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NOTICE: When goveraaent or other drawings, spéci¬ 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern¬ 
ment may have formulated, furnished, or in any way 
¿*pplied the said drawings, specifications, or other 
data is not to be regarded by implication or other¬ 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that nay in any way be related 
thereto. 
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Death of the "Edgewood Goat" has been related to clostridia 
in the wound. In the future these studies will be reported under 
Task No. 4 - Gas Gangrene. 
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sub-lethal total body X-irradiatirn increased 
susceptibility of rats to experimental peritonitis. This 
increased susceptibility was not decreased by a single adminis¬ 
tration of penicillin, chloramphenicol, or oxytetracyline. 
hronic total body X-irradiation did not increase susceptibility 

to this infection. 

2. Investigation of non-surgical management of a grossly 
contaminated, standard, wound in the rabbit has been continued. 
Topical therapy has been emphasized. Aerosal preparations of 
penicillin, two different mixtures of peptide antibiotics and 

évaluât d °tiC substances such ?s iodine are currently being 

3. A patient with chronic osteomyelitis due to Staphylo- 
~~r Phsse type 80/81 was treated by intramuscular 
administración of 6 gms/day of Jimethoxyphenyl penicillin for 
24 days. During this period an original nonunion of the radius 
began to heal. Blood taken during antibiotic therapy yielded 
transitional forms of a bacterium which reverted to a nontypable 
|. aureus. A second blood culture yielded transitional cell 
forms which did not revert to a bacterial form. Forty-three 
conventional cultures of wound exudate yielded cultures of 

fnd^dfSth80^ ^ °f *hem sensitive only to chloramphenicol and dimethoxyphenyl penicillin. 
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BODY OF REPORT 

Project 6X59-01-001 Title: Traumatic Surgery and Shock 

Task No. 2 Title: Infections and Antibiotics 

Description: The object of this task is evaluation of therapeutic 
regimens in wound infections. Experimental models include 
peritonitis in the rat and a standardized soft tissue wound in 
rabbits. When laboratory evaluation of a new drug is promising, 
clinical studies are carried out. This report covers the use of 
antibiotics in the management of endogenous peritonitis in the 
rat, evaluation of topical antibiotics in the therapy of soft 
tissue wounds and the use of dimethoxyphenyl penicillin in a 
case of osteomyelitis. 

Progress : 

1. ., The influence of sub-lethal chronic and acute total 
body X-irradiation on the course of experimental peritonitis 
in rats has been determined. Mortality rates of rats receiving 
200 r of acute total body X-irradiation were increased when 
peritonitis was induced 96 or 168 hours after irradiation, but 
there was no increase when peritonitis was induced 2 hours 
after irradiation. Mortality rates of rats receiving 400 r or 
600 r were increased when peritonitis was induced 2, 96 or 168 
hours after irradiation. The use of a single dose of penicillin, 
Oxytetracycline or chloramphenicol failed to prevent death or to 
modify appreciably the bacterial flora of rats receiving 400 r 
of total body X-irrsdiation 96 hours prior to induction of 
peritonitis. Simulated chronic irradiation, i.e., 25 r/day for 
5 weeks did not increase susceptibility of rats to experimental 
peritonitis. 

2. Little progress has been made on evaluation of therapeutic 
regimens in soft tissue wounds of rabbits within the last year 
because of emphasis on other studies. Three aerosal preparations 
of antibiotics for topical use have been obtained and are being 
compared with other antimicrobial agents. It should be emphasized 
that antibiotic therapy is not to provide a substitute for 
surgical intervention but rather to delay the time between initial 
infection and necessary surgical intervention. 

3. A 22-year-old white male with fractures of the ulna and 
radius sustained in July I960 had an original nonunion of the 
radius with an infectious process diagnosed as osteomyelitis. 
Bactériologie cultures revealed that pus from the opening on 
the dorsal and lateral surfaces of the arm contained S. aureus, 
phage type 80/81, which was resistant in vitro to antibiotic 
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concentrations greater than 10 mcg/ml of the tetracylines, 
erythronycin, and penicillin G but sensitive to 5 mcg/ml of 
chloramphenicol and l£ mcg/ml dimethoxyphenyl penicillin. 
The latter antibiotic vas administered intramuscularly in a 
dosage of 1 g every four hours daily from the 17th of January 
through 10 February. No antibiotics have been administered 
since 10 February. Cultures, taken on 10 February and 13 
February were sterile but on 17 February the same organism 
was again cultured. This organism continued to be present 
on all 25 subsequent cultures in numbers ranging from 103 
to 105/ml of pus. Blood cultures taksn 30 January were 
positive for transitional forms of an organism which after . 
repeated subculture reverted to a nontypable staphylococcus. 
Another blood culture taken on 28 February again yielded 
transitional forms but these did not revert to a bacterial 
form. The radius started to heal during the period of anti¬ 
biotic therapy and union has progressed. Dimethoxyphenyl 
penicillin therapy will be initiated again just prior to 
surgical intervention for removal of intramedullary rods. 
At this time cultures of sequestra and blood will be 
prepared and examined for coccal and transitional forms of 
bacteria. 

Summary: Acute, but not chronic, total body X-irradiation 
increased mortality rates of rats with experimental peritonitis. 
This increase in susceptibility was not reversed by adminis¬ 
tration of penicillin, Oxytetracycline or chloramphenicol. 
Topical administration of aerosol preparations of antibiotics 
are being evaluated in soft tissue wounds of rabbits but not 
enough work has been completed on this problem to justify 
conclusions. One patient with chronic osteomyelitis was 
treated with dimethoxyphenyl penicillin with clinical and 
bacteriological improvement. 

Publication: 

Noyes, H. E. and Evans, J. R. Antibiotics in the Management 
of Endogenous Peritonitis in Irradiated Rats. Bact. Proc.. 
105. 1961. 
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ABSTRACT 
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Intracorporéal bacteria and their products have been ascribed a crucial 
role in deteraining irreversibility of animals to profound shock despite 
treatment. Experiments with a variety of germfree animals subjected to a 
variety of shock procedures have revealed that fatal shock may be induced in 
the absence of viable bacteria. We have also shown that normal gemfree mice 
are not more susceptible to injected bacterial endotoxin than normal conven* 
tional mice. However, we are now conducting experiments to determine whether 
this relationship holds true after injury. In the course of standardizing 
suitable combinations of tourniquet injury and endotoxin, we have found that 
an otherwise low-lethal tourniquet injury of conventional mice is converted 
to a highly lethal injury by the injection (3 hours after tourniquet removal) 
of a dose of endotoxin which alone caused no deaths. These experiments are 
being extended to germfree mice and mice with controlled bacterial flora. 
Development of chemically defined, Seitz filtered, water soluble diets com¬ 
posed of simple nutrients is underway. 
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BOOT OF REPORT 

Project No. 6X59-01-001 Traumatic Surgery and Shock 

Task No. 3 Role of bacteria and endotoxins in shock 

Description; Intracorporéal bacteria and their products have been ascribed a 
crucial role in determining irreversibility of animals to profound shock des¬ 
pite treatment. Experiments with a variety of germfree animals subjected to a 
variety of shock procedures have revealed that fatal shock may be induced in the 
absence of viable bacteria. We have also shown that normal germfree mice are not 
more susceptible to injected bacterial endotoxin than normal conventional mice. 
However, we are now conducting experiments to determine whether this relation¬ 
ship holds true after injury. In the course of standardizing suitable combina¬ 
tions of tourniquet injury and endotoxin, we have found that an otherwise low- 
lethal tourniquet injury of conventional mice is converted to a highly lethal 
injury by the injection (3 hours after tourniquet removal) of a dose of endo¬ 
toxin which alone causedno deaths. These experiments are being extended to 
germfree mice and mice with controlled bacterial flora. Development of chemi¬ 
cally defined, Seitz filtered, water-soluble diets composed of simple nutrients 
is underway. 

Progress: A large controversial literature has accumulated in the past decade 
which points to the participation of bacteria and their products in the res¬ 
ponses of the animal to injury and shock. Some investigators have placed much 
emphasis on the possible crucial role of altered host-resistance to bacterial 
endotoxins of intestinal origin in the failure of experimental animals to sur¬ 
vive following treatment for prolonged, severe shock ('irreversibility '). We 
have thus far not been able to corroborate the presence of a circulating lethal 
factor, in the blood of rabbits and dogs dying either of irreversible hemorrhagic 
shock or of fatal bowel ischemia induced by temporary or permanent occlusion of 
the superior mesenteric artery. Furthermore,* we have found that germfree rats, 
mice, and chicks die following their subjection to a variety of shock procedures, 
and in so doing, behave in a manner seemingly no different than that of their 
concurrently shockedibacteria-laden counterparts. The latter findings indicate 
that in the absence or presence of living bacteria, lethal processes are evoked 

by standard shock procedures. Are these lethal shock processes the same for both 
the germfree,and conventional animal? Hay we exclude the participation of bac¬ 
teria from the responses to injury and shock of the conventional animal? These 
important questions remain to be answered. A comprehensive series of investi¬ 
gations entailing the use of germfree, control-contaminated (formerly germfree), 
and conventional animals is underway. 

While viable bacteria are excluded as participants in the responses of the 
germfree animal to injury and shock, we have considered the possibility that 
the well known thermostable properties of the endotoxic portions (somatic anti¬ 
gen) of dead gram-negative bacteria may allow endotoxic activityto persist in 
the present autoclaved diet “fed.to the germfree animal. Presumably .because of 
the less well stimulated and hence less well developed antibactariáland anti- 
endotoxic mechanisms of the germfree animal, the small amounts of. endotoxin in¬ 
gested by them in their autoclaved diet might play a functional role comparable 
to that proposed for the presumably larger amounts of endotoxin ordinarily pres¬ 
ent or readily available to the conventional animal in its gastrointestinal tract. 
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However, we have shown Chat normal germfree mice are not more sunceptible 

to administered endotoxin than normal conventional bacteria-laden mice, and, 
in fact, the germfree mice may be more resistant. Nevertheless, this same re¬ 
lationship may not necessarily hold true after injury. Preliminary to investi¬ 
gating this problem with germfree and conventional mice in Reyniers tanks (germ- 
free isolators) we have been conducting experiments to standardise suitable com¬ 
binations of endotoxin dosage and tourniquet injury with laboratory room conven¬ 
tional mice. In the course of these studies, we have found that tourniquet, -: 
injury renders mice highly susceptible to administered endotoxin. This obser- 

' vation confirms those of Greisman (S. E. Greieman: On the collapse of bacterial 
endotoxin resistance following hemorrhage. J. Exp. Med,, 112: 257, 1960) with 
tourniqueted rabbits, and Oldstone (Oldstonej Altered Reactivity to 
Escherichia coli Endotoxin of mice subjected to sub-lethal tourniquet injury, 
Proc. Soc. Exp. Biol. Med., 102: 256, 1959) with tourniqueted mice. 

Víaltèr Reed ’pathogen-free" mice (250 males, 30 females) weighing 22-36 
grams) were employed. Tourniquet Injury was produced by the Rosenthal technic. 
Bilateral hind-limb ischemia was induced for 1 or 1.25 hours. In each experi¬ 
ment, three groups of mice were used: Group A received tourniquets and 3 hours 
after their removal an intraperitoneal injection of 0.1 ml isotonic saline; 
Group B received a sham tourniquet application and removal, and a dose of endo¬ 
toxin 3 hours after the latter; and Group C received tourniquets and a dose of 
énídotoxin 3 hours after their removal; in some experiments additional subgroups 
of Group C included mice that received lesser amounts of endotoxin. Endotoxin 
was administered 3 hours after tourniquet release because from what is known 
of this insult in mice, maximal fluid loss into the injured limbs would have 
occurred by this time and the animals would have been reacting accordingly. 
The body weights of the mice in the several groups were matched as closely as 
-possible; and group manipulations were rotated. Mice were allowed food and 
water to the time of tourniqueting but none thereafter. The E. coli endotoxin 
stock solution was diluted in isotonic saline (supplied by Dr. Howard Noyes) 
and was always given in a total volume of 0.1 ml intraperitoneally. The results 

" of 8 experiments done over a 3 month period are summarized in Table 1. 

__Table 1 % Mortality_ 

No. Tourniquets + Sham Tourniquets + Tourniquet + 
of Saline, i.p. Endotoxin* i.p. Endotoxin, i.p. 
Expt B.W. Group A Group B Group C 

0.01** 0.001** 0.0001** 
_ml_ml ml’ 

One-Hour Tourniquets 

‘2 22-34 3 0 45 - 20 
I 

One-Hr. & 15 Min. Tourniquets 

6 22-36 17 0 85 63 50 

8 22-36_12_0_72 63_35 
*Max. dose of endotoxin used in an experiment always given. 
**Vol. of stock endotoxin sol. contained in the saline-diluted std. 0.1 ml 

vol. injected. 
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It is apparent that an othervise low lethal tourniquet injury (12Z mortality 
at 24 hour9 was converted to a highly lethal injury (72Z mortality at 24 hours), 
by the injection of a dose of endotoxin which alone caused no deaths. 

These experiments are being extended to gerafree mice and mice with 
rigidly controlled, defined bacterial flora. In addition, chemically defined, 
water soluble, Seitz filtered diets, composed of low molecular weight nutri* 
ents (amino acids, simple sugars, etc.) are being developed to reduce the 
antigenic and endotoxic properties of the sterile diets presently fed germ- 
free animals and their conventional controls. 

Summary and Conclusions: Intracorporéal bacteria and their products have been 
ascribed a crucial role in determining irreversibility of animals to profound 
shock despite treatment. Experiments with a variety of gerafree animals sub¬ 
jected to a variety of shock procedures have revealed that fatal shock may be 
induced in the absence of viable bacteria. We have also shown that normal 
gerafree mice are not more susceptible to injected bacterial endotoxin than 
normal conventional mice. However, we are now conducting experiments to deter¬ 
mine whether this relationship holds true after injury. In the course of stan¬ 
dardizing suitable combinations of tourniquet injury and endotoxin, we have 
found that an otherwise low-lethal tourniquet injury of conventional mice is 
converted to a highly lethal injury by the injection (3 hours after tourniquet 
removal) of a dose of endotoxin which alone causedno deaths. These experiments 
are being extended to gerafree mice and mice with controlled bacterial flora. 
Development of chemically defined, Seitz filtered, water soluble diets com¬ 
posed of simple nutrients is underway. 

List of Publications: A. Einheber, Discussion of Dr. Fine's Paper - Shock 
Symposium, Fed. Proc. (in press). 
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1. An attempt was made to use the fluorescent antibody 
technique to demonstrate in vivo distribution of clostridial 
toxins. Commercial typing sera, well characterized in terms 
of their antitoxin content have been conjugated with fluorescein 
isothiocyanate. When sections of muscle infected with Clostridium 
perfringens were treated with these antisera, cell walls of 
organisms identified as Ç. perfringens fluoresced with heterologous 
as well as homologous clostridial antitoxins. These conjugated 
antitoxins will be absorbed with washed cells of appropriate 
clostridial species in an effort to remove antibodies to somatic 
antigens. 

2. At present the only technique for typing Clostridium 
perfringens strains is in laboratory animals. The use of tissue 
culture techniques offers a more convenient and less expensive 
method for quantitation and identification of toxic components 
in culture filtrates or wound exudates. It was found that wound 
exudates were toxic for monkey kidney cells in direct proportion 
to mouse lethality. However, neutralization of toxins with 
specific antisera was unsuccessful, presumably because of 
preservative in the typing antisera. 

3. Earlier studies have indicated that the death of the 
wounded "Edgewood Goat" is related to the presence of Clostridium 
perfringens Type A. Wound exudates were shown to be lethal for 
laboratory animals and lethality was reversed by the prior or 
concurrent administration of commercial trivalent gas gangrene 
antitoxin. Assays of wound exudates contained alpha, beta, and 
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mu toxins of Ç. oerfringens in increasing amounts in succeeding 
samples. Failure to obtain complete neutralization of the in 
vitro assay results with antitoxin indicated that either (1) the 
assay techniques used were not specific enough or (2) the toxins 
were unavailable to the antitoxins. Currently toxins in the 
exudates are being measured in terms of specific antitoxins. 

1U 
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Project 6X59-01-001 Titles Traumatic Surgery and Shock • 

Task No. 4. Titles - Gas Gangrene 

Description: 

1. Objectives of this task are to develop or modify techniques 
used in the identification of those organisms involved in gas 
gangrene, and to detennine the lethal component of this infection 
with an ultimate objective of developing a satisfactory toxoid. 

2. The demonstration of the presence or absence of a 
toxigenic species of clostridia has little meaning to the clinician. 
The demonstration of a specific toxin in the wound, however, could 
be of great value if the prevalent theory that death from gas 
gangrene is assumed to be the result of toxin formed in the wound 
and transported via the blood stream to some vital center(s). 
Some understanding of this disease could be gained by measuring 
in vivo distribution of toxins in terms of vital area(s) involved. 
A study using fluorescent antibody techniques for this purpose is 
underway. Conventional techniques for typing clostridial species 
involve laboratory animals with an end point of death. The use 
of tissue culture techniques for this purpose offers the advantages 
of convenience, less space requirements, lower cost, and possibly 
characterization of toxins in terms of intermediate cytopathogenic 
effects rather than a single end point of death. The lethal factor 
in gas gangrene infections is not known. A standardized blast 
wound in goats has been related to its Ç. nerfringens content and 
lethality of the wound exudate can be prevented by commercial 
trivalent gas gangrene antitoxin. Studies are being carried out 
to determine lethal factors of this exudate in-the hope that such 
knowledge will form a basis for the formulation of an effective 
toxoid for the prevention of gas gangrene. Studies of clinical 

■ gas gangrene in the earthquake zone of Chile were unsuccessful 
because no cases were available. 

Progress : ' : 

1, Commercial antitoxin typing sera for fluorescent antibody 
studies supplied by the Wellcome Research Laboratories, Beckenham, 
England,were conjugated with fluorescein isothiocynate. Sera to 
toxins of the following organisms were used: Clostridium 
perfringens A-F, Clostridium now! A and B. .Clostridium septicum 
and Clostridium chauvoei. A control of horse serum processed 

r; :, similarly to typing sera was also conjugated. Sections of muscle 
> f. infected with Ç. perfringens were reacted with these sera. It was 

' found that all”of the conjugated sera and the, conjugated horse 
serum reacted with the organism, imparting a yellow-green 
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fluorescence around each bacterium«indicating an antigen antibody 
reaction at the cell surface. These antisera were prepared by 
injection of unfiltered cultures and it will be necessary to 
remove antibodies against somatic antigens before further studies 
can be done. 

2. A standardized wounding procedure, using a tetryl pellet 
as the explosive, results in a massive unilateral open wound in a 
hindquarter of the goat. Exudate from these wounds is obtained 
by placing sterile 4X4 cotton sponges in the wound. Two to 3 
hours later the sponges are wrung out by hand, the collected 
exudates are immediately frozen at -60C and stored. Immediately 
prior to use they are centrifuged at 5C for one hour at 15,000 rpm 
end then filtered through Seitz pads. Wound exudates from this 
wound preparation were lethal for monkey kidney cells in direct 
ratios to the number of viable C. perfrlngens present before 
filtration and lethality for mice. Attempts to neutralize the 
cytopathogenic effect with commercial antitoxin preparations 
were unsuccessful because the antitoxins were lethal for monkey 
kidney cells. This toxicity is presumed to be due to 0.35 per 
cent cresol, the preservative in the antitoxin preparations. 
Attempts will be made to remove the preservative by dialysis, 
after which the study will be continued. 

3. (a) Serial samples of filtered wound exudates from 
tetryl blasted goats were incubated with sterile egg-yolk solution 
in attempts to demonstrate alpna toxin (lecithinase). Results on 
29 goats showed a positive correlation between the number of 
Ç. perfringens present, positive lecithovittelin (egg yolk) tests, 
survival time of the goats and lethality of sterile exudates for 
mice. The positive lecithovittelin tests were inhibited either 
not at all or just slightly by commercial trivalent gas gangrene 
antitoxin. 

(b) Theta toxin is an oxygen labile hemolysin. In this 
study it was assayed by its ability to lyse sheep erythrocytes. 
All twenty-five goats tested had theta toxin present in the 
exudates in increasing amounts as the goats neared death. 
Trivalent antitoxin inhibited’the lysis of sheep erythrocytes. 
It must be pointed out, however, that addition of reducing agents 
did not increase activity of the erythrocyte-lysing material in 
wound exudate. An increase should have occurred if this were 
free theta toxin. 

^c) Mu toxin is a hyaluronidase. Commercial sodium 
hyaluronate was used as the substrate in the determination of 
hyaluronidase present in goat wound exudates. Results paralleled 
those obtained in the determination of alpha and theta toxins* 
this test was'only partially inhibited by trivalent antitoxin! 

■'f- 
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(d) Attempts were made to relate pH of the wound exudate 
tí» death or the presence of specific toxins. pH values ranged 
from 6.8 to 8.2 but nó relationship could be found between pH 
values and any of the parameters mentioned above. 

(e) Fractionation studies of wound exudates have been 
initiated in an attempt to concentrate the lethal factors. 
Practically every purification technique used reduced toxicity 
in a direct ratio to the amount of nitrogen removed. The 
possibility that alpha toxin is irreversibly bound to blood 
constituents as it is formed "in vivo" is one theory of why it 
has never been detected in the circulation ef wounded animals. 
An experiment was carried out in which partially purified alpha 
toxin was added to goat wound exudate which had been tested 
previously and found to have no lecithovittelin titer. After 
addition of alpha toxin, the lecithovittelin test was positive 
to the exact dilution that was positive for the alpha toxin 
alone. This reaction was inhibited by antitoxin. The same 
titer and the same inhibition were obtained when this specimen 
was tested 6 weeks later. Obviously in this instance wound 
exudate (Seitz filtered) did not combine with the alpha toxin 
in such a way as to prevent the action of antitoxin in the 
lecithovittelin test. 

(f) Current studies are being carried out in an attempt 
to quantitate toxins in wound exudates in terms of characterized 
antitoxin preparations. Other parameters to be studied are the 
effects of various physical and chemical agents on the stability 
of these exudates. It is planned that fractionation procedures 
will enable the separation and identification of component toxins. 

4* The principal investigator was assigned to the 7th Field 
Hospital in Valdivia, Chile in May and June I960 to study traumatic 
wounds, particularly the diagnosis and antitoxin therapy of gangrene. 
Reports of injuries in the earthquake area were incorrect and the 
few trauma cases that had occurred were evacuated prior to the 
arrival of the 7th Field Hospital. 

Summary: New techniques are being evaluated for in vitro, and 
in vivo characterization of clostridia and their toxins. The use 
of fluorescent antibody techniques is not suitable for identifi¬ 
cation of specific toxins but it is felt absorption techniques 
may solve this problem. The use of tissue culture techniques 
holds promise for typing Ç. nerfrineens. Goat wound exudate 
contains lethal factors which are being characterized. Several 
known toxins have been found but lack of complete neutralization 
by antitoxin preparations suggests that heretofore undescribed 
toxins may be present. Quantitative studies of the toxic 
components of wound exudate are in progress. 
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Clinical research on the prevention and treatment of acute renal 
failure is being continued. Peritoneal dialysis is being studied as an 
adjunct to the artificial kidney in mcnagement of renal failure. Resin 
therapy is so successful in preventing pota-ssium intoxication that 
dialysis for this is not necessary. The effect of 20% mannitol on renal 
function is being studied. 
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Project 6X59-01-001, Traumatic Surgery and Shock 

Task 17, i. cute Renal Injury and Failure 

Description: The overall problems of the prevention, diagnosis and 
therapy of acute renal failure are being evaluated in 
order to provide measures to reduce the morbidity and 
mortality from this complication of shock and trauma. 

• 

Progress: 

!• Mechanism of i.eute Renal Failure. This department continues to 
have responsibility for the clinical care of ail V/RGH patients with acute 
renal failure (iJttF). As in the past, careful daily measurements are 
made of intake and output, biochemical alterations, and studies of 
blood and urine osmolarity. Continued observations on all patients 
with acute renai failure are being carried out to test the concepts of 
the mechanism of renai failure. Animal studies a.re aiso being performed. 

2. Infection Complicating Acute Renai Failure. Systemic infection 
is an important consideration in the manr.gement of any patient in acute 
renal failure. Severe.! aspects of this problem have been considered by 
this department previously and a.rc listed in earlier reports. Findings 
here have led to employing the following in the management of our 
patients: (1) the use of intermittent catheterization instead of the 
indwelling catheter in attempt to eliminate one source of infection, 
(2) the use of specific antibiotic therapy when the need arises in the 
individual patient rather than the prophylactic use of antibiotics in 
all patients, and (3) the alteration of dosage of administered antibiotics 
to compensate for the inability of the kidney in failure to excrete, 
thereby preventing the rise in concentration to toxic levels. 

3. Influence of Aortic Clamping on Renal Function. Studies have been 
continued in anime.lo and patients on the effect of cross clamping the a.orta 
in renal function. Mannitol infusion is being used to prevent th^rir, 
which normally follows this clamping and has been successful. 

• , • . t ^ . .s . ^ • - 
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4. Diagnostic ..-ids in/.cute Renal Failure. Over 20 patients 
tentatively diagnosed as acute organic shutdown have received mannito 
infusion. In 14 of 22 patients with detailed data, mannitol produced 
clinically effective diuresis. These studies will continue. 

*■ 

5. Resin Therapy In i.eute Renal Failure. Kayexalate, a polyoterene 
resin administered by mouth or as an enema, has shown itself to be of 
considerable therapeutic value during the past year. This resin lower-, 
the serum potassium, and has been quite effective in preventing the 
development of hyperkalemic caïdiotoxicity» This drug represents a 
major improvement in the treatment of acute renal failure; a-s it has 
decreased the frequency of hemodialysis procedures in many patients. 

6. Methods of Dialysis. Patients with acute renal failure requiring 
dialysis have been treated by means of the Twin-Coil apparatus and als-, 
by intermittent peritoneal dialysis. Both methods arc being evaluated 
,-jid both are very valuable. The Kolff rotating drum apparatus is not 
being used at the present time, since the Twin-Coil unit is definitely 

superior. 

7. Influence of Mannitol in Renal Function. Studies fn dogs have 
demonstrated that even when animals were maintained in shock with 
blood pressure of 50 mm Hg. mannitol restored P^.H and creatinine 
clearances to normad. The implications of this are gréât in that it 
demonstrates that renal function may be maintained in the shock state 
with appropriate therapy. t(); 

i ( . 

Summary and Conclusions: ,./ 

Clinical research on the prevention and treatment of acute renal 
failure is being continued. Peritoneal dialysis is being otuaied as an 
adjunct to the artificial kidney in mcnagement of renal failure. Resin 
therapy is so successful in preventing potassium intoxication tho.t 
dialysis for this is not necessary. The effect of 20% .mannitol on 

renal function is being studied. 
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Renal blood flow, its reliable measuiement and its significance in rela¬ 
tion to post-surgical, hypotensive and experimental acute renal failure have 
been given critical attention. To determine the constancy of renal functions 
in dogs over considerable periods of time, clearances have been measured in 
conscious and anesthetized dogs and significant time-related changes have 
been revealed which point to the need for increased caution in the interpre¬ 
tation of results on the unselected animals which we and most other investi¬ 
gators have been using. Because clearance methods are inapplicable in anuric 
states and are meaningless when a steady state of renal activity is not pres¬ 
ent, we have just begun to use the electromagnetic flowmeter. With this de¬ 

vice we are attempting to settle the question: is the apparent prophylactic 
action of mannitol against the renal failure of arterial hypotension related 
to its properties as an osmotic diuretic or to its ability to improve renal 
circulation? Studies of experimental acute renal failure in a primate have 
continued using the African green monkey. A supra-renal aortic clamp applied 
for 8 hours, thus greatly reducing renal arterial pressure, gives only tran¬ 
sient renal effects in normally hydrated animals but is fatal in those de¬ 
hydrated 24 hours beforehand. Eight monkeys kept hypotensive (35 to 50 mm 
Hg mean systemic arterial pressure) for 5 to 9 hours showed no renal failure. 

