"O u2861
SDogs Nit* 

200 XV 30 0% (O/9)go 
F00 30 03%

NiR cp.R-CSPap 
77913Dos 

680 IV 30 -8 (30)
Nice 

720 IV 30 0% (O/3)Tmxi
0lO04 IF 30 100%250 IP 30 100%600 IP 30 87%400 IF 30 100%300 IF 30 87%250 IF 30 63%

IP 30 06%
, :: era(Cl6)ZNH(CRI) 3 3 16 741 72

Dog 
400 IV 30 50% (172)

5/7toxic
300 IV 30 0% (0/9)200 IV 30 0% (0/2)

Mice 
1/3 toxic

1000 IF 30 100%goo IF 30 80%Soo IF 30 100%400 IF• 30 93%AS2~~00 
Z,,0 13%. •IF 
t 30 0%
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1tble 11 (continued)

Test Does Minute Pro- Percent
Structure IWR No. mg/kg aoute Irrad. Survival

•1N nfl2  SO,• 113,191

Doss is IV 30 0% (0/6)Tow.
Nice 30 iP 30 800

CR g92973

Dogs 15 ]7 30 0% (0/8)
1/9 Toax c

Nice 15 IP 30 100%

DS 85562

zoge 200 PO 45 0% (0/8)
30 IV 30 0%, (0/9)

Hite 300 PO 30 73%
80 1P 30 93%

77912.

Dogs 3 IV 30 0% (0/8)
1/9 Toxic

Mfce is IP 15 80%
7.5 IP 15 53%
2.0 IP 15 7%
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Under the above conditions the radiation LD 5 0 30 day was found to be
432 R (Figure 1). A lethal dose of 650 R was used for drug evalu-
ation studies. Of 33 control dogs radiated at this exposure level
during this fiscal year, there were no survivors. The death peak
(Figure 2) occurred at 10.0 to 11.0 day and the mean at 10.05 days.

One combination study was done in fiscal year 1969. Results are

shown in Table III.

Table III

Structure WR No. Test Dose Route Percent
mg/kg Surv.

NH2 (CH2 ) 3 NH(CH2 ) 3 SPO3 H2  44923 100 IV 56% (5/9)

NH2 CH2 CHCH 2 SPO3 H2  77913 300 IV 30

Results seem to indicate some synergistic action between these two

compounds but additional runs must be made before definite con-
clusions can be drawn. As a general rule, the alkyl thiophosphates
have afforded the best protectioi in dogs, followed by thiosulfates,
thiols and thiozolidines.

Partial Body Irradiation

During the past year a number of experiments have been conducted
with the Pharmacology Department involving the use of high dose
partial body irradiation. These eyxperiments are presently being

continued.

VI. Liver Perfusions

Nitrogen mustard mimics the effect of radiation on cells and has been
used as a substitute for radiation therapy in certain neoplastic con-
ditions. Several of the drugs effective in protecting against radia-
tion effects are also protective against the action of nitrogen mustard.

Hpatic neoplasia is generally considered an inoperable condit;on.

Classic treatment has been perfu~ion of the organ with nitrogen
mustard, a technique which produces gross insult to the normal
parenchyma as well as the neoplastic cell. Breedis and Young[(Am. J. Path., 30, p. 969-97, 1954) demonstrated that malignant

neoplasms growing in the liver tend to acquire an exclusively
arterial blood supply, regardless of the route by which tumor
emboll reached the liver. In contrast, nr,.mPl parenchyma received
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Figure 1

RADIATION LE'THALITY STUUf
DORF RFACTOR-CAMMA

DOGS

Dose (Rads) Animals Animals % Mortality
Exposed Dead

292 12 2 17
356 12 4 33
432 12 6 50
5!8 8 6 75
650 33 33 100
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) blood primarily via the portal circulation. The two distinctive
circulatory patterns of the neoplastic liver enable one to be
selective in perfusion of the organ. Nitrogen mustard introduced
via the arterial route should go primarily to the neoplasm and
hepatic tissues adjacent to them. Introduction via the venous
route of a nitrogen mustard antagonist should protect the normal
parenchyma. It was the purpose of this study to see if the
normal parenchyma could, in fact, be protected against known lethal
doses of nitrogen mustard.

During the past year, the operative procedure and the nitrogen
mustard antagonist have remained unchanged. A nitrogen mustard
antagonist is a drug combination of WR-348 at 400 mg/kg and
WR-2347 at 300 mg/kg. The nitrogen mustard administered to the
liver remains at 2.0 mg/kg. The mustard antagonist was success-
ful in protecting four of eight dogs. The dogs were sacrificed
at days 56, 63, 65, 66. The number of survivors is not felt to
be the significant point, but rather that normal cells can be pro-
tected sufficiently in order that they may recover.

The initial work has been sufficiently encouraging that support
from the veterinary pathology for both gross and microscopic post
mortem examination has been obtained. In addition, facilities have
been set up to measure blood BUN, alkaline phosphatase, SOOT, SPGT
and glucose.

At the present time it is felt that the toxic side effects of the

mustard antagonist is the cause of most of the fatalities which
have resulted from this procedure. The definitive answer to this
question is presently being sought.

VII. Primate Antiallergy Drug Study

Descript ion

The transfer of allergic antibody (reagin) from man to other pri-
mates has shown to sensitize the skin of the recipient primates.
Challenge with an appropriate antigen will produce a reaction in
the sensitized animal. The allergic reaction can be localized for
study purposes by injecting the reagins sera intradermally to pro-
duce a wheal or erythemia. Intravenous injection of antigen and
Evans blue dye produces a circumscribed blue area due to extrava-
satlon of dye at the sensitized site. Since reagin has been shown
to be thiol sensitive, it should be sensitive to certain thiol con-
taining compounds. In this procedure .1 ml of reaginic sera from
clinical patients was injected lntradermally into mature, healthy,
Macaca mulatta monkeys at three sites per serum dilution. Undi-
luted serum plus serum dilutions of 1:2, 1:5, 1.2'- and 1:125 were
used in each monkey. Drug injections were given intravenously
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immediately after serum injections. Another dose of drug was
given 24 hours later followed thirty minutes later by an intra-
venous injection of a mixture of 0.2 ml of commercially pre-
pared antigen and 2 ml of 1% Evans blue dye. Injection sites
were checked after 30 minutes for color changes resulting from
the extravasation of the dye. Drug effectiveness was based on
a comparison of the reaction in treated animals as compared to
the controls. An absence of an allergic reaction at all serum
dilutions was noted with injections of WR-377 at 500 mg/kg;
WR-638 at 250 mg/kg; WR-771 at 5 mg/kg; WR-1616 at 350 mg/kg;
and WR-2347 at 450 mg/kg. WR-2529 gave only a slight reduction
in severity at 500 mg/kg. Repeat studies are being run to con-
firm these results. No indication of the exact site of drug
action has been derived from these studies.

An attempt to produce an allergic reaction by an intradermal
injection of antigen followed by intravenous injection of
reaginic serum and Evans blue dye showed little promise for
studying passive cutaneous anaphylaxis in monkeys.

VIII. Fetal Lathyrism Studies

A series of earlier experiments conducted by M. M. Grenan, et al,
of this Division, demonstrated that mercaptoethylamine (MEA)
and certain other radioprotective drugs are capable of producing
osteolathyrism in the laboratory mouse. Osteolathyrism evolves
from defects in the connective tissue (skeleton, blood vessels
and skin) and is usually manifested by aortic aneurysm, skeletal
defects and/or decrease in skin tensile-strength. This drug-
induced condition represents a side effect that could negate the
usefulness of an otherwise efficient antiradiation compound.

Miss Grenan's experiments were based upon detection of skeletal
deformities in mice after they had consumed a drug-containing
diet for aa extended period of time. Such a test system is
workable in a limited sense, but paired-feeding experiments
which continue for three to eight weeks are seldom adaptable
to the screening of a large number of compounds. With this
limitation in sight, it seemed important to investigate a less
cumbersome screening technic for the detection of chemical
lathyrogens.

H. H. HcCallum (1) reports that fetal mice develop lathyrism
itf the mother is given lathyrogenic substances by mouth or by
injection during the third trimester of pregnancy. His pilot
studies were confined to the use of B-aminopropionitrile (BAPN)
at rather high doses. Examination of the fetuses revealed such
lathyric changes ds abnormal aortic laminae and one or more
sharp upper thoracic kyphoses. When this fetal assay was employed
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to test a series of nitriles, semicarbazide and MEA, McCallum was
lead to conclude that the only difference between lathyrism in
mice and in rats is the dose response; and that a fetal assay
system can be more efficient than the usual paired feeding experi-
ments. His inability to demonstrate fetal lathyrism after the
administration of well known antiradiation agent (MEA) is some-

what discouraging. However, Ferm (2) found osteolathyrogenic
effects in fetal rats from mothers who had received cystamine,
the disulfide of MEA. The reported skeletal changes consisted
of thoracic kyphoses and abnormal rib development. The lesions
were easily demonstrated in the cleared and Alizarin red stained
fetuses, and seemed to be dose dependent. The above reports were
controversial enough to support interest in evaluating a fetal
assay system for detecting chemical lathyrogens of the aminoalkyl-
thiol class.

Materials and Methods

WRAIR albino mice, ten weeks of age, were used for these pilot

experiments. Females were housed with males overnight and preg-
nancy determined by the presence of a vaginal plug. Day-one of
pregnancy was recorded as the day of appearance of the plug.

The two known lathyrogenic agents used, BAPN and MEA, were dis-
solved in water and administered to the pregnant mice daily via
stomach tube. Two dose-schedules were followed: (1) days 10,
11 and 12 for teratogenic effects and (2), days 14, 15, 16 and
17 of pregnancy for osteolathyrogenic effects. The fetuses were
harvested on day 18, fixed in 95 percent alcohol, cleared in

1 percent KOH and stained with Alizarin red. Examination with
a dissecting microscope was made for teratology and for skeletal
changes indicative of osteolathyrism. At the time the fetuses
were harvested, the number of implantation sites were recorded,
and dead fetuses were noted. Suitable control animals were

handled in a parallel fashion.

Results and Discussion

The initial results are shown in Table 1. Administration of the
drugs during the period of major organ formation (gestation days
10-12) did not result in teratogenicity. However, fetal toxicity
was manifested by BAPN through an increase in resorbed and dead
fetuses and a decrease in the average fetal weight. MEA at a
moderate dose tended to decrease fetal weight but was otherwise

non-toxic. The fetal lathyrism studies (administration on gesta-
tion days 14-17) were more informative. As expected, BAPN caused
skeletal abnormalities in all litters. The predominant lesions
were sharp thoracic kyphosis and defects in rib structure. The
posterior ribs were most severely affected and appeared twisted
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and enlarged in the medullary region. An impression was gained
that maximum damage occurred in the region of diaphragm-rib
attachments. Kyphosis was easily seen in the fresh fetus and

_ caused an upward thrust of the inerscapulor brown fat organs
and a hump-backed head-to-tail contour, much like the silhouette
of an American bison. T1hese changes were not noted in fetuses
from females receiving NEA. One MZA fetus had unilateral enlarge-
ment of ribs 9 through 13. This change sugges's that larger
doses of MEA may also be productive of significant skeletal
abnormalities.

Conclusion

The above studies confirm the findings of McCallum for the fetal
lathyrogenicity of BAPN and the utility of this quick method for
demonstrating the lathyrogenic potency of small quantities of
chemicals. Larger doses of MEA (500 mg/kg/day) will have to be
used before a decision can be made concerning the adaptability
of such a test for screening potential radioprotective aminoalkyl-
thiols. The teratogenicity studies emphasize one problem o' drug
development, i.e., well tolerated doses of BAPN for adult mice
are extremely toxic for the developing fetus. Fortunately, this
increased toxicity is not seen with equimolar doses of MNA and
may not be a hazard should aminoalkylthiols be administered to
the general population, Our preliminary findings are encourag-
ing enough to support additional experiments in the field of
fetal osteolathyrism.
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IX Pharmacology of Radioprotectants

A. Studies on Adrenergic Mechanisms

1. On the Specificity of the Alpha Adrenergic Blocking
Properties of WR-2823.

During the past year, the pharmacology department investigated the
specificity of the alpha-adrenergenic blockade exhibited by WR-2823
whose structure is as follows:

s'"'")5-N-H 2CH2-0-H
> "OH

S-2(5-aminopentylamino)ethyl phosphorothioic acid

Since WR-2823 is a straight chain aliphatic amine differing in
structure to all other known alpha adrenergic blocking compounds,
we set forth the following rigid criteria that the compound must
fulfill before one could call it a specific alpha adrenargic block-
ing drug: (1) The chemical must depress the pressor action of
epinephrine; (2) The compound must depress the pressor response to
norepinephrine and this depression of the pressor response of nor-
epinephrine must be dose (WR-2823) related; (3) The epinephrine
reversal must not be due to a decrease in Cardiac output; (4) The
agent must not antagonize epinephrine tachycardia; (5) The pressor
response to epinephrine must be restored by a beta-adrenergic block-
ing agent; (6) The antagonism of the pressor response to epinephrine
and norepinephrine must not be due to the stimulation of the beta-
adrenergic receptor sites; and (7) The pressor response of various
doses of angiotensin must not be antagonized by WR-2823.

Methods

Beagles dogs were anesthetized with 30 mg/kgm of pentobarbital sodium
(given intravenously). The right fermal vein was cathetirized for
intravenous injections of test drugs. A catheter was ýitroduced
into the abdomenal aorta through the right fermal artery and was con-
nected to a Sanborn-267-B pressure transducer for the purpose of
measuring arterial pressure. All the animals were heparinized so
that acurate observations of the pulse pressure could be made. In
those experiments where cardiac output was to be measured, an electro-
magnetic flow meter probe (transducer) was placed around the ascending
aorta and connected to a sine wave eletramagnetic flow meter. The
instrument enabled us to record both the cardiac output, the maximum
velocity of flow through the ascending aorta and a function of stroke
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.At volume. Heart rate was measured by means of a cardiotachmeter using
a beat to beat mode where the height of the tracing obtained was
proportional to the interval between each (and every) beat. For
the purpose of measuring air exchange, the dogs were intubated orally

'• and the tracheal catheter was attached to a Sanborn pneuntotachograph
head which in turn was connected to a Sanborn 270 differential gas
pressure transducer activated by a Sanborn 350-1100 carrier pre-

S•uaplIif ier.

All of the animals were bilaterally vagotomized. Isoproterenol was
used a puer beta adrenergic receptor site stimulating drug. Propanolol
was used as the beta-adrenergic blocking agent. Dose responses of
all agonists (epinephrine, norepinephrine, isoproterenal and angio-
tensin) before and after one and only one of various doses of WR-2823
(16, 25, 31.25, 43.75, 50, and 63 mg/kgm.)

Results

WR-2823 in lower doses, 16 and 25 mg/kgm, depressed the pressor
response to epinephrine and in the higher doses caused epinephrine
reversal. The pressor response to norepinephrine was uniformily
depressed and this depression was dose related. WR-2823 did not
cause a decrease in cardiac output during the epinephrine reversal
and in fact caused an increase cardiac output during epinephrine
reversal. Classical alpha-adrenergic blocking drugs bearly meet
this criteria at the doses most commonly used and in fact phenoxy-
benzamine (dibenzyline) will cause a decrease in cardiac output
during epinephrine reversal even in as low as 0.5 mg/kgm when
administered too rapidly to the dog. The epinephrine reversal seen
after WR-2823 was primarily due to a decrease in diastolic pressure
with little or no decrease in systolic pressure. WR-2823 always
caused a widening of the pulse pressure (pulse pressure changes from
45 itnHg to close to 90 mmHg were observed). The compound did not
antagonize epinephrine tachycardia in spite of the fact there was
always a bradicL hia fllowing an intravenous iuLjection of WR-2823.
The pressor response to epinephrine was without exception restored
by propanolol. The results indicated that WR-2823 was able to block
more alpha adrenergic receptors without causing any cardiotoxicity
than phenoxybenzamine. The dose response to isoproterenol was un-
altered by any dose of WR-2823 employed in this study indicating that
the alpha adrenergic receptor site antogonism was not due to stimulation
of the beta-adrenergic receptors. The pressor response of angiotensin
was not inhibited or antagonized by WR-2823 indicating the blood
pressure could respond (increase) to an agent which causes a pressor
response through some other mechanism. Our previous work demonstrated
that the depressor response to acetylcholine, 5-hydroxytryptamine and
histamine were unaltered by WR-2823 (all of these responses are

1009



I

modified by phenoxybenzamine). This data coupled with present study
strongly indicated that WR-2823 is a specific and a rather selective
alpha adrenergic blocking agent.

2. Further studies on the Inhibitory Properties of WR-2823
Against Pressor Amine Induced Contractions in Isolated Aortic Strips.

These studies were carried out in collaboration with the Department
of Gastroenterology of the Division of Medicine.

Spiral strips of rabbit aorta were suspended in a 370 C water bath
containing Krebs-henslait solution under one gram of tension and
were allowed to equilibrate for 30 minutes. Isometric contractions
were recorded electronically. Concentration response curves were
obtained for norepinephrine, phenylephrine, epinephrine, and 5-
hydroxytryptamine. The sequence of these agonists and their res-
pective doses were randomized. The arteries were allowed to fully
recover between each and every challenge. WR-2823 in a concentraction
of 2.3 x 10-4 Molar was introduced into the bath and allowed to remain
in contact with the arteries for one hour at which time the agent was
washed out of the bath and the concentration response curves were
repeated. The accompanying figure is a graphic representation of
the results of this experiment where the oridate represents the
tension developed by the arteries and the obscissa represents the
concentraction, (in gms/ml) of the various agonists used. The bars
represent + or - one standard error. The results show that WR-2823
antagonizes the norepinephrine, phenylephrine, and epinephrine in-
duced contractions of the isolated rabbit aortic strips but does
not antagonize those contractions induced by 5-hydroxytryptamine. 4

3. Onset of Autonomic Effects in the Anesthetized Mouse
Following Intraperit6neal Injections of WR-2823.

Abstract. A mixture of chemicals consisting of 75% 5-aminopentyl-
aminoethyl phosphorothioic acid monohydrate, 12% inorganic phosphate,
and 12% bis 5-amino pentylaminoethyl sulfide was injected intra-
peritoneally at a dose of 25 mg/kg into anesthetized mice. The
cardiovascular responses to 1 mg/kg of epinephrine were recorded at
varying intervals before and after the injection of the drug mixture
to assess the onset of -adrenergic blockade. There was an immediate
potentiation (both magnitude and duration) of the pressor effects
of epinephrine followed by a progressive blockade of the pressor
response to epinephrine. The inhibition began at about 15 minutes
and progressed for at least 60 minutes. The disulfide contaminant
was tested similarly and produced comparable effects but appeared to
be slower in onset and had more potentiating effect with weaker
blockading potency.
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Introduction. Heiffer et al., have shown that a chemical mixture
of 75% 5-aminopentylaminoethyl phosphorothioic acid monohydrate with
inorganic phosphate (12%) and bis-5-aminopentylaminoethyl sulfide
produces an effective blockade of the -adrenergic cardiovascular
effects of catecholamineo in several species. They reported that

F the onset of this blockade was delayed but the time of the onset
could not be assessed because of the direct cardiovascular effects
from the intravenous administration of this drug mixture.

The present experiment was conducted to evaluate the time course
of the onset of adrenergic blockade in the mouse following intra-
peritoneal injection of the drug mixture where the direct cardiovas-
cular effects of the drug were minimal. The design also included
a test for sex difference. Some animals were pretreated with
phenobarbital to test the effect of induction of drug metabolizing
enzymes on the onset of adrenergic blockade.

A second experiment was used to examine the pharmacodynamic effects
of the disulfide contaminant in the drug mixture to assess its role
in the pharmacodynamics of the mixture.

The results of these experiments confirm the blocking properties of
the mixture known as WR-2823. There was no evidence of a sex dif-
ference in the reactivity of the mixture nor did pretreatment with
phenobarbital affect the reactivity of the mixture. The disulfide
contaminant appeared qualitatively to be comparable to the mixture.

Experimental. The general design of the experiment involved the
cemparison of the cardiovascular effects of an injected bolus of
epinephrine (1 mg/kg) before and after the intraperitoneal injection
of the test drug mixtures to characterize the onset of the modi-fication of the cardiovascular effects of epinephrine.

Materials. The WR-2823 used in these experiments has been chara-
cterized by Lim (1969) as a mixture of 5-aminopentylamino ethyl
phosphorothioic acid monohydrate (75%), inorganic phosphate (12S),
and bis-5-&aiinopentylamino ethyl sulfide (12%). This mixture was
dissolved in distilled water at the rate of 56 mg/ml (approximately
isometric).

The disulfide contaminant was prepared by dissolving 520 mg of 5-
amino pentylamino ethyl thiol in distilled water. The pH of this
solution was adjusted to 8.5 by the addition of NaOH. Room air was
bubbled through this solution until no positive test could be ob-
tained with nitroprusside reagent. The final concentration was
adjusted so that each ml contained 50 mg of material.

Walter Reed mice of the ICR strain, of either sex, aged 6-26 weeks
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were used. They were anesthetized by intraperitoneal injection
of a mixture of pentobarbital sodium (60 mg/kg) plus phenobarbital
(80 mg/kg) injected at a dose of 10 mg/kg. Each animal was cannu-
loted for recording arterial pressure and for intravenous injections
of epinephrine. Whenever technically possible, a control animal
was paired with an animal of the same sex that had been pretreated
with phenobarbital (50 mg/kg twice daily for 3 days) to induce drug
metabolizing enzymes.

At least four reproducable responxes to an intravenous bolus of
epinephrine were obtained during the control period by introducing
a sv•ltion of epinephrine into ttie venous cannula at the rate of
0.1 ml/pn (" mg/kg) and flushed into the circulation with an in-
jection of 30 atg of 0.9% sodium chloride solution delivered in one
second. The mixture of WR-2823 or the disulfide was injected
intriperitoneally (25 mg/kg) and the epinephrine challenges were
repeated at varying time intervals subsequently for periods up to
60 minutes after the drug injection.

Results. The mean responses to 1 mg/kg of epinephrine after WR-2823
or the disulfide contaminant are shown in figures 1 and 2. There
was ito evidence of a sex difference nor did pretreatment of the
animals with phenobarbital modify the reactivity of the drug mix-
ture.

Qualitatively, there was no difference in the effects of the two
drugs; however, the disulfide contaminant appeared to exert its
effect more slowly and appeared to be less potent as an adrenergic
blocker than the mixture called WR-2823.

Generally, these two drug preparations showed no consistent effect
on the cardiovascular parameters of the anesthetized mouse when
administered intraperitoneally at a dose of 25 mg/kg. Frequently,
but not always, there was a moderate bradycardia and a mild hyperten-
sion, both being transcient. There was an immediate increase in the
magnitude and duration of the pressor effect and chronotropic effect
of epinephrine which reached a maximum at about 3 minutes in the case
of WR-2823 and about 9 minutes after the disulfide. In both cases
this potentiation decayed rapidly and was converted to an inhibition
at about 15 minutes following WR-2823 and at about 45 minutes after
the disulfide. This depression continued to progress for the
duration of the experiment (60 minutes)-and longer in some cases.

Frequently, there was an increase in the pulse pressure following the
administration of the drugs; however, this appeared after epinephrine
had also been administered.
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Discussion. These experiments were not designed to define the
mechanisms of action of WR-2823 or the disulfide contaminant.
The data provide only a description of the effects of these agents
to modify the cardiovascular effects of epinephrine. The initial
potentiation of the pressor response of epinephrine, both in
magnitude and duration, is prompt and probably represents a direct
effect of the drugs to impede the inactivation mechanisms for the
catecholamines. The secondary inhibition of the magnitude of the
pressor effects of epinephrine is delayed and may represent the
effect of a comuon metabolite of these drugs. Heiffer etal.,
(1959) have presented data indicating that the inhibition of the
pressor effects of latecholamines is due to the .'-adrenergic
blccking properties of WR-2823. The present data are consistent
with this hypothesis.

4. The Effect of Intraperitoneal Injection of WR-2823.

Detail chemical analysis revealed that the WR-2823 lot B (the lot
used in all of our studies) contained 11% water (this was expected,
since it is a monohydrate foren), 7% monobasic sodium phosphate, 7%
bis-5-aminopentylaminoethyl sulfide and 75% of the parent compound
(WR-2823). The 7% disulfide was of some concern to us since the
WR-2823 we used (intravenously administered) produced an immediate
but fleeting hypotension and bradicardia. Therefore, dogs were
given the compound intraperitoneally. When the agents is administered
in this manner, no hypotension is observed and bradicardia was minimal.
A probable explanation is that when the drug passes through the portal
circulation before going to the heart, the disulfide portion is
reduced to the corresponding thiol when before it reaches the heart.
The disulfide form is a potential histamine liberator since it con-
tains a primary amine group at both ends. Diamines are in general
potent histamine releasers. Therefore, during the synthesis of
this compound every possible effort will be employed to avoid disul-
fide formation and it is recomr nded that the compound not be exposed
to air light re-heat until it is ready to be used in the laboratory
or in the clinic.

B. In Vitro Screens

1. Screen for Antiadrenergic Properties and Myocardial
Toxicity of Antiradiation Chemicals.

The use of the isolated, spontaneously beating atrium of the guinea
pig continues to provide insight into the pharmacophonic requirements
for these two biological effects. The close correlation of these
two responses raises interesting questions concerning the mechanixms
of these effects, which are being pursued at this time. The
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Legend for Figure 2

Figure a. The effects of the disulfLde contaminant o9 VA-2623 on the

presser responses to eptnephrine in the anesthetised some.

This figure represents the effects of the dLsulfLde coetmin=at of

WR-2823 (25 mg/k, I.P.) on the pressor responses to epinephrine (L ./kgo,

I.V.) as a function of tinm in the anesthetized mouse, expressed as a ratio

of the response at time, tL to the average response during the control period

(time, to). Systolic and diastolic pressure responses are expressed as the

ehmage in blood pressure ODF). The area of the presser response (A) is the

total positive area under the response curve.

The shaded area represents the baod which contains m1 of the estimate

of the mean response for •4 drinLg the control pertod. Reh eircle represeats

"the was response (n-G) folloaing the eLaMLatzetLm of the disulfift

GestmanLat at Wit-2823.
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observation that high concentrations of Calcium in the bath can
reverse the depression suggests that the mechanism of myocardial
depression by alkyl aminoethylthiosulfuric acids may be related
to an antagonism of the fluxes of this ion. This hypothesis will
be tested.

The productivity of this test system has been hampered by a phy-
sical move, and mninor technical difficulties and delays in obtaining
replacement parts. These problems have been overcome, and by design
modification, the output of this system has baen quadru_3led.

C. Metabolism of Non-Radioactive Radioprotectants.

Materials and Methods. Animals: Adult Walter Reed strain albino
mice of either sex were used. Unine was collected in glass meta-
bolism cages.

The compounds investigated were as follows: (1) WR-2823 (S-2-(5-
aminopentylamino)ethyl phosphorothioic acid dihydrate)- and (2)
WR-1729 (N-(2-mercaptoethyl)-l,5-pentanediamine dihydrochloride)

Separation of metabolites: Thin layer chromatography on Silica
Gel G, 250 u thickness, was used. Distilled water or 101 methanol
were the usual solvents.

Visulation of amine groups by means of ninhydrin spray was successful.

Visulation of sulfhydryl groups by means of cyanide-nitroprusside

sprays were unsucc- sful.

Results. WR-2823, 150 mg/kg intraperitoneally, appears to have at
least two metabolites containing accessible amine group.

WR-1729, 50 mg/kg intraperitoneally, appears to have at least two
metabolites containing accessible amine groups.

One metabolite seem common to both compounds. However, the other
appears to chromatograph a little differently.

Future studies. Since both compounds are to De synthesized with
radioactive sulfur, little further metabolism work on the non-
radioactive material is planned.

Studies on absorption and excretion of the radioactive compounds
will be made.

Urinary metabolites of the radioactive compounds will be isolated,
and attemupts made to characterize them.
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D. Cardio-Vascular Effects of WR-2529, WR-2721, and WR-638.

* 1. WR-2529

A dose of 200 mg/kg I.V. caused immediate fall in arterial blood
pressure of 125 mmHg and a narrowing of pulse. pressure. Blood
pressure gradually increased to near control valves in about 1 hour.
Respiration increased in rate initially but then returned to near
control in about 10 minutes. WR-2529 caused bradycardia which
persisted for 30 minutes. There was a progressive shortening of the
QRS complex after drug administration lasting for several hours.

2. WR-2721

Dogs given 200 ,ng/kg WR-2721 I.V. experienced a slow gradual increase
in arterial blood of 120 tanig in the first 30 minutes. After the
initial rise blood pressure decreased by 130 mmHg below control
levels by 50 minutes post injection. Pulse pressure narrowed as
pressuwe decreased. Respiration rate increased slightly post drug
but returned to control values in 10 minutes. Bradyeardia was
observed initially but returned to control values in 20 minutes.
An I.V. dose of 800 mg!kg of WR-2721 resulted in a respiratory -

cardiovascular death.

3. WR-638

Blood pressure was decreased by 60 mruHg following an I.V. injection
of 300 mg/kg WR-638. Blood pressure returned to near control values
in 15-20 minutes. Respiration rate increased initially and remained
faster than control values. Slight tadycardia was observed initially
but returned to near control values in 5 minutes.

A dose of 1,003 mg/kg was found to produce a respiratory - cardio-

vascular death in all animals tested.

E. Studies on Treatmeit of Hemorrhagic Shock with WR-2823

1. Treatment of Hemorrhagic Shock with a New Alpha Adrener-
gic Blocking Agent.

The continuing controversy concerning the most effective means of
treating shock has produced a number of seemingly conflicting reports.
(1-3) Like other forms of shock, acute hypovolemic hypotension has
been treated with both vasopressors and vasodilator agents.(4-6)
"To add to this dilemma, some investigators have proposed the use of

.o beta adrenergic stimulants in the treatment of hemorrhagic shock.(7,8)
All things considered, however, this form of shock has responded.
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most favorable to agents which reduce total peripheral resistance
rather than to those which cause arteriolar vasoconstriction.(9, 10)
S-2-(5-aminopentylauino)ethyl phosphorothioic acid (WR-2823), a
radioprotectant compound appears to have alpha adrenergic blocking
qualities and can effectively decrease resistance to flow in the
peripheral vasculature.Cll, 12) It Ls with these actions in mind,
therefore, that the present study was initiated to evaluate WR-2823
in the post-treatment of acute hypovolemic (hemorrhagic) shock.
Twenty-two adult mongrel dogs and 14 adult 1thesus nonkays were
anesthetized with pentobarbital sodium (30 mg/kg, I.V.). Changes
in arterial and venous blood ?ressures, EKG, heart rate, and res-
piratory rate were continuously recorded on a Sanborn polygraph.
In addition, hourly samples of arterial and venous blood were drawn
for determination of pH, 03, and CO2 content. Samnples were analyzed
on a Beckman Physiological Gas Analyzer. All animals were bled to a
mean arterial pressure of 50 mmlig and maintained at that level for 8
hours. This method of producing hemorrhagic shock had previously
been described by both Lamson and Fine (13, 14). Three hours after
initial hemorrhage, paired animals were divided at random into either
a control or a treatment group. Control animals received no therapy
while the treated grouip received 50 mg/kg of WR-2823 intravenously.
Figure 1 presents the actual data obtained from these studies. All
animals showed a progressive decrease in arterial pH from a control
of 7.42±.03 to 7.30±.08 during the first three hours after hemorrhage.
Oxygen content in the venous blood fell from 15.6t2.1 vol % to
8.703.8 vol %, while arterial carbon dioxide decreased from 42 014.1
vol % to 25.3±4.4 vol %. Average heart rate increased from 140/min
to 204/mmn at 3 hours post-hemorrhage. Control animals continued
to deteriorate during the entire observation period. At 8 hours
venous 02, had decreased to 6.0*2.0 vol %, arterial C003 to 18 Vol1
3.0 %, pH to 7.24±.08. Heart rate increased to 240/mmn. Animals
treated with WR-2823 at 3 hours showed slow but progressive recovery
of pH; venous 02 and arterial CO2 towards pre-hemorrhage values. At
8 hours arterial pH1 stabilized at 7.45±.03, venous 03 at 15.5±2.3,
vrol % and arterial C02 at 44.8+5.1 vol %. Heart rate decreased froai
204 beats/mmn to 120 beats/min during this same time period. Seven
of the eleven dogs treated with WR-2823 permanently survived the
hemorrhagic shock syndroma. Seven of the seven monkeys treated in
the samie manner likewise survived. None of the control dogs or
monkeys were alive at 24 hours, Results of this study indicate that
WR-2823 effectively prevents "irreversible" hemorrhagic hypotension
in both dogs and monkeys. The mechanism by which this drug produces
this beneficial effect may be related to its known alpha adrenergic
blocking properties and/or to its direct vasodilating action on
the peripheral vasculature. The decrease in heart rate consistently
noted after administration of this compound, coupled with the vaso-
dilation, may serve to increase both stroke v~olume and cardiac output
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and in this way re-establish blood flow to hypoxic tissues. Our
survival data strongly support this concept.
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hemorrhage normally evokes a sympathetic response which, if pro-
longed, may be detrimental to the ultimate survival of the organism.
Since 1948 when Witgers successfully pretreated dogs with dibenamine,
nunerous reports have appeared on the beneficial effects of pre-
and post-treatment (f experimental hemorrhagic shock with classical
alpha-adrenergic blocking agents. An alpha-adrenergic blocking
drug with a simple and unique structure has recently been discovered.
This drug, WR-2823 (S-2-(5-aminopentylanino)ethyl phosphorothioic
acid) has been shown to increase survival when given to dogs sub-
jected to hemorrhage. We have investigated the hemodynamic events
associated with treatment of hemorrhagic shock with WR-2823 in
order to understand the mechanism of its beneficial action. The
experimental design used avoids the problem of variable patterns of
blood loss and reuptake in the treated and control animals by re-
transfusion of all shed blood in both groups at the time of drug
administration.

Materials and Methods. Twelve beagles 9-13.6 kg of either sex were
anesthetized with pentobarbital (25 mg/kg), anticoagulated with
10,000 u heparin and hemorrhaged from the femoral artery into a
glass reservoir placed at a height to maintain a constant pressure
of 50 mmHg. The pressure of 50 mmHg was reached within 10 minutes.
Three hours after the onset of hemorrhage all shed blood remaining
in the reservoir was retuansfused into the external jugular vein
in 30 minutes. Six dogs were randomly selected to receive 50 mg/
kg of WR-2823 dissolved in 10 ml of normal saline. The drug was
given during a twc minute period at the midpoint of the transfusion.
The remaining six dogs received only the transfusion. No further
treatment was given to either group. All animals were monitored for
six hours from the beginning of hemorrhage and observed for 48 hours
or until death.

Aortic and right atrial pressures were measured continuously with

Sanborn 267 BC transducers and were recorded along with the electro-
cardiogram and heart rate or a Sanborn 7868 A recorder. Cardiac
outputs were determined intermittently using indocyanine green i,.e,
a Gilford 103 IR densitometer, and a Texas Instruments Rect-Iriter
recorder. The area under the dye curve was electronically inte-
grated with a Glilford 104 dye curve computer which also was used to
compute theamean transit time. Total peripheral resistance was
calculated by (mean arterial pressure, mmig)-(mean right artrial
pressure, WoHg)/cardiac output, L/ain. Central blood volume was
calculated by (mean transit time. sec) x (cardiac output, ml/sec.

Results. There are no significant differences in the baseline mea-
surements of the two group of animals as listed in Table 1, The
results of the measured and calculated variables during hemorrhage,

1023

t4

-I - - - - ~ *



transfussion and WR-2823 treatment are shown graphically in figures
1 and 2. Significant differences in the two groups occurred only
after treatment with WR-2823 and are indicated in the figures. These
differences existed at some time in the mean arterial pressure, heart
rate, cardiac output and peripheral resistance. No significant
differences existed at any time in the volume of blood in the reser-
voir or the central blood volume. A suggestive (p .07) difference
existed in the stroke volume at 6 hours.

In the WR-2823 treated group there was no overlap in the values of

cardiac output, stroke volume and central blood volume for the sur-
vivors and non-survivors (Table 2). The other hemodynamic variables
were similar within the drug treated group no matter what the out-
come.

In this small study 4/6 animals treated with drug survived in
contrast to 1/6 animals in the control group. This survival data
is not statistically significant.

Discussion. Alpha adrenergic blockade seems to have salutory
effects on ultimate survival in canine hemorrhagic shock. Non-
theless very few investigators have reported the hemodynamic con-
sequences of such treatment when compared to a group where the degree
and pattern of hemorrhage are strictly controlled. We have studied
a new alpha adrenergic blocking agent, WR-2823, which has been shown
previously to improve survival in a standard hemorrhagic shock model.
Our present model dLffers in that both control and drug treated
groups received all remaining shed blood after three hours of
hypotension. In this way, both groups of animals had the same degree
of hemorrhage at all times (see Fig. 1), and all measured differences
can be attributed solely tothe effects of the WR-2823.

A major difference in the two groups is a lack of vasoconstriction
following retransfusion in the treated group. Peripheral resistance
returned to and remained at baseline levels while the control group
had a progressive increase in peripheral resistance after transfusion.
The cardiac output increased with transfusion in both groups of
animals but the WR-2823 treated group maintained a higher output
which was significant at six hours. As a consequence of the lack of
vasoconstriction, arterial pressure was significantly lower in the
WR-2823 treated group. WR-2823 treatment decreased heart rate
imediately after administration but this effect was transient.
Although stroke volumes were not significantly different by the usual
criteria (p .05) there were suggestive differences (p .07) at 3-
1/2 and 6 hours which would require larger groups to evaluate.
Survival was not significantly imporved in this study which was
designed with a small number of animals to evaluate primarily the
hemodynasic consequences of treatment with WR-2823.
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TABLE 1

Baseline Comparisons of Animals * SE

Control Treated

Number 6 6

Weight (kg) 10.8 k 0.4 12.2 • 0.5

Mean Arterial Pressure (mmHg) 159 * 8 144 * 5

Heart Rate (beats/min) 171 * 19 168 & 12

Cardiac Output (L/min) 3.31 * 0.42 3.65 * 0.42

Pharipheral Vascular Resistance (• ) 53.3 • 3.2 41.1 • 4.1

Stroke Volume (cc) 20.4 * 0.6 21.7 * 1.5

Central Blood Volume (cc) 214 19 236 *15
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TABLE 2

"Range of Values at 6 Hours for WR-282 3 Treated Animals

SurvivOrs Non-Surjivors
airdiac Output (% of Baseline) 

42-3Stroke Volume (% of Baseline) 
42-72 26-32

Central Blood Volume (% of Baseline) 67-105 40-66
Mean Arterial Pressure (mmHg) 

55-11o 50-75Heart Rate (Beats/min) 
155-210-

Tota peipheal es-sanc 
160-220Total Peripheal Resistance (% of Baseline 59-115 105-155 /
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Th. low cardiac output and central blood lume in the pressence
of a normal total peripheral resistance after treatment with WR-
2823 suggest that optimal therapy would have to include in ad-
dition to drug, further intravascular volume expansion to main-
tain cardiac output. This may be critical to survival as indicated
by Lhe fact that the two drug treated animals which died had the
lowest cardiac outputs, stroke volumes and central blood Volumes
at 6 hours post-hemorrhage than any of the four surviving animals.

Thus the effect of alpha adrenergic blockade with WR-2823 on the
course of hemorrhagic shock is primarily a return of total peripheral
resistance to normal. However, survival also seems to depend on
the maintenance of cardiac output which may require supplemental
therapy with plasma volume expanders.

F. Studies with E. Coli Endotoxin

1. Prevention of Endotoxin Shock and Death by WR-2823
Pretreatment.

The possible interaction of WR-2823 and E. Coli endotoxin has been
studied. Ten adult mongrel dogs -iesthetized with doditu pento-
barbital, 30 mg/kg were given 50 r.,./kg WR-283 I.V. and followed

for changes in heart rate, EKG, respiration, and blood pressure.
Arterial blood samples were drawn for histamine determination at 0,
15, 30, 45, and 60 seconds and at 5, 15, 30, and 60 minutes after
WR-2823 a previously established lethal dose of E. Coli endotoxin
(1.0 mg/kg) was injected into the femoral vein. A second set of
arterial blood sanples were also drawn after endotoxin for analysis
of histamine levels in the blood.

Results indicate that WR-2823 causes the release o! histamine into
Lhe circulation of the dog at from 5 to 30 minutes after intravenous
injection. This elevation of plasma histamine returns to control
level at 60 minutes. Arterial blood pressure decreases during the
period of elevated plasma histamine and likewise returns towards
control as the histamine level decreases. The most remarkable
phenomenon observed in these studies was the prevention of the
precipitutions fall in arterial blood pressure that is usually ob-
served in any of the ten animals ased in this study. No increase in
plasma histamine was detected nor was there any significant decrease in
dirculating platelets. Some indication of an interference with the
"trigger meehanisms" of edotoxin shock is revealed by these results.
Survival data supports this concept in that 10 of the 10 dogs given
the lethal dose of endotoxin permanently survived.
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X. lnsmary and Conclusion

Areas of most interest in the synthesis program during the year
were the thiazolidines, to enhance oral absorption, and terpenoid
amidinium thiosulfates, basically substituted aryl ethers, thio-
phosphoramides and diamine phosphorothioates. Emphasis on these
areas continues along with the functionalizing of the carbon back-
bone in the 3-aminopropanethiol series. Additional compounds have
been tested in dogs and clinical studies have been continuing with
11-638. Two other compounds are being formulated and have been
scheduled for clinical evaluation.

The in-house supporting research has progressed to the point that

additional medicinal uses have been demonstrated for the antiradi-
ation agents. Aside from arthritis, promising potential in the
fields of allergy and hemorrhagic shock has been unmasked. Espe-
cially important, at this time, are the findings with WR-2823 in

hemorrhagic, traumatic and endotoxin shock. All concerned are
sure this drug will be ready for clinical trials within the next
few months. These additional uses for antiradiation agents have
already broadened interest in this class of compounds to the
extent that many outside investigators are requesting to partici-

pate in the program. Increased interest makes it possible for a
large number of specialists to apply their specialties and to

eventually produce enough data to understand the wide spectrum of
biological activity of the sulfhydryl drugs. Such understanding

is a necessary basis for the design of efficient and well toler-

ated antiradiation agents.
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thiols in cellular and mainakian systems. Radioisotopic techniques for distribution,
retention and excretion of r*diation modifiers are employed where applicable.

25. (U) 69 01-69 06 Structure-function studies of high purity aminothiol radioprotector
continue. Twelve compounds were prepared and rigorously analyzed for purity and free
thiol content. light compouds were tested for radioprotection. in E. coli at 1 degree C
and -196 degree C and for eofects on free radical parameters. Preliminary results are
being evaluated. Crystal structure of the basic compound, betemercaptoethylamine, has
boon elucidated. Preliminary crystallography of 3-carbon analogs is in progress. Cer-
tain minothiols in radioprotective doage were found to predispose antmals to lethal
effects of certain form of ahock-inducing tratms. This adverse influence can be mod.i-
fied without negating redioprotection. Effects of radioprotectants on tolerance for
other etreseore and measures for abolishing lowered shock-resistance while allowing
radioprotection are being explored. For technical reports, see Walter Reed Army Insti-
Xute o, Research Afnual Progress Report, I Jul 68-30 Jun 69.
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Project 3AO6211OA824, IONIZING RADIATION INJURY, PREVENTION AND TREATMENT

Task 00 Ionizing Radiation Injury, Prevention and Treatment

Work Unit 056, Protective effect of aminothiols against ionizing and
neutron radiation

Investigators.
Principal: LTC Dorsey T. Mahin, MC
Associate: A. R. Berman, B.S.; M. H. Davis, B.S.; E. S. Copeland,

Ph.D.; MAJ J. E. Del Favero, VC; A. Einheber, Ph.D.;
LTC D. M. Ginsberg, MSC; M. M. Grenan, B.S. (Div Med
Chem); S. R. Heller, Ph.D.; M. M. Hill (McLaughlin)
M.S.; CPT R. J. Jandacek, MSC; LTC M. C. Johnson, MC;
R. T. Lofberg, Ph.D.; CPT T. F. McLeod, MSC; E. C.
Richardson, M.S.; LTC H. M. Swartz, MC; R. E. Wren, B.S.

Description.

The overall objectives of this work unit are (1) to determine the
mechanism of radioprotective action of aminothiols through performance
of studies utilizing a broad variety of methods; (2) to study absorp-
tion, fate, excretion, and duration of effect of selected compounds
with a view toward their possible future use in humans; (3) to measure
the effects of treatment with these drugs, either alone or in combina-
tion with radiation, on animal response to other types of trauma; and
(4) to utilize the available drugs of this class to explore the basic
mechanisms by which ionizing radiation damages biological systems.
This work unit overlaps Work Unit 015, Mechanisms. Studies under this
work unit are subdivided as follows:

1. Animal studies.

The purpose of this subdivision is to measure and define some as-
pects of the interractions of protective drugs with recipient animals,
but does not include pharmacologic effects which are the subject of
study in the Division of Medicinal Chemistry. Studies have been de-
signed to investigate the alteration of lethality induced by these
drugs when their administration is combined with other forms of sub-
lethal injury, as well as the interdependence of individual drugs in
producing radioprotection.

2. Structure-function studies in bacteria.

"In previous WRAIR Annual Reports studies were reported which
established a close relationship between radloprotection and the free
radical production of ionizing radiation. These studies have been

9
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designed to exalire in detail .- _ r!,tionshio between chemikea. st,'uc-
ture and radioprutective aA:iiv, t"mber of compounds have been
synthesized and are currently oeing used in these studies. -

3. Tissue culture studies.

The effects of radioprotectant chemicals on the radiation responses
and physiology of mammalian cells in vitro are being studied in terms
of various models of radiation injuiury-a-n--protection.

Progress.

1. Whole animal studies. (Dr. Einheber, Mr. Wren, !ITC Mahin, LTC
Johnson, Mrs. Hi11lis Berman, liss Grenan, Mrs. )av sl.

a. Effects of aminothiols on trauma resis.ance. Three years ago
the effect of the radioprotective-chemical, WR 282J3, on the response
of the mouse to Noble-Collip Drum (tumbling) trauma (NCDT) was tested.
Lethality of NCDT was increased markedly by pre-treatment with the
radioprotective dose of 300 mg/kg body weight. Recently material from
the same batch of compound was found to be more toxic by weiqht. On
chemical assay it was found to be of composition different from that
three years ago. For this reason, and because WR 2823 has been found
to possess alpha-adrenergic blocking activity, which can have beneficial
effects on shock, this chemical's influence on the mouse's ,billty to
survive tumbling trauma was reevaluated. In these studie3 the following
agents were given intraperitoneally and were found to prozect mie
against the lethal Lffects of NCDT: a) threu-year old WR 2823B,, it a
non-radioprotective dose of 50 mg/kg, given 15 minutes before inia-
tion of NCDT, and b) dibenzyline, an alpha-adrenergic blocking agent, at
a dose of 5 mg/kg given 15 minutes or 60 minutes before NCDT. In con-
trast, propranolol, a beta-adrenergic blocking agent, given intra.-
peritoneally to mice at a dose of 0.5 mg/kg 30 minutes before NCDT Was
found to increase mortality greatly. However, when this dose of pro-
pranolol was followed 15 minutes later by a dose of three-year old
WR 2823B, mortality was slightly less than that of the water-injected
controls, but slightly more than that of mice receiving WR 2823B alone.
These results suggest that a) alpia-adrenergic blockade is beneficial
and beta-adrenergic blockade is detrimental to survival during NCDT,
and b) the anti-shock action of three-year old WR 28238 may be due
either in whole or in part to its alpha-adrenergic blocking activity.

Theie and uther studies measured the influence of certain radio-

protective chemictals on the mouse's response to stressful procedure.
that Invrlve diiect tissue injury, such as tourniquet injury and NCD),
It was desired to, ctntrast such results with those obtained when the
direct-inlury factair during exprsure to stress was minimized. There-
fore, i ,Iip.ocdaiin up-and-down shaking device (2 inch stroke, 9
cycle/!.ýLcood) wa, ie.igoeJ and tested. This device subjects 20 mice
simul'4me ( .t.y .It , dLceleration and deceleration stress while
they . ,ed in snug, foam rubber-padded compartments.
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Preliniinary mortalI ity among mice trPated with MEA (15C mg/kg), hexo-
barbital, or both, prior to this stress are similar to results ob-

ui.tineod previ,,'u•y For ,tress in the NCDT experiments. This device
should prove us;eful in detcting subtle differences in the physio-
]Jgicdl actions of various chemotheraprutic agents.

b. Tissue Jistribution of WR 2721 in mice. Of the aminothiols
tested iým-ce,_ the compound S-2- a-am'lio propylamino) ethyl
phosphorothioic acid (WR 2721) produces the longest duration of
rFýdioprotection. An oral dose of 300 mg/kg provides radioprotection
up to 5 hours. !Y!e free sulfhydryl form of this drug is a much poorer
•cdioprotectant. Therefore it appears that covering the sulfhydryl
residue with phosphate enhances protection and might somehow be re-
sponsible iFr prolonged diral.ion of effect. Th- present study was
designed t( dete.nine the tissue croncentrations of the individual
sulfur and phosphate moieties of WR 2721 at various periods of time
after oral or iftt'3peritonnpd admi station.

Two batches •f the agot we-,, synthsiz,,d under contract: one
botch wv lahele, with ' S; hI, r;*?r,, with 3hp. The tagged compound,
a,. .:Civere0 . 1,dS ',und fn ..,tI . :,ated by visihle amounts of

I.c]reod t.: .. .' l,-•, , ,. ,d was utilized for this

The ralioactivw compound was diluted with cold WR 2721 and
soiubiliz-,,d shortly hefore use. Mice were injected intraperitoneally
or pLer os tIth an agjent dose of 300 mg/kg body weight and sacrificed
at variouv i,'tprvals t0:eeaf'er. Various body tissues and fluids
were, fs-,,,d 1 5.s and "T thv 1 iquid scintillation counting.

'he high,-;t c'v. nL atlor," of both Isotopes were found in the
Sut about 3P' ;'iules after dosage by either toute. In all tissues,
inclt,!irn' red blood ,.ells and plasma, therp was a very early diver-
:,r,,c( of 32p av-, 3!-S conrentr,-tions. Sulfur-35 concentrations rose
to a .oak at aIi,.;t 30 minumes after i| apeti ioneal injection and
am.".o 6W" i, rtte, ,iftPr o0 I injection. Ai•ter 8 hours, little 35s
: ,,,,,:ied i! wost tissues. By c,:nt, .it tn L 32" colrettrations in most

ssues reacr,,d a plateau after ?-4 hPiw and rexaitied stable for
Cov 24 hr~ur'.

The rapid appearance of disproportion between S and P indi-
cates that 'ho pho-h,Oiate gro,,p i. rapdlly removed from the agent in

Vu.. The pl,)--aiu rf tissu• 32P roncentratinns suggests that this
fx); .•o ef '2 ol.•.;ule was distributed into thp body phosphate pool.
These sL. .uqýcet, ht..t do not piove, that following injection and
l,"te;" !1•s • '. is.14.Žd of 'lie p',osphate moiety, the radioprotective . -

, .. , ., s !.,e ft •f uifivdvr yl.

inise s. t m •t',L•.st that the phosphate covering function Pw!
se is not :'t1i,,u' i! J for vadiooarteectfin or duration of effect.
Sjch far.., , vs -' rption rates occlrring



in vivo may regulate the distribution and concentration of this agent
Iii body organs. These factors would favor a model for radioprotection
in which the presence of a phosphate covering function enhances initial
transport of the agent to critical organs.

c. Effects of WR 2721 on radioiodine retention and distribution.
Mice given 300 mg/kg of the phosphorylated thiol S-2-(3-amino-propyl. __

amino) ethyl phosphorothioic acid (WR 2721) up to several hours before
exposure survive levels of X or gamma radiation that are lethal
(LD 00/30) to control mice. To determine whether WR 2721 caused bio-
chemcal or physiological changes, routine tests were performed for
evaluation of thyroidal status: whole body retention, excretion, total
plasma activity, thyroidal uptake and conversion ratio of radioiodine
in plasma These measurements were made 4, 24 and 48 hours after the
isotope (1,311) was given.

WR 2721 changed whole body retention values; treated mice retained
approximately twice as much radioiodine as their controls. Drug effect
was apparent when there was a 5-minute interval between treatment with
the agent and administration of the isotope (e.g., 24-hour retention
values: treated - 72%, control - 37%). It was still evident when there
was a 4-hour delay (61%, 29%), but was no longer detectable when 24
hours elapsed between the drug and the radioiodine tests (37%, 35%).
Excretion of the isotope in treated animals reflected increased reten-
tion. The greatest decrease occurred during the first 4 hours and wasassociated with oliguria; by the end of 48 hours total excretion ap-

proached control values. Elevated plasma levels of radioiodine were
found in treated mice; however, conversion ratio values, which indicate
rate of hormone synthesis and release, were not different from control
values. Thyroidal uptake (with the exception of the 24-hour interval)
was always higher in the treated mouse than in the control. Differ-
ences were greatest when there was a 3 or 4 hour delay before the
isotope was given (50% vs 25%) In almost every instance, extra-
thyroidal concentrations (carcass, viscera and kidneys) were higher in
treated mice.

Although treatment with WR 2721 caused increased whole body reten-
tion, elevated plasma levels and high thyroidal uptake, the rate of
appearance of labeled components or newly synthesized hormone remained
unaffected as shown by the unchanged conversion ratios. The high re-
tention values, anj nversely, the low excretion values, indicate that
there was delayed 1311 excretion related to renal and/or circulatory
changes. As a result of this delay in excretion, more of the Isotope
is available to the thyroid gland for accumlation over a prolonged
period of time and the uptake is increased. High uptake values are
thus secondary to alterations in excretion rates which follow adminis-
tration of the agent and do not indicate a direct drug effect on thyroid
function.

These data show that 1) temporary renal and circulatory changes
that follow administration of 300 mg/kg of MR 2721 affect excretion
rate of iodine, 2) these changes Influence the absolute amount of
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radiolodine concentrated by the thyroid, but 3) the drug does not
appear to affect the physiological function (the rate of hormone syn-
thesis and release) of the thyroid gland.

d. Effect of aminothiols on pertussin-induced lymphocyte mobiliza-
tion. Stephen Morse first described the lymphocyte mobilization induced
by pertussis vaccine in mice. Peripheral lymphocyte, and to a lesser
extent granulocyte, counts in peripheral blood wer2 elevated and a maxi-
mum total peripheral leukocyte count of 2 x 105/mJ was observed 4 days
after intravenous pertussis vaccine injection. In previous studies at
WRAIR, gamma irradiated mice were injected with pertussis vaccine 3 days
postirradiation and blood counts were made on the seventh day. The
results showed that mobilized peripheral leukocytes were reduced with
near-linear radiation dose-response relationships. The mobilized leuko-
cyte count is reduced by a factor of about two after whole body irradia-
tion with 100 rads. By contrast, only a slight reduction is observed in
the normal peripheral leukocyte count in similarly irradiated mice that
were not stimulated to mobilize leukocytes. This "biological amplifica-
tion" suggests that the system might be suitable for sensitive detection
of biological effects of irradiation in the low &se range of 0-100 reds,
a range where such detection is otherwise difficult.

The model was used in an attempt to demonstrate a radioprotective
effect of WR 2721. The experimant was modified as follows: on day one,
mice were injected with pertussis vaccine; on day threei they were ad-
ministered various doses of WR 2721 and irradiated 30 minutes later; on
day four,8Rertipheral leukocyte counts were made. The radiation dose was
100 rads 6UCo. The doses of WR 2721 were 0, 1.5, 3, 4.6, 6 and 600 qg/
kg. Control mice were injected with WR 2721 and not irradiated. The
results were as follows: irradiation markedly reduced mobilized periph-
eral leukocyte counts in comparison to unirradiated controls; peripheral
leukocyte counts were markedly elevated by the preirradiation treatmt
with pertussis vaccine. Peripheral leukocyte counts were not signifi-
cantly altered in either irradiated or unirradiated animals by treatment
with any of the above doses of WR 2721. Thus (1) the system is sensi-
tive to radiation in the 100-red dose range, 12) WR 2721 does not affect
leukocyte mobilization patterns in non-irradiated mice and, (3) the
absence of a dose-response relationship beten OR 2721 dose and leuko.
cyte count indicates that protection against radiation death cannot be
predicted by use of this system (a dose of 600 mg/kg is highly protec-
tive).

2. Structure-function studies. (Dr. Copeland, Dr. Heller, CPT Jandacek,
Dr. Lot-erg, ir. Richardson, LTC Sswrtz).

a. ESR studies in bacterial systems. In an effort to elucidate
the molecular baMis of radiation damge in living systms, an attMt
has been made to correlate the structure of redioprotective compounds
with their protective capacity. The selection of compounds for study is
based on systematic variations of beta. mcaptoethylamino (HEA), in-
cluding chain length variations and substittutaons on the nitrogen and
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sulfur residues. The basic biological system is E. coli B/r which can
be irradiated either at 1C or at 770 K after equiTibr-aitTon with nitro-
gen or oxygen. With such a system it is possible to measure not only
survival fraction but also, by employing electron spin resonance (ESR)
spectrometry, the type and quantity of free radicals associated with
the bacteria-protectant system. Reactions undergone by these radia-
tion-induced radicals in the presence and absence of protective com-
pounds can be controlled by temperature variation and observed with ESR.
Coordination of data on chemical structure and free radical reactions
with bacterial survival thus provides information on molecular radia-
tion damage.

When members of the series of compounds were found to be radio-
protective they also selectively reacted with certain bacterial free
radicals, accelerating their transformation and decay. In oxygen-
equilibrated samples, effective radioprotectants reduced the number of
peroxy (or hydroperoxy) radicals which otherwise form when molecular
oxygen couples to radiation-induced radicals. In nitrogen-equilibrated
samples, effective protectants seem to reduce the concentration of a
particularly damaging bacterial radical, converting it to a less dele-
teriou5 form.

Results of studies on effects of structure variation indicate that
the thiol or disulfide group is critical for protection. When the
sulfhydryl function is covered by forming the Bunte salt, protection
falls markedly. The amino group appears to play a secondary role.
Protection remains when amino hydrogens aie replaced by methyl groups,
but Is lost when the nitrogen is incorporated into the bulky piperidine
ring. When both the amino and thiol ends of the molecule are covered
(piperidine-MEA-Bunte), radio-sensitization results. When the thiol
group is removed as in ethylamine, radiosensitization is also found.
When the carbon atom chain length was increased by one carbon (mercapto-
propylamine), there was no r1tange in radioprotection. Alterations of
the amino and thiol ands of this 3-carbon derivative produced the same
effect% as found for similar analogs of MFA.

b. Macromolecular studies. Molecular mixtures of radloprotective
aminothials an16-e Wenzeiiisgceraldehyde-3-phosphate dehydrogenase
and invertase were prepared by lyophllization of weight-ratio series
solutions of the two compounds. These solid-state preparations were
irradiated in vacuo at 170 K. The concentration of free radicals formed
was determined by ESR spectrometry. Radical reactions which result in
t.a•isfer of radiation energy from the enzymes to the protectant were
evaluated by observing decomposition of the ESR spectrum. Studies con-
ducted with MEA demonstrated marked energy transfer to the radtopro-
tectant. Futuro studies are expected to show correlations between
energy transfer to the agent and increased protection of enzymatic
activity from radiation damage. Such results would corroborate the
firndinsq obtained with frozen bacterial systems.
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c. Aninothiol crystal structure. The crystal structure of 8-
mercaptoethylamine (MCA) hydrochloride was determined by X-ray dif-
fractometry of the single crystal. The space group is monoglinic,
P21/c with cell parameters a - 7.760, b = 8.584, c = 8.728 A, 0 -
101.28 degrees, and Z = 4 molecules per unit cell. The confRrmation
of MEA is that of a distorted "U" with the sulfur about 3.2 A from
the nitrogen. The nitrogen atom is approximately 3.2 A from three
chloride ions. The intramolecular bond lengths are S-C = 1.86,
C-C - 1.50, and C-N = 1.46 A. The R value is 11.9% for 347 observed
reflections.

The crystal structure of the three-carbon analog, 3-mercapto-
propylamine is being undertaken.

3. Tissue culture studies. (Mrs. Davis, MAJ Del Favero, LTC Johnson).

Effect of WR 2721 on in vitro radiation response of lymphocytes.
Proliferation of phytohemagglutin-stimulated lymphocytes was measured
after exposure to radioprotec ve agent WR 2721 with and without sub-
sequent exposure to 800 rads 8Co radiation. Indices of lymphocyte
proliferation 96 hours after initiation of the culture were: 1) change
in cell concentration, and 2) rate of radioactive thymidine incorpora-
tion. In unirradiated cultures, final cell counts were reduced to 90%
of control by a 10-minute exposure to 2 or 4 mg/ml of WR 2721. Thymi-
dine incorporation was reduced to 60% of control culture values by this
treatment. In irradiated cultures, cell counts were reduced to 25% of
the control values and thymidine incorpo'rtion to 10%. Preirradiation
exposure of cell: to 2-8 mg/ml WR 2721 for 10 minutes did not result
in cell-count or thymidine-incorporation values significantly different
from values found after irradiation alone.

Sunimar and Conclusions.
The effects of aminothiols on the radiation responses of biologi-

cal systems have been studied at several levels of biological com-
plexity. The three-dimensional molecular conformation of one of the
most fundamental radioprotectants, mercaptoethylamine, has been de- fT
termined. Preliminary studies on the energy transfer from irradiated
enzymes to aminothiols in the solid state are reported. An extensive
structure-function study of aminothiols and their effects on bacterial
responses to irradiation was outlined and discussed in detail. Where-
as initial studies (WRAIR Annual Report 1967-68) showed no effect of
WR 2721 on in vitro lymphocyte radiation damWqe, the system holds
promise and'-ex-T tory efforts have continued. Whole animals have been
used to evaluate the effect of two aminothlols, WR 2721 and WR 28238,
on various parameters of mamalian radiation reslgnse. Tissue distri-bution studies with WR 27.01 doubly labeled with UP &An 35S suggst

that the radioprotective form of the molecule does not contain the
phosphate moelty. It also appears that the phosphate covering func-
tion favorably influences In vivo rates of oxidation-reduction and ofabsorption. WR 2721 was Mhi-W increase whole body retention of
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radioiodine by inducing temporary renal and circulatory changes. This
aminothiol was found not to have any effect on the physiological func-

* tion of the thyroid gland. Three-year old WR 2823B was found to have
an anti-shock action perhaps related to its alpha-adrenerglc blocking
activity. A system which produces stress without concomitant direct
tissue damage has been used to demonstrate that MEA sensitizes mice to
stress and that this sensitization can be in part alleviated by hexo-

* barbital administration.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00, Malaria Investigations

Work Unit 106, Antigenic fractionation, serology of malaria

Investigators

Principal: Elvio H. Sadun, Sc.D., Lib. Doc. 4
Associate: David F. Clyde, M.D., Ph.D.; William A. Colgate; Rufus W. Gore;

Maurice J. Schoenbechler; CPT Daniel J. Stech-chulte, MC; and
Bruce T. Wellde

1. An indirect hemagglutination test for malaria using an antigen from
the lysate of parasitized erythrocytes.

An indirect hemagglutination (IHA) test for malaria u,;ing as antigen
a crude saline extract from Plasmodium berghei parasites adsorbed onto
tanned formalinized sheep erythrocytes was described by Desowitz and
Stein. Antigens from P. cynomologi, P. vivax and P. coatneyi prepared

by similar methods were used in subsequent studies. The sp.ecificity of
the test was improved by removing leucocytes from P. berghei parasitized
blood before extraction of the crude parasite antigens and by using non-
formalinized erythrocytes. Mahoney systematically extracted] antigens
from crude P. knowlesi and P. falciparum suspensions and reported a
sensitive and specific IHA test. Recently Rogers et al. reported a
microhemagglutination test using an antigen extracted from P?. knowlesi
parasites by methods similar to those described by Mahoney.

Antigen preparations used in the IHA and most of the other tests
described for the detection of malarial antibodies using soluble antigens
involved lysis of parasitized cells and subsequent extraction of antigens
from the "freed" parasites. The initial lysate of the inft.cted cells in
these procedures was usually discarded and therefore has received rela-
tively little attention. However, Davis found that hemolysates of
P. knowlesi infected RBC's contained complement fixing antigens which
7ould be purified to some degree by ammonium sulfate precipitation. He
suggested that these antigens may exist in part outside the parasite and
that they may be similar to the serum antigens first demonstrated by
Eaton in the serum of infected monkeys. Serum antigens have also been
described recently by Todorovic and his coworkers. Serological tests
employing soluble antigens extracted from plasmodia have not been widely
used due in part to the scarcity of antigens available and to the relative
instability of these materials.

With these limitations in mind, studies were initiated to determine
whether a sensitive, specific and reproducible IHA test could be developed
utilizing lysates of parasitized erythrocytes as antigen. Initial testing
of lysates of P. berghei infected erythrocytes indicated that parasite
antigens were present and would react with homologous antisera. The
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preparation, partial purification, and utilization of lysate antigens
obtained from parasitized RBC's in rodent and human malaria is described
in the following studies.

Parasites

The NYU-2 strain of P. berghei maintained in ICR mice for over 4
years and in young WRCF rats for over 3 years in our laboratory was used
in these studies. The Camp. strain of P. falciparum was maintained in
splenectomized chimpanzees for over 4 years.

Preparation of Lysates

P. berghei antigen was obtained from infected mouse blood harvested
the fourth day after I.P. inoculation of 2 x 107 P. berghei parasitized
mouse cells. The blood from 20-50 infected mice was collected in chilled
saline citrate and centrifuged at 1500 rpm for 20 minutes after which
plasma was decanted. The cells were then washed 3 times in physiological
salt solution. After the third wash the cells were reconstituted to a
50 percent concentration, shell frozen in a CO2-ethanol bath, and sub-
sequently thawed at room temperature. The freeze-thaw procedure was
repeated 3 times. The resulting lysate was then centrifuged at 27,000
x g for 30 minutes. The supernatant fluid was decanted and centrifuged
as before. Microscopic examination of the sediment indicated that both
erythrocytes and parasites were disrupted by the process of repeated
freezing and thawing. The nonturbid, claret red supernatant fluid was
used for fractionation procedures. Plasmodium falciparum lysates were
prepared in a similar manner except that initially 200 to 400 ml of
infected chimpanzee blood were obtained be femoral puncture and collected
into acid citrate dextrose solution. Control "antigens" were prepared
from non-parasitized mouse and chimpanzee blood following the above
procedures. Lysates were stored at -70 0C, and were usually fractionated
soon after their preparation, although one P. berghei lysate which had
been stored foi 2 months provided satisfactory antigen after fractiona-
tion.

Fractionation of Lysates

Initial fractionation was performed by mixing 6 volumes of saturated
ammonium sulfate solution and 4 volumes of lysate at room temperature.
The suspension was then centrifuged at 1500 rpm for 20 minutes. The
precipitate was washed successively with decreasing concentrations of
ammonium sulfate. After each wash the supernatant fluid was separated
by centrifugation, decanted, and extensively dialyzed against phosphate
buffered saline (pH 5.6) at 40C until barium chloride produced no re-
action in the dialysate. Each of these eluates was then tested for its
ability to sensitize tanned sheep RBC's by agglutination with hyper-
immune P. berghei antisera. The supernatant fluid from the initial
precipilation was treated with 70 percent and 75 percent concentrations
of ammonium sulfate and the resulting precipitates were reconstituted in
"PBS (pH 5.6), dialyzed, and tested as above.
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Fractionation by gel filtration was performed by applying 4 to 5 ml
of lysate to a Sephadex G-200 column (2.5 x 100 cm) and eluting with
0.15 M phosphate buffered saline (pH 7.2). The eluate was monitored by
O.D. readings at 2800 angstroms and collected over a period of 6-8 hours.
Four pools were made arbitrarily and each was concentrated by pressure
dialysis at 40C to the original volume and then each was tested for its
ability to sensitize tanned sheep erythrocytes.

The lysates were also fractionated by ion-exchange chromatography.
Five ml of lysate were added to 2.5 x 45 cm columns Dacked with DEAE
Sephadex A-25. The material was eluted with a series of phosphate
buffers of decreasing pH and increasing salt concentration. The eluate
was monitored and processed as above.

Antigens obtained from P. berghei lysates were prepared by all 3
fractionation methods described above, while P. falciparum antigens were
prepared by ion exchange chromatography only. Protein concentrations
were determined by the method of Lowry.

Detection of Antigens and Antibodies

Initially the indirect hemagglutination test was used to identify
lysate antigens by utilizing antisera presumed to contain antibodies
against the homologous parasite. After the antigenicity of the lysate
fractions had been established, the IHA test was then used to detect
antibodies in various test sera. The general IHA procedure described
by Campbell et al. was followed and adapted to the micromethod described
by Sever. Sheep erythrocytes collected in Alsever's solution were
stored at 40C and were used within 30 days. These cells were tanned in
a 1:10,000 dilution of reagent grade tannic acid and sensitized with
antigen for 30 minutes at room temperature. After washing, the sensi-
tized cellc were resuspended in 1:100 absorbed rabbit serum in saline.
All sera were inactivated at 56 0c for 30 minutes and absorbed with an
eqa.dl volume of packed sheep erythrocytes for 10 minutes at room tem-
perature before testing. Then 0.05 ml of the sensitized cell suspension
was added to 0.05 ml of serum diluted in the normal rabbit sera diluent.
Hemagglutination patterns were developed at room temperature for 3 hcurz,
then at 40 C for 2 hours. Serum titers were expressed as the reciprocal
of the highest serum dilution giving a 2+ reaction.

Optimal tannic acid concentration was 1:10,OO and there was a
decrease in sensitivity as the acid was diluted. Attempts to sensitize
untanned sheep erythrocytes with lysate antigens failed, as evidenced
by the absence of agglutination with specific antisecra at any dilution.
Cells sensitized at pH 5.6 were the most reliable and the 1:100 normal
rabbit serum dilutent was used at pH 6.4. Best results were obtained
when there was little or no hemolysis in sera and diluent. In one ex-
periment, sheep cells fixed in gluteraldehyde were used for approximntely
one year.
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The fluorescent antibody (IFA) test employing blood smears of
P. berghei infected mouse cells was performed as described by Voller.
The soluble antigen fluorescent antibody (SAFA) test was performed ac-
cording to the method of Sadun and Gore.

Sources of Sera Tested

WRCF rats inoculated with P. berghei parasitized rat cells were
bled from the tail and the serum was separated and stored at -20 0 C.
Other P. berghei antisera were obtained from rats given multiple inocu-
lations o . berghei infected rat RBC's and this serum was used to
establish tile THAWtest. Control rat serum was obtained from noninfected -.

WRCF rats and from rats which had received injections of normal rat
blood.

Tests were conducted with 431 human sera. These included 155 from
parasitologically proven malaria infections in New Guinea and 16 from
malaria-infected volunteers. The specificity of the reaction was
determined with 121 sera from patients with infections other than malaria
and with 141 sera from healthy individuals. The healthy individuals
included applicants for entrance to a military academy, the volunteers
before they were infected and individuals undergoing routine physical
examinations.

Solubility of Antigen in Neutral Salt Solutions

Various concentrations of ammonium sulfate in distilled water were
used to determine the solubility of the antigens and to partially separate
them from contaminating materials. As seen in Table 1, the antigens were
precipitated in a 60 percent solution of ammonium sulfate, but they could
be eluted from the precipitate in solutions containing 50 to 33 percent
salt. Most of the hemoglcbin was soluble in the 60 percent selt solution
and remained in the supernatant fluid. No reactive substance could be
extracted from this supernatant solution.

G-200 Chromatography

Specific antigenic activity was found in fraction
No. 3 eluted before the hemoglobin peak (fraction 4). The cells sensi-
tized with fractions 1 and 2 often agglutinated in normal serum and in
the 1:100 normal rabbit serum diluent.

Ion Exchange Chromatography

Lyeates were eluted from DEAE Sephadex columns.
SFraction No. 1 from these columns contained most of the hemoglobin and

had no IHA activity. Although specific activity was found in fractions
2, 3 and 4, the greatest activity was observed in fraction 3, which was
clear and nearly colorless. The same elution pattern and location of
sensitizing activity was observed when P. falciparum lysate was
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fractionated and tested by IHA using human sera from parasitologically
proven malaria infections. Nonparasitized lysates chromatographed in
the same manner showed an elution pattern similar to that of Figure 2.
However, none of the 4 fractions contained material that would sensitize
sheep erythrocytes for agglutination in antimalarial sera. This method
of separation appeared to be the most efficient in terms of antigen
yield, and, therefore, P. falciparum or P. berghei fraction No. 3 from
ion exchange chromatography'was used in ill furter work. These antigens
were stable at -70 0 C for at least 9 months.

Table 1

Solubility of P. berghei Antigens in Ammonium Sulfate Solutions

Precipitate

Salt Concentration Protein Concentration*
(percent) (mg/mi) Titer

50 6.00 2560
45 .31 2560
37 1.24 256033 .98 5120

Below 33 2.68 1280
(25-5)** - <20

Suoernatant t
70 21.48 <2
75% 19.68 <20

* All ofractions adjusted to approximately .313 tmanl before
testing.

S*In two experiments no reactive materials could be eluted
with salt concentrations of 25% or less.

Effect of Antigen Colcentration and Sensitization Time oe IHA Titers

Studies were conducted with P. fapcparum lysate fraction No. 3 to
determine the rptimal ca ditions seoqs=-l ng tanned erythrocytes.
The amount of antigen per ml that was used to sensitize tanned cells had
a marked effect on the niA titer (Table 2). Cells sensitized with a
50 percent antigen solution were reactive at the greatest antiserum
dilutions, but 25 percent and 12.5 percent antigen solutions provided

S~cell* which reacted adequmtely and thereby conserved antigen.

The time and temperature of incubation of antigen with tanned cells
also affected the sensitivity of the reactions (Table 3). Thirty minute

incubations afforded significantly higher titers without sacrificing
specificity. Incubation for 2 hours at 4 appeared to give better
results than the 10 minute room temperature incubation.
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Table 2

Effect of Antigen Concentration on Sensitization of Erythrocytes

IHA Titers

Antigen
Ccncen- P. falciparum Antisera Normal Sera
tration mg Protein

(percent) per ml (T.M.)** (L.D.)*-* (R.P.)** (T.K.)** (W.P.)**

50 .385 40,960 20,480 20,480 5,120 <20

25 .205 10,240 5,120 5,120 5,120 <20

12.5 .090 2,560 2,560 5,120 5,120 <20

1,2 <20 <20 <20 <20 <20

.1 2 <20 <20 <20 <20 <20

'Concentration too low for determination.
S•( ) patient's initials.

Reproducibility

Table 4 shows the general reproducibility of the test from day to
day using erythrocytes from 4 different sheep. The results of testing
4 immune and 3 normal sera on different days with varying aliquots of
erythrocytes from thc same and different sheep are tabulated. Normal
serum gave negative results except in one instance. The reactions with
P. berghei and P. falciparum antisera were reproducible and no negative
reeptions-were ecrded with any of the antisera on any day,

Specificity of P. falciparum Antigen

The specificity of the IHA test antigens fractionated from P. fal4.-
arum lysates and tested against a variety of sera from infected Tn4IY1d3

Sis shown in Table 5. Positive reactions were obtained at dilutions
of 1:20 cr greater in 93 of 94 sera from P. falcipn infections, and
most of them reacted at a relatively high titer. Sixof 51 P. vivax anti-
sera and 2 of 26 P. malariae antisera were considered non-reactiv-eat
1:20. Weak reactIons w'ere present in all 8 of these samples which gave

partial agglutination of sensitized cells to titers of 1:640. Only 11
of 141 sera from apparently healthy individuals reacted und these were
at low titers. No reactions were observed in tests of 32 syphilitic sera-
The relatively few sara from other infections which reacted may be due
to prior or concurrent malaria infections since some of these sara were
obtained in areas where malaria is endemic. The two filarial sera re-
acting at relatively high titers were obtained in Nigeria from patients
infected with Onchocerca volvulus.
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Inhibition of Titers

Incubating P. faicipasrm antigen with homologous antisera before
SY adding sensitized cells significantly reduced its reactivity. This was

demonstrated when 0.5 ml of antigen was added to aliquots of 16 known
positive sera. These were incubated for 30 minutes at roan temperature
and then tested by the addition of sensitized cells. For controls,

S0.05 ml saline was added to other aliquots of the same sera and incubated
in the same manner. The resulting titers of pre- and post-absorption
sera along with saline controls appear in Table 6.

Table 6

IHA Titers of Antisera Before and After Absorption
with P. falciparum Antigen

Titer

Treatment Geometric mean Range

Pre-absorption 4,070 1280 - 10,280

Saline absorption 3,322 640 - 10,280

Antigen absorption 410 <20 - 5,120

Time-Course Development of Antibodies

To test the time-course development of antibodies in rats infected
with P. berghei, male rals weighing 150-200 gn were injected intra-
peritoneally with 1 x 100 P. berghei parasitized rat RBC's. Serum titers
were measured for 150 days using the indirect fluorescent antibody test
(IFA) in 5 rats, the soluble antigen fluorescent antibody test (SAFA) in
4 rats and the indirect hemagglutination (IMA) test in 4 rats. The IFA
and SAFA titers paralleled each other closely; both rose rapidly
to a peak during the second week of infection and decreased slowly until
the end of the experiment. On the other hand, the IHA titers followed
a bimodal curve. They reached a peak on day 7, then decreased consecu-
tively on days 10, 13 and 16 and reacted at a titer of <10 by day 19.
Antibodies at increasing titers were detected again through days 26 and
34 and reached a second peak on days 111 and 150.

Comparison of Antibody Responses in Primary and Secondary Infections

Ten rats previously infected with P. berghei and 3 uninfected con-
trols were bled and tested on day 314 by IHA. Eight animals were positive
by IHA at relatively low titers, ranging from 1:20 to 1:2560 with a
geometric mean of 1:58 while the 3 control auimals were negative at 1:20.
The previously infected animals along with 3 original noninfected controls
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were then challenged on the same day with 1 x 1- P. berghei parasitized
rat cells and were bled at 7-8 day intervals for the next 50 days. Eight
days after the rechallenge all 10 of the previously infucted animals had
developed high titers ranging from 1:640 to 1:10,240 with a geometric
mean of 1:2,560. These titers gradually declined and ranged from 1:320
to 1:2,560 (GM 1:686) 50 days later. Titers of the 3 control rats rose
at a slower rate than those of the previously infected animals and did
not show the distinct fluctuating pattern observed in young rats on
primary challenge. No patent parasitemia appeared in the previously
infected animals, although the control animals developed low parasitemias.

Long Term Preservation of Erythrocytes

Gluteraldehyde fixed sheep RBC's which were tanned and sensitized
6 months and one year after their preparation reacted specifically with
malaria antisera yielding titers similar to those obteined when the sprnp
sera were tested with fresh cells. Both P. falciparum and P. berghei
antisera gave specific reactions when tested against homologous antigens
at the 1 year period. P. berghei also gave specific reactions at the
6 month interval.

Davis reported the presence of complement fixing substances in the
lysate of P. knowlesi infected erythrocytes when most parasites appeared
intact, leading to the supposition that these antigens occur in part
outside the organism. The lysate antigens described i:. this paper may
oe composed of both parasite and extraparasite material since the freeze-
thaw method employed disrupted both the erythrocytes and parasites. The
effects of soluble elements of other blood components (WBC's, platelets,
etc.) present in the crude lysates are not known. Since the lability of
the crude antigenic fractions reported by other authors, was not evident
in the course of these experiments, it is possible that the proteolytic
enzymes responsible for rapid degeneration of other preparations might
have been destroyed by the repeated freeze-thawing.

The specifically reacting substances could be separated from the
major host hemoglobin component by all 3 methods investigated, and
although no thorough analysis of the reactive substances has been made
as yet, a few general characteristics are evident. The solubility of
the antigen in ammonium sulfate solutions appeared to be different from
that of hemoglobin, and since it was eluted before hemoglobin on
Sephadex G-200 columns, its molecular size is probably somewhat larger
than hemoglobin. The most distinct separation of the fraction with
specific antigenic activity was provided by the use of DEAE Sephadex
chromatography. The antigens appear to be negatively charged molecules
in 0.01 M pH 7.5 phosphate buffers since they adhered to the DEAE column
until 0.1 M p11 6.5 phosphate buffer was added. Antigenic activity of
both P. falciparum and P. berghei lysates was found in the corresponding
fractions from the DEAE columns, indicating that similar physicochemical
properties could be expected in antigens recovered from both parasites.
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Sera from individuals with P. vivax or P. malariae infections re-
acted with the P. falciparum antigen at titers lower than those observed
in P. falciparum infected patients. This is in agreement with previous
observations, indicating that cross reactivity among the species of human
malaria may not be complete and that higher titers will occur in the
homologous antigen-antibody system. Further extraction and purification
of lysate antigens may provide a system whereby species specificity of
antigenic materials could be better defined.

The bimodal curve of IHA titer observed in young rats, coinciding
with the time of crisis, may be due to the depletion of hemagglutinating
antibody by large amounts of' antigen released during this period. It
is also possible, however, that the initial rise in titer may be due to
antibody belonging to a class of immunoglobulins which is produced
initially against the infection but which disappears or is present in
reduced concentration as the infection progresses. Antisera obtained
from rats early in the course of infection contained 19S antibody and
this was not found in hyperimmune serum. A shift of antibody production
from 19S to 7S tyne could explain the bimodal IHA titers noted during
the course of infection. This fluctuation of titer was not observed in
older rats with l"3s severe infections, in rats challenged a second time,
or in human volunteers whose infections were controlled by antimalarial
drugs. Desowitz et al. observed IHA antibody fluctuations after chloro-
quine therapy and splenectomy in Rhesus monkeys infected with P. cynomolgi.
Antibody fluctuations in human patients as measured by the indirect
fluorescent antibody test have been previously reported.

The use of g'uteraldehyde fixed erythrocytes may provide a stable
cell population waich can be used for long periods of time, thus reducing
some of the variation encountered in different aliquots of RBC's. By
using human type 0 negative cells, the time consuming absorption of human
test sera that is required when other cells are used is eliminated.
Further purification of malarial antigens coupled with recently developed
sensitization procedures may also be useful in the development of the
IHA test.

The small amount of both antigen and sera needed to perform the
IHA test in addition to the large numbers of sera which may be titrated
in a short period of time makes the test a practical tool for studying
the seroepidemiology of malaria.

2. A comparison of the soluble antigen fluorescent antibody and the
indirect hemagglutination tests using Plasmodium falciparum-para-
sitized erythrocyte lysates as antigen.

A soluble antigen fluorescent antibody (SAFA) test for the serologic
diagnosis of human malaria was described recently. A stable antigen
fractionated by ion exchange chromatography conferred to this test a
high degree of sensitivity, specificity and reproducibility. Subsequent
observations indicated that this lysate antigen could also be employed
in the indirect hemagglutination test (IHA) with consistently satisfactory

- •. results when sera from infected men and lower animals were used.
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The primary objective of the present investigation was to determine
and compare the time-course development of fluorescent and hemaggluti-
nating antibodies in human volunteers after sporozoite-induced or blood-
induced infections with Plasmodium vivax or P. falciparum.

Nineteen white male volunteers ages 21 to 44 were examined and
found to be in excellent physical condition before being allowed to
participate in the project. They were divided into four groups. Four
volunteers (K.W., J.J , J.E., R.F.) were given sporozoites of P. falciparum
obtained from infected mosquitoes. Five others (L.H., J.C., S.L., J.W.,
D.R.) were inoculated with blood from infected donors. One of these
(J.C.) eight months earlier had been given blood from a volunteer in-
fected with P. vivax, and another (S.L.) five months earlier had been
given blood ?rom a volunteer infected with P. falciparum. No patent
infection had resulted from either of these-two exposures. Conversely,
a patent parasitemia was observed in J.W. who had been inoculated with
P. falciparum 10 months before entering this project. Five others (R.P.,
D.D., J.D., J.C., R.B.) were given sporozoites of P. vivax obtained from
infected mosquitoes and the remaining five (R.S., R.D., W.H., W.P., D.R.)
were given blood from P. vivax infected volunteers.

Blood smears were made daily before and during patency. White
blood cell counts were used to calculate the number of parasitized cells
per mm. Intermittent antimalarial chemotherapy was given to control the
infection. The infected volunteers were under close observation for
intervals varying from 37 to 315 days after exposure to infection.

Serum specimens for antibody determinations were obtained at ap-
proximately 1 week intervals and stored at -20 0 C until tested. The
serologic tests were conducted with strict adherence to the published
methods. Sera with titers of less than 10 in the SAFA test and less
than 20 in the IHA test were considered non-reactive. Preinfection serum
specimens from each volunteer were used as normal controls.

Infections with either P. falciparum or P. vivax produced antibodies
in amounts sufficient to be detected by SAFA and THA tests. Both tests
indicated that antibody production closely followed the appearance of
parasites in the peripheral circulation (Tables 7 and 8). All specimens
were non-reactive at the time of infection except for volunteers S.L.
and J.W. who had been exposed to malaria infection previously. Since
serum samples for antibody determinations were not taken at daily inter-
vals, antibodies might have been detectable a few days earlier than in-
dicated. The titers increased rapidly, and they reached a peak soon
after the onset of patency.

The SAFA and IHA antibody curves followed almost parallel lines.
In general, antibody levels increased rapidly during the first few weeks
of infection and were sustained for several months. Antibody titers
observed in P. falciparum infections were usually higher and of longer
duration than in P. vivax infections, regardless of whether the volunteers
were infected by sporozoites or parasitized erythrocytes. This difference
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was more evident with the IHA than with the SAFA tests. In most cases
the antibody titers decreased after the parasites disappeared. In

4 general, although the parasite denisty was affected by intermittent anti-
1 malarial chemotherapy, relatively high antibody titers persisted forseveral months after infection. The sera of some individuals remained

positive in both the SAFA and IHA tests throughout the period of obser-
vation (uN to 315 days) as shown in Table 8.

Table 7

The Course of Falciparum or Vivax Malaria in Volunteers

Pre- Length of
patent Peak Parasitemia Last day obser-

Patient period No. per mm5 of para- vation
Infection initials (days) Day (X 1O3) sitemia (days)

Falciparum K.W. 10 44 4.2 47 315
malaria J.J. 13 53 12.0 56 146

(sporozoite J.E. 11 16 74.0 80 163
induced) R.F. 11 13 <1.0 15 71

Falciparum L.H. 14 18 19.2 62 202
malaria J.C. 5 8 17.5 11 128

(blood S.L. 8 12 115.3 86 93
induced) J.W. 11 14 77.4 15 37

D.R. 9 14 75.5 118 129

Vivax R.P. 17 93 4.5 95 140
malaria D.D. 15 24 14.2 44 170

(sporozoite J.D. 13 20 7.4 21 137
induced) J.C. 16 21 <1.0 22 84

R.B. 16 24 5.6 31 71

Vivax R.S. 8 42 2.2 66 115
malaria R.D. 14 18 5.6 20 94

(blood W.H. 13 13 <1.0 15 89
induced) W.P. 11 17 17.6 19 150

D.R. 4 13 16.4 >43 43

Soluble antigen fluorescent antibody and indirect hemagglutination
tests with P. falciparum parasitized erythrocyte lysates gave satis-
factory and-consistent results throughout these studies. These results
confirm earlier reports which indicated that these procedures possessed
a high degree of reliability. All the infected individuals showed a
serologic response with both tests using this antigen. Low leverl anti-
bodies were detected with the SAFA test in one volunteer (S.L.) and with
the IHA test in two individuals (S.L. and J.W.) who had been inoculated
with parasitized blood before being included in this project. The time-
course development of antibodies followed almost parallel lines with
both tests. Antibodies were detected at approximately the same time
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after the onset of parasitemia regardless of whether the volunteers were
infected with P. falciparum or P. vivax or whether the infections were
sporozoite or blood induced. T~erefore, the two tests may be measuring
the same antibodies and the differences observed may be quantitative
rather than qualitative.

The initial detection of malaria antibodies correlated closely with
the first appearance of malaria parasites in the peripheral blood.
Neither of the tests indicated that there was any decrease in antibody
titer during relapses. This observation is at variance with the report
by Lunne et al., who observed with the fluorescent antibody test that
relapses in two vivax infections and recrudescences in two falciparum
infections resulted in a significant decrease of antibody titers. Com-
pared with P. vivax, the antibody titers in P. falciparum infections were
usually higher and persisted for a longer time after the parasites were
last seen in the peripheral blood. Whether this was due to the use of
an antigen obtained from P. falciparum or whether falciparum malaria
elicits a greater antibody response cannot be assessed at this time:
since the volunteers constitute a heterogeneous group. However, these
results are in general accord with the findings of previous investigations
with other serologic methods and suggest an incomplete cross-reactivity
between the two parasites resulting in higher antibody levels in the
homologous antigen-antibody system.

Since the appearance of antibodies and the attainment of maximum
antibody titers did not correspond with a spontaneous decrease in para-
sitemia, one may surmise that these antibodies were not necessarily
protective in nature. However, one must also consider the possibility
that antigenic variants may have developed in these volunteers and that
this enabled the parasites to multiply in the presence of high antibcdy
levels.

The present investigations indicate again that these tests provide
a specific and sensitive method :or following the course of antibody
development after infection with either P. vivax or P. falciparum. The
value of a serologic procedure for malarTa 3Tssed not only on test
specificity, sensitivity and reproducibility, but also on the relative
ease with which specimens can be processed. The use of P. falarum
lysate antigen obtained from experimentally infected chianzees madei
it possible to conduct a large number of tests with great economy of
time and parasite material. The large number of tests performed in the
present studies could be conducted with the amount of antigen normally
collected from a single chimpanzee. The results suggest that SAFA and
IHA tests using P. falciRazum lysate antigen may provide relatively
simple and reliatle procedures for the serodiagnosis of human malaria.
These tests could be used even in small laboratories if the antigens
were available from commercial sources.
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Project 3A663713D829, MIALARTI. PROPHrILAXIV

Task 00 Malaria Investigations

Work Unit 107, Malaria antigens

Investigators.
Principal: Earl H. Fife, Jr., M.S.
Associate: Albert E. vonDoenhoff, Jr., B.S.

Description.

This work unit is concerned with the isolation and characterization
of plasmodial antigens, studies on the antilgenic structure oa' various
plasmodia, investigations of serologic patterns developed during the
course of infection, and elucidation of immune rnmchanisms associated
with this disease. in vitro as well as in vivo methods ary employed.

In v4.tro methods are used in (1) development of procedure=: for separating-
malaria parasites from host blood components; (ý) isolation, purit'ication
and identification of plasmodial antigtrns by physicochcmical and sero-
logic methods; and (5) development, improvement "ind evawuation or"
serologic procedures for deteclion of antibodies and for followintg
antibody patterns in infected hosts. In vivo studies includ, (1) th1!
role of antigen and antibody in certain immunopatholot:ic oonditions
associated with malaria infection; (2) production o, 6pecific antlbolies
to characterize experimental antigen f'ractions ".tnd to inve:;tig:kto the
antigenic relationships of various specie" of Plasmodiumh; and (3) inve:n-
tigations on the iminunogenicity of the purifie!d anti,.!en 1'ruct.ion.; .4ith
particular emphasis on their potential valu,! as vziccinos,

Progress.

1. Isolation and fractionaticn of se.u gicUyL ,ctiv- ma,-laria

antigens. An effective method for nenarating malaria pt-trasite., fro
host erythrocyte components by --elttct-ivc t'rag.nentatiot of' tht. - r'tited
red cells In a French pressure cell ha5 been de'scribed in pr-vious re-
ports an this Work Unit (WRAIR Research & D..vefloi~nnt Ie ports, 19U(A! ot
sq.). During this reportinr period, these technics have bhen used to
acquire a supply of Plasmodium knowl.,si, P. falcipatw-u.- ind 1_. m.ala-ri aný
parasite harvests for preparing compl.m nt fixi: P.nti.onr.. A-nottahl
accomplishment durinp this period was the succe.•sfu linfection of I
splenectomized chimpanzee with P. malar(.a. , r th r
in this animal did not exceed 57, rep•-'.,:d b:ririni. ultimat.•ly provided
a quantity or parasites 3ufficient for preparirn, u supply of' ntin.,i:n
adequate for currently pro.ramed studi-s. The fr-actionrtlon prnCelur,.,s
previously used for the isolation of the P. knowlesi and P. f'ilciaru~m
antigens werr "mplo'yod in the preparntion of th, P. mal-kri ar l-ir•-n.
The antigen proved to be highly specific for juartan ;aisriat tind showv4
very little cross reactivity with sera from individual3 witL visa~x ,,r
falcivarum malaria. With the acluisttion of the P. nmlnriag, anti--en,
e -now have the capability for differential serodiafmno ETOf vivax,

fRlciparuri a|,d malariae malaria.
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2. Serodiagnostic tests for malaria. The potential value of
purified P. knowlesi and P. falciparum antigens for the serodiagnosis of
vivax and falciparum malaria respectively has been indicated in previous
reports on this Work Unit (WRAIR Research & Development Reports, 1967,
1968). These antigens were further evauiated during the present re-
porting period and preliminary studies r- the efficacy of the malariae
antigen were initiated. The suitability of the Microtiter System for
complement fixation tests for malaria waq demonstrated in the previous
report (22. cit.) and this micro-technic was used exclusively in the
studies reported herein. All three malaria antigens showed excellent
sensitivity and specificity in parallel tests on representative homol-
ogous and heterologous sera (Table 1). Each gave a strong reaction
with its homologous antiserum but showed little or no cross reactivity
with the heterologous sera. Moreover, in ancillary studies, none of the
antigens reacted in tests with sera from healthy individuals or patients
with diseases other than malaria. In view of these findings, it was
apparent that use of the three antigens in diagnostic complement fixation
tests would provide a c-oability for: 1) Detecting individuals with
current or recent malaria; 2) Identifying the species of plasmodium
involved; and 3) Identifying individuals with mixed infections.

Collaborative studies with investigators in Vietnam and Uganda
provided an opportunity to critically evaluate the tests for malaria
with sera from individuals residing in highly endemic areas. Members
of the IT. S. Army Medical Research Team (WRAIR) Vietnam, observed a
high incidence of s,;lenomegaly in Montagnards residing in a village
located in the Centr.l Highlands of Vietnam. This disease had a marked
resemblance to the "%ig spleen" syndrome described by investigators
in East Africa. Since the latter reportedly was a sequela of P. malariae
infection, studies were conducted to determine whether P. malariae corld
be the etiologic agent of the disease in Vietnam. Accordingly, 21 indi-
viduals with Class II or greater splenomegaly (Hackett's classificat ion)
were selected for the study. Kala azar was excluded or, the tasis of
negative bone marrow examinations Qnd formol gel tests. A single thick
blood film from each patient was examined for malaria parasites and a
serum was collected for evaluation in the complement fixation te:*' for
malaria. The findings are summarized in Table 2. Results of the compie-
ment fixation tests on these patients Indicated an exceptionally high
incidence of malaria infection; only I failed to react with one or
more of the malaria antigens. Infection with P. f was almost
universal aPA there was serologic evidence of a considerable number of
individuals with i'tercurrent infections with P. vivax and/or P. malariae.
The Incidenck of reictions with the P. malariae antigen, LowI-Ver, did not
appear to support the hypothesis that the "big spleen" disease was due
to quartan malaria.

The results of the thick film examinations contrasted markedly to
those obtained with the complement fixation tests. Malaria parasites
were demonstrated in only 7 of the group. It was especially curious to
note that many of the thich fi£ln-negativw patients exhibited high malariR
antibody titers, particularly in tests with the P. falciparur i.tir.n.
Thesze findings illustrate the inadequacy of using sinple thick "ln.

1065

" _ _ _ __II I I '=•



&I

Table 1
Reactivity of P. knowlesi, P. falciparum

and P. malariae antigens in complement
fixation tests with representative
homologous and heterologous sera

Reactions* obtained with indicated
Serum Category plasmodial antigen:

P. knowlesi P. falciparum P. malariae

P. vivax R (52) wr

P. falciparum wr R (128)

P. malariae** wr R (8)

*Classified as R(reactive), wr (weakly reactive) or - (nonreactive).

The figures in parentheses indicate serum titers.

**Serum from chimpanzee experimentally infected with P. malariae.

1066



co,

0

igi. M.= C5 ý W. I Im I

0 ,,, .-4 - "-t ,,0 ,-,1 l,--I-,_:r --,--t CM _

-'-4

S.13.-

0 + cd 0•

0 rq
•d r. 0 \ID I. N i NN1

m-. p mm,,.4

* 5. 0 ,. .

14

CO 4.)

E-4 0i co W

00 -p4 93e

"-4 w
"-4

*Td Fi2 wC

0 ý*4 M-

000 040000000

H106



examinations for epidemiological surveys of malaria in hyperendemic
areas, and it is suggested that the complement fixation tests with
purified plasmodial antigens provide a much more accurate appraisal
of the prevalance of Plasmodium infections in semi-immune populations.

Collaborative studies with investigators at the Lymphoma Treatment
Center, Entebbe, Uganda provided further opportunity to evaluate the
complement fixation tests for malaria with sere from individuals residing
in a hyperendemic area. Although the results of thick blood film examin-
ations on individuals of the group studied were not provided with the
serum specimens, investigators at the Center stated that patent para-
sitemias usually were very low and examination of multiple thick films
often was necessary to demonstrate the parasites. This was similar to
the experience with individuals living in hyperendemic areas in Vietnam.

In part, these studies were conducted to determine whether malaria,
particularly quartan malaria, possibly played a role in the etiology of
Burkett's tumor disease. Accordingly, sera were collected from 12
children with Burkett's tumor, and 12 "healthy" controls of the same age
group. All were examined in complement fixation tests for serologic
evidence of vivax, falciparum and malariae malaria. The results are
summarized in Table 3. Results obtained with the tumor patients did not
differ significantly from those obtained with the controls. Reactivity
with the P. falciparum antigen was a universal finding. It is noteworthy
that 5 of the 7 tumor patients and all 5 of the controls that reacted with
the P. malariae antigen also gave strong reactions with the falciparum
antigen, indicating dual infections with both parasites. Two of the
tumor patients showed strong reactions with all three antigens, suggest-
ing intercurrent vivax_ , falciparum and malariae infections. These find-
ings do not support the hypothesis that malaria plays a role in the
etiology of Burkett's tumor. Nevertheless, the results do provide further
evidence of the efficacy of complement fixation tests employing purif-
fied plasmodial antigens for the differential diagnosis of malaria.

A further potential use of the CF tests for malaria would be the
screening of troops returning from duty in endemic areas. It is believed
that non-immune individuals on chemoprophylaxis could exhibit a parasito-
logical picture similar to that shown by semi-immunes residing in endemic
areas. For example, a soldier could acquire malaria during a period in
which he temporarily failed to take the drug. However, recontinuance
of the drug at prophylactic (sub-curative) levels could suppress clinical
disease and keep the patent parasitemia at very low or nondetectable
levels. Such individuals invariably would be overlooked in screening
procedures consisting solely of examination of a single thick blood film.
It is suggested that concomitant use of CF tests for malaria would
minimize this risk. Earlier studies on human volunteers experimentally
infected with P. vivax or P. falciparum have shown that CF antibodies
appear 4-5 days after appearance of patent parasitemia, rapidly rise to
significant titers, and persist for a considerable period of time (45 to
100 days or more) even though curative therapy was initiated immediately
after the appearance of' parasites in the peripheral blood. On this basis,
it is lkJIy inret._id soldiers receiving suppressive regimens of drug,
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would show detectible antibodies but no parasites in the circulating
blood. However, these subjects would be expected to relapse and develop

frank, clinical mal, ria when the drug is withdrawn.

Although valuable information has been obtained from human volunteers
experimentally infected with selected strains of P. falciparum, P. vivax
and P. malariae, it is recognized that certain immunological and sero-
logical features of the disease may differ in individuals with naturally

acquired infections with "local" strains of the parasites. Arrangements
therefore are being made to conduct comprehensive studies on a select
group of American soldiers aospitalized for malaria acquired in the field.
These investigations are being designed to provide information concern-
ing: 1) the length of the p.-epatent period; 2) the time of initial
appearance of detectable complement fixing antibodies; 3) the antibody
patterns exhibited throughout fthe course of the disease, and their
relationship, if any, to the clinical status of the patient; and 4) the
persistence of antibodies following radical cure. The latter information
is essenlial for interpreting the results of screening tests for malaria.
The results of these studies will be given in a subsequent report on
this Work Unit.

3. Preservation and storage of malaria parasites and antigens.
Previous reports on this Work Unit (WRAIR Research & Development Report,
1967, 1968) noted that incorporation of 2% polyvinyl pyrollidone (PVP)
with malaria parasite harvests or purified antigens effectively stabil-
ized these products and minimized deterioration during storage. Obser-
vations on the stability of these products were continued during the
present reporting period. To date, parasite harvests preserved with
2% PVP and held at -60°C, showed no evidence of deterioration after
storage for more than 2 years; complement fixing antigens prepared from
these stored parasites were comparable to those obtained from freshly
harvested organisms. Similarly, complement fixing antigens that were
stabilized with 2% FVP and lyophilized, showed no change in serologic

properties after storage at 3°C for more than 2 years. The excellent
stability and long storage life of these products assure the ready
availability of free parasites for antigen production, and make it
feasible to prepare large volumes of antigen that would be required for
mass-testing. Observations on the stability of the parasite harvests
and antigens will be continued for at least one more year.