It has been shown that whole-body hypothermia of properly chosen inten¬ 
sity and duration may have a very significant therapeutic effect in dogs 
subjected to renal insult (intra-arterial adrenalin). This finding may have 
useful clinical application. 
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Task No. 17 Acute renal injury and failure . ,, 

Description: Renal blood flow is the primary point of interest in the current 
studies of acute renal ¿allure. This derives largely from ouv finding that in 
the dor, a renal arterial pressure of about 25 am Hg for ten hours produces 
only minor transient renal functional deficits and no lasting renal pathology. 
Similar experiments in monkeys showed them to have at least an e ¡ually high 
resistance to this renal insult. The effect of infused mannitol on renal blood 
flow is of prime interest. 

.,, "</ 

Hypothermia is being tested as a means of reducing the renal tissue de?- 
rangement due to ischemia or other action of infused adrenalin. In the dog it 
appears that there may be an optimum combination of intensity and duration 
of hypothermia best suited' to cut short the damaging effects of the renal in¬ 
sult and to aid the restorative processes. 

Progress: The use of mannitol as an effective prophylactic measure against 
the acute renal failure which we have produced in dogs has been extended 
to its use in patients undergoing surgery, where acute renal failure some¬ 
times also occurs (see preceding section of report). In each situation 
the PAH clearance increased and it was concluded that this apparent effect of 
mannitol or renal blood flow is closely related to the favorable outcome. PAH 
clearance is not a measure of.renal blood flow unless its renal extraction is 
known and allowed for and unless steady states of blood flow and PAH movements 
are known to exist. To observe the constancy of steady state conditions in 
our dogs we have made clearance measurements at intervals of 7 to 30 days, 
each time collecting data over from 2 to 7 hours. In 20 of 22 such tests on 
8 of 9 dogs there was a significant rise of CPAH during the course of each ex¬ 
periment. One dog of this series showed a decline of up to 401 in CPAH in 4 
out of 5 experiments. The state of hydration appeared not to be a factor nor 
did pentobarbital anesthesia if kept reasonably constant throughout. When 
anesthesia was induced midway in an experiment three dogs showed no changes 
but one (the exception noted above) showed an abrupt 40Z fall. Additional data 
were collected, e.g. creatinine clearance, plasma total solids, hematocrit, 
arterial blood pressure, etc., but will not be discussed here. We conclude 
that in experiments where prolonged periods of observation are used it may be 
necessary to pre-test each dog to determine its control pattern. 

As an extension of our previous similar work in the dog»African green 
monkeys were subjected to varying periods of total suprarenal aortic occlusion. 
Periods up to 8 hours in normally hydrated animals produce only a transient 
rise'in, BUN, a temporary proteinuria and in some animals a 24-hour sodium 
diuresis.'' Twenty-four hours of pre- or postoperative dehydration has a marked 
effect on the result» producing a high operative mortality and no survivors 
beyond 5 days. The terminal' BUN values were high and there were obvious renal 
infarcts,seen at autopsy but the cause of death is unknown. < ( 
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exPeri*enta "“nnitoi has been infused by vein as a 20X solution 
at 2 ml/min for 4-5 hours or rapidly injected into the femoral artery or 
jugular vein in the same animals as mentioned above. Because of the dynamic 
state of the clearances of Cr and PAH which ve observed during the control 
studies it was difficult to assess the role of mannitol in any individual ex- ■ 
périment. However, by comparing the clearances of a mannitol infusion experi¬ 
ment with the clearance data obtained during several control experiments on J' 
the same animal, the effect of mannitol has been determined. Over a period 
of time similar to that of the control experiments, mannitol was infused and 

e rAH Creased as ouch as 30X in those animals which had shown this trend 
during the control experiments. A decrease of 25X was observed in the only 
animal which quite consistently had a declining CPAH. The CrT usually parallel¬ 
ed such changes. -wr ^ r 

Ivhen 50 ml of a 25X mannitol solution was rapidly injected into the blood 
stream but with no significant change in arterial blood pressure, there was a 
significant increase in the Cp^ AND C(;r during the first 10-20 min. This was 
inUon *ollowed by a fall to or below the pre-injection rates within the next ‘ 
10-20 min. The hematocrit and plasma total solids usually declined during the 
first post-injection period and then quickly returned to normal. 

From these preliminary results it would appear as though mannitol, when 
infused at a rate sufficient to cause a IQ-20 fold increase in urine flow, 
does not produce any significant changes in Cpah or CCr in the healthy mongrel 
dog. The transient changes observed following the rapid injection of mannitol 
may be due to a decrease in the viscosity of the blood perfusing the renal ' 
bed causing a real increase in blood flow. It may also be due to a rapid 
washout of PAH from the tubule which one could falsely interpret as an in¬ 
crease in renal blood flow. In hemorrhagic shock (before resuscitation) and 
in aortic surgery, both tending to produce acute rqnal failure, clearance 
methods cannot be applied. We have Just turned to the electromagnetic flow¬ 
meter with the technical cooperation of Department of Cardiovascular Diseases 
to obtain reliable information on renal blood flow during hemorrhagic hypo¬ 
tension in the dog and the influence of mannitol upon it. Technical diffi¬ 
culties have not been entirely overcome in the few trials done, but it already 
appears that valid and highly significant data can be obtained. 

Acute renal injury was produced in 62 noxmothermic, uninephrectomized, 
normally hydrated, mongrel dogs by infusing epinephrine for 1½ hours directly 
into the renal artery at the rate of 5 micrograms/min. (in 0.25 ml of 5X dex¬ 
trose solution). Thirty to forty minutes following infusion, 19 animals were 
returned directly to their cages (control group #1) and allowed food ad lib* 
7 animals were kept anesthetised, normothermic and placed on a respirator for 
26-28 hours (control group #2); 9 animals while on a respirator were cooled to 
28-30 C for 6 hours (experünental group #1); 27 animals were placed on a res¬ 
pirator and cooled to 28-30 C for 26-28 hours (experimental group #2). All 
survivors were sacrificed at 21 days. 

In control group #1, one animal died without regaining consciousness 
13 (72X) subsequently died of renal failure (average 7-8 days). In control 
group n one animal died while anesthetized and 5 (83X) subsequently died of 
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leual failure. Six uogs \ob‘l) lu expermental ^roup ifl aieu of renal fail¬ 
ure with no deaths during hypothermia. In experimental group #2, fourteen 
animals (52X) died during hypothermia or during the rewarming phase; of the 
surviving 13 animals only one died (7.7Z) of renal failure. These survivors 
were in good condition at sacrifice. The rise of BUN and proteinuria were 
higher in the control groups. At autopsy or sacrifice the control groups 
were found to have the more severe cortlco-medullary congestion and necrosis, 
patchy medullary necrosis and cortical degeneration. To determine if the 
7.7% renal death rate in the prolonged hypothermic group is based on a se¬ 
lective death during hypothermia, a control series of infusions without epine¬ 
phrine and followed by 28 hours of hypothermia is now in progress. 

Summary and Conclusions; From the particular attention we have given to 
renal blood flow we have concluded that it must be given further intensive 
study! the limitations of clearance methods and the availability of the 
electromagnetic flowmeter have led us to start work with the latter which 
already gives promise of future value in this program. 

The use of hypothermia as á post-insult, therapeutic measure against 
acute renal failure, in contrast to the pre-insult prophylactic use of 
mannitol has been suggested by experiments in dogs. Verification and exten¬ 
sion of this finding may lead to broad and useful laboratory and clinical 
applications. 

List of Publications: None. 
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Arterial Prosthesis. The abdominal aortic grafts were subjected to a 
more stressing test from the hemodynamic point of view with two end-to-end 
suture lines within 5-7 cm of each other and a tube of 8 mm inner diameter. 
This resulted in failures of the composite graft of 37 C.P.I,, a graft 
which, when placed in the thoraco-abdominal aorta with proximal end-to-end 
anastomosis and a distal end-to-side anastomosis and with a 12 mm inner 
diameter tube, yielded excellent results. 

Arterial Dilatation to Further Small Artery Anastomosis. Traumatic 
arterial spasm is a serious sequel of arterial dissection. This is 
particularly troublesome in surgical repair of small arteries. A method 
has been devised in the dog by means of which the diameter of small spastic 
arteries can be greatly increased,facilitating their surgical repair. 

Common Bile Duct Prosthesis# Foamed acrylic amide tubes have been 
used successfully as arterial prostheses but the application of this 
material for the replacement of the common bile duct has met with difficult 
Encouraging results have followed the use of (l) prostheses implanted near 
the bile ducts prior to anastemosis, to allow ingrowth of fibrous tissue 
before exposure to bile, and (2) prostheses of foam construction bonded to 
a thin "intima" of acrylic amide film combined with temporary splinting of 
each hepatic duct, the common bile duct, and the prosthesis over a forked 
polyethylene tube. 

Radioisotopic Delineation of Third Degree vs. Non-Third Degree Burns. 
A search has been made for a method that would permit prediction of the 
depth of a cutaneous burn or at least enable differentiation between full¬ 
thickness and lesser degrees of bum. Using a graduated thermal burn in 
pigs, it was found that radioactive phosphate (as Na^P^Oj^ localizes in 
areas which grossly on section appear only partially burned, while uptake 
in full-thickness areas is markedly depressed. Histologic verification of 
the exact depth of burning has thus far not been possible with accuracy. 
It has not been possible to histologically pinpoint the interface between 
full and partial thickness burns. 
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Splenic Hoaotransplmt after »Vhole Body. Radiation, fcmotransplantation 
of the intact spleen in dogs was studied with the following objectives: 
(1) to evaluate the possible radioprotective effect of splenic homotrans¬ 
plantation, and (2) to study the effects of lethal whole body irradiation 
and splenic homotransplantation on the ipsunologlo functions of surviving 
animals* , 

Transplantation of the spleen by vascular anastomosis has been 
technically possible in approximately 50 percent of oases* Spleen trans¬ 
plantation following irradiation to the host has not provided radio- 
protection. The transplanted spleen, however, is apparently not rejected 
by the heavily irradiated host. 

d 
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BODY OF REPORT 

Project No, 6X59-01-001 Title» Traumatic Surgery and Shock 

Task No, 23 Title : Organ Repair and Replacement 

Description» 

Arterial Prosthesis, Continuation of a search for an ideal prosthesis 
has prompted the following protocol» Grafts of 37 C.P.I. (courses per 
inch) knitted “dacron-coated with acrylate amide terpolymer foam (butyl 
acrylate, methyl methacrylate, and methacrilamide) were placed in the 
abdominal aorta, femoral artery, and in the thoracoabdominal aorta of dogs. 
Fifteen (15) abdominal grafts were placed; eleven thoracoabdominal grafts 
were placed, and six paired femoral grafts were placed. Harvesting of these 
grafts has been carried out after'performing-arteriography. Photographs of 
the specimens and microscopic slides have been obtained. 

Arterial Dilatation to Further Small Artery Anastomosis, This is the 
final report on this phase, covering the period 3 May I960 through 31 June 
1961, Superficial femoral arteries of lió mongrel dogs ranging in weight 
from 5,li to 26 kg, with a mean of 13,6 kg, were studied. The left femoral 
artery was chosen as the experimental one, the right served as control. 
Under anesthesia each artery was exposed by careful dissection and the outer 
diameter of each vessel was carefully measured. In 18 dogs- a segment of the 
experimental artery in the area in which it was to be divided was occluded 
gently with bull-dog clamps and thá occluded segment was dilated by careful 
injection of saline solution under pressure. In 22 dogs the dissected 
experimental vessel was simply grasped with the fingertips to occlude it 
first distally and then proximally and the pressure of blood thus entrapped 
was slowly elevated by a gentle rolling action of the fingers. In all 
cases this also achieved dilatation of. the experimental segment of artery. 
The outside diameter of each vessel was measured following dilatation. All 
vessels were then stripped of adventitia over the midportion of dissected 
areas and divided cleanly between surgical coarctation clamps, Ends of 
vessels were then sutured together carefully with 6-0 arterial silk using 
a standard Carrel technique. All wounds were closed in layers. After 
surgery patency of anastomoses was determined by palpation through skin, 
by aortography, via carotid arteiy catheterization, and ultimately by gross 
and histologic examination of excised vessels. 

Common Bile Duct Prosthesis, This is the final report on this phase, 
covering the period 5 January I960 through 31 June 1961, There is clinical 
need for a consistently successful method of reconstructing or replacing 
the injured, divided or strictured common bile duct. Acrylate amide foam 
tubes have been used successfully as arterial prostheses. It has been ob¬ 
served 'that the interstices of the foam structure become occupied by in¬ 
growing-connective tissue, while an endothelium soon lines the lumina of 
such tubes, It was hoped that a similar reaction might occur if the se 
terpolymer tubes were used to bridge defects in the common bile duct. 
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Radioisotopic Delineation of Third Degree vs. Non-Third Deers« Buica. 
This is ths final report on this phasa, poverlng the period 3 March 
through 31 June 1961. Early excision has generidly been accepted as a 
desirable objective in the treatment of full thickness bums«" As a practi¬ 
cal matter, however, it is tóo frequently difficult to determine with pre¬ 
cision the amount of skin to be excised, so that more conservative methods, 
with all their disadvantages, are still widely practiced« The objective of 
this phase was to develop a reliable and praotlb.'l method for estimating the 
depth of cutaneous burns« 

Splenic Homotransplant after Whole Body Radiation. This is the final 
report on this phase, covering the period 1Ö Augusi 1$$9 through 31 June 1961« 
Ther radioprotective effects of organ shielding and postirradiation adminis¬ 
tration of marrar and spleen cells in rodents are nor well recognized. 
Furthermore, animals protected against otherwise lethal doses of radiation 
by infusion of honologous cells have been found in some cases to be tolerant 
not only of the cells given immediately after radiation, but also of other 
tissues from the .jsame donor transplanted later. The objective of this phase 
was to evaluate the possible radioprotective and immunologic potential of 
the transplanted canine spleen. 

Progress: 

Arterial Prosthesis. Results of the abdominal aortic grafts reveal 
that with the exception of one 37 C.P.I, graft, all underwent dilatation 
and late hematoma fomation. Previous studies revealed that four of five 
abdominal aortic grafts with grafts of 56-76 C.P.I. were well incorporated 
in tissue without dilatation or thrombosis. Results of thoraco-abdominal 
grafts of 37 C.P.I. dacron-supported tubes were excellent with ten well 
intimized,patent, non-dilated grafts. Three of six femoral grafts were 
well intimized and patent but follow-up studies of successful grafts were 
only two and one-half months. A six month follow-up revealed thrombosed 
grafts bilaterally. 

Arterial Dilatation to Further Small Artery Anastomosis, Pressures 
necessary to cause dilatation of spastic vessels ranged from 180 to 21*0 mm. 
of mercury. For each vessel there was a specific pressure at which dilata¬ 
tion occurred. When this "dilatation pressure" was reached dilatation pro¬ 
ceeded to completion in 3 or I* seconds without further increase in pressure. 
Pressures much higher than dilatation pressure, that is up to 350 mm. of 
mercury, had.no apparent effect: further dilatation was not produced and 
rupture did not occur. Dilatation was most effective in those vessels 
where it should be of most help to the surgeon; the smallest arteries were 
doubled in their outside diameter which averaged 3»11 mm. before dilatation. 
After dilatation the arteries on the experimental side averaged i*,29 mm. 
This figure represents a significant (P ■ ,02) increase in outer diameters. 
Anastomotic patency as determined by palpation was confirmed in every case 
by aortography. Furthermore, no vessel found patent by palpation or 
aortography wm later found occluded on excision. All thromboses in this 
series occurred in the first 8 cases operated upon, in spite of the fact 
that small animals became available only later in the series. None of the 
last 61* vessels studied, dilated or hot, became thrombosed after suture. 
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^ Histologic examination of epecimens removed at time of sacrifice 
> revealed intimai thickening in a fair vessels but its presence was related 

neither to previous dilatation nor to length of time since operation* Ad¬ 
ventitial stripping of the canine artery led to a moderate degree of medial 
degeneration, with early loss of muscle and later fragmentation of medial 
elastic fibers. Medial degeneration appeared more extensive in .dilated 
vessels» Repair of the medial lesion by collagen deposition occurred before 
26 weeks . At that time approximately one-third of the media' appeared to 
consist of collageri while the remainder was muscle and elastic fibers. 
Intima and internal elastic lamella appeared undamaged immediately following 
dilatation and did not undergo degeneration in the stripped vessels, dilated 
or not. Dilated vessels excised 26 to 37 weeks postoperatively usually were 
larger in diameter than non-dilated control vessels* 

Common Bile Duct Prosthesis.1 A foam tube 5 mm O.D. has been used in 
1Ü dogs. The prosthesis was carefully preclotted with the dog’s own blood 
prior to insertion. In 9 cases the prosthesis was interposed between the 
ends of the divided, duct, anastomosis being accomplished with 5-0 silk or 
catgut. In 5 cases the tube was sutured only to the proximal duct, the 
distal duct being ligated, while the distal end of the tube was simply 
inserted into the duodenum. 

Five dogs died from k to 35 days postoperatively of biliary tract 
obstruction, infection or perforation. In no case was the prosthesis in¬ 
corporated by fibrous tissue. Four dogs died from 58 to lOlj days, with 
essentially the same findings at autopsy. Of four dogs sacrificed from 
98 to 111; days, three appeared to have an excellent functional and anatom¬ 
ical result. One dog remains well at 131; days. In the three dogs classi¬ 
fied as good results,' the prosthesis was found fimly fixed in — but not 
permeated by — scar tissue. The presence of the prosthesis maintained 
patency <jf the duct system, while firmness of the cicatrice prevented 
displacement of the prosthesis as seen in most other dogs. 

Because of the poor results, modifications in technic were made. The 
prosthesis in seven cases was preliminarily implanted near the common 
bile duct and cholecystectomy perfomed. As a second stage, after in¬ 
growth of fibrous tissue had taken place, the proximal end of.the duct was 
anastomosed to the tube and its surrounding scar, and the distal end of the 
tube opened..into the duodenum. Survivals were longer, but the results were 
essentially the same. Gross and histological examination of the prostheses 
showed that even when fibrous tissue had completely grown into them, sub¬ 
sequent exposure to bile resulted in dissolution of the fibrous bontjis* 

The original idea of depending on host fibrous tissue to line the 
prosthesis was therefore abandoned. Subsequent experiments were carried 
out using foamed acrylate amide tubes made Impervious to bile by the 
addition of a very thin inner lining of the terpolymer in sheet form* 

One stage operations using the new prosthesis were perfonned in 9 
dogs inserting the distal end of the prosthesis ip^o the duodenum, Noraal 
serum bilirubins were maintained for 2 to 12 weeks, but chemical or clin¬ 
ical jaundice eventually developed in all animals. They died or were 
sacrificed from 80 to 160 days after operation, and in every case the 
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prosthesis had been passed through ¡the intestinal tract. In most cases 
the tunnel occupied t$r the prosthesis; was still partially or widely patent, 
but severe cholangitis was always present in spits of the fact that 
cholecystectomies had been perforated in these animals, 

ßro stage procedures were carried:Out in eight dogs. At the first 
stage the prosthesis was laid in a subserosal tunnel that extended from the 
porta hepatis down the duodenum, and the gallbladder was removed. Two 
months later the proximal duct was anastomosed to the end of the prosthesis 
lying beside it. The duodenum was opened opposite the other end of the 
prosthesis, and mucosa overlying the tube was trimmed away until a good 
flow of bile was obtained through it. Six dogs died from 2 to 5 months 
after operation, with findings essentially the same as before. Two dogs 
were still alive, with normal bilirubins 5 and 6 months after operation. 

In a final series of seven animals cholecystectomies were perforaed 
two to three months before insertion of the prosthesis. At. re-exploration 
the common bile ducts had enlarged sufficiently to allow insertion of the 
prosthesis into each end of the divided duct.i A forked polyethylene 
catheter was led from each hepatic duct through the common bile duct, the 
prosthesis, the sphicter of Oddi, and out through the duodenal and 
abdominal walls. The catheter was fixed in the terpolymer tube and the 
tube in the bile duct by means of a simple ligature around each end of 
the duct. Thus a perfectly tight anastomosis was obtained. The poly¬ 
ethylene tubes were removed three weeks after operation* All dogs had 
normal serum bilirubins up to three months after operation, and are being 
retained for long follow-up, ; 

In all animals sacrificed or autopsied, carefpl1dissections Were made 
of duodenum and biliary tract, photographs were obtained, and important 
tissues preserved, r -, , 

While it is still too early for final evaluation of the last experi¬ 
ment, it may be concluded that acrylate amide prostheses of the pore 
size used are not suitable where the foam structure may be exposed to 
bile or intestinal Juice, Film-lined prostheses may have some usefulness 
when both ends of the divided duct can be located. 

Radioisotopic Delineation of Third Degree vs, Non-Third Degree Bums, 
Using rabbits, a device has been developed which permits the infliction 
of a graduated thermal burn -- full thickness at one end, partial thickness 
at the other. At some intermediate point lies a more or less well-defined 
interface between full and partial thickness burn. This burn, which 
represents the clinical problem in miniature, was studied as follows* 
Color and infrared photographs were taken; the bums were tested with pin¬ 
prick; radioactive elements were injected intravenously and their .uptake in 
various areas of the bum measured by means of a modified Geiger-probe. 

Silver, sodium and arsenic, though having a predilection for skin and 
hair, did not produce measurably different uptakes even between the,two 
extremities of the bum. It was concluded that their gamma emissions are 
too penetrating to permit accurate-localization without elaborate. 
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<<r; collimation of the scanning probe. Radioactive thallium 20ut which has a 
marked predilection for hair follicles and yields excellent autoradiographs 
of these structures, has such a soft beta ray that its emission, even over. ;<• 
normal skin could not be detected by the scanning probe. Radioactive 
phosphorus yielded some .differentiation, and was selected for use in pigs, 
whose skin more closely resembles human skin. Infrared photography was 
disappointing in the majority of cases, in spite of the veiy thin 
epithelium of rabbits. 

In ll* pigs 91 burns were studied. Radioactive phosphorus 32 is taken 
up by partial thickness burn in greater concentration than by normal skin, 
while deeply burned skin shows less radioactivity than noraal, A sharp 
point of demarcation is found in the graduated burn, but precise evaluation 
of the true depth of bum at this point has not yet been determined histo¬ 
logically: The problem has proved insurmountable by recommended histo¬ 
logical methods. The modified Van Gieson method of Hinshaw and Pierce, 
for example, has on occasion showed viable epidermis overlying dead dermis 
in bums caused by externally applied heat. 

Splenic Homotransplant after Whole Body Radiation. Transplantation 
of the intact spleen by vascular anastomosis has never been attempted as a 
means of radiation protection, and has apparently not been considered as 
a prelude to the transplantation of other tissues and organs. 

In order to demonstrate various phenomena, experiments were carried 
out as follows: 

a) The radioprotective effect of normal spleen compared with that 
of spleen containing autologous bone marrow. After 800 r total body 
irradiation, twelve normal dogs died within five to nine days. Nine ani¬ 
mals whose spleens were exteriorized and shielded by lead during total body 
irradiation did not survive longer. Twelve animals whose spleens contained 
their own marrow survived indefinitely (up to 21*0 days) in 80$ of cases. 
In these, the dogs were prepared by introduction into their spleens of 
splinters of their own ribs. Six weejcs after this procedure the rib 
sections had "taken" in the spleen,, and their cancellous bone contained 
active marrow. At intervals after total body radiation splenic biopsies ^ 

, were perfomed and complete blood counts obtained. It was found in most 
cases that the hemograms of marrow dogs showed the same depression of white, 
cell, red cell, reticulocyte and platelet counts as the controls. At 
seven to fourteen days after radiation (when the controls had already v • 
died), the peripheral blood counts of marrow dogs began a rapid return tel' " 
normal. From these data one may postulate the liberation by intact marrow 
of some factor that permits survival of an irradiated animal without 
affecting its peripheral blood cell counts in the critical period, 

b) The feasibility of autotransplantation of the spleen. In thirteen 
animals the spleen was resected and replaced by vascular anastomosis, with 
failure in all but two. Technics of small vessel anastomosis, including 
a method of dilating spastic vessels, were gradually developed, and in 
ten,additional animals success was obtained in all but two. Surviving 
spleens appeared grossly normal from one to 51 days after replantation, 
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e) Histological changes occurring in norihal spleen after homotrans¬ 
plantation to a nonnal host dog. Transplantation in ten pairs of dogs vss 
successful In eight cases as eridenced by arterial bleeding at the time of 
biopsy one to six days later. Preliminary reviee of the histological 
material indicates marked follicular activity from teo to four days after 
operation, followed by disseminated round cell infiltration up to the time 
of rejection six to ten days later. It is felt that the follicular re¬ 
action represents a graft versus host response, while round cell infiltra¬ 
tion is the usual expression of rejection of foreign tissue by an homologous 
host* Vr,‘ 

d) Histological changes occurring in Spleen during rejection by a 
normal animal when the spleen has been rendered incapable of reacting 
against its host. Hume et al, shoired absence of rejection phenomena in dogs 
after doses of total body radiation between 1000 r and 15>00 r. In this ex¬ 
periment, twelve dogs were given 1000 r from a 2.2 Mev source, and their 
spleens then transplanted into normal dogs. In eight animals the spleen was 
dead when first inspectsd. In the remaining four, biopsies were performed 
one to eight days after operation. Grossly, follicular hyperplasia was 
absent. Rejection was accompanied by swelling of the spleen without various 
congestion, loss of architectural features,' and*decreased vigor of arterial 
bleeding on cut section despite abundant .bä,oöd flow through the splenic 
arteries. One wonders if the high incidence of early rejection in this 
series might not connote destruction by irradiation of some defense 
mechanism normally present in spleen. 

e) Histological changes occurring in normal spleen after trans¬ 
plantation into a dog incapable^of reacting against the graft. Thirteen 
dogs were given 1200 to l500 r and on the following day underwent splen¬ 
ectomy and implantation of a nonnal spleen. At sacrifice one to three days 
later spleens were viable in four of five animals. The remaining eight 
animals failed to survive beyond four days. Grossly, their transplanted 
spleens appeared normal at autopsy, but because of postmortem autolysis 
tissue specimens were unsatisfactory. 

f) The radioprotective effect of normal spleen transplanted to an 
irradiated host. In three dogs normal spleens were transplanted to 
irradiated dogs that had received 500, 775 and 1000 r total bocfor x- 
irradiation. In no case was survival of a recipient animal more pro¬ 
longed than that of a control animal irradiated simultaneously. At autopsy 

" ' twelve, nine and seven days after transplantation the spleens and 
anastomoses appeared in excellent condition grossly, although microscopic 
autolysis prevented histologic interpretation. Hematologic follow-up on 
these dogs showed no advantage of the transplanted dogs over their controls. 

g) The radioprotective effect of marrow-containing spleen transplanted 
into an irradiated host. The previous experiments demonstrate (l) the pro¬ 
tective effect of shielded marrow-containing spleen after high doses of 
töta^ body .radiation, (2) the technical feasibility of spleen transplanta- 

1 ' ‘ tioifc aïKÎ (3) the failure of irradiated animals to reject homologous spleens. 

In anticipation of eventual success, donor and recipient animals were 
so chosen and prepared as to permit demonstration of the transfer to the 
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recipient of immunological properties and blood cell characteristics of the 
donor. Tin collaboration with the Dept, of Immunology and Immunohematology 
donor and recipient animals were screened for blood type so that in each 
case the erythrocytes of the recipient contained the weak D-antigen, while 
those of the donor lacked it. This difference is not attended ty incom¬ 
patibility even by indirect Coombs test, but permits identification by 
Ashby counts of D negative cells should they appear in the recipient's 
blood. Female dogs were used as donors and males as recipients so that 
donor neutrophils might be distinguished from those of the recipient. Donor 
and recipient animals were immunized against tetanus toxoid and a 
diphtheria-tyhoid mixture respectively and their antibody titers followed 
at intervals. The appearance in a recipient of tetanus antibodies, or an 
anamnestic response to a first injection of tetanus toxoid would have been 
of great interest, particularly if the response to diphtheria-typhoid were 
found impaired following irradiation. 

In seven pairs of animals so prepared splenic vein thrombosis occurred 
in all but one. The one animal whose splenic vessels were patent at the 
time of death (nine days after transplantation) was subjected to splenic 
biopsy at five and seven days. Histological sections showed marked hyper¬ 
plasia of transplanted marrow at five days, and at seven days splenic pulp 
also had become the site of active hematopoiesis. Peripheral blood examin¬ 
ation showed doubling of white cell and platelet counts between the fifth 
and eighth days. It is felt that the trauma of repeated general anesthesia, 
laparotomy, and -blood loss may well have contributed to the demise of this 
animal. One may conjecture that the active production of marrow factors 
by the donor spleen might account for the high rate of venous thrombosis 
in the ribbed spleens compared with transplanted normal spleens. 

In an attempt to minimize the effect of this factor, five more pairs 
of animals were prepared. In these cases the transplants were performed 
using 6/0 silk for the arteries, as before, but the veins were joined by 
means of carefully machined, very thin stainless steel cuffs. No thromboses 
occurred in this group but the animals died at 5, 6, 7, 9 and 9 days post- 
operatively. Platelet, reticulocyte and/or WBC counts had risen from their 
low points in two of the animals before death. Biopsies were not performed, 
and postmortem.material was unsatisfactory for histological preparations, 
Ashby counts showed no increase in D negative erythrocytes in the short 
follow tup possible, and no attempt at re-immunization was made before death 
of the animals. . • .- .... 

It is not known how the shielded marrow-containing spleen was able to 
protect the totally irradiated dog: peripheral blood cell depression was 
unaffected during the period when control animals were dying a presumably 
'‘hematologic" death with equally depressed blood counts. Nor is it yet 
understood why the marrow-spleenwas unable to protect an irradiated 

■homologous recipient after technical obstacles were overcome.. 

Summary and Conclusions: , 

Arterial Prosthesis, (a) The abdominal aortic grafts were subjected 
to a more stressing test from the hemodynamic point of view with two end- 
tö-end suture lines within 5-7 cm. of each other and a tube of 8 mm. inner 
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diameter. This resulted in failures of the composite graft of 37 
a graft which, when placed in the thoraco-abdominal aorta with proximal 
end-to-end anastomosis and a distal end-to-side anastomosis and with a 12 
mm inner diameter tube, yielded excellent results. 

,;v 

Only abdominal aortic grafts will be tested. 

(b) A tighter knit of dacron will be used than the 37 C.P.I, Since 
56-76 C.P.I. were successful in pilot experiments «id since we feel that 
the loosest knit dacron consistent with sustained’Strength of graft is 
desirable, a series of 60 C.P.I. has been initiated. 

(c) longer term animals with i* mm inner diameter femoral grafts will 
follow after decision as to the most ideal knit of the supporting dacron 
tube. 

Arterial Dilatation to Further Small Artery Anastomosis. Up to 100 
percent increase in size of spastically contracted arteries cai be pro¬ 
duced by a simple manipulation resulting in arterial dilatation. This 
dilatation affords increased ease and accuracy of arterial suture. Long¬ 
term patency rates in control non-dilated vessels compare favorably with 
those in the dilated group. îbwever, dilatation of divided arteries does 
facilitate their repair and make the sutural exercise easier. It would 
seem that meticulous technique is of primary importance in detennining 
patency rates after anastomoses of canine femoral arteries, since dilatation 
did not improve or compromise the results of suture anastomosis when can- 
pared with an undilated control group. 

Common Bile Dltct Prosthesis. Acrylate amide tubes of foam construction 
with and without inner linings of filmed terpolymer, have been used to re¬ 
place segments of the common bile duct in dogs. Encouraging results have 
been obtained using a 2-stage operation with film-lined tubes, combined 
with splinting of the hepatic ducts, common bile ducts, and prostheses over 
a forked polyethylene tube which is led to the exterior through the duodenum 
The polyethylene tube is removed after 21 days. 

Radioisotopic Delineation of Third Degree vs. Non-Third Degree Bums. 
Effcfrt has been directed toward a reliable and practical method for 
estimating the depth of cutaneous bums. Of the substances studied, the 
radioactive phosphorus by virtue pf its differential uptake has provided 
the sharpest distinction between full-thickness and partial-thickness burns. 
Histologic proof of the validity of this method has, however, not been 
possible. 

Splenic Homotransplant after n/hole body Radiation, A study has been 
conducted aimed at evaluating the possible radioprotective and immunologic 
potential of the transplanted canine spleen. Results have been exceedingly 
interesting from an immunologic point of viewj however/ long-term survival 
of irradiated recipients has not been achieved, 
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Tendon Study. Poor functional results often follow repair of long 
flexor tendons within flexor digital sheaths. No comprehensive study of the 
processes of tendon healing within flexor digital sheaths has been reported; 
it was essential, therefore, to undertake such a study in order to evaluate 
the factors that influence functional results after tendon surgery* Dogs 
were used, and a standard tendon wound was designed. The results have be01 

uniformly consistent, and reproducible: tendon is united fcy granulation 
tissue produced by the sheath and surrounding tissues; tendon takes no 
active role in this effort. Adhesions form at the repair line and at each 
point at which the surface of the tendon is disturbed. The adhesions are 
filmy and loose after 28 days of immobilization. 

Plastic Fixation of Bone. Evaluation of polyurethane foam for the 
internal fixation of fractures. During the past year two phases of this 
experiment were performed: 

In the first phase li* dogs have been operated upon, segments of ribs on 
either side of the chest were resected and the defect filled with 
polyurethane foam to determine if PUF allows new bone to grow into the 
plastic and replace the plastic. 

In the second phase radial defects were created in 15 dogs. Polyure¬ 
thane wafers were inserted into the right radial defects. Nothing was 
inserted into the left radial defects. The dogs were sacrificed at varying 
periods up to 9 months. 

These experiments showed that polyurethane foam acts as a barrier to 
osteogenic cells and actually delays or inhibits bony union. Furthermore, 
it does not form a true bond to bone and is ultimately surrounded by a 
dense fibrous tissue wall in which late metaplastic changes have been noted. 
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Tendon Study, Jfany of the casualties of'World War II and the Korean 

War who required prolonged hospitalization had serious hand injuries, 
necessitating multiple surgical procedures. This problem became so serious 
that hand centers were established at various Amy hospitals; as a result of 
this program, hand surgery has evolved as a specialty in its own right. 
However, clinical results following injury to the flexor digital tendons in 
the fingers are far from ideal; this has stimulated research concerned with 
the use of blocking membranes and tubes to prevent adhesions to tendons as 
well as several more basic studies. In spite of many new studies reported 
in recent years, controversy as to the exact nature of tendon healing per¬ 
sists, Clinically, satisfactory functional results are most difficult to 
achieve after injury to the flexor digital tendons within the fingers. 
Here the flexor tendons are unique in that they are inclosed in a lubricated 
synovial sheath and are held close to the underlying bone by inelastic con¬ 
densations of the sheath. In spite of this, however, most previous in¬ 
vestigations of tendon healing have been conducted on canine carpal flexor 
or extensor tendons, and rabbit tendo achillis. These do not present the 
anatomic peculiarities seen in the fingers. 

Plastic Fixation of Bone. Polyurethane foam has been used clinically 
to treat certain fractures of long bones by various civilian practitioners. 
Its use in human patients has been highly controversial because little was 
known about the reaction of polyurethane foam In the body. It was hoped 
that polyurethane foam would be of use in reestablishing bony continuity in 
the shafts of long bones where large bony defects existed and that the 
plastic might act as an absorbable trellis through which host cells might 
grow, laying down new bone and leading to the eventual reestablishment of 
true bony continuity, 

.:-. a? 
Drogress: 

Tendon Study. If we are ever to improve the functional results fol¬ 
lowing tendon surgery on the hand we must first have a basic knowledge of 
the processes of tendon healing and the factors which affect and influence 
them. Accordingly, this study was undertaken. After designing a standard 
tendon wound which permitted atraumatic repair of the divided tendon, 100 
canine flexor digitorum profundus tendons were divided and atraumatically 
repaired within the flexor digital sheath of the forepaw. In this loca¬ 
tion the flexor tendon mechanisms of the canine digits are comparable to 
those of human fingers. .. Tendons were repaired by means of a standard 
Bunnel pull-out suture using No. 36 stainless steel wire. After surgeiy 
sterile fluff compression dressings and long-leg reinforbed casts were 
applied to the operated extremities. Animals were âacrificed at varying 
times from 1 through 128 days postoperatively. In a second and third phase 
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of this stucfy- the area of repair of the cavidad tendon was covered in one 
series with polyethylene tubing and in a second series with nylon-reinforced 
Millipore tubing. r , . 

Examination of histologic material as well as gross examination at time 
of sacrifice revealed that a digital flexor tendon which has been divided 
within the flexor digital sheath heals fcy means of the cellular activity of 
the sheath and the surrounding tissues. The cells of the tendon proper play 
no active role in repair of the tendon. Furthermore, examination of 
numerous control tendons reveal^ that there is no epitendinous layer of cells 
on the tendon that takes part in the healing process. Early anatomic 
studies failed to reveal the presence of such a layer on normal untraumatized 
tendons; this series of experiments further substantiated those earlier 
findings. 

i- . 

In the healing process, the synovial layer of the sheath disrupts and 
allows the formation of granulation tissue with its subsequent growth between 
ends and into suture tracts in the tendon. Disruption of the synovial layer 
Of the sheath in the vicinity of the tendon wound is complete by the Uth or 
5th postoperative d?.y. Later, with advanced formation of granulation tissue 
fron the sheath, the synovial layer is gradually restored; this begins at 
approximately the llith postoperative day and is complete by the 21st post¬ 

operative day except for persistent filmy adhesions at the line of division. 

Granulation tissue (capillary buds and fibroblasts) begins to form in 
the disrupted digital sheath on the ijth postoperative day; this is preceded 
by proliferation and then disruption of the synovial cell layer. This 
granulation,tissue ultimately grows between tendon ends and into suture 
tracts in the tendon. Fine, young collagen fibers appeal* in this granula¬ 
tion tissue, on the ?th postoperative day, and by the 10th postoperative 
day the granulation tissue has pronounced fibroblastic character. The 
fibroblasts grow between tendon stumps in a plane perpendicular to the 
longitudinal axis of the tendon, and the collagen fibers they lay down are 
similarly oriented. In contrast, collagen fibers laid down in granulation 
tissue on the surface of the tendon are parallel to that surface. By the 
21st postoperative day the fibroblasts in the scarTbetween tendon ends 
begin to orient themselves in line with the longitudinal axis of the 
tendon; by the 28th postoperative day this process is complete so that all 
fibroblasts and new collagen fibers are aligned with the long axis of the 
tendon. 

New collagen fibers in the tendon scars remain as separate, though 
parallel fibers until the 90th postoperative day when there is evidence of 
early collagen bundle formation; this progresses so that, by the 112th post¬ 
operative day, collagen in the former scar between tendon ends is in the 
form of bundles, identical microscopically with those of the original 

,,.tendon. Although there ultimately is complete maturation of collagen in 
the tissue between tendon ends, the collagen and the persistent filmy 
adhesions attached to the line of repair never become prominent; they remain 
sparse, delicate and loose and do not interfere with the functional 
integrity of the tendon, 
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Thus, tondon. is quite passive in the process of its healing; the' sheSËh 
and''sheath tissues are the active healing agents* 

These results were further confirmed in the studies in which the area of 
tendon repair was surrounded ty first, polyethylene tubing, and secondly, 
nylo n-reinfo reed Millipore tubing. It was shown conclusively that in order 
for the tendons to heal, granulation tissue from the sheath first had to 
grew beneath either edge of the tubing and along the surface of the tendon 
to the line of division. Only then did repair of the tendon by the granu¬ 
lation tissue begin. Thus the use of blocking membranes about an area of 
tendon repair is contraindicated and is, moreover, a procedure based upon 
ignorance of the true processes of tendon healing* Such techniques only 
delay tendon healing and result in thickening of the tendon surface ty the 
proliferating granulation tissue beneath the tubing. Moreover, at the con¬ 
clusion of tendon repair, instead of having the delicate filny adhesions 
directly at the repair site which one would normally expect, one finds 
instead thick dense adhesions at either end of the tubing. 

This study of noraal tendon healing is continuing and we are now 
evaluating the role of the peritendinous tissues in tendon healing, the 
role of the vincula, and the role of subLimis excision upon healing of the 
profundus tendon. In addition we are attempting to quantitate trauma and 
its effects upon the physiology and healing of tendons, Orily after these 
studies are complete can we design a critical method of evàlùation of present 
techniques used in tendon and hand surgery in the hope of 'improving clinical 
functional results. 

Plastic Fixation of Bone. The experiments„conducted consisted of two 
parts! in the first part li* dogs were operated upon. Four ribs on either 
side of the chesl* were exposed and a 3/8 inch segment was rèmoved from each 
rib and treated as follows: (l) In the first rib the segment was replaced 
and the periosteum was closed, (2) In the second rib the periosteum was 
closed. (3) In the third rib a 3/8 inch segment of polyurethane foam was 
placed in the defect and the periosteum was closed. ( 1|) In the fourth rib 
an osteoperiosteal segment was removed. All ribs were removed according to 
schedule at periods ranging from 5 days through 2i| months. All material 
collected was to be examined microscopically to determine if true bone 
grows into and replaces the polyurethane foam and if so- the role of the 
periosteum in the process. 

In the second phase of this experiment 15 dogs were used to determine 
whether or not polyurethane foam acts as a barrier to the normal healing of 
fractured bones. A complete I/8 inch transverse segment was removed from 
both, radii. A one-inch thick polyurethane wafer was then placed in the 
defects, in the right radii. The left radial defects were untreated. The 
dogs were sacrificed at periods ranging from U days to 21; months pcst- 
operatively. 

The results of these studies indicate that polyurethane foam in living 
bone acts as a barrier to osteogenic cells and both inhibits and delays 
bone union. The polyurethane foam is eventually walled off from the host bed 
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bgr a dense Wall of- coll agonized fibrous tissue. Moreover, in one of the 
9 month specimens definite metaplastic and proliferative cellular changes 
were seen in this fibrous wall so that nests of large bizarre cartilage 
cells, many with double nuclei were produced. This would tend to strengthen 
the suspicion that^poúurethane foam is carcinogenic. Thus, it would appear 
that polyurethane foam has no useful purpose in human surgely since it acts 
as a barrier to ostapgenic cells, delays bony union, and leads to possible 
dangerous metaplastic changes in the surrounding tissue. 

Summary and Conclusions: 

Tendon Study. A detailed analysis of the processes of tendon healing 
within the canine flexor digital sheath follcwring aseptic division and 
atraumatic repair has been performed. Only the sheath tissues provide the 
active healing elements in the healing of a flexor digital tendon within 
its sheath. Tendon is united ty scar produced by fibroblasts derived from 
the sheath. These fibroblasts lay down collagen which is indistinguishable 
from that of the tendon proper by 128 days. Microscopically, wounds before 
28 days appear too immature for active mobilization. By 35 days they look 

„as though they would offer satisfactory functional results. Nutrition of 
the fibroblasts from the sheath and the scar they produce may be supported 
ivy the persistent loose filmy adhesions between the sheath and tendon scar. 
There is no evidence that these interfere with the function of the healed 
tendon. The use of artificial blocking membranes around a tendon repair site 
in the hope of reducing adhesions is contraindicated because this idea is 
based upon an erroneous concept of tendon healing. 

Plastic Fixation of Bone. Polyurethane foam when foamed in living bone 
does not form a bond with the bone. The ultimate fate of polyurethane in 
the body — its metabolic pathways or its storage sites, i£ any — is 
unknown. When placed in bony defects, the plastic interferes with the 
normal healing process. This results in non-union. The plastic initially 
induces a fibroangiomatous reaction in the tissue around it and ultimately 
is encased by a dense fibrous wall in which metaplastic changes are apparent. 
Accordingly, it cannot be said that polyurethane foam has ary favorable effect 
on fracture healing. 
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Studies to clarify the pathogenesis of irreversible shock and the mechan¬ 
isms underlying natural and acquired resistance to shock are continuing. The 
course of hemorrhagic shock of African green monkeys is under study because 
this animal is more closely related phylogenetically to man than the usual 
experimental animals (rats, dogs, mice, guinea pigs, rabbits) used. We are 
also investigating the effects of prior adaptation to water intoxication or 
potassium toxicity on the resistance of such animals to shock. The rationale 
of these studies is detailed in the report. Also under investigation is 
the physiological significance of some of the biochemical changes which 
occur after injury and the possible effect of Circadian rhythms on the res¬ 

ponses of animals to food deprivation and injury. 
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BODY OF REPORT 

Project No.’ 6X59-OÍ-001 Traumatic Surgery and Shock, 

Task No. 27 Resistance to shock 

Descrigtion: Studies to clarify the pathogenesis of irreversible shock and 
the mechanisms underlying natural and acquired resistance to shock are continu¬ 
ing. The course of, hemorrhagic shock of African green monkeys is under study 
because this animal is more closely related phyl©genetically to man than the 
usual experimental animals (rats, dogs, mice, guinea pigs, and rhbbits) used. 
We are also investigating the effects of prior adaptation to water intoxica¬ 
tion or potassium toxicity on the resistance of such animals to shock. The 
rationale of these studies is detailed in the report. Also under investiga- 

tu?nu1S the physiological significance of some of the biochemical changes 
which occur^after injury and the possible effect of Circadian rhythms on the 
responses of animals to food deprivation and injury. 
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?F?,Sress; Hemorrhagic Shock of African green monkeys: The pathogenesis of 
irreversible shock continues unsolved. Because the African grfeèn monkey is 
closely related phylogenetically to man, study of hemorrhagic shock in this 
primate was undertaken. No antibiotics were given prior to experimentation. 
Typical coli organisms were present in the stools. All were on a weighed 
diet of bananas and oranges. Thé femoral artery was isolated and cannulated 
under light intravenous sodium pentothal and local procaine.' Twelve success¬ 
ful experiments using our modification of the Lamson elevated réservoir 
technic have been perfomed. Hypotension at 35 mm Hg for periods exceeding 
7 hours led to irreversible shock in 2 monkeys, while 3 out of 4 monkeys 
hypotensive for 7 hours at 35 recovered. None of the 6 animals subjected to 
shorter periods at 35 mm Hg or higher died. There were no essential differences 
in pre-operative blood pressure (avg. 120), pulse (range 90-200), respiration 
(.range 14-40) among the survivors and the irreversibly shocked monkeys. The 
irreversibly shocked monkeys had an average maximum bleed-out Volume of 3.9% 
of the body weight and had taken up 21 % of the shed blood at reinfusion. 
The reversibly shocked animals shed 3.1% of their body weight and had taken 
up 17% of the shed blood at reinfusion. A progressive decline in rectal tem¬ 
perature of 5-6 C, a maximum fall of 34% in hematocrit and a marked rise in 
serum lactic acid dehydrogenase accompanied the hypotension With the values 
in the survivors and the irreversible animals being similar’ in magnitude. 
Most animals were remarkably alert during these prolonged periods of oligemic 
hypotension and have exhibited a high degree of resistance to low blood press¬ 
ure. It was not possible to correlate the clinical condition of the monkeys 
during shock or their response to reinfusion with the subsequent outcome. 
No animals exhibited bloody diarrhea. Autopsy of the 2 animals dying of 
shock revealed only scattered pin-head petechiae in the colon and subendo- 

• cardial hemorrhage, ¡ / 
.0** 

Water Intoxication and Resistance to Shock. It is well established that 
animals can develop a tolerance for ordinarily lethal amounts of trauma, endo¬ 
toxins, oxygen lack^,drugs, etc., by being subjected in advance to repeated 
sublethal amounts oft such noxae; tolerance for one damaging stimulus may also 
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confer a cross*tolerance for others. This has recently been extensively 
studied in relation to shock induced by several neans (Zweifach). 
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In the search for the biological mechanisms which influence the fate of 
the Injured animal and the convalescence of its damaged tissues and organs, ! 
many diverse endogenous agencies such as "tsoactlve peptides and amines, hor¬ 
mones, proteolytic enzymes, blood coagulation factors, fluid and electro¬ 
lyte shifts, and pH changes, have been considered. ; It occurred to us that 
one of the most ubiquitous, chemically simple and abundant constituents of 
living matter, water, is toxic when present in the body in excessive amounts. 
This well known phenomenon of water intoxication has beén studied experimentally, 
but the mechanism of death is incompletely known. Of special interest to us 
is the fact that resistance to the toxic and lethal effects of excess water 
given orally can be rapidly induced in rats by subjecting them in advance to 
repeated, progressively increasing doses of water (Liling and Gaunt). While 
the induced water tolerance is importantly related to an augmented diuresis, 
tolerant rats may retain amounts of water ordinarily toxic for non-conditioned • 
normal animals (Liling and Gaunt). 

One of our chief research ainsis to explore and devise ways of increas¬ 
ing •native" resistance of animals to otherwise lethal episodes of shock from 
hemorrhage and other fonos of physical injury such as bums, muscle and intes¬ 
tinal ischemia, x-irradiation, etc., and to determine what the inherent pro¬ 
tective modalities are. With these objectives in mind, we have begun an ex¬ 
tensive program of studies to evaluate the effect of oral and parenteral doses 
of water and hypertonic solutions on the local and systemic responses of 
animals injured by bums, hemorrhage, tourniquets and endotoxin. We are > 
especially interested in determining whether we can increase the local and 
systemic resistance of animals to injury by single or repeated doses of water 
or hypertonic solutions, or by other fluid regimens we may empirically establish. 
When we delineate clearly what the favorable or adverse effects of the various 
treatments are, we would like to learn what these are due to. 

Hypotonia from overhydration may cause many changes, among which we 
recognize the following as noteworthy: 1) cytolysis, e.g., of mast cells, 
with release of heparin, serotonin, histamine, proteases, peptidases, etc., 
2) redistribution or depletion of electrolytes, 3) non-specific augmentation 
of hormone release, characteristic of stress situations, 4) rénal functional 
changes, 5) alteration of central nervous functions, 6) hemoglobinemia and 
7) hypothermia. All of these are recognizable as possible sequelae of tra»«"«. 

The first experiments involved the intraperitoneal or intramuscular in¬ 
jection of water (volumes equal to 51 to 30% body Weight) into mice and rats 
followed by time-variable or dose-variable tests of resistance by further 
doses of water or by an experimental burn,. We gave water intraperitoneally 
rather than or^Uy,becausecfrom what is known of such treatment (Karady, et al.) 
it seemed to, ùs that there was likely to be more direct cell "damage", e. g., 
lysis and/or degranulation of mesenteric mast cells, and a more rapid*absorp¬ 
tion of the water. Furthermore, that increased resistance.to ordinarily "toxic 
doses of water administered intraperitoneally can be induced in mice or rats 
has not to bur knowledge been demonstrated. 
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V.e found that the majority of deaths of mice Injected with water occurred 
within, and usually before, 3 hours after Injection. ..Survivial, for 24 hours 
usually meant permanent survival. The severity of the illness of the water- 
treated mice generally correlated with the volume'of water given. In contrast, 
mice that concurrently received up to 30X of their body weight as isotonic 
saline showed virtually no ill effects, remained active, and did not die. 

There were large quantities of straw colored fluid in the peritoneal cav¬ 
ity of mice that died after the injection of water. Neither the amount or com¬ 
position has yet been studied. We intend to do further tests in which its 
amount is measured, its chemical make-up detezmined and its biological activ¬ 
ity tested in suitable subjects. 

Seven experiments in mice and three experiments in rats were perfonned 
to attempt to induce either increased water tolerance (mice and rats) or toler¬ 
ance for a standardized hot water burn (mice). The water-priming regimens so 
far tested have failed to provide clear-cut evidence of protection. 

Potassium, Shock and Endotoxin: Tissue injury, prolonged oligemic hypo¬ 
tension, and anoxic states result in the release of potassium from the tissues 
into the blood; renal shut-down incident to the traumatic shock state magni¬ 
fies the blood picture. Hyperkalemia consequent to the tissue injury and ery- 
throcytolysis of burns is also a common finding. Invariably accompanying post- 
traumatic potassium liberation are fluid and sodium losses, which combination 
of effects may alone prove fatal if uncorrected. We have shown that a non- 
mammal, the 10-day old chick, has a plasma potassium level twice the control 
value 1-3 hours after release of 3-hour,bilateral leg tourniquets. It has 
been demonstrated that tourniquet-injured mice and rabbits are highly suscepti¬ 
ble to the lethal effects of administered potassium, e.g., in orange juice 
per os. We and others have also shown that tourniquet-injured mice and rabbits 
are also highly susceptible to administered Gram-negative bacterial endotoxin; 
this is also true for the rabbit after reversible hemorrhagic shock. Some in¬ 
vestigators have even suggested a causative role of elevated potassium levels 
in death from shock. 

The latter observations have suggested to us that while there may be a 
nonspecific enhancement of sensitivity to certain toxic agents following shock, 
a special relationship between the expected post-traumatic potassium shifts 
and enhanced sensitivity to administered endotoxin may exist, i.e., that the 
oft demonstrated increase in sensitivity to endotoxin after shock is somehow 
related to the concomitant potassium alterations. The increased sensitivity 
to endotoxin after injury may not be related to the actions.of potassium per 
se alone, but possibly also to other metabolic, responses of the animal to in¬ 
jury as might be reflected in.that fraction of pos(-injury potassium change 
resulting from altered carbohydrate ^tabolism as well as to that fraction 
liberated by.direct tissue injury. 
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While it is known that endotoxin stimulates the pituitary-adrenocortical 
and sympatho^adrenomedullary systems,..both of which influence the rate of car¬ 
bohydrate metabolism^ it also markedly lowers, serum calciitm. (rabbits) which 
might influence capillary permeability,^vascular smooth muscleand cardiac 
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excitatory activity; the latter could be especially important because the 
plasma calcium/potasslum ratio which may already be depressed after injury 
might be further critically reduced by administered endotoxin. We have 
accordingly begun a study of the possible interaction between potassium 
shifts after injury and administered endotoxin. Our first objective was to 
establish toxicity levels of KCl in mice which'wolild a^loW its to study the 
effects, e.g., of combined administration of sublethal akoiintf of potassium 
and endotoxin to see if a potentiation or synergism of'toxie^effedts will be 
demonstrable. We also plan to study the possibility of inducing tolerance 
in mice for otherwise lethal doses of KCl by repeated sublethallhjeations 
and, if successful, to see if this provides a cross-tolerance for Otherwise 
lethal amounts of tourniquet injury, scalds and endotoxin. Injecting 0.01 ml/g 
body weight of 7.5% KCl int taper it oneally resulted in a 94% 24 hour mortality; 
the same dosage of 5.5% KCl or of lesser concentrations resulted in no deaths. 
The estimated LD^q is 0.65 mg/g body weight intraperitoneally or 0.01 ml/g 
body weight of a 6.5% KCl solution. This is similar to that reported earlier 
by Tabor and Rosenthal. '• ® 

Effect of Circadian Rhythms on Resistance to Starvation and Shock: That 
periodic changes (diurnal variations, Circadian rhythms, etc.) in the physio* 
logic state of the animal may influence the organism's tolerance for damaging 
agents, e.g. endotoxin, has been extensively studied and reviewed by Halberg 
(Haiberg, F. The 24-Hour Scale: A time dimension of adaptive functional or¬ 
ganization, Perspectives in Biol, and Med., Ill: 491, 1960). This work has 
emphasized the need for the standardization of light-dark periods to which 
animals are exposed for reliable routine experimentation and also that its 
controlled manipulation may be useful. Starvation increases the susceptibility 
of guinea pigs to fatal enteric infection with Shigella flexneri organisms 
and to the lethal effects of endotoxin (Formal, S.B., Noyes, H. E., and 
Schneider, H.) Experimental Shigella Infections III. Sensitivity of Normal, 
Starved and Carbon Tetrachloride Treated Guinea Pigs to Endotoxin, Proc. Sop. . 
Exp. Biol. Med., 103, 415, 1960). Furthermore, the reticulo-endothelial 
system phagocytic function of rabbits is depressed by 4 days of starvation; 
this suggests that the decreased resistance to infection of starved animals 
may be related to this defect (Juhlin, L. The effect of starvation on the • 
phagocytic activity of the RES, Acta physiol. Scand., 43: 262, 1958). Unfortu¬ 
nately, the experimental dark-light schedule was not specified nor was it 
stated whether it was or was not rigidly controlled. It would seem that this 
is important since "... rabbits starved in the dark survived longer than those 
starved J.n the day-light.1 (Mawatari, T. An experimental study of starva¬ 
tion, igakp Kekyu, 28: 4566-4592, 1958, Abstract from Biol. Abstracts, ^6: 
841, 1961). We have begun studies on the effect of continuous darkness versus 
continuous light on the survival of conventional mice allowed no food or 
water. Since motor activity and feeding of mice and rats is greatest at 
night, we hypothesized that the presumably greater activity of dark-exposed 
animals should predispose them to shorter survival than the light-exposed mice. 