4. Isolation and characterization of a lytic component of P. knowl-
esi,et During investigations on the fractionation of malaria antigens on
Sephadex gel columns, it was observed that certain low molecular efflu-
ents from the column possessed lytic properties. Preliminary observa-
tions on the physical properties, kinetics of functional ectivity, and
chemical nature of this lytic factor (LF) have been presented in previous
reports on this Work Unit (wRAIR Research & Development Reports, 1966,
et seq.). Detailed investigations on the kinetics rf LF-induced hemolysis
have revealed certain noteworthy features. Little or no hemolysis occur-
red during the first 4 hours of incubati-n. This was observed regardless
of the concentration of LF or the temrprature of incubation. However,
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hemolysis progressed in a linear fashion after the initial lag phase, but
spontaneously terminated after incubation for 21 hours, even though some

_ . intact red cells remained in the reaction mixture.

The spontaneous termination of lysis after incubation for 21 hours
was shown not to be due to depletion of the lytic factor; treatment
of the remaining cells with fresh LF failed to induce further lysi
However, kinetic studies on a m'xture of old cells labeled with Fe
and young cells tagged with Fe---revealed that the majority of un sed
cells remaining after incubation for 21 hours with IF bore the FeV label.
Thus it appeared that the younger cells were more resistant to LF-induced
lysis and that hemolysis spontaneously terminated when the population of
older cells was depleted.

Physicochemical analyses of the LF have revealed the following
characteristics. The factor is a relatively small molecule and appears
to have a molecular weight of less than 5000. Quantitative chemical
analysis for protein (Lowry test) indicates the presence of a small
amount of protein. However, in view of the low molecular weight of
the IF, it is believed that these reactions were due to amino acids
and/or small peptides rather than protein per se. Trace amounts of
carbohydrate also were detected. However, the principal component of
the LF appeared to be lipid in nature, with a high cholesterol content.
Thin layer chromatography revealed the presence of a variety of lipids
belonging to the following classes: phospholipids, free fatty acids,
cholesterol, cholesterol esters, and tryglycerides. Resignation of the
biochemist responsible for this phase of these investigations necessitat-
ed temporary discontinuance of further studies on the chemical character-
ization of the LF. However, these studies will be continued when the
position is filled.

In view of the possible role of the LF in the host-parasite
relationships and pathology of malaria, in vivo studies were initiated
to determine whether certain clinical features of the disease could be
induced by injecting the LF into experimental animals. Fogel, et al
(Am. J. Trop. Med. & Hyg., 15 : 269, 1966), working with Rhesus monkeys
infected with P. knowlesi, reported that the nonparasitized as well as
parasitized erythrocytes showed increased susceptability to hypotonic
lysis. Moreover, the osmotic fragility progressively increased with
each cycling of the parasite during the acute stages of the infection.
During the course of recent in vitro studies on the kinetics of LF-
induced hemolysis, it was observed that LF-treated cells exhibited a
similar increase of osmotic fragility during the pre-lytic lag phase.
It was of interest, therefore, to determine whether this phenomenon
could be produced in vivo by injecting IF into experimental animals.
Hamsters weighing 105-125 gm were used in these studies. The hamsters
were divided into 8 groups containing 4 animals each. All animals
of the first six groups received an IV injection of 2.0 ml of the LF.
Animals in group seven received three IV injections of LF adminijtered
at 24 hour intervals. Group eight served as controls and received 2.0
ml of 0.9% NaCl solution administered IV. Hamsters of the first six
grouRs were exsanguinated at 1/2, 1, 2, 3, 4, and 5 hours respectively
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after injection with the LF. Animals of group seven who received the
multiple injections of IF were exsanguinated 4 hours after the last
injection. The controls were sacrificed 4 hours after receiving the
saline. Immediately after collection, the erythrocytes from each
animal were washed to remove the plasma and the osmotic fragilities
determined according to the method developed by Allen, et al (Am. J.
Clin. Path., 45 : 112, 1966). 7

Results of these experiments are summarized in Figure 1. Contrary
to expectations, the osmotic fragility of the erythrocytes decreased
rather than increased for a period following injection of the LF. The
cells collected one-half hour after injection were considerably more
resistant to hypotonic lysis than the controls. Resistan-e progressively
increased through hour 2 and remained at a relatively high level through
the fourth hour. However, there was a significant decrease in resistance
after the fourth hour, and cells collected 5 hours after injection with
LF were more fragile than the controls. The latter observation showed a
striking similarity to the 4-hour lag phase noted in the earlier in
vitro studies on the kinetics of LF-induced hemolysis. However, the
initial transitory increase of osmotic resistance was an unexpected
finding. Erythrocytes from the hamsters receiving the three injections
of LF over a 48 hour period and then exsanguinated 4 hours after the
last injection, showed osmotic fragility values comparable to those of
the animals receiving a single dose of LF and exsanguinated 5 hours
later. However, the hematocrit values of the animals receiving multiple
injections of LF were considerably lower than those o" the other groups.
These observations suggested that considerable in vivo hemolysis had
occurred and indicated that the anemia associated with acute malaria
could be simulated by multiple injections of LF.

During the course of the in vivo studies on the effects of LF on
hamster erythrocytes, it was observed that the animals appeared to devel-
op a fever after each injection. Since recurrent fever is a characteris-
tic of malaria in a nonimmune host, the pyrogenic properties of the LF
were investigated. The group of hamsters receiving three injections of
LF at 24 hour intervals in the previous studies were used for these
experiments. Rectal temperatures of each animal were taken immediately
after injection of LF and then 1/2, 1 1/2, 2 1/2, and 4 hours later. The
results are summarized in Tlble 4. Following each injection, the
temperature progressively rose during the succeeding 4 hours. However,
the temperatures had returned to normal before the second and third
injections were given 24 and 48 hours later. The degree of febrile
response appeared to increase with each injection. Four hours following
the first injection with LF, the average temperature increased from 330C
to 35.5'C. After the second injection, the increase was from 330 C to
36.5°C, and an increase from 33 to 37.50C was observed after the third
injection. These studies are being continued to investigate the febrile
response to repeated injections of LF over a longer period of time.

Results of these in vivo experiments suggest that the lytic factor
*(LF) isolated from malaria parasites may in part contribute to certain
clinical features of malaria. The ability of the LF to increase the
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osmotic fragility and ultimately lyse red cells indicates that LF may
play a role in the anemia associated with acute malaria infections and
possibly contribute to the black water fever syndrome developed in cer-
tain individuals. The findings also suggest that the LF could be re-
sponsible for the febrile reaction associated with the cycling of the
parasites. These studies are being continued to further characterize
the £F, investigate its action in vivo, and explore possible methods for
inhibiting its biological activity.

Summary and Conclusions.

1. The recently described method for separating malaria parasites
from host erythrocytes by preferential fragmentation of the red cell
membranes under controlled pressure has been successfully used for the
isolation of a variety of species of Plasmodium. The orocedures have
been used for the isolation of P. knowlesi from Rhesus monkeys, P.
falciparum from splenectomized chimpanzees, and most recently, P. malariae
from a splenectomized chimpanzee. Complement fixing antigens from these
parasites now provide a capability for differential serodiagnosis of
vivax, falciparum and malariae malaria.

2. The efficacy of purified P. knowlesi, P. falciparum and P.
malariae antigens for the serodiagnosis of viva_, falcia and malariae
malaria was evaluated with sera from Vietnamese and Ugandan natives
residing in hyperendemic areas. The findings indicated that the comple-
ment fixation tests with purified plasmodial antigens were far superior
to thick blood film examinations for detection of malaria in semi-immune
individuals, and would provide a much more accurate appraisal of the
malaria experience in epidemiological surveys of populations residing in
hyperendemic areas. The results further suggest that the complement
fixation tests may be of value for screening troops returning from duty
in malaria endemic areas.

3. Studies on the stability of stored parasite harvests and
antigens were continued. Parasite harvests containing 2% PVP and
maintained at -6OC, showed no evidence of deterioration after storage
for more than 2 years. Likewise, the purified plasmodial antigen frac-
tions that were stabilized with 2% PVP and lyophilized, showed no change
in serologic properties after storage at 30C for more than two years.

4. Investigations on the functional activity, kinetics of hemolyuis,
and chemical nature of a plasmodial lytic factor (IF) were continued.
Earlier preAiminary findings were confirmed, and in vivo studies were
initiated. In kinetic studies, an initial lag phase-uring which no
hemolysis occurred always was observed. This was followed by a linear
progression of hemolysis which spontaneously terminated after incubation
for 21 hours. The spontaneous cessation of lysis was shown to be due to
depletion of the older, more susceptible cells of the suspension used in
the system. In in vivo studies, erythrocytes of hamsters receiving IV
injections of '- sho-we a temporary progressive increase of resistance
to hypotonic lysis during the 4-hour period following injection. However,
aftex this period, the cells became more susceptible to lysis, and the
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osmotic fragility 5 hours after injection was considerable higher than
that of the controls. It was also shown that injection of LF induced
a febrile response in the hamsters. Moreover, the maximum temperature
increased with each injection of the factor. The possible relation

of the LF to certain clinical features of malaria was discussed.
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metabolism of the malarial parasite and responses to antimalarial agents. Special
synthesis of additional antimalarial compounds will be done.

25. (U) 69 01 - 69 06 Using the P.falsivarum Aotus monkey model of malaria', prelimi-
nary studies of chloroquine accumulation indicate that the ability to concentrate
chloroquine varies Inversely with the degree of chloroquine resistance of the parasite;
this is In agreement with previous observations of P.ba2"01-4. Characterization of 002
fixation In chloroquine-sensitive !.bekuhoi Is In p-rogress. The enzyme Is Inactivated
by urea, probably by dissociation of the enymea Into smaller subunits. The conditions
for dissociation of the enzyme Into subu~nits are being Investigated. The control of
this key enzyme may be dependent on Its state of disunity caused by different agents
such as chioroquine and quinine sulfate. Chloroquine-resistant Marshalg also deown-
strated the ability to fix 002 with PEP to form oxaloacetate.' T similarity or die-
similitary of this key enzym from chloroquine-sonsitive and chloroquine-resistant

Z.~hiLwill be Investigated. The yield of lO-chloro, 3-mothylbenzo~hquinoline,
4-carboxylic acid was obtained Ini large enough quantities to proceed with the synthesis
to the final compound, 2- (dibutyleminoethyl ).l0-chloro-3.methylbenao~h)quinmline.
4-methanol. This compound has been submitted for testing. Work Is continuing on the
synthesis of 10.hydroxy-and l0-methozy-3-methylbeeeo~h)quinolimes 40.carboxylic acid.
for technical reports, see Walter Reed Aumy Institute of Research Annual Progress
Report, 1 Jul 66 *30 Jun 69.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00, Malaria Investigations

Work Unit 108, Study of malaria and antimalarial therapy

Investigators.
Principal: Edward C. Knoblock, COL, MSC

Coy D. Fitch, LTC, MC
Patrick M. L. Siu, Ph.D.
Huey G. McDaniel, MAJ, MC
Leo Kazyak, GS-13
Betty J. Boone, GS-il

Associate: Robert Permisohn, GS-09
Jean E. Matusik, GS-07
John 0. Brown, SP5
Lawrence Forrester, SP4

Description:

This study was designed to study certain biochemical processes in I
the malaria parasite, to obtain new information relevant to malaria pro-
phylaxis, and to synthesize and test theoretically more ideal antimalar-
ial agents.

Progress:

a. Study of carbon dioxide fixation by Plasmodium berghei. The
enzyme phosphoenolpyruvate carboxylase, which is important for carbon
dioxide fixation and for survival of P. berghei, has been purified by
high-speed centrifugation, ammonium sulfate fractionation, DEAE-cellu-
lose and cellulose phosphate column chromatography. The enzyme is
normally very unstable, but it can be stabilized in the presence of 0.4
M phosphate buiffer solution during storage. Urea causes inactivation of
the enzyme, probably by altering subunit structure. The effect of
altered subunit structure on enzymic activity is under investigation.

This enzyme has now been purified over 400 fold with a recovery of
10% and a specific activity of 1.4 umoles/min/mgm of protein. It has a
Km of 2.6 x 10-3 molar for phosphoenolpyruvate and 1.3 x 10-3 molar for A

magnesium. By sucrose density gradient in low ionic strength buffer, it
has a 5w value of 18 when compared to the standards, catalase and hemo-
globin. This corresponds to a calculated molecular weight of 500,000.
However, sucrose density gradient in a high ionic strength buffer gives
an activity peak with a calculated molecular weight of 250,000. This
variation in molecular size dependent upon the ionic strength of the
buffer is also seen on agarose columns which separate protein, depending
upon their size.

Polyacrylamide gel disc electrophoresis of the purified protein shows
a major band and another band at the beginning of the 7% acrylamide gel.
These are thought to represent the 250,000 M.W. and 50,000 M.W. forms of
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this enzyme. Two very minor bands are also present and thought to be
contaminants.

Corresponding with the change in physical characteristics of the
enzyme, there is an alteration of the kinetic parameters as the ionic
milieu is changed. In one form it is stimulated by Adenosine diphos-
phate and in another form it is slightly inhibited by ADP. The
Michaelis-Menten plot of initial reaction velocity versus magnesium

concentration is either hyperbolic or sigmoida, depending on the form
of thf enzyme present.

b. Biochemical activity of antimalarial agents. To follow up the
earlier observation of antimalarial activity of l-methyl-3-nitro-l-
nitrosoguanidine which was made in their laboratory, the mechanism of
action of the compound is being investigated with electron microscopic
techniques. Preliminary studies of feasibility have been completed and
indicate that the compound causes definite subcellular changes.

14
c. Chloroquine binding in malaria parasites. Chloroquine-3- C

(ring-labeled) was used to study the processes which concentrate chloro-
quine in mouse red blood cells, normal or infected either with chloro-
quine-sensitive (CS) or with chloroquine-resistant (CR) Plasmodium
berphei. The initial rates of uptake and release of chloroquine-1 4 C were
both too fast to measure in these studies, yet large gradients could be
maintained by the cells. For example, when red blood cells were exposed
to 10-8 M chloroquine, pH between 7.4 and 7.2, and 220, steady-state
gradients of chloroquine- 1 4 C were approximately 600:1 (cells:medium) for
cells infected with CS parasites, 100:1 for cells infected with CR para-
sites and 14:1 for normal cells. The processes responsible for these
gradients were saturable, in agreement with the proposal of chloroquine
binding to cellular constituents. No degradation of chloroquine was
detected.

In red blood cell3 infected with CS parasites, there were at least
three classes of binding sites, the agparent intrinsic association con-
stants of which were approximately 10 , 105, and 103 M-1 . Only the class
of binding site with low affinity was found in normal red blood cells.
Two of the classes of binding sites, those with low and intermediate
affinities, were present in red blood cells infected with CR parasites,
but high-affinity chloroquine binding was grossly deficient. This
deficiency explains the reduced ability of CR parasites to concentrate
chloroquine from dilute solutions of chloroquine, and it suggests that
chloroquine resistance is due to a decrease in the number, affinity, or
accessibility of chloroquine receptor sites on a constituent of the
malaria parasite. This receptor site possibly is the site of action of
chloroquine.

d. Antimalarial drug levels. To study the excretion of chloroquine
after prophylactic treatment and to follow the clearance of this drug in
the urine, over 5000 analyses for antimalarial drugs have been performed.
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The subjects of this study were in large part, troops about to embark
for Viet Nam. A sustained residual of chloroquine in the urine was
found throughout the seven-day interval between prophylactic doses of
chloroquine. All subjects in the study maintained a chloroquine level
in the urine after the second dose (second week), but plasma chloro-
quine levels dropped sporadically to an undetectable concentration in
some of these subjects. This divergence of plasma and urine levels
suggested other modes of drug clearance in addition to normal metabolism
and urinary excretion, and subsequent preliminary studies on chloroquine
concentrations in perspiration have provided evidence that the drug may
be discharged in substantial quantity through sweat. This study will be
continued until the effect on plasma levels of chloroquine loss through
heavy sweating can be evaluated.

Studies on chloroquine metabolites continue in an effort to deter-
mine the ratio of unchanged drug to that of the major metabolite if, in
fact, the principal metabolite is the same in every case. Indications
of metabolic differences have been noted periodically in the analyses of
body fluids for chloroquine, but too often, the amount of specimen is
insufficient to pursue the investigation any further. As specimens for
chloroquine analysis are received from Viet Nam and Malaysia, they will
continue to be scrutinized for discrepancies in the normal drug metabolic
patterns.

e. Chemical study of antimalarial agents. A series of new compounds,
which are considered to be potential antimalarials, are being synthesized.

Eight new compounds of the 10-substituted-benzo-[h]-quinoline-4-
methanol type (I) will be submitted for the rodent antimalarial screen and
for phototoxicity evaluation.

Substituent groups in the 3- and 4-positions are held constant, while
the group in the 10-position varies. Substituents proposed for this
position are -Cl, -Br, -OCH 3 , -OH, -SO 2NH2 , -SO 2CONH , S0 2 Cl, and CF3 . The
The l0-chloro- compound has been synthesized and submitted for testing.
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The compounds are made by way of the carboxylic acid (IV) derived
from the appropriate benzisatin (III) and a-ketobutyric acid in a base-
catalyzed condensation followed by selective decarboxylation to produce
acid V. The crude carboxylic acids so obtained are difficult to purify.
They are, therefore, converted to the methyl ester (VI) with ethereal
diazomethane, chromatographed over alumina, and hydrolyzed back to the
carboxylic acid. The benzisatins are made from the appropriate 8-
substituted-l-naphthylamines (Ia) and diethylketomalonate hydrate (II).
The preparations are illustrated in Scheme I.

SCHEME I

0
0 Do• f
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"The carboxylic acid V is converte( to• w.- (dibutylaminomethyl)-benzo-
[h]-quinoline-4-methanol 2- by either of 'wo routes (Scheme II or III).

-- In Scheme II, the carboxyi~c acid is converted to the acid chloride (VII)
with thionyl chloride, then treated with diazomethane and HBr to produce
an a-bromoketone (VIII). An epoxide (.fY) results from treatment of the
bromoketone with sodium borohydride. Refluxing with di-N-butyl amine,
opens the epoxide ring to produce the final compound. The compounds are
submitted for testing as the hydrochloride salt (XI).

SC-EME II

_ 1~L
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N -W , W- ' • •*,

' OH
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Scheme III differs from Scheme II in the preparation of a-bromo methyl
ketone (VIII). The acid chloride (VII) in this procedure is reacted with
diethyl ethoxymagnesium malonate, followed by dilute aqueous acid to give
crude diethyl acylmalonate (XII). When this compound is treated with bro-
mine, a-bromomethyl ketone (VIII) is produced.

SCHEME III

4,- Av C. CH

C. 2.)1 ESOt/{4 1O

Summary and Conclusion:

Phosphoenolpyruvate carboxylase, an enzyme of importance for the sur-
vival of Plasmodium berghei, has been purified and partially characterized.
Its physical and kinetic characteristics are dependent upon the ionic
environment. The characteristics of this enzyme are sufficiently differ-
ent from those of the enzyme as isolated from other organisms to suggest a
thorough understanding of this basic enzyme will help to understand the
metabolism of the malarial parasite.

H: A deficiency of high-affinity chloroquine binding has been discovered

in chloroquine-resistant P. berghei. This deficiency explains the reduced
ability of chloroquine-resistant parasites to concentrate chloroquine from
dilute solutions of chloroquine, and it suggests that chloroquine resist-
ance is due to a decrease in the number, affinity, or accessibility of
chloroquine receptor sites on a constituent of the malaria parasite. This
receptor site possibly is'lhe site of action of chloroquine.

Studies of chloroquine clearance in the urine after prophylactic treat-
i •ment revealed discrepancies between plasma and urine chloroquine concentra-

tions in certain subjects. Preliminary searches for the source of this
discrepancy provided evidence that the drug may be discharged in substantial
quantity in perspiration.
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Eight new compounds of the lO-substituted-benzo-fh]-quinoline-4-
methanol type are being synthesized. One of these compounds, the 10-
chloro-compound, has been synthesized and submitted for testing in the
rodent antimalarial screen and in the screens for phototoxicity.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 109, Pathophysiology of malaria and antimalarial therapy

Investigators
Principal: COL Marcel E. Conrad, MC
Associate: Herman Polet, M.D. and Charles F. Barr

Description

Studies of host parasite relationships, metabolic requirements and
growth of the parasite and the effects of antimalarial drugs upon
the host and the parasite.

Progress and Results

A method was developed in this laboratory which permitted the "in
vitro" cultivation of malaria parasites throughout their intra-
erythrocytic life cycle. This system has been shown to be useful
for the "in vitro" cultivation of Plasmodium knowlesi, berghei and
falciparum. P. knowlesi has been used for most studies because of
the availability of biological materials and the synchrony of the
parasitemia. The methodology has been providee to other laboratories
for drug screening. Basic investigations of the metabolic requirements
of the malaria parasite aud the effect of antimalarial drugs upon DNA,
RNA and protein synthesis were continued in this laboratory.

Erythrocytic forms of Plasmodium knowlesi were incubated in media
depleted of various amino acids, The rate of uptake of eighteen
isotopically labeled amino acids into plasmodial protein from the
media was compared. These studies showed that parasites were capable
of degrading hemoglobin to supply their amino acid requirements.
Amino acids either absent or in short supply within hemoglobin must
be obtained from extra erythrocytic sources for parasitic growth and
development. L-isoleucine is not a constituent of hemoglobin and is
essential for the growth of P. knowlesi "in vitro". L-O-methyl-
threonine, an antagonist of L-isoleucine, markedly inhibits the growth
of P. knowlesi in cultures containing normal amounts of isoleucine.
Preliminary studies in animals show that L-O-methylthremnine is a
potent antimalarial drug.

DNA, P14A and protein synthesis by P. knowlesi were quantified in
cultures of parasites throughout their intraerythrocytic schizogonic
life cycle. The addition of either radiolabeled orotic acid or
adenine to cultures showed a slow rate of incorporation of these
radionuclides into DNA during the ring and trophozoite stage of
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parasitic growth with exponential utilization of these radioisotopes
during the phase of nuclear development and division. RNA synthesis
occurred at a rate that seemed intermediate between linear and ex-
ponential. Protein synthesis was measured by incorporation of
radiolabeled amino acids into infected cell cultures and occurred
at a linear rate. This combination of exponential synthesis of DNA
and linear protein synthesis seemed characteristic of plasmodial
development. l

The influences of chloroquine, dihydroquinone and quinacrine on the
biosynthesis of DNA, MA and protein synthesis during the intra-
erythrocytic growth of P. knowlesi were investigated. 2 Chloroquiuie
inhibited DNA and MNA synthesis more than it decreased protein syn-.
thesis. Dihydroquinine and quinacrine had a greater effect upon DNA
thaa on either RNA or protein biosynthesis. These findings suggested
that inhibition of DNA replication is the primary mechanism of action
of these antimalarial drugs. Erythrocytes parasitized with plasmodia
concentrated much more of these drugs than normal red blood cells.
The specific antimalarial effect of chloroquine was shown to decrease
with progressive development of the plasmodium during the growth cycle.
However, the accumulation of chloroquine within infected erythrocytes
was independent of the amount of plasmodial DNA, RNA, protein or
malarial pigment. Studies of chloroquine uptake by infected red blood
cells showed an initial rapid uptake followed by a slow increase to a
saturation value after three hours of incubation, Lower temperatures
diminished glucose in cultures and metabolic inhibitors markedly
decrease chloroquine uptake by infected red biood cells. Intra-
cellular and extracellular chloroquine sees to be in a dynamic equi-
librium in which dihydroquinine and quinacrine can participate. The
characteristics of chloroquine uptake by plasmodia resemble the
uptake of albumin by mammalian cells. Pinocytosis with subsequent
accumulation in lysosomes may be the mechanism by which chloroquine
is accumulated by plasmodia. This hypothesis is supported by experi-
ments which showed increased chloroquine accumulation in mammalian
cells stimulated by sucrose administration to increase the size of
lysosomes and the activity of lysosomal enzymes. Since chloroquine
resistant plasmodia contain less chloroquine than drug sensitive
parasites, the resistance of malaria parasites to chloroquine may
be explained by changes in lysosomal activity. Conversely, agents
which stimulate lysosomal activity might enhance the effects of
antimalarial drugs even with drug resistant strains of plasmodia.

"In vitro" cultures of red blood cells containing P. knowlesi were
performed in media containing radiolabeled glucose, pyruvate and
acetate. The radionuclides were incorporated into aspartic acid,
glutamic acid and alanine of the plasmodial protein but not into
other amino acids, This indicates that the malaria parasite has a
similar capability as leucocytes in the conversion of sugars into
amino acids but that the plasmodia must obtain most of its amino
acids from either the host hemoglobin or the plasma.
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Conclusions and Recomoendations

Methods for the "in vitro" cultivation of mammalian malaria in
nonnucleated erythrocytes were developed. These methods provided
a way to screen drugs for antimalarial activity; to study DNA, RNA
and protein synthesis by parasites; to investigate the effects of -

antimalarial drugs upon nucleoprotein synthesis and to measure the
essential requirements of parasites for growth and development during
their intraerythrocytic life cycle. These studies showed that lyso-
soaal activity may be important in the development of drug resistance
and that L-O-methylthreonine may be a useful drug for treatment of
malaria. Further studies of these findings are needed. In addition,
basic investigation of the culture system is required to permit
continuous culture of paracites throughout their entire life cycle.
The latter would permit studies of the effects of drugs during the
exoerythrocytic stage of the parasitic life cycle. Employment of
a senior investigator with a background in tissue culture methods
and protein synthesis is required for continuation of this project.
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performed in a new work unit. For technical reports, see Walter Reed Army Institute of
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 110, Modes of action of antimalarials

Investigators.
Principal: Fred E. Hahn, Ph.D.
Associate: Jennie Ciak, M.S.; MAJ Richard Estensen, MC; Anne Krey,

M.S.; Bruce Mann, B.S.; John Olenick, M.S.; CPT John
Sutherland, MSC; Alan David Wolfe, S.M.; Betsy
Sutherland, Ph.D., USPHS Post Doctoral Fellow

Description.

Scientific experimental studies in depth on the molecular biology,
molecular pharmacology, biochemistry, biophysics, microbial physiology
and genetics of the actions of antimicrobial drugs, especially anti-
malarials, with a view to elucidating modes and mechanisms of drug
action at the primary level, explaining phenomena of drug resistance
and offering conceptual guidance to both improved methods of chemotherapy
with existing drugs as well as rational development of novel chemo-
therapeutic substances.

Progress and Results.

1. Mode of Action of Chloroquine. A cell-free DNA-polymerase system
was obtained which employs DNA from Plasmodium berghei as a primer and
standard DNA-polymerase enzyme from E. coli. The polymerization of
building blocks on the plasmodial DNA template was inhibited by chloro-
quine to the same extent as reported earlier (O'Brien, Olenick & Hahn,
PNAS 55, 1511, i966) for this type reaction with calf thymus DNA as
primer. Fluorescent or phosphorescent light emission by DNA-bound
chloroquine is produced by energy transfer from DNA to the intercalated

1drug. This also results in a decreased formation of UV-induced
pyrimidine dimers in DNA.

*• 2. Mode of Action of Quinine. Biophysical studies on the binding of
quinine to DNA have been completed. From spectrophotometric titra-
tions, an absorption isotherm of quinine to calf-thymus DNA has been
obtained which shows: (1) Quinine binds to more than one class
(probably two) of sites of DNA; (2) The strong binding by intercalation
is charac erifed by an unusually high value of association constant
(3.6 x 10° M- ) and a small number of binding sites (one molecule of
quinine per forty base pairs of DNA); (3) The weaker process, probably
representing attraction of the quinine cation to phosphates of DNA,
involves binding of one drug molecule per nine DNA base pairs. About
twice as much quinine is found to be bound to DNA in equilibrium
dialysis experiments.
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3. Complex of Berberine with DNA. Berberine, an alkaloid with anti-
protozoal and miutagenic activity, has a planar molecule of an area of
approximately 50 V; its chemical structure and biological activity
suggests that berberine can form a complex with DNA by intercalation.
This was confirmed by the following results: (1) Berberine cosedi-
ments with DNA in the ultracentrifuge. (2) DNA alters the absorption
spectrum of berberine. (3) Berberine stabilizes DNA to thermal strand
separation. (4) Flow dichroism of the berberine DNA complex indicates
that the planes of DNA's constituent bases and the plane of the
berberine molecule lie parallel in the complex.

4. Studies on Quinacrine and Other Heterocyclic Amines. Quinacrine
stabilized DNA as well as transfer RNA to thermal strand separation;
this Ps, in part, a function of the aliphatic diamine side chain of the
drug. The absorption spectrum of quinacrine, known to be altered by
double-helical DNA, is also altered by single-stranded DNA, by transfer
RNA, ribosomes, polyadenylic acid and polyguanylic acid. 2  The double
helix of polyadenylic and polyuridylic acids is more active in this
respect than can be accounted for by the arithretic summation of the
effects of the two components measured singly. Transfer RNA and
single-stranded DNA induce a CottoB effect in the optical r)tatory
dispersion spectrum of quinacrine. The electronic transition which is
induced to become optically active is different from the one responsible
for the Cotton effect in quinacrine's ORD spectrum when the drug is
bound to double-helical DNA. Quinacrine, Nitroakridin 3528, ethidium
bromide and chloroquine bind to ribosomes and labilize ribosomes to
thermal degradation in vitro.3 The extent of this labilization is a
function of the dimension of the drugs' ring systems. Inhibition by

quinacrine of phenylalanine polymerization in a ribosome-poly U cell-
free sistem was partly reversed by increasing concentrations of ribo-
somes. The acridines inhibited charging of transfer RNA with
phenylalanine; ethidium bromide was especially active in this respect.
Chloroquine was only weakly inhibitory. The inhibitions observed appear
to be functions of the dimensions of the ring systems of drugs in a
similar manner as is the labilization •f ribosomes reported above.
Transfer of energy from DNA to ligands '5 such as proflavine, acridine
orange, methyl green and ethidium bromide inhibits the formation of UV-
induced pyrimidine dimers in DNA. Both the singlet and the triplet
energetic states of DNA are precursors of the pyrimidine dimers.

5. Elimination of Episomes by Drugs Intercalating into DNA. 6 Inter-
calative drugs (ethidium bromide, actinomycin D) are known to produce
drastic configurational changes in circular DNA. We speculated that the
known "curing" of bacteria of R-factors and the elimination of mitochon-
dria from yeast cells by certain drugs were based on intercalations
into circular episomal or mitochondrial DNA. This was tested by study-

fl ing the elimination of the F lac episome from E. coli by a series of
DNA-complexing drugs. In decreasing order of potency, the following
intercalative drugs eliminated the episome: quinacr ne, ethidium
bromide, acridine orange, chloroquine and miracil D.ý Quinine showed a
trend to eliminate F lac; methylene blue and p-rosaniline (the latter
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a non-intercalating compound) were non-active. Elimination of the F lac
episome was accompanied by a drastic reduction in the amount of episomal
DNA quantitated in equilibrium centrifugations of bacterial extracts.
Bacterial growth was not affected at drug concentrations which eliminated
episomes.

6. Mode of Action of One Antimalarial Nauhthoguinone. 7 Studies on the
action of 2-hydroxy-3-cyclohexylpropyl-l,4-naphthoquinone have continued.
Bactericidal concentrations of the drug produced only a partial decrease
in oxygen consumption of B. megaterium. This effect does not account
for growth inhibition and killing of the organism by the drug. Naphtho-
quinone caused immediate and complete inhibition of RNA and protein
biosynthesis in B. megaterium but permitted continued incorporation of
1 C-thymine into-DNA for at least 20 min after addition of the drug to
exponentially growing cultures. Addition of deoxyadenosine to the
experimental medium (known to promote the utilization of thymidine by
bacteria) resulted, surprisingly, in a complete inhibition of thymidine
incorporation by naphthoquinone. The underlying reason is under study.

7. Studies on Ribosomes 8 and on Chloramphenicol Inhibition of Protein
Biosynthesis. Immunological studies concgrned with structure and
function of ribosomes have been completed. An antiserum reacting with
a protein component of 50s E. coli ribosome subunits reacted also with
the larger of two incomplete subunits which are formed in bacteria under
conditions in which protein synthesis does not occur owing to inhibition
by chloramphenicol or amino acid starvation. It is assumed that the
known degradation of pre-existing ribosomes during chloramphenicol's
action makes ribosome proteins available for redistribution and that
newly synthesized 23s RNA has a specific binding site for the antigenic
component protein. Cultures of Lactobacillus were supplied with radio-
active amino acids and their protein biosynthesis was inhibited by 16
or 480 ig/ml of chloramphenicol. Molecular sieve elution analysis of
cell-free extracts of these bacteria showed decreasing quantities of a
protein fraction with increasing concentrations of chloramphenicol and
the appearance of a second radioactive fraction, possibly dipeptides,
accumulating during chloramphenicol inhibition.

Conclusions.

Chloroquine inhibits in vitro the plasmodial DNA-dependent DNA polymerase
reaction. Quinine binds strongly (by intercalation) to DNA, on the
average, to one in 40 base pairs; weak binding is about 10 times more
frequent. Berberine complexes with DNA by intercalation. Quinacrine and
other heterocyclic amines interfere with prote~n synthesis in vitro by
at least two mechanisms: (l)direct interaction with ribosomes, and (2)
inhibition of the formation of amino acyl transfer RNA. Intercalative
drugs, foremost quinacrine, eliminate episomes from bacteria without
inhibiting bacterial growth. This effect is probably caused by config-
urational changes produced by intercalation into episomal, circular, DNA.
Binding of chloroquine, acridines, ethidium bromide and methyl green to
DNA interferes with energy transfer along the double helix and, hence,
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inhibits the UV-induced formation of pyrimidine dimers. Studies on
ribosomes and on chloramphenicol continue with the long range objective
of elucidating the mechanism of action of this antibiotic on protein
biosynthesis.
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Investigators:
Principal: Colonel Helmuth Sprinz, MC
Associate: Captain Roger Ladda, MC, Masamichi Aikawa, M.D., Major

Robert T. Cook, MC

Description

The fine structure of different stages of various plasmodia was
studied with the aid of the electron microscope. Natural as well as
experimental infections served as source of the parasites.

Progress

1. It had previously been asserted that chloroquine resistance in
rodent malaria is coupled with depressed pigment formation. Our study
established that pigment formation and chloroquine resistance are
independent variables (see bibliography).

2. The mechanisrn of merozoite entry into a host red cell was elu-
cidated. We noted that the red cell membrane on contact with the conoid
cf the parasite alters its physical characteristics. In the small zone
of contact it becomes exceedingly pliable and bulges inward before the
advancing merozoite. The cavity thus formed is sealed secondarily.
Our study demonstrates unequivocally that the outer parasite membrane
is of red cell origin. The origin of this outer membrane has been a dis-
puted and moot point before. A manuscript entitled: "Penetration of
erythrocytes by merozoites of mammalian and avian malarial parasites"
by R. Ladda, M. Aikawa and H. Sprinz is in press. (J. Parasit. 55: 12
pps 1969). The study has an added significance in that it clearly
establishes the indispensable role of the conoid in the entry of a
merozoite into a new host cell. If we succeedin our attempt to isolate
and identify the active material from the conoid it could result in an
entirely new approach to malaria prophylaxis: a vaccine which might
prevent merozoite entry.

3. The Freeze-ELching technique has been applied for the first
time to the analysis of the fine structure of malarial parasites. This

* technique permits a three-dimentional reconstruction of the structural
organization of the parasite and of its relation to the host red cell.
The results so far obtained were presented before the International Work-
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shop on Malaria, held at WRAIR and will be shown at the forthcoming
national meeting of the Electronmicroscope Society of America (R. Ladda
and R. Steere: Freeze-etching of malariall parasites, Proc. 27th
Annual Meeting of EMSA, Aug. 2 pps 1969).

4. The major effort of our group of investigators to provide an
inventory of the fine structure of different stages of various malarial
parasites, derived from natural and experimental infections, is nearing
completion. The papers on the reptilian parasite and the comparative
study of gametocytes have been published (see bibliography). The paper
on rodent malaria was presented before the International Workshop and
will appear in Milit. Med. 13_4 (1069) Sympos. Suppl. A paper entitled:
"Fine structure of Erythrocytic Stages of Plasmodium Knowlesi", by M.
Aikawa, R.T. Cook and H. Sprinz, has been accepted for publication in.
Zeitschrft. Zellforsch. u. mikrosk. Anatomie. Manuscripts on a) the
fine structure of P. vivax infection in the owl monkey, with emphasis
on the analysis of Schuffner's dots; and b) the formation of microtubu-
les in the cytoplasm of malarial parasites, are in preparation. The
work on P. falciparium infection in the chimpanzee has remained incom-
plete. Dr. Aikawa in his new position at Case Western Reserve Univer-
sity will complete the work he started here on the fine structure of
plasmodium - related parasites.

5. The growing knowledge of ultrastructural details permitted a
reorientation of emphasis on the study of drug effects on fine structure
and parasite development. This aspect of our program will be increas-
ingly performed by t1 ree of our graduates in their new civilian loca-
tions (Te:Lzakis [New York]; Aikawa and Cook [Cleveland]) who will report
on it independently. While still with us, Aikawa completed a study on
chloroquine effect on the erythrocytic stages of P. gallinaceum, 2
papers in collaboration with R. Beaudoin (see bibliography) and prepared
the report entitled "Morphologic effects of 8-Arainoquinolines of the
Exorythrocytic Stages of Plasmodium Fallax" which he presented at the
International Workshop on Malaria.

6. In our vork we place increasing emphasis on the correlation of
biochemical with biophysical events. In preparation is a paper by Ladda
and Sprinz on the morphological effects of chloroquine on human fibro-
blasts in tissue culture with a study of DNA, RNA and protein synthesis.
In collaboration with Capt. Charles Meszoely, M.S.C., the morphologic
effects of methylene blue and chloroqvine analogues are being studied
in rodent malaria by light aid electron microscopy. This is an exten-
sion of work by Barnes (The Influence of Methylene Blue on the Pento~e
Phosphate Pathway in Erythrocytes of Monkeys Infected with Plasmodium
Knowlesi, J. of Lab & Clin. Med., in press).
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7, In continuation of our long standing interest in parasite
development in the mosquito a cooperative project with the Depart-
ment of Entomology has been started on the histochemistry of the mosqui-
to gut (Anopheles t ) during digestion &-d sporogeny. This
studly involves initially the developing of techniques to section fresh
frozen mosquito gut.

Sunmmaryv and Conclusion

During the period reported on we were able to maintain work
leadership in the field of malarial fine structure. Dr. Aikawa and
his former asseciatts at WRAIR were honored by his appointment as Chair-
man of the session on blood parasites at the International Congress of
Protozoology in Leningrad. Due to losses of personnel and shift of
research interest the work unit "Fine Structure - Malaria Parasites"
is being discontinued. Work in Progress will be taken up under the
work unit "Experimental Patholog and Metabolism of Plasmodia."
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Work Unit 114, Malaria program supervision

Investigators
Principal: David P. Jacobus, M.D.
Associate: Thomas R. Sweeney, Ph.D.

1. The Chemical Synthesis Program

As of the end of FY-69 there were 48 active synthesis contracts, 5
preparations laboratories contracts, 1 contract for the radioactive
labeling of compounds and 1 for chemical analytical work. During the
year 9 new contracts were let and 29 contracts terminated. Of the 48
contracts presently active, 27 are with academic institutions, 11 with
research houses and 10 with industry.

During FY-69 there was a total of 2109 compounds submitted from the
synthesis programs and about two-thirds of these were target com-
pounds. As of the end of FY-69 the overall cost per target compound
was $2352. Chemical publications and submitted manuscripts numbored
68.

Synthesis emphasis during the year has coalesced into three main
areas: the phenanthrene methanols, the antifols, and the polyhalogen
type compounds. One new area opened up in the benzothiapyrans with
the finding of activity in this system. The large 4-quinoline meth-
anol area has been de-emphasized. Most other areas not included in
the three main ones mentioned above have been or are being phased out.

Some highlights in the synthesis program include

a. The successful application of the Kroinke pyridine synthesis
to the preparation of 2,6-diphernylpyridine methanols.

b. The application of photochemical methods to the synthesis of
some azaphenanthrenes not easily obtainable via other approaches.

c. New routes to the introduction of the aminoalcohol sidechain
in the diphenylpyridine, quinoline and phenanthrene systems via the
carboxaldehydr which is formed from the reaction of the aryl lithium
with 114F and the conversion of the aldehyde to the epoxide using di-
methylsulfonium methylide.
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2. Preparations Laboratories

There were a total of 42 compounds requested from the preparations
laboratories during FY-69. Of this number, 15 were requested in large
(1 kilogram or greater) quantities, 17 in intermediate (100-500 g.)
quantities and 10 in small (10 g.) quantities. During the year 45
compounds were received in the following quantities - 21 small, 17
medium and 7 large. Some of these compounds were in the pipeline from
the previous year's request.

The synthesis of the 9-phenanthrene methanols by present Pschor ap-
proaches involves on the order of a dozen synthetic steps with a very
low overall yield. With the best compounds, which contain trifluoro-
methyl substituents, the starting mate:-ials are rather ure chemicals
which are quite expensive even when synthesized in small quantities
by relatively convenient and well known laboratory procedures. Thus,
to obtain large quantities of the target compounds by present methods
would be exceedingly expensive and other synthetic routes are being
investigated. One shortcut to the ring system would involve a photo
ring closure. This has been investigated to some extent but not ex-
tensively. It has the drawback that the reaction as carried out is
a high dilution one and unless volumes could be reduced, very diffi-
cult engineering problems would be anticipated. A totally new ap-
proach involving a readily available starting product is now under
study. This necessitates one step with sulfur tetrafluoride which
involves formidable engineering and chemical problems which would have
to be worked out but which seem soluble. A feasibility study is about
to be made on the sulfur tetrafluoride reaction. Good progress on the
other steps in this route is being made. Finally, there is the possi-
bility of a pyrolytic approach to the substituted phenanthrene system
which will be looked into. Thus, it appears that there is a good
chance of eventually avoiding the cumbersome Pschor synthesis. De-
velopment of one of these new approaches would be of outstanding sig-
nificance in pilot plant or commercial production of this type of com-
pound.

II

3. Acquisition of Chemicals

In addition to the synthesized compounds, new chemicals continue to be
received as gifts or purchased, and from the No Dollar contractors.
Out of a total of about 40,000 compounds received, approximately 23,000
were submitted under the No Dollar Agreement. The rate of acquisition
of new agreements fell off noticeably during the year. This decrease
reflects the loss of a full time high level professional to promote
these contracts. The bottling team collected about 17,000 compounds
during the year.
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Special chemical structure files have been created for USDA, PCRB 4

Beltsville; CCNSC, NIH; Fort Detrick and Fdgewood Arsenal in order
to facilitate the trading of compounds for screening. This activity
has been very useful for all parties concerned.

4. Cormunications

Three technical conferences were held at WRAIR for the contractors
morking in the aminoalcohol and antifolic acid areas, as well as test
systems contractors. The purpose of this 6as to afford the contrac-
tors first hand knowledge of each other's work and to exchange tech-
nical information through discussion. Equally important, the con-
ferences provided a forum for the exposition of new ideas with re-
spect to types of compounds that might be useful in enhancing anti-
malarial activity or decreasing undesirable side effects.

5. PharmacologZ and Clinical PRogm

During the past year the Pharmacology Department supervised the

contractors responsible for their pre-clinical studies of the anti-
malarial drugs scheduled for clinical trial, the contracts responsible
for the metabolism of these agents, and provided the first line of
contact with the three clinical centers involved in Phase I and
Phase II drug trials. There are 16 primary contracts concerned
with the preparation of safety information; 114 primarily concerned
with the metabolism and toxicology of the candidate compounds, one
with the detailed formulation and one responsible for an independent
check on the purity and components of both the raw drug and the
formulated final product. One additional contract for the conduct
of Phase I trials was added.

During the past year the Pharmacology Department prepared six In-
vestigational New Drug Applications as well as 15 Supplements.
Details on each of these drugs are reported in the respective INDs.

In the last 12 months the methodology for analysis of the various
drugs in early clinical trials has been expanded to include radio-
metabolism studies on absorption, distribution, excretion and
metabolic patterns on these drugs in man. The program has been
modified so that chemical determinations are expected to be Lvail-
able in addition to the radioisotope techniques. The test system
for the evaluation of drugs for phototoxicity was improved. As a
result of this increased sensitivity, the phototoxic action of
quinine in both mice and swine was unequivocally demonstrated if
the drug vas given on a repetitive basis. In view of the close
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relationship of quinine to the other methanols which have been
synthesized in the program, this phototoxic response was expected.
Tetracycline in these same systems is also phototoxic. A number
of methanol compounds have been developed wnich retain the high
activity of the 2-phenylquinolinemethanols but which lack the
phototoxicity shown by other members of this latter group. The
best compounds so far were the 9-phenanthrenamethanols. One of
these compounds is already in the clinic, and another one is
scheduled. The 2,6-diphenylpyridine also lacks phototoxicity and
possesses considerable promise. Emphasis was given to the phenan-
threnes because this group is the more effective. During the
forthcoming year emphasis will be placed upon blocking the metA-
bolic attack on these materials in order to provide an even longer
action than that shown by the 3,6-trifluormethyl-9-alpha-piperidyl
phenanthrenemethanol.

New test systems have also developed which use huan Plasmodia on
an almost routine basis. At the University of Chicago a very
simple scheme, involving the maintenance of trophozoites An
for 24 hours by the simple addition of glucose, has permitted
the evaluation of candidate drugs prior to conducting a pre-
clinical workup. In this system chloroquine and quinine show
markedly different responses in the chloroquine- and quinine-
resistant drug strains of falciparua. Likewise, folic acid
antagonists show a similar cross resistance if normal and
sensitive strains are used for ccmparison. A parallel system
has been developed in which the facilities at Insect Control and
Research Company, which are close to the University of Maryland,
are used for evaluation of drugs in the sporogenous cycle using A

both human normal and resistant falciparum strains. Fortunately,
the folic acid machinery remains intact throughout the sporo-
genous cycle so that cross resistance is easily discovered, and
agents may be selected for clinical development which have a
reasonable chance of success. Lastly, the Aotus system has also
developed the capability of screening compounds using humn nor-
mal and resistant falciparum strains. This system is essentially
blood induced and so far correlates with clinical results.

Detailed reports from the three clinical centers will provide
the specific information on the past year's activity. The
major contribution from the University of Chicago during the
past year was a continued demonstration of the gastocidal and
sporontocidal effect of primaquine administered on a weekly
batis. The drug-resistant strains respond as well as the old
drug-sensitive strains. The Ja vir test was used to survey
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an area around Cuiaba in Brazil. In this survey only chloroquine
was assayed. Cuiaba is on a dividing line between tributaries of
the river Paraguay and the Amazon. All patients from both valleys
having circulating falciparum trophozoites had chloroquine resis-
tance either equal to or greater than that manifest by the Camp
strain. The in vitro procedure has the advantage of assaying

resistance to more than one drug at one time and furthermore
determining drug resistange without the complicating factor of
the patient immunity which is manifest in the WHO test. The
naphthoquinone in the current formulation had local irritant

effect upon the gastrointestinal tract which precluded its ad-
ministration at doses expected to be effective. Those doses
which were administered were poorly absorbed. The major side
effect expected from the agent, namely prolongation of clotting
time, was not observed. The drug had no action on trophozoites,
but did have a sporontocidal action. The chemical therefore re-
mains of interest because, when administered systemically, it is
now known to affect all phases of the Plasmodia life cycle.

The University of Missouri has continued to study the combination
of Kelfizina and Trimethoprim. Chesson vivax remains appreciably
more resistant to this combination than the Camp falciparum strain;
however, a dose schedule effective in controlling this disease was
worked out. The responsiveness of the Camp strain in man was con-
firmed at the University of California National Primate Center
contract using Camp in the Aotus. Nitroguanyl was also taken
through Phase I and Phase II studies primarily for investigation
of cross rosistance. It was sufficiently non-effective that it
ws not useful even for this limited purpose. Phase I and Phase II
studies are underway at the present time on WR-4809, a 7-chloro-
4-aminoquinoline which has shown activity in the chloroquine
resistant preclinical studies. A commercially discreet compound
was also evaluated through Phase I at the University of Missouri.
Phase II studies are continuing. The compound appears to be active
against both normal Uganda I and chloroquine-resistant Camp strains.
At the present time the compound appears to be too rapidly excreted
to constitute a single agent in its own right. It does, however,
constitute a lead.

The University of Maryland has been concerned with tolerance studies
on the diforxyldiaminodiphenylsulfone alone, in combination with
chloroquine, and in combination with chloroquine-primaquine. At
the present time the drug shows a siarked potential to produce
methemoglobin when co-administered with primaquine. However, it
is markedly more effective when given in combination with chloro-
quine-primaquine than chloroquine-prinaquine alone. During the
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last year a number of new isolates were also made; the most studied
isolates have been the Taylor and Pooley strains from the Kota
Tinggi area near Singapore. These strains have shown much more
chloroquine resistance than previous isolates and tend to confirm
the expanding spread geographically and the increasing magnitude
of resistance. During the last year Phase I studies on WR-5677
were conducted by Dr. John Colmore at the University of Oklahoma.
The drug is now ready for clinical evaluation. Dr. Thomas Maren
has been examining the metabclism of diformyldiaminodiphenylsulfone;
specifically, the formyl groups seem to be rapidly excreted through
respiration. At the present time there appear to be a number of
metabolites which are thought to be comparable to those from DDS.

The clinical treatment of malaria in the field cortinues to be
quinine, pyrimethamine and DDS, the quinine being continued for
a period of 10 days, pyrimethamine 50 mgs daily for three days, and
DDS throughout the entire hospital stay. Last year it was reported
that there were 13,447 cases of malaria with 13 fatalities which
were assigned to malaria.

6. Summary and Conclusions

The Malarial Program has iii a sense progressed itto its third phase.
The first phase involved the scale-up in synthesis of known anti-
malarial compounds and their evaluation against the now drug-
resistant strains which were also in the process of being character-
ized. The second phase involved the edrivatization of neglected
leads from World War II. The third phase is the development in
the supporting research and screening components of the program
and involves the use of human Plasmodia for the selection of
agents to be developed either by chemical derivatization or
through preclinical study.

We consider the first phase to have been successful by virtue of
the combination of DDS with our standard chloroquine-primaquine
prophylaxis. The second phase has primarily involved the syn-
thetic development of mhainol derivatives and the development
of a number of folic acid antagonists, the most important of
which are commercially discreet. The antimalarial power of
certain of these agents suggests that the second phase will also
be successful and hopefully will provide us with new drugs. Both
major classes of compounds are, however, related to the old leads;
the methanols in that they have a side chain, and the folic acid
antagonists to known agents. Whiile these compounds and a number
of others, both open and coercially discreet, are effective
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against the resistant strains in which they have been tested, they
are the sane genert! classes to which resistance has developed.
There are from the screening program structurally r;ew classes of
materials which are proceeding toward clinical evaluation. Ihe
initiation of the third phase, however, will peinit the selection
for appropriate chemical development uf new st• icture leads which
do not show cross resistance against the human strains of interest -

a goal long sought in malarial chemotherapy.