Two preliminary experiments thus far show that;>as expected, mice con¬ 
tinuously exposed to darkness die sooner of water and food deprivation than 

"J':their concurrent partner mice continuously exposed to light. 



These observations have been undertaken in part because of the fact that 
the food and water intake of nost animals subjected to experimental shock 
declines sharply. In fact, for ssiall animals what we see are the combined 
effects of the circulatory failure and the accompanying acute food depriva¬ 
tion. 

Biochemical Changes following Hemorrhagic Shock of Bats..It is recognized 
that serious biochemical changes may follow severe shock. CXir projected 
studies of the tyrosine oxidizing system of the liver with McElroy and the 
plasma free amino acids of rats in reversible and irreversible hesK>rrhagic 
shock with Levenson and Rosen require standardized procedures for consistently , 
producing these states of shock in rats. We have, therefore, devised and 
assembled a simple automatic blood pressure stabilizing device for reproduci- 
bly accomplishing hemorrhage and the maintenance of any desired level of post¬ 
hemorrhagic hypotension; this apparatus has definite advantages over previous 
types described. Our experience to date shows that the adult rat bled to 
35 mm Hg mean arterial pressure survives if the shed blood is reinfused after 
2 hours while death from shock results if reinfusion is delayed until 5 hours. 
The biochemical studies are just getting underway. 

Summary and Conclusions: Studies to clarify the pathogenesis of irreversible 
shock and the mechanisms underlying natural and acquired resistance to shock 
are continuing. The course of hemorrhagic shock of African green monkeys is 
under study because this animal is more closely related phyl©genetically to 
man than the usual experimental animals (rats, dogs, mice, guinea pigs, rabbits) 
used. We are also investigating the effects of prior adaptation to water in¬ 
toxication or potassium toxicity />n the resistance of such animals to shock. 
The rationale of these studies i£ detailed in the report. Also under investi¬ 
gation is the physiological significance of some of the biochemical changes 
which occur after injury and the possible effect of Circadian rhythms on the 
responses of animals to food deprivation and injury. 
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Blood pumn. A pump capable of propelling blood for extended periods without 
excessive damage to blood is described. A unique feature, simplifying existing 
pump designs, is the power system which utilizes interacting fluid techniques, 
eliminating moving parts, except for the ventricle and the valves. This 
minimized motive power permits a servo action to bo utilized to equalize 
volumetric flows between two pumps operating in series. 

Valve design and fabrication is reported and a valve testing device has been 
made to observe functional characteristics during different volumetric flows and 
resistive pressures. A test circuit for evaluating blood-damaging properties of 
the pump is used in these studies. 

Closed chest cardiac massage. A successful method of resuscitation after 
cardiac arrest has recently been described which permits cardiac massage through 
an intact chest. The advantages of this method in an area far removed from the 
asepsis of the operating room are obvious and, if further studies indicate that 
consistent results can be obtained, this method of closed chest cardiac massage 
will become a useful adjunct in our field resuscitation armamentarium. The 
present study is designed to observe the effectiveness of closed chest cardiac 
massage in maintaining adequate circulation to some of the vital organs of the 
dog, as well as to show a very significant survival rate with very minimal 
sequelae after the heart has been arrested. 
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Blood puno. A phase of this task is to develop a pump, powered and 
controlled by interacting fluid techniques, that can propel blood in human 
circulatory systems,,for'sustained periods without excessive amounts of hemolysis. 
The pump will have pulsatile flow and will have pumping characteristics closely 
resembling those of the human heart. It will be unique in that it will have no 
moving parts with the exception of artificial ventricles and valves. 

The immediate objective of the program is to develop a pump that will 
improve the design of existing heart-lung machines by (l) simplification of 
design and (2) a significant 'reduction in the production of hemolysis to 
permit extended pumping operations. The opportunity for these low hemolysis 
rates is afforded by the fact the pump minimizes the amount of motive energy 
required to establish a particular volumetric flow rate, consequently the 
amount of turbulence generated in the blood stream is minimized. Intermediate 
objectives include investigations as to the feasibility of using this type of 
pump for left heart by-pass with autogenous oxygenation, for mechanical support 
of the circulation with diminished cardiac output and potentially reversible 
cardiac lesions, and for similar augmenting use in renal failure patients during 
hemodialysis. It is an ultimate future objective of the program to develop an 
artificial heart that can permanently replace the irreparable sick human heart. 

Closed chest cardiac massage. This is a study of the effectiveness of 
closed chest cardiac massage. This method of cardiac resuscitation has far- 
reaching application for it is generally accepted that cardiac arrest due to 
ventricular fibrillation or asystolic standstill is not necessarily associated 
with severe disease in coronary arteries and muscle. If an essentially healthy 
heart needs only a second chance to surmount a temporary difficulty, adequate 
ventilation and rhythmic compression of the heart should increase the frequency 
of resuscitation of patients whose hearts are .structurally sound. The present 
study is designed to observe the effectiveness of closed chest cardiac massage 
in maintaining adequate circulation to some of the vital organs after cardiac 
arrest. For this purpose the following observations were felt necessary: 
(l) EKG, (2) EEC, (3) Arterial blood pressure and (4) central venous pressure. 
The immediate objective of the study is to demonstrate the effectiveness of this 
form of cardiac resuscitation by showing a very significant survival rate with 
very minimal sequelae after the heart has been arrested. ' 

The next step is to show by the use of more refined physiological 
measuring techniques that a sufficient amount of oxygenated-blood is flowing to 
vital areas during the application of closed chest cardiac massage. 

The future objective of this plan is to carry the study into a clinical 
environment, realizing the obvious limits of its control and application. 
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Progress: 

gXopd punp« Two pui.ip designs have been built and initial tests have begun. 
It has been tentatively established that flow rates (using water) to at least 
7 liters per ninute (objective - 10 liters per minute) can be achieved. It « 
has also been demonstrated that the newer design can pump against pressure 
resistances of at least 340 mm. Hg, (objective - 220 mm. Hg. exclusive of 
cannular resistances.) In both cases the measuring apparatus limited higher 
readings. Both designs have a variable pumping frequency and variable ventricle 
displacement with displacement increasing with increases in pumping frequency. 
The newer prototype is designed to equalize the volumetric flows between two 
pumps operating in series. This servo action has been demonstrated for low 
flows (about 2 liters per minute) but much effort is required to improve the 
servo action over the range of flows and resistances anticipated. The action 
itself is based upon the principle used by the human heart that the auricular 
filling pressure determines the output flow from the corresponding ventricle. 

The effort on pump design to date has, therefore, demonstrated the ability 
of interacting fluid techniques to power and control .satisfactorily a pump with 
no moving parts and which can be made to duplicate closely the pumping‘character 
of the heart. More effort is required to tailor the design to the, requirements. 

The hemolytic character of the first pump design was estimated by' the 
Cleveland Clinic, Cleveland, Ohio, using 500 cc. of heparinized human blood. 
Test results showed a- hemolysis index of 0.001 as compared to 0,004 for the 
best pump previously tested by the Clinic, Also the pump produced 1.9Í blood 
damage of its standard as compared to for the best previously tested pump. 

A technique for making semi-lunar tri-cuspid heart valves has been 
developed which strives for reproducibility and lowered fabrication costs and 
which provides the ability to use dissimilar cusp and mount materials. The metal 
mandrels for mitral and aortic valves have been completed, and several sample 
valves have been made. Additional effort is required in this area before 
satisfactory operational valves are realized. 

f*. i.-., 
1 ■ V j ■ 

A valve testing device has been made which pbnnits the visual observation 
of the functioning valve while subjected to different volumetric flows and 
resistive pressures. ;; , ' 

iV’ 'ï +,, 
A standard blood test circuit has been fabricated for the hemolytic 

evaluation of the pump. This circuit is'oporational and the hemolytic evaluation 
of the first pump design is underway. Flow and frequency characteristics were 
established with water, and iso-osmotic.',fluids and blood. Blood is being studied 
for rate of free hemoglobin in plasma (Crosby modified benzedine method). 

Closed chest cardiac massage. With dogs used as the experimental animal, 
cardiac arrest in the form of ventricular fibrillation was induced. In the 
early experiments, dogs of variable sizes and breeds were used and closed chest 
cardiac massage was applied with the animal supported between sandbags. It was 
noted that with the onset of ventricular fibrillation the arterial pressure 

s 
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rapidly fell to almost zoro levels and the central venous pressure rose to a 
very significant level. Within a few rainutes there was a narked change in the 
EEG pattern characterized by dininished electrical activity. Closed chest cardiac 
massage v<as then applied for variable periods of tine and it was observed that 
75 to 100 inn. Hg. pressure could be attained with relative ease. Because of 
technical problems the EEG activity could not be evaluated during the period of 
closed chest cardiac massage. Following defibrillation, the EKG pattern reverted 
to a normal rhythm and the arterial pressure rose quickly, usually to above pre¬ 
test levels. The venous pressure fell simultaneously to normal levels. In 
most instances the activity of the EEG resembled that of the pre-test pattern. 
The experiment was carried out under pentobarbital anesthesia and ventilation 
was supported by O2 and, when necessary, NgO + O2, delivered through a standard 
anesthetic machine. The most favorable rhythem during application of closed 
chest cardiac massage seemed to be five strokes followed by a pause during which 
the lungs were ventilated with C^. 

»•, 

Studies of cardiac arrest after anesthetic overdose and arrest due solely 
to anoxia were also done to a more limited extent. It was the impression that 
the ease of cardiac resuscitation was directly related to the speed with which 
closed chest cardiac massage was applied after the complete cessation of 
ëlectrical activity of the heart and that re-institution of normal blood pressure 
was almost instantaneous when closed chest cardiac massage was applied before 
cessation of electrical activity of the heart even though the blood pressure had 
fallen down to near zero levels. 

An inspection of several sacrificed dogs failed to reveal any significant 
damage to the bony structure or internal organs of these animals after closed 
chest cardiac massage. There is routinely noted some flattening of the /\ 
shaped chest of these animals but this has always been in our experience at the 
anterior costo-chondral junction and has resulted in no obvious detriment to 
their recovery and subsequent activity. This problem would likely be of very 
little significance in the human because of the favorable anatomic configuration 
of the human chest. 

Summary and Conclusions: 

Blood pump. The objectives for next year's effort are: 

1 

1. The improvement of the prototype pump design (including valve 
design) to encompass all of the appropriate requirements 

2. The development of mathematical models of the system from 
which optimum design parameters can be deduced for the engineering of advanced 
pump designs. 

3. A continued evaluation of the hemolytic characteristics of the 
pumps and related systems, in vitro and in vivo. Cr*^- tagging of red blood 
cells is planned. Activity in the plasma will be an ‘index of cell destruction. 



After testing, the blood will be returned to the animal to determine influence 
on red cell survival. A final laboratory test will be left and right heart 
by-pass studies (vena cava to pulmonary artery and left auricle or ventricle 
to systemic artery). 

4. An evaluation of the life and reliability characteristics of 
the ventricles and valves. 

Closed chest cflrdjifto mssage is effective in cases of cardiac arrest and 
would appear to provide circulation adequate to maintain the heart and the 
central nervous system. 

The intended plan for further studies involving the measurement of arterial 
blood flow in various vessels during closed chest cardiac massage will afford 
valuable information about the true hemodynamics occurring at the time. This 
work will be accomplished in the near future by the use of electromagnetic 
flow meters applied directly to the coronary, pulmonary, or carotid arteries. 
This will be done in a joint program with the Dept of Cardio-Respiratory Disease 
at the Forest Glen Laboratory. 

With the recent development of mechanical equipment for applying rhythmic 
pressure to the chest, further comparative studies will be done to assess its 
value in the overall problem of cardiac resuscitation. 

This program has afforded an opportunity for many personnel in the allied 
medical fields to learn about this technique and in some instances to become 
familiar with the application of closed chest cardiac massage during these 
experimental conditions# 

NOTE: Investigators participating under this task number also materially 
contributed to research under the following tasks and progress is summarized 
under such tasks: 

6X59-01-001 Traumatic Surgery and Shock 
Task 17 Acute renal injury and failure (Dept.Metabolism) 
Task 35 Intracápillary thrombi in the etiology of shock, 

renal failure and other conditions 

6X60-10-001 Neuropsychiatry and Stress 
Task 5 Electrophysiological studies of the nervous 

system (Dept, of Neurophysiology) 
v t 

6X64-14-001 Biological and Medical Aspects of Ionizing Radiation 
Task 22 Chemical protection against total body radiation 

(Pharmacology Section, Dept, Radiobiology) 

Reference: 

Hardaway, R. M,, Barila, T. G,, Burns, J. W, and Mock, H, P.: Studies on pH 
Changes in Endotoxin and Hemorrhagic Shock, Submitted for clearance 31 May 61 
for consideration for publication in The J. Surg. Research, 
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ABSTRACT 
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A systematic evaluation of the use of a comfort measure to 
combat thirst of patients on restricted fluids is being conducted. 
Patients* opinions have been collected concerning the effectiveness 
of a small, internally cooled, metal disc which is placed in the 
mouth ad libitum to alleviate thirst. Mechanical improvements have 
been made on the comfort disc apparatus during the report period. 
Following each improvement opinions of patients and personnel are 
obtained. 
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BOUT OF REPORT 

Project No. 6X59-ŒL-001 Title: Traumatic Surgery and Shock 

Task Ne.* 3it Title: Niff sing Measures for Oral and 
Nasal Hygiene 

Description:. 

It has been observed that a frequent complaint of patients 
on restricted oral fluid intake is Excessive thirst. In order 
to enhance patient comfort and to relieve thirst a comfort disc 
(Comdisc) was developed and tested. Bie theory underlying the 
use of the Comdisc is that, like the pebble in the mouth, it 
relieves thirst and stimulates salivation. 

The Candisc is a small, stainless steel, internally cooled 
disc approximately three centimeters in diameter, and one-half 
centimeter thick. The disc is connected to a closed system of 
circulating ice-cooled liquid which keeps it cool. The patients 
may place the disc in their mouths ad libitum to relieve thirst. 

Progress: 

Several Improvements were made on the Comdisc apparatus 
during the report period. The unit was consolidated by mount¬ 
ing the motor,.ice container and liquid reservoir on a mobile 
stand which may be readily placed within the patient unit. Ihe 
consolidated apparatus occupies a minimal space at the bedside.. 
The improvements for consolidating the Comdisc unit were based 
on the evaluation of its use by six patients and the nursing 
personnel caring for them. The original Comdisc unit and the 
remodeled consolidated Comdisc unit are illustrated in Figures 
1 and 2 below: 

Ice Reservoir 
1 Q 

Copper 
Coils" 

Cómdisc 

Water Reservoir 
1/2 Pint 

Original Comdisc 
Figure 1 
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Ice Reservoir Water Reservoir 
1 Gallon I Pint 

Revised Comdisc 
Figure 2 

The'remodeled compact Comdisc unit häs been tested by ten 
patients on restricted fluids, with the diagnosis of acute renal 
failure. The opinions of patients obtained by a questionnaire 
revealed the following: 

1. The patients liked the Comdisc. 
2. The Comdisc alleviated thirst and oral discomfort. 
3. A metallic taste developed in the patients* mouths 

with frequent and prolonged use. 

Ihe results of a series of unstructured interviews with 
nursing personnel indicate that the remodeled compact unit is 
more operable, easy to handle, and saves time and space. 

Plans are being made to cover the Comdisc with a thin coat 
of plastic to prevent the metallic taste which may occur after 
prolonged use. The plastic-covered disc will be tested on a 
series of patients on restricted oral fluid intake. 
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Implications for wider use of the Comdisc unit may be 
studied in relation to maintaining the heat or cold of topical 
applications to other areas of the body. 

Summary and Conclusions: 

Thirst and dryness of the mouth are common subjective can- 
plaints of patients with orders for restricted oral fluids. An 
attempt has been made to gain information concerning patient 
acceptance of the Comdisc to relieve thirst discomfort. 

The Comdisc unit has been remodeled into a canpact apparatus 
which has been tested on ten patients on restricted oral fluid 
intake. The patients* appraisal of the Comdisc unit indicates 
that it relieves thirst and oral discomfort. Patients ccmplained 
of a metallic taste after prolonged use. Plans are being developed 
to alleviate this complaint by covering the metal disc with a thin 
coat of plastic. Nursing personnel have found that the remodeled 
compact Comdisc unit is effective, easy to use and saves time and 
space. 

List of Publications: 

Ginsberg, Mirlan K. "Oral hygiene Nursing Care." To be pub¬ 
lished in The American Journal of Nursing. 
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Endotoxin and hemorrhagic shock w&a investigated in dogs with special 
attention to the blood coagulation mechanism. It was found that both endotoxin 
and hemorrhage caused an episode of intravascular coagulation in the capillaries 
and small vessels. These thrombi temporarily and partially blocked circulation 
in the lungs, liver and other organs,producing a decreased cardiac return and 
shock. The thrombi stimulated the endogenous activation of heparin and fibri- 
nolysin which washed away most of them. However, under certain conditions they 
persisted long enough to cause focal necrosis in the liver, kidneys and pancreas 
and a hemorrhagic necrosis of the gastrointestinal mucosa which resulted in 
death. The formation of the thrombi (and both temporary and irreversible shock) 
could be prevented in large part by preheparinization. 



Project No. 6X59-01-001 

Task No. 35 

V.íl" toi r 
.-Title: Traumatic Surgery and Shock 

.:, Title: Intracapillary Thrombi in the 
t, . Etiology of Shock, Renal Failure- 

, and Other Conditions. 

Description: 

Endotoxin shock. In previous experiments it was demonstrated that the intra¬ 
aortic injection of incompatible blood, amniotic fluid, or thrombin in the dog 
resulted in an immediate drop in the arterial blood pressure.* This drop was 
reversible, and the pressure usually returned to normal spontaneously in 15 to 45 
minutes. It was also observed that under certain conditions a secondary fall in 
the blood pressure occurred a short time later with ultimate death of the animal. 
Autopsy regularly showed hemorrhagic gastrointestinal lesions similar to those 
occurring subsequent to the administration of endotoxin. Because the clinical 
and pathological picture of endotoxin shock seemed identical to that produced 
by the injection of incompatible blood, amniotic fluid, and thrombin and since 
the latter substances were shown to cause intravascular coagulation with resulting 
changes in the clotting mechanism, it seemed desirable to investigate endotoxin 
shock utilizing the same methods which had been used for the study of incompatible 
blood and thrombin shock. 

jjemprrhagic shpck. It has been known for several years that the gastro¬ 
intestinal lesions of dogs dying in irreversible hemorrhagic shock resembled 
those in dogs dying of endotoxin shock. Evidence has recently been presented 
to show that the mechanism of action of endotoxin shock was an episode of intra¬ 
vascular coagulation in visceral capillaries. Previous evidence has been presented 
to show that these same lesions could be produced by intra-aortic injection of 
incompatible blood and thrombin and that these substances produced intravascular 
coagulation.* pie following experiments were set up to study the possibility that 
the irreversibility of irreversible hemorrhagic shock was due to a similar episode 
of intravascular coagulation. 

Progress: 

^End,ptoxin shock. Ninety dogs were anesthetized with sodium pentobarbital. 
Records of the arterial blood pressure were made on a Sanborn Recorder from a 
large polyethylene catheter inserted into the right femoral artery. The vena 

was+al!° sured. A small-sized catheter inserted into the left 
emora! artery up tc the level of the thoracic aorta was used to inject endo¬ 

toxin and to withdraw^blood samples. Each dog was given 4 mg. of Escherichia 
£oli endotoxin per kilogram of body weight diluted to 60 ml. with saline.The 
tn^n™ r5 glIen.0Ver a fiye-minute period using a mechanical syringe in order 

o insure a constant, even injection. The endotoxin was prepared by the Department 
of Bacterioiogy at Walter Reed Army Institute of Research. . The dogs were divided 
into two poups: Group A received endotoxin alone. Group B received heparin in 
addition to endotoxin. The experiments were carried out on paired animal 
?~i0nSi onei'd°g-receiving the endotoxin alone, the other receiving 12 mg. of 
1-1000 heparin per kg., intravenously, ten minutes before the administration of 
endotoxin. - The toss of a coin immediately before the experiment decided which’dog 
was to receive heparin. Some heparinized dogs were given a lower dosage of heparin 
consisting of 6 mg./kg. before endotoxin and 3 mg.Ag. one hour after endotoxS. 
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Blood samples were taken before injection of any material, and at 20 and 60 
minutes after the administration of endotoxin. In Group B, an additional 
blood sample was taken ten minutes after the administration of heparin just 
preceding the endotoxin injection. The following determinations were done on 
the blood samples: 1, pH, 2, pCOj, 3, fibrinogen, 4* platelet count, 5, pro¬ 
thrombin time, 6, thromboelastogram, 7, clotting time, 8, antithrolubin titration, 
9, protamine titration, 10, thromboplastin generation, 11, labile factor, 
12, lactic acid level, and 13, hematocrit. Autopsies and histologic studies 
were carried out on all cases of fatality. 

In these animals the aortic blood pressure, after an initial brief rise, 
always plummeted from a mean of about 150 mm, Hg, to depths ranging from 25 to 
60 mm, Hg, thirty to forty-five seconds after the intra-aortic injection of 
endotoxin. At the same time, the pulse pressure narrowed down from a control 
level of about 50 mm, Hg, to ranges of 10 - 15 mm. The drop in the blood 
pressure lasted for several minutes and was then followed by a slow climb. 
The narrowed pulse pressure likewise persisted for a similar interval and 
then began to slowly widen toward normal. Both pressures approached their 
control levels within 20 to 40 minutes in most animals. Concomitant with 
the precipitous fall of the arterial blood pressure, the inferior vena caval 
pressure dropped from preinjection levels of 4,5 cm.H20 to almost zero, 
Hyperpnea ensued and persisted throughout the duration of the experiment, 

A secondary drop in the arterial pressure was observed to occur in most 
dogs starting about 40 to 50 minutes after the injection of the endotoxin. 
This was slow and gradual as compared to the dramatic earlier drop. Further¬ 
more, it displayed no signs of reversibility and eventually culminated in the 
animals1 demise. Many dogs remained deeply asleep and all succumbed within 
two to 24 hours of the injection of endotoxin. 

Autopsy consistently showed a marked hemorrhagic necrosis of the 
gastrointestinal mucosa, usually most pronounced in the upper small bowel,’ 
but involving most or all of the alimentary tract. Sloughing off of the 
superficial mucosal layers was frequently encountered in the terminal ileum 
leaving a hemorrhagic mucosa beneath. In several animals numerous acute 
ulcerations were seen in various parts of the gastrointestinal tract but mostly 
in the duodenal mucosa. These appeared similar to the stress ulcers often 
seen in human autopsy material. There was moderate congestion of the liver, 
spleen and kidneys in all dogs, and in one animal hemorrhage in the pancreas 
was also noted. The lungs were heavy, moderately congested and contained 
numerous areas of hemorrhage. The right side of the heart was usually collapsed 
but otherwise normal. Histologic examinations disclosed numerous plugs 
consisting of fibrin and an amorphous collection of agglutinated red cells 
and platelets in. the capillaries and small vessels of the lungs, liver, 
gastrointestinal mucosa, kidneys, pancreas and spleen. These were associated 
with focal necrosis in the liver, infarction in the spleen, superficial 
necrosis, and hemorrhage and ulceration in the gastrointestinal mucosa. Heart 
tissue appeared normal. 

The blood coagulation mechanism was markedly altered. Blood clotted 
normally prior to the injection of endotoxin but frequently failed to clot 
for hours in the specimens taken 20 and 60 minutes after the injection. 
Average silicone clotting time for pre-endotoxin blood was 10'20", Average 
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post-injection clotting time was several hours. There was a significant drop 
in the fibrinogen level. This finding did not account for the failure of the •blood to clot in most cases. This abnormality was apparently due to endogenous 
heparin. The decrease in levels of clotting elements is probably due to their 
being used up in a clotting episode. In addition, there was activation of 
fibrinolysin in some cases and in most cases there was evidence of activation 
of antithrombins. There was a marked increase in lactic acid level of the blood 
after endotoxin and a swift production of a metabolic acidosis. 

In Group B (preheparinized) 50 per cent survived. Of the dogs given 
the reduced and divided heparin dosage, 75 per eent survived. The initial blood 
pressure responses were variable. In some animals there was no significant 
drop. In some, the drop in the mean pressure was slight,10 - 30 mm. Hg. In 
the remaining animals a marked fall occurred. This was similar to, but not as 
marked as, that observed in Group A dogs. The recovery started sooner and 
proceeded faster than in Group A. The diastolic pressure returned to 75 per cent 
of the control levels in an average time of 4*9 minutes in these animals, as 
compared to a mean of 29.1 minutes in Group A dogs. Statistical analysis of 
these readings shows a nt" value of 3.25, significant at the one per cent level. 
The systolic and pulse pressure readings of both groups were also subjected to 
statistical analysis and the differences were found to be significant at the 
one per cent level. Additional significance is provided by the fact that all 
the mean pressure readings of the heparinized dogs in the post-endotoxin period 
were significantly higher than any of those in the nonheparinized group. The 
secondary fall starting after 40 or 50 minutes, which was prominent in Group A, 
was only slight in Group B and intimated that these dogs had a better chance of 
survival. The respiratory disturbances (apnea followed by hyperpnea) were not 
nearly so prominent as in Group A, 

■ »1 ""'i ) br- 

Autopsy findings were generally different from those of Group A, The lesions 
in the gastrointestinal mucosa were usually extremely mild in comparison to those 
in Group A. Petechial hemorrhages were encountered in the heart and other organs 
in 10 animals. This may have been related to possible overdosage of heparin. In 
the lungs, only a few very small petechiae were seen as opposed to the large 
areas of discoloration and hemorrhage in Group A. Microscopic sections showed 
none of the obstructing intravascular thrombi noted in the previous group of 
animals and there was no hemorrhagic necrosis evident in the liver. 

Blood coagulation studies were rendered impossible since heparin was used. 
However, detemination of fibrinogen showed that, while heparin itself caused a 
moderate drop in fibrinogen, there was no further drop in this element after the 
injection of endotoxin. 

Hemorrhagic shock. One hundred and eight dogs of both sexes were sedated 
by subcutaneous morphine. A large polyethylene catheter was inserted in the right 
femoral artery under procaine anesthesia up to the level of the abdominal aorta. 
This was filled with saline and connected to a Sanborn Recorder to record aortic 
blood pressure. A similar catheter was inserted into the left femoral artery and 
used to bleed the dog, reinject blood and take blood samples. The animals were 

• bled as rapidly as the blood would flow through an ion exchange resin for 
décalcification. Three hundred to 400 ml. of blood was collected in this manner 
and kept in a plastic bag for retransfusion into the animal. The remaining blood 
was collected into 100 ml, beakers and heparinized with 1 ml. heparin in each 
beaker. (The reason that only 300 to 400 ml. of blood was bled through the ion 
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exchange resin was that the blood became so hypercoagulable in later stages of 
bleeding that it would clot in the column)« Jig agent was given 
tg tjie animal. Blood was collected until the recorded systolic blood pressure 
was 50 mm. Hg. At this time enough heparin-free blood was retransfused to 
False the systolic blood pressure to 100 mm. Hg, This usually required about 
20 per cent of the total bled volume. This pressure was maintained over a 
two-hour period. The mean pressure was 65 to 70 Hg. When necessary 
amounts of nonheparinized blood (5-10 ml.) were added or withdrawn. At the 
end of two hours, the entire bled volume of blood was returned resulting in 
a return to normal blood pressure. The catheters were removed and the animal 
returned to his cage where food and water was available but no special treatment 
given. Blood samples were taken before start of bleeding, at the end of bleeding, 
and after two hours just before return of the entire volume of blood. These 
samples were subjected to the following test procedures 1. Lee White clotting time, 
using siliconized tubes, 2. thromboelastogram, 3. fibrinogen level, 4* prothrombin 
level, 5. heparin titration with protamine, 6. lactic acid level, 7. pH, 8. "HCO3 
and 9. hematocrit. Clotting times were done on a sample of each 100 ml, of bled 
blood and every 30 minutes throughout the two-hour shock period. Two variations 
of the experiment were done. Group A had no additional procedure other than 
described above. Group B were given 2 mg, per kilogram of heparin just before 
start of bleeding and 1 mg. per kilogram one hour later. All dogs were paired, 
one from Group A and one from Group B. The pair was done simultaneously on one 
table under identical circumstances in so far as possible. Dogs that died were 
autopsied immediately and tissue sections taken of abdominal and thoracic organs. 