Drug resistant malaria continues to be found in new areas, in old
areas with greater density, and often with an enhancement in re-
sistance. We continue to believe that a variety of an•"ialatjal
drags will have to be developed to handle the disease which is now
widespread in South America and Southeast Asia.

I
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23. (U) To determine the ,effectiveness of various standard and newly developed insecti-
cides and repellents against mosquitoes and other arthropods in nature, under field
conditions in Southeast Asia, with particular emphasis on Anopheles and other vector

-species.

24. (U) Materials to be tested are selected by the United States Department of Agricul-
ture Laboratory in Gainesville, Florida, assigned by law to develop military in-
secticides and repellentsb Materials selected for field trial are those which show
prcmise in screening tests, or standard materials being tested against important
vector species. Tests are conducted in conjunction with military units in Southeast
Asia. Insecticides are applied as fogs and dusts, and in various formulations
against larvae in the laboratory and field. Repellents are tested by skin and
clothifg application using local volunteers.

25. (u) 69 o1 - 69 06. Treatment of larval breeding sites with Abate insecticide effec-
tively controlled Aedes aegypti on Koh Samui Island, Island for a period of at
least 12 weeks. Dengue transmission was virtually stopped and no apparent new
transmissions were produced by Aedes albopictus mosquitoes which were not affected
by the treatment. This project has been terminated as the technical objectives
have been fulfilled
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Project 3A663713D829, MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 122, Field Studies on control of mosquitoes of Southeast Asia

Investigators
Principal: LTC J. E. Scanlon, MSC*
Associate: Dr. G. A. Mount** and Dr. D. J. Gould*)*

Description

Materials for field study are selected jointly with the Laboratory
of Insects Affecting Man and An!<mals, United States Department of Agri-
culture, Gainesville, Florida. The testing is accomplished chiefly in
Thailand, in cooperation with the US Army Medical Component-SEATO, and
Thai military and civilian health authorities. Insecticides are applied
as larvicides, and adulticides and observations are made on the effective
ness of repellents on skin, clothing and other materials.

Progress and Conclusions and Recommendations

RefPr to 1968 SEATO Medical Research Laboratory Annual Progress
Report.

S* Until 1 March 1969
S** Insects Affecting Man and Animals Laboratory, U.S. Department of 41
i o • Agriculture, Gainesville., Florida I

I

•'• ***US Component., SEATO Medico Laboratory i

tI

* Unti 1 Marills6
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Work Unit 122 Field studies on control of mosquitoes of Southeast Asia

Publications:

None.
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23. (U) Establishment of laboratory colonies of anopheline malaria vectors. These
colonies will be used for studies of comparative susceptibility to primate and
other malarias, genetic and physiologic studies, and as a 6ource of malarial for
other in-house and contract research programs. Y

24. (U) Mosquitoes are acquired through correspondence with independent investigators
or through field collections by Walter Reed Army Institute of Research or SEATO
Medical Research Laboratory Personnel. Colonization trials are conducted at
Washington, D. C., and optimal rearing procedures are developed for each species
colonized. Biologic experiments are conducted.

25. (U) 69 Ol - 69 06. New anopheline colonies were started to replace those destroyed
due to a microsporidian infection. Current weekly mosquito production averages
65,000 adults of Anopheles stephensi (3 strains), A. quadrimaculatus,
A. balabacensis, Culex gelidus and C. tritaeniorhynchus. Isolations of bacteria
from mosquito midguts indicates presence of bacterial succession following diges-
tion of blood meal, with serratia mercescens dominating. For technical reports,
see Walter.Reed AraW Institute of Research Annual Progress Report, 1 Jul 68 -

30Jun 69.
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Project 3A663713D829, MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 123, Colonization of anopheline vectors

Investigators
Principal: R. A. Ward, Ph.D.
Associate: CPT M. J. Peach, MSC

Description

Mosquito colonies are established and maintained for malaria and
arbovirus transmission studies, biological investigations on mosquitoes,
chemosterilant tests, developmrnt of new rearing techniques and as a
source of material for other in-house and contract research programs.

Progress

During November 1968 it was observed that excessive larval and
adult mortality was present in all the anopheline colonies. Investi-
gations indicated that a microsporidian pathogen, Nosema stegomyiae,
was the responsible agent. This protozoan parasite develops within the
fat body of larval and adult mosquitoes and is transmitted through con-
tamination of larval habitats by spores. Subsequent review of colony
introductions revealed that the parasite was inadvertently introduced
with new mosquito strains acquired the previous January or April.

Due to the high level of infection and inability to destroy the
pathogen through surface sterilization of contaminated anopheline eggs
it was decided to destroy all Anopheles colonies and acquire new
strains. All rearing equipment was either discarded or sterilized. Hu-
midity controls were turned off and the temperature raised to 350 C in
the insectaries for one week to kill microsporidian spores. As a
further precaution both rearing rooms were disinfected with a 25 per
cent sodium hypochloride solution and repainted.

At present the followir4 species and geographic isolates of mos-
quitoes are being reared:

Anopheles stephensi (India, Iraq and Iran)
Anopheles Quadrimaculatus (U.S.)
Anopheles balabacensis Thailand)
Culex gelidus (Malaya)
Culex tritaeniorhynchus (Japan)

Approximately 65,000 adult mosquitoes are produced weekly.

In order to reduce the possibility of the transfer of mosquito
pathogens through contaminated mosquito cages several modified mosquito
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cages have been constructed with a plastic framework instead of the
previously used plywood. These appear satisfactory in terms of fabri-
cation and are presently being evaluated.

The bacterial flora of adult female Anopheles stephensi (India)
was identified with the assistance of Miss Sylvia Carey Dept. of
Bacterial Diseases) in order to begin a study on the role of these
organisms in mosquito nutrition and host susceptibility. During each
of seven time periods list in Table 1, the midguts of six female mos-
quitoes were removed by sterile dissection and transferred to small
vials containing one ml of sterile heart infusion broth. The guts were
crushed and inoculated onto the following media: Casman's blood agar,
Chocolate brain heart infusion (BBL) agar and thioglycollate broth.
Before the mosquitoes were given their initial blood meal, 10 ml of
heart blood was obtained from the rabbit blood source of mosquito
feeds and subcultured as a control. All controls were negative. The
results of the isolations are summarized in Table 1.

Conclusions and Recommendations

A inicrosporidian patbogen, Nosema stego2yiae, was eliminated from
the anopheline colonies through sterilization of all rearing equipment
and discarding all infected colonies. The possibility of reinfection
from new colonies is still strong as the department does not have iso-
lation facilities available for the observation of newly colonized
material. Current mosquito production consists of 65,000 adults weekly
of three species of Anopheles and two species of Culex. Colonies of
additional anophelines and Aedes aegypti will be started in the near
future.

In newly emerged adults, bacteria were isolated from only 2 of 6
midguts, suggesting that the isolations found in two guts were con-
taminants. BRcteria isolated from midguts four hours following a
sugar meal or shortly after a blood meal were identical. 24 hours
after a blood meal, the bacterial flora began to change with Serratia
marcescens appearing and remaining the predominant species. 9 -hours
later, all bacteria previously present had almost exclusively been re-
placed by Serratia. These preliminary observations indicate that
there may be an ecological succession of bacteria within the midgut of
female mosquitoes.

4
11.
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TABLE 1

Bacteria Isolated from Midguts of Anopheles stephensi females
at various times before and after feeding*

U OU 0 Qo 0• oNS 1 i1r 0JGC 0r. 02 0U 0i) 02
o A 0 § a 2O 0) 0 0g.0 W

0 a) -P 0 0 0 W

New4eurAed 0 1 1 0 0 0 0 0 0

8Hours After 0 0 0 5 20 0 0 0 0

Sugar Meal

SHourAfter 0 0 0 5 2 0 0 0 0
Blood Meal

96 Hours After 0 0 0 0 0 5 0 0 0
Blood Meal

24eHours After 0 0 0 0 0 5 2 0 2Blood Mea~l

48HoursAfter 0 0 0 1 0 5 2 1 0
Blood Meal

96Hours After 0 0 0 0 0 5 0 0 1
Blood Meal

*Number of females infected with given pathogen out of sample of 6.
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Task 00 Malaria Investigations

Work Unit 123 Colonization of anopheline vectors

Publications

None.
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Foreign Intelligence Considered __M __
- (U) Anopheles; (U) Genetics; (U) Mosquitoes;

!Y) PElssoiuj (u) VMVaX m aU: (U) Susceptibility; 'U) Falcipa-um malaria; (U) Aotus

23. (U) Basic studies are conducted on the infectivity of human and simian alaJrial
perasites to various mosquito vectors of malaria. Special emphasis is placed on the
role of genetic and environmental factors in mosquito susceptibility. Mosquito trans-
mission of falciparum and vivax malaria to lower primates is attempted. The results

of these studies ere applied to the development of test systems for the evaluation of
antimalarial drugs.

2,. (U) Hitched feedings of anophelines on gametocytemic hosts are conducted, followed
by dissection- of samples of the mosquitoes at intervals thereafter to detearmine the
level and p.rogess of the infection. ass selection techniques are being employed to
identify a species/strain of Anopheles suitable for further study of the genetic basis
of the susceptibility of mosquitoes to malaria.

25. (u) 69 oi - 69 06. Aotus msonkeys 'nave been successfully infected with the Cheeson
strain of vlvmx malarisa by both inoculation of infrcted blood fr•e man and monkeys and
by the bite of rIfected anopheline mosquitoes. The complate sporvgonous cynlc of
parasite developwnt has occurred In wosquitoes and the second mosquito to primate to
mosqeuito cycle has teen observed.

7t Ow susceptibility of anopbeline mosquitoes to slaian malaria is partially con-
trolled by genetic factors and this susceptibility in a laboratory population can be
-odurede- by genetic soelction procedures. It ls therefore possible in principle to
produce a genetlcally resistant pure line. For technical reports, see Walter Reed ArvW
Institute of eq8*arcb Annual Progress Report, 1 Jul 68- 30 Jun 69.
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Project 3A663713D829, MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 124, Genetic aspects of sporogony in mosquitoes

Investigator.
Principal: R. A. Ward, Fn.D.
Associate: L. C. Rutledge, VSC and Mr. D. E. Hayes

Description

Basic studies are conducted on the infectirity of human and simiti
malar al parasiter, to various mosquito vectors of malaria. Special er-
phasis is placed on the role of genetic and environmental factors in
mosquito susceptibility. Mosquito transmission of falciparum and vivF._
malaria to lower primates is attempted. The results of these studies
are applied to the development of test systems for the evaluation of
antimalarial drugs.

1. Transmission of human malaria to monkeys

Previous attempts to infect mosquitoes with blood induced infec-
tioms of Plasmodium falcipar~m (Camp strain) in night monkeys, Aotus
triviragtus, have P.ll been negative. This failure to infect mos=ioe
has been attributed to the loss of gametocyte infectivity of the Camp
straJi through numerous blood passges in chimpanzees and night monkey'.

To eliminate this failure, future experiments were designed to utilize
strai.s of parasitcs whaic:h had a recent hictory of mosquito passage ir
htuimn volunteers or direct sporozoite infections from moequitoea.

D, January 1969 six splerectomIzed Autim were inoculated with fe I
iboldtes of the Taylor and Poole straine of P. f frrow Malaya.
Infected blood was collected from volunteeý.s at luiie bbtyland House of
Correction and eacth monkey was inoculated with 3 x I0P - 3.2 x 10' Peat -

sites intravenously and intraperitoneall,. LesE thatn three hours
elapsed between withdraval of the blood and animal inoculation. Thre*
monkeys were inoculated with each btre•i. At the end of one month,
monkeys in each group had died from non-Asaarial causes. The two surn -

"vor showed no evidence of malarial parisitemia up to fo,:r months aftm
inocu.ation. Two additional nighv. monkeyn were bitten by 25 heav••l•y -

fected Ano pheles . mosquitoes (average :xporozoite count 10' *;
rooites osqu.týo) during WWy 1969 whic1% had been previouasv infeo;ed ý-
with the Poole strLi. hott mo:keys lied bitfore completion of the
exo-.erythrocfytic Cycle.

Experimenta have been c iarted with toe Chesson strain of P. vivw to
establish a vosquito - menkey - mosquito cycle of this perasit;. 5 " •r-
&site is especially interesting because it is the standard stiain of v: 'ex
malaria which is used to assess 'he effL.acy of cai4tdate ant=l'riltl
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compounds in human volunteers in this country. This strain has been mos-
quito passed in mean for over 25 years and a large volume of literature is
available on the biology and response of this atrain to chemotherapeutic
treatment. If this vivax strain can consistent y be cyclically transmitted
in the Aotus system it should be an invaluable aid for the analysis of
sporonticidal drugs.

Initially three splenectomized monkeys, #388, 395 and 396, were in-
oculated with parasitized blood of Chesson vivax malaria. The infection
became patent between 2 - 15 days after inoculation (Table i). Mosquitoes
(Anopheles stephensi and A. quadrimaculatus) were fed on monkeys when
gametocytes were observed. All pools of Anopheles which were fed three
weeks after the monkeys were infected showed oocyst development. Although
the oocyst counts were low, usually ranging between 1 - 5 per infected
mosquito, they were normal in size and resembled P. vivax oocysts from
human feeds. Two weeks after infection sporozoites were present in the
salivary glands of the mosquitoes. Inffecttd anophelines (ex Aotus #388)
were fed on four splenectomized night monkeys and one chimparzee7-#7) to
determine the susceptibility of both host species to sporozoites after pas-
sage through a heterologous host system. The chimpanzee was used in lieu
of a human volunteer due to possible transfer of uncharacterized agents of
Aotus monkeys which might be transmitted through anopheline mosquitoes.
With the exception of two monkeys which died before completion of a possible
exo-erythrocytic cycle, all exposed animals became patent after a 12 - 24
day period. An additional transmission cycle was produced by feeding in-
fected mosquitoes from chimpanzee #7 upon Aotus #67 which became patent
21 days after infection. Abundant gametocytes appeared. on day 28 and mos-
quito infection trials are in progress.

During the initial blood passage from the human volunteer to night
monkeys, ll/h6 or 24% of mosquito lots applied to the monkeys became in-
fected. On a second monkey to monkey blood passage 12/21 or 57% of the
mosquito lots were infected. When mosquitoes were fed on monkeys or the
chimpanzee infected by mosquito bite from an infected monkey, 20/21 or 95%
of the lots contained infected mosquitoes.

The present observations indicate that a mosquito passaged cycle of
Chesson vivax malaria can probably be established without difficulty in
the Aotus system.

2. Transmission of simian malaria

This investigation utilizes Plasmodium cynomolgi in rhesus monkeys as
a model close to Plasmodium vivax in man. The experimental work embraces
two inter-related approaches to the problem. The normal variability among
and within available species, strains and populations of anopheline vectors
of human malaria is studied with respect to susceptibility to infection with
Plasmodium cynomolgi. This information is used as a gauge of the herita-
bility of the trait in question and as a guide to the choice of vector
species and strains for genetic selection experiments. Genetic selection
experiments are conducted with the expectation of isolating genetic factors
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for resistance and susceptibility to Plasmcdium c~nomolzi in pure strains
of mosquitoes. The ultimate goals are to determine mode of inheritance
and to determine whether such susceptibility-and resistance extends to
species which are vectors of human malaria.

A paper comparing Anopheles quadrimaculatus, Anopheles balabacensis
and four geographic strains of Anopheles stephensi with respect to sus.
ceptibility to infection with Pbimodiul cynomolgi is in press (Rutledge,
Hayes & Ward, 1969). Susceptibility within species and strains was found
to fluctuate in time in a manner consonant with genetic theory of popula-
tion gene frequencies. Heritability of the trait was established by dem-
onstrating significant average differences in susceptibility among vector
species and strains. Individuals of Anopheles guadrimaculatus showed the
greatest variability, and this species showed greater variability in time
than other species and strains. The average susceptibility of Anopeles
guadrimaculatus was significantly less than that of other species and
strains.

A number of genetic selection experiments with Anopheles guadrimacula-
tus have been carried out. The eggs of mosquitoes developing relatively
low and relatively high numbers of oocysts after feeding on rhesus monkeys
infected with Plasmodium cynomolgi are hatched and reared. The adult
females of this generation are compared with those of the stock strain
with respect to the average number of oocysts developing after the same
exposure to infection with Plasmodium cynomolgi. To date the progeny of
mosquitoes selected for resistance to malaria have developed an average
of 47% of the number of oocysts developed by the stock strain, and the
progeny of mosquitoes selected for high susceptibility to malaria have de-
veloped an average of 67%. This pattern of response to selection has also
been observed in preliminary selection experiments with Anopheles stephensi.
The reduced number of oocysts developed by progeny of mosquitoes selected
for high susceptibility to malaria is apparently due to environmental
effects. Mosquitoes used in selection experiments are necessarily sub-
jected to different conditions of rearing, handling and confinement than
the mosquitoes of the stock strain.

To date it has not been possible to routinely impose genetic selection
procedures on successive generations of Anopheles guadrimaculatus. Only
about 20% of the parent population can be selected for propagation if
selection intensity is to be adequate. Since dissection is necessary to
determine the humber of oocysts present in individuals of the parent pop-
ulation, reproduction of those selected for propagation is limited to a
single gonotrophic cycle. Mating, feeding, oviposition., hatching and
survival are all adversely affected by the conditions of close confinement,
repeated handling and isolation necessary in the selected procedures. In
addition, inbreeding itself is known to reduce mosquito fecundity and
survival in the first few generations.

I ~Three related investigations supplementary to this project are in the i

final stages prior to publication: (1) A time series analysis of the in-
fectivity of individual rhesus monkeys infected with Plasmodium cynomolgi
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to Anopheles stephensi is nearly completed. Cycles of gametocytemia in
the monkey were found to have a shorter period than cycles of infectivity
to mosquitoes. Consequently, periods of high gametocyte levels in the
monkey do not necessarily coincide with periods of high infectivity to
mosquitoes and periods of low gametocyte levels do not necessarily coin-
cide with periods of low infectivity. (2) Experimental work in a study of
the numbers of oocysts produced in similar mosquitoes exposed to equal
risk of infection has been completed. Zero-constant, bimodal, skewed and
normal distributions are observed. The normality of the distribution is
more nearly related to the proportion of mosquitoes infected than to the
average number of oocysts developed. (3) A study of sporozoite production
and survival in the period from the 8th to the 14th day after a mosquito
is infected is partially completed. The number of oocysts developed in
experimental mosquitoes is not a completely reliable guide to the number
of sporozoites that will be produced, since the sporozoite potential of the
developing oocysts is sometimes not realized.

Conclusions and recommendations

1. Aotus monkeys have been successfully infected with the Chesson
strain of vivax malaria by both inoculation of infected blood from man and
monkeys and by the bite of infected anopheline mosquitoes. The complete
sporogonous cycle of parasite development has occurred in mosquitoes and
the second mosquito to primate to mosquito cycle has been observed. Prog-
ress has been delayed by a shortage of night monkeys and non-specific
mortality of experimental animals. It is recommended that more rigid
standards be established for the procurement of these animals and tnat an
exception be made to purchasing animals from the lowest bidder on a con-

tract.

2. The susceptibility of anopheline mosquitoes to simian malaria is
partially controlled by genetic factorC and this susceptibility in a lab-
oratory population can be reduced by genetic selection procedures. It is
therefore possible in principle to produce a genetically resistant pure
line. Further progress will depend on allocation of sufficient personnel
for mass-rearing and extensive geneti.: selection of mosquitoes and on im-
provement of techniques for obtaining maximum propagation of the selected
mosquitoes.
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23. (U) Taxonomic revision and ecological investigation of the mosquitoes of Southeast
Asia. To compile data on the distribution,abundance, habits, disease transmission
potential and other aspects of mosquito biology, and to product monographs, keys
aid other aids for units in the field mosquito.

24. (U) Mosquitods are collected by cooperating military and civilian organizations in
Southeast Asia and forwarded to a combined Walter Reed Army Institute of Research.
Smithsonian Institution Team at the United States National Museum. Definitive
identifications are made there and collection data dealing with biology and dis-
tribution tabulated for later machine processing. Kegs and other identification
aids are produced for field units, and for later publication. Specimens are also
identified from older collections at various museums, and ecological and disease
data abstracted from published literature.

25. (u) 69 Ol - 69 06. Completed manuscript on anophelines of Thailand to be pub-
lished in CY 70. Taxonomic review of subgenus Muscidus of genus Aedes of S.E. Asia
completed. For technical reports see Walter Reed Army Institute of Research Annual
Progress Report, 1 Jul 68 - 30 Jun 69.
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Project 3A663713D829, MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 125, Taxonomy and Ecology of Mosquitoes of SE Asia

Investigators
PF'incipal: LTC J. E. Scanlon, MSC*

LTC B. F. Eldridge, NBC, MAJ J. F. Reinert, MSC**
1LT W. H. Tyson, NBC, MSG E. L. Peyton, AbEDD**

Description

Mosquitoes are collected in Southeast Asia by cooperating military
organizations and other groups. Other supplementary materials are ob-
tained from existing collections in museums and other institutions.
After study taxonomic revisions and descriptions are prepared for all
of the mosquitoes of Southeast Asia, with emphasis on the species of
medical importance. Sections of the work are published as completed,
and keys of value to military entomologists are prepared as required.
The eventual aim of the project is the publication of a series of mono-
graphs completely describing the mosquitoes of the area. In addition
collection and ecological data are recorded later for collation with pub-
lished data on the ecology of the various species. Studies under this
work unit are performed in conjunction with the Smithsonian Institution
under U.S. Army Medical Research and Development Command Contract
MD-2672. This report covers the in-house portion of the work only.

Progress

1. Anopheles of Thailand

The study of material from Thailand has been completed and a final
draft of a book-length work: Anopheles mosquitoes of Thailand, has been
completed. Publication of this work should take place in calendar year
1970. Before completion of the manuscript, considerable additional
work was accomplished during the report period. One Anopheles species
was added to the Thailand fauna, A. kyondawensis, originally described
from Burma. An intensive study of the minimus group was completed,
with the elimination of three species from the Thailand list, now shown
to be morphological variants of other species.

2. Aedes of Southeast Asia

a. Subgenus Diceromyia. A manuscript covering a revision of
this subgenus in Southeast Asia has been completed and should be pub-
lished this year.

* Until 1 March 1969
** Until 1 September 1968
N** Until 1 Septembtr 1968
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b. Subgenus Mucidus. A review of this subgenus has been com-
pleted and a manuscript is in rough draft. Illustrations of the species
are being made by artists at the 406th Medical Laboratory. A supplemen-
tary study involving six species in this group has been undertaken in
order to clear up an area of taxonomic confusion.

3. Uranotaenia of Southeast Asia

Approximately 2000 specimens of this group were examined from
Thailand and the Philippine Islands. Twenty-two species are recorded
from the latter area, three of which are new and undescribed. A study
of the male terminalia of the genus has been completed, involving the
examination of approximately 150 dissected and mounted terminalia speci-
mens.

Conclusions and recommendations

Publication of the Anopheles of Thailand should materially assist the
identification of malaria vectors of SE Asia. Completion of taxonomic
revisions of other mosquito genera of this area will facilitate the iden-
tification of closely related vectors of dengue and other arbovirus dis-
eases. Further collections of reared material must be made from other
Asian countries before completion of systematic studies can be achieved.
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Payton, E. L. and R. H Hochman. 1968. A revised interpretation of the
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Proc. Entomol. Soc. Washington 70(4): 376-382.

bcanlon, J. E., E. L. Peyton and D. J. Gould. 1968. An annotated check-
list of the Anopheles of Thailand. Thai National Sci. Papers,
Fauna Series No. 2, Bangkok, pp 1-35

Scanlon, J. E., J. A. x'eid and W. H. Cheong. 1968. Ecology of Anopheles
vectors of malaria in the Oriental Region. Cahiers O.R.S.T.O.M.
Ser. Ent. Med., 6(3): 4i3-52.
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Foreign Intelligence Considered .

(U) Aedes( Aronheles: (U) Mosouitoes: (U) PlAs;vdium: (U) Tissue Culture ¶

23. (U) Tu -t'.Iy Ly means oi an In vitro system, the metabolic activities of the
mosquito phaes of malaria parasites, Plasmodiln rallinace=m and P. cynool•gi, the
physiolb-Cy and biochemistry of the interaction L, tween the invertebrate host /Aedes
avgypti and Anopheles stephcrsi respe-:tively/ sn'i perasit.-, and the factors re-
sponsible for host specificity of the- aresitts. Maintenance and development of
thi various parasitic atag•es Tn vitro voaid provide a system for collectliz t
parasitic antigens. The possibility exL.its that such antigens could be utilized
for the production of antimalarial vaccines. t

24. (U) Development of a cultore medium which vwll permit the differentiation and
growth In vitro of the invertebrstr stages of the above-mentioned parasites, Eval-
uation of the competence of various organs, tissues and cells from the appropriate
mosqu.ito species to provide the parasites with a cellular miiieu In vitro comr-
able to that foum. In vivo. Biorhemic'tl v-•quirvmints of the parasites will be
determined primarily by the employment o0f chrort"Iraphic techniques.

25. (U) 69 01 - 69 06. P. cynotii.i oocyTtG we-rr placed in culture with priry and
establisheO cell lines of A. strphenci anl compared with the developmnt of control
oocystS placed in medi-m alone. Restlts were inconclusive as older oovyats in
both instances dev'lopc.I to th: point of literating tporoaoitex while eftorts to
obtain very young oocycts were ,uisuce- •.•.*ue to technical difficultieas.
Emphasis has beett shifted to finm;ing A. stisfactory method for obtaining much
yoanger stages ror culture. Ib particular, attempts are being made to isolate p.-
tocytes from the other blood form on density gradients. For technicgh ritortsjs ý
HWalter Reed Araw Institute of Pesearvh Annual Progress Report, I Jul -. 30 Jura9.
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Project 3A663713D829, MAIARIA PROPHYAXISI

Task 00 Malaria Investigations

Work Unit 126, Cultivation of mosquito tissues and malaria parasites
in vitro

Investigators
Principal: Imogene Schneider, Ph.D.
Associate: CPT David H. Chen, MSC

Description

This investigation is designed to determine the feasibility of
employing an in vitro system for the collection of large numbers of
malaria sporozoites free or virtually free of host tissue. Such para-
sites could serve as a source of malarial antigens for immunological
studies. In addition, attempts are being made to devise a culture sys-
tem capable of supplying the necessary nutritional, hormonal and/or other
factors for the growth and differentiation of the insect cycle of these
parasites. If this were possible studies involving the biochemistry,
physiology and host specificity of the invertebrate phases could be
readily undertaken. Prior work on culturing the mosquito phases of
malaria parasites has been largely confined to studies involving Plas-
modium relictum by Rall and Chao (Am. J. Trop. Med. Hyg. 13:181, 1i
and earlier publications). In such studies the younger stages underwent
little if any development in vitro -inereas the older stages were capable
of producing viable sporozoites.TIn this study two other host-parasite
combinations were employed, namely: Aedes aegypti-PltsmodLum allinaceum
and Anopheles stephensi-Plasmodium cynomolgi. The parasites were cul-
tured in various media alone and with cells from both primary and estab-
lished insect cell lines.

As an altern•ative to the in vitro system for ae mass isolation of
malaria sporozoites the technique of dlensity gradient centrifugation is
being explored. This technique is usually employed to separate subcel-
lular particles but in recent itudies has been extended to the isolation
of whole cells and organs. The success of thene latter studies indi-
cated that the technique might also be epplicable to the isolation of the
invertebrate stages of plasmodia.

The infected mosquitoes are homogenized in buffered saline and the
resulting brei ib subjccted to a series of filtration and centrifuga-
tiun steps prior to betig placed on a linear gradient. After high speed
centrifugation the sporozoites band at the appropriate density in the
gradient and are collected by bottom puncture of the centrLifuge tube.

Press

1. Cultivation of •nalaria parasites and mosquito tissue

In general, the results obtained when the parasites were cultured
alone in the various media closely paralled those of Ball and Chao.
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Details are given in the papers cited at the end of this report. *ince
the culture syst3m employed was a relatively static one it seemen lan-

__ sible that more substantial results might be obtained by the addf ion of
act±vely growing mosquito ceIls to the iultures. A number of mo !to
cell lines have been established in other laboratories and were I
able "or this study. In addition, three cell lin5s derived from
stage larvae of Anopheles stephensi were established in this labc tory.
Results obtained by placing the parasites In ary of thz.ie cell. la -; was
inconclusive. The older oocysts continued thcir development in c w! :
both with and without cells. Dissections of the youmger oocysts
difficult because of their .mall size and the number obtained was iot
sufficient to make valid comparisons. Hence, emphasis has been E Ltýi,ea
to finding a means of isolating the earliest stages. The most pt -Lsing
approach seems to be that of using density gradients. Rowley et i.,

,J. Lab. Clin. Med. 70:933, 1967) have shown that it is possible
separate the various blood forms of Plasmodiux be:-ghel in differe .an'r S
of the gradient. The parasitized cells from such a gradient reta
their infectivity which suggests that the procedure does not subj _
them to undue stress. Four gradient runs using blood infected wi
P. cynomolgi have been made thus far. The gradients are prepared ý'om
bovine serum albumin with a density range of 1.02 to approximatel i.15
g/cn? at 4VC. Ring forms pre, )minete in the denser portion of tb !'ra-
dient whereas the schizonts, regmenters and gametocytes are consi rably
lighter. Adequate separation of the forms has not yet been achie i but
this can probably be resolved by adjusting the steepness of the g lient.

2. Isolat.,on of malariasporozoites on density gradients

Seventy-ne centrif'ugation runs have been made employing Aed&
a mosquitoes infected with Plasi>d•ium Cllinaceum. In addi on,
approximately 30 runs have been ;made with Anopheles stephensi inf- ted
with P. cyncoolgi. Except where noted, the results given beow p tai,
to the former host-parasite system.

Earlier work with this technique employed a linear sucrose g: ient
with an 11 point range of 31 to 42 percont sucrose. Values for tl .,)an
sporozoite density in the peak fraction ranged from 1.156 to 1.15i *c.
Using a 1000 mosquito sample, up to 10' sporozoites could be reo *-,i
from the peak fraction and the number off sporozoites recovered pe :on-
quito was estimated at Ls5,000. (For morv detatILs see Chen, D). ff.
I. Schnaeider, 1969).

Further work has centered around two drawbackr encountered v. I
the above technique, namely: (i) the recovered sporozoites, &lthoi
intact and motile, are no longer infectious and (2) although the t , ers
of sporozoites isolated far surpass those obtained with the cultwu ."ch-
nique the prepamrtions are not a, clean. Loss %e infectivity was -

tributed to the use of' relatively high concentrations of sucrose r .

to obtain the appropriate densities. Hence, gradients employing i -

stances other than sucr?•e were tested. Among these were potassit
tartrate, bovine serum alb.uin (Fraction V), Ficoll and Renografir
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(methylglucamine diatrizoate with additives). The most successful gra-
dients were those utilizing both bovine serum albumin (BSA) and Reno-
grafir. (R) with the most effective concentrations so far tested being
20% BSA/20% R (dernity = 1.066 g/cm3 ) and 30% BsA/600 R (density = 1.161
g/cmr). In such gradients the peak band of P. gallinaceum sp.-rozoites
has an average density of 1.120 g/cm3 . Sporozoites recovered from these
gradients are infectious to chicks.

BSA/R gradients have also been used to isolate P. cynomojlgi sporo-
zoites from Anopheles stephensi. Although extensive data are not avail-
able the peak bands tend to be situated slightly lower in the gradient
than is tl-e case with P. gallinaceum and the density averages 1.124 g/cnm.
Infectivicy of these sporozoites has not as yet been tested.

Less progress has been made in overcoming the second drawback of
concomitant isolation of particles having densities very closely approach-
ing or equal to that of the sporozoites. Larger particles have been
eliminated by means of two additional centrifugation steps prior to
running the gradient. Elimination of the smaller particles has not yet
been achieved.

Conclusions and recommendations

1. A culture system which will adequately support the growth and
differentiation of the invertebrate stages of the malaria parasites has
not yet been devised. Various media are capable of maintaining the old-
er stages for a period long enough for them to complete their develop-
ment. Culturing the youngest and presumably the most responsive stages
of the insect cycle would pryoably yield much more information regarding
the nutritional needs of the parasites. Further efforts should be made
to obtain these stages in sufficient quantity and purity for such
studies.

2. At present, the technique of density gradient centrifugation
can be used very effectively to isolate massive numbers of malaria spo-
rozoites from infected mosquitoes. Since the technique avoids the handi-
cap of manual dissection the mass of sporozoites isolated is, to a very
large extent, limited only by the numbers of infected mopquitoes avail-
able. It, therefore, should prove of considerable value as a preliminary
step for both immunological and biochemical studies which in the past
have been hampered by the lack of sufficient material. The use of this
technique miLfLt also be extended to estimating the percentage of in-
fected mosquitoes in a given field sample, assuming further refinements
which will allow a tighter banding of sporozoites in the gradient. Ef-
forts should also be made to further purify the final sporozoite prepara-
tion.

1
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Soc. Exp. Biol. Med. 130:1318-1321.

Schneider, I. 1968. Cultivation in vitro of Plasmodium gallinaceum
ocysts. Exptl. Parasitol. 22.17T--186.

Schneider, 1. 1968. Cultivation of Plasmodium gallinaceum Oocysts in
Grace's Cell Strain of Aedes aegyti (L.). II Internat. Colloq.
Invertebrate Tissue Culture. Instituti Inmbardo. Milan. pp. 247-253.
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23(U) Study susceptibility of chimpanzees and other primates to infections of human
malaria. Study the characteristics of drug resistant strains, provide high density of
parasites for morphological aad biochemicel studies. Conduct physiological and patho-
logical studies of malaria and provide test animals for chemotherapeutic and immuno-
logical investigations.

9(U) Infect splenectomized, drug treated chimpanzees and other primates with plasmodia
of human origin. Observe the extent and duration of parasitemias, study the response of
different strains to chemotherapy, study susceptibility to reinfection with homologous
and heterologous strains.

25(u) 69 Ol - 69 06 'I.e 14th passage of chloroquine refractory Plasmodium falciparum
was repeated a second time in a splanectomized chimpanzee. A mixed plasmodia infection
resulted which was successfully treated. Blood frozen for 12 months from the 9th pas-
sage failed to infect a splenectomized chimpanzee. Two splenectomized chimpanzees were
Buccessfilly infected with P. falciparuin parasitized blood obtained from Aotus monkeys
and maximum parasitemias were 3.6 and 5.+ ptrcent. Chimpanzee infected with P. malariae
remalned patent fox more than 190 days. Using 100 million parasites 43 paý,sages with
Jalifornia isolate of P. falciparum (Camp) were lone in Aotus monkeys. Maximum parasi-
temias were consistently greater than 30 percent with deaths occurring in 7 to 12 days.
The chloroq~tine resistant mohterey strain of P. falciparum was obtained and passaged 4
timaes in 8 intact Aotus monkeys. The course of infection was less predictable but

. paraaitemias greater than 20 percent were common. For technical reports, see Walter
Reed Army Instittite of Research Annual Progress Report, 1 Jul 68 - 30 Jun 69.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00, Malaria Investigations

Work Unit 127, Test systems for Plasmodium falciparum

Investigators.
Principal: EJ.Xl H. Sadun, Sc.D., Lib. Doc.
Associate: MAJ Robert L. Hickman, VC; CPT John C. Key, VC

1. The use of subhuman primates for experimental studies of human malaria.

A serious obstacle to an adequate understanding of human malaria has
been the lack of suitable animal models in which plasmodia could be studied
under controlled conditions. Limited success was reported in infecting
monkeys with Plasmodium falciparum more than 30 years ago, but only in the
past few years have investigators been able to maintain and transmit human
plasmodia in subhuman primates. Experimental infections of human species
of malaria have been reported in the chimpanzee (Pan satyrus), the gibbon
(Hylobates lar) and the owl monkey (Aotus trivirgatus). Therefore, new
hosts are now available for providing the basis of a better understanding
of human malaria and for producing relatively large quantities of parasites
for biochemical and immunologic studies. Severe limitations still exist,
however, since these primates must be obtained as feral animals, are
available only in limited numbers and adapt poorly to laboratory conditions.

This report describes infections of chimpanzees and owl monkeys with
3 species of plasmodia (P. falciparum, P. vivax and P. malariae) and the
various pathologic, immunologic, physiologic and biochemical investigations
for which these host-parasite systems were uied. Some of the advantages
and disadvantages associated with the use of these animals is also discussed.

A. Host Animals

1. Chimpanzees. A total of 77 chimpanzees were purchased for malaria
studies, of which 57 were eventually used. Details of their procurement
and treatment during quarantine were reported previously,

On release from quarantine, the chimpanzees were caged individually
and provided a diet of monkey chow, fresh fruit, vegetables and water.
The animals underwent a conditioning period, followed by sp.enectomy,
pro-infection chemotherapy and experimental inoculation with malaria.
Each was trained to submit to rectal temperature and bleeding procedures
in order to avoid the use of sedation or undue restraint and to minimize
the risk of injury to the chimpanzee or the handlers. Splenectomies were
performed essentially as described by Elovitz et al. Seven days after
splenectomy, or earlier if a spontaneous malarTal-Tnfection was observed,
treatment with chloroquine (7.3 fig. base/kg. i.rn. for 3 days) and prima-
quine (.75 mg. base/kg. i.m. for 14 days) was initiated. Post-treatment
examinations for natural malarial infections were performed weekly or
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more frequently for aminimiua cf 30 days before the animals were exposed
to infection. During this period, blood for pre-infection hematologic
and serologic tests was also col. ected.

2. Owl monkeys. A total of 136 of 203 owl monkeys procured from
Colombia was used in these studies. The monkeys ranged in weight from
450 to 900 grams and both sexes were represented although nearly 5 times
as many females as males were used.

Upon arrival, monkeys were quarantined for a minimum of 3 weeks
during which time they were tattooed, tuberculin tested and individually
treated for any disease which occurred. Following releaje from quarantine,
they were transferred in lots of 20 to 4C t6 an empty, oreviously sensi-
tized room where they were housed initially ii pairs. Room temperature
was maintained between 79 and 85 F with a high relative humidity. The
monkeys were provided a diet of monkey chow ad libitum, bananas, apples,
and vitamin supplemented water in wide-mouth containers. Live neonatal
mice were placed in the cages 3 times a week. After experimental inocu-
lation, each animal was placed in an individual cage.

Fifty-eight owl monkeys were splenectomized to meet the requirements
of a particular infection or experimental protocol. Blood for hematologic
examination and serum collection was drawn and several blood films from
each animal were examined for parasites before experimental inoculation.
Pre-inoculation treatment with antimalarial durgs was not given.

B. Infections

1. Inocula. Several strains and isolates of human Plasmodium spp.
were used (Table 1). All fresh inocula were quantified for parasitized
red blood cell per cmm. of blood and total parasitized cells injected.
No parasite counts were made for inocula from frozen blood but thin
smears were examined for morphology of the parasites and host cells.

P. falciparum (Camp.) is a chloroquine resistant strain which was
originally obtained from a patient in Malaya, tested in volunteers and
forwarded to this laboratory by Dr. Robin Powell. In a previous report
this strain was designated as a South East Asian (SEA) strain of P.
falciparum. The same report describes the West African (WA) straln of
P. falciparum obtained from a patient in Nigeria.

The P. falciparum (Camp./W) strain was isolated from a chimpanzee
infected with P. falciparum (Camp.) during the eighth passage. In ad-
dition to the passages indicated in Table 1, periodic subinoculations
were made 8 times from splenectomized to non-splenectomized owl monkeys
and 3 passages were made in non-splenectomized animals. The origin of
P. falciparum (Camp./C) and infections in owl monkeys were first described
by Geiman, et al. The strain was passed many times in owl monkeys in two
California laboratories before its use at this Institute.
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Both the P. falciparum (Uganda) and P. falciparum (Nigeria) isolates
were obtained from patients who contracte m ia while in Africa. P.
vivax (Varnes) was obtained from a patient recently returned from Korea.
MT-eChesson strain of P. vivax was provided by Dr. David Clyge after its
isolation from an infected volunteer. Dr. Peter Contacos provided the
isolate of P. malariae, also from a volunteer.

2. Clinical observations and treatment. All animals were observed
daily and any abnormalities in behavior or general appearance were re-
corded. Immediately upon detection of nonexperimental disease, symptomatic
treatment, was initiated and then followed by more specific therapy when
results of laboratory tests became available. After inoculation for
experimental malaria infections, blood was collected routinely for para-
sitologic, hematologic and serologic examination. P. falciparum (Camp.)
infected chimpanzees were treated with antimalarial drugs to test the
drug sensitivity of the parasites and, later, to suppress high parasitemias.
Treatment consisted of intramuscularly administered chloroquine HCl in
3 to 5 doses of 7.3 gm. base/kg. at 24 hour intervals or orally adminis-
tered quinine in 7 doses of 22 or 73 mg. base/kg. at 24 hour intervals.
Transfusion with non-infected, compatible chimpanzee blood and other

j supportive care was given when required. Experimentally infected owl
monkeys were never treated with antimalarial drugs and only rarely treated
for concurrent spontaneous disease.

3. Parasitologic determinations. Malaria infections were identified
in Geimsa-stained thick and thin blood smears, Quantitative determinations
of the parasitemias were made by counting the number of paiasitized RBC's
per 100 WBC's or 10,000 RBC's. Results were recorded as percent para-
sitized RBC's per cmm. of blood. Developmental distribution of the
parasites and abnormal morphology were also noted.

C. Passive Immunization

The general methodology and results of passive immunization studies
using chimpanzees infected with P. falciparum was reported previously.
West African gamma globulin (WA) was extracted from plasma obtained in
Nigeria, It was administered to splenectomized chimpanzees in a manner
designed to determine if an immunoprophylactic and immunosuppressive
effect could be demonstrated against the Camp. (SEA) and WA strains of
P. falciparum. Moreover, plasma was collected from several military
patientshaing a history of infection with P. falciparum contracted
while in South East Asia. Results of indirect fluorescent antibody (IFA)
tests indicated that the titer of the pooled plasma exceeded 1:500.
Gamma globulin (SEA-USA) was extracted by the American Red Cross using
a techlique described earlier.

The SEA-USA gamma globulin was administered intramuscularly daily
for 4 days to 3 chimpanzees in doses of 50 mg./kg. of body weight and
2 chimpanzees were given the same amount of non-immune gamma globulin.
On the second day of treatment (day 0) the 5 chimpanzees were inoculated
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with SEA P. falciparum (Camp.) infected chimpanzee blood containing
4 x 107 parasitized RBC's. Daily parasitemias were compared to determine
if an immunoprophylactic effect resulted from the use of SEA-USA gamma
globulin.

D. Active Immunization Study

Protection of chimpanzees against P. falciparum infections was
reported earlier. After treatment and apparent elimination of a primary
blood induced SEA P. falciparum (Camp.) infection, 4 chimpanzees were
challenged with the same strain and 3 were challenged with the WA strain
of P. falciparum.

Active immunization of owl monkeys against P. falciparum (Camp./C)
was attempted by inoculation of parasitized blood irradiated by exposure
to a dose of 25,000 r. Fourteen monkeys were given 4 intravenous inocu-
lations of 2-3 ml. of irradiated RBCt s containing 1-5 x 109 parasitized
RBC's at weekly intervals. Equivalent amounts of non-infected identically
irradiated RBCs were administered to 11 other monkeys. A third group of
11 animals was not treated. During the immunization period several monkeys
from each group died apparently due to nonexperimental causes. The
survivors were challenged 9 days after the last immunization by intra-
venous inoculation c,' P. falciparum (Camp./C) infected blood containing
100 parasitized RBC's.

E. Other Studies

Additional methods used in specific experiments presented in this
paper will be included, when pertinrnt, in the presentation of results.

1. Chimpanzees

a. Pre-infection findings. A period of several weeks was required
to prepare new chimpanzees for experimental infections. During this
time 19 animals either died or were found to be unsuitable for use. The
primary cause of death in 5 cases was diplococcal pneumonia, whereas
other agents and accidents were implicated in 10. Four additional
chimpanzees were rejected because they were not amenable to frequent
handling.

Natural malaria infections (6 P. schwetzi, 1 P. reichenowi, 1 P.
malariae and 3 unidentified) were detected after splenectony In 1 16f
the c'himpanzees used. These were apparently erad'cated by antimalarial
treatment. Several animals had microfilariae and one had trypanosomes.

Although exposure to chimpanzees has been implicated as the source
of human cases of infectious hepatitis, only one diagnosis of infectious
hepatitis was made in persons having had contact with this colony. That
occurred in an i.ndividual whose exposure to cther possible sources of
infection was considerably greater than his single contact with one
chimpanzee. Seven experimental chimpanzees housed in an isolated animal
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room were euthanized after tuberculosis was diagnosed. Tuberculin skin
tests were consistently negative in the remainder of the chimpanzees.
All chimpanzees were infected with a variety of intestinal helminths
and protozoa among which Strongyloides sterocoralis, Endamoeba histolytica
and Balantidium coli were frequently identified.

b. P. falciparum. Splenectomized chimpanzees were shown to be sus-
ceptible to infection with both WA P. falciparum and SEA P. falciparum
(Camp.). Fourteen passages of the latter strain were made in 41 animals.
The infections in 24 animals were allowed to run their natural course
or were not treated until a high level of parasitemia was reached
(Table 2). Despite the variable size of inocula, the prepatent periods
and the days of maximum parasitemia were within a relatively short, pre-
dictable range. The maximum parasitemias were consistently high after
the fifth passage, and appeared to be unrelated to the size of the
inocula. During the fifth passage, 4 of 5 untreated animals developed
elevated temperatures. Of these, all but one demonstrated evidence of
chills at 48 hour intervals during the periods of maximum parasitemia.
One chimpanzee died as a result of the infection. During the next 9
passages, fever and apparent chills were observed in 7 of 11 animals.
One of these animals was not treated and died, while 2 others were given
chloroqaine and transfused. A marked anemia invariably developed con-
currently with the logarithmic increase of parasitemia. During the
period of maximum parasitemias in untreated animals, erythrocyte counts
less than 1.5 million per cmm. of blood, hematocrits less than 12 percent
and hemoglobin values less than 3.0 gm per 100 ml. of blood were common.
A characteristic course of parasitemia and accompanying anemia is
graphically shown in Fig. 1.

In all infections, only early trophozoites were observed in the
peripheral blood during the first few days of infection. Later, as
parasitemias increased, mature trophozoites and schizonts were seen.
Gametocytes were seen only occasionally near the peak of parasitemia
and were always immature in appearance. Recrudescences frequently oc-
curred. They were charf'cterized by the reappearance of parasites in
the peripheral blood, usually at a low level, and by a moderate decrease
in the number of erythrocytes. Parasites were found in one chimpanzee
6 months after inoculation. Although chloroquine in therapeutic doses
failed to produce radical cure of the 6 chimpanzees treated, a marked
suppressive effect accompanied by typical alterations in parasite morph-
ology was noted.

The effect of parasitemia on the osmotic fragility of chimpanzee
erythrocytes was determined and reported previoutly. As in other jpecies
of mammalian malaria, the osmotic fragility increased significantly as
the parasitemia increased. Blood clotting defects were studied in only
a few infections but no evidence of the defects demonstrated in human
infections was found.
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Table 2

Infections of Splenecton'ized Chimpanzees
with Plasmodium falciparum (Camp.)

Maximum
Day of Parasitemia

Passage Number of Maximum (Parasitized
Number Animals Parasitemia RBC's Remarks

per cmm/10 5 )

1 3 11-19 o.1 -4.0 No Rx
2 1 18 3.7 No Rx
3 3 10-23 5.2 - 9.1 No Rx
4 1 14 3.4 No Rx
5 5 6-10 o.1 - 16.o No Rx, 1 Died
6 1 16 3.6 B,T
7 2 12,12 5.1, 10.0 No Rx, 1 Died
8 2 13,13 7.1, 8.2 B,T
9 1 11 5.6 No Rx

10 1 11 14.o B,T
11 1 12 5.6 No Rx
12 1 14 9.1 B,T
13 1 17 8.4 B,T,C
14 1 9 8.6 B,TIC

No Rx - No treatment T - Transfused
B - Bled on days of maximum parasitemia C - Treated with chloroquine

OL
Ii

A J

I

Fig. 1. Parasite and R1C counts 1'rom a splenectomized
chimpanztec infc,'tt.,; with P. ',Iciparum (C-vjI,.) during
the `vurt(cofnth i.aUa'
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The ,rur ,Icoi.-.,. .mmages which occurred during the course of
...niocti on wert.2e 't" C. A significant increase in transaminases

nCt-'r tmd '(. rease in the SGP-T/SGO-T ratio was related to
,h• .ncrew in nuur•,: : ,' parasites in the peripheral blood. The highest

va. ueŽ wc('e ohserv,,d (c-'ing maximum parasitemia. The results of electro-
•hor•,-c .'r nay•.:, .ii:'ted a decrease in albumin, alpha 1 and betaglo)bi"'•.r antc, .. ent increase in alpha 2 and gamma globulins with
a 1,onrIcouv.rt Cecr'e,7, in A/G ratio.

Pe_.;-'At the i,',,aturity of the few gametocytes observed in the
periýhe-. blox, 1(,o:heles stephensi were allowed to feed several times
on day- atr, arettw,-ytes were detected. No oocysts were found on subse-
quent mc:ite -. :.•viions.

In an f'ort to, determine if passage in chimpanzees had altered the
host speciflic:ty, two rhesus monkeys (Macacca mulatta) were splenectomized
and wnocuatc, w 4tn 4 x 10' parasitized RBCTs from a P. falciparum (Camp.)
infected chip..panzee. Blood films examined 3 times per week during a
12 week period f`ih.•d to demonstrate evidence of infection. Infected
blood f'rom a chi'npanzce was used to establish one of the first P. falciparum
inCections in thb owl monkey.

Att.ýirpts to reinfect splenectomized chimpanzees indicated tnat a
prirmary _infect'.o,, of P. falciparum induced protection against challenge
wi'*h tVý , ý;train but not with the heterologous strain of this
Spar"a•'iI t. I'rcv.,c' i:• reported passive immunization studies indicated
t2*t:,#.meW -l' .th WA Fam'va glcbu.in apparently had no effect against 6he
SKA P. ,• .•parnu, (Camp.) infections whereat; it did produce an immuno-
pr(iihy. actic and 1wint-iosuppressive effect against the WA strain of
P. 'ak varwn. Thrv,. of 5 chimpanzees infected with SEA P. falciparum

'a.•p-.) wer , ated prophylactically with SEA-LISA gamma globulin
(Fig. 2n). ihere was a decrease in the slope of parasitemia line and
an iznio.-tin that thu maxim-,m parasitemia attained was lower in tlh
SFA-1JL;/ ýaia,•, f•,iLlin treated animals. The imimunoprophylactic effect
a-jlcar,,f to J,, 1,.ratr than that shown for the heterologous system
(Fie.. 20) and tiif•r'uvrnt from that shown for the other homologous system
(fig. .1c). 'l'j~e prolonged prepatent periods and delayed increase in
paraf:iItemitt rý.ported in the latter case were not observed.

, ,o porasitized blood were collected from infected
ri. ir.a, "•, , r• rpose of harvesting the parasite or parasite by-

t.. ..... : wiih relatively low numbers of parasites was provided
f•r tlp',. litatif0n .. ' zlides for diagnostic training and for a few

* t.r.lat.• t2 ifi :itrv c-;itivation.

4[ !li,' 1A':i.•t.ud ,ocr.i was obtained primarily for the preparation
Sot acir•, u~.• t,•.. A.1 V: i .tal,lijhed iruunodiagnostic malaria tests anI

iF:: .r 41c{. Wv t, ,,e: •" '.,. c , :,

SThiu : ,". iti..I, Llood were used in the indirect fluores-
Sce.t ,H ., .' ,,.. t, establish the titer and its persistence in
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P. falcigarum and P. vivax infected servicemen who had recently returned
from Vietnam. The results indicate that human malarial parasites from
chimpanzees provide satisfactory results when used as sources of antigen
for this test.

Antigen for the complement fixation test was prepared from SEA P.
falciparum (Camp-.) infected chimpanzee blood using a method describeE by
D' Antonio et al. The specificity and sensitivity of this test were
evaluated and the pattern of antibody production in P. falciparum infected
human patients was determined. The appearance and development of antibody
was in close agreement with data obtained using the IFA test. Disrupted
freed SEA P. falciparum (Camp.) parasites were fractionated and a soluble
fraction was used successfully in a hemagglutination test to detect anti-
body in human sera.

A soluble antigen fluorescent antibody (SAFA) test was developed for
the serologic diagnosis of human malaria using lysates of parasitized
erythrocytes from P. falciparum infected chimpanzees as antigen. These
lysates were separated by ion exchange column chromatograph and one
fraction (No. 4) was found to confer to this test a high degree of sensi-
tivity, specificity and reproducibility. Since a very small amount of
antigen was required, approximately 50,000 SAFA tests could be performed
with the parasite material normally collected from a single infected
chimpanzee.

A micro-method indirect hemagglutination (IHA) test was recently
developed using lysates of parasitized erythrocytes from SEA P. faleiarum
(Camp.) infected chimpanzees after separation by column chromatography
as described for the SAFA test. The most active antigen for this test
was found to be in fraction No. 3 of the preparation. Since fraction
No. 4 was selected for the SAFA test, antigen for both tests'could be
supplied from the same volume of infected blood. Results of comparative
tests using sera from human volunteers suggest that the SAFA and IHA
tests follow similar time course development antibody curves. The micro-
hemagglutination test, like the SAFA test, required a very small amount
of antigen.

c. P. malariae. A single splenectomized chimpanzee without a
history of natural malaria was inoculated with P. malariae. An infection

* was established which persisted for more than i'0 #ays (Fig. 3). After
a prepatent period o0 8 days, the parasitemia increased rapidly and on
day 23 reached a maximum of 96,000 parasitized RBC's per cm. Another
peak of 41,000 parasitized RBC's per cmm. was detected on day 64. There
was no clinical indication of paroxysms although schizogony, as demon-
strated by changes in relative parasite maturity, was synchronous enough
to enable the detection of a 72 hour cycle. In the earlier phase of
infection, parasite morphology was typical of that described for P. malariae.
For approximately 2 weeks, however, beginning at the peak of parasitemia,
an increased number of atypical asexual forms was observed. The tropho-
zoites were more ameboid and the host cells were slightly enlarged.

)
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Fewer. ..... as. -,:e darasimia de(r,Žased. Mature
microaar-•,, .,wr- .n 'able on uhe fifth day of patvney. On day
29 there ,, ' ).d. .*o o, tic maximun concentration observed.
Anophele rn , ,i t.--r ,twEd 1to 'cud on the chimpanzee on six dif-
fe2renL o-o wtnou.uc,_e.sf'ALy establishing a mosquito iTfection.

A modrat, nfiem.La i-L tciatnd w-tL tnc acute phase of the infection
was inf..uerlcýt. 0. re!ea'L,.a olooci collections. Infected blood was used
for the p'-epuraion o' s,.Lides for teaching purposes and parasites were
harvested anot procf, :.`d 'or antigon to be used in the complement fixation
(CF) test. Fvalu?'tion of 'this antigen in the CF test is still incomplete.
Blood was io 0 .,wn uor injection into 2 ow-L monkeys in an attempt to
evaluatc ti~i,. F.flai as an experimcrbtal nost.

-i1ED -0

7420
DAYAP tPfi OCA. '0

Fig. 3. Parasite aý-id ,U)C cou`, ro a splenectomized
chimpanzee infected P½ . rittliriae.

2. Ow-oky

a. Pre-infection findings. Of the 203 owl monkeys procured for the
purpose of studying malaria ifctionsý oi' hi~an origin, 67 or 33 percent
died before being excperimentall y 1`.nonujated. ¶Qwe_.,."e died as a result of
traumatic injury, post surg-Icai o .f. or -. aboratory accidents.
Of the remainder, patbologi:! ain' to:o~oj~ exa:xLnations established
that penumonia was mcwt ro.nte ~ o ,4i.-h Klcbsiella
pneumoiae the pre x~iiria,*.x; ;vIgaid , ri3o a b~t~d. i i.Aa cross pathologic
observations were acut. :)v .)a.--,ia'L.y rej6u,.veu pneumUoni Lesions, ulcera-
tions of' the rtastr'fi .ncoa, avae aDf Pentosturna spl). and adult filarial
worms. Short black thorns were freqt~ently notc5 ý.. the subcutaneous tissueS
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and occasionally longer thorns, up to 2 cm. in length, were f'oind pene-
trating the body wall. Lesions, including intranuclear inclusion bodies,
characteristic of Herpesvirus hominis or Herpesvirus T. were occasionally
found histologically. Uncertanty concerning the incidence of' viral
infections and their possible role as a primary cause of death prevented
us from establishing a definitive diagnosis in a number of instances. it
was apparent, however, that non-experimental morbidity and mortality rates
in these monkeys were high. In addition, an indeterminate number of owl
monkeys infected with plasmodia sustained non-experimental infections
which prevented us from achieving a proper interpretatlon of the experi-
mental data.

Intradermal palpebral tuberculin tests in these animals were con-
sistently negative. No evidence of pre- or post-splenectomy malarial
infections was detected before experimental inoculation. Microfilariao
were detected in six monkeys and trypanosome infections in two others.
Intestinal helminthic and protozoan infections were rare and did not
include species of significant zoonotic importance.

b. P. falciparum. Two African isolates of P. falciparum, Uganda

and Nigeria, were not infective when inoculated into splenectomized owl
monkeys. No parasites were detected during the observation period of
120 days.

Owl monkeys were susceptible to two isolates of P. falciparum, Camp./W
and Camp./C, from chimpanzees. On initial isolation, P. falciparum
(Camp./W) inocula produced infections in 2 of 3 splenectomized owl monkeys.
The prepatent periods were 48 and 59 days and maximum parasizemias were
1.5 and 11.5 percent respectively. No parasitemias were detected within
90 days in one splenectomized and in two non-splenectomized monkeys. In
5 subsequent passages in 10 splenectomized monkeys (Table 3), using
inocula of 100 parasitized cells, the prepatent periods ranted between
1 and 4 days. Maximum parasitemias ranged from 1 percent or less in 4
animals to 25 percent in one animal. Eleven further passages in 13
splenectomized animals were made using inocula of the samu siý,,• (Table 3).
Prepatent periods were 0 to 3 days. Only two animals faiZed Co )develop
a high parasitemia and one of these died with a 7.0 percent parasitemia
7 days after inoculation. Nine monkeys that died had terminal parasi-
temias of 22.5 to 86 percent. The mean parasitemia was ,L.. pfercent and
the mean survival time was 16.4 days. The -haracteristic course of
darasitemia in these animals is shown graphically in Fig. 4. Two monkeys
survived maximum parasitemias of 18.5 and 20 percent and bozh infections
remained patent for more than 90 days.

Periodic subinoculation from heavily parasitized splenectomized
monkeys to 14 non-splenectomized monkeys resulted in short term infections,
but parasitemias never exceeded 1.0 percent. By using inocular of 109
parasitized RBC's, infections were passaged 3 times ir. non-splenectomiz~2
animals. The heaviest infection detected was 13 percent.
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Table 3

Infections of Splenectomized Aotus trivirgatus
with Plasmodium ialcipar-- (Camp./W)

Maximum Parasitemia
Passage Number of

Number Animals <1 >1 to 5 >5 to 20 >20

1-6 13 4 3 5 1

7-17 13 1 0 2 10

*SEOO

*2

0 I 4 %W m :Oc e 8

Fig. 4. Parasite counts from a splenectomized owl monkey
infected with P. falciparmn (Camp./W) and a non-splenecto-
mized owl monkey infecte with P. falciparum (Camp./C).
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The P. falciparum (Camp./C) isolate was passaged 30 times in 45 non-
splenectomized monkeys in this laboratory. Although the isolate had
already been passaged many times in non-splenectcmized animals before it
was received, the parasitemias during the first seven passages were
unpredictable (Table 4). Conversely, subsequent passages produced very
predictable parasitemias with prepatent periods of 0 to 2 days, followed
by a rapid increase in parasite counts to a terminal peak parasitemia
jf more than 30 percent parasitized RBC's. All the animals succumbed
to the infection after 6-13 days (mean = 9.3 days). A typical course
of parasitemia is shown in Fig. 4, and data from four passages in 6
animals are presented in Fig. 5.

Table 4

Infections of Non-Splenectomized Aotus trivirgatus
with Plasmodium falciar_----amp./C)

Maximum Parasitemia
Passage Number of
Number Animals <1 >1 to 5 >5 to 20 >20

1-7 12 3 2 3 4

8-30 33 3 0 0 30

L •.6

4 a 6

•Ia. ,lamg.

) Fig. 5. Parasitologic and hematologic data from seven
non-splenectomized owl monkeys infected with P. falciparum
(Camp./C).
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A comparison of the Camp./W and Camp./C infections (Fig. 4) shows
significant differences as well as striking similarities. Prepatentperiods were approximately the same, but, despite the fact that Camp./W

infections were passaged in splenectomized owl monkeys, the period during
which the number of parasites increased logarithmically was delayed ap-
proximately 5 days, probably accounting for the increased longevity of
the host. Once the increase began, the rate was the same for both strains.

The morphological features of parasites from both isolates were
similar and conformed to the original description of P. falciparum in
the owl monkey. The infections were rarely synchronous although a 48
hour cycle was usually apparent. At infection levels of less than 5
percent, the population of parasites consisted predominately of small,
typical ring forms. Above 10 percent, all asexual forms were represented.
Only immature gametocytes were seen occasionally in those animals which
survived at least 11 days.

Despite the paucity of gametocytes (morphologically immature),
mosquitoes were fed on infected monkeys having gametocytes in an effort
to establish the exogenous portion of the cycle. The results of 18
feedings by either A. stephensi or A. balbacensis were consistently
negative.

Severe anemias which accompanied the increases in parasitemias (Fig. 5)
were evidenced clinically by pale mucous membranes, cold extremities and
a tendency for the monkey to tire quickly and to develop marked respira-
tory distress. Despite these signs, the animal-s remained alert and active
with good appetites until 24-48 hours before death. At that time they
became severely depressed and weak, assuming a hunched, head down attitude.
Signs of classical paroxysms were not observed. Body temperatures were
so highly variable that significant changes could not be detected.

Gross and histopathologic findings were remarkably consistent. Spleno-
megally and widespread distribution of pigment were seen. The spleen,
when present, and liver were blue-black in color, the lungs were gray,
and the lymph nodes were grey to black. The presence of malaria pigment
in the cells of the reticuloendothelial system was confirmed histologically.
A varying degree of hepatic fatty metamorphosis was common and centri-
lobular necrosis was occasionally observed. No intra or peri-vascular
lesions were found although the cardiac endothelium was noted to be
heavily pipuented. The central nervous system was normal in appearance
except for the presence of malaria pigment. Death appeared to be a
result of the anemic state of the monkey.

Preliminary studies using irradiated parasitized cells from P.
p infected owl monkeys to actively immunize normal monkeys were

Coducted(Table 5). Three days following challenge, 3 animals died of
a generalized bacterial infection and others were obviously ill. Each
of the affected monkeys had a swollen discolored leg where the challenge
Injection had been made. Bacterial cultures indicated that the challenge
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inocula were contaminated with Pasteurella multocida. Two more monkeys
died on the fourth day despite initiation ofa-nti otic therapy. Deaths

I ton day 7 and later were attributed to the experimental infection. De-
spite the complications encountered, the parasitologic results showed
that 4 intravenous immunizations at weekly intervals using IO parasi-

7- tized cells exposed to 25,000 r provided a significant degree of pro-

tection to challenge with a viable inoculum of 100 parasitized RBC's.

Table 5

Challenge of Aotus trivirgatus with Plasmodium falciparum (Camp./C)
Following Four Immunizations with Irradiated Parasitized

and Non-Parasitized Erythrocytes

Maximum Parasitemia
Immunization Monkey Day of Day after Percent

Number Death Challenge Parasitized

RBC'1s

1 3 -- 0
2 4-- 0
3 8 5 4.5

Irradiated 4 19 18 3.4
Parasitized 5 27 21 1.0

RBC's 6 35 15 9.6
7 -- 21 1.6
8 .... 0
9 .... 0

10 3 3 +
Irradiated 11 9 8 49Non-Parasitized 12 9 8 35

RBC's1 10 1814 31 29 33
15 3 3 +*
.6 4 4 +*
17 7 6 48

None 18 o 7 62
19 8 7 73
20 8 7 76
21 8 7 78

*Positive on thick

Several other physiologic, immunologic, morphologic.. pharmacologic
and biochemical studies of P. falciparum infections in the owl monkey
are in progress.

c. P. vivax. Studies with P. vivax (Varnes) were limited to
maintenan'ce ofhe infection by serial passage in splenectomized owl
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monkeys and descriptiun of the parasitemia and concurrent clinical signs
which developed. Nine passages wpre made in 13 animals. The first in-
fection was established in one of the 2 splenectconized monkeys inoculated
with infected human blood. The prepatent period was 35 days and para-
sites were still present in the peripheral blood 127 days later. The
highest level was detected on day 63 when the parasitemia reached 28,000
parasitized RBC's per cm. blood. The Erepatent period in subsequent
infections, using inocula containing 10Y parasitized RBC's, was much
shorter, ranging from 0 to 7 days. Maximum perasitemias of 40,000 to
90,000 parasitized RBC's per cmn. of blood were detected between 18 and
36 days after inoculation. Most of the infections remained patent
throughout the observation perids of up to 180 days. After the acute
phase of the infection parasitemias rarely exceeded 20,000 parasitized
RBC's per cmm. of blood and usually were less than 5,000 per cmrn.

Parasites in all stages of development were morphologically charac-
teristic of P. vivax in man. Although a few mature gametocytes were
usually observed a•few days after the monkeys became patent, no attempts
were made to infect mosquitoes.

There were no overt clinical signs observed during the course of
these infections. Mini~mal hematologic changes were noted, but these were
not always consistent and were difficult to evaluate in view of the
requirement for frequent bleeding. The only gross pathologic abnormality
associated with the infections was widespread tissue pigmentation which
histologically appeared to be confined to the cells of the reticuloendo-
thelial system.

Parasitized blood from infected monkeys was used successfully as
antigen for IFA tests conducted with sera from humans and owl monkeys
infected with P. vivax.

Recently, splenectomized owl monkeys were shown to be susceptible
to blood induced P. vivax (Chesson) infections. The initial prepatent
periods were shorter =an-acute parasitemias somewhat higher than ob-
served in P. vivax (Varnes) infections.

d. P. malariapt. A sinele splenectcmized owl monkey which was

inoculaatedwt. malariae infected human blood did not become patent
prior to death M da-ys later) from causes apparently unrelated to the

malarial injection. P. malariae infected chimpanzee blood was injected
into 2 splenectcmizeCdow-Tm-cTn"eys and parasites identified as P. malariae
vere detected 100 days later.

The reported susceptibility of the splenectamized chimpanzee to
blood Induced P. falcipa! (Cump.) was confirmed. The predictable
prepatency, the bIgjpajraaitemias an4 the relatively large size of the
chimpanzee made this animal an ideal host from which to collect large
quantities of P. falcili par'aaites when needed for experimental studie-.

Thus, it was poasle to conduct extensive biochemical, ultramicroscopic
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and serologic studies including the f'ractionation and isolation of
diagnostic antigens and the development of new serologic tests.

From these studies at least two promising tests, the SAFA and the
micro-method IHA tests, were developed. The SAFA test lends itself to

tP semi-automatic processing and requires minute quantities of antigen

which can be supplIMd readily from a limited number of infected chimpanzees.
Therefore, it has great potential for mass screening of sera in blood
banks, debarkation points for soldiers returning from malarious areas,
endemic areas where malaria eradication programs are in progress and
boundary zones between malaria-free and endemic areas.

Our investigators have shown that large numbers of P. falciparum
parasites required for antigenic analyses and for biochemical studies
can be readily obtained from infected chimpanzees. Parasites for in
vitro studies can also be obtained from these animals. However, ou
SF• ience indicates that since a constant supply of parasite material

is essential for continuity of effort in in vitro cultivation this
requirement could not always be fulfilled.

The predictable prepatency and subsequent parasitemias of P. falciparum
(Camp.) infections in splenectomized chimpanzees made it possible to con-
duct experiments with both active and passive immunization. Although the

* number of chimpanzees studied was too few to draw definitive conclusions
on statistical grounds, the non-sterilizing immunity demonstrated appeared

* to be similar to that observed in man living in hyperendemic areas. Also,
the apparent lack of protection induced by heterologous strains of P.
falciparm was similar to what was observed in semi-immune individuils
who were experimentally inoculated with heterologous strains of P. falciarum.

West African human gamsa globulin had a prophylactic effect against
WA P. falciparum infections in chimpanzees but not, against SEA strain
infections. However, SEA-USA gamma globulin produced less protection in
a homologous system than was demonstrated with the homologous West African
system. The SEA-USA gamma globulin may have had a lesser inherent pro-
tective quality since it was obtained from patients having a history of
a single infection with one or two recrudescences rather than frem hyper-
izune individuals. Our results indicated imunogenic differences be-
tween the WA and SEA strains and proved the potential value of the
chimpanzee as an experimehtal host for falciparum malaria.

Results of chloroquine administration to chimpanzees infected with
a chloroquine resistant strain suggest that the chloroquine refractory
characteristics of the parasite remain unalteired. After 14 passages,,
P. falciparu (Camp.) infections in splenectom.Led chimpanzees are re-
proIuible to such an extent as to suggest considering this host-parasite
system as a m(del for critical testing of new antimalarial drugs, prior
"to clinical tests.

Results of pathophysiologic studies in chimpanzees infected with
S P. falciparwu (Camp.) indicate that the observed serum biochemical changes
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are similar to those occurring in man infected with P. falciparum. Also,
P. falciparum (Camp.) infections in the chimpanzee i~creased the osmotic
fragility of the uninfected erythrocytes. Although fever, chills and
death were observed in malarious chimpanzees, none of the more dramatic
human clinical signs of renal failure, CWS involvement and black water
fever were observed. Similarly, although blood clotting defects are
demonstrated in human infections, they were not found in infected
chimpanzees. To these considerations, one must add the failure to in-
fect mosquitoes from P. falciparum infected chimpanzees.

The chimpanzee is considered a natural host of P. malariae and has
been the subject of several experimental infections by This parasite in
the past. The single study reported here indicates that infections in
splenectomized chimpanzees are similar in many respects to human in-
fections and that the failure to obtain mosquito infections was likely
to be the result of a low concentration of gemetocytes. As was to be
anticipated, the parasitemias observed in the splenectomized chimpanzee
were much lower than those demonstrated in P. falciparum infections.
Despite this, there were enough parasites on the days of maximum para-
sitemia for studies requiring large quantities of material. The results
were encouraging and the establishment of further infections of P. malariae I
is being contemplated.

The susceptibility of the owl monkey to blood induced P. falciparum
(Camp.) infections was confirmed. The failure to establish infections
with two African isolates of P. falciparum are in agreement with the
difficulties reported by other laboratories in establishing P. falciparum
infections in these monkeys even when the inocula contained Targe numbers
of parasitized RBC's and precautions were taken to avoid deleterious
effects on viability and infectivity of the parasites inoculated. On
the other hand, a number of strains and isolates from many parts of the
world have been established with relative ease. Variations in subspecies
of monkeys and differences in physical condition, environment and diet
may account for the differences in owl monkey susceptibility to isolates
of P. falciparum if, in fact, disparities exist.

P. falciparum (Camp.) infections in owl monkeys after the first six
or seven passages were consistent and reproducible, but the gametocytes
detected were morphologically' immature and failed to infect mosquitoes.
This contrasts with the work of Collins, et al. in which A. freeborni
mosquitoes were fed on 2 splenectomized P. falciparum-inficted owl
monkeys. The mosuqitoes became infected n subsequently the infections
were transmitted to two volunteers. Explanations for these differing
results may reside in the different species of mosquitoes used, in the
lower concentration of gametocytes and in the fact that the P. falciparum
(Camp.) isolate has a history of consecutive blood induced passages first
in volunteers, then chimpanzees and finally in owl monkeys. There is
considerable evidence that blood passages in abnormal hosts may resultin lowered gametocyte production and reduced mosquito infectivity.
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Because of its smaller size the owl monkey was not as satisfactory
an experimental host for producing large volumes of P. falciparum para-
sitized blood as was the chimpanzee. However, in some laboratores it
may be practical to obtain parasites by pooling blood from several In-
fected owl monkeys. The small size and ready availability of the awl
monkey made it possible to design experiments requiring relatively large
numbers of concurrently infected animals for quantitative studies, or
experiments requiring many individually infected monkeys on a regular
schedule.

An example of the former type of study was the attempt to actively
immunize owl monkeys with irradiated parasitized RBC's from P. f
infected monkeys. However, the difficulty experienced because of con-
current bacterial and/or viral infections demonstrates some of the major
problems encountered in dealing with the owl monkey in the laboratory.
When healthy, well conditioned animals become available, active and pas-
sive immunization experiments, in vivo drug studies and other similar
investigations will become more practical.

Infections of P. falciparum (Camp./C) were regularly induced in owl
monkeys for a serieis of studies, all of which are still in progress.
These include pathophysiological and immunological studies of infections
irn the owl monkey and biochemical, pharmacological and morphological
studies of parasites free of the host cells or of the parasitized RDC's
in cultures. Results to date have been encouraging.

Blood induced P. vivax (Varnes) and P. vivax (Chesson) infections
in splenectomized owl monkeys were similar to vivax malaria infections
reported earlier in this host. The success reported in cyclically
transmitting P. vivax from owl monkey to owl monkey and to man suggests
that this is i very satisfactory host for P. vivax. Limited pathophysio-
logical and immunological studies of the infections were initiated and
are still in progress. Because of the monkey's size and the relatively
low parasitemias observed, no experiments requiring large numbers of
parasites are contemplated at this time.

The reported susceptibility of the owl monkey to P. malariae in-
fections was recently confirmed. Comparative data are-lite M the
long prepatent period of approximately 100 days and the morphology ofthe parasites which was typical of P. malariae in all cases.

In comparing the relative usefulness of chimpanzees and o4l monkeys
for studies with human plasmodia, the results of our extensive studies,
in general show that the chimpanzees can be used to great advantage as
a source of parasites and for critical investigations requiring small
numbers of animals. On the other hand, the owl monkey is ideally suited
for those investigations requiring several animals or a constant supply
of limited numbers of parasites.!

Of the four species of great apes, chimpanzees are the most readily
obtainable for research purposes in the United States. However, they
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are relatively rare and their indiscriminate use for any purpose is not
justified. They are expensive to purchase and even more costly to main-
tain since they require special housing and care. Because of their size
and tremendous strength, untrained chimpanzees are hazardous to handle.
They also represent a zoonotic problem since they may harbour many
organisms infectious to man including the virus of infectious hepatitis.
The requirement for splenectcny and anti-malarial treatment prior to
initiation of an experimental malaria infection subjects the animals to
risky procedures and increases the time which they must be maintained in
the colony. However, once adjusted to the laboratory environment,
chimpanzees are extremely hardy animals which heal from surgical pro-
cedures quickly and respond well to treatment. Moreover, the trained
chimpanzee is amenable to the required bleeding and examination pro-
cedures with only minimal restraint and encouragement.

In contrast to chimpanzees, owl monkeys are small, readily available
and relatively inexpensive animals. They require little in the way of
special housing, are easy to handle, although subject to injury, and
require no training. However, these monkeys adapt slowly to the labora-
tory environment provided and are highly susceptible to stress and to
infectious diseases. Their proven susceptibility to fatal infections of
Herpesvirus hominis requires that precautionary measures to be taken to
protect o eys from undue human exposure. In turn, although
tuberculosis and protozoan and helminthic infections are apparently not
a zoonotic problem, some owl monkeys are collected in yellow fever endemic
areas and apparently all are subject to infection by Herpesvirus T. There
is no evidence to date that these monkeys carry yellow fever and the
significance of the latter infection as far as man is concerned is not
known.

There have been no reports in the literature of spontaneous malarial
infections in the owl monkeys nor were any detected in this laboratory

before or after splenectomy, thus eliminating the need for pre-infection
anti-malarial treatment. One isolate of P. falciparum (Camp./C) produced
fulminating infections in non-splenectomijed animals thus reducing the
requirement for this surgical procedure.

Once the means are found to establish and maintain healthy labora-
tory conditioned owl monkeys, the seemingly unlimited potential of this
animal as an experimental host of human malaria can be more fully
exploited.
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1. Plasmodium berghei infection in thymectomized rats.

Rats that survive a Plasmodium' berghei infection demonstrate a
strong resistance to reinfection when rechallenged with parasites of the

F same strain. It is assumed that acquired immunity plays some role in
controlling the initial and in preventing subsequent infections. This
is supported by studies which demonstrate the presence of protective
antibody in the serum of previously infected animals. Enhanced
phagacytic activity of the reticuloendothelial system may also be
involved in this resistance to reinfection.

Neonatal thymectomy of the rat is known to alter the animals immune
responses. One of the major effect, that on cellular immunity, is
manifested by delayed skin homograft rejection and impaired delayed type
hypersensitivity reactions. Thymectomized rats also have decreased
antibody production following immunization with certain antigens.

A preliminary report indicates that thymectomized rats have a
higher mortality from P. berghei than non-thymectomized controls. No
information is ava lable concerning the mechanism by which neonatal
thymectomy might alter the immune response to this parasitic infection.
The following study confirms the higher mortality from P. berghei
infection in thymectomized rats and evaluates the antibody response and
phagocytic activity in animals. The susceptibility of thymectomized and
non-thymectomized rats to reinfection was also studied.

Animals. WRCF rats derived from the Wistar strain were used
throughout the study. Litters were weaned at age 20-28 days. All
animals were fed a standard diet. The principles of laboratory animal
care as promulgated by the National Society for Medical Research were
observed.

Surgical Procedure. Thymectomy was performed within 36 hours of
birth. Hypothermic anesthesia was utilized as previously described.
Sixty to 70 percent of the animals in each litter were randomly chosen
for thymectomy and the remainder were sham-operated. Animals with

1163



stitch abscesses or those cachetic in appearance were excluded from the
study. All animals that were alive at the end of the experiment were
necropsied to verify the results of surgery.

White Blood Cell Counts. In some experiments repeat total WBC and
differential counts were obtained from the tail blood of the rats
between 20 and 30 days of age and the mean values for each determined.
The median lymphocyte count of thymectomized animals in any particular
experiment was determined and the rats were then subdivided into high
and low lymphocyte groups.

Infection. The N.Y.U. 2 strain of Plasmodium berghei was main-
tained in the laboratory with bi-weekly passage in young rats. Groups
of experimental animals were infected at 28 to 45 days of age by
intraperitoneal injection of parasitized erythrocytes. Progress of
the infection was determined by counting parasitized cells per 500
erythrocytes on Giemsa stained smears obtained every 2 to 3 days from
tail bleedings.

Antibody determinations. Serum was obtained by orbital sinus
bleedings 11 to 15 days after infection. Indirect fluorescent antibody
titers were determined by methods previously described. Indirect
hemagglutinating activity of the sera was studied by using tanned sheep
red blood cells sensitized with a soluble P. berghei antigen.

Carbon Clearance. The non-specific phagocytic capacity of the
reticuloendothelial system was measured by determining the rate of
carbon clearance from blood. Rats were injected intravenously with
10 mg of colloidal carbon per 100 mg body weight; blood specimens were
obtained at 5 minute intervals and the carbon level and rate of
disappearance calculated.

Post-OWerative Mortality. Within 72 hours after surgery 29 percent
of the operated animals had died. This figure represented death due to
cannibalism, blood loss and the surgical procedure. By 14 days an
additional 6 percent had succumbed due to undetermined causes and there-
after the mortality rate from causes other than malaria was negligible.
The mortality rates of the thymectomized or sham-operated animals were
not significantly different.

Effect of Thymectosy on Carbon Clearance. Forty-four day old sham-
operated and thymectomized animals were studied for rates of carbon
clearance. The average clearance rate in the thymectomized group was
slightly faster than that observed in the sham-operated rats.

Effect of Thymectomy on the Lymphocyte Count. Previous workers
have shown that thymectomized animals have a decreased population of
lMphocytes. As noted in Table 1, considerable variation in the lympbo-
cyte counts was observed in all groups. Only when the thymectomized
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animals were divided was there a group identifiable by a significant
suppression of the number of circulating lymphocytes. At autopsy up to
40 percent of the animals in some of the high lymphocyte thymectomized
groups contained a small remanant of thymic tissue. Thymic remanants
were found in less than 5 percent of the animals in the low lymphocyte

(3 groups.

Table 1

White Blood Cell and Lymphocyte Counts

in Normal, Sham-Operated and Thymectomized Rats

GroupWEC m5  Lymphocytes mm5

++Normal (31)* 9135 + 1508** 6897 + 1133

Sham-operated (15) 9783 + 1933 6945 + 1401

Thymectomized (10) 9411 + 2595 5912 + 1753
(high lymphocyte)

Thymectomized (11) 6390 + 865 3784 + 1389
(low lymphocyte)

* Number of animals per group.
** Mean t one standard deviation.

Effect of Thymectomy on P. berghei infection. In Experiment No. 1,
thymectomized and sham-operated animals at 0 days of age were injected
intraperitoneally with 2 x io7 parasitized erythrocytes. The course of
the infection is shown in Figure 2. The level of parasitemia in the
high lymphocyte thymectomized rats was the same as that noted in the
sham-operated controls. The low lymphocyte thymectomized group had a
higher parasitemia for a longer duration and two of the 11 animals died.
At age 82 days the groups were reinjected intraperitoneally with
3 x 108 parasitized cells. No parasites were seen in the peripheral
smears from any of the animals. In repeat experiments using the same
conditions, the percent parasitemias of the high lymphocyte thymectomized
group was intermediate between the sham-operated and low lymphocyte
thymectomized groups. The percent mortality from infection in
thymectamized and sham-operated animals is shown in Table 2. The
mortality in unselected thymectomized rats was, in all experiments,
higher than the mortality in sham-operated controls. When the
thymectomized animals were divided into a high and low lymphocyte group,
the low lymphocyte group had the higher percent mortality.
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Normal animals, comparable to those in Experiment No. 1 in both age
and weight, were injected with the same number of parasites and the
course of infection was similar to that observed in the sham-operated
and high lymphocyte thymectomized groups. Five of the normal animals
with the highest mean lymphocyte count were compared with the five
normal animals having the lowest mean lymphocyte count. The percentages
of parasitized RBC's in these two groups of normal animals were essen-
tially the same throughout the infection.

Table 2

Percent Mortality in Thymectomized and Sham-Operated
Rats Infected with P. berghei

Infected*
Experiment at Age Percent Mortality

Number 1 40 Days
Sham-operated 0 (15)
Thymectomized

High lymphocyte 0 (10)
Low lymphocyte 18.2 (11)

Number 2 28 Days
Sham-operated 33 (15)
Thymectomized

High lymphocyte 50 (10)
Low lymphocyte 100 (10)

Number 3 45 Days
Sham-operated 0 (15)
Thymectomized** 41 (27)

* 2 x 107 parasitized erythrocytes.
( ) Number of animals per group.
** No separation according to lymphocyte count was done.

Effect of Thymectomy on Antibody Response. The effect of
thymectoey on the antibody response to P. berghei during the infection
was studied by using inair.ct hemagglutTnating and fluorescent antibody
techniques. Serum was obtained from 11-13 days after infection and the
results are shown in Table 3. The hemagglutinating titers were obtained
from pools of serum collected 13 days after infection. Sertum from the
thyiectomized group was positive at a greater dilution than the serum
collected from the sham-operated animals at a time when the percent
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parasitemia was higher in the thymectomized group. In another group of
S rats fluorescent antibody titers were determined on individual serum samples

collected 11 days after infection. The mean titer for each group is shown
in Table 3. No significant difference in fluorescent antibody titers was
noted.

Table 3

Antibody Response to P. berghei Infection
in Thymectomized and Sham-Operated Rats

Group Titer Percent
Parasitemia

Indirect
Hemagglutinating

Thymectomized (11) 320* 27

Sham-operated (8) 80 12

Fluorescent
1 Antibody

Thymectomized (11) 41 22
(low lymphocyte)

Thymectomized (10) 56 15
(high lymphocyte)

Sham-operated (15) 50 18

( ) Number of animals per group.
* Titer expressed as the reciprocal of the highest positive

dilution.

Discussion. These studies in neonatally thymectonized rats demonstrate
an impaired host-response to P. berghei infection and are in agreement with
earlier observations. Reinfection of the thymectomized animals failed to
demonstrate the continued presence of this impaired host-resistance. The
variable response noted in thymectomized rats could be largely eliminated
by dividing the animals into high and low lymphocyte groups. Small thymic
remnants were detected in a greater number of rats in the high than in the
low lymphocyte group. This offers am* explanation for the variability
noted in unselected thymectomized animals.

The effect of neontal thymectomy in rodents has been extensively studied.
It is accepted that the primary effect is on cellular iinarity as manifested

" by delayed skin homograft rejection and impaired delayed type hypersenst-
tivity reactions. This effect has been documented in the rat. Conflicting
evidence is available concerning the effects of neonatal thymectoqr on the
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antibody response in rats. Immunoglobulin levels are not depressed,
however, some evidence indicates that the production of a pecific class
of immunoglobulin is selectively inhibited, but this has not been con-
firmed by other workers. In view of these findings the importance of
thymic-dependent antibody production is uncertain.

The exact mechanism by which thymectomy alters the host response to
P. berghei infection is not known. A non-specific decrease in the phagocytic
capacity of the reticuloendothelial system could explain the higher pera-
sitemias noted in the thymectomized animals, but this is unlikely in view
of the increased rate of colloidal carbon clearance noted in thymectomized
rats. These results are consistent with the earlier report of enhanced
clearance of colloidal carbon in thymectomized rats after an initial
leading dose. Another possible explanation might be a decreased antibody
response to the parasite. In these studies the measurable antibody level
in thymectomized rats infected with P. berghei was equal to
or greater than the antibody level in sham-operated groups (Table 3).
Although it is recognized that the techniques used to measure the antibody
response in these studies might be unsatisfactory for the detection of a
specific type of inminoglobulin, it seems unlikely that the increased
parasitemia and higher percernt mortality (Table 2) can be attributed to
impaired antibody production. No direct measurement of cellular immunity
is available but the effect of neonatal thymectomy on this system is widely
accepted. The impairment of cellular immunity could conceivably result
in increased susceptibility to the effects of P. berghei infection and in
the above studies an alternative explanation is not available. These
experiments support the concept that cellular immunity participates in the
development of acquired resistance in P. berghei infected rats.

2. Cell-mediated immunity in rats infected with Plasmodium berghei.

The role of humoral immunity in rodent malaria is well established.
Following the observation of Corradetti that rats after recovery from P.
berghei infection were resistant to reinfection, suggesting the development
of acquired immunity to this parasite, other investigators obtained
evidence that a humoral factor, presumably antibody, was an important
participant in acquired immunity. These observations have been extended
and recent studies have attempted to identify the type or types of imnuno-
globulin that function as protective antibody. The following studies were
undertaken to investigate the z-apacity of immune lymphoid cells to transfer
protection to recipient animals infected with P. berghei. This com-
munication demonstrates that immune lymphoid cells are capable of con-
ferring resistance to recipient animals, compares the relative protective
capacity of lymphoid cells obtained from different sources, and suggests
that macrophages are incapable of transferring protection.

Animals. The animals used in the following experiments were inbred
male rats of either the Levis or Fischer strain. In each experiment, the
cell donors and cell recipient ratit were of the same inbred strain. All
animals were fed a standard diet an4 the principles of laboratory animal
care as promuOgated by the National Society for Medical Research were
observed.
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Plasmodium berghei infection. The NYU-2 strain of P. berghei was
maintained by weekly passage in young rats. Parasites obtained from
animals one week after infection were used as the infecting inoculum in
all experiments.

Immune rats. Adult rats of either the Lewis or Fischer strain were
inoculated with 3 x 10( erythrocytes parasitized with P. berghei. Thirteen
to 15 days after infection the animals had cleared the parasites from
the peripheral circulation and on rechallenge with P. berghei were found
to be resistant to reinfection as previously reported. In these studies,
rats that had recovered from P. berghei infection were considered to be
immune animals and lymphoid cell obtained from them, as described below,
are referred to in the text as immune lymphoid cells.

Collection and handling of cells from donor rats. The thoracic duct
in rats weighing 300-350 gms was cannulated as described by Wilson. Iymph
was collected for 24 hours at 40C into Ringer's lactate solution contain-
ing 25 units of heparin per ml.

Peritoneal macrophages were collected from rats 48 hours after the
intraperitoneal injection of beef heart infusion broth fortified with
proteose peptone as described by Fishman.

The anterior and posterior cervical, mediastinal, inguinal and
mesenteric lymph nodes were excised from rats immediately after light
either anesthesia and exsanguination. The nodes were placed in a chilled
nutrient solution, minced and teased into small pieces. The mixture
was then passed through a 4 0-gauge wire sc'-en which retained the fibrous
stroma on the screen and allowed the cells to pass through. The spleens
were removed from the same animals and a cell suspension was obtained in
an Identical manner as 4escribed for cell extraction from lymph nodes.
In some experiments one pool of cells was made from lymph nodes and
spleens and is referred to as lymphoid cells. Cells obtained from
either lymph nodes or spleens are referred to as lymph node or splenic
lymphoid cells.

The cells collected from the thoracic duct, peritoneal cavity, lyuph
nodes, spleens or lymph nodes and spleens were separated by centrifugation
washed twice in Ringer's lactate and then resuspended in this solution.
An aliquot of each pool was counted in a hemocytometer, stained with
Giemsa stain for differential cell counting a.,d also strained with 0.10%
trypan blue. The cells excluding this dye were considered to be viable.
Whenever cell viability was less than 9% the total cell count was ad-
Justed so that this value always represents the viable count for each
pool.

The cells obtained from the thoracic duct were essentially all small
lymphocytes with an occasional polymorphonuclear leukocyte noted. The
cells obtained from lymph nodes and spleens were primarily large and
small lymphoytes (85-90%) but macrophages (5-10%) and polymorphonuclear
(00N) leukocytes (5-10() were also present. The cells obtained from the
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peritoneal cavity of rats contained 70-75% macrophages, the remainder _

consisting of FIM leukocytes and mononuclear cells.

Recipient animals. Rats weighing 75-85 gins were injected intra-
venously with cells (pretreatment) and then injected intraperitoneally
with P. berghei. The type and number of cells used for pretreatment and
the interval between pretreatment and infection are described in the
text for each individual experiment.

Quantitation of parasitemia. Thin blood smears were made from tail
blood of individual rats every second and third day throughout the course
of infection. The slides were dried, fixed and stained with Giemsa
stain. The percent parasitemia was determined from the proportion of 500
counted erythrocytes that contained parasites. For each experimental
group a mean value for a given day was calculated.

Protective effect of lymphoid cells. In the initial studies the
lymph nodes and spleens were removed from donor animals 35 days after
challenge with P. berghei infection. The lymphoid cells were obtained
from these organs as described and then recipient animals were pretreated
by the intravenous injection of these cells. Pretreatment control animals
were injected with cells obtained from normal lymph nodes and spleens.
Seven days after pretreatment all animals were challenged with a P. berghei
infection and the resultant parasitemia followed (Fig. 1). The two
groups receiving either 24 x 107 normal lymphoid cells or no pretreatment
had a similar course of infection with peak parasitemias on day 13; the
group that received normal cells celared the parasites at a slightly
faster rate than the group that received no cell pretreatment. The
animals that received 25 x 107 immune lymphoid cells had only an occasion-
al parasite on smears obtained from peripheral blood. The rats that re-
ceived 2.5 x 107 immune lymphoid cells had a peak parasitemia on day 4 and
this had cleared by day 13.

It was important to determine how soon after an infection the lymphold
cells acquired the capacity to transfer protectior to the recipient
animals. It was also of interest to determine if a latent period between
pretreatment with cells and infection with P. berghei was necessary for
the demonstration of protection. Cells were obtained from donor animals
13, 27 and 62 days after challenge with P. berghei. Groups of rats were
injected intravenously with equal numbers of cells and injected with
P. berghei within 30 minutes. The resultant parasitemias were then
studied (Fig. 2). The experimental groups receiving lymphoid cells ob-
tained from donor animals 27 or 62 days after challenge with P. berghei
had low grade parasitemias which after day 5 was less than 0.5. The
experimental group that received lymphoid cells from donor animals 13 days
after infection had an average parasitemia which reached the peak at 9% on
day 9 and then rapidly subsided. In contrast, both control groups had
significantly higher parasitemias which reached a level of 50% parasiti-
zation of erythrocytes on day 15. The rats pretreated with normal cells
were able to overcome the parasitemia, but the 3 control rats that received
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Figure 1. The course of P. berghei infection in rats, each pretreate4
with 24 x 107 normal lymphoid cells (A ); 25 x 107 (0) or 2.5 x 10!
( 0 ) lymphoid cells obtained from rats 35 days after challenge with
P. berghei. Control rats , ) received no pretreatment.
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Figure 2. The course of P. berghei infection in rats, each pretreated with
12 x 10 7 lymphoid cells obtained from rats 13 days (*), 27 days ( 0 ) and
62 days (C) after challenge with P. berghei. Control rats ( ) re-
ceived no pretreatment or 12 x 107 TA lymphoid cells obtained from normal
animals.
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no cells succumbed to the infection. In similar experiments, the length
of time after challenge with P. berghei that lymphoid cells maintain the
capacity to transfer protection to recipient animals was extended to 105
days. In these studies the lymphoid cells obtained from animals challenged
with P. berghei 105 days previously transferred the same degree of pro-
tection as observed with the 27 or 62 day lymphoid cells.

Identification of protective lymphoid cells. An attempt was made
to identify the type of cell responsible for passive transfer of protection
against P. berghei. Lymphoid cells were obtained from either the lymph
nodes of the pleens of animals previously challenged with P. berghei. Com-
parable numbers of these cells were injected intravenously into recipient
animals, then the animals were injected with P. berghei and the course of
infection was followed (Fig. 3). The group that received splenic lymphoid
cells had a low grade parasitemia with the highest level being 6% of the
peripheral erythrocytes parasitized on day 4. This group rapidly cleared
the parasites and after day 11 only an occasional ring form was seen in
the blood smears. The group that received lymph node cells had a higher
average percent parasitemia which reached the peak at 25% on day 11 and
then decreased gradually. A similar course of infection was observed in
the group receiving normal lymphoid cells or no pretreatment. The control
groups had significantly higher parasitemias which reached the highest
levels on day 15. The control group receiving no pretreatment cleared the
parasitemia at a slightly faster rate than the normal cell recipients and
both control groups overcame the infection 3 to 4 days before clearing was
noted in the group that received immune lymph node cells. This type of
experiment was repeated in groups of 5 rats each. Lymphoid cells (9 x 107)
were obtained from either the lymph nodes or spleens of immune animals.
They were injected into recipient rats and the subsequent P. berghei in-
fection was studied (Fig. 4). The group receiving splenic-lymphoid cells
was protected against P. berghei infection. The group receiving lymphoid
cells obtained from lymph nodes was partially protected as compared to the
group receiving no pretreatment.

Lymphoid cells were also harvested by thoracic duct drainage. Thoracic
duct cells from the same group of donor animals that supplied lymphoid
cells from the nodes and spleens were obtained and compared for their
ability to transfer protection to recipient animals (Fig. 5). The group
of rats that received the thoracic duct lymphocytes was not protected
as indicated by comparable levels of parasitemia in this group and the

control rats. The groups of rats that received lymphoid cells from lymph
nodes and spleens were protected throughout the course of infection. It is
noteworthy that the group pretreated with thoracic duct lymphocytes re-
ceived 3 times more cells than the group pretreated with the low dose of
lymphoid cells. There was no evidence of protection in the former group
in contrast to complete protection in the latter.

It was known that in addition to lymphoid cells, a small percentage
of macrophages were present in the cell populations obtained from the
lymph nodes and spleens. To study the effect of macrophages on the
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Figure 3. The course of P. berghei infection in rats, each pretreated
ith 5 x i07 (0) o lmphoid cells obtained from the spleen or 4 x 107
(0) lymphoid cells obtained from lymph nodes. The nodes and spleens
were removed from donor animals 80 days after challenge with P. berghei.
Control rats (A) received no pretreatment or 5 x 107 (•) lymphoid celis
obtained from normal animals.
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Figure 4. The course of P. berghei infection in rats, each prelreated with
9 x 107 ( 0 ) lymphoid cells obtained from the spleen or 9 x 10' (4 ) lymp-
hoid cells obtained from lymph nodes. The nodes and spleen were removed
from donor animals 69 days after challenge with P. berghei. Control rats

.) (A) received no pretreatment.
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P. bergei infection these cells were obtained from the stimulated peri-
toneal cavities of normal and.immune rats. Rats were then pretreated
with macrophages and infected with P. berghei. No significant difference
in parasitemia was noted between any of the groups (Fig. 6).

Under the conditions used in these experiments, lymphoid cells were (
capable of transferring protection to recipient animals only when the
cells were obtained from donor animals previously challenged with P.
berghei. In the initial studies (Fig. 1), recipient rats were pretreated
with lymphoid cells 7 days prior to infection. With the long interval
between pretreatment and infection it was possible that the observed
protective effect could be the result of active immunization. Since
lymphoid cells were obtained from the lymph nodes and spleens of previously
infected animals, the pretreatment inoculum could contain processed
P. berghei antigen or small numbers of parasites. Both of these possi-
TilTiTes could significantly alter the course of infection if pretreatment
of recipient animals occurred a number of days prior to infection. To
reduce this possibility to a minimum, the interval between pretreatment
and infection was decreased to 30 minutes or less in later experiments.
The protective effect of immune lymphoid cells was the same whether the
interval between pretreatment and infection was 7 days or 30 minutes
(Figs. 1 and 2). Thus, it seems highly probable that the observed pro-
tection against P. berghei in the pretreated animals was due to the
effect of passiviely transferred immune lymphoid cells.

The development of immune lymphoid cells in donor animals occurred
as early as 13 days following challenge (Fig. 2) and persisted for at
least 105 days. The lymphoid cells obtained 13 days after challenge with
P. berghei were not as protective on a per cell basis as those obtained
27 or more days after infection of the donor animal. It is of interest
that the level of parasitemia in the donor animals begins to decline
rapidly sometime between 10 and 15 days and it is during this time that
lymphoid cells with some protective capacity are first demonstrated.

Pools of lymphoid cells were initially obtained from a combination
of lymph nodes and spleens. When lymphoid cells were collected from
either lymph nodes or spleens excised from a single group of donor animals
and then compared for protective effect on a per cell basis (Figs. 3 and
4), it was apparent that the splenic population had a greater protective
effect in recipient animals than the population obtained from lymph nodes.
In addition, thoracic duct lymphocytes had no demonstrable protective
effect under the conditions studied (Fig. 5). These results indicate
that the fixed cell populations obtained primarily from the spleen and
also the lymph nodes are capable of transferring protective immunity to
recipient animals. In contrast, lymphocytes obtained from the thoracic
duct, in the numbers used, were unable to transfer protective immunity.
This may indicate that the small lymphocyte population obtained from the
thoracic duct contributes little, if any, protection in this model system.
The cell populations obtained from the spleen and lymph nodes contain
many medium and large sized mononuclear cells, presumably lymphocytes,
and it may be that these cells transfer the observed protection.
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It is not known whether the greater protective effect observed with
splenic cells is due to a quantitative or a qualitative difference be-
tween these cells and those obtained from lymph nodes. It may be possible
to answer this question when complete cell fractionation is achieved with
both lymph node and spleen cell populations.

A certain number of macrophages are present in the cell population
obtained from both lymph nodes and spleens. What effect these cells
have on the course of infection in pretreated animals is not known. in

an attempt to evaluate the effect of macrophages, this type of cell was
obtained from the stimulated peritoneal cavities of immune and normal
rats and studied for protective effect (Fig. 6). No significant dif-
ference in any group was observed but this does not exclude the role of
macrophages in passive transfer of immunity. Peritoneal macrophages are
not necessarily identical to splenic macrophages and the quantity used
may have been insufficient to demonstrate protection. The previously
mentioned cell fractionation of the splenic population can be expected
to shed light on this question.

Although the ability to passively transfer immunity to P. berghei
with a lymphoid cell population has been demonstrated, the effector

mechanism of this protection has not been characterized. The ability of
transferred cells to produce antibody is well documented and as previously
cited, humoral antibody is known to contribute to the acquired resistance f
to P. berghei infection. Therefore, it can be assumed that some degree
of mnhanced antibody production occurs in the pretreated animals. At
the present time it is impossible to definitively separate the effects
of humoral or cellular immunity in the development of acquired resistance
to P. berghei infection. However, previous investigators who compared
tranisferred peritoneal exudates with lymph node cells in rabbits and mice,
have found a similar antibody response in the recipient animals. The
peritoneal exudate cells as studied in this report were unable to transfer
protection to the recipient animals. This suggests that a mechanism, pre-
sumably cellular immunity, in addition to antibody production, contributes
to the development of acquired immunity in P. berghei infected rats.

3. Characteristics of protective antibodies in rats infected with
Plaadlum Ser Mei.

Plasmodi erghei infections in rats elicit an immunity which con-

trolsi Me coursetfe a primary infection and confers resistance to later
homologous challenge. The degree of resistance developed depends in
part on the age of the host, older animals belng mors, resistant than
younger animals. There is indirect evidence that ce.lular immunity may
be involved in this resistance to P. berghei infection. Other reports
implicate humoral factors, presuma y antibdies as participants in the
expression of this acquired immunity. The role of bumoral factors in
suppressing mouse and rat infectionf of P. berghei 1as been evaluated in
two different test systems. Both systeaN show the greatest anti-parasitic
or protective effect in sera from rats receiving repeated imnunizing
infections. Although several classes of rat antibody have been described
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only IGG has been identified as containing antibody protective against
Smalaria infection. In the following study, rat anti-P. berghei serum
S)obtained from animals at different times following infec~ton was frac-

tionated by ammonium sulfate precipitation, gel filtration, and ion
exchange chromatography. These fractions were then tested for the ability
to suppress the infection in a mouse test system.