GROUP A Of the nonheparinized dogs, 96 per cent were dead within 24 hours in spite 
of the fact that the blood pressure had returned to normal level after retrans¬ 
fusion of all blood. Autopsy showed a consistent hemorrhagic necrosis of the 
gastrointestinal mucosa involving all organs from the esophagus to the colon. 
There were frequent subendocardial hemorrhages. Lungs were always hemorrhagic. 
The kidneys showed marked medullary congestion and hemorrhage with juxto- 
medullary congestion and pale, thickened cortex with some areas of hemorrhage. 
There were occasional infarcts. There was occasional pancreatic hemorrhage. 
The liver was congested and mottled. Microscopic examination revealed plugging 
of numerous capillaries with eosinophilic staining material. This was associated 
with hemorrhagic necrosis of the bowel mucosa, focal necrosis of the liver, focal 
necrosis and infarction of the kidney. There were similar hemorrhagic lesions 
in the pancreas. 

Silicone clotting times fell from an average of 18 minutes before start 
of bleeding to an average of five minutes at the end of hemorrhage about I4 
minutes later. This further declined to one-half or one minute in the subsequent 
hour or so. Occurring usually about 90 to 120 minutes after hemorrhage, the 
blood rather suddenly became almost incoagulable requiring more than two hours to 
clot. These changes are dramatically recorded by a thromboelastogram. This 
incoagulability was largely due to the liberation of autogenous heparin by the 
animal. This was demonstrated by return to normal clotting time by titration with 
protamine. The autogenous heparin produced a clearing in serum lipids. This 
heparin was evident by the end of hemorrhage (before the two-hour shock period) 
as evidenced by heparin titration and lipid clearing in spite of the short 
coagulation time at this period. No fibrinolysin was noted. During the hemorrhage 
there was a marked drop in fibrinogen from an average of 313 mg. per cent to 
24I mg. per cent. This fall continued to 172 mg. per cent during the period of 
shock. However,the fibrinogen level never descended below the level required to 
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clot blood, Prothronbin also fell markedly. The readings on the post-shock 
samples were affected by endogenous heparin. If this heparin was neutralized 
with protamine before prothrombin determination, the average post-shock reading 
was 38 per cent, still a considerable fall from the 100 per cent initial 
reading, A severe metabolic acidosis .occurred with a fall in both blood and 
plasma pH, a rise in lactic acid and a fall in "HCO^, The hematocrit fell 
precipitously during hemorrhage but remained stable during the two hours of 
shock. 

GROUP B, Of the preheparinized dogs 635¾ lived. Autopsy of those which died 
showed only very mild lesions of the gastrointestinal tract as compared with 
GROUP A, Microscopic examination showed an absence of the masses of eosino¬ 
philic staining plugs occluding the capillaries and small vessels and an absence 
of focal necrosis. Of course, the preheparinization prevented study of clotting 
times. However, the fall in fibrinogen while occurring both as a result of the 
heparin (due to heparin-fibrinogen precipitation) and hemorrhage, was much less 
than with GROUP A dogs and fibrinogen levels remained unchanged during the two- 
hour shock period. This difference between Group A and Group B was found to 
be significant with a P value of less than , 03, If fibrinogen readings are 
calculated to reflect dilution of serum with fibrinogen-free fluid as denoted 
by the hematocrit, there was no change at all in fibrinogen level in the 
GROUP B dogs. Of course, this diluting fluid probably contains fibrinogen but 
most likely in quantities less than in the serum. Changes in prothrombin were 
distorted by the presence of heparin in all specimens. However, if heparin 
was neutralized with protamine, the fall in prothrombin was still small. Changes 
in lactic acid, pH and related readings were almost identical with those in 
GROUP A as were hematocrit changes* Miscellaneous data on the two groups are 
as follows: (all are averages) 

Duration of hemorrhage 

Total amount bled 

GROUP A (normal) GROUP B (heparinized) 
14,0 min. 13.2 min. (purposely slowed 

to be equal to 
GROUP A) 

646 ml. 654 ml. 

Weight of dog 12.9 Kg. 

Amount bled per Kg. 50.0 ml. 

Blood retransfused to bring systolic 
pressure to 100 mm. Hg, I64 ml. 

Hours lived (permanent survival 
counted as 24 hours ) 5.8 

13.1 Kg. 

50,0 ml. 

135 ml. 

20.7 

Summary and Conclusions: 

Endotoxin shock. Intra-aortic injection of E. coli endotoxin produces 
intravascular coagulation as evidenced by: 

1. Decrease (due to using up) of blood clotting factors including: 
a. Fibrinogen 
b. Other clotting elements 

2. Finding of thrombi in tissue section. 
3. Finding of focal necrosis and infarcts. • r 
4. Prevention of these findings by preheparinization. 



There is evidence that the immediate (reversible) fall in blood pressure after 
endotoxin injection is caused by a decreased cardiac output secondary to 
decreased venous return to the loft heart because of acute cor pulmonale due to 
blockage of pulmonary capillaries by thrombi and associated vasospasm. There 
is decreased venous return to the right heart due to damming of blood in the 
portal system by thrombi in the liver, and associated vascular spasm contributing 
to a low inferior vena caval pressure, which is also partially due to increased 
peripheral resistance. 

This immediate blood pressure drop can be prevented in part by heparin. 
Recovery from it may be associated with the appearance of fibrinolysin in the 
blood and lysis and washing out of the clots and plugs in the capillaries and 
small vessels. There is evidence that the secondary (irreversible)fall in 
blood pressure and death is caused by necrosis (secondary to temporary thrombi) 
of the intestinal mucosa causing loss of blood and serum into the bowel lumen, 
and focal necrosis of the liver, kidneys, pancreas and other organs. 

Hemorrhagic shock. This procedure resulted in a 96 per cent mortality 
using a shock period of only two hours at a blood pressure of 100 mm. Hg. 
systolic or 65 mm. Hg. mean pressure. Hemorrhage resulted in the rapid 
development of hypercoagulability of the blood with clotting time in siliconized 
tubes falling from an average of 18 minutes to one minute. The hypercoagula¬ 
bility plus a stagnant circulation as produced by a low blood pressure and low 
cardiac output produced an episode of intravascular clotting in capillaries 
and small vessels. Clotting was indicated by a fall in blood clotting elements 
(fibrinogen and prothrombin) due to their being used up, by the finding of 
intracapillary thrombi in tissue sections, and by protection afforded by heparin. 
These intravascular clots caused tissue necrosis and infarction particularly in 
the liver, kidney, gastrointestinal tract and other organs. The body responded 
to this episode of intravascular coagulation by the liberation of heparin 
(and in some cases fibrinolysin) as a protective mechanism. However, this 
reaction was too late to save the animal in the present experiments. 

Both endotoxin and hemorrhagic shock resulted in the rapid development of 
a metabolic acidosis characterized by marked increase in lactic acid, fall in 
"HCO^ and in pH, Preheparinization protect« against these changes significantly 
when it is allowed to protect against blood pressure fall, as in endotoxin shock, 
but not if the blood pressure is kept constant, as in hemorrhagic shock. The 
metabolic acidosis resulted from stagnation of circulation and accumulation of 
metabolites as a result of low blood pressure. Therefore acidosis is probably 
not the lethal factor in shock and correction of it would probably not prevent 
irreversible shock. 
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1. Quantitative hemagglutination inhibition studies have shovn that 
the specificity of natural anti-A isoantibodxes from group B individuals 
for hog A substance varies greatly in specificity and avidity. Blood 
group A substances from human A1 and A2 secretors have been purified and 
used to immunize volunteers for comparative studies with sera from hog A 

substance immunized individuals• 

2. Three quantitative subgroups of the B antigen have been demon¬ 
strated by quantitative hemagglutination procedures to differ among Cau¬ 
casoid, negroid and mongoloid peoples. 

3. A and B agglutinability of red cells was unaltered by long-tern 
storage in the frozen state in liquid nitrogen or glycerol, while at 
refrigerator temperatures in ACD or modified Alsever's solutions a two- 

stage decrease occurred. 

4. Studies of the free-cell phenomenon in the ABO and Eh systems 
indicated that inagglutinable A or B cells are due to antibody excess and 

not somatic mutation. 

5. In general, the rate of binding of agglutinin to red cell in¬ 
creases as temperature increases; naturally occurring isoantibodies are 
bound more rapidly than immune isoantibodies: anti-A more rapidly than 
anti-B. The rate of agglutination (2nd stage) increases with increase in 
temperature and avidity but is prolonged by the presence of non-aggluti¬ 

nating (incomplete) isoantibodies. 

6 Quantitative hemagglutination studies of the thermal amplitude 
of ABO isoantibodies have shown that the reactivity of natural isoanti- 
bodies increases with decrease in temperature while the immune isoaggluti¬ 
nins are either equally reactive at all temperatures or equally reactive 
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in the 4c - 25C temperature range but less active at yjC or increase in 
reactivity as temperature decreases. 

7. Quantitative hemagglutination studies of the anti-A and anti-B » 
activity of serum fractions eluted from DEAE-cellulose have shown that 
anti-B and immune anti-A activities of group 0 sera predominate in the 
7S antibody fraction. ’ 

8. Anti-D(Hho) sera evoked by immunization with CDe (¾) cells have 
been found by the quantitative hemagglutination technic to possess a 
greater reactivity with homozygous and heterozygous ^CDe(Rq) cells than 
with the homozygous cDE(l^) cells. The cBE(Rg) cell is generally attri¬ 
buted with greater reactivity with all anti-D sera. 

75 



BCDY 0F-.REPORT 

Project No.: 6X59-05*001 Title: Blood, Blood Derivatives and 
Artificial Expanders 

Task No.: 1 Title: Immunohematology 

Description: A study of the phenomena involved in the agglutination 
reactions, nomal and abnormal, of the blood group system. 

Progress: 

1. The work previously reported with the quantitative hemaggluti¬ 
nation inhibition method on the change in character of anti-A isoanti¬ 
bodies following immunization with blood group A substance from hog 
gastric mucosa was continued. The previous finding.' that anti-A isoag¬ 
glutinins from 11 volunteers immunized with the same hog A substance 
were identical in character in that all required the same amount of hog 
A substance to inhibit a standard HD^q unit of anti-A activity and all 
produced the same log-probit regression line slope (-1.80), was followed 
up by a study of naturally occurring anti-A isoagglutinins from 13 group 
B individuals. The natural anti-A sera showed great variation in that 
the inhibitory dose of hog A substance ranged from 5 to 500 micrograms 
and the slopes of log probit regression lines ranged from -0.60 to -1.14. 
These variations have been attributed to differences in the specificity 
and avidity of the naturally occurring isoagglutinins for the hog A 
substance. To confirm this, human A substances were purified from Aq and 
Ao secretor salivas. These substances were used to immunize volunteers 
of blood groups B and 0. Antisera from these individuals were collected 
before immunization and at 3-day intervals following immunization up to 
20 days; monthly samples have been collected thereafter. These samples 
will be compared with those from individuals immunized with hog A 
substance. 

2. Work was continued on differentiation of the three quantitative 
subgroups of the B antigen which was previously reported. No additional 
subgroups were identified in a survey of 148 group B cells of three 
racial groups. Based on the relative amounts of anti-B serum required 
to agglutinate 50jt> of a constant number of red cells, these three sub¬ 
groups have been assigned values of 100$ for the most reactive group, 
60$ and 40$ for the two groups of lesser reactivity hence they have been 
termed B1*^ , B0,° and B**\ respectively. The results of the survey 
are summarized in the table: :, 

Racial group 

88 
13 
15 

8 
12 
0 

9 
0 
3 

Caucasoid 
Negroid 
Mongoloid 

From these results it appears that the fr ncy of these subgroups 
differs among racial groups and that the Bi‘u antigen is a..character of 

the Negro race. 
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3- The previous report of the preservation of agglutinability of 
erythrocytes of the ABO groups in liquid nitrogen was extended,. A 
comparative study of the agglutinability of these cells stored frozen in 
liquid nitrogen for 2 years and in glycerol at -20C for 9 months showed 
that the agglutinability of the cells was not altered in this interim. 
Samples of these same cells stored at refrigerator temperatures (10 -l4c) 
in ACD or modified Alsever's solution, however, gradually lost up to 
approximately 4056 their original agglutinability during the first 5 days 
of storage. The reactivity of the cell stabilized from the 5th to 
approximately the 15th storage days uhen a second period of decrease in 
activity was noted between the 15th and 23rd storage day. The reactivity 
of the cells restabilized with only 70$ their original activity from 
approximately 23 days to the end of the test period at 33 days. 

4. A study was performed of the free-cell phenomenon in the ABO and 
Hh systems. It was found that the inagglutinable cell count does not 
differ markedly for A^ AjB and cells and the change in slope of the 
log probit assay curve is not affected by the inagglutinable count. 
The similarity of behavior of A-anti-A and B-anti-B agglutination in 
the area of the free-cell phenomenon to that of the Eh cell in the area 
of prozone lends support to the contention that inagglutinable A or B 
cells are the results of antibody excess and not somatic mutations as 
proposed by Atwood and Scheinberg. This work has not been completely 
evaluated and follow-up experiments may be necessary before publication. 
The Ashley free-cell counting technic for study of the survival of trans¬ 
fused red cells was modified to assure enumeration of inagglutinable 
cells at the optimal ratio of agglutination to cellular antigen in a 
stable system. 

5. Quantitative hemagglutination studies were devised to study the 
rates of the first and second stages of the reactions of the ABO system. 
The rate of sensitization of the red cell antigen was detenained by 
quantitative hemagglutination assays of the antibody activity remaining 
in solution after exposure to a constant number of test cells for vary¬ 
ing periods of time at 4c, 25C and 370. In general, it was found that 
the rate of sensitization increases as temperature increases and that 
the sensitization of A cells by anti-A is considerably faster than that 
of the B cell by anti-B. Furthennore, the naturally occurring isoagglu¬ 
tinins are bound more rapidly than immune agglutinins. The rate of the 
second stage of the reaction was established by determination of the 
percentages of cells agglutinated at varying intervals of time until 
the system reaches equilibrium. The rate of this stage of the hemag¬ 
glutination reaction is independent of the rate of sensitization and is 
determined by the avidity and temperature of the reaction, as well as 
the presence of non-agglutinating antibody. From preliminary studies, 
it appears that the Coulter electronic counter can be used in both 
sensitization-time and equilibrium-time studies. 

6. Quantitative hemagglutination studies were also initiated on 
the thermal amplitude of the antibodies of the ABO system. In general, 
greater amounts of naturally occurring anti-A and anti-B are absorbed 
by a given number of test cells and higher agglutination is noted as 
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temperature decreases. Three patterns of behavior have been seen with 
Immune antibodies; (l) equal amounts of antiserum absorbed and the same 
degree of agglutination at 4c as at 37C (most connon); (2) equal amounts 
absorbed and the same degree of agglutination at 4C and 25C but less ab¬ 
sorption and agglutination at 37C, and (3) the same as with naturally 
occurring antisera; i.e. less absorption and agglutination as temperature 

rises across the entire temperature range. 

7. Studies were initiated on the anti-A and anti-B agglutinins ob¬ 
tained in fractions from DEAE-cellulose column fractionation of natural 
and Immune antisera. It was found that the majority of the anti-A act¬ 
ivity of ^Twmine group B sera is associated with the fraction containing 
19S antibodies while with natural anti-B from group 0 and an immune anti- 
A from a group 0, the majority of activity resides in the fraction con¬ 

taining 7S antibodies. 

8. Work continued on the study of saline anti-D(Rho) sera. Of 12 

anti-D sera studied, three were found to react considerably stronger with 
homozygous and heterozygous CDe (¾) cells than with the standard homozy¬ 
gous cDE(Ro) cell. The slope of the assay curves was steeper and the 
region of linearity far exceeded that of the cDEÍRg) cell which is re¬ 
ported to be the most reactive of all Eh types with all anti-D sera. .. 
Two of these sera are of known CDe (¾) stimulation; therefore the 

increased activity with CDefti) cells over cDE(Bg) cells is probably 
due to their greater specificity for the CDe^) cell. Differentiation 
of anti-D sera according to Eh type of the immunizing cell has hereto¬ 
fore been impossible because of the relatively crude methods in general 
use. Additional anti-D sera of known origin are to be obtained in order 

to confirm these observations. 

Summary and Conclusions: 

1. Quantitative hemagglutination inhibition studies have shown that 
the specificity of natural anti-A isoantibodies from group B individua s 
for hog A substance varies greatly in specificity and avidity. 
group A substances from human A1 and A2 secretors have been purified 
used to immunize volunteers for comparative studies with sera from hog A 

substance immunized individuals« 
• a. ,., 

2. Three quantitative subgroups of the B antigen have been demon¬ 
strated by quantitative.hemagglutination procedures to differ among Cau¬ 

casoid, negroid and mongoloid peoples. 

3. a and B agglutinability of red cells was unaltered by long-term 
storage in tíre frozen state in liquid nitrogen or glycerol, while at , 
refrigerator temperatures in ACD or modified Alsever s solutions a two- 

stage decrease occurred. 

4. Studies of the free-cell phenomenon in the ABO and Eh systems 
indicated that inagglutinable A or B cells are due to antibody excess and 

not somatic mutation. 
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5. In general, the rate of binding of agglutinin to red cell in¬ 
creases as temperature increases; naturally occurring isoantibodies are 
bound more rapidly than immune isoantibodies; antl-A more rapidly than 
anti-B. The rate of agglutination (2nd stage) Increases with increase in 
temperature and avidity but is prolonged by the presence of non-aggluti¬ 
nating (incomplete) isoantibodies. 

6. Quantitative hemagglutination studies of the thermal amplitude 
of ABO isoantibodies have shown that the reactivity of natural isoanti¬ 
bodies increases with decrease in temperature while the immune isoaggluti¬ 
nins are either equally reactive at all temperatures or equally reactive 
in the 4c - 25c temperature range but less active at 370 or increase in 
reactivity as temperature decreases. 

7. Quantitative hemagglutination studies of the anti-A and anti-B 
activity of serum fractions eluted from DEAE-cellulose have shown that 
anti-B and immune anti-A activities of group 0 sera predominate in the 
7S antibody fraction. 

8. Anti-D(Rho) sera evoked by immunization with CDe (¾) cells have 
been found by the quantitative hemagglutination technic to possess a 
greater reactivity with homozygous and heterozygous ÔPè(Ri) cells than 
with the homozygous cDE^) cells. The cBE(%) cell is generally attri¬ 
buted with greater reactivity with all anti-D sera. 
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ABSTRACT 

Project No. 6x59-0$-•Ol Blood, Blood Derivatives 
and Artificial Expanders 

Task No. 8 Revision of field 
transfusion service 

Reporting Installation: Walter Reed Army Institute of Research 
Walter Reed Army Medical Center 
Washington 12, D. C. 

« 

Period Covered by Report: 1 July I960 through 30 Jh*1« 196l 

Authors: Colonel William H« Crosby, M3 
Captain Munsey Whéby, M3 
Captain 0 »Neill Barrett, M3 
Captain Wilmer C. Hewitt, Jr., M3 

Reports Control Symbol: MEDDH-288 

Security Classification: UNCLASSIFIED 

1. It has been established that corticosteroid does 
not prevent hemolytic transfusion reaction resulting from 
incompatibility of donor and recipient. 

2. Means are sought to tag blood typing antibodies with 
a radioactive isotope. This may provide a means of automating 
blood typing and crossmatching. 
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Project No. 6x59-05-001 Blood, Blood Derivatives 
and Artificial Expanders 

Task No. 8 Revision of field transfusion 
service 

Description: 

A continuing study to improve quality and safety of the 
Army’s blood transfusion service. 

Progress: 

In control experiments small volumes of Incompatible, 
chromium^- tagged red cells were given to recipients. Several 
days later the studies were repeated 30 minutes after the 
intravenous administration of prednisolone. Prednisolone was 
found completely ineffective in prolonging the survival of 
small amounts of red cells in the presence of incompatible 
antibodies of the ABO and Rh systems. 

An attempt is being made to tag anti-A and anti-B anti¬ 
bodies with Cr5l. If this is possible, such tagged anti sera 
could be incubated with red cells, the red cells then washed 
and the positive antigen-antibody reaction identified by a 
Geiger tube. In this way blood typing could be automated. 

Summary and Conclusions: 

1. It has been established that corticosteroid does not 
prevent hemolytic transfusion reaction resulting from incom¬ 
patibility of donor and recipient. 

2. Moans are spught to tag blood typing antibodies with 
a radioactive isotope. This may provide a means of automating 
blood typing and crossmatching. 

List of Publications: 

1. Hewitt, W. C. Jr., Wheby, M. and Crosby, W. H.: 
Effect of prednisolone on incompatible blood transfusions. 
Transfusion 1: 181:, 1961. 
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abstract 

Project No. 6x59-05-001 Blood, Blood Derivatives and Artificial 
Expîmders 

Task No. 9. Functions and disorders of the spleen. 

Reporting Installation: Walter Reed Army Institute of Research 
Walter Reed Army Medical Center 
Washington 12, D. C. 
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Authors: Colonel William H. Crosby, MC 
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Reports Control Symbol: MEDDH-288 

Security Classification: Unclassified 

Animal studies have demonstrated that splenectomy increases 
the tolerance to chemotherapeutic agents. There are also clini¬ 
cal indications of a similar improvement of therapeutic index. 
This hypothesis is being tested in two series of patients with 
malignant disease, one series with disseminated lymphoma, the 
other with inoperable testicular or intra-abdominal cancers. 
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Project No. 6X59-0^001 
t'arr .•••>• 

Blood, Blood Derivatives and 
Artificial Expanders 

Task No. 9 Functions and .disorders of 
the spleen 

Description: The effect' of splenectomy on the therapeutic 
index of chemotherapeutic agents 

Progress: - •••...•t, 
<r 

A long-term investigation concerning the effect of splenec¬ 
tomy on malignancy has been instituted. This study was prompted 
by observations indicating that patients with various lymphomas 
and leukemias who had undergone splenectomy could tolerate con¬ 
siderably more chanical and irradiation therapy before develop¬ 
ing signs- of clinically important bone marrow toxicity than they 
could prior to splenectomy. A protocol has been established 
calling for splenectomy in selected patients with systemic 
lymphomatous malignancies, including chronic lymphocytic leuke¬ 
mia and Hodgkin's disease early, rather than late, in the course 
of their diseases. Local clinical experience justifies this de¬ 
parture from established systems of therapy and data derived 
from animal experimentation supports the belief that the spleen 
in some manner is synergistic to the toxic, but not the thera¬ 
peutic effects of treatment modalities. 

The hypothesis that the spleen in some manner multiplies 
the toxic effect of chemotherapeutic agents on the bone marrow 
is being tested further in a cooperative study by the Depart¬ 
ment of Hematology, the Cancer Chemotherapy Service and the 
Department of Surgery, Walter Reed General Hospital. Patients 
with testicular malignancies and inoperable malignancies who 
are laparotomiaed are candidates for the study if it is anti¬ 
cipated that they will receive chemotherapy. An unbiased pair¬ 
ing system has bean put into effect whereby half of these 
patients will have their spleens removed at the time of surgery, 
In this manner the therapeutic index of a given drug can be 
established in patients with intact spleens versus those with 
no spleens. 

Summary and Conclusions: 

Animal studies have demonstrated that splenectomy in¬ 
creases the tolerance to chemotherapeutic agents. There are 
also clinical indications of a similar improvement of thera¬ 
peutic index. This hypothesis is being tested in two series 
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of patients with malignant disease, one series with dissem¬ 
inated lymphoma, the other with inoperable testicular or iritra- 
abdominal cancers. 

List of Publications: 
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Observations on hemolytic mechanisms and iron metabolism. 
Blood 15: 662, I960. ; V ; . V. - 
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Further observations have been made on the recovery of bone 
marrow after injury by nitrogen mustard or irradiation. 
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BODY OF REPORT 

Project No. 6x59-05-001 Blood, Blood Derivatives 
and Artificial Expanders 

Task No. 12 The bone marrow’s function 
and its reaction to injury 

Description: 

An investigation of the rate and pattern of recovery of 
bone marrow after chemotherapeutic or irradiation injury. 

Progress: 

The reaction of bone marrow to massive doses of nitrogen 
mustard has been observed in an additional four patients with 
advanced Hodgkin’s disease. Pretreatment of such patients 
with heparin appeared to increase their tolerance for mustard, 
but it may also have impaired the drug’s effectiveness against 
the neoplasm. In a series of rabbits it was found that animals 
pretreated with whole-body X-irradiation were more susceptible 
to injury by mustard even though t hey had completely recovered 
from the homatclogic effects of irradiation. 

Summary and Conclusions: 

Further observations have been made on the recoveiy of 
bone marrow after injury by nitrogen mustard or irradiation. 

List of Publications: 

1. Daniell, H. V. and Crosby,W. H.: Effect of homologous 
bone marrow - .spleen cell suspension on survival of swine 
exposed to radiation from a nuclear weapon. Blood 15: 
856, I960. “ 

2. Conrad, M. E. and Crosby, W. H.: Massive nitrogen mustard 
therapy in Hodgkin’s disease with protection of bone marrow 
by tourniquets. Blood 16: 1089, I960. 

3* Barrett, O’N.: Effect of nitrogen mustard in rabbits 
following exposure to X-irradiation. Proc. Soc. Exper. 
Biol. Med. 105: ijl:5, I960. 

li. Conrad, M. E. and Crosby, W. H.t Bone marrow biopsy: 
Modification of the Vim-Silverman needle. J. Lab. Clin. 
Med. 57: 6i*2, 1961. 
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1. A modification of the thromboplastin generation test 
has permitted the demonstration of platelet abnormality in 
patients with hitherto undiagnosed bleeding disorders. 

2. Injection of bacterial endotoxin produces multiple 
lesions in the clotting mechanism. 

3. Clot structure in granulocytic leukemia is disturbed 
in a manner which can be corrected by addition of glutathione. 

it. An albumin inhibitor of thromboplastin is found not 
to be affected by administration of coumarin drugs. 

5. Iron (Fe^) absorption is studied In man and animals 
using whole-body scintillation counters. 

6. The distribution of iron after absorption has been 
studied in small animals following injection and ingestion of 
iron. 
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'' T, Iron-protein complexes suòh AS ferritin And trenes 
ferrin are bpingMnvestigated to develop methods for their 
identificatláíü' And pnrlficatlon. 

8. 'i Absorption of vitamin B]_2 is studied by means of 
models employing rat intestine* Complementary studies are 
carried out in vivo, 

9* A survey of plasma and red cell copper is being 
completed, using a method developed last year. /> 

••«w. ' '' '.I, 

10. Plasma hemoglobin continues to be investigated- ^ 
to ascei^tain the areas o-úher tlian kidney at°Whioh the 'hemo- 
globinvle cleared ..from ti» plasma. 

i,: ‘ . 
• • «C' 

11. A method for performing erythrocyte sedimentation 
rate using capillary tubes is being studied. 
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BODY OF REPORT 

Project No. 6x59-05-001 Blood, Blood Derivatives and ' 
Artificial Expanders 

Task No. 13 Blood and blood disorders 

Description: This task encompasses the study of the function and 
disorders of the blood plasma factors and formed 
elements. 