Animals. The mice used in the experiments were ICR strain males
weighin-g 20-25 gins. WRCF rats derived from the Wistar strain were used
throughout the study for the preparation of antiserum. All animals were
fed a standard diet.

Test systems. Globulin fractions of pooled rat antisera were evalu-
ated for protective activity by methods quite similar to those reported
previously for evaluating unfractionated antisera. Groups of 5 mice each
were injected intravenously with 2 x 107 parasitized RBC's; one hour later
experimental mice were injected intravenously with 0.5 ml immune globulin.
Controls were either left untreated or were injected with normal or control
rat globulin. Parasitemias in individual test mice were determined from
blood smears prepared on days 3 and 4 after infection, i.e., by determining
the percentage of infected RBC's in a sample of 200 counted cells.

The indirect hemagglutination test using antigens extracted from
lysates of P. berghei erythrocytes was performed by previously described
technic.

Production of anti-P. berghe and control sera. Antiserum was pre-
pared by inoculating 150-- gram WRCF rats intraperitoneally with the
NYU-2 strain of P. berghei which had been maintained in young rats for
more than 3 years. Atisera (designated as antiserum No. 1) was obtained
from rats 18 days after they had been inoculated with ý x 108 parasitized
RBC's. Serum from rats given 4 inoculations of 1 x 10 parasitized RBC's
per inoculation on days 0, 21, 28 and 35 and bled on day 43 was designated
as antiserum No. 2. Control sera was obtained from rats inoculated with
diluted normal rat blood following the above schedules. Antiserum No. 3
was collected from rats immunized over a prolonged period (2-5 mos.);
these rats were given 5 to 9 immunizing inoculations ranging in tize
from 1 x 107 to 6 x 107 parasitized REC's. Other antisera were obtained
from rats 6, 12 and 18 daya after inoculation with 1 x 10o parasitized
RBC's. Control sera (CS6, 12, 18) were obtained from rats on days 6, 12
and 18 after inoculation of diluted normal rat blood. Normal rat serum
(NS) was obtained from untreated rats. Serum was collected by cardiac

puncture after the rats were anesthetized with ether. The blood was
allowed to clot at room temperature; the clot was then ringed and allowed
to retract overnight at 40c. The following morning the samples were
centrifuged and the serum was collected and pooled.

) Fractionation of serum. Salt precipitation. The globulins were
"precilptate from serum 'atoo temperature by adding an equal volu•m of
saturated ammonium sulfate with constant stirring. The precipitate was .

removed by centrifugation, washed twice with 50% saturated aimonium
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sulfate and then suspended in phosphate-buffered saline (PBS), pH 7.2.

The ammonium sulfate was removed by passage of the material over a column
of Sephadex G-25 or prolonged dialysis. The globulins were routinely
suspended in PBS to 3 times the concentration of the original serum.
Globulins precipitated from serum taken early in the course of P. berghei
infections (i.e., 6. 12 and 18 days) were labeled iG 6, IG 12, fG 1MA
and IG 18B2 respectively. Control globulins from rat sera obtained 6,
12 and 18 days after an infection of dilute normal rat blood were desig-
nated CG 6, CG 12, and CG 18, respectively. Globulins obtained from
hyperimmune rat serum were labelled HIG 1 (4 inoculations) and HIG 2
(5-9 inoculations) while control globulin from rats receiving 4 injections
of dilute normal rat blood were labelled CG-H. Normal globulin (NG) was
prepared from sera obtained from untreated rats.

Gel filtration. The 3 globulins were separated on the basis of
molecular size by gel filtration using 100 x 2.5 cm columns packed with
Sephadex G-200. The elution pattern, developed with phosphate buffered
saline pH 7.2 was determined by spectrophotometry at 2800 angstroms; the
eluates containing the 196 and 7S protein peaks were concentrated by
ultrafiltration at 40c.

Anion-exch!%e chromatography. The peak obtained by gel filtration
and kown to contain the 7S Immunlobulins was further fractionated by
ion exchange chromatography. Columns (40 x 2.5 cm) were packed with
DEAI Sephadex A-25 and the proteins eluted sequentially with the following
phosphate buffers: 0.01 M pH 7.5; 0.02 M pH 6.2 and 0.05 M pH 5.5.

Identification of rat Imunolobulins. The terminology used to de-
scribe iumunoglobulins present in the various fractions is as previously
reported. Iunoelectrophoresis was performed according to the method
of Scheidegger, with the apparatus described by Wieme. The plates were
developed with rabbit antisera that would recognize IgG,* IgA and IgM
rat mnoUglobulins.

In the initial studies, salt precipitation of the globulins (HIG 1
and 2) frm byperimmune rat serum (Nos. 2 and 3) was performed to determine
If these proteins contained the protective activity. The ability to
svpre8s the parasitemia was readily demonstrated with the resuspended
globulins, and in addition salt precipitation provided a convenient means
of concentration. The suppression of the parasitemia in the antiserum
treated nice was transient and parasittmias rose rapidly in both treated
and control mice after day 3 with all mice succumbing to the infection.

Studies with býeriwmme 1W an 7S cbutlin fractions. HI 1 and
HM M5.- Ix MouMM~s) were seprated into 198 and 7 fraictions by gel

filtration on Sephadex 0-200 columns. Nice receiving fraction No. 1
(196 globulins) developed parasitedias which were not significantly dif-
ferent from those of mice receiving P. In mice injected with fraction

*IZW Is used to describe I and IgOB.
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No. 2 M globulin), a marked and significant suppression of the para-
sitemia resulted. Another experiment with 7S and 19S fractions from

HIG No. 1 confirmed these results.

Studies with subfractions of hyperimmune 7S lobulin. Since the
protective activity was found in 7S globulins from hyperimmune sera,

further fractionation of these proteins was accomplished. 7S globulins

from hyperimmune serum (No. 2) were equilibrated with a starting buffer,

applied to a DEAE Sephadex column and eluted with phosphate buffer. The

two distinct protein peaks obtained were then evaluated for protective

activity. Also tested were HIG 1 (unfractionated globulins), Sephadex

G-200 fraction No. 1 (19S) from the same hyperimiune sera (No. 2), and

normal 3K globulins (NG).

The 196 fraction obtained from antiserum No. 2 again had no protec-

tive effect when compared with normal globulin. The major amount of

protective activity was present in subfraction No. 3 of the DEAE frac-
tionation procedure and approximately equalled that of the 3X RIG. Sub-

fraction No. 1 also inhibited the level of parasitemia but to a lesser
degree than the HIG or subfraction No. 3. Similar results were obtained
in a repeat experiment utilizing the same fractionation technics. Sub-
fraction No. 2 showed only equivocal activity.

Time course development of antibody. A group of rats was injected
with I x 10M parasitized RBC's and one third of these animals were sacri-

ficed and bled at each of the following intervals: 6, 12 and 18 days

post-infection. The 3X globulins from rats infected 12 days bad a morbidly

protective effect in suppressing parasitemias. Parasitemias in mice

treated with 6 day globulins were low but not significantly suppressed.
anti-parasitic effect. In a later experiment, however, globulins obtained

at this time (18 days post-infection) had a significant anti-parasite
sfrect. It should be noted that parasitemias in these 2 groups were

markedly different. Three groups of control rats were bled 6, 12 and 18
days respectively after injection with diluted normal RBC's. Globulins

from these 3 pools showed no suppressive activity.

Infractionation of 12 day globulins. Sephadex G-200 separation if
IG No. 12 into 196 and 7S fractions (#l and 12 respectively) was obtained.
When these fractions were studied in the test system, the 198 fraction
had a small but insignificant amount of protective effect. The 78 fraction
was more effective in inhibiting the parasitemia, but neither fraction

was as potent as the unfractionated globulins.

Cm ison of imone and iyperimmune globulins. The 196 and 7S
i•) fractions obtained from early antiserum (IG-1) and hyperiimaune antiserum

(HIG #3) were compared for their ability to suppress mouse parasittmias.
Unfractionated HIG 13 (from hyperimmune serum) was more potent than the
unfractionated IO #1 (early antiserum) and the same relationship was

( ) observed with their 7$ fractions (Fractions #2). In contrast, the 196
fraction from the early antiserum appears to have some protective activity.
This was not noted in the 196 fraction from hyperimaune serim.
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Identification of rat immunoglobulins. Sephadex G-200 fractionation
of 3X globulin preparations resulted in 2 major peaks. Fraction #1 con-
tained IgM immunoglobulin, X2 macroglobulin and occasionally a trace of
IgG. Fraction #2 contained IgG and IgA rat immunoglobulins. Further
fractionation of the IgG and IgA mixture was obtained by DEAE Sephadex
chromatography. Subfractioris #1 and #2 contained only IgG immunoglobulin.
Subfraction #3 contained electrophoretically fast IgG and IgA.

Indirect hemagglutinating titers. The IHA titers of the normal 3X
globx'iin and unfractionated and fractionated 3X globulin preparations
from immune serum are listed in Table 4. Early IHA activity appeared to
be greatest in Sephadex G-200 fraction #1 (19S). On the other hand IHA
activity in hyperimmune sera appeared to be concentrated in fraction #2
(7S). A degree of correlation appears to exist between the IHA titer
and the protective effect of the 3X globulin or its fractions. An ex-
ception is noted with IG 18. Although this globulin preparation had a
relatively low IHA titer, protective effect was demonstrated in the test
system. In addition, fraction #2 was more protective than fraction #1
and the IHA titers were <20 and 20 respectively. A recent report indi-
cates that hemagglutination titers may fall during or shortly after the
crisis in parasitemia.

In the present experiments, ammonium sulfate-precipitated globulins
from normal and immune rat sera were tested for the ability to suppress
P. berghei parasitemia in a mouse test system. Groups of infected mice
That-reeii ved no treatment and those that received normal rat globulins
had similar levels of parasitemia, whereas mice receiving immune globulins
or fractions thereof showed significant suppression of parasitemias. In
addition, the globulins obtained from rats that were injected with non-
parasitized erythrocytes were unable to suppress a P. berghel parasitemia.
This indicated that infection with P. berghet elicited humoral factors
capable of suppressing the parasite-. Xtiodies belong to the gamma
globulin class of serum proteins, and it is reasonable to assume that the
salt-precipitated globulins contained whatever serum antibodies were
present in the donor animal. Recent studies with hyperimmune serum have
demonstrated that rat anti-P. berhci protective antibodies are members
of the Ig class of immunog~obuiins. The present experiments are in
agreement with this observation. However, the most potent fractione
contained electrophoretically fast Ig and IgA. This introduces 4he
possibility that IgA antibody my also have antiparasitic activity.
Studies utilizing Fe piece specific anti-IgA antisera to remove this
iunoglobulin from preparations being tested for protective activity
could establish the importance of rgA in antiserum.

No evidence is available in the literature concerning the protective
role of IgH antibody in rodent malaria. When antiserum was obtained
early (12 to 18 days) after P. berghai infection and then separated into
196 and 7$ fractions, there was ain Ticatiln that 196 fraction may
contain some protective activity but there was no evidence of activity
in 196 fraction from hyprriumune serum. This suigests that 10 antibody
my play an i:::rortant role in suppressing the parasitesia, particularly
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since it was demonstrated (12-18 days) at a time when rats are clearing
the parasites from their circulation.

A degree of correlation was noted between the IHA titer and protective
activity of the various globulin preparations (Table 4). At the present
time it is assumed that the IHA titer reflects the presence of many dif-
ferent antibodies, and further work is necessary to establish the exact
relationship between this serologic test and theprotective effect of
antiserum.

Table 4

Indirect Hemagglutinating Titers of Rat Anti-P. berghei Globulins

Titer

Whole Sephadex 0-200
Specimen globulin (3X) FR. 1 (196) FR. 2 (7S)

Normal globulin (NG) <20 -
Control globulins (CG) <20

6, 12, 18, CG-H
SHyperimmune globulins (HIG)1HIG No. 1 1280 20 1280

HIG No. 2 5280 160 2560
Immune globulins (IG)

IG-6 320 - -
IG-12 320 160 <20
IG-18A 80 - -
IG-18B 40 20 <20

DEAE Chromatography of G-200 FR. 2 (7s)

1 2 3

HIG-1 320 160 1280

- Not done
! Values represent the reciprocal of the greatest dilution giving a

positive result. All titers were obtained with 3X globulin prepa-
rations.

4. Aspects of immunity in mice inoculated with irradiated Plaamodiu

Attempts to induce protective immunity in experimental hosts by the
use of irradiated malarial parasites have been relatively successful.
Both sporozoites and blood forms of Plasmodiumn a ceum when irradiated
and injected, into chickens have conferred a resistance against a chal-
lenging infection of parasites of the same strain and stage. Recent
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experiments have shown that rats previously treated with irradiated
P. berghei infected erythroc~ytes develop an increased resistance to
Ehallenge. There was a 10-30% recovery rate among mice immunized with
irradiated blood forms of P. berghei. In addition these mice had ex-
tended mean survival times--and delayed parasitemias when campared to
control animals. Many mice immunized with irradiated sporozoites of P.
berghei survived a usually lethal sporozoite challenge, although protec-
tion did not extend to blood induced challenges.

The experiments described here are an extension of previous work in
which irradiated P. berghei blood forms were used to induce a protective
immunity in mice. The dose relationships between immumizing and challenge
inocula have been investigated along with experiments designed to deter-
mine the nature and duration of protection. Since it has been suggested
that antigenic differences between sporozoites and erythrocytic forms
may preclude immunization against mosquito induced malaria with blood
forms of plasmodia, experiments were also conducted to determine whether
or not immunization by irradiated blood forms would protect mice from
sporozoite induced challenges.

ICR strain mice weighing 20-25 grams were used. The NYU-2 strain
of P. berghei maintained in our laboratory for over 4 years by blood
trans.fcrs in ICR mice was used in all experiments involving blood in-
duced infections. The preparation of inocula for immunization and chal-
lenge with P. berghei (NYU-2) was conducted as previously described.
Experiments designed to test the effect of sporozoite challenge on animals
immunized with blood forms were done with the 17X strain of P. berghei
yoelii. This isolate was received from R. Killick-Kendrick in 1967, and
has been maintained by alternate blood transfers in white mice and
mosquito transmission by Anopheles stephensi. Mosquitoes were fed on
mice during the first 3-4 days of patency, maintained at 270C and pro-
vided with 10% sucrose solut )n. Samples were dissected 7 days after
feeding and salivary gland uiifections were on day 10.

A sporozoite inoculum for challenge was prepared by triturating
pools of 50 female Anopheles stephensi mosquitoes in 5 ml of chilled
Medium 199. The ground mosquito-parasite mixture was transferred to
a centrifuge tube and lightly spun for a few seconds to remove the coarse
mosquito debris. The supernatant fluid with the sporozoites was placed
in a vaccine bottle and kept in an ice bath until used. in general, no
more than 20 minutes alapsed between the collection of the sporozoites
and the inoculation of the mice.

In most experiments, animals were immunized on days 0, 3, 7, 10
and 14 and challenged on day 21. Treated control mice received an equal
volume of irradiated normal mouse erythrocytes by the same schedule.
All control and immunizing inocula were exposed to 20 kilorads and given
intraperitoneally (I.P.) in a 0.5 ml volume. Blood induced challenges
were given I.P. in a volume of 0.5 ml while sporozoite challenges were
given in 0.1 ml volumes. Parasitemias were determined by counting the
number of parasitized RBC's in 200 total RBC's on Geimsa-stained slides.
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Reticulocytes were stained with brilliant crasyl blue by mixing 2 dropsn of stain and I drop of blood in a small tube. After 10 minutes staining
time, the tubes were agitated and a smear was made from the mixture.
These slides were then counterstained with Wright's stain which allowed
for distinction between host cell reticulum and parasite material.

To determine the presence of subpatent parasitemias, subinoculations
were performed by diluting 2-3 drops of tail blood from each animal with

0.5 ml of saline citrate. Two mice were then inoculated intravenously
with this suspension. Protection was usually evaluated by comparative
analysis of survival time, percent mortality and course of parasitemia

in experimental and control animals.

Protection induced by Irradiated Parasitized Blood

In the first eperiment, aliquots of irradiated P. berghei parasi-
tized blood (1 x 100/0.5 ml) and irradiated normal blood were centrifuged
at 1500 rpm for 20 minutes. The plasma was then decanted from sane
aliquots of both the normal and infected blood and the cellular portions
of each group were then resuspended as shown in Table 5. After 5 Mn-
jections of the various inocula the mice were challeuged along with
untreated controls. All the animals became patert. Extended median
and mean survival times were observed in each group which had received
inocula containing irradiated parasitized cells. These groups also
included a significant number of animals which survived the challenging
infection. No survivors appeared in the group of mice receiving plasma
from infected mice although the range of mortalities was increased
slightly in both groups. Irradiated cells and plasma from normal mice
alone or in combination did not protect. Survival times for these groups
were similar to those of the untreated control group.

Dose Pielationships

To investigate the dose relationships between imnunization and chal-
lenge, an experiment was designed in which 4 different levels of imuni-
zation were tested agains 4 different levels of challenge. A total of
240 mice was divided into 6 groups. The first 4 groups were immunized
with 5 injections of 1 x i08 , 1 x 106, 1 x 104 or 1 x 102 irradiated
P. berghei parasitized mouse cells respectively. The animals of the
-ifth group received irradiated normal mouse RBC's, and those of the
sixth group served as untreated controls. Seven days after the last
immunization 10 animals from each of the above groups were challenged
with I x 108, 2 x 106, 2 x 104, and 2 x 102 viable P. berghei parasitized
mouse cells respectively. The results (Table 6) shvw th-aftimunization
with a total of 5 x 100 parasitized cells protected mice against all 4
levels of challenge. At each challenge dose the mean survival time of
these mice was significantly increased over that of controls. The number
of animals surviving the challenge ranged from 0% in the animals receiving
the largest challenge (1 x 108) to 60% in the group given the smallest
challenge (2 x 102). Animals immunized with 5 x 106 irradiated para-
sitized cells showed no resistance to the heaviest challenge (1 x 108)
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with mortality rates very similar to those of the controls. These animals,

however, showed increases in median survival times over those of treated
controls by 3.6, 5.5 and 5.3 days when challenged with the 3 smaller doses.

The 5.5 and 5.3 day extensions were statistically significant by rank test.• Animals immunized with 5 x lO4 and 5 x 102 irradiated parasitized cells

showed no protection against any of the 4 levels of challenge. There were
no survivors in either of these 2 groups or in the treated or untreated
control groups. Mean percent parasitemias have been plotted for the
groups that showed a significant increase in survival time. Percent
parasitemias of controls and immunized groups whose mortalities did not
differ significantly were plotted as a range of means. In animals immuni-
zed with 5 injecti ns of 1 x 100 irradiated parasitized cells and chal-
lenged with 1 x l10 parasitized cells, the initial parasitemia appeared
to rise in mature erythrocytes and to undergo a minor crisis on day 4 or
5. Soon after this time, increased numbers of basophilic erythrocytes
began to populate the blood and the parasitemia appeared to rise and
remain in these basophilic cells for the remainder of the infection. A
similar pattern was seen when animals immunized with the same number of
irradiated parasitized cells were challenged with 2 x 106 parasitized
cells except that the crisis of parasites was delayed. When challenged
with 2 x lg4 or 2 x 102 parasitized cells, animals immunized with 5 x 108
and 5 x 10 showed lower parasitemias when compared with the other groups.
Animals immunized with 5 x 108 irradiated cells generally developed lower
parasitemias after challenge than did mice immunized with x 10 irradiated
cells. At the 2 lower challenges 3 immunized mice (5 x 10) showed no
patent parasitemia at any time. Parasitemias of control groups and im-
munized groups not showing protection rose rapidly, and parasites were
found predominantly in mature erythrocytes at all 4 challenging doses.

Table 5

Protection Induced by Irradiated Parasitized Blood

Survival Time (Days) Mean Day No. Survivors/
Treatment Median Range of Death No. Challenged

Parasitized Blood >59 20->59 22.5 7/13
Normal Blood 10 9-12 10.1 0/15
Parasitized Cells and

Saline 23 9->59 20.0 4/15
Normal Cells and Saline 10 8-15 10.6 0/15
Parasitized Cells and

Normal Plasma 21 20->59 21.3 5/15
Normal Cells and Para-

sitized Plasma 12 8-19 13.5 0/14
Parasitized Plasma 10 8-18 11.3 0/15
Normal Plasma 10 8-14 10.3 2/15
No Treatment 10 9-14 10.7 0/30
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Table 6

Dose Relationships between Immunization and Challenge

Survival Time (Days)
Group Median

Group Minus Mean Day Survivors/
No. Treatment Median Range NRBC Median of Death Challenged

Challenge Dose - lxl08

1 (lxlO8)x5 15.0 10-17 +8.5 14.5 0/10
2 (ix106)x5 7.0 5-10 +0.5 7.2 0/10
3 (lxl04)x5 6.5 5-13 0.0 7.9 0/10
4 (1xlO2)x5 6.0 5-9 +0.5 6.5 0/10
5 (NRBC)x5 6.5 5-13 -- 7.3 0/10
6 No treatment 6.0 5-10 -0.5 6.4 0/10

Challenge Dose - 2xi06

1 (ixio8 )x5 3.8.0 8->178 +10.0 17.6 2/10
2 (ixl06 )x5 11.0 6-19 +3.0 11.9 0/10
3 (1x10 4 )x5 7.5 6-17 -0.5 9.3 0/10
4 (lxl02 )x5 7.5 6-16 -0.5 8.5 0/10

5 (NRBC)x5 8.0 6-12 -- 8.3 0/106 No treatment 9.5 7-16 +1.5 10.5 0/10

Challenge Dose - 2xl04

H 1 (Ix108 )x5 19.5 3.4->178 +10.5 20.0 1/10

2 (ix106 )x5 15.0 9-23 +6.0 14.6 0/10

3 (lxl04 )x5 9.0 8-18 0.0 10.3 0/10w 4 (ix102 )x5 9.5 9-13 +0.5 9.8 0/i0

5 (NRBC)x5 9.0 8-10 -- 9.1 0/10
6 No treatment 10.0 9-15 +1.0 10.9 0/10

Challenge Dose - 2x,0 2

1 (lxlO8)x5 >178 19->178 >166.0 25.0 6/10

2 (ix1O6)x5 19.0 10->178 +7.0 17.4 2/10
3 (1x10 4 )x5 12.0 10-19 0.0 12.9 0/10

(1xlO2 )x5 12.0 10-14 0.0 11.8 0/10

5 (NRBC)x5 12.0 11-14 -- 12.1 0/10
6 No treatment 12.5 10-15 +0.5 12.6 0/10
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1 AI
Duration of Protection

To test the duration of the protection produced by the irradiated
parasitized cells, 180 mice were divided into 3 groups and given the
following treatments. The first group received 5 injection of 1 x 10
irradiated parasitized mouse cells, while those of the second group were
given an equal volume of irradiated normal mouse cells on the same days.
The animals of the third group were ketp as untreated controls. A
challenge dose of 2 x 104 viable P. ber ei infected mouse cells was
given to 10 animals from each group 2b, 56, 84, 119 and 189 days after
the last immunization (Table 7). All animals became patent after chal-
lenge at each time interval. Protection was evidenced by increased
survival times and by the survival of animals after challenge. The ranges
of mortalities for immunized and control groups do not overlap for the
7, 28 and 56 day challenges. When mice were challenged 84 days or later
after immunization, some immunized animals died within the mortality
range of the controls even though the number of survivors appeared to
increase between days 56 and 119. Protection could still be demonstrated
189 days after immunization, although only one animal survived the chal-
lenging infection at this time. Little variation was found in control
groups except for a slight increase in both median and mean survival
times over the 6 month period. The survival times of the irradiated
normal cell control animals were decreased as compared to the untreated
controls.

Table 7

Duration of Protection Produced in Mice by Immunization with
Irradiated P. berghei

Day of Survival Time (Days) Mean Day Survivors*/
Challenge Group Median Range of Death No. Challenged

7 Immunized 20 14->269 18.8 3/10
NRBC's 9 8-11 9.2 0/10
No Treatment 9 8-10 9.2 0/10

28 Immunized 20 16->248 21.4 1/10

NRBC's 9 8-15 9.9 0/10
No Treatment 10 9-16 10.3 0/10

56 Immunized >220 16->220 17.7 6/10
NRBC's 9 9-16 10.4 0/10
No Treatment 9 9-11 2.6 0/10

84 Imunized 29 9->192 21.1 3/10
NIBC's 10 8-12 9.6 0/10
No Treatment 11 9-16 11.4 0/10

ll9 Immunized >157 l1->157 18.3 6/10
NRBC'S 11 10-17 11.3 0/10
No Treatment 12 9-16 12.6 0/10

189 IMmunized 20 9->87 19.0 1/9
NRBC's 9 9-15 10.5 0/10
No Treatment 11 9-14 11.0 0/10

*Based on last day of change.
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Subinoculation and Rechallenge of Survivors

I ( B~ood from 13 immunized mice which had survived a challenge of
2 x 10 P. berghei infected cells was subinoculated into normal mice 3
times over ia peiod of 4 months beginning 1-3 months after challenge.
Three mice had parasitemias on the first subinoculation. However, no
parasites were detected in recipient mice following the second or third
subinoculation. The surviving mice were then rechallenged with 2 x 107
P. berghei infected cells 5-7 months following the primary challenge
"along with 13 untreated controls of the same age. Percent parasitemias
rose rapidly in control animals and also in two animals which had not
become patent after the primary challenge. These two experimental mice
died on days 5 and 6 after challenge while the average day of death for
the control animals was 8.6 days. Parasitemias rose less rapidly in 9
of the experimental animals all of which underwent a crisis 6-9 days
after challenge. Following this crisis 3 different courses of parasitemia
ensued. Three of these mice died during ascending parasitemias after the
crisis on days 14, 16, 18 and after challenge. Three other mice survived
this ascending parasitemia. Their parasitemia levels were relatively
high for some time, then reached a low point at approximately day 48.
One of these animals later developed a high percent parasitemia. Most of
the parasites in the other 3 experimentals disappeared soon after the
initial crisis, but the animals remained patent at low levels throughout
the observation period (83 days). The remaining two experimental mice
did not undergo a detectable early crisis in parasitemia and remained
patent, usually at low levels, for the duration of the experiment. Eight
of the 13 experimental animals survived for longer than 83 days after
the second challenge.

Cell Type Parasitized

Geimsa stained blood smears revealed that parasites developing in
animals challenged soon after immunization were primarily basophilic
erythrocytes presumed to be reticulocytes. On the other hand, parasites
in control animals, although rapidly parasitizing available basophilic
cells, developed mainly in mature erythrocytes. The course of parasitemia
in animals immunized with 5 injections of 1 x 1O8 irradiated parasitized
cells and challenged with 2 x 10i4 viable P. berhei infected cells one
week after the last irniunization were plotted. Reticulocytes were stained
with brilliant cresyl blue and the smears were counterstained with Wright'a
stain. Total RBC counts were done to assess the extent of the anemia in
immunized and control animals. Control animals became patent on the 4th
day after challenge and the parasites rapidly invaded the available
reticulocytes and also large numbers of mature cUlls, the latter accounting
for most of the parasitized cells. RBC counts fell rapidly as the para-
sitemia progressed. Most of the control animals died without showing any
elevation in reticulocyte count. Immunized animals, in contrast, were
not patent on day 4, but were patent on day 6. Their parasites were
found mainly in reticulocytes and only a relatively small percentage of
the mature PBC's were parasitized at any time. RBC counts in these
animals decreased at a more gradual rate and, as a reticulocytosis

0
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developed, the parasites were restricted for the most part to the reticulo-
cytes. In animalg which survived the challenge infection, parasites were
cleared from circulation even though there were large numbers of reticulo-
cytes in the blood.

After challenge in one experiment, blood from immunized mice was
subinoculated into normal mice. The resulting infections appeared to -

follow a normal course. The recipient mice rapidly developed a high
parasitemia, largely in mature cells, and died as a result of the
infection.

'When animals were challenged approximately 4 months after immuni-
zation greater numbers of parasites were found in mature cells. Inmuni-
zed animals which died within the control range could not control the
parasitemia in mature cells and succumbed to infections predominantly
in mature cells. Parasitemias in some immunized mice which initially
developed in mature cells underwent a crisis with a corresponding fall
in percent parasitemia. As reticuiocytes began to increase in numbers
in these animals, the parasitemia usually rose again, and parasites were
found mainly in reticulocytes. In other animals, however, the parasitemia
did not rise to high levels in reticulocytes even though these cells were
available. Total RBC counts done on immunized and control animals chal-
lenged 4 months after immunization showed that the anemia in immunized
animals produced by the challenging infection developed more rapidly
than when the challenge was given soon after immunization.

Effects of Dunization

In 3 separate experiments hematocrits were done on animals during
the first, second and third week of inmunization. Similar results were
obtained in each experiment. Each experimental and control mean and
ragne represents results obtained with 30 mice, while the normal mean
and ragne was established from values obtained from 90 untreated mice,
30 of which were done each week. A slight decrease in mean hematocrit
values was noticed in immunized groups during the second and third week
of immunization. Mean values for control mice receiving injections of
irradiated normal blood remained about the same as those of the untreated
animals for all 3 weeks.

In two of the above experiments the percentage of reticulocytes in
the peripheral blood was determined on different animals in each of
3 groups. Each experimental and control mean represents values obtained
from 20 mice while the normal mean and range determinations were based
on data from 60 untreated mice, 20 of which were done each week. Although
animals injected with irradiated normal blood showed no reticulocytes and
their mean values remained near those for untreated mice, imunized
animals developed a reticulocytosis which became evident during the first
week of immunization. The reticulocytes appeared to increase during the
second week and was still present at the time of challenge during the
third week of immunization.
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Total body weights of immunized and contrci animals were recorded
in one experiment. Each mean value is based on data from 50 mice. No
differences in weight between immunized and control animals were found
at any time during the Immunization period.

Imiunized and control mice in two separate experiments were sacri-
ficed on day 21 after 5 immunizations. Serum from immunized animals
was tested for a passive protective effect and the results were reported
elsewhere. Total protein and serum electrophoresis values of sera from
immunized and untreated control mice are shown in Table 8. Mean values
for total protein, albumin, alpha1 and beta globulins showed slight
decreases when compared to the control values. Alpha 2 globulins were at
comparable levels in both groups. However, a 39% increase in the con-
centration of gamma globulin was found in sera from the immunized group.
The wet weights of spleens, livers and kidneys from these animals were
determined and are shown in Table 9 as their average percent total body
weight. Spleens in immunized mice increased in weight approximately
100% over both treated and untreated control animals during the period
of umunization. These spleens were also darker in color than those of
the control animals and resembled spleens from mice early in the course
of active P. berghei infections. Ranges of liver and kidney weights
overlappedinxal T3groups although the average liver was slightly
heavier in immunized mice.

Table 9

Organ Weights After Immunization

Percent Total Body Weight

Group No. Animals Spleen Liver Kidney

Mnised 75 .89 6.26 1.45

NRBC Control 36 .46 5.58 1.37

go Treatment 72 .44 5.98 1.49

Blood StaeV bonisatian vs. - orozoite Challeng

Four separate experiments were conducted using approximately Ix 108

Irradiated P. b y infected IWC's as the Immunizing agent ard
1 x 1W3 - i-x loy iProseIti of the saw strain as the challengi
organism. lach experiment included an immimsed group of mice as well
as 2 Vps of control odce, one injected with irradiated normal blood
and the other untreated. Table 10 shows the -memization schedule, day
of challange, and the maber of mice in each group vhtIch became patent
after chalenge. It Is evident that the Immunisation with irradiated
blood forms had no apparent effect on the number of animals which became
patent after challenge since approximately the sme p-reentage of anmuls
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- developed parasitemia in both immunized and control groups. The parasites
f developing in in•minized mice, however, persisted for much shorter periods

of time and parasitized smaller percentages of RIC's than did those de-
veloping in either control group. This same pattern of low patent para-
sitemias of short duration in animals imnunized with irradiated blood
forms was evident in all 4 experiments.

Table 10

Patency Rates of Immunized and Control Mice
Challenged with Sporozoites of P. berghei lii

No. Patent/No. 3hoculated

Exptriment Days of Day of No
No. Immunization C,•allenge Imiunized NREC'S Treataent

1 o,*,7,9,1• o40 9/10 3/4 4/5

2 ol4,7 12 3/5 5/5 4/4

3 0,7,5,22 29 5/9 9/10 3/5

0,o.4.7.11 26 14/5 1/5 3/4i

Total - - 21/29(72%) 18/24(75%) 14/18(77%)

TY..- injection of irradiated parasitized blood into mice produced a
significant immunizing effect. Presumably the irradiated parasitized
erythrocytes are responsible for the development of this resistance,
although the effects of other irradiated blood elements from infected
animals are not known. Passive transfer of sensitized lymphocytes has
been shown to coufer protection to a challe In ifection of P.
in rats, but the relatively small number of irradiated leukocaes present
in the immunizing inocula, which is obtained from donor mice early in
infection, would probably not be sufficient for the development of im-munity. The slight protective effect seen In sme animals after injec.

tion with irradiated plasma from infected mice may be due to parasitized
erythrocytes or cell free parasites vhich were not completely rzed
from the plasma during centrifugation, since in previous experiments no
protective effect was elicited in rats by the Lntraperitoneal Injection
of filtered plasma from infected donors.

The Immznity produced in mice was found to depend on the size of
* the inoculum in both inulization and challenge. While immunization

with the largest number of irradiated parasitized cells produced resi-
tance in mice to a wide range of challenges, imaunity produced by fewer
irradiated cells could be overwhelmed by large challenge doses and
could be denstrated only when the challengn inoculum was reduced.
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Relatively small numbers of irradiated parasitized cells did not stimu-
late detectable protection in mice.

Even though ICR mice are extremely susceptible to the NYU-2 strain
of P. ber ci, immunization with irradiated parasitized blood forms
lnduceT a resistance which could be detected for at least 6 months.
Ace cured of active P. berghei infections by chemotherapy have been
shown to be resistant-toKchlenge for at least 3 months. The immunity
appeared to wane in some iniunized animals challenged a long time after
immunization. These mice developed high parasitemias and died soon after
challenge. The number of survivors in some of these groups, however,
was greater than when challerges were given soon after immunization. A
secondary response initiated by a more severe infection early after
challenge may have protected these animals, although the age resistance
to P. berghei previously described in mice was observed in control animal s
and may have influenced the survival rate in immunized groups.

The pattern of parasitemia developing in immunized mice after chal-
lenge was basically different from that of control animals. Whereasthe latter succunbed to a rapidly ascending parasitemia predominantly

in mature RBC's, parasites in innune mice were restricted primarily to
reticulocytes and did not greatly increase in numbers until a reticulo-
cytosis developed in the immunized animals. It has been suggested that
parasitized reticulocytes predominate in the circulating blood in some
P. barghei infections because parasitized mature cells are removed more
rapidy. However, since REC levels fell more rapidly in control than
in imounized mice, it is likely that parasites did not invade a large
number of mature cells which were subsequently removed. The mechanisms
of acquired imnunity probably restricted the parasites primarily to
reticulocytes where the parasites were sheltered from the host's response.
Experiments reported elsewhere indicate that the pareaites persisting
after challenge in mice immunized with irradiated parasitized cells are
antigealcally different from those found :kn control mice. ni many
animals which survived the challenging infection, parasites were cleared
from the blood even though large numbers of reticulocytes were present.
A few Imsunized mice challenged with =ml inocula did not become patent
although all control mice succumbed to the challenge.

Mice immunized with irradiated parasitized cells develop a reticulo-
cytosis, a alight decrease in hematocrit values, enlarged spleens and
elevated lUvels of serum gamma globulin. Thle increase in spleen weight
was probably a direct result of the increasei activity involved in the
seuestration and destruction of irradiated parasitized cells by this
orgon. Te bypersplenim may have in turn been responsible for both the
decrease in hematocrit values ard the reticulocytosia since mild heuo-
lytc anemias have been described in rats with hypersplenic conditions.
The disparity In blood values between iaumized and control mice was
apparently not due to subpatent parasitesdas wtich had developed in
Imunized mice, since repeated subinoculation of blood from these mice
produced no Infection in recipient animals. Elevated serum gaina globulin
leve"s have been previously shevn in mice made resistant to P. berghei
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by curative therapy of active infections. The passive protective effect
exhibited by serum from mice immunized with irradiated parasitized cells
may indicate a specific effect of acquired immunity.

Immunized mice which survived the challenging infection apparently
underwent a complete cure and remained strongly resistant for long
periods of time, since their blood remained free from parasites as
determined both microscopically and by subinoculation. This is in agree-
ment with findings reported elsewhere in which true residual immunity
without stimulation by surviving parasites was found in both rats and
mice.

Experiments with avian and rodent malarias have shown that protec-
tion couLd be induced against sporozoite challenge by prior treatment
with attenuated sporozoites. This protection did not extend to chal-
lenges with blooý_. forms of the same strains of parasites. Richards, on
the other hand, found that antigen prepared from erythrocytic parasites
of P. gallinaceum conferred immunity against both erythrocytic and sporo-
zoife challenges. In our experiments with rodent malaria, immunization
with irradiated blood forms protected mice against spoý-ozoite as well
as blood induced challenges. Our results further suggest that the L
mechanisms of resistance might be different in animals immunized with
sporozoites than in those immunized with blood forms. In the former
the survivors of sporozoite challenges did not usually become patent
although these animals showed no immunity to blood induced challenges.
Conversely, when irradiated blood forms were used for immunization,
challenge with sporozoites produced patency but the resulting parasi-
temias were rapidly controlled. This suggests that immunity in these
animals ;as directed primarily against erythrocytic forms rather than
the sporozoites or the pre-erythrocytic fozms.

5. Some characteristics of Plasmodium berghei "relapsing" in immunized
mice.

Many investigators hnve attempted to immunize against malarial in-
fection by injecting hosts with non-living parasite materials prepared
by a variety of technics, injected by several routes and accompanied by
selected adjuvants. Zuckerman has reviewed these attempts with mammalian
malaria and concluded that in no case did such vaccination procedures
provide "complete protection against infection with viable homologoas
parasites." It has been widely assumed that failure of vaccination
procedures is due to the technics used in preparing antigens, i.e.,
protective antigens were either inadvertently omitted from the vaccine
or denatured during processing.

In an attempt to increase immnugenicity of vaccines, other workers
have immunized mice by injecting living P. ber!.4. Since infected mice
"die so rapidly, effective acquired resistan1eiNbi s host can only be
elicited by special methods, e.g., attenuation of the parasite, so that
the host can acquire an effective immunity before it is killed by the

•) parasite. After a short uninterrupted course of P. berghei infection,
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mice have been treated with atebrine or prim&quine to eliminate parasi-.
temias; the development of immunity in such mice is evidenced by marked
suppression of parasitemias following challenge infections. Jeruisalem
has shown that primary P. berghei parasitemias in mice can be controlled
by eliminating or minimizing the host dietary intake of PABA, and that
this treatment is immunogenic. Another method of preventing fulminant
infections is to irradiate the parasites with x-rays. Although parasites
have not shown to be able to multiply after exposure to high doses of
x-ray, they do circulate for a period of time after injection and elicit
protective immune response in mice and rats. Weiss and Degiusti have
shown that rodent parasites can be attenuated by in vitro culture in a
medium containing hamster serum; these parasites did-no-oproduce patent
infections but did stimulate an immunity to challenging infections. In
the work cited above, resistance to challenge was measured by one or
more of the following: prolonged prepatecny, delayed increase in para-
sitemia, lower peak parasitemia, earlier decline inf parasitemia and
reduced mortality of the host. In none of these experiments, however,
was the immunity absolute and lasting. In general, challenging parasites
did establish themselves in the immunized host, and frequently these
parasites persisted for weeks to months. Immunization with delayed drug
treatment of infection, and irradiation of parasites has been obtained I
by other workers using other host-parasite situations.

It has been postulated that parasites persisting in chronically
infected animals are variants resistant to the hosts immunity. Cox has
described properties of relapsing P. berghei parasites that differ from
those of the parent strain; changes in virulence and immunogenicity as

well as susceptibility to latency-inducing treatments. Relapse strains
of P. knowlesi have been shown by in vitro agglutination tests to differ

from a parent strain, i.e., persistently relapsing populations differ
antigenically from each other and from a parent strain. It is assumed that

such immunological specificity applies as well to protective antibodies,
shown by Coggeshall and Kumm to be present in infected monkey. Similar
differences in immunogenicity have been described for different variants
of P. c nom-ologi. Monkeys actively immunized against some variants
showed immunity to homologous challenge; in some cases there was apparent
cross immunity between related strains.

The present work uses a passive protection system in an attempt to
determineif acquired humoral factors (antiserum) can distinguish oe-
tween stock paras.-'tes and (variant) parasites subinoculated from immunized
animals with persisting infections.

Mice used in these experiments were ICR strain males generally
weighing 20-25 gin.

Immunization of mice: Mice were immunized with x-irradiated para-
sites or irradiated normal mouse RBC's according to previously methods.
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Antiserum testing of stock and derived parasites: Parasites multi-
plying in control (non-immunized) and expeziment-aT(7(iEunized) groups of
mice were subinoculated into groups of normal 20-25 gm mice by intravenous
injection of 2 x 107 parasitized RBC (PRBc) contained in 0.2 ml. One hour
after infection. mice were injected with either antiserum or normal serum
(0.5 ml per mouse). Blood smears were prepared from test animals on day
3 and the level of parasitemia determined. In Experiment No. 2, parasite
subinocula prepared from experimental and control mice contained 2 x 101
PRBC/0.2 ml. Some recipients of this inoculum were bled on the fourth
day for material to be passaged; inocula for this and subsequent passages
(made every 3-4 days) contained 2 x 107 PRBC/O.2 ml. Some parasites sub-
inoculated in Experiments 1 and 2 were tested with normal rat serum or
rat antiserum. The rat antiserum used in this testing came from 9 pool
of serpm from rats receiving a series of 5-9 injections of 1 x 100 to
6 x i0' PRBC's over a period of 2-5 months.

Protective effect of antiserum (MAS-1) from mice immunized with
x-irradiated stock parasites. An experiment was done to determine
whether mice injected with x-irradiated stock parasites would produce
antibodies detectable in a passive protection test. A group of mice was
immunized with the standard five injections of irradiated stock peTasites
and bled one week after the last injection. Pooled serum from these mice
was tested against stock parasites in each of five mice. Controa.. sera
(obtained from either normal unimmunized mice or mice repeated], injected
with irradiated normal mouse RBC's) were tested at the same time, each
serum injected into five mice infected with stock parasites.

There was some indication that antiserum from immunized mice had a
suppressive effect against stock parasites. Thus, on the third day after
infection and treatment with antiserum MAS No. 1, experimental mice
showed a mean parasitemia of 23%. This figure was significantly less than
that (33%) for the 5 control mice injected with normal mouse serum but
not significantly differeat from figures of 30% and 32% respectively for
control mice receiving no serum and control mice receiving sera against
irradiated normal RBC's. An additional experiment was done increasing
the sample size.

Effect of mouse antiserum (MAS-2) on parasites isolated from immuni-
zed and non-immunized mice. This experiment was done to confirm a previous
report that injecting of irradiated stock parasites elicits an active
immunity against a challenging infection of stock parasites, to confirm
that such treatment would also elicit protective antibodies against
stock parasites, to determine if parasites could persist in immunized
mice and, if so, to isolate these parasites and test them for sensitivity
and antiserum. A group of 50 mice was immunized by standard procedures.
0np week after the last immunizing infection, 40 of these mice were
exsanguinated and their blood pooled for serum (MAS-2). The remaining
10 mice were each challenged with stock parasites (2xl0O PRBC's) along
with 10 unimmunized mice of the same age.

1195



1 0
4 H
COU

00

U4-

'0 H

(L) \0 \

CM COj

H

0)- 0CI - -

CU~

H OD C

N ~ ~ ~ ~ U _z 01 0 L\ c

0 H- oQ

0O (isO O

H: CU H

0

0 '0 C .) 4O-N H )
0- VNU - D C N C

H N
O~~~~~~ (0 O19-c..~ 4 La 0 U\O Ho H H

0

"-119



8A

Active immunity in immunized mice: Table 11 shows that infection
of x-irradiated stock parasites stimulates an immunity effective against
a challenge with stock parasites but that this immunity was only
transiently protective. Control mice had rapidly progressive parasi-
temias between days 5 and 7, and all of these mice died before the 12th
day (mean survival time of 10 days). In contrast, immunized mice had a
delayed and relatively slowly progressive infection which did not reach
parasitemias of 20% or more until the llth day. Moreover, 2 of the
experimental nmice survived, and those that died had a prolonged mean
survival time (15 days).

Protective antiserum in immunized mice: Antiserum from mice im-
munized with irradiated stock parasites was tested against two types of
parasites, those isolated from control mice and those isolated from
experimental mice. In the 6th day of infection a group of 5 control
mice (mean parasitemias of 17%) was sacrificed and their blood pooled.
Standard inocula (2 x 107 PRBC's) prepared from this blood were injected
into 30 mice. Ten of these mice were then treated with mouse antiserum
(MAS-2), 10 with normal mouse serum and 10 were left untreated. Another
group of 30 mice was similarly infected with parasites subinoculated
from 5 experimental mice on the 11th day, at which time their parasitemias
averaged 13%. Three subgroups of these recipient mice were then treated
with MAS-2, normal mouse serum, and left untreated respectively.

As can be seen in Table 12, MAS-2 had different effects on parasites
isolated from control and experlimental mice. Normal mouse serum had no
effect on the course of parasitemia in mice infected with parasites from
the control group, but MAS-2 significantly suppressed these parasites on
days 2-4. On the other hand, parasites isolated from experimental mice
were only slightly affected by this same antiserum; suppression was
relatively slight and significant only on day 2. It should be noted that
the two isolates increased at comparable rates in control mice.

Table 12

Effects of Mouse Antiserum (MAS-2) on Parasites Isolated from
Immunized and Non-immunized Mice

Parasites
Isolated Injected Parasitemia on Day

from with* 2 3 4
Unimmunized mice uninjected 6 22 51

normal rat serum 6 23 48
rat antiserum 4** 12** 29**

Immunized mice uninjected 5 25 57
normal rat serum 5 26 58
rat antiserum 5 21* 53

• 0.5 ml serum injected i.v. one hour after i.njection of
2 x io7 PRBC's.

** Significantly less than means for two control groups.
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Effect of rat antiserum (RAS-I) on parasites isolated from immunized
and non-immunized mice; In this experiment immunized and control mice

* •were challenged with stock parasites as in the previous experiment;
parasites were challenged with stock parasites as in the previous experi-
ment; parasites isolated from these two groups were tested for sensitivity
to the same antiserum, In this case a rat antiserum (RAS-I) repeatedly
shown to be effective againgt stock parasites. Table 13 again shows the
immunogenecity of x-irradiated parasites; as noted before, however, this
immunity only delayed the course of the challenging infection and most
of these mice died. Parasites were subinoculated from 5 control mice
(mean parasitemia of 25%) on day 6 and from experimental mice (mean
parasitemia of 21%) on day 10. These isolates were tested in the first
passage for sensitivity and RAS-I.

Table 14 shows that the rat antiserum had different effects on
parasites isolated from control and experimental mice. Parasites isolated
from control mice were markedly and significantly suppressed by RAS-lp a
suppression of 6%, 24% and 36% on days 2, 3 and 4 respectively. Cn the
other hand, RAS-l had a relatively slight effect on parasites isolated
from experimental mice, and this suppression noted only on days 2 and 3
(suppressed by 20% and 6% respectively).

Table 14
Effects of Rat Antiserum (RAS-l) on Parasites Isolated from

Immunized and Non-immunized Mice

Parasites
Isolated Injected Parasitemia on Day

from with* 2 3 4

Unimmunized mice normal
rat serum 8 32 57
rat antiserum 2** 8** 21"*

Immunized mice normal
rat serum 7 33 66
rat antiserum 5** 27** 61.*

* 0.5 ml serum injected i.v. one hour after injection with
2 x 107 PRBC's.

** Significantly less than mean for controls injected with
normal rat serum.

Effectiveness of rat antiserum on parasites passaged after isolation
from i-nunized and non-immunized mices In this experiment, parasites were
again isolated from control and experimental mice. These parasites were
passaged during the following 18-20 weeks and tested repeatedly during
this interval for sensitivity and RAS-1. In this case there were two
types of control animals, those immunized with irradiated normal mouse
RBC's and those left unimmunized. Parasites were subinoculated from
these two groups on days 7 and 8 when their parasitemias averaged 28%

Ii)
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and 32% respectively. Parasites were subinoculatDd from immunized mice
on day 14 at which time the parasitemias averaged 27% in donors.

Table 15 shows results comparable to those noted in the previous
experiment, i.e., parasites isolated from control mice were markedly
sensitive to RAS-1, but parasites isolated from immunized mice showed no
significant sensitivity to this same rat antiserum. Moreover, these
characteristics remained stable during passage of the parasites.

Table 15
Effectiveness of Rat Antiserum (RAS-1) on Parasites Passaged After

Isolation from Immunized and Non-immunized Mice

% Suppression* of
Parasites Isolated from

Controls
Immunized

Unimmunized with Normal Immunized
Passage No. Controls RBC'2 Mice

1 17 21 0
2 19 18 3
3 21 16 3
4 20 4
6 24 1
8 18 5

18 2
20 21

*Differences between mean % parasitemia in mice treated with

normal rat serum and mean % parasitemia in mice treated
with rat antiserum.

The present work confirms reports of the immunogenicity of x-irradi-
ated stock parasites, which stimulate humoral and probably cellular
factors of acquired immunity. This immunity is not, however, completely
protective, and although challenging infections are significantly sup-
pressed, parasites persist and eventually increase rapidly.

Why challenging parasites persist in immunized mice is not clear.
It is possible that immunological and non-immunological stresses associated
with challenging infection make the immunized host more suceptible to
the parasite and/or that the parasite may have undergond certain changes
facilitating survival in the immune environment. It is of interest,
therefore, that the antiserum used in passive protection tests were
effective against stock parasites and against parasites multiplying in
control mice but not against parasites persisting in immunized mice.
On the other hand, Wellde et al. have shown that such relapsing infections
are found in reticulocytes.
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1. Cytochrome oxidase activity in platelet-free preparations of Plasmodium

knowlesi.

Although cytochrome oxidase is widely distributed in mamialian tissues,
it is not present in many mammalian parasites. For example, no cytochrome
oxidase activity could be demonstrated in the filarial worm, Litamosoides
carinii, which is known to require oxygen for survival. Conversely, the
whipworm, Trichuris vulpis, contains cytochrome oxidase but survives for
longer periods when maintained under anerobic conditions. Other heluinthas,
such as Ascaris lumbricoides, Hymenolepis diminuta and Moniezia 9
contain no demonstrable cytochrme oxidase and obtain energ primarily from
an anaerobic metabolism.