Progress: 

1. Thrombopathia. A semi-quantitative method for prepar¬ 
ing platelets for the thromboplastin generation test (TGT) was 
used to study patients with mild undiagnosed bleeding disorders. 
By all routine coagulation studies no defect could be demon¬ 
strated. When very low concentrations of platelets were used 
in the modified TGT, all patients were found to be abnormal. 
Higher concentration of platelets gave normal results. The de¬ 
fect is probably an inability to release platelet factor 3» 
since disruption of platelets by sonic oscillation produced 
normal activity. 

2. Coagulation defects induced by endotoxin. The effect 
of bacterial endotoxin on the coagulation system of dogs was 
studied. The injection of purified E. coli endotoxin results 
in an initial thrombocytopenia and marked prolongation of the 
clotting time. Protamine titrations showed the latter to be 
due to the release of endogenous heparin. After a variable 
period of time, the platelets return to normal level, indicat¬ 
ing prior sequestration rather than utiliaation. The clotting 
times return toward normal, probably reflecting heparin clears 
ing and neutralization by platelets. Decreases in fibrinogen 
are moderate. Initial changes in the prothrombin time are 
probably due to heparin as are transient defects of serum in 
the TGT. There was no evidence of an initial hypercoagula¬ 
bility. Unlike thrombin injections, there were no changes in 
factor Y. Further studies on the effects of endotoxin are 

- p 

continuing. 

3. Clot structure in chronic granulocytic leukemia. 
Further studies have demonstrated that the abnormal thrombo- 
elastogram in CGL can be corrected in all cases by reduced 
glutathione (GSH). It was also observed that the clots in 
CGL may be dissolved in 5M urea. These two observations 
suggested that they were lacking in L-L factor (fibrin sta¬ 
bilizing factor). However, further proof for this was lack¬ 
ing since GSH does not prevent dissolution by urea and the 

o 
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clot does not reappear after dialysis of the urea. The urea 
probably acts by potentiating proteolytic activity In the 
leukocytes. Such potentiation by urea derivatives has been 
described for other proteolytic systems. 

li. Effect of anti-coagulants on albumin inhibitor of 
thromboplastin, ft was found that in patients receiving 
coumarin drugs, the prothrombin time Is more prolonged with 
lung thromboplastin (Tpl) than with brain Tpl. This could 
be attributed to an inhibitor in the albumin fraction of the 
plasma to which the lung Tpl is more sensitive. The effects 
of the inhibitor apparently become pronounced when factor VII 
is reduced during coumarin therapy. An assay for the inhibitor 
was devised and the plasmas of patients receiving anticoagu¬ 
lants were studied to see if the inhibitor itself changed dur¬ 
ing treatment. A comparison of £0 patients with an equal 
number of normals revealed no difference. Further studies 
demonstrated that the protein inhibitor is probably a co-factor 
to a lipid component in the Tpl. Because of the Importance of 
tissue Tpl in initiating certain kinds of thrombosis, further 
studies on possible abnormalities of the- plasma co-factor in 
other conditions are in progrese. 

KO,. ; : 

£. Iron absorption from food stuffy. vhs incorporated 
into chicken eggs by intramuscular injection, l£ - 20 uc. The 
radioactive yolk was fed to rats by esophageal tube and per cent 
retention was studied by liquid scintillation animal body counter. 
The anemic rats, induced by bleeding, absorbed more iron than the 
normal rats. Oral administration of ascorbic acid significantly 
increased the iron absorption from egg yolk both in the anemic 
and normal rátsi The normal rats absorbed more iron 'when ascorbic 
acid was given compared with the anemic rats fed only with the 
egg yolk. Comparison with the absorption of Inorganic iron is 
carried ori. 

Whole milk tagged with Fe^ was fed to rats by esophageal 
tube. Anemic rats absorbed more iron than the normals. The 
normal rats seem to absorb less iron in presence of the milk 

-than when the iron was fed alone. 
• • ''' *>'«•», Î i[ 

The effect of inflammation on iron absorption. The 
radioactive iron absoiptidn of untreated patients with Hodg- 
kinls disease is being determined using the whole body counter. 
To date eight such individuals have been studied. Seven have 
shown absorptions within the normal range. The one patient 
whose absorption was above normal had donated £00 ml. of blood 
3 months previously. 
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The effect of chronic hypoxia on -iron -absorption in 
humans is also being investi gated us^ng.^he whole body counter. 

/ At présent five patients have been studied. All have oxygen 
desaturation at rest. All absoxb radioactive iron above the 
normal limit of 10 per. cent. 

Role of bile in regulating iron absorption. By placing 
biliary catheters into a nozmal and an iron-deficient dog and 
establishing cross-flew of bile, we have found that bile doe^o 
not appear to have a role in the physiological control of irear 
absorption. Bile did have an effect in facilitating iron ab- 
sorption in the iron-deficient dog as absorption decreased 
whan the biliary flow was excluded from the duodenum. Radio¬ 
activity was detected in bile minutes after oral administra¬ 
tion of Fei>9 to the dogs. 

Effect of pancreatic duct ligation on iron absorption. 
In order to determine ihe possible role of pancreatic juice In 
regulating iron absorption and to evaluate the reported finding 
of iron loading following pancreatic duct ligation, the follow¬ 
ing experiments were done. Two dogs had their pancreatic ducts 
ligated. Iron absorption was determined in one preoperatively 
and in both at varying intervals postoperatively. We found de¬ 
creased iron absorption in each study done post operatively. 

Erythropoiesis and iron absorption. We are studying 
the relationship of marrow erythroid activity to iron absorp¬ 
tion, specifically to the enhanced absorption of iron defi- 
ciency. Results thus far suggest that depressing erythroid 
activity by acute hypertransfusion depresses markedly iron 
absorption in the iron deficient animal. Iron absorption 
studies using the human whole body counter are being done in 
patiaits with hemolytic anemia. One patient with hereditary 
spherocytosis was found to have normal absorption. 

Role of the small intestinal mucosal cell in regulating 
iron absorption. Until recently no evidence existed for "deter¬ 
mining whether the regulation of iron absorption is accomplished 
by factors preventing iron uptake by the muoosal cells or by 
limiting iron release from the mucosal cells into plasma, or 
whether both were important. We have been studying this in rats 
by administering Fe5? either intragastrLcally or intraduodenally 
and then determining at various intervals thereafter the uptake 
of Fe59 by the small intestine and the amount of Fe59 actually 
absorbed into the blood. Results thus far suggest that the regu¬ 
lation of absorption or "block" to iron absorption is related to 
uptake of iron by the mucosal cells* There is a significant 
difference in the amount of iron gaining access into the iron 
deficient intestine as compared to the Iron replete intestine. 
Further studies are underway and will include use of an intact 
intestinal loop for perfusion studies using Fe59. 
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Functlon qf mucus In iron absorption. Preliminary 
’'results indicate that rati gastric ani,dÿpçtenal mucus bind iron. 
''•'The posdblo function of this phanomanoit-in iron absorption is 
* now being evaluated and extended to humane. Human duodenal 

mucue is being tested for iron binding. 

6. The distribution of iron injected intraperltoneally. 
Three days” after tho intraperitoneal injection of {jO mg. of 
iron as ire n-d ext ran much iron had acc’jmuj-fttod as ferritin in 
the liver and spleen. (The animals were 200 gm. albino rats 
of the WRCF strain. Tho method of estimating ferritin was a 
micro modification of Granick's 0(28¾ technique for crystalli¬ 
zation of ferritin from tissue homogenates.) Forritin could 
also be recovered from the intestine, especiaHy the duodenum 
and upper jejunum. There was none in the stomach and colon. 
Ten days after injection ferritin could not be recovered from 
the gut, -though it was present in heavy concentra Mon in livor 
and spleen. Wien the iron was injected Intravenously or sub- 
cutsneously in heavier doses (ipO mg.) it wont to the liver and 
spleen without preliminary accumulation in tho small intestine. 
In tho significant experiment a loop of small intestine at the 
duodenojejunal junction was brought out of the peritoneum and 
tacked under the skin. Two weeks were allowed for healing of 
the wound. Iron-dsxtran iras then injected intraperltoneally and 
after three days th» animals were sacrificed. Ferritin was found 
in the email intestine adjacent to tho extraperitoneal loop, but 
no ferritin was found in that loop. It is concluded that the 
ferritin which is present in the small intestine following intra¬ 
peritoneal injection of iron-dextran is derived from iron or 
iron-dsxtran which migrates through the serosal surface of the 
intestine. 

After ingestion of radioactive iron, significant amounts 
of radioactivity were found in blood, liver and marrow. There 
was little or nono in the spleen, 

7, Magnetic separation of Iron-containing biological 
' materials?"' Au-tomnus to concentrate a commercial cample "of 

iron- sutura t ed transferrin by electromagnet ism tec .unique were 
unsuccessful, however the equipment was not ideally constructed 
and further study. is necessary to learn whother this technique 
can be used. In. order to teat the equipment, crude samples of 
hemosiderin and fdrritln have been isolated and passed through 
the magnetic separator, the ferritin in the form of the ammon¬ 
ium sulfate precipitate suspended in an; ammonium sulfate solu¬ 
tion, In b'ot^ cases'particles wore attracted to the;magnetic 
poles and fracrtioháT rich in iron-containing material,^re db- 
tained 
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K Study^of methods for the determination of micro quantl- 
" 1 ties of iron In biological materials« À.^iiiclyJgf-pxiocedûx^B for 
' "vthe doteiwlnatiai of micro quantities of iron' haV'continued» One 
-• hundred- p^rum aaijiplee ar^Jlyzed by an a,a-dipyridyl method of 

Ramsayjp 1952^ ^d^T'a^eulfonated bathophenanthroline^method of 
«Trindér. I9%r'gare, thé^same average value by'the two methods. 

"fSeventv-five per cent^of^the samples, analyzing1'overr 60 micro- 
,. grams ^pon per 100 mlv/ by the Ramsay techniquei gave values by 

•V J the Trinder technique which came within + 20 per cent of the 
Raihsajrvaluej ,21 per cent were within + 20 per cent, 23 per cent 

jK- withiri' -20 per cent, "and 31 per cent very close to perfect agree¬ 
ment.’’ A procedure involving wet digestion to eliminate all 

,...organic material, followed by color development with a,a-dipyridyl, 
i: was developed,-for.analysis W’O.Sto 1 ml.,of serum. 

a- •' -■ / Ferritin, a storage protein, for iron, plays a role in iron 
absorption^ Work is in progress ^on a techniquepfor the histologic 
demonstration of th.is protein using a fluorescent? ferritin anti¬ 
body as a, tag for locating 'the tissue ferritin. ' Although tagging 
¡•oeeurs-with the antibody serum, the specificity of the reaction 
ist mot ye$r certain. At present experiments are under way to deter- 
mineifrhbtner or not what is seen to fluoresce is actually ferritin. 

rb*r‘ 1 - . ' * 

Transferrin, the serum iron carrier, has been shown to be 
important, in the regulation of.iron absorption at least under 
certain experimental conditions. When incubated in vitro with 
Fe59 labelled transferrin', reticulocytes can be demonstrated to 
incorporate the labelled iron. Using this technique an attempt 
was made to; qhow a difference in the incorporation of iron bound 
to hemochromátotic transferrin compared to that bound to normal 
transferrin. In preliminary experiments no difference was apparent. 

8. Vitamin 0 absorption studies. Using Herbert's method 
of the everted gut sac, the effect of tryptophan and some of its 
derivatives on vitamin absorption have been studied. It was 
our purpose to study the relationship of vitamin B]? malabsorption 
and increased excretion of urinary Indole acetic acid noted ,in 
some patients with various small intestinal diseases, assuming . 
bacterial products or metabolites In the gut might Interfere 
in some way with absorption. ' So far, using various concen¬ 
trations in the Incubation mixtures, tryptophan, indole and 
indole acetic acid do not seem to have any significant effect on 
the in vitro uptake of IWby the rat intestine. The experiments " 
are’Felng repeated for definite results and other amino acids 
having metabolic pathways similar to tryptophan’s will fee l 
studied. 
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orally or _lntrap«rltönaaliyi-' ^Càrw4far '^fia^ oral doaes avilláblé 
show these cowponwiis) vjl) «itlnltiïl, rapld one from day 1 - li, 
in which- th«. doeroase iji hodyiiraaiéaçtivityrâhd T| vary according 
to the dose given}’§) ,slc^ !oeBÇd^'.fi^,day $ - 2$ with | of 
apprcocimately »^ dayBj, and ^^/final, «!^ component from day 28 
on, probabijrTepresenting a "stêàdjr and whose | might 
represent therbiblogical halfrlife for«itamin Big» The results 
agree with-publüíhéd resulte detèrmine^/rom urine and fecal radio¬ 
activity, calculating remaining bod^ radioactivity. The results 
for the intraperitoneal doses are,:hoi completed. Intestinal loops 
have been surgically craated in râfe^to ,simulate the condition 
seen in humans and study vitamin B^ataorpti^1 in them. After 
a period of observation, orally administered vitamin Ekg^al?sorption 
is being studied using the whole-body counter. The m^&gjpff accumu¬ 
lated in the loops „will be studied, bacteriblogically and" chemically. 
Some of it will be used in-»the ih Vitro eocperlments. The effect 
of chronic iron deficiency on vîïamin |kg. absorption is being 
studied in rats made deficient by repeated bleedings and low-iron 
diet over a period Of four months. 

S'-' 
roH 

9. Copper detennlnatlons In human plasma and RBC have been 
performed by a method developed during Iasi year.... Since the 
determinations have been mainly done in ft bloed-donor population, 

therefore it Is necessary to collect more samples from more 
randomly distributed subjects in order to obtain normally repre¬ 
sentative figures. Copper determinations have been started in 
pathological conditions. Preliminary eocperlments have been per¬ 
formed to study by paper chromatography the phospholipid distri¬ 
bution in the erythrocytes from animale made anemic by a copper 
deficient diet. Further studies are in progress. At the present 
time studies on the effect of copper on iron absorption in normal 
rats have been started and they will be carried out also in 
iron-deficient rats and in copper-loaded rats. The copper dis¬ 
tribution in red blood cells and the incorporation of copper in 
bone marrow will be studied with Cu¿7 if technical difficulties, 
mainly due to the short half life of the Isotope, can be overcome. 

10. Studies on the metabolism of plasma hemoglobin. Normal 
removal curves of plasma bound hemoglobin, bave been established. 
Preliminary results have been obtainéd regarding sites of removal. 
Further studies are underway to determine the effect of reticulo¬ 
endothelial blockade with Thoro+.rast on the removal curves and 
site. 
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11. ^ The use of capillaiy tubes in determination of , 
erythrocyte sedimentation rate., Me capillary tubes and *¡ 
capillary blood were planned to be used in erythrocyte sedimen¬ 
tation rate determination. The capillary tubes were filled 
with 3*8per cent sodium citrate and blood in ratio of ItJj or 
1:3» gently mixed and poked vertically into putty and let stand 
for an hour at room temperature. --The results correlate well-, 
with those from Wintrobe's method» although the nuiriber tested 
was small. The method is easy in handling» eliminates venous 
puncture special tubes and washings. It will be useful in 
children. 

Summary and Conclusions: 

1. - A modification of the thromboplastin generation testr 
has permitted the demonstration of platelet abnormality in 
patients with hitherto undiagnosed bleeding disorders. 

2. Injection of bacterial endotoxin produces multiple 
lesions in the clotting mechanism. 

3. Clot structure in granulocytic leukemia is disturbed ^ 
in a manner which can be corrected by addition of glutathione. 

Ij. An albumin inhibitor of thromboplastin is found not to 
be affected by administration of coumarin drugs. » 

5. Iron (Fe^9) absorption is studied in man and animals 
using whole-body scintillation counters. 

6. The distribution of iron after absorption has been -i 

studied in small animals following injection and ingestion of 
iron. 

7. Iron-protein complexes such as ferritin and trans¬ 
ferrin are being investigated to develop methods for their 
identification and purification. 

8. Absorption of vitamin B^2 is studied "by means of 
models employing rat .intestine. y Complementary studies are - 
carried out in vivo.-1 - . 

9. A survey of plasma and red cell copper is being com¬ 
pleted, using a .method, developed last year.-,,, 

''' - '■* v o-, . • • u 
10. Plasma hemoglobin continues to be investigated torr 

ascertain the areas other than kidney at which the hemoglobin 
is cleared from the plasma. ... . , . 

. . . . ; ..i >t 
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11. A method for performing erythrocyte sadlmentation 
rate using capillary tubes is being studied» 
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ABSTRACT 

Project Mo. 6x59-06-001 Title; Radiation and Thermal Bums 

Task No. I; Title; Immune liechanisms in Thermal Bums 

Reporting Installation; WAlterr Reed Amy Institute of Research 
Walter Reed Amy Medical Center 
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Period Covered ty Report; 1 July 1958 through 30 June 1961 

Authors: Ole J, Malm, M.D.j Capt George J. M. Slawikcwski, MCj Capt Richard 
S. Horowitz, MC; Stanley M, Levenson, M.D, 

Reports Control Symbol: MEDDH-288 

Security Classification: Unclassified 

Effects of different types of sterile convalescent sera on mortality 
of severely burned rats were evaluated, A hot plate burning technic 
yielding a constant percentage of full-thickness skin bums was perfected. 
Double-blind methods were used. 

Sera collected from rats convalescing from a single bum were con- , 
sistently found to diminish mortality of rats with bums of more than 50 
percent skin area, but not of those with smaller bums. The lowering of 
mortality occurred primarily between the third and fifth days after bum; 
differences in cumulative mortality rates remained significant up to 28 
days. Sera obtained from rats convalescing from excised skin wounds or sera 
obtained from rats Jífter repeated bums had no prolonged effect on cumulative 
mortality; rats treated with open wound convalescent serum showed higher 
mortality during the first ij8 hours, on the third day the mortality was 
diminished, and thereafter there was no effect. Mortality was unaffected 
by sera of rats convalescing from closed fractures, Chloromycetin alone 
was found to reduce mortality of burned rats; Chloromycetin supplemented 
by normal or bum convalescent serum was not more effective than 
Chloromycetin given with saline. 
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BODY OF REPORT 

Project No, 6x59-06-001 Title; Radiation and Thermal Burns 

Task No, i; Title; Immune Mechanisms in Thermal Burns 

Description: 

The experiments reported here were undertaken (l) to evaluate the 
effectiveness of sterile burn convalescent serum in reducing mortality from 
severe bums of rats and (2) to compare this serum with other types of con¬ 
valescent sera, and thus .to determine if such protective action is unique 
for the burn convalescent serum« 

Progress: 

The progress reports of 30 June 1959 and 30 June I960, and recent 
publications by Malm, and by Malm and Slawikowski in the Proceedings of the 
First International Congress on Research in Bims, I96I, have surveyed in 
detail the background of this task and have given a description of the 
methodology and the first three experiments using approximately 250 animals. 
Briefly, burn convalescent serum obtained three months after a single 
burn involving 25 percent skin area produced a consistent, though small, 
lowering of the mortality of rats after bums involving 55 to 65 percent 
skin area (e,g0 at 7 days, cumulative mortality was 27.5 percent as compared 
to lila0 percent). Serum obtained ten days after five repeated burns five 
days apart totalling 25 percent of skin area was not effective. The experi¬ 
ments reported in detail here used approximately 500 burned and treated 
rats, and were designed to extend and confinn these findings. 

In experiments li-A, 5 and 6 the bums involved 55 to 65 percent of 
postbum skin area; in experiment ü-B, Iß to percent of skin area. All 
rats received subcutaneous injections of 7 percent body weight of 0.9 percent 
sodium chloride solutions immediately and 3 hours after bums. Sera were 
given intraperitoneally, 0,5 percent body weight, imnmdiately after bum; 
thereafter intramuscularly: O.ii percent after hours, 0,3 percent after 
I18 hours, and 0,2 percent body weight on days 5, 9, 12 and l6 after bums. 
In experiment 6, Chloromycetin succinate, 20 mg per kg body weight, was 
administered by intramuscular injections daily for li¿ days after the bums, 
with or without sera. 

EXPERIMENT b 

Bum Convalescent Serum Compared With Open Wound 
Convalescent Serum and Normal Serum 

ã» Bums of 55-60% skin area 7 b7 BümT^flIÕII^irskíírã^ 
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Group A: Treated with bum convalescent serum, obtained 3 months after a 
single bum of 25 percent skin area. 

Group Bs Treated with normal serum (from unburned rats). 
Group C: Treated with open wound convalescent serum, obtained 3 months 

after excision of 25 percent skin area. •--. - 
Group D: Treated with saline only, f ;, 

EXPERIMENT 5 ,/ 
î c 

Test-Bum Survivor Serum Compared With 
Closed Fracture Convalescent Serum and Normal Serum 

: ■’ f.S. - 
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(Day-to-Day Mortality %) ' - 
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Group A: Treated with bum convalescent serum obtained 
from rats surviving 3 months in Experiment 3. 

Group B: Treated with normal serum. 
Group C: Treated with convalescent serum obtained 3 

months after closed bilateral femoral fractures. 
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EXPERIMENT 6"!.'. : !'í aw* 

Effect of Chloromycetin, With or Without Burn 
Convalescent Serum 

Group A: Chloromycetin plus 3-month burn convalescent serum. 
Group B; Chloromycetin plus normal serum. 
Group Cî Chloromycetin plus saline only. 
Group D: No chloronycetin, saline only. 

Appropriate data from the above experiments and experiments previously 
reported were pooled fot statistical comparison. 

No effect of bum convalescent serum (BCS) was seen in rats receiving 
bums of less than 50 percent skin area (experiment lj-B). Following*test 
bums of $0 to 65 percent of skin area (experiments 1, 2, 3 and li-A) BCS 
obtained 2 to 5 months after 25 percent burns was consistently protective 
as compared to normal serum (NS), Mortality on the third day was 7.5 
percent of 158 BCS-treated rats vs. lk,9 percent of I6I NS-treated rats 
(P = 0.02) and on the fourth day 2.5 percent and 9.3 percent respectively 
(P = O.OO7). Accordingly, cumulative mortality differences reached the 
highest significance (P = 0,002) on the fifth day; they were seen as late 
as 28 days after bum (P = 0.02). The mortality during the first two days 
after burn was identical in the two test groups, justifying an evaluation 
of cumulative mortality of rats surviving the first li8 hours. Such 
evaluation showed an even higher significance of the differences between 
BCS- and NS-treated rats, (P is less than 0.001 on days kt 5» 6 and 7); 
these differences persisted until 28 days following burn (P = 0.02). 
These data indicate that the protective effect of BCS is primarily exerted 
on the third and.fourth days after bums and that this protection is not 
offset by a rebound mortality within the first month. * r". • • -- 

By-contrast, the open wound convalescent serum (experiments 1 and U, 
gave an increased mortality on the second day (lj3,li percent vs, 3h.O 
percent, P = 0,03), so that lowered mortality on the third day (I2.lt 
percent of lilt vs. 22.2 percent of 115 rats, P = O.Ol) may have been due 
to accelerated deaths. Cumulative mortality figures revealed no net 
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difference. It is of interest that in experiment 3'', treatment with serum 
obtained 10 days after repeated small burnsf had also increased the mortality 
on day 2 (11,5 percent of 78 vs, 21*.! percent of 120¾^¾ P a 0.01). 

No protective effect was observed following treataeft$ with fractura-.— 
convalescent serum or test bum survivor serum, but hi&£-mortality in the 
first lj8 hours may have obscured such an effect, +'- 

Chloromycetin alofie reduced mortality on. the secondV third, and to a 
lesser extent, on the fourth day after bums so that cumulative mortality 
on the fourth day was 35*9 percent of 53 treated vs. 6iu8. percent of 51* 
untreated rats (P a 0,002). This difference persisted in cumulative 
mortality until treatment was terminated 11* days after bum (P * 0,02), 
indicating an absence of early rebound mortality, Chloronycetin alone 
was equally effective as when given with BCS or NS. The difference in 
mortality rates in rats treated with BCS as compared to those treated with 
NS was not seen when Chloromycetin was also given. 

Ancillary Studies (experiments 7-A and 7-B), 
..1,. 

EXPERIMENT 7-Â. Estimation of surface area of the rat .and the 
percentage of skin arw burned, .1-. 

; ■■ 

Sixty burned and unburned rats were studied. The skin area was 
estimated by tracing it out on aluminum foil of constant area per unit 
weight. Undue stretching and distortion of the skin was prevented by 
measuring the length of the rat and the circumference at three different 
levels along the body. A weight range from 276 to 325 grams was studied. 
Plotting log weight against log skin area the formula for skin area based 
on body weight was established as 5.83 x body weightP«°®’, The correspond¬ 
ing area of stretched skin was 29.67 x body weight0»1*8, with the stretch 
factor 5 x body weight“9»2.r 

• V1.G 

It was confirmed that ifhen 1*5 percent of the calculated prebum 
surface area is burned the resultant burn involves approximately 65 percent 
of the post-burn skin area, 35 percent of prebum area corresponds to 
approximately 55 percent of post-bum area, and 30 percent of prebum 
area corresponds to approximately 1*5 percent of post-bum area. The per¬ 
centage of skin, burned by the technic employed throughout these experiments 
by the authors, was shown to be remarkably consistent in the various weight 
ranges studied. 

EXPERIMENT 7-B. 
therapeutic sera. 

Bacteriology of bums, and antibacterial titres of 

Only pilot Studie? were ,performed. Random samples oí búm sites 
yielded cultures of E. coli and Proteus. Three strains of Proteus 
were tested by Major Muschel (Serology, WRAIR) against all the sera used 
in the various experiments, 10' organisms being subjected to the action 
of 0.1 ml of each serum. Antibacterial effect was estimated by the photo¬ 
metric method. The Proteus under these conditions showed no susceptibility 
to any of the sera. This^was particularly significant since vas.little as" 
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MO“9 gram (milliinicrogran ) of antibody has been known to .produce antibacterial 
effect with this technic. Some antibacterial activity of biim convalescent 
serum was observed on Shigella in two trials, but not in a third one. 

Summary and Conclusions î i 
• 

The primary objectives of this task have been achieved: burn con- 
? valescent sera collected under sterile precautions 2 to 5 months after 

bums, were shown to cause consistent though small lowering of the mortality 
after severe bums in rats (greater than $0 percent skin area), the greatest 
effect being seen on the third and fourth days after bums, and persisting 
in cumulative mortality figures as late as three and four weeks after bum. 

Sera from rats repeatedly burned, or from rats whose skin was excised 
and the wound was left open, or from rats suffering closed femoral 
fractures, were not shown to exert this protective effect. The open wound 
convalescent serum showed greater mortality on the second day so that the 
small protective effect on the third day after burn may have been due to 
accelerated deaths; cumulative mortality was essentially the same as that 
of rats treated with normal serum. 

The marked effect of Chloromycetin in reducing burn mortality, and 
the observation that bum convalescent serum was not more protective than 
normal serum when these sera were administered together with Chloromycetin, 
suggests indirectly that the bum convalescent serum might have exerted 
some of its protective activity through antibacterial action; however, the 
finding that open wound convalescent serum has not been equally protective 
suggests that some other factors also contribute to the lowering of 
mortality by burn convalescent serum. 