Many parasitic protozoa also lack any demonstrable cytochrlm oxidase
activity. These include blood parasites such as TrZgl som c9ge j,
T. vivax, T. rhodesiense, T. gambiense, T. evansi, TZ. eXln3 and T.
equi2erdum.

Cytochrome oxidase activity has been reported in only two of the
plasmodia, Plasmodium cathemerium and P. berlhei. Interpretation of the
findings with P. cathemerium are complicated by the uso of intact red blood
cell preparations containing parasites, asking it necessary to deteimiie
activities by differences. In addition, the older assay procedures apl%ý.g
ascorbate and p-phenylenediamine coupled to oxygen uptake are relatively
non-specific in comparison with methods now available. It is of equal
importance that, although cytoebrome oxidase activity is not demonstrable
in mature erythrocytes, other blood components do possess this enzymtie
activity. This is particularly true of the blood platelets vhich contavdate
most preparations of malarial parasites, since they are similar in size and
density to the plasmodia and cannot be separated from them by mean of
differential or gradient centrifugation. Unless platelets are excluded,
cytochrome ouidase activity cannot be attributed solely to the parasite.
Platelets possess an active aerobic metabolism and are rich in the enzyme
systems of the tricarboxylic acid cycle and pentose phospbate shunt, which
causes further confusion in attempts to evaluate the enzymatic consti-
tution of malaril pa ites. The gtud4o: - .ý'vrfd here describe methods
for obtaining P. knovlesi preparations iisentialy free of platelets and
white blood cells wiEthaim loss of free parasites. Preparations
obtained by the method described were then assayed enzymatically for cyto-
chrome oxidase activity.

1203



Collection of parasitized cells and separation from platelets. Macaca
mulata monkeys were infected by intravenous transfer of fresh P. knowlesi.
When at least 25% of the red blood cells were infected, 10 mg of adenosine
diphosphate in one ml of saline was injected intravenously. This resulted
in a marked reduction of circulating platelets as was previously reported
to occur in rabbits, cats and man. After 20 minutes, animals were ex-
sanguinated by cardiac puncture and the blood was collected in a heparinized
bottle (0.67 mg heparin/ml blood) immersed in ice. To obtain a platelet
free preparation, a technique was devised in which the whole blood was
passed through a column of glass beads prior to centrifugation. The use of
glass bead columns for quantitation of platelet aggregation in normal blood
has been reported by O'Brien and Heywood. The glass beads (0.012 -0.-1 mm;
Scientific Products) were washed by immersion in concentrated gulfuric acid,
rinsed copiously with water until free of acid and dried at 85 C. The beads
(1.5 grams per ml blood) were packed with light tamping into a glass column
(approximately 19 mm internal diameter) supported by a plug of glass wool.
nlow of blood through the column was maintained at approximately 19 drops/
minute by positive air pressure.

To remove white blood cells, the eluate from the column of glass beadR
was immediately passed through a column of dry cellulose powder (CF 1
Whatman Column Chromedia) in a ratic of one gram of cellulose per 10 ml of
initial blood. In the reported control experiments, non-parasitized bleod
was treated in an identical manner. All operations were performed at 4 C.
Eluates from cellulose columns were centrifuged at 4, 3 40 x g for 15 minutes.
Fhe supernatant fluid was discarded and the pellet which contained both
free and intracellular parasites was washed twice by suspernding to the
original volume in 0.057 M sodium phosphate buffered saline (pH - 7.4) con-
taining 0.2% glucose. The pellet was subjected to a final wash with the
high potassium medium for use with free plamodia as described by Trager.
The particulate fraction was made to a 20% (v/v) suspension in this medium.

Poiasites were released from red blood cells by selectively dis-
empting the latter during passage through a French pressur .ell at
2,000 p.s.i. Unbroken red blood cells were separated from the free para.
sites by centrifugation at 125 x g for 10 minutes. Parasites were harvested
from the supernatant fluid by centrifugation at 27,000 x g for 15 minutes
and separated from soluble red blood cell components by washing with
Trsger's sedium until a clear and colorless fluid was obtained (3 to 4
washes).

Cell-free extracts of P. knowlesi were prepared by suspending the
washed parasites in 0.05 N potWsiu"hosphate buffer (20% v/v), and passing
throh a French pressure cell at 18,000 p.s.i. For determination. of
cytochrom. oxddase activity, the cell-free extracts were centritvged at
27,000 x & for 15 minutes and the supernatant fluid and pellet which was
resusended in 0.05 N phosphate buffer (pM - 7.1) were assayed separately
according to the procedure of Smith. Cytochrome c (Sigma Chemicals, St.
Za8s) was reduced by the addition of sodium hydrosulfite. Excess hydro.
sulftte was removed by shaking and aeration.
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The percentage of reticulocytes was determined in a fresh red cell
suspension stained supravitally with 1% (w/v) Brilliant Cresyl Blue in
0.85% (w/v) saline. Platelets were quantitated by means of phase mic-
roscopy. Both leucocytes and blood parasites were estimated in methanol-
fixed blood films, stained with Giemsa's stain. To determine the para-
sitemia, at least 200 red blood cells were examined and 'he percent of
these that were infected was calculated. The number of white blood cells
per 100 oil immersion fields was also counted to approximate leucocyte
levels at various stages in the procedure. Proteiia was assayed according
to the method of Lowry.

Non-parasitized blood was withdrawn from nine monkeys and subjected
to several operations in an effort to determine the effects of these pro-
cedures on platelet levels and the cytochrome oxidase activity of the
remaining blood components (Table 1). When blood was passed through a
filter paper column, there was a marked decrease in white blood cell
content. Many of the platelets were also removed by this procedure.
However, the number of platelets remaining was sufficient to interfere
wi-•h further biochemical studies. The L ijection of adenosine diphosphate
(ADP) into monkeys before bleeding had no effect on white blood cell levels,
but there was a noticeable decrease in circulating platelets. Unfortunately,,the resulting decrease could not be quantitated accurately because of

platelet aggregation. When blood from these monkeys was obtained after
the injection of ADP and further subjected to passage through glass bead
and filter paper columns, the platelet levels were found to be extremely
low. These preparation allowed a more meaningful determination of the
cytochrome oxidase activity in red blood cell debris freed of white blood
cells and platelets. With this method, 70 to 100% of the cytochrome
oxidase activity was removed from the whole blood preparations. The low
levels of enzymatic activity remaining in most of the platelet free
preparations may be due to the small number of reticulocytes still present.

Samples of blood infected with P. knowlesi were obtained from each of
seven monkeys when the parasites were at specific stages of development.
Platelets and white blood cells were removed by the techniques described
above, and cytochroe oxidase activities were determined (Table 2). There
was a large variation in the specific activities of these preparations
indicating the need of further study. Regardless of the stage of de-
velopment, all parasite preparations were found to possess cytochrome
oxidase activity which was inhibited completely by cyanide at a concen-
tration of 1 x 10-3M. Those activities were in all instances significantly
higher than the corresponding non-parasitized blood samples from which
white blood cells and platelets were removed (compare Tables 1 and 2). On
the other hand, if platelets and white blood cells were not reoved, then,
the cytochrome oxidase activity of the parasites could be masked by the
corresponding activities of these blood components; thereby, not allowing
for dependable enzymatic assays c' the plasmodia. In contrast with moet
cytochrome oxidase preparations obtained from mumalian tissues, the
paresite enzyme remains in the supernatant fluid to a large extend even
after centrifugation at 27,000 x g for 15 minutes. The significance of this
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finding awaits further study. These results show that cytochrove oxidase
is a constituent of the parasite; they also emphasize the importance of
removing platelets prior to the assay of enzymatic activities of the
parasite.

Table 2

Cytochrome Oxidase Activities in Stages of P. kvowlesi

Cytochrome Oxidase Activity

mu Moles Cyto. c Oxi- mu Moles Cyto. c

Stage rasitea dized/Min/Mg Protein oxidzed/Mn/M

Supernatant Residue Parasitized Blood

Rings (95%) 31 6.47 - 0.287

Rings (75%) 4O 6.36 3.49 3.41

Rings (80%) 70 4.12 4.17 2.75

Trophozoites(95%) 65 39.5 0.0 6.83

Schizont (95%) 40 17.8 0.72 3.53
Schizont (95%) 21 1.15 0.69 0.93

Schizont (95%) 13 1.28 0.0 0.57

The metabolic and terminal respiratory pathways in the plasmodia are
still not understood. A great deal of confusion exists in the literature
in relation to these pathways. Earlier investigations employing primarily
manometric measurements indicate the presence of Krebs' cycle activity in
P. gallinaceum and P. lophurae. In addition, P. knowlesi, P. lophurae and
P. cathemerium were reported to possess a cyanide sensitive respiration.
Cyanide sensitive respiration does not necessarily mean that cytochrome
oxidase is present because the respiration of L. carinii is very sensitive
to cyanide yet this parasite has no cytochrome oxidase activity. McKee
et al, found that P. knowlesi was sensitive to carbon monoxide inhibition
in the dark, suggesting a heavy metal containing catalyst in terminal
respiration. This inhibition however was not reversed consistently by
light, as would be expected if cytochrome oxidase were present.

Recent investigations employing more sophisticated isotopic techniques

have indicated that tricarboxylic acid cycle activity was absent in P.

berhei and in P. vinckei. The additional finding that P. knowlesi ac-

cumulates lactate as an end product of glucose dissimilation further in-

dicates a limited oxidative metabolism, since complete aerobes oxidize

substrates solely to carbon dioxide and water.
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Dixon pointed out the importance of eliminating platelets in blood
parasite preparations before conclusions could be reached in regard to
the en•ymatic activity of the parasite. He reported that the lactate
dehydrogenase activity of T. rhodesiense preparations was directly pro-
portional to the number of platelets present. Similar precautions should,
be applicable to preparations of the malarial parasites. Therefore,
methods reported above were devised to a&low for the essentially complete
removal of both platelets and white blood cells from P. knowlesi. These
preparations have been shown to possess cytochrome oxidase activity by
means of a specific enzyme assay procedure. This activity can now be
attributed directly to the parasite.

Althcugh the presence of cytochrome oxidase in P. knowlesi indicates
the ability of this organism to activate molecular oxygen, this does not
by itself allow for the conclusion that the organism possesses a functional
cytochrome mediated electron transport systeu.. While true mitochondria
have not been reported to P. knowlesi, "double membrane" bodies have been
shown to occur. These may or may not contain cytochrome oxidase. Further
studies employing parasite preparations free of platelets and white blood
cells are required to elucidate the functionally significant metabolic
pathways which exist in plasmodia.

2. Glycolytic and cytochrome oxidase activity in plasmodia.

In early studies of the cultivation of human malaria, Bass and Bass
and Johns stated that anaerobic conditions are necessary for survival of
the parasites. However, these reports were difficult to evaluate, since
survival data were based on observations of parasites in stained blood
films. Anfinsen et al. found that P. knowlesi in monkey red ce.ls multi-
plied equally well with 0.37% oxygen as they did with 20% oxygen, and that
there were fewer degenerate forms at the lower oxygen concentration.

Although the effects of complete anaerobiosis have not been reported,
McKee suggested that lowering the oxygen supply below 0.4% diminished
growth and multiplication of P. knowlesi, and Trager demonstrated that air
had a favorable effect on the survival of P. lophurae in chicken red blood
cells.

Most of the evidence in the above re 1 ,orts indicates that p)lasmodia
depend on oxygen for survival, although the possibility still exists that
their requirements may be microaerophilic. If plasmodia are aerobic,
then the tricarboxylic acid (TCA) cycle may be acting as the major energy
yielding terminal respiratory system. Evidence has been presented indi-
cating that his pathway is present in some plasmodia, but recently the
existence of the TCA cycle in P. berghei and P. vinckei has been questioned
seriously.

In an effort to resolve these conflicting reports, properties of the
terminal respiratory pathway of P. knowlesi were examined and parasite
preparations were assayed for cytochrome oxidase, Other investigators
reported the presence of cytochrome oxidase in P. cathemerium and P. berghei.
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The present studies extend the earlier findings of Scheibel and Miller
who employed white blood cell and platelet-free preparations, and a
more specific assay procedure to demonstrate the existence of cytochrome
oxidase in P. knowlesi.

Blood from infected mice and monkeys was processed to obtain parasite
preparations which were essentially free of white blood cells and platelets.
Twenty minutes before infected monkeys were bled by cardiac puncture they
were injected intravenously with 10 mg adenosine diphosphate (ADP) in I ml
saline to promote clumping of platelets. Blood was collected from the mice
in the same manner, except that the adenosine diphosphate was added to the
drawn blood. Chilled bottles containing 0.67 mg heparin/ml blood were used
to collect blood from the monkeys. For mouse blood 0.2 mg heparin/ml was
added to the bottles before collection. White blood cells and platelets
were removed by passing the blood through glass beads and powdered filter
paper columns according to procedures described previously. Red blood
cells were then separated from the eluates by centrifugation at 4340 x g
for 15 minutes and the supernatant fluids were discarded. The pellets
containing both free and intracellular parasites were resuspended to a
concentration of 20% (v/v) in the high potassium medium, and the red blood
cells were ruptured in a French pressure cell to release the parasites.
P. knowlesi were released at a pressure of 2,000 p.s.i. Intact red blood
cells were separated from the free parasites by centrifugation at 125 x g
for 10 minutes. The parasites were then harvested from the supernatant
fluid by centrifugation at 4,340 x g for 25 minutes and taken to a 10%
(v/v) suspension in the appropriate high potassium medium. These cells
infected monkeys both before and after incubation. P. knowlesi parasites
prepared in this manner were then added to the respirometer for metabolic
determinations.

Parasites used for cytochrome oxidase assays were prepared in a similar
manner, except that cells obtained from the powdered filter paper column
eluates were washed twice with 0.057 M sodium phosphate buffered saline,
pH 7.4, containing 0.2o glucose and once with the appropriate high potassium
medium. P. cynomolgi were released from the red blood cell at 1,500 p.s.i.,
and P. berghei at 2,5000 p.s.i. In addition, after passage through the
French pressure cell and removal of unbroken red blood cells, the parasites
were harvested by centrifugation at 27,000 x g for 15 minutes and washed
with the high potassium medium until a clear and colorless supernatant fluid
was obtained.

Cell-free extracts of P. knowlesi, P. cynomolgi and P. berghei were
prepared by suspending the washed parasites in 0.05 M potassium phosphate
buffer (20% v/v), and passing them through a French pressure cell at 18,000
p.s.i. For determinations of cytochrome oxidase activity, the cell-free
extracts were centrifuged at 27,000 x g for 15 minutes and the supernatant
fluid and residue, which was resuspended in 0.05 M phosphate buffer
(pH = 7.4), were assayed separately according to the procedure of Smith.
Cytochrome c (Sigma Chemicals, St. Louis) was reduced by the addition of
sodium hydrosulfite. Excess hydrosulfite was removed by aeration.
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Cells were incubated in ccnventional Warburg vessels in a Gilson
tifferential Reapirometer for 3X minutes at 37 0 C in an atmosphere of
air or nitrogen as indicated. Re.:piratory carbon dioxide was trapped
in alkali in the center well. Reactions were terminated by the addition
of perchloric acid to a concentration of 3%. Before assays were made
for radioactivity, the respiratory carbon dioxide trapped in the center

I.wells was redistilled by acidification in Warburg vessels. The liber-
ated carbon dioxide was then trapped in hyamine hydroxide. Radio-
activity was determined on aliquots by scintillation counting in Bray's
solution.

The incubation medium was veutralized with KOH, and lactate was
quantified enzymatically by a modification of the method of Lowry
et al. Lactate dehydrogenase (Worthington, Inc.) was diluted with 0.
NaCl rather than albumin and the buffer used was 2-amino- 4 -methyl-l-
propanol, pH 9.7.

Glucose was assayed spectrophotometrically at 340 mni by a variation
of the method of Slein. The reaction mixture contained 40 pmoles glycyl
glycine buffer (pH 7.4), 0.8 pmoles MgCl 2 , 3.75 pmoles adenosine
triphosphate (ATP) and 0.3 pmoles triphosphopyridine nucleotide (TPN),
0.56 units of hexokinase and 0.23 units of glucose-6-phosphate dehydro-
genase (Boehringer and Soehne) in 0.05 M glycyl glycine buffer (pH 7.4).
The total volume was 0.8 ml. Glucose 3,4 C14 was obtained from New
England Nuclear Corporation, and glucose 1_C1 4 and glucose 6-C0 4 from
Nuclear Chicago Corporation. Protein was dctermined by the procedure
of Lowry et al.

The principles of laboratory animal care as promulgated by the
National Society of Medical Research were observed.

-

Cytochrome oxidase activity in plasmodia. Regardless of the medium
in which the parasites were prepared, cytochrome oxidase activity was
found to be present in P. knowlesi, P. cynomolgi and P. berghei
(Table 3). This was evidenced by the ability of the parasites to
reoxidize reduced cytochrome c. Cyanide (10-3M) inhibited the enzymatic
activity of all preparations, further establishing the identity of
cytochrome oxidase. All activities in the parasitized samples were
higher than in the corresponding non-parasitized samples from which
white blood cells and platelets were removed. The cell preparations
were a mixture of ring, trophozoite and schizont stages of the parasite,
and therefore, the possibility that a single stage was responsible for
all the oxidase activity cannot be ruled out.

Glucose-C1 4 utilization, lactate and COO production. The presence
of cytochrome oxidase does not by itself establish the parasites as
aerobes. Therefore, attempts were made to determine whether or not a
Pasteur effect was demonstrable in these parasites, and whether or not
the tricarboxylic acid cycle was operating as an energy yielding pathway
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Table 3

Cytochrome Oxidase Activities in Plasmodia

Cytochrome Oxidase Activity

Percent mW Moles Cytochrome mp Moles Cyto-
Parasi- Oxidized/min/mg chl-ome Oxidized

Species Media temia Protein /min/ml Para-

Supernatant sitized Blood

Fluid Residue

P. knowlesi Bowman's 72.0 16.7 0.0 5.12

P. cynomolgi Bowman's 20.5 13.3 0.0 4.34

P. cynomolgi Trager's 25.0 9.67 2.54 1.60

P. berghei Bowman's 30.0 1.22 4.13 1.32

P. berghei Trager's 32.5 1.15 0.0 0.67

of major significance. The Pasteur effect i.e. a more rapid utilization
of substrate anaerobically than aerobically which results from a compe-
tition between aerobic and anaerobic pathways for common rate limiting
cofactors, is characteristic of aerobic tissues. Cells which do not
rely upon oxygen for energy metabolism do not exhibit such an effect.
Free parasites, suspended in either Bowman's medium or Trager's medium
(Table 4), were incubated in the presence of various species of C1 -

glucose. Glucose disappearance, lactate formation and the incorporation
of radioactivity into respiratory C02 were measured. Under the condi-
tions employed no significant difference was found between the aerobic
and anaerobic utilization of glucose (Table 4) which indicates the
absence of a true Pasteur effect. The addition of coenzyme A (CoA) and
reduced glutathione (GSH) was found to have no significant effect on the
aerobic versus anaerobic utilization of glucose or lactate accumulation.
It is of interest also that in no case did the quantities of lactate
formed account for the amounts of glucose disappearing which indicates
either the accumulation of glycogen or of other products. Glycogen,
however, has not been found in P. berghei, P. knowlesi, P. gallinaCeum
or P. cynomolgi. In all experiments, lactate accumulation was higher
in an anaerobic environment demonstrating that differences do exist
between the aerobic and anaerobic metabolisms.

The possibility of a complete oxidation of significant amounts of
glucose to carbon dioxide can be ruled out on the basis of the low
incorporation of radioactivity from the 1, 6, 3 and 4 carbons of glucose
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into respiratury'C02 . These findings imply that a tricarboxylic acid
cycle could not operate under the conditions of these experiments,
since the cyclic mechanism requires the liberation of two molecules of
carbon dioxide for each turn of the cycle. Similarly, it would be
expected that a C2 compound such as acetate would not be accumulating in
large quantities, as this also would require the evolution of carbon
dioxide or another one-carbon compound.

Effects of glucose concentration on lactate formation. In experi-
ments to determine the effects of glucose concentration on the utiliza-
tion of this substrate and on the formation of lactate, no effect on the
aerobic vs. anaerobic utilization of' glucose was demonstrable (Table 5).
As before, the presence of air did not alter the rate of disappearance
of the substrate regardless of concentration, although there appeared to
be greater utilization at higher concentrations. On the other hand, the
ratio of glucose utilization to lactate formation was incree~ed con-
siderably at the higher substrate concentrations both in the presence
and absence of air. The possibility arises, therefore, that increasing
the concentration of glucose may facilitate the use of ancillary
pathways not involving lactate.

Although mature erythrocytes do not contain cytochrome oxidase or
tricarboxylic acid cycle activities, white blood cells and platelets are
rich in both of these enzyme systems. For this reason, it is possible
that many early investigatorr attributed to plasmodia the enzymatic
activities of white blood cells and platelets which were present as
contaminants. The procedures used in the present investigation effec-
tively removed the platelets and white blood cells and thereby demon-
strated that the cytochrome oxidase activities of P. knowlesi,
P. cynomolgi and P. berghei are indeed properties of the parasite.

An apparent discrepancy was observed concerning the existence of a
Pasteur effect. The rate of glucose utilization was unaffected by the
presence of oxygen, indicating the absence of a Pasteur effect was
present. The possibility remains that glucose entering the parasite was
constant, but that one portion formed lactate and another was diverted
independently to some other component. Admission of air could then
alter the relative quantities of each component formed, resulting in an
apparent Pasteur effect related to lactate formation but not to glucose
disappearance. Furthermore, increasing the glucose concentration served
to increase the ratio of glucose utilization to lactate formation, which
may also result from a differential effect of substrate concentration on
each pathway.

Evidence has been obtained, in these studies, indicating that
products other than lactate are formed. In homolactate fermentations,
two moles of lactate are formed for each mole of glucose utilized, but

in none of these experiments did lactate account for the quantity of
glucoAe -hich disappeared. Although acetate has been reported to be a

1213

II•



U (\JLr\ LC'rC fr H
Ur\ 00 00 ~Cu U'\L- CU JH UN n

Ci2

toi

0

0 w)
°.-4 +-•

4-) Cd tk

o •, - 0 " r - .l- t0 0I- 0CU, H-O0
0 (D( O UN CO• L( U..,t" .-, 0 K 0, N O \D --4

Q 4) t C 4H C\,jC•j HC.i C OO0H 8

:0 0) 0

0 w

D-I - --0 00 00 00 00 00 r-4 rH

0) -0 ... .i

0

to I to t W W-
0 • 04 1. $4 ,-4 ,--4. : _r_ $

0)0

0 -

P4 C~j &4  CUS 4  CMu $. CM $4 C~t- CUC r.4 Z r4 z.p Z.p z

0 '~j Cj o~

"o CU U

4 w;

02

0z

1214

IEP n ' 
- --iI



product of free P. gallinace~m, it appears unlikely that significant
quantities of any C2 compound would have accumulated in these experi-'
ments, since so little respiratory carbon dioxide was recovered.
Similarly, under the conditions employed, neither the tricarboxylic
acid cycle nor the pentose phosphate pathway could operate to any large
extent because each of these requires the elaboration of carbon dioxide.
The small differences between the incorporation of radioactivity from
the 1 and 6 carbons of glucose into respiratory CO2 (Table 4) may have
resulted from the presence of small quantities of red blood cell (MC)
stroma in the parasite preparations. Red blood cell hemolysates are
known to catalyze the pentose phosphate pathway.

Although the reported findings are in general agreement with those
of previous investigators, they should not be considered applicable to
other plasmodia until further experimental work is accomplished.
Factors such as the pbysiological status of thc organisms, incubation
media, cofactor requirements, etc., cannot be fully evaluated at
present. These factors may account for the variation in results of
plasmodial metabolism studies as reported in the literature.

3. Resistance produced in owl monkeys by inoculation with irradiated
Plasmodium falciparum.

Attempts to induce immunity to malaria have been undertaken by
numerous investigators with varying degrees of success. The inconclu-
sive results obtained with killed vaccines have been attributed to the
loss or denaturation of functional antigens during the preparation of
the vaccines or to the rapid elimination of parasites in the host.
Sinton postulated that the amount and rate of development of inmunity to
malaria may depend upon the amount and duration of antigenic stimulation.
Whereas limited success was achieved by numerous investigators in their
attempts to immunize animals with killed parasites, positive results
were reported in immunizing mice with a strain of Plumodium berihei
which had been rendered noninvasive by incubation in a tissue culture
medium containing hamster serum.

The irradiation of parasites interferes with their physiologic
processes and frequently inhibits their normal development and multipli-
cation. The dose of irradiation needed to suppress multiplication
appears to be considerably smaller than the lethal dose or that required
to affect the plasmodia's metabolic processes. Therefore, irradiation
can be used to take advantage of special linmunizing properties of living
parasites in the absence of the pathogenic effects of replicating
parasites.

Immunization by the use of irradiated plasmodia has been reported
by Ceitheal and Evans. They found that irradiated erythrocytes para-
sitized with P. gallinaceum when injected into normal chickens conferred
resistance to a challenge with normal parasites of the sae strain.
Subsequent studies indicated that resistance developed in rats, and in

1215



%

mice immunized with irradiated erythrocytic forms of P. berghei. The
degree of acquired resistance was influenced by the number of immunizing
exposures anrl detectable levels of fluorescent and protective antibodies
were produced. Appreciable protection and high levels of sporozoite
agglutination titers could be induced in birds by immunization with
ultraviolet irradiated spor3zoites of Plasmodium gallinaceum. These
observations were confirmed by Richards and extended to P. berghei by
Nussenzweig et al. The partial nrotection obtained in mice with a
single immunizing dose of irradiated sporozoites of P. berghei could be
increased with repeated immunizing injections. The incubation of
sporozoites of P. berghei in sera from immunized animals produced a
considerable loss of infectivity of the parasite.

Since host parasite relationships differs strikingly in different
hosts infected with different plasmodia, it is impossible to extrapolate
the above results obtained with bird and rodent malarias to human in-
fections. However, the recent discovery that owl monkeys (Aotus
trivirgatus) are susceptible to infection by P. falciparum of human
origin has cpened the way for direct experimentuLion with this parasite
of man. Blood induced P. falciparum infections with predictable
parasitemias and duration of survival time have been carried out
routinely. Because of its smaller size, ready availability and suscep-
tibility to blood induced infections with P. falciparum, owl monkeys
are well suited for immunization studies with this parasite. However,
some difficulties have been experienced with these animals because of
their susceptibility to viral and bacterial infections.

The present series of experimentn was undertaken to determine
whether protective immunity could be induced in owl monkeys by inocu-
lation of irradiated F. f irum-infected erythrocytes.

A total of 72 owl monkeys of both sexes, ranging in weight from
450 to 900 gm at the beginning of each experiment, was used in these
studies. Of these, 14 were used as sources of parasites for immuni-
zation and challenge of the experimental animals. The remaining 58
monkeys were used in 5 experiments. Seventeen of these animals died
from causes unrelated to malarial infection between the time they were
selected for these studies and the time of challenge, and are not
included in the tables. Details about the quarantine, diet, caging and
general handling of the animals are given in detail elsewhere. In
conducting the research described in this report, the principles of
laboratory animal care as promulgated by the National Society for
Medical Research were observed.

The Catrp strain of P. falciparum was used in these experiments.
This strain has been maintained by serial transfer of infected blood
in nonsplenectomized owl monkeys. Uniformly fatal infections are
producSd in these animals by intravenouL. inoculation of approximately
1 x 100 parasitized red blood cells. With this dose, the parasites can
be detected in the peripheral blood of nonimmunized animals approximately
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2 days after inoculation. The parasitemia increases rapidly and the
animals die about one week later. Since high parasitemias of 25 to 75
percent usually result from these infections, a delay of even a few days
in the development of an infection or a reduction in the percent
parasitemias indicates that the inoculum has been substantially
destroyed or that the parasite multiplication rate has changed.

Donor monkeys for P. falciparum parasitized erythrocytes were
exsanguinated by cardiac puncture. The blood was then transferred to a
centrifuge tube in an ice bath. Normal blood was usually collected from
the femoral veins of 2-3 healthy monkeys. Both the parasitized and
normal blood were centrifuged at 1,500 rpm for 20 minutes and the plasma
was decanted. The packed cells were then reconstituted to the desired0
concentration with cold saline. An inoculum containing between 5 x 108
and 2 x 109 infected RBC's per ml and an equal volume of ncnpr.Lrasitized
cells were placed in each of a number of plastic tubes. The tubes were
then placed in the irradiator and exposed to 25,000 rads. A "Gammacell
220" cobalt Lradiator described by Rice and Smythe was used as the
source of gamma radiation. This 1,300-C source delivered a dose rate
calculated by the Fricke ferrous sulfate method of Weiss et al. of
approximately 15,000 rads per minute. The procedure for irradiation was
essentially the same as that described previously. Each inoculum was

kept in an ice bath until the time it was placed in the irradiator and
afterwards until the animals were injected. All imnmnizing and control
inocula were given intravenously. In the firAt experimept, the monkeys
were given 4 inoculations ranging from 2 x 101 to 9 x 107 irradiated
parasitized re• cells wherpas in the other experiments inocula contained
between 5 x 10 and 2 x 10 irradiated parasitized red cells.

One week after the 1§st imnunizing dose, all animals were challenpd
intravenously with 1 x 10 parasitized nonirradiated BBC's in a 0.5 -
.ml volume. The monkeys were usually examined daily for the presence
of malarial parasites in thick and thin smears stained with Giemsa stain.
Parasite densities were estimated and recorded as percent perasitesias.
If parasites were visible on the smears but were not sufficient ftr
making quantitative determinations, they were recorded a8 less than 0.1
per:ent. All animals were observed daily for any abnormalities in
behavior or general appearance. In the first experiment, symptomtic
treatmeni" was initiated immediately upon detection of concurnent inftc-
tions. In the subsequent experiments no treatment was given to any of
the monkeys regardless of their health status. Antibody levels were
measured in some animals at various intervals by the indirect he Wlu-
tlnetion test (MA) employing as antigen a P. falci infected
erythrocyte lysate, with strict adherence to the publised method.

The first experiment was designed to determine whether inoculations
with parasitized tlood exposed to 25,000 r would stimalate a demtsramb
resistance to a challenge infection with nonirradiated parasites. Since
clinical observations were subjective, the parameters used in deteruniing
resistance were survival time, percent mortality, amid parasitemias.
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Eighteen monkeys were divided into three groups. During the inmuni-
zation period one monkey from each group died. There was no evidence
that immunizzation contributed to these deaths or that it had any ill
effect on the animals that survived. Four monkeys were inoculated 4
times with irradiated parasitized RBC's, 5 others were given irradiated
nonparasitized RBC's and 6 others served as untreated controls. In
those animals which received irradiated parasitized cells, parasites
were usually detectable 24 hours after inoculation. However, no
persisting infections were ever evident on repeated blood smear
examinations. All the animals werg challenged one week after the last
immunizing inoculation with lx 100 nonirradiated parasitized RBC's.

* All monkeys of the control groups became patent 1 or 2 days after chal-
lenge. In all but one (No. 12) the parasitemia increased rapidly and
10 days after challenge the animals were dead. The parasitemia in
monkey No. 12 remained low until day 21 and the animal died 30 days
after challenge with a parasitemia of 35.0 percent. None of the
immunized monkeys developed a demonstrable parasitemia. Two animals
in this group (Nos. 2 and 3) died on days 3 and 4 with acute septicemia,
and 2 survived to the end of the experiment, 90 days after challenge.
The 5 monkeys that died between 3 and 4 days after challenge without
developing high parasitemia (Nos. 2, 3, 6, 8 and 15) were noted to have
developed swelling in the leg at the site of inoculation 2 days after
challenge. Blood and tissue cultures revealed that these animals had
become infected with a gram negative bipolar rod similar to Pasteurella
multocida and penicillin-streptomycin treatment was initiated in all
animals at that time. Antibiotic therapy had no apparent effect on the
course of malaria infection in the animals. The source of the bacterial
infection was believed to have been the donor monkey since plasma from
this animal was found to harbor the same organism.

Although the results of this first experiment were very suggestive,
they were not conclusive because of concurrent bacterial infections.
Therefore, a second experiment essentially similar to the previous one
was undertaken. A total of 22 owl monkeys was divided into 3 groups.
Twelve monkeys died prior to challenge and were omitted from tabulation.
Of the remaining 10, 5 animals received 4 weekly doses of irradiated
parasitized RBC's, 5 others were not treated. All the animgls were
challenged one week after the last immunization with 1 x 10 nonirra-
diated parasitized RBC's. The 2 monkeys which had survived .the chal-
lenge from experiment No. 1 were rechallenged at this time (90 days after
the primary challenge). All of the nonimmunized animals became patent
1 or 2 days after challenge, rapidly developed high parasitemias and died
within 9 days after challenge. Conversely, the, 5 immunized monkeys
developed lower parasitemias and 4 had increased survival times. Deaths

occurred with relatively low parasitemias and one of the animals in this
group was still alive 150 days after challenge. One of the two monkeys
which were rechallenged 90 days after the primary challenge never
developed a patent parasitemia (No. 1). Only occasional parasites wereI observed in the other animal between the 12th and 23rd day after
challenge (No. 4). Both of these monkeys were still alive 150 days
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after rechallenge.

The results of the first two experiments are summarized in Table 6.
The animals that died within 5 days, probably from causes other than
malaria, are omitted. Among the immunized animals (Group I) two never
developed a patent parasitemia. Of the 5 in which parasites were seen
in the peripheral blood, 1 survived after a transient infection and the
others died with low parasitemia. Conversely, 12 of the 13 animals
which were nonimmunized (Groups II and III) developed fulminating
infections and died shortly afterwards with a very high parasitemias.

Table 6

Protection Induced in Owl Monkeys by 4 Weekly Inoculations of
Irradiated Parasites (Experiments I & II)

Patent Parasitemia Survivors

Group No. of No. of Peak Percent No. of Survival
(Treatment) Animals Animals Mean Range Animals Percent (days)

I
Irradiated
Parasitized
RBC's 7 5 2.6 1.0-9.6 3 43.8 35

II

Irradiated
NormalRNms 4 4 36.0 25-49 0 0 8.5

Untreated

Controls 9 9 60.3 33-78 0 0 8.0

In view of these results, an additional experiment involving 18 owl
monkeys was designed to determine whether a detectable degree of acquired
resistance could be induced by fewer immunizing inoculations. Two
animals died prior to challenge and were omitted from tabulation. Of
the remaining 16, one monkey received a single dose of irradiated para-
sitized RBC's (Group I, 4 Group II) were given three inoculations of
irradiated parasitized cells, 4 Group III were given irradiated cells
from uninfected monkeys and 7 Group IV were used as untreated controls.
All the animals were challenge one weak after the last immunizing
inoculation with approximately 1 x 100 nonirradiated parasitized RPC's.
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All monkeys became patent, within 15 days after challenge. The parasi-
temias in each of the animals of Groups I, III and IV and in 2 monkeys
of Group II increased rapidly and all animals died between 6 and 17
days after challenge. Conversely, the parasitemia levels in 2 of the
animals which received 3 inoculations with irradiated parasitized cells
(Group iI) remained relatively low. They died apparently of untreated
upper respiratory disease on days 27 and 29.

In order to find out whether malarial antibodies could be detected
in the owl monkeys immunized with irradiated infected blood, serum
specimens from these animals and from 18 nonimmunized controls were
tested by the indirect hemagglutination test employing as antigen
lysates from P. falciparum infected erythrocytes. No antibodies were
detected in any of the 27 animals beforc immunization (Table 7). Anti-
bodies were detected in 4 of the 10 immunized animals before challenge.
Three of these are animals which survived the challenge infection.
After challenge no antibodies were detected in the nonimmunized controls
up to the time they died.

Table 7

The Detection of Antibodies in Owl Monkeys at
Given Times after Immunization with Irradiated P. falciparum_

Results of IHA Titer (reciprocal)

Pre Time after challenge (weeks)Monkey immuni- Pre

No. zation challenge 1 4 5 6 10 12

1 <20 80 80 2560 1-280 1280 1280 2560
2 <20 <20 died
13 <20 -20 died
4 (20 160 320 1280 2560 10240 640 1280

3i8 <20 160 320 5120 ND ND ND ND
328 <20 <20 (20 died
314 <20 <20 <20 died
327 <20 <20 <20 <20 ND died
367 <20 80 80 died

Unimmunized
controls <20 <20 (20 died
(18 animals)

ND = Not done
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An analysis of the foregoing experiment. indicates that, in general,
an acquired resistance to infection with P. falciparum developed in owl
monkeys after 4 weekly immunizations with irradiated malarial parasites
of the same strain. The resistance was sufficient to inhibit the multi-
plication of the plasmodia and to permit some animals to survive other-
wise lethal challenge with nonirradiated parasites. A less striking
degree of acquired immunity was observed following 3 weekly immuniza..
tions and no detectable immunity resulted from a single immunizing dose.
These results, indicating that protection is directly related to the
number of immunizing inoculations, are in agreement with and extend
those previously reported for rodent malaria.

In view of the relative case with which protection car, be induced
by irradiated parasites, it is somewhat surprising that ccntrol of
malaria by artificial immunization has proved to be so unrewarding. The
literature on the subject reveals that in most parasitic infections
attempts at immunization with vaccines prepared from dead parasites or
parasite extracts have given rather disappointing results as compared
with immunity stimulated by natural or experimental infections. It
seems likely that immunization with irradiated parasites may be similar
to that produced with living non-attenuated parasites in nonfatal
infections. Thus, it has been postulated that antigenic substances
associated with living actively metabolizing parasites are important
for producing a strong immunity. Therefore, it is possible that
vaccination with irradiated parasites may result in an acquired inmunity
as great as or even greater than that produced by infection with the
living non-attenuated parasites.

The present experiments do not permit us to defermine whether
acquired immunity in malaria is stimulated by the irradiated parasites
per se or by other materials present in the parasitized erythrocytes.
Cox suggested that substances elaborated by injected erythrocytes or
erythrocyte substances modified by infection may become antigenic.
These nonspecific "antigens" are present in the serum of animals during
the acute stages of Plasmodium and Babesia infections and render the
animals resistant to challenging Infection with homologous or heterol-
ogous parasites.

The injection of serum, plasma or globulin from animals with acute
malaria or babesiosis into normal animals of both homologous and heter-
ologous species was found to cause severe anemia. Zuckerman suggested
that enzymatic products of the intracellular parasites might be
released into the blood stream and damage the cells. No detailed inves-
tigations were conducted to determine whether the process of immuni-
zation produced an anemia in our owl monkeys. However, limited
hematological observations have failed so far to suggest such an eventu-
ality In the~se animals.
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It was of interest for theoretical and diagnostic considerations to
determine whether antibodies are produced in the vaccinated animals to
be detected by the indirect hemagglutination test. The results
indicated that 4 owl monkeys were able to produce a detectable level of
antibodies even when the normal development and multiplication of
plasmodia was interrupted by irradiation. These results are in agree-
ment with those reported from mice injected with irradiated P. berghei
and other animals with irradiated helminths. It is of interest to
notice that the 3 inmmunized animals which survived the challenge were
among those which developed detectable levels of IHA antibodies prior
to challenge. Serum from mice immunized with irradiated P. berghei had
an immunosuppressive effect when passively transferred to susceptible
mice. At present, one cannot state whether the protection stimulated
by immunization with irradiated P. falciparum is primarily or exclu-
sively humoral in nalture. Recent studies by various investigators
suggest that multiple mechanisms are involved in malarial immunity. The
role of humoral factors in malaria is well established. Moreover, a
degree of correlation was noted between the IHA titer employing
parasitized erythrocyte lysates and protective activity of various
globulin preparations. However, other factors such as stimulation of
the reticuloendothelial system and interferon may play an important role
in protection against malaria. Recent investigations have strongly
suggested that acquired immurity to P. berghei in the rat involves the
development of cell-mediated immunity in addition to the production of
protective antibody. Neonatal thymectomy, which primarily effects the
cell-mediated immunologic response, reduced the resistance of rats to
P. berghei. Immunity has been passively transferred with sensitized
lymphoid cells from lymph nodes and spleen. Conversely, thoracic duct
lymphocytes or macrophages obtained from the stimulated peritoneal
cavities of immune rats had no demonstrable protective effect. The
relative role of cellular, humoral and nonspecific factors in immuni-

K zation plasmodia is being investigated.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00, Malaria Investigations

Work Unit 129, Host responses to malaria
4. Publications.

No publications.
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23. (U) To maintain in machineable form all biological information associated with the
test programs supported by the malarial project.

24. (U) Preliminary machining of approximately 50 percent of data is accomplished at the
source. The remainder of preliminary machining and final processing of all data are done
at Walter Reed. The chemical typewriters are used in association with conventional key-
punch mohines. Programs have been written to allow processing of both biological and
ohemloal into one output.

25. (U) 68 10 - 69 06 A total of 28 additional programs were written to handle biological
data. This included program for one new test system and major modifications in one exis-
ting test system. This also included programing to allow in-house procesing of data
from one test system in which all data wea previously completely processed at source.
Iftorofilming of biology data sheets was aocomplished duriug this period and computer
pro ming for the mainteance of file index was delivered. Currently 40 hours of
1401 comuter time and 18 hours of 7090 time are required per peak to maintain and pro-
aces new data. Records for 175,000 compounds and data from 725,000 biological tests are
stored on 34 tapes, Files are updated weekly with 1000 new compounds (or combinations)
and 4=000 biologioal tests. For technical reports, see Walter Reed Army Institute of
Research Anual Report, 1 Jul 68 - 30 Jum 69.
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Project 3A663713D829 MALARIA PROPHYLAXI

Task 00, Malaria Investigations

Work Unit 130, Literature of Malarial Test Data

Investigators
Principal: David P. Jacobus, M.D.
Associate: Edgar H. Eckermann, LTC, VC; Cen•Jue, CPT, MSC, Robert

Pick, CPT, MSC; Alfred P. Feldman; John F. Waters, Daniel
F. Boehel, ILT, MSC

Description

The development of computer programming for storage and retrieval of
drug screening data, drug inventory, and shipping history has been an
important aid in guiding the antimalarial drug development program of
the Division of Medicinal Chemistry. Programming for the control of
chemical inventory assists in the distribution of samples and compound
information and makes possible central coordination of testing programs
and selection of compounds for test. The ability to interface biology
and chemistry files permits searching of files by chemical structure as
well as by activity, time, submitter, and various combinations of these
parameters.

Progress

A. Inventory Control

The computer system for control of chemical inventory has been completed
and put into operation. Computer Usage Corporation was contracted to
program and maintain this system. The use of an additional identifica-
tion number (bottle number) for each submission has made it possible to
maintain tight control on drug lot. A cross reference to these bottle
numbers with Walter Reed numbers makes it possible to identify all lots
of a particular chemical structure. The use of bottle numbers for refer-
ence to submitters and test systems also functions as an additional safe-
guard for the handling of "commercially discreet" information. All
shipping lists and labels are machine generated, which facilitates pro-
duction of machine generated management report of samples overdue for
shipment, receipt, or test results. All "backlog" samples received be-
fore the current inventory control program was operational and their

shipping histories have been incorporated into the system. Recent im-
j'rovements in all three systems have allowed the inventory to interface .
on a searchable basis with chemistry and biology.

B. Biological Data

Contracts f or computer programming were continued with Advanced Computer
Techn.'ques and Service Bureau Corporation. Pivogramming was produced for
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a new secondary screening system at the University of Georgia operated
by Dr. Paul Thompson, an In-Vitro system measuring inhibition of nucleic
acid synthesis operated by Dr. Knox Van Dyke at the University of West
Virginia and an insect repellent test system maintained by the Department
of Agriculture. The data processing system used by the Illinois Institute
of Technology for handling secondary test system data underwent major re-
vision to allow all processing to be done at WRAIR and to make it possible
to combine this file with other biology files and interface it with
chemical structure files. Modifications of the system used to process
data from the mosquito - P. gallinaceum system was begun to allow process-
ing data from similar systems using human and sub-human primate strains
of malarial parasites. This modification will also make it possible to
process data when leucovorin is added to the system in order to determine
if drug activity can be reversed. All new programs and all modifications

include necessary routines to permit interfacing with chemistry files.
A general merge has been completed for all biology systems and a general

print program is presently being written. Preliminary studies have been
completed for the creation of an executive type routine capable of
accepting any edited biology file for processing through the general
merge and print programs. This will materially reduce the time involved
by Division of Medicinal Chemistry personnel in monitoring production runs.

C. Interface of Biology and Chemistry Files

The addition of new test systems and the continued high throughput in
the basic screens has resulted in massive biology files that makes the
interface with chemistry cumbersome and time consuming, particularly

where one or more sorts are involved. A partial solution to this problem
was the production of programming that permits the matching of a file of
selected records against up to three biological files so only related
records are selected. The creation of a combined biology file for
search by a chemistry file, however, remains unwieldly and a study is
being conducted to provide programuing that permits the merging of a
short biology record with chemistry with the necessary expansion occurr-ing post-merge.

D. Microfilm Storage of Data

All raw data (data recording sheets) have been recorded on microfilm.
All new data sheets are submitted for microfilming immediately following
keypunching. Due to limited storage space, all data files that are no
longer updated are being placed on microfilm. The computer is utilized
for indexing all data to permit immediate retrieval from the microfilm.

Sumry and Conclusions

All test systems have been prograwred and can be processed through a
general merge. A general print is near completion. Inventory and all
biology systems can be interfaced with chemical files, however, due to
the rapidly increasing size of the files this is becoming increasingly
difficult and is requiring more computer time. The major effort in
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reducing this problem is being directed at delaying expansion of records
until after the interface of biological and chemical files. All files
can be searched by date, submitter, structure, biological parameters
and/or chemical structure.
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Work Unit 130, Literature of Malarial Test Data

Publ ic at ions

None.
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Foreign Intelligence Considered ,::, Canfield, LTC C. J.

(U) Malaria; (U) Antimalarials; (U) Parasite; (U) Red Blood Cell

23. (U) - Study clinical disease of acute falciparum and vivax malaria, ansess
various modes of antimalarial therapy with respect to clinical responses and radical

* cure, study pethophysiology of the disease.

24. (U) - Document clinical features of acute disease, evaluate available therapeutic
Si agents with respect to clinical response and radical cure, evaluate renal, erythropoieti,

hormonal and fluid and electrolyte changes in acute disease.

25. (U) 69 01 - 69 06. Further studies on ferrokinetics in acute malaria suggests
• that the previously observed decrease in red cell incorporation of Fe 59 are corrected

Sby treatment of the disease with quinine and DDS with or without added pyrlmethe.Lne.
Pyrimethamine appeared to delay reticulocyte response in anemic patients and this could
be partially corrected by the concurrent administration of folinic acid. A field trial
of Trimethoprim 1.5 sulfalene was begun in Vietnam for acute falciparum malaria. There
were 4 relapses and 1 failure to respond in a group of 25 patients. For technical
reports, see Walter Reed Army Institute of Research Annual Pro~gress Report, 1 Jul 68-
30 Jun 69.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 132, Clinical studies of human malaria

Investigators.
Principal: COL Paul E. Teschan, MC
Associates: LTC Craig J. Canfield, MC; LTC William J. Cirksena, MC;

LTC Howard I. Keller, MC

Description: The objective of this work unit was to assess the clinical
response of patients to acute falciparum and vivax malaria. Not only was
the effectiveness of specific drug regimens being evaluated in terms of
suppression or cure, but also various aspects of the pathophysiology
of the disease were studied. The particular fields of interest have
been: therapeutics, fluid and electrolyte ('space studies"), erythro-
poietic, and endocrine.

Progress: Admissions to Walter Reed General Hospital for acute malaria
have continued in small numbers. No clinical studies have been attempted
on these patients due to the uncomplicated nature of their infections
and the prompt response to accepted treatment regimens.

Previous work on the pathophysiology was summarized and published. 1 ,2

Anemia in patients with acute falciparum malaria has continued to be an
interesting problem and investigations were performed in the Republic of
Vietnam during the reporting period. Ferrokinetic studies showed that
a previously documented abnormality of radioiron incorporation was
generally corrected by eradication of parasites with appropriate
treatment. Pyrimethamine though did appear to delay reticulocyte
response in patients who were anemic and this probably was partially
corrected with folinic acid. The administration of folinic acid did
not decrease therapeutic efficiency of combination therapy with
quinine DDS and pyrimethamine.

A field trial with Trimethoprim and Kelfizina was completed in 25
patients with acute falciparum malaria in Vietnam. There were four
relapses and one failure to respond.

Conclusions: Continued evaluation of the recovery from the anemia of
malaria is necessary. Folinic acid does not appear to decrease
therapeutic efficacy and may contribute to earlier recovery.
Trimethoprim and Kelfizina do not appear to be As satisfactory for
treatment of acute falciparum malaria as quinine pyrimethamine and DDS.
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23. (U) - To establish a rational approach in the prevention and treatment of acute
renal failure associated with malaria.

24. (U) - Animal models with malarial infections are used to study physiologic
alterations with special emphasis on the pathophysiology of acute renal failure.

25. (U) - 69 01 - 69 06. Due to procurement delays urgently needed equiputent
ordered in August 1968 has not been received. There is therefore no progress in
this project. For technical reports, see Walter Reed Army Institute of Research
Annual Progress Report, 1 Jul 68 - 30 Jun 69.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 133, Acute renal injury and failure in malaria

Investigator: COL Paul E. Teschan, MC

Description: An animal model that develops acute renal failure during
malaria is utilized to study the pathophysiology sequence of acute
renal injury. Clinical, laboratory, and morphological observations
have been correlated in the Rhesus monkey infected with P. knowlesi
malaria. The morphological baseline for these studies has been
established by studies of normal monkey kidneys by means of light
and electron microscopy and by histochemical technics.

Progress: This work unit has been inactive during the reporting
period.
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23. (U) The measurement of antimalarial drug effectiveness against the malaria parasite
in the erythrocytic phase in vitro.

24. (U) Automatic wet chemical analysis subdivided into an incubation phase and an
analytical phase is being employed to define the ability of the malaria parasite within
the red cell to utilize nutrients or produce metabolites before and after incubation
with chamickl compounds under test for antimalarial activity.