Estimations of surface area of the rat on the basis of weight, and 
the estimation of percentage of skin area burned by the standard hot plate 
technic were confirmed by special studies, 

Antibacterial titres of sera were studied against Proteus cultured 
free burned skin, 

A detailed account of these experiments will appear at a later date 
in a monograph. 
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The central and peripheral regulation of regional blood flow and 
metabolism has been studied by means of an improved electromagnetic flow 
meter chronically implanted in the active unanesthetized dog. A circum¬ 
flex coronary-pulmonary artery anastomosis in the chronic dog has been 
developed and is being studied for its future value in investigating 
determinants of coronary collateral flow. In the normal dog, coronary 
flow per minute increases in excitement but not during exercise. Cardiac 
sympathetic nerve stimulation increases the stroke coronary flow as in 
excitement. Exercise and excitement increase extemed iliac (skeletal 
muscle) flow, while passive change from the standing to the squatting 
position or to the upright position, decreases the flow. Splanchnic nerve 
stimulation, exercise, excitement and certain postural changes all decrease 
mesenteric flow. Renal blood flow is not significantly changed by carotid 
occlusion, large arterial oxygen saturation changes, reasonable blood 
pressure changes, postural changes, exercise and excitement, A fixed 
relationship exists in the kidney between sodium reabsorption and oxygen 
consumption at high and low levels of renal metabolic activity. In micro¬ 
puncture studies of the renal papillae of the hamster, plasma albumin con¬ 
centrations progressively increase to the papilla tip, while the hematocrit 
progressively decreases. Pressure-flow curves for the aorta, superior 
mesenteric, renal and external iliac arteries in unanesthetized dogs are 
not significantly different during hemorrhage at the onset of irreversible 
shock as compared to those during simple hemorrhagic hypotension. 
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(i, BODY OP REPORT 

Project No. 6x60-01-001, Internal Medicine:, ■ 

Task No. 4, Experimental Arterial and Heart Disease 
r . V 

Description: 

• The general plan of study is to obtain a broad perspective of the 
central nervous and local controls of the circulation of the unanesthe¬ 
tized dog exposed to normal and abnormal stresses of every day life. 
This is made possible without the associated insults of anesthesia, 
trauma, and surgery through the development of the electromagnetic flow 
meter for chronic implantation on the aorta and various regional arteries. 
The early experimental results are reported. 

Progress : - ‘ 

,, Improvements in the electromagnetic flow meter have permitted its 
.implantation for long term studies on chronic dogs« The general pi«» 
is to study the central and peripheral regulation of the regional blood 
flow and metabolism in dogs exposed to a variety of stresses including 
those that naturally occur, such as exercise and excitement. In each 
dog, present facilities permit simultaneous measurements of blood pressure 
through an indwelling polyvinyl coated nylon'tube in the aorta, of. aortic 
or pulmonary flow by a flow transducer on the ascending aorta or pulmonary 

V artery, and of flows through one or two arterial beds such as the renal 
. and mesenteric arteries. >J 

■*w i' • • ' . 

1* Improvement and evaluation of an electromagnetic flow meter. 
The electromagnetic flow meter amplifier now has improved gain »wriTTgnfli 
to noise ratio. Three amplifiers have been built. Transducers have been 
constructed in various sizes and these have been applied to the aorta, 
the common carotid, vertebral, iliac, mesenteric and renal arteAes, and 
to the cpronary arteries. Techniques have ,been developed for splicing 
sturdier cables to the transducers without sacrifice of size or flexi¬ 
bility, thus.reducing the incidence of failure due to cable breakage. 
New plastics are being investigated to minimize or eliminate failure 
due to tissue fluid seepage. ..y,. 

n 'r 

2. Development of a method to study collateral blood flow in the 
unanesthetized dog" Retrograde circumflex-coronary blood flow in the” 
intact dog, shunted into the pulmonary: artery'.via append to side anasto¬ 
mosis is being studied for its value in establishing some determinants 
of the intercoronary collateral circulation. Anastomotic flow in the 

,,. unanesthetized animal will be determined by the electromagnetic flow 
V meter and mean systemic and pulmonary pressures monitored by the use of. 
... chronic, indwelling, polyvinyl catheters. It is hoped that some insight 
-. into the basic pathophysiology of the aberrant left coronary artery will 

be obtained. , 
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3- Left coronary blood flow during rest, exercise and excl*»«»»* 
Studies have been made in the intact dog of the total ¿ffc-ry 
and systemic cardiac output, at rest, during exercise, and following 
various stimuli. The stroke coronary flow decreases during exercise while 
the coronary flow per minute increases considerably. The cardiac output 
increases by a factor of two to three while the stroke volume does not in¬ 
crease sensibly. Increase in heart rate seems primarily responsible for 
the elevated cardiac output and coronary flow. During excitement, the 
stroke coronary flow temporarily decreases mildly, then rapidly rises to 
a peak of about three times the control values» The systemic stroke 
volume temporarily decreases and then increases moderately, while the 
cardiac output becomes quite large. 

The effect of cardiac sympathetic nerve stimulation on left 
coronary blood flow in the chronic dog. Stimulation of cardiac sympathetic 
fibers in chronic unanesthetized dogs is accomplished by means of bipolar 
platinum electrodes mounted in an acrylic plastic holder and placed around 
the stellate ganglion or.tbe anterior root of the ansa subclavia. The 
effects of sympathetic stimulation are compared with those of excitement 
•and exercise. Early experiments show that following nerve stimulation, 
there is an initial reduction ip coronary flow and then an increase in 
flow. .This response is similar to that obtained during excitement. 

5* Chronic measurements of coronary flow and myocardial metabolism 
at rest. Left ventricular wojrk (cardiac output x arterial blood pressure) 
and left ventricular metabolism are being studied in chronic dogs by means 
of electromagnetic flow meters implanted around the main left coronary 
artery or one of its major branches, and by means of chemical analyses 
of arterial and coronary yenous blood obtained from the aorta and the 
coronary sinus, respectively, through indwelling polyvinyl catheters. 
Preliminary measurements have been made in three dogs. 

6. Determinants of skeletal muscle flow in the chronic dog. The 
flow in the external iliac artery is being studied under various experi¬ 
mental conditions. An increase in flow, accompanied by an increase in 
arterial pressure and cardiac output is observed in response to exercise 
and to excitement. Change from the standing to squatting position decreases 
iliac and aortic flow, and similar effects are noted as the result of change 
from the standing position to that which simulates the upright position of 
man. The results on tilting experiments are; equivocal. 

., r7* Determinants of mesenteric blood flow in the chronic dog. An 
electromagnetic flow meter is implanted on the inferior mesenteric artery, 
and bipolar platinum electrodes are placed around the splanchnic nerve. 
Preliminary experiments indicate that the mesenteric flow decreases during 
the stimulation of the splanchnic nerve and, to an even greater extent, im¬ 
mediately after the cessation of the stimulation. These effects are accom¬ 
panied by a rise in aortic blood pressure. Reactive hyperemia is moderate. 
A reduction in mesenteric flow together with an increase in arterial blood 
pressure and cardiac output has been observed in response to excitement, 
to exercise, and to some postural changes such as head down tilt. 



8. Autoregulation of renal blood flow In the chronic dop, Experi¬ 
ments have been performed regarding the ! autoregylation, of. renal blood 
flow in the normal unanesthetized dog, using the electromagnetic flow 
meter. Reactive hyperemia following artery occlusion is very small. 
There is essentially no change in renal blood flow with the following 
variables: bilateral carotid occlusion (anesthetized dogs), lowering of 
the arterial saturation by breathing a low oxygen mixture, excitement, 
large reductions of arterial blood pressure by hemorrhage, marked postural 
changes, light and heavy treadmill exercise of short and long duration. 
The basic mechanism of such, control is being, investigated. 

9. Renal sodium reabsorption and oxygen uptake in dogs during 
hypoxia and hydrochlorothiazide infusion. It is well established that 
sodium reabsorption in the kidney is an active process and that this 
process requires the bulk of the oxygen consumed by the kidney. In the 
present study, to test this at low levels of kidney activity, the active 
reabsoxptlon of sodium and the oxygen consumption of the kidney are de¬ 
creased by having the dogs breathe a 7.2$ oxygen mixture, or by intra¬ 
venous administration of hydrochlorothiazide. The renal blood flow is 
measured by an electromagnetic flow meter. In this severe hypoxia, the 
renal blood flow is essentially unchanged while it decreases mildly with 
hydrochlorothiazide infusion. Active sodium reabsorption and net oxygen 
consumption are lowered proportionately during the induction of both 
variables, thus indicating the persistence of a fixed relation between 
sodium reabsorption and oxygen consumption at this low level of renal 
metabolic activity. The basal oxygen consumption of the kidney is about 
1 jx ml/gm/kidney/min. á 

10. Micropuncture studies of albumin concentration and hematocrit 
in renal medullary blood of hydropénie hamsters . Renal medullary vasa 
recta blood samples are obtained by micropuncture techniques in golden 
hamsters following the Intravenous injection of 1^ labeled serum albumin. 
Analysis of vasa recta blood reveals a progressive increase in plasma al¬ 
bumin concentrations to the tip of the papilla. Ratios of vasa recta to 
peripheral plasma albumin concentrations near the tip of the papilla 
range from 2.1 to 2.9. Hematocrits of vasa recta blood seem to fall 
from base to tip of papilla ranging from 12 to 30 proximally, and from 
8 to 18 at the tip. The progressive increase in concentration of albumin 
in the vasa recta blood must be due to water loss into the hypertonia en¬ 
vironment. This is Interpreted to indicate that the permeability of these 
vessels is similar to that of other capillaries. The progressive decrease 
in hematocrit in the vasa recta blood probably results from short-circuiting 
of red cells into the medullary vessels. 

11. Aortic and regional pressure flow relationships during hemorrhagic 
shock in unanesthetized dogs. The effects of hemorrhagic shock on the 
pressure-flow relationship in various vascular beds of unanesthetized dogs 
are being studied by means of electromagnetic; flow meters chronically 
placed around the aorta, the superior mesenteric, renal and external iliac 
arteries. Blood pressure is monitored through an indwelling polyvinyl 
catheter in the aorta. Graded hemorrhage is induced by removal of blood 



from the aorta through a femoral arterial catheter cotuí^cIsèd^o ^Tíidoé ' -fe 
reservoir. An arterial pressure of 30*40 mm.Hg is maintained for approxi¬ 
mately 90 minutes, following which reinfusion occurs through the femoral 
vein. Then, after an additional 2-4 hours when blood pressure may start 
to decline toward shock levels, hemorrhage is again reinstituted. With 
the simple initial hemorrhage, aortic resistance is generally mildly in¬ 
creased, but the effects of this hemorrhage appear to be widely different 
in the three peripheral vascular beds thus far studied; the resistance to 
flow changes little or decreases in the renal circuit until quite low 
pressure levels are reached when it rises, whereas the mesenteric and, 
to an even greater extent, the external iliac beds respond to hemorrhage 
with an increase in resistance. When irreversible shock is imminent as 
evidenced after reinfusion by the onset of declining arterial blood pres¬ 
sure, the pressure-flow relationship in these vascular beds is not signi¬ 
ficantly changed from that observed earlier in the same experiment with 
simple hemorrhagic hypotension. 

Summary and Concluslòns: 

The central and peripheral regulation of regional blood flow and 
metabolism has been studied by means of an improved electromagnetic flow 
meter chronically implanted in the active unanesthetized dog. A circum¬ 
flex coronary-pulmonary artery anastomosis ’in 'the chronic dog has been 
developed and is being studied for its future value in investigating 
determinants õf coronary collateral flow. In the normal dog, coronary 
flow per minute increases in both exercise and excitement; the flow per 
heart beat increases in excitement but not during exercise. Cardiac sym¬ 
pathetic nerve stimulation increases the stroke coronary flow as in ex¬ 
citement. Exercise and excitement increase external iliac (skeletal 
muscle) flow, while passive change from the standing to the squatting 
position or to the upright position decreasesthe flow. Splanchnic 
nerve stimulation, exercise, excitement and certain postural changes all 
decrease mesenteric flow.; Renal blood flow is not significantly changed 
by carotid occlusion, large arterial oxygen saturation changes, reasonable 
blood pressure changes, postural changes, exercise and excitement. A 
fixed relationship exists in the kidney between sodium reabsorption and 
oxygen consumption at high and low levels of renal metabolic activity. 
In micropuncture studies,of the renal papillae of the hamster, plasma 
albumin concentrations progressively increase to the papilla tip, while 
the hematocrit progressively decreases. Pressure-flow curves for the 
aorta, superior mesenteric, renal and external iliac arteries in unanesthe¬ 
tized dogs are not significantly different during hemorrhage at the onset 
of irreversible-shock as compared to those during simple hemorrhagic 
hypotension.' 

‘ • -.-.' .V. 
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Evaluation of Post-thrombotic Arterial Atrophy, The plysiologic and 
anatomic responses of musculãrarteries to chronicreduction of the local 
hydrostatic pressure were investigated in adult mongrel dogs. Thrombosis of 
the common femoral arteries was produced by intraluminal implantation of a 
coil of thrombogenic wire (98 percent magnesium and 2 percent aluminum). 
Thrombosis or patency of the arteries was .determined by arteriography and/or 
surgical exploration. After hemodynamic studies, animals were sacrificed 
at varying periods from 2 to 7 months postoperatively. 
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Evaluation of Post-thrombotic Arterial Atrophy» To stucfy the ’ 
physiologic properties and anatomic changes^ if any^ of the media of muscu— 
lar arteries in response to chronic reduction in local blood pressure* 

• i 

Progress: 

" Evaluation of Post-thrombotic Arterial Atrophy* In a previous study 
concerned with the laboratory evaluation of the peripheral circulation in 
patients with occlusive arterial disease* it was disclosed that a remarkable 

jj state of hyperemia of the extremity ensues upon surgical reestablishment of 
arterial continuity. The data strongly suggested that the physiologic 
mechanism primarily responsible for this phenomenon was a reduction in the 
tone of arterial and arteriolar smooth muscle incident to the "chronic 
diminution of the normal stimulus, stretch* for the contraction of smooth 
muscle." This diminution was presumed to be a reduction in intraluminal 
blood pressure resulting from arterial occlusion. Since medial hypertrophy 
has been observed to occur in vessels subjected to a chronically elevated 
intravascular pressure* and since there is evidence that the process is 
reversible* it was contended that the reverse should also be possible, i.e., 
a chronically reduced intravascular pressure should condition medial atrophy 
and loss of tone. The present study was therefore undertaken in an effort 
to validate or refute this contention experimentally. 

Controlled experiments were carried out upon 55 adult mongrel dogs. 
Gradual thrombosis (10 to 30 days for complete occlusion) was conditioned in 
the common femoral artery on one side hy the intraluminal implantation of a 
coil of thrombogenic wire (98^ Mg and 2% Al). The contralateral side served 
as control for future studies. ' 

Two to seven months later* when occlusion was complete and collateral 
circulation fully developed, hemodynamic studies were undertaken in an air- • 
conditioned room maintained at approximately 21 degrees Centigrade. Ani¬ 
mals were anesthetized with a mixture of Dial “Urethane and Sodium Pento¬ 
barbital. Skin temperature, volume of pulse, and rate of blood flow in the 
paws were measured. Blood pressure in communicating small arteries and 
venules in the paw was determined by microcatheterization utilizing a stain¬ 
less steel canula (O.D. 0,5 mm). The popliteal and common femoral arteries 
of both sides were then exposed and careful measurements of their outside 
diameters (O.D.) were carried out. Intraluminal pressure was determined in 
both right and left external iliac, and popliteal arteries and veins. 
Finally, thie entire arterial tree was exposed. Equal segments were taken 
from the right and the left arteries at the same levels. These specimens 
were used for determination of diy weight, total nitrogen and histologic 
sections. 



Summary and Conclusions: 

Evaluation of Post-thrombotic Arterial Atrophy. 1. The extent and 
the rapidity of induced thrombosis could be preriatárm-inflri fairly accurately 
on the basis of the size of the individual coil and the'huinber of coils per 
centimeter of thrombogenic wire* This technique was developed ty trial and 
error, and through serial artériographie and histologic étudies. The average 
thrombus involved both the common femoral and the superficial femoral arteries 
for a total length of 7»0 cm. Several bridging collaterals joining the 
terminal branches of the internal iliac and the popliteal arteries were 
always demonstrated by arteriography. The mean blood pressure in arterial 
segments distal to the thrombus was reduced by about 22 mm. Hg as compared 
to the normal contralateral side. Pressure in communicating foot pad 
arteries and venules was reduced by 17 and 25 percent, respectively. The 
0. D. of the popliteal arteries on the experimental side was 25 percent less 
than on the opposite control side. 

The volume of pulse in the paw was much smaller in the thrombosed side 
than in the normal contralateral side. The rate of blood flow, however, was 
approximately the same in both paws under the condition of these experiments. 
The peripheral resistance in the paw was therefore significantly lower on 
the thrombosed side as compared with the control side. • 

2. Upon histologic examination a remarkable thinning of the media was 
demonstrable in the arterial tree distal to the thrombotic ocòlusion when 
compared to the control side. The dry weight and total nitrogen determina-, 
tions of arterial segments (1.0 cm. long) obtained from both sides at similar . 
levels in the arterial tree yielded mean values of 1*.5 mgm and O.83 mgm for 
the experimental side and 6.3 mgm and 1.2*mgm for the control side. 

In conclusion, a technique was standardized for production of pre¬ 
dictable thrombosis in the femoral artery of the dog. These thrombotic 
occlusions effected a chronic reduction in the hydrostatic blood pressure in 
the vascylar tree distal to the thrombus from the level of tte largest 
artery to the venule in the paw. This reduction in blood pressure was 
associated with medial atrophy and relative loss of tone in these arteries, 
as evidenced by a significant decrease in the 0, D. of these Vessels, a 
remarkable thinning of the media, diminished dry weight and total nitrogen 
content and a lower peripheral resistance on that side. 

This phaee is concluded. 

List of Publications: 
J. : 

1, Husni, E, A.: Experimental Thrombosis of the Canine Femoral Artery: 
Hemoctynamic Studies. To be published. 
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Final design of a new micropressure manometer with improved 
characteristics is being evaluated. 
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The National Bureau of Standards believes that the following 
characteristics and/or requirements have been attained and/or met in 
the development of a micropressure manometer for use in arteries and 
heart cavities: (l) adequate sensitivity and stability, (2) ruggedness 
and durability which permit its disconnection from womout catheters 
for salvage and reuse, (3) elimination of zero pressure drift, (4) 
simplification of construction details and layout to permit manometer 

^ of average training and skill. A construction 
manual with adequate detail has been supplied. Five finished micro¬ 
manometers are being tested from the standpoint of final physical charac- 

systemiC8 ^ °f characteristics in use in the cardiovascular 

Summary: 

Final design of a new micropressure manometer with improved 
characteristics is being evaluated. 
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Impedance to passage of alternating current has been found 
to be significantly lower in the skin lesions of patients with 
atopic dermatitis. 
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Description: 

These studies are intended to establish base line values 
for the electrical characteristics of human skin in both normal 
and disease states in order to evaluate the usefulness of the 
technique in diagnosis and management of cutaneous disease. 

Progress: • 

The electrical impedance of human skin to the passage of an 
alternating current has been measured by constructing an^ equiva¬ 
lent circuit against which the skin could be balanced. A range 
of normal of 9ii6 ohms to 2,818 ohms at 1:,000 cycles per second 
has been established in lOli normals. Impedance and phase angle 
were found to be low in 23 patients with atopic dermatitis at 
sites of the lesions but no significant deviation from normal 
values was found in the uninvolved skin. 

Summary and Conclusions: 

Impedance to passage of alterriating current has been found 
to be significantly lower in the skin lesions of patients with 
atopic dermatitis. 

• • • 

List of Publications: 

1* Lawler, J. C., Davis, M. J. and Griffith, E. C.: 
Electrical characteristics of the skin. J. Invest. 
Derm. 3hi 301, I960. 
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Large amounts of free histamine and. normal amounts of 
5-hydroxyind oleacetic acid (5-HIAA) were excreted by 13 
patients with urticaria pigmentosa (mastocytosis cutis). This 
excretion was not influenced by conventional therapy but could 
be correlated with symptoms attributable to histamine. A re¬ 
view of mastocytosis cases reported during the past ten years 
reveals these symptoms to occur with sufficient regularity to 
justify recognition of a syndrome associated with mastocytosis. 
Findings in the mastocytosis syndrome include skin lesions, 
hepatosplenomegaly and bone lesions; symptoms include flushing, 
pruritus and gastrointestinal complaints. Headache, malaise, 
weight loss and other symptoms occur with lesser frequency. 

Histidine metabolism in patients with urticaria pigmentosa 
has been investigated using in vitro and in vivo techniques. 
The skin lesions of these paîîents were sEõwn to have approxi¬ 
mately ten times as much histidine decaxboxylase activity as 
uninvolved skin. The metabolism of orally administered histi¬ 
dine -C-U* has been evaluated in eleven controls, two patients 
with urticaria pigmentosa, and one with chronic urticaria. 
Despite increased urinary excretion of free histamine by these 
patients, essentially no radioactivity could be demonstrated 
within the first five hours after administration in histamine 
or its metabolites. 
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V " ‘ 

These studies of the metabolic'abnormalities.in urticaria 
pigmentosa have been pursued with the expectation that they may 
serve as useful models for elucidation of the pathophysiologic 
processes involved In the urticarias in general. 

Progress: 

An increased urinary excretion of free histamine was 
found in all cases of urticaria pigmentosa studied. The 
amount detected in tho urine, while consistently greater 
than control values, varied often In an unpredictable fashion. 

Increased urinary excretion of free histamine could be 
correlated with symptoms in some patients. „One of the patients 
had prominent erybhrematous'flushing of her face and moderately 
severe frontal headaches. Another putient experienced bright 
erythematous flushes (each lasting approximately Í5 to 20 
minutes), diffuse headache, weakness, anorexia and vague mid- 
epigastric pain. Another patient was briefly^hospitalized be¬ 
cause •of marked oliguria, headache, bright erythematous flush¬ 
ing of the face and neck, nausea, vomiting, mi^epigastric pain 
and generalized weakness associated with moderate.transient 

• hypotension (80/j>0). ' 

An evaluation of the effects of antihistaminic and re- 
serpine therapy on histamine excretion by patients with urti¬ 
caria pigmentosa has been undertaken. Following two weeks or 
more of therapy, these agents had no apparent effect on the 

; urinary excretion of free histamine. In addition, all urine 
t -specimens were analyzed for >-hydroxyindoleacetic acid. 
r r'ïEvery sample gave a value within normal limits despite symptoms, 

... grossly elevated histamine excretion, or therapy. Analysis of 
R7f vesifiular fluid revealed only trace amounts of serotonin and 

5HIAA. 

_,^ > A tendency for patients with Urticaria pigmentosa to have 
relatively prolonged periods of oliguria with occasional epi¬ 
sodes, of diuresis has been observed. For example, the urinary 
output of one patient, a male weighing 215 pounds ranged from ^ 
360 ml. to 1,570 ml. but averaged only 620 ml. per 2h hours. # * 
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The daily urinary volumes of other patients also tended to 
be smaller than the generally accepted norm and in one case 
oliguria was one of the chief causes fõr hospitalization, 

A trace amount of radioactive histidine was administered 
to two patients with urticaria pigmentosa, one patient with 
chronic urticaria, and to eleven volunteer male control subjects. 
All medications were withhold for three weeks, and neither food 
nor liquids were given for twelve hours immediately prior to 
the experiment. Subjects received orally 10 microcuries of 
chromâtographically pure, uniformly labelled L-histidine-C1^ 
(approximately lli mg.) disolved in orange juice. Urine was 
collected for five hours, desalted, filtered, and fractionated 
using two-step ion exchange column chromatographic procedures 
in order to separate the histidine metabolites. The following 
metabolites were separated and their amounts measured: 
histamine, l,U-methylhistamlne, l,b-methyllmidaz<51e acetic 
acid, imldozole-acetic acid, rlbozyl imidazoleacetic acid, 
urocanic acid, formimino-glutamic acid, glutamic acid, hydan- 
toin proprionic acid, uric acid and unknowns. Repeated re- 
crystallizations and isotope dilution determinations allowed 
final quantitative analysis of radioactive metabolites. Of 
the radioactivity initially administered orally, about three 
per cent was present in the urine; of this approximately one- 
third was histidine, apparently excreted unchanged, and one- 
half was present as unidentified metabolites. 

• 

There were no significant differences between eleven con¬ 
trols and the patients studied. The detailed fractionation 
procedure did not reveal the presence of any peaks of radio¬ 
activity not found in controls, nor were any of the normal 
metabolites absent in urticaria pigmenlosa or chronic urticaria. 
It is especially noteworthy that despite the increased urinary 
excretion of free histamine by these patients, there was found, 
as with controls, essentially no radioactivity in histamine or 
any of its known metabolites. 

Homogenates of skin lesions of urticaria pigmentosa were 
incubated with C1** labelled histidine. SigÄificant amounts of 
radioactive histamine were formed by homogenates prepared from 
the skin lesions of urticaria pigmentosa. Radioactive hista¬ 
mine was recovered by chromatographic techniques. Small amounts 
(constant specific activity less than 2-3 times background) of 
radioactive histamine were also formed during incubation of 
histidine with uninvolved skin. Heating of homogenates to boil¬ 
ing prior to histidine incubation prevented the "formation of 
histamlne> Indicating,^his to be an enzymatic process. 

• • 
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The enzymatic ability of homogenates of. the lesion to 
synthesize histamine is approximately ten times that of 
un involved skin. The most active preparation formed 0.68 
micromoles of histamine per gram of Involved skin per hour. 
Smaller amounts of histamine were formed by the pooled biop¬ 
sies from children and this may reflect less histidine de¬ 
carboxylase activity in childhood mastocytosis. 

Summary and Conclusions: 
is 

Large amounts of free histamine and normal amounts of 
5-hydroxindoleacetic acid (5-HIAA) were excreted by 13 patients 
with urticaria pigmentosa (mastocytosis cutis). This excretion 
was not influenced by conventional therapy but could be corre¬ 
lated with symptoms attributable to histamine, A review of 
mastocytosis cases reported during the past ten years reveals 
these symptoms to occur with sufficient regularity to justify 
recognition of a syndrome associated with mastocytosis. 
Findings in the mastocytosis syndrome include skin lesions, 
hepatosplenomegaly and bone lesionsj symptoms Include flush¬ 
ing, pruritus and gastrointestinal complaints. Headache, 
malaise, weight loss and other symptoms occur with lesser 
frequency. 

Histidine metabolism in patients with urticaria pig¬ 
mentosa has been investigated using in vitro and in vivo 
techniques. The skin lesions of these patients were shown 
to have approximately ten times as much histidine d écart) oxy- 
lase activity as uninvolved skin. The metabolism of orally 
administered histidine -Clk has been evaluated In eleven 
controls, two patients with urticaria pigmentosa, and one 
with chronic urticaria. Despite Increased urinary excretion 
of free histamine by these patients, essentially no radio¬ 
activity could be demonstrated within the first five hours 
after administration in histamine or its metabolites. 

List of Publications: 

!• Demis, E. J., Walton, M. D. and Higdon, R. S.s 
Histaminuria in urticaria pigmentosa. Arch. Derm. 
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2. Demis, D. J, and Brown, D. D.: Histidine metabolism 
in urticaria pigmentosa. J. Invest. Derm. 36: 
253, 1961 ~ 

3. Williams, H. E., Demis, D. J. and Higdon, R. S.: 
Ataxis-Telangiectasia. Arch. Derm. 82 : 937, i960. 
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. An experimental study has been completed to test the variables 
\*ich may influence oral temperature readings. The hypotheses 
tested were that cigarette anokflig, gum chewing and ingestion of 
hot or cold liquids do not make.a significant difference in the 
degree of oral temperatures in afebrile and in febrile patients. 
Analysis of variance tests of significance shows that cigarette 
smoking and gum chewing do not make a significant difference in 
the degree of oral tanperature in afebrile patients, but.ingest- 
ion of hot and cold liquids ty afebrile patients does make a 
difference in the degree of oral temperature at the .05 level of 
significance. The findings in regard to cigarette emoking and 
gum chewing contradict published results of previous investigators. 

TheJ.f^ingS 111 ^11,3 research may be attributed to the experi- 
mental design in which experimental and control groups were used. 
In studies previously done, subjects were used as their own controls. 

Significant differences were shown in the oral temperature 
readings of febrile patients, which may be attributed to the 
alteration of the experimental design. Febrile patients were 
used as their own controls because the existence of fever had 
different causes and control groups could not be designated. 