25. (U) 69 01-69 06 Screansag of compounds for antimalarial activity continues. A
'study of the extracellular saino acid requirements of non-infected cells (ambryonic
turkey brain) It tissue cultures and of cells infecteo with the exoeeythrocytic stages
of*P. falloe is In progress. P. berghei infected mice and hatmters were exposed to
oxygen at pressures from 1.8 to 3.0 am absolute for varying periods of time, to observe
effects on parastemlaa, hematocrits, survival and relative organ weights. The course
of infection with P. bergheilin male hamsters has been studied sequentially In terms of
parasitsmia, hematology, blood chemistry, relative organ veights, tissue onsys. levels
and selected urinary Constittents. Recent observations would Indicate that plasms
lactate levels are progressively elevated in the course of infection. In mice exposed
to a hypozic anviroment in varied time relation to malaria challenge, duration of sur-
s Lval after malaria challenge depended on the time aer t Ormination of hypoxia when the
mice ware Infected, This correlated inversely with the Fe 9 erythrocyte uptake by the
ex-hypoxic mice at the time cf infection. For technical r ports, see Walter Read Army
Institute of Research Annual Progress Report, 1 Jul 68-30 Sun 69.
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Project 3A663713D829, MALARIA PROPHYLAXIS

Task 00, Malaria Investigations

Work Unit 134, Malaria screening systems

Investigators.
Principal: LTC Dorsey T. Mahin, MC
Associate: LTC C. R. Angel, MSC; A. R. Berman, B.S.; N. D. Brown,

B.S.; J. I. Davis, B.S.; MAJ J. E. Del Favero, VC; A.
Einheber, Ph.D.; S. Garson, Ph.D.; LTC M. C. Johnson,
MC; CPT T. F. McLeod, MSC; R. E. Wren, B.S.; Division
of Medicinal Chemistry, D. P. Jacobus, M.D., LTC E.
Eckermann, VC; R. Beaudoin, Ph.D. (NMRI); G. C. Huff,
Ph.D. (NMRI).

Description.

The objective of this work unit is to provide automated or semi-
automated screening systems to study the effects of chemical compounds
on the metabolism of Plasmodium species, "in vitro." A broad spectrum
of developmental studies provides basic dev-eopmental input to the
work unit.

Progress.

1. Screening activities.

A previous report (WRAIR Annual Reports 1966-67; 1967-68) briefly
described the development of an automated in vitro procedure for
screening antimalarial compounds. This pr-Tect was undertaken Jointly
with the Division of Medicinal Chemistry, WRAIR, and the Department of
Pharmacology, West Virginia University. The latter unit currently
participates in the Amy Research Program on Malaria under contractual
arrangement and is engaged, principally, in the automated mass screen-
ing of antimalarials. In-house activities during this period included
a correlative evaluation of in vitro and in vivo test results, and a
series of studies designed to-eva-lute anB-ti--ve the perfomance of
the automated test system. Screening operations have proceeded on a
limited basis; a total of 1337 drugs have been tested and the results
have been submitted to the Division of Medicinal Chemistry in machine
readable format.

Instrumentation employed in the automated screening procedure
includes a train (or trains) of interconnected Technicon and laboratory
designed modules as follows: sampler, proportioning pump and manifold,
incubator, dialyzer, heating bath, colorimeter, recorder and information
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processing system (Infotronics). Various modifications of the propor-

tioning pump, incubator, dialysis plates and metering valves have sig-
nificantly improved the performance of the system.

The screening procedure is comprised essentially of two phases:
incubation and analysis. At two minute intervals, small samples of
parasitized (Plasmodium berghei) mouse red blood cells suspended in
glucose-free buffer and so--E•tuTons of glucose and drug are sampled and
mixed in a continuous flow, air-segmented stream, which also incorpo-
rates a 90-second saline wash interspersed between test mixtures.
Appropriate control mixtures (drug omitted) are included. Each compound
is tested in a final concentration of 60 mg percent and each test series
includes, for comparative purpose, a standard antimalarial agent,
quinine dihydrochloride. The final mixture contains 15 x 10' para-
sitized red cells per .6 ml sample.

Mixtures are then pumped sequentially through an incubator coil
(370C) for 1 and 1/2 hours, after which they are twice dialyzed. The
dialysate stream is apportioned into separate analytical channels for
determination of glucose, lactic acid, and alpha-amino nitrogen. Carbon
dioxide determination is performed on an undialyzed blood sample.

In order to obtain an estimate of possible analytical (non-meta-
bolic) interference produced by individual test compounds, each compound
is incubated with known quantities of glucose, lactic acid, amino acid
and CO2 in a cell-free mixture. A ten percent reduction in the measur-
able quantities of these constituents subsequent to incubation is re-
garded as unacceptable analytical interference and the individual test
result is rejected. Indices calculated from these measurements are
used to characterize metabolic inhibition (control vs. test results) of
the red cell-parasite complex produced by individual drugs. Indices are
calculated by subtracting the experimental utilization or production
rate from the appropriate control rate, and expressing this as a percent
of the control rate.

Recently, a preliminary attempt was made to determine the extent of
correlation between the results of: 1) the in vitro systems and the
primary mouse screen of Dr. L. Rane (UniversiT'yofiami), and 2) the

two automated in vitro antimalarial screens (in-house and West Virginia
University. FoFr VlTpurpose, 115 drugs representing a broad spectrum
of activity in the in-house test system were selected. Of these, com-
parative data were available, for 42 drugs processed in all three sys-
tems. Evaluation of the results show that, of the four in vitro indices
now used, lactate production was most frequently affecte?by--sensitive
to) drug exposure but overall correlation was least impressive. Eight
of the 42 drugs were active in the mouse screen and six of these eight
drugs were correspondingly active in vitro (45 to 68% inhibition of
lactate production). However, of & e-remaining 34 drugs, all non-active
in the mouse screen, 25 inhibited lactate production in the in vitro
system (inhibitions from 47 to 89%). Agreement between resuitEs-'o5ined
with other in vitro activity ratings and the mouse screen ratings were
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as follows: glucose consumption, 83%; C02 production, 54%; alpha-amino
nitrogen, 65%. Agreements between in vitro results (in-house and West
Virginia) were as follows! glucose consumption, 58%; lactate produc-
tion, 78%; alpha-amino nitrogen, 80% (C02 measurements are not performed
by West Virginia University).

Statistical methods were used to examine: 1) reproducibility of
media glucose and lactate measurements after media had been incubated
under the different conditions required during each assay period, 2)
the ability of calculated indices to separate and rank drug activities
according to results obtained in single assay periods and according to
pooled results from different assay periods. To perform these analyses, .

quinine, primaquine and chloroquine activities, determined during five
assay pe-A%'s .- cr a two month interval, werx• used.

Reproducibility of media glucose and lactate measurements were best
described by the average and range of the coefficients of variation
(C.V.). Ten replicate determinations were made during each assay period
for each of the following conditions: media and drug alone; normal
blood and media alone; normal blood plus media and drug; parasitized
blood alone and parasitized blood plus media and drug. Coefficients of
variation as averaged for each condition during each assay period were
between 0.9% and 2.1% with a range from 0.6% to 4.4%. These low co-

}* efficients indicate that good reproducibility has been achieved.

Simple averaging of all lactate inhibition indices during all assay
periods produced the following order: qu~nine (25.4%), prlmaquine
(11.8%), chloroquine (9.8%). Primaquine interferred with glucose de-
termination and therefore only quinine (34.6% inhibition) and chloro-
quine (19.1% inhibition) were ranked according to glucose inhibition
indices.

Analyses of variance techniques showed that overall differences in
drug effect could be clearly demonstrated. inhibition indices from each
assay period were considered separately in these analyses. Overall
differences between lactate inhibition indices were significant at the
1% level for all five assay periods. Differences between glucose in-
hibition indices were significant at the 1 to 2.5% levels for these
periods. No other analyses of glucose results were nade since an
analysis of variance on two drugs orders the drugs. Quinine inhibited
to a greater extent than chloroquine in all five assay pertoos. In the
case of lactate inhibition indicesleast significant differences (1.s.d.)
were calculated. These varied, for the five periods, between 4 and
8.5% (5% level). It was only for the third assay period, where there
was a least significant difference of 4%, that ordering of quinine
(34.1% inhibition), primaquine (9.3% inhibition) and chloroquine (5.11
inhibition) was possible. For the other assay periods it was only pos-
sible to show that quinine caused more inhibition than the other two
drugs. The non-parametric Kruskal and Wallace ranking test was used,
and was no better than analysis of variance in separating drug activity.
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A second analysis of variance utilizing pooled lactate indices
from the five assay periods was done with each period considered as
a block and each set of two (glucose5 or three (lactate) drugs as a
replicate. Significant differences could not be shown due to a large
"interaction" error term.

In summary, the statistical analyses showed that conditions of
incubation and autoanalyzer operation are well controlled, as shown
by the low coefficients of variation for glucose and lactate data from
replicate samples. In a particular assay period, drug activities
could be separated if average inhibition indices were 8% apart. In-
dices pooled from separate assay periods could not be used to separate
drug activity with statistical significance. However, inspection of
the data suggests pooling of indices from additional assay periods
would allow such separation.

The above statistical analyses can be used to determine the mini-
mal number of experimental units needed to show whether manipulation
of the infected mouse, the blood, the incubation media, etc., will in-
crease the efficiency of the system in ranking drug effects. However,
such efforts are not useful unless increased efficiency is associated
with competency to identify new antimalarials and competency to reject
ineffective agents. As reported above, comparison of antimalarial
activities of 42 drugs in a mouse P. berghet system and in the
presently described system demonstrated no such competency. Further
in vitro, in vivo comparisons are planned this year.

2. Effect of hypoxia on the course of Plasmodium berghei infection in
mice.

Knowledge of the dynamic interplay between malaria parasite and
host erythron is fundamental to an understanding of the innate mechan-
isms of host immunity and the overall disease process. Moreover, it is
significant from the standpoint of new and better approaches to the
management of the disease. Accordingly, some investigators have sought
to manipulate erythroid tissue homeostasis of rodents in advance of
challenge with P. berghet and to study the effects of such manipulation
on the course or infection. Thus, to induce anemia, animals have been
bled repeatedly, irradiated, or injected with phenylhydrazine. To in-
duce polycythemia, animals have been infused with red cells. Experi-
mental enhancment and depression of host erythropoiesis have therefore
required the use of two distinctly different procedures. These pro-
cedures are technically cumbersome and unphysiological. They may also
involve considerable handling of the animals, which alone can influence
the course of the infection.

In the present study, the single stimulus, hypoxia, was used to
alter erythropoiesis. Mice manifest increased erythropoiesis during,
and for a short period after, exposure in a hypoxic enviroment. How-
ever, several days after termination of hypoxia, erythropoiesis is
depressed, presumably due to bone marrow readjustment to a normal
gaseous enviroment.
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This pattern of stimulated and then depressed erythropoiesis was
- observed by Lange et al. (Proc. Soc. Exp. Biol. Med. 122:761, 1966)

whose simplified te-hIn-Tque for exposure of mice to prFo-nged periods of
hypoxia has greatly facilitated the present work. The principal device
involved in Lange's procedure is a siliconized rubber membrane enclosure

- within which hypoxia is produced by vi-tue of the membrane's selective
gaseous permeability properties.

In the present study, the Lange enclosure was used to subject 7-8
week old female CD-1 mice, in groups of ten, to either one or three
weeks of continuous hypoxia (<10% oxygen concentration, range 7 to 9%,
corresponding to an altitude between 24,000 and 28,000 feet). At dif-
ferent intervals jollowing termination of hypoxia, the mice were inocu-
lated with 1 x 10' parasitized red blood cells (P. berghel, NYU-2 strain).
The course of infection in these ex-hypoxic micew(ex-HR) was then com-
pared to that of concurrently infected controls (CM) maintained under
normal atmospheric conditions (ground level). Concurrently, other groups
of ex-HM (I week of hypoxjg) and CM, instead of infection, were given
approximately 0.1 uCi of .Fe (ferrous citrate) i.p. for determination
24 hours later of percent 59Fe uptake by spleen and red blood cells.
These values were used as indices of the level of erythropoiesis extant
at the time of 59 Fe injection.

The results o" this study indicate that Lange's technique for the
induction of hypoxiu (410% oxygen concentration) and polycythemia in
mice is practical and effective. Either an enhanced or depressed
erythropoiesis occurs, depending on the time elapsed subsequent to the
termination of hypgxia. The spleen and red cells of ex-HM show de-
pressed uptake of 59Fe on the fourth day after the end of one week of
hypoxia. Ex-HM infected with P. berghet on the fourth day after the end
of one week of hypoxia showed sign fIcantly prolonged survival; para-
sitemia was suppressed and the development of hypothermia was delayed.
Mice exposed to three weeks of hypoxia and also infected on the fourth
day after the end of hypoxia also showed a considerably prolonged sur-
vival time. In contrast, uptake o• 59 Fe by spleen and red cells of ex-
HM tended to be increased within one hour or on the first day after the
end of one week of hypoxia; when ex-HM were infected with P. berghti at
these times, survival time was shortened, hypothermia deveTopid More_
quickly, and parasitemia increased more rapidly. Mice inoculated with
P. berghei on the seventh day after the end of one week of hypoxia did
not s1howa significantly altered mean survival time even though the
percentage uptakes of W9Fe by spleen and red cells were below normal
at the time of inoculation, and despite a delay in the development of
hypothermia and evidence of some suppression of parasitemia.

The present findings indicate that hypoxia is a useful tool for
exploring the relationship between malaria parasite and status of the
host erythron, and further investigations using this model are warranted.
Observations on post-infection prolongation or shortening of survival
time in relation, respectively, to a decreased or increased state of
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erythropoiesis at the time of infection may be interpreted on the basis
of the oft-mentioned predilection of P. berghei for immature erythro-
cytic forms and to differences in their numerical availability to the
parasite. However, present observations provide no specific informa-
tion to support or to refute this explanation, nor do the observed cor-
relations necessarily indicate a cause and effect relationship with
length of survival subsequent to infection with malaria.

It must be emphasized that while the physiological status of the
mouse at the time of infective challenge in the post-hypoxia period
clearly appears to influence the subsequent course of malaria infec-
tion, the precise mechanisms involved are unknown. Therefore, while
it is tempting to explain the results on the basis of differences in
the host erythron other physiologic and metabolic alterations conse-
quent to hypoxic exposure may be involved.

The present findings and results from similar studies may bear on
the use of "anti-fol" type antimalarial drugs that may suppress host
erythrocyte production. The greater definition of humoral regulators
(stimulators and inhibitors) of erythropoiesis and the availability of
such factors in quantity for reversibly activating or inhibiting
erythrogenesis may lead to their use together with antimalarial drugs
in the prevention and control of malaria,

3. Exoerythrocytic stages of Plasmodium fallax in tissue culture:
Alterations in extracellular and intracellular amino acids.

This study, undertaken in collaboration with Dr. C. G. Huff (NMRI)
and his associates, was designed to probe the extracellular free amino
acid requirements of non-infected cells (embryonic turkey brain) in
tissue culture and of cells infected with the exoerythrocytic or tissue
stages of avian Plasmodium fallax. Subsequent studies may include the
use of tracer metodo-ogy ain-a-reTate to other metabolic requirements.

Whereas intra-erythrocytic malarial parasites can be separated
from their host cells, suitable separative techniques have not been
devised for other intraceilular stages. dowever, it should be noted
that free-floating merodoites can be obtained in variable numbers and
were employed in parts of the Pxperiments. Knowledge of the overall
metabolism and nutritional requirements of exoerythrocytic malarial
parasites will facilitate a rational tpprnatch to the chemoprophylaxis
of malaria. Moreover, such information will permit physiological com-I parisons of the erythrocytic and exoerythrocytic stages.

A detailed report of the culture methods used in this study was
presented by Davis, Htuff and Palmer (Exp. Parasitol. 19:1, 1966).
Quantitative analysis for free amino acids was made on-the following:
1) fetal calf serum, pre- and post-incubation; 2) fresh medium, pre-
and post-incubation; 3) supernatant medium after incubation with
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infected and non-infected cells; 4) cells, infected and non-infected,
after incubation, removal of medium, freezing, thawing and sonication;
and 5) merozoites. The results of these analyses seem to indicate
that percentage loss of amino acids, with the possible exception of
lysine, in the fresh (non-inoculated) media during incubation was quite
minimal. A further com arison of the values shown for lysine in the
supernatant (inoculated) media, infected and non-infected, indicates a
net change which may well be due to release associated with the pro-
teolytic activities of the parasite.

Final amino acid levels in the supernatant media represent the net
result of both uptake and release of amino acids from the host parasite
complex. However, it is interesting to note that comparative (infected
versus non-infected) values for approximately half of the amino acids
show minimal differences. For an individual amino acid this may indi-
cate either a minor requirement for extracellular amino acid or that
uptake and release occur at nearly similar rates.

A requirement for extracellular methionine in the erythrocytic
form of P. knowlesi was demonstrated by Fulton and Grant (Biochem. J.
63:282, T956). They reported the requirement for cystine was apparently
iiimt within the red cell, either through methionine or by proteolysis of
hemoglobin. Unfortunately, the present data pertaining to exoerythro-
cytic P. fallax do not perynit useful speculation concerning methionine
and cystine requirements. However, it may be noted from the work of
several investigators that a variety of cells in tissue culture cannot
convert methionine to cystine, and therefore shows a requirement for

Perhaps the most significant observation in this study relates to
the striking reduction in glutamine content of the supernatant after
incubation with infected cells and the concomitant elevation in concen-
trations of glutamic acid. Comparing infected and non-infected super-
natant media, metabolic influence of the parasite is evident. It is
also conceivable that glutamine may serve as an important limiting
factor in the survival of infected cultures. It is well known that
glutamine participates in a wide variety of metabolic reactions, many
of which are associated with the transfer of its amide nitrogen and
consequently lead to the formation of glutamic acid. The role of
glutamine as an essential growth factor for animal cells in tissue
culture is well documented. It appears that certain cells in culture
possess limited glutamine synthetase activity and, in this respect,
are similar to several microorganisms. On the other hand, the bio-
synthesis of glutamic acid is readily accomplished through a number of
metabolic routes.
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4. Hepattc microsomal drug-metabolizing enzymes and malaria infection.

It was recently reported (Einheber, A., Wren, R. E., Rosen, H. and
Martin, L. K., Nature 215:1489-1491, 1967) that plasma ornithine carba-
moyltransferase activty•-increases progressively and dramatically during
the first 6 days of P. berghel infection. Since this urea cycle enzyme
is normally almost e7cluiMvely confined to liver and is found in the
mitochondria, these findings suggested that hepatocellular damage occurs
quite early after malaria infection, perhaps before morphological alter-
ations are demonstrable. To examine whether early functional changes
also occur in other subcellular entities of the liver (viz., the micro-
somes), the durations of hexobarbital-induced narcosis in control and
P. beghei-infected mice were comparea. In addition, just before or
stafter P. berghei infection, mice were given a course of pheno-

barbital tiatmentat ordinarily stimulates the liver to increase its
weight and the activity of its microsomal drug metabolizing enzymes.
The objective was to examine whether the effects of such treatment can
modify the course of malaria infection, and vice versa.

It was found that hexobarbital sleeping time (HST), 100 mg/Kg i.p.,
becomes significantly prolonged by day 3 of infection (10 million para-
sitized RBC i.p. on day 0) and increases markedly thereafter. Mice
given 100 mg/Kg of phenobarbital sodium i.m. daily for three days showed
a significant increase in fresh liver weight, due to approximately equal
increases in liver water and dry mass, and a significant decrease in HST.
This course of treatment was begun before (days -3, -2, and -1) or just
after (days 0 (1 hr), 1, and 2) infection on day 0 with P. berhei
(10 million parasitized RBC). These treatments did not tignificantly
alter the mean survival time, nor the degree of parasitemia on days 3
and 5 when compared with saline-treated P. berghel-infected controls.
However, both the pre-and post-malaria p~eno-bRr-'abftal regimens
"normalized" the HST of malaria-infected mice on day 3 of infection and
caused significant increases in liver weight.

In summary, the prolonged HST occurring in mice early after P.
be hei infection can be counteracted by pre- or post-infection treat-
meu wiFTth phenobarbital. These results suggest that liver metabolism
of hexobarbital is depressed by P. berghei infection, and that this is
probably related specifically to a depression in the activity of the
microsomal drug-metabolizing enzymes because phenobarbital treatment,
which ordinarily stimulates an increase of these enzymes, corrects the

"defect" in HST. These findings are germane to drug management and
prevention of malaria infection, and particularly to possible non-polar
(lipid-soluble) antimalarials which may be metabolized by and/or may
stimulate the hepato-microsomal drug-metabolizing enzymes.
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5. Physiological alterations in hamsters infected with Plasmodium
berghei.

Infections with P. be hei in mice and in young rats are almost
invariably fulminant ind rapidy fatal; however, a more prolonged
clinical course of infection occurs in hamsters (Yoeli, Trans. Roy.
Scc. Trop. Med. Hyg. 59:255, 1965). The present study was undertaken
to determine if hamsters infected with P. berghei would provide a
suitable and convenient model for the iWvestigation of malarial patho-
physiology. A review of the literature indicates that little informa-
tion is available in this regard.

The course of infection with P. berghei in male hamsters was
.tudied sequentially in terms of parasitemia, hematology, blood chem-
istry, relative organ weights, tissue enzyme levels and selected
urinary constituents.

Separate groups of hamsters were bled from the heart under light
ether anesthesia at intervals of 4, 7, 12, 17 and 21 days subsequent
to intraperitoneal inoculation with 2 x 107 parasitized red blood cells.
Parasitemia and hematocrit determinations were made on blood obtained
from the orbital venous plexus. Non-infected controls were included at
each interval. The spleen, liver and kidneys were quickly removed,
chilled in ice, blotted and weighed. Homogenates were prepared from
weighed samples of liver and kidney for the measurement of enzyme
activities. Glutamic-oxalacetic transaminase was determined by the
method of Tonhazy et al., (1950), and glucose-6-phosphatase was measured
according to HarpeTr(T65). The procedure of Lowry et al., (1951) was
used for protein analyses. Separate samples of the TIidvidual organs
were weighed after drying for 24 hours at 1000C.

Sera were usually prepared within 3 to 4 hours following the col-
lection and refrigeration of bloods and subsequently frozen (-20oC)
until analyzed. Ultramicrotechniques were used in the analysis of the
following serum constituents: serum glutamic-oxalacetic transaminase
(SGO-T); serum glutamic-pyruvic transaminase (SGP-T); urea nitrogen;
creatinine; cholesterol; total bilirubin; uric acid; total protein, and
relative protein concentrations. Alpha-amino nitrogen, glucose and
lactic acid were determined by automated wet chemical analytical pro-
cedures.

Separate groups of infected and non-infected male hamsters were
used in a study of excretion rates for various urinary constituents.
Hamsters were placed in individual stainless-steel metabolism cages and
urine collections were made under toluene. Food, but not water, was
withheld during the collection period. Urines were centrifuged clear,
and measured; protein and pH were estimated by Hema-Combistix reagent
strips. The urines were frozen at -20oC until analyzed for urea nitro-
gen, total alpha-amino nitrogen, creatinine, and uric acid, by automated
wet chemical analytical procedures. Amino acid analyses were carried
out according to the method of Rosen et al., (Analyt. Biochem. 4:213,1959)

[') using an automatic amino acid analyze-r.
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The first death among infected hamsters occurred on the 14th day
of infection. Any survivors were sacrificed on day 21. Hepato-
splenomegaly was an invariable finding on necropsy. Parasitemias pro-
gressed from a mean of 1.9% on day 4 of the infection to 37.5% on day
21. Reticulocytes rose to a mean level of 36.7%. Hematocrits, during
the same interval, decreased from 51.7% to 15.3%. Individual hemato-
crits as low as 9.0% were observed. Thus, the hamster, like the mouse,
develops an intense anemia in the course of infection with P. berghei.
In contrast, parasitemia in the hamster is relatively mild compared to
that in the mouse. It would appear, therefore, that the hamster may be
well suited for the study of "excessive blood loss" as it occurs in
malaria (i.e., anemia relatively in excess of parasitemia). Of signif-
icance in this regard is a syndrome found in about half the infected
hamsters and seen between days 12 and 14 of the infection. Urines
voided by these animals measured 2 to 3 times the volume (24 hrs.) of
the controls and showed a characteristic dark brown coloration which
tested positive for hemoglobin. This usually subsided within 1 to 2
days. Infected hamsters also exhibited a significant increase in
urinary alpha-amino nitrogen.

lHypoalbuminemia and hyperglobulinemia have been found repeatedly
in human and experimental malarias; similar observations were made in
the present study. In addition, infected hamsters showed progressive
elevations in serum enzymes (SGO-T particularly), urea nitrogen,
creatinine and lactic acid. Levels of serum glucose and uric acid were
decreased. A small reduction in serum cholesterol was noted on day 12
which was subsequently followed by a significant rise on day 21. Levels
of glutamic-oxalacetic transaminase and glucose-6-phosphatase in liver
and kidneys of infected hamsters were moderately decreased in the course
of the infection.

6. Tissue anoxia in experimental malaria.

Maegraith (Brit. Med. Bull. 8:28, 1951; Riv. Parassit. 20:317,
1959) and his associates have long believed that tissue anoxTa leading
to degenerative changes, as in centrilobular hepatic necrosis, plays a
prominent role in the pathogenesis of malaria. Maegraith believes that
the development of tissue anoxia results both from critical changes in
local blood circulation and from defective utfiization of oxygen by the
affected cells. Except under extreme conditions, anemia appears to be
of minimal significance. More recently, the same group of investigators
has shown that an inhibition of oxidative metabolism occurs in isoiated
liver mitochondria of mice infected with Plasmodium berghei and of
monkeys infected with P. knowlesi. Somewhat comparabT',a-Tthough l'.ss
pronounced inhibition was oEtaned when normal mitochondria were incu-
bated in sera from malaria-infected animals (mice and monkeys). This
was tentatively attributed to a toxic factor present in the sera of
infected animals either elaborated by the parasite or resulting from an
altered host metabolism.
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Hall (Proc. Soc. Exp. Biol. Med. 122:1240, 1966) has shown that
anoxic liver damage is associated with an increased intracellular
acidity. This apparently results from an accumulation of lactic acid
in the early stages of anoxia and leads to an inhibition of oxidative
enzyme activities in liver mitochondria. An accumulation of acid was
demonstrated by a decrease in the titratable buffer capacity and pH
of the liver. Buffering by the addition of Tris ot THAM to the incu-
bation medium largely prevented the inhibition of enzyme activities
associated with anoxia.

In the present study, preliminary observations have been made in
further exploring the possible role of tissue anoxia and related
phenomena in the pathogenesis of experimental malaria. As noted in
a previous report, the intraperitoneal administration of THAM to P.
berghei infected mice increased their survival time by 1 to 2 days"
7athough parasitemias were not significantly altered. Subsequent ob-
servations have revealed that the course of P. berghei infection in
hamsters is characterized by a progressive decrease ni the concentra-
tion of plasma glucose and by a concomitant increase in levels of
lactic acid. This apparently derives from the glycolytic activities
of the parasite as well as the inadequately perfused and, therefore,
oxygen deficient tissues of the host. An attempt will be made to
measure in vivo the intracellular pH of tissues from P. berghel in-
fected aniTmaTT the DMO procedure of Waddell and Butler (j. C1Tn.
Invest. 38:720, 1969) will be used.

The synthesis or resynthesis of glucose from lactic acid
(gluconeogenesis) normally proceeds through the Cori (lactic acid)
cycle in mammalian liver and kidney, whereas glycogenesis occurs
chiefly in liver and muscle. Extensive liver damage resulting in
lowered glycogen content has been reported in rats infected with P.
berghei (Mercade and Von Brand, Exp. Parasitol. 3:259, 1954), altiough
the organ retained its ability to synthesize glycogen when glucose
or other carbohydrate sources were provided. Accordingly, the present
finding of increased plasma lactate levels ioi P. berqhei infected
hamsters may reflect a disturbance in mechanisis of? Tuconeogenesis
or in the related control mechanisms postulated by Krebs (Proc. Roy.
Soc. Ser. B 159:545, 1963).

Hyperbaric oxygenation or oxygen under high pressure (OHP) has
been used in a wide variety of experimental and clinical situations
encompassing a broad spectrum of objectives. For example, OHP has
received considerable attention in recent medical literature because
of its theoretical potential in the treatment of diseases Involving
anoxia. The rationale involved is that large quantities of oxygen can
be forced into physical solution in blood plasma, thus supplementing
the oxygen-carrying capacity of the red cells. The dissolved oxygen
may then cross from the intravascular to the extravascular and intra-
cellular spaces by diffusion and thereby become available to the anoxic
or hypoxic cells. Tissue oxygen tension studies in experimental ani-
mals have indicated that an almost immediate rise in tenston occurs
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when the animals are exposed to OHP; this is followed by a slower fall
in tension when the pressure is discontinued (Ackerman et al., Proc.
3rd Intern. Conf. Hyperb. Med. 1966). Weglicki et al.,-TPr-oc. 3rd
Intern. Conf. Hyperb. Med. 1966) have observed t'aiitexcess lactate
levels associated with exercise under OHP at 3 atmospheres absolute (ata)
were significantly lower than those levels in the same animals exercised
at I ata in air. Finally, the inhibitory effects of OHP on certain
enzymes, particularly the glycolytic sulfhydryl enzyme, glyceraldehyde-
3 phosphate dehydrogenase, have been well documented.

A study was recently undertaken to determine the effects of OHP
on the course of P. berghei infection in mice and in hamsters. Various
regimens of exposure to OH, including repeated short applications, have
been employed at different intervals in the course of infection. Ex-
posure to OHP involves the use of a small cylindrical hyperbaric chamber
with a diameter of 6 inches a length of 16 inches, and a total volume
of approximately 450 inches3 .

Therefore only a small number of animals (approximately 16 mice or
8 hamsters) can be accommodated during a single exposure period. The
continual circulation of gases is maintained by a constant influx of
pure oxygen and by a constant exhaust at a rate of 10 liters per minute.
Preliminary observations relate, particularly, to survival time and
levels of parasitemia; the results of plasma lactate analyses are
presently unavwilable. Striking alterations in survival time or in
parasitemias have not occurred with the regimens of OHP treatment em-
ployed thus far.

Summary and Conclusions.

Malarial projects included further development of an in vitro drug
screening procedure: experiments involving the effects of"ypox-ia
altered erythrocyte oroduction on Plasmodium be hel infection in mice;
exoerythrocytic stages of Plasmodiwn rfalax iFtTs-se culture; hepatic
microsomal drug-metabolizing enzymes annd-maaria; physiological altera-
tions in hamsters infected with Plasmodium berghet; and tissue anoxia
in experimental malaria.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 - Malaria Investigations

Work Unit 135, Experimental pathology and plasmodial metabolism in
malaria

Investigators:
Principal: Colonel Helmuth Sprinz, MC
Associate: Major Robert Cook, MC; Major RobertRock, MC

Description

A multidisciplinary approach vas employed in the study of experi-
mental malarial infection and of the metabolism of plasmodia in vitro
and in vivo. We were particularly concerned with the effects of anti-
malarial drugs on parasite morphology and metabolism.

Progress

1. The studies in P. berhei infected hamsters of sequential
histologic and enzymatic changes in liver, lung and kidneys are com-
pleted and continuing to appear in print. In the proceeding annual
report publication of the paper of Sesta et al on malarial nephropatby
was listed. We can now report publication of two additional papers in
the A.M.A. Archives of Pathology by Jervis et al on the liver and
by MacCallum on the lung (see bibliography). The two manuscripts on
macrophage response in this experimental model have been published (see
bibliography). Work in this area has been drastically curtailed and
only a single study on the pathology of P. falciDarum infection in the
owl monkey is in progress.

2. Our major effort was directed towards biochemical - biophysi-
cal analysis of plasmodia and the correlation of these with morphologic
findings.

a) We performed extensive quality control experiments on the
isolation of P. knowlesi from its host erythrocytes. It vas demon-
strated that no methods yet devised have led to demonstrably clear
parasite preparations. Subsequently, we studied the fractiona-
tion of P. knoWei by equilibrium density gradient centrifugation.
It was shown that smooth microsomal fractions operationally free
of host cell contaminants can be obtained. In addition, we have
demonstrated the presence of a soluble enzyme in P. laowlesi
capable of hydrolyzing denatured monkey hemoglobin. These studies
were presented before the Third International Workshop on Malaria
(R.T. Cook, M.aikava, B.C. Rock, W.Littlet and H. Sprins, The
isolation and fractionation of Plauinglmo kno-le--. Third
International Workshop on Malaria, *il. Hed., Suppl, for Sept. 1969).
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At the present time experiments are in progress to develop an

in vitro protein synthesizing system of P. knowlesi, suitable for
drug inhibition studies. These studies will continue to be pur-
sued by Dr. Cook at Case Western Reserve University.

b) The current principal area of investigation by Major
Rock is a systematic study of the lipid composition and metabolism

* of the malarial parasite, Plasmodium knowlesi. This organism has a
high lipid content (chiefly in cell membranes and organelles) which
increases markedly during the intraerythrocytic growth of the para-
site.

As in other areas of plasmodial metabolism, the parasite
probably derives much of its lipid precursors from the extra- and
intra-cellular environment of the host erythrocyte, but contamina-
tion of parasite lipid fractions by host red cell membrane (which
contains 97% of the total red cell lipid) has made investigation
of individual parasite lipids difficult.

By using a microsmomal fraction of the parasite (which is free
of host cell material), the lipid composition of this component of
the parasite can be studied by biochemical methods currently under
investigation in our laboratory (including determination of microso-
m&. protein, glycoprotein, and carbohydrate as well as lipid). The
results derived from parasite microsomes can then be compared to
those obtained from the host Rhesus monkey red cell (which has been
extensively investigated in our department). Lipid and protein
synthesis by parasite microsomes pan be investigated using radio-

active tracers such as 3pand 1L'C-glycerol for phospholipid
synthesis and C-l•aeled amino acids for protein synthesis).
In such a system, the effects of antimalarial compounds can also
be examined at the subcellular level of organization.

c) Chemical and morphological characteri:ation of DNA
isolated from avian, rodent and simian malarial parasites. This
"aspect of our research is guided by Capt. Ladda and is being per-
formed in collaboration with Major Estensen and Dr. Wohlhieter.

Syim mad Concllsions

We have entered a very exciting but very difficult area of research
in me'laLa. While progress has been excellent - we are the leader in
this area - the road ahead appears difficult. Our probelems re
compounded by the non.-availability of replacements. With the leaving of
Dr. Cook this work wnit will have a single full-tim investigator, Major
Rock. It is only thru consolidation with the other work unit that we

shall start the next fiscal year with two full-time investigators: Rock
and Ladda. This number is less than the number of investigators aval-
able when the malaria program was initiated.
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23. (U) - Docum, : metabolic alterations of human and animal red blood cells when in-
fected with malarid parasites and to assess the effect of antimalarial drugs on these
alterations. To characterize the effect of antimalarial drugs on P. Knowlesi schizogony.

24. (U) - Study the uptake cf certain amino acids by infected red blood cells, measure
folic acid reductase in parasite suepensions, to measure the effect of antimalarial
drubs on morphologic growth, lactate production and 14-C methionine incorporation in
in vitro schizogony, and .to study red cell flux of sodium.

25. (U) 69 01 - 69 06 - P. Knowlesi infected monkey red cells show elevated distribu-
tion ratios for isoleucine and methionine, but apparently normal values for cyotine,
leucine, a,,d histidine. Increases were found in incorporation into protein of all these

amino acids. Technical difficulties precluded assay of folic acid reductase and this

project has been abandoned. Sodium influx is increased in erythrocytes from malarious
monkeys and combined with the known sodium efflux defect accounts for the elevated intra-

cellular sodium. Incubation r normal cells with malarial plasma induces a sodium efflux
inhibition. A secondary anti ilarial drug screening system utdlizin& the in vitro cul-,

ture of P. Knowlesi parasitized red cells has been developed which is effective for all

classes of drugs tested except sulfones, sulfanilamides and folic acid antagonists.
These drugs can be screened though in a modified system employing labelled erotic acid
incorporation into DNA and RNA. For technical reports, see Walter Reed Army Institute

of Research Annual Progress Report, 1 Jul 68 - 30 Jun 69.
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigatiors

Work Unit 136, Metabolic and enzymatic studies of normal and malaria I
infected red blood cells

Investigators: COL Paul E. Teschan, MC; LTC Craig J. Canfield, MC;

MAJ Michael J. Dunn, MC; Gerald J. McCormick, Ph.D.;
Esther P. Jorolan, Ph.D.

Description.

The objective of this work unit is to study the patbophysiologic alteration
induced at a cellular level by malaria infection. The specific areas of
study at the present include: 1) red cell sodium flux; 2) parasite and red
blood cell folic acid reductase; and 3) amino acid uptake and incorporation
by infected red blood cells.

Progress.

Sodium influx is increased in erythrocytes from malarious monkeys and com-
bined with the known sodium efflux defect accounts for the elevated intra-
cellular sodium. Incubation of normal cells with malarial plasma induces
a sodium efflux inhibition. Therapy of infected monkeys with chjojoquine
reverses these cation abnormalities over the course of one week.

A radicassay for folic acid reductase (FAR) using 1 4C-folic acid as sub-
strate was attempted. Technical difficulties has led to abandonment of
this project.

The uptake from plasma and incorporation into protein of several labelled
amino acids by parasitized (P. knowlesi) red blood cells from rhesus mon-
keys has been compared to that of normal monkey blood. The amino acids
used were isoleucine, methionine, leucine, cystine and histidine.

Distribution ratios for isoleucine and methionine were increased.

Incorporation into protein by malaria blood was greatest for isoleucine
(150 times normal), followed by methionine (30 times normal), leucine
and histidine (16 times normal) and cystine (4 times normal) after two
hours of incubation.

A system for study of antimalarial drugs using in vitro cultures ofI
intraerythrocytic forms of P. knowlesi has been developed and is actively
being used for secondary screening. Young ring forms of the parasite

introduced into this system will predictably develop into mature schizonts.
During this 18-hour growth period lactic acid is produced and labelled
amino acids are incorporated into trichloracetic-acid-precipitable
parasite protein. The effects of drugs on morphologic maturation, lactic
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acid production and the incorporation of these amino acids have been
observed. Dose response curves have been obtained with known anti-
malarials which correlate well with clinical experience. A modified
system employing labelled orotic acid incorporated has been developed
which permits evaluation of solfones, sulfonilamides and folic acid
antagonists.

15
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Project 3A663713D829 MALARIA PROPHYLAXIS

Task 00 Malaria Investigations

Work Unit 136, Metabolic and enzymatic studies of normal and malaria
• infected red blood cells

1. Dunn, M. J.: Alterations of red blood cell sodium transport during
malarial infection. Clin. Res. April 1968.

2. Dunn., M. J.: Alteration of red blood cell sodium transport during
malarial infection. J. Clin. Invest. 48: 674-684, 1969.
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PROJECT 3A062110A830
BIOSENSOR SYSTEMS

Task 00
Biosensor Systems
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65. 69NEAL 1,15. SOUGATC IIivesTIS*TO1s

Foreign Intelligence Considered NAME, Morris., LTC J. H.
"&sDearing, CPT S. J. DA

(U) Breeding; (U) Dogs; (U) Genetics; (%U) Selection
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23. (U) To develop a more intelligent and sensually acute dog which is physically and
temperamentally better suited for military purposes than is nov generally available.

214. (U) Critically evaluated AKC registered breeding stock purchased especially for
this purpose are selectively bred to produce superior progeny. These ext In turn
closely evaluated by recognized tet designed to reveal the superior individual. Lin*
breeding combined with progeny testing of each generation will be utilized to accomplis
the objective.

25. (U) 69 01 - 69 06 A visit was made to Fort Gordon to observe the techniques
employed in the training of tunnel and mine detection dogs by the use of food rein-
forcement. Six enlisted personnel visited Yort Benning to observe the final week of
training for both scout dogs and handlers prior 'to overseas deployment. Two German
Short Haired Pointers were purehased and placed in training to detect mimes, booby
traps, and ambushes using food reinftorcement training techniques. A programn was initi-
ated providing 214 hour care of bitches immediately prior to, Auring7 and for 5 weeks
following whelping. Since January, 93 offspring have been produced. Pelvic and elbow
radiographs of all German Shepherd progeny over 6 months of age were examined by our
consultant. Of these 35 puppies, only 3 were dyoplastic in the hips, none in tha .1ow
Construction of the permanent 4og handling facility began 9 May. Completion date is
9 Sep. Two AH/PRT-1 transmitter units used for hidden alert purposes on off leash
scout dogs were perfected by mounting a mercury make-brake swith. For technical
reports, see Walter Reed Army Instiý.0.te of Research Annual Progress Report, 1 Jul 68 -

3o0Jun 69.
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Project 3AO6211OA830 BIOSENSO3 SYSTD4S

Task 00, Biosensor Systems

Work Unit 055 Development and evaluation of improved biological sensor
systems

InvestigatorsPrincipal: COL Merida W. Castleberry, VC

Associate: LTC John H. Morris, VC; CPT Stuart J. Dearing, MSC

OA= t To develop a more intelligent and sensually acute dog which is
physically and temperientally better suited for military purposes than in
now generally available.
AB-ff=: This study in being made in response to the requirements of

the recently approved US Army QWDO, "Detector System, Military Dog".
(USACDC Action Control Number 12527). Seven breeds of dogs, including
orosoes, were recent1y studied by the University of Maryland for behavioral
evaluation and seleotion for army breeding and training (Army Contract No.
DADA 17-68-0-8015). As recommended in the final report of that study, and
because of the years of military experience gained with the German Shepherd
Dog, this breed has been selected for primary breeding emphasis.

AMJM: Critically evaluated AIC registered breeding stock purchased
especially for this purpose are selectively bred to produce superior progeny.
Those are in turn closely evaluated ty recognised tests designed to reveal
the superior individual. Line breeding combined with progeny testing of
each Sneration is being used to acoomplish the objective. Training evalua-
tion of other breeds is being accomplished. Limited cross breeding for
desirable characteristics is programmed.

A. ZsLUAM A host-tenant agreement with Mpevood Arsenal was
concluded and approval of the HTDA by Oib M was received in August 1968. The

* following mentb this Department became Independently operational at
Ugwood Arsetal with the arrival of Its first six enlisted m. Temporary
kinl, iihelping, and evaluation areas were made ready and received the
Initial breeding stock and puppies. Construction of permanent facilities
was initiated in May 1969. istLuated coapletion date 1s 9 September 1969.

1. Veonel populations Or* hundred and forty soeven dogs are now
as hand. hoept for four German Short Haired Pointer*, all are Germsan
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Shepherd Dogs. The latter includes twenty three breeding bitches and four
sales. The remaining one hundred and twenty are puppies ranging up to
11 months of age. Transferred to Veterinary Medical Division, WRAIR, but
remaining available to the Department are the following:

Labrador Retriever 43
Standard Poodle 20
Airedale 10
English Pointer 9
Bloodhound 1

2. Genetics: A pedigree analysis was completed on the foundation
breeding stock and breeding plans for the first generation were devised.
Arrangements were completed for American Kennel Club registration of all
stock and progeny.

3. Puppy evaluation: Puppy test•ng procedures were formulated
and the final format reviewed by Drs. J.P. doott and J.L. Fuller of the
Roscoe B. Jackson kiesrial Laboratory, Bar Harbor, Maine. Uyaluatim of
lot generation progeny was initiated in October. To date, 84 puppies have
completed the evaluation phase. Of this muber 15 have been rejected and
transferred to Walter Peed An m Ititute of Research. Twenty of the acre
outstanding individuals are being considered as potential breeders. The
remaining dogs have been placed in holding phase and will be a'Aippsd, at
eleven months of age to Fort Benning or elsewhere for military dog training.
The first shipment of 5 dogs is scheduled for July 1969.

4. Special proJects

a. A pilot study for determining the feasibility of uui.
dogs for locating clandestine sarijuana was allocated to the Department by
the Provost Marshall General Office (OTPMG). This project was su essfuy
completed and the final report submitted to OTIIG on 1, October 1968.
Effotiveness of a dog in detecting marijuwana s hown In demoutrations
conducted for the Director of Inspection Services, LT M btton, and
members of the Drug Abu* Board.

b. Priinrily becaue of their typical *points, the possibility
of utilizi•i bird dogs for off-leasb detection purposes ie being investiated.
Preliminary work was conducted with the Inglish Pointer. In early train-
LUC these proved to be tespermatally ussatisfactory and two Geman ftort
Haired Pointers were nbstituted and are now in an admoed stage of trai.-
ing. Thes dogs are being trained to detect sine, booby traps, and ambobes.
The dogs are being trained to wait* withn two feet 3f a mine or booby trep.
Thoy Indicate the preseae of an ambush with the typical foot-in-the-air
bird dog point.
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c. The passibility of regulating the onset of estrous and
ovulation in the anestrous bitch by hormunal administration in being
studied. Preliminary work has been directed to the establishment of
effective dose levels. Using six month old beagles, clinical signs of
estrous have been noted and )varian follicular stigulation determined
by laparutomy. Formation of ova is, as yet, undetermined.

d. Two AH/PRT-4 transmitter units uded for hidden alert
purposes on off-leash scout dogs were Improved for demonstration pur-
poses, by mounting a mercury switch to the shoulder harness. Thus, on
the *sit* alert, all transmission stops. Upon returning to all four
feet, contact is reestablished and transmission resumes.

1. Virst generation natings have proven very successful. The in-
cidence of hip dysplasia has shown a substantial decrease from the expected
frequency. Pelvic radiographs of all German Shepherd progeny over six
months of age were examined by our consultant, Dr. Wayne Riser. Of theze
35 puppies, only throe were dysplastic. Further test matingswill need
to be made in order to cast further light on the exact mode of inheritance.
Various rosse between certain genetic linea have produced first g•ener-
ation offspring closely approximating the coloration and physical structure
set forth in the OWD0. The conception rate during the last year has been
over 80%.

2. Effectiveness of the puppy evaluation procedures most await the
trainin feed-back fros Fort BDaning and, subsequentlyl Vietnam. It is
pointed out, however, that the evaluation procedures closely parallel
those develeped primarlly by and which ar so successful for the Quide
Dogs for the Blind organisation.

3. Since bird dogs have a very haracteristic alert, are easily
managed by different handlers, and hunt off leash naturally, it was assumed
that these vould make superior scout dog. Thei rather unspirited response
to the grind of scout dog training a tended to mitigate the earl7
enthosias for thes dop. 8utfatent praomls is being showu, however,
to warrant continuation *f the project. Condideration is being given to
the passible advantages to be gained by cossing the German Sephemrd O
with tbe German Short Haired Pointer.

ZUa The principles of selectively breeding for desired charater-
istios bahe known for many yeaft and have resulted in on's ability to
gentieally develop andthing fron a dw4 f tree to a seventeen pllon cow.
It "e be asuaud that this project VilI result in a remarkably iproved
mlita'y dog.
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Project 3A062110A830 BIOSENSOR SYSTEMS

Task 00 Biosensor Systems

Work Unit 055 Development and evaluation of improved biological sensor
systems

PUBLICATIONS.

None.
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PROJECT RD 41 -51
NUCLEAR WEAPONS EFFECTS RESEARCH
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23. (U) Ultimate sik of this research is tha specification and tim course of thosebehavioral patterns which deteriorate following massive and lethal dode of isiuiradiations and how those behaviors are best maintained. These are cesary andetcal stops for an analysis of radiation effects-, the lack of such Inforustlon Isimpeding accurate military and civil defense planning.

24. (U) Before considering the effects of the radiations on colex b*eMhia r patternsit was necessary for this l aboratory to determine the peise tim course ofgeeibehavioral incapacitation through utilization of a hi ghly-atlvated, shock aviactask. Proceeding frma this basi c data* current work has focused on develogmmt of navecouplex behavioral tasks calling for & series of closely-spaced, discrete decisioiw esvisual Pattern discrimination proim. Neasures such as reation tim, accuracy,natur of errors, visual acuity. and duration of effective porfosmace are variables
which are being investigated.

25. (U) 69 01 - 90 elOsneo rae ne idm inu ocintmschedules has beon lIestigated over exstened periods. This project has nm bm Com-
pleted wad Is being Phased out. Appropriate administrative step are in prog s fortramnation. For tschniCal reports, see Walter heed AnV Institute of RSeam h AnnallProgrOss Report. I ,l M - 30 A 69.
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Project R.D. 41-51 NUCLEAR WEAPON EFFECTS RESEARCH

Work Unit 03.0081, Durability of behavior following lethal radiation
exposure.

Investigators.
Principal- MAJ Joseph C. Sharp, MSC (Jul 68 - Dec 68)

MAJ James T. McIlwain, MC (Jan 69 - Jun 69)
Associate: T. Daryl Hawkins, B.S., M.A.

John Schrot, B.S., M.A.

Description.

The aim of this study has been the analysis of changes in complex
behavioral patterns following high doses of ionizing radiation.
The overall experimental program was designed to investigate three
separate but related behavioral problems: (Il differei-tial effects
in specific performance domains including visual pattern discr-imina-
tion, vigilance tasks, reaction time tasks and attention tasks; (2)
effects on acquisition and retention of new oehaviors; and (3) ef-
fects on behaviors motivated by positive and negative reinforcers.
The ionizing radiation exposures were designed to simulate the
mixed spectra of a nuclear blast. The main thrust of the experi-
mental activity has been to measure the degradation in behavior
(incapacitation) following such a mixed radiation exposure.

S~Progress.•

Detailed reports of earlier experiments may be found in previous
WRAIR Annual Progress Reports, WRAIR Technical Reports and open
literature publications from this laboratory. These sources docu-
ment experiments exploring dose and spectral effects on behavioral
incapacitation, effectiveness of a radioprotective compount (N-De-
cylamino-ethaniethiosulfuric acid) in preventing radio-incapacitation
in primates, performance degradation in complex match-to-sample pro-
blems and com~parison of radio resistance of behaviors reinforced by
food or water as opposed to intra-cranial stimulation.

Pilot studies haO suggested that reaction time measures might be
sensitive respondents to the incapacitating action of the mixed
radiation exposure. Extensive study of reaction time performance
in primates was undertaken in FY 69 to provide behavioral baselines
for studies of radiation effects. It has been shown that several
schedule variables control the reaction time distribution in animals
perforiring in a titration schedule. This is a schedule in which the
maximal rewarded latency ("criterion") is made shorter for success-
ful responses and longer for unsuccessful responses. In this pro-
gram, the animal controls his own schedule. This schedule is
particuiarly sensitive to external perturbation and provides a

* sensitive general measure of performance decrement.
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The most noticeable effect of schedule manipulation is the produc-
tion of bimodal response time distribution with certain parametric
manipulations. In particular, choice of lntertrial interval and
criterion titration parameters are crucial to the appearance of this
phenomenon. Extensive study of these parameters has identified those
values which reproducibly correlate with bimodal reaction time dis-
tributions.

The development of this behavioral baseline is the last task carried
out in this work unit. With its completion, the project has been
phased out and appropriate administrative steps taken to terminate
support. A technical report of the year's work is in preparation.

Summary and Conclusions.

Objective behavioral programs have been developed to study the time
course of incapacitation following mdssive doses of spectrally mixed
ionizing radiation, simulating nuclear weapons effects. The experi-
ments have shown that certain behaviors, particularly those associated
with avoidance, are very resistant to incapacitation effects. Sub-
stitution cf non-satiating reinforcement (intra-cranial stimulation)
also reduces the incapacitation following large radiation doses. The
protective action of a particular chemical agent has been verified.
Reaction time schedules have been developed to use in radiological
experiments.
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