• •• 

A series of unstructured interviews were completed to gain 
knowledge concerning the consideration given to variables prior 
to taking oral temperatures, ^ 

On the basis of the experimental findings four principles 
were formulated as guides for the nurse practitioner when taking 
oral temperatures of afebrile patients*. • . 
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Description: 

An experimental study was designed to identify principles of 
nursing to serve as a guide in taking oral, tanperatures. Data 
were collected during the winter months of the past two and one- 
half years. The basic premise is concerned with the influence 
of selected variables on oral temperature, 

• Reports in the nursing literature make reference to the effect 
of variables on oral temperature but these discussions are not 
ordinarily documented by findings from research, and particularly 
experimental research. Observations of the cardinal signs made 
by nursing practitioners tend to have an empirical basis as opposed 
to a scientific basis which relis on the findings of experimental 
investigation. 7 

The three hypotheses tested were: 

1, Cigarette smoking does not make a significant 
difference in the degree of oral temperatures 

,, in afebrile and in febrile patients. 

2, Chewing gum does not make a significant difference 
in the degree of oral temperature in afebrile and 
in febrile patients. 

3, Hot and cold liquids do not make a significant 
difference in the degree of oral temperature in 
afebrile and in febrile patients. 

Requirements for selection of the afebrile sanple were 
male patients, age range of 18-30 years, voluntary partici¬ 
pation, hospitalized for the period of four days during data 
collection, on a regular hospital diet, same ward environment, 
not receiving prescribed anti-pyretic drugs during the study, 
"average” smokers consuming 20 to 1*0 cigarettes per day, and 
confined to the ward on complete or partial bed rest. 

The total sample was divided into experimental and control 
groups. • Temperatures were taken twicej then the subjects of the 
experimental group smoked a-popular, brand, unfjltered cigarette. 
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Temperatures of patients in both groups were then taken immediately 
after members of the experimental group completed smoking, ten min¬ 
utes after-smoking and twenty minutes after smoking. For each 
replication,r.oiC^ach day, members of the groups were reversed, or 
those who were ¡i^ rthê experimental- group were assigned to the con¬ 
trol group and vidé-'Versa. 

Progress : 

** *“* ''J-xJT * 

To test-* thé rífcst two hypotheses concerning smoking cigarettes 
and che wing,, guiij. twelve and eight replications were done respect¬ 
ively for afehrïlé’^atients. Because the results were consistent 
in each replication snly two replications were accomplished for 
testing the effects of ingesting hot and cold liquids. Findings 
obtained for the hypotheses on cigarette smoking and gum chewing, (,. 
contradicted previous findings cited in the nursing literature, - .,,. 
(Brim and Cjhap^ler 1$50).# This difference may be attributed to 
the differences 'in the experimental design. In previous investi¬ 
gations “norma-Tsubjects" were used'as; their own control. Vari¬ 
ations in temperature were shown following smoking and chewing 
gum. The results shown in this research revealed that there was 
as much variation in control as there was in experimental groups j. 
therefore the differences in the degree of oral temperature were 
not statistically or observably significant. The numbers of 
replications .^nd reversal of group assignment permit challenge ' 
of previous findings. 

• 

The data were analyzed statistically by analysis of variance. 
Examples .of the findings of two replications of two different 
hypotheses,' tested for afebrile patients are’ shown in Tables I and 
II. 

J. dj-VT 

5 

*Brim, Katharine and Chandler, Betty A. "Changes in Oral 
Temperature." The American Journal of Nursing. 1*8:772 (Decem¬ 
ber ’^r-T —!r— 

" "Mcr. ■ 
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Table I. Test for Differences in Oral Temperatures 
Following Cigarette Smoking by Afebrile Patients 

Analysis of Variance 
i 

!-- 
Source of Variation D.F. 

Sum of 
Squares_ Mean Square 

(a) Smoking - Yes vs No 1 - 0.13- 0.13 

(b) Readings* 1 + li vs 2--+ 3 1 0.08 0.08 

(c) Readings 1 vs ^ 1 0,06 0.06 

(d) Readings 2 vs 3 1 0.006 0.006 

(e). (a) X (b) 1 0.57 0.57 

(f) (a) X (c) 1 0. hh 0.1*4 

(g) • (a) X (d)‘ 1 O.lil ’ o.ia 
Totals 

• 

7 1.69 
• 

1.69 

-^-Readings 1 . Pre-smoking reading 
2 -. Immediately after smoking 
3-10 minutes after smoking . 
h - 20 minutes after smoking 

The F ratio for the foregoing analysis of variance was not 
statistically significant. The observable differences in the 
degree of oral tonperature readings varied from + 0.2° to + 0.1joF 
in most instances obviating the insignificance oT change, “ 
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Table II, Test for Differences in Oral Temperature 
Following the Ingestion of a Cold Liquid 5°C 

Analysis of Variance 

Source of Variation 
j i Sum of 

D.F, J Squares Me an Square 

(a) Liquid - Yes - No 1 7.29 7.29 

(b) Readings^ 1 + 1; vs 2 + 3 1 k.bl kM 

¡(c) Readings 1 vs 1; 1 1.06 1.06 

(d) Readings 2 vs 3 1 0.2k 0.21* 

(e) (a) X (b}~ 1 1.28 1.28 

(f) (a) X (c) i 0.76 0.76 

,(g) (a) X (d) ! 0,28 0.28 

1 Totals 7 15.32 15.32 

•»Readings 1 - Pre-ingestion of cold liquid 
2 - Immediately after ingestion of cold liquid 
3-10 minutes after ingestion of cold liquid .,. 
h - 20 minutes after ingestion of cold liquid 

The F ratio for the analysis of variance concerning the 
ingestion of cold liquids is significant at the .05 level. 

It was necessary to deviate from the experimental design 
to test the hypotheses for febrile patients. Because the fever 
was due to differences in disease or physiological condition 
the febrile patients were used as their own controls. The 
differences in the degree of oral temperature for all hypotheses 
were significant at the ,05 levels. It cannot be definitely 
stated whether the changes in temperature were due to the fever 
or to the experimental design, especially since previous in¬ 
vestigators found differences in oral temperatures in "normal11 
subjects. 

Prior to data collection three dozen thermometers were cali-*1 
brated for use. Initial testing showed a wide disparity in indi¬ 
vidual thermometer readings. Differences of two degrees were 
evident in some instances. The medium used for testing was water. 



Because of the wide disparity in registration of thermometers 
obtained in previous tests by the investigator the controlled 
laboratory study was ’completed. The findings of the laboratory 
investigation show that differences in readings are minimal. 
However, because of differences in thermometers it is reccmmended 
that individual thermometers be used for each patient throughout 
his hospitalization, ' , 

The results of the laboratory test repeated in an electric¬ 
ally controlled water bath using five brands, of themaneters ar§ 
shown in Table III, 

Table III. Variance in Thermometer Register at Selected 
Controlled Temperature 

Brand of Snan of Variance at Controlled Temperature Reading»- 

Thermometer 95,6°F 98.6°F ¡ 100 F 102 °F 1 102.6°F 105°F 

A 0.6° 0.2° 0.6° .0.6° i 0.1*° 0.8° 

;B 0.1* 
0 

0.2 0.20- 
o i 0 

0.6 1 0.2 0.6° 

c : o.l> 0.1!°' . 0.1*° 

o
 CM 
•
O
 

BKT -
-

1 

o
 • 
o
 0.6° 

l~7!- 0.4 0*6° &
 o 

o
 

« 
o
 

0.6° 

;E 0.6° 0.6° ! 0.6° 0.6° ’ ' 0.6° •0.8° 

■»•An electrically controlled water bath with an electric 
stirring blade was used for the laboratory test. Thermometers 
were spaced in a wire rack and left in solution at the desig¬ 
nated temperature for a five minute interval, 

A series of unstructured interviews with 32 selected nursing 
. service personnel at Walter Reèd General Hospital were conducted 

- concurrently with the testing of each hypothesis. The purpose of 
the interview was to gain information concei’ning the nurses1 con¬ 
sideration of each of the variables prior to taking oral tempera¬ 
tures. The majority of interviewees stated they did not-take the 
patients* temperatures for at least twenty to thirty minutes after 
the ingestion of hot or cold liquids. In general they felt that 
smoking and gum chewing did not influence the degree of oral 
temperature but about twenty percent would wait for a period of 
at least fifteen minutes after smoking. 

The following principles of nursing which underly taking 
oral temperatures of afebrile patients are formulated on the 
basis of this experimental study: 

t 
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1. It is not necessary to wait for a period of time, to take 
the oral temperature of a patient after ’he has smoked a cigarette. - 
Readings of oral temperature Immediately after to twenty minutes' ^ 
following- smoking a popular-brand unfiltered cigarette were not 
significantly different from pre-smoking temperature readings in 
afebrile patients. The average change in thermometer registration 
ranged from + 0,2° - + 0.1i°F, 

2. The patients* oral temperatures may be taken immediately , 
following chewing gum. Readings of oral temperatures immediately . 
after to twenty minutes following chewing gum were not signifi¬ 
cantly different from pre-gum chewing temperature readings in 
afebrile patients. Change in thermometer registration ranged from 
+ 0.2° - + 0.6°F. 

3. Before taking a patient's temperature after he has drunk 
cold liquids it is necessary to wait for at least a twenty-minute 
period. Immediately after and until a lapse of twenty minutes 
following the ingestion of cold liquids (1;° - 10°C /TfO° - 50°P7) 
there was an average decrease in temperature ranging from 1.0er- 
l.it°F in afebrile patients. This difference in the degree of 
oral temperature was significant qt the .Of) level, 

•* 

ii. It is necessary to wait at least twenty minutes after 
the patient has ingested hot liquids before taking his tempera¬ 
ture orally. Immediately after and until a lapse of twenty 
minutes following the ingestion of hot liquids ( T = 7CP-,76°C . 
/158° - 168.8° i/), tjjere was an average elevation in tempera¬ 
ture ranging from 0.8 - I.ii°F in afebrile patients. This 
difference in the degree of oral temperature was significant 
at the .05 level. 

The definition of a principle as used in this research is 
"a truth that has been proven which serves as a guide to action."» 
Principles within the limits of this definition could not be 
formulated concerning changes in oral temperatures of febrile 
patients because of the necessarily changed experimental design. 
With no central group with which to make comparison it was im¬ 
possible to tell whether the temperatures were due to the intro¬ 
duction of variables or to variations occurring among individual 
patients. 
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Summary and Conclusions: 

Analysis8 of variance was used to test the hypotheses that 
cigarette smoking, gum chewing and ingestion of hot and cold 
liquids do not make a significant difference in the degree of 
oral temperature in afebrile and febrile patients. Experimental 
and control groups of patients were used making this design 
uniquely different from previous nursing investigations. 

Results of the experiments show that, in afebrile patients, 
cigarette smoking and gum chewing do not make a significant 
difference in the degree of oral temperature, but ingestion of 
hot and cold liquids makes a difference in oral temperature read- 
ings at the .0^ level of significance. The tonperatures of febrile 
patients were different following the introduction of the four 
variables of cigarette anoking, gum chewing and hot and cold 
liquids. Because control groups of febrile patients were not 
used it cannot be concluded that differences in temperature 
readings were due entirely to the variables tested. 

Calibration of thermometers pgior to testing each hypothesis 
showed variations ranging from O.lj to 0.8°F, Because seme vari¬ 
ation does exist it is recommended that patients* be given indi¬ 
vidual thermometers for use throughout their hospitalization. 

Selected nursing personnel wérè interviewed to survey their 
opinions relating to whether, tjtè variables tested were taken into • 
consideratiqn prior to taking patients* tonperatures. The major¬ 
ity of the nurses felt the variables did make difference and 
waited from 20-30 minutes foliowing the ingestion of hot or cold . *' 
liquids. Less consideration was. given to smoking and gum chewing. 

On the básis of'•the experimental findings four principles 
have been evolved to serve as guides for nurse practitioners in • 
taking oral temperatures in afebrile patients. . • 

• • • * * 

List of Publications: To be submitted to Nursing Research for 
publication (based on interest expressed by."editor). ' ' 
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Work continues in the study of iron absorption. Method is 
under investigation to use Fe59 as a tag to permit study of the 
turnover time of intestinal epithelium. Study of calcium 
absorption has been initiated. 
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B^DT OF REPORT . 

Projèct No. '6X60-01-001 ' ,v -Title Internal Medicine 
’ .Q;:" •• • 

Task No. 31 Title Gastrointestinal physiology 

Descriptioni A study of the absorptive process in normal and 
abnormal conditions of the small bow,el. 

i. *J C.». V. 

Progress: 
.(T" 

The Department of Gastroenterolpgy was established in 
I96I. It consists of two officers and one full-time and two 
shared téchhlïcians. Currently, mo sí professional .activity 
is awaiting'xTelivery of equipment, but several projects in 
studies of calcium metabolism have been initiated: 

1. Absorption and skeletal kinetics of Ca^7 as 
studied with the whole body counter. 

2. Calcium absorption in rats. 

3. i^yeloma bone disease. 

Work has also begun in radiographic techniques for the 
localization of Fe^° as a means of determining the half life 
of intestinal mucosa. Preliminary experience indicates the 
practicability of this method. 

The electron microscopic investigation of iron from the 
human intestine was curtailed by the remodeling of the elec¬ 
tron microscopic laboratory during the current reporting 
period. As a result, the work has been limited to further 
characterization of the ferritin-containing bodies, which are 
the only ferritin depots thus far noticed in the absorptive 
cells. These bodies are ovoid in profile, somewhat wider 
than the mitochondria among which they lie, and are not membrane- 
bound although their boundary with the cytoplasmic background 
substance is very sharp. The ground substance of the bodies 
is granular and portions are sometimes in a regular art-ay 
suggesting a crystal of apoferritin with iron in only a few of 
the molecules. The origin of the granule is unknown; no asso¬ 
ciation with endoplasmic reticulum is apparent, and these 
bodies have never been observed in the Golgi region. Obviously 
a knowledge of the nature of these bodies will be necessary for 
a complete understanding of the physiology of iron absorption, 
but in the interim a number of questions can be attacked more 
efficiently because the area to be observed has been limited. 

* 



Stuanaiy and Conclusions s 

Work continues in the study of iron absorption. Method 
is under investigation to use Fe^9 as a tag to permit study 
of the tumovoi* time of intestinal epithelium. ' Study of 
calcium absorption has been initiated. 
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2. Crosby, W. H.» A concept of the pathogenesis of anemia 
applied to disorders of the intestinal mucosa. Amer. J. 
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A systematic investigation of traditional bed bathing pro¬ 
cedures as a contributing factor to drying of the skin during 
hospitalization is being conducted. This research is designed 
to test the hypothesis that the use of a specific nonionic emul¬ 
sifier in giving’ complete oi* partial bed baths does not make a • 
significant differerice in the skin condition of patients. Se¬ 
lected patients are bathed for 21 consecutive days .by nurse 
investigators. One-half of the body (control) is bathed with 

.soap and water.» The other half of the body (experimental)* is . 
• bathed.nrith a specifiç nonionic emulsifier and water, A double¬ 

blind’ approach is being used in that the. control and experimental 
portions of the body are hot disclosed to observers,. Approxi¬ 
mately eight independent observers examine the skin condition 
for dryness and scàliness each week, KerAtin is stripped from 
the skin by placing cellulose tape on the lateral surfaces of 

. the ankle on the control and experimental sidçs three times 
throughout the 21-day period. The strippings are exposed to a’ 
densitometer for an objective registration of the.amount of 
epithelium. ^Medical judgments are made each week by a derma- 

*tologis,t who serves as consultant to the nursing research team. 
• • 

, 

« 

• •*••• • 
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» BODY OF REPORT 

Project No. 6x60-01-0^1' Title: Internal Medicine 

Task No. 32 Title: The Influence of Bed Bath , 
Procedures on Skin Condition 

* ♦ 
Description: 

An experimental investigation is being conducted to study 
the influence of bed bathing on the skin condition of selected 
patients. The research is designed to evaluate the effects of 
the following nursing measures on the skin; (l)"conventional 
soap and water bathing as compared to a specific nonionic emulsi¬ 
fier and water bathing} (2) back massage with alcohol and lotions 
following bathing; and (3) the use of wash cloths as compared to. 
cellulose sponges for bathing. Ihe hypothesis being tested is 
that the use of a specific nonionic emulsifier in giving complete 
or partial bed baths does not make a significant difference in 
the skin condition of selected patients. 

• 

•Patient comfort is a primary nursing concern in the adminis-# 
tration of cafe. Hospitalized patients may complain of dry, itchy 

. skin, particularly on the elbows, knees and back There'friction 
with bed linens occurs. It is the premise of the investigators 
that conveptional**bed bathing procedures with soap and water . 
.contribute toward-an increase- in dryness of the "skin. 

• • • • • # 

■ Selected-patients on orthopedic, neurosurgical and general 
medical and surgical wards at Walter Reed General Hospital are 
bathed for approximately -twenty-one -consecutive days by the in¬ 
vestigators. One-half of the body (control) is bathed with soap 
and water. The other half of tlje body (experimental) is bathed 
with a specific nonionic emulsifier and water. Ihe portions of 
the body which are control and experimental are randomly desig¬ 
nated by the investigator•bathing the patient and this knowledge 
is not disclosed to other invfestigatdrs or observers. A double¬ 
blind approach is used in making observations in that the ob¬ 
server is- not aware of the experimental and control designations. 
Patients bathed are placed into one of six groups. One-half of 
the sample or three groups are bathed with; wash cl®the • and the 
other half are bathed with cellulose sponges. The sample is 
again sub-divided into thirds or one-third receive an alcohol 
back rub following bathing} one-third receive a back rub with 
massage lotion} and the remaining patients receive no back rub 
following bathing, 

A rating scale has been devised for observers to record an 
estimated degree of roughness, and scaliness of the skin. A 
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translucent plastic slide is used to scrape lightly the lateral 
surfaces of“the patients1 ankles. The..amount of epithelium 
appearing on the slide is judged and recorded by observers. 

On the first, tenth and last day of the study a one-time 
teratin stripping is done by placing a strip of cellulose tape 
on the anterior surface of the legs of the patients. The tape 
is removed and mounted on a microscopic slide for examination 
and measurement of the thickness of the epithelium with a 
densitometer. 

Progress : 

To date twenty-six patients between the ages of 35 and 79 
have been included in the study. Approximately one-half of the 
sample are male patients and the other are female. Daily obser¬ 
vations are made by each investigator, and in addition, approxi¬ 
mately eight independent observers examine the skin for dryness 
and scaling each week. Keratin strippings are done on the first, 
tenth, and final day of the study. Hie dermatologist examines 
¿he patients once each week for the three-week period. 

The nurse and physician ratings concerning the amount of 
dryness will be analyzed for differences occurring on the ex¬ 
perimental and control sides of the body. The densitometer 
registrations will be statistically analyzed to ascertain if 
differences exist. Data collected thus far are currently 
being analyzed and suggest that differences in experimental 
and control sides of the patients may exist but the data are 
still insufficient to justify ary firm conclusions.' Plans are 
"being made to - continue the bathing procedure and increase the 
sample size, 

Summary and Conclusions: 

An experimental investigation is being conducted to test 
the hypothesis that the use of a specific nonionic emulsifier 
in giving complete or partial bed baths does not make a sig¬ 
nificant difference in the skin condition of selected patients. 
One-half ,of the body is bathed with soap and water (control) 
and the other half is bathed with a specific nonionic emulsifier 
and water (experimental). .> The double-blind approach is used to 
make independent observations of^roughness and scaliness on the 
experimental and control portions of the body. 

Epithelium is stripped fron the skin by placing cellulose 
tape on the lateral surfaces of the ankles on the control and 
experimental sides three times during the study. Hie strippings 
are exposed to a densitometer for an objective reading of the 
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am oui]t of epithelium* ■- 

Data collected0to date are insufficient to establish any 
firm conclusions^ therefore the study will be continued until 
a larger number of patients are included. 
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Approximately 200 specimens have been received byreference 
to this laboratory requesting epinephrine and norepinephrine assays 
on blood plasma in support of differential diagnosis* of hypertension.' 

* • • • 

, • Collaborative research has-been accomplished in the areas 
of mode of action of mercaptoethanolamine (MEA) in production . 
of hypertension and hypotension in the experimental animal.. .* • 
In addition assistance has been given in a.program involving'the 
interaction of glucagon, insulin, and epinephrine. 

A satisfactory method for fluorometric assay of histamine 
has been standardized and research is now continuing regarding 
the effect of histamine release in the radiation protected animal. 
Additional problems are encountered when there are excessive 
amounts of sulfhydryl compounds in the specimen for a*ssay since 
these compounds interfere with histamine‘^ssay. • 
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BODY OF REPORT 

Project No. 6X60-09-001 m Title: Metabolism 
© 

Task No. 1 Title: Pressor Substances 
•t 

Description: The study of pressor substances has been under¬ 
taken to provide improved diagnostic assistance to those hospitals 
where the facilities are not adequate for the performance of 
these complicated techniques. In addition, the physiological 
response of experimental animals in the research program requires 
more adequate definition of the role of the pressor substances 
in radiation protection, in traumatic injury, and in the interplay 
of these substances with biochemical processes. 

Progress: Emphasis has been put on collaboration with other 
groups and setting up analytical procedures as needed in addition 
to the screening of samples to assist in the diagnosis of pheochromocy- 
toma. • 

Weil Malherbe's method was used for plasma, epinephrine . 
and norepinephrine. For adrenal gland catecholamines the method 
of Montagu was psed. The method of Roe was used for Vitamin C 
analyses of the adrenal gland. In addition, a fluoremetric method 
for the analysis of histamine in blood and tissues was evaluated 
and put into use. The procedure found to be most satisfactory in 

‘ !our. laboratory is that of Shore et al. (V. Pharm & Exp Therap. 
.127:182-186 (1959) )* 

Appproximately 200 samples were analyzed for possible cases 
of pheochromocytoma. This is a slight drop from previous years 
and possibly reflects intreased clinical experience with this form 
of tumor. This laboratory still has no access to the final diagnosis, 
consequently correlation of high catechol values with confirmed 
tumors is not available. Most reference samples are submitfedby 
the VA hospitals (71%), followed by Army hospitals (22%) and the 
Air Force and Navy about (7%). Many of the samples from the VA 
represent part of a long term collaborative project, now in its fifth 
year, in studying plasma catecholamine levels in patients with 
various types of kidney diseases. This should yield some valuable 
medical information when completed. 

A major portion of the effort is directed toward assisting the 
Pharmacology Section Of the Radiobiology Department of the 
Division of Nuclear Medicine with their problems involving chemistry. 
Work on dogs Ipd to thé belief that histamine .was released following 
the injection of MEA, a potent radioprotective agent. The 



'Ji'l 

fluqrometric procedure of Shore et al was adapted to the Farrand 
Model A fluorometer and found to be normally satisfactory. 
However, MEA, in any amount, interferes with this method, 
and since the ratio of MEA over histamine is about 5000 to 1, 
separation has been very difficult. Amberlite IRC-Bo, while 
giving excellent recovery for histamine alone, does not give 
complete separation. It is hoped that work in progress with paper 
chromatography will allow the determination of histamine in the 
presence of MEA. 

* ,'t 

In addition collaborative studies have been carried out with 
the Department of Cardiorespiratory Diseasesoregarding the 
catechol levels in blood from different vessels of the heart. An 
additional collaborative research effortjn progress with personnel 
of Roswell Park Memorial Institute, Buffalo, New York in a 
project involving the interaction of flucagon, insulin and 
epinephrine. 

• ' { i’1 : •' 
• ‘ ‘ .( i 

Summary and Conclusions: The determination of blood levels 
of epinephrine and norepinephrine has continued with approximately 
200 reference specimens being received during the year. Cor¬ 
relation of elevated catechol levels with adronal tumors is not 
possible at this time due to difficulty of knowing final diagnosis 
on the patient 

• * 

Collaborative«research has been done in the areas -of • * i » 
catechol, responses to radiation protection drugs and a proposed 
mechanism of production of the hypertensive response of the 
experimental animal has been published^ Additional research 
has involved the interaction q£ glucagon, insulin, and'epinephrine. 
These studies doa not as yet allow full evaluation. 

• • • 
A satisfactory method has been established for assay of 

histamine in the blood arid tissues. - ““ 

•I. .r. Publications: 

/1 *■ 

1. Mundy.R. L. , Heiffer.M, H. and Mehlman, B.,. The Pharma¬ 
cology of Radio-protectant'Chemicals, Biochemical Changes in 

’ the Dog Following the Administration of Beta-mercaptoethylamine 
(MEA). Arch. Int. Pharmaco. et de Therap. 13Q: 354-367(1961). 

2. Heiffer, M. H. , Mundy. ^L. L. , Mehlman, B. , Plasma 
jCatecholamine Levels and Adrenal Ascorbic Acid Content 
Following Beta-mercaptoethylamine'(MEA) Administration. 
Endocrinology - Accepted for Publication. • 
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Talks presented at Radiation Research Society, Washington 12,D. C. 
May 15-17, 1961 ® 

9 

1. Mundy, R. L., Heiffer, M. H. , Mehlman, B. , Mechanism of 
Beta-mercaptoethylamine Induced Hypotension in the Dog. 

2. Heiffer, M. H., Mundy, R. L., Mehlman, B., On * Some Effects 
of Beta-mercaptoethylamine and Cystamine in the Rat. 
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We have previously reported a marked increase of the serum 82 globulin 
within 24 hours after total body irradiation, and a similar 82 response was 
noted by otherJtQvgßJjLgajtors in inflammations, bums, extensive surgery and 
duritfg the growth of tumors. Our.earlier efforts to clarify the physio¬ 
logical significance of this response have led to the demonstration of a 
selective‘decrease of the 82 serum globulins in tissue‘culture media during 
periods of active cellular proliferation. 

During the current period we sought to ascertain whether this decrease 
was due to conditions peculiar to tissue culture such as attachment of cells 
to glass surfaces or whether it was indeed related to cell metabolism and 
growth. It was found that the relative concentration of the 82 globulin in 
tissue culture media is an inverse linear function of the number of cells 
present at any given time and that the rate of the a£ globulin decrease 
depends on the exponential growth rate of the cells. 

. These results indicate that the a£ serum globulin is actively involved 
in cellular growth. . 
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Description: Wfe have previously rejported a mai-ked increase of the1 serum a, 
globulin within 2.4. hours after* ¡total body it radiation (Glinos, A. D. and 2 
Berger, C.-M.,» Fed. .Proc., 18: 51, 1959), and s-similar a« response was noted 
by other investigators in inflammations, burns’, extensive surgery, ànd during 
the growth of tumors. The physiological significance of this response is un¬ 

certain, as it could be-associated either-¡With ¡tissue destruction or-With’, 

tissue proliferation which also.occurs-in different degrees and different' 
times in all these conditions., -Our earlier efforts to obtain evidence help¬ 
ful in deciding between these two alternatives have led tò the demonstration 
of a selective decrease of the a2 serum globulins in tissue culture-media ' 

during periods of active cellular proliferation. _ 

Progress: During the current period we sought to ascertain whether this de¬ 
crease was due to conditions peculiar to tissue culture or whether it was 
indeed related to cell metabolism and growth. The main condition peculiar 
to tissue culture which could perhaps account for this decrease of the'a. 
globulin of the medium is the attachment of the cells to the glass, in the 

stationary type L cell cultures used in this work. Other investigators re¬ 
ported that fetuin,ran alpha globulin found-at relatively high concentrations J’ 
in fetal sera, caused adherence of cells to a glass surface;, only in its • • 
presence did cells assume a flattened epithelial like appearance and began 
to grow. The physical and chemical characteristics of fetuin indicated a ’* 

close relationship.to ¡the glucoproteins of the a2 globulin fraction of . 
adult sera. The question therefore arose whether our observations on the 

decrease of the 32'globulin fraction on tissue culture media could be inter¬ 
preted on the basis of a function similar to the function of fetuin. 

* * * • # 

In such a case it would be expected that the decrease of the a? frac¬ 
tion would manifest itself in the first hours after inoculation of a cell 
suspension .into a oulture flask and that its course would be related to 
the events pertaining to* the attachment of the ‘cells to the glass rather 
than to cell*growth. a This possibility was investigated as follows: Stock 
tlasks of the L strain were trypsinized and the cells washed and resuspended 

. . in a medium consisting of 387. rat serum in Earle's balanced salt solutioñ. 
. After determination of .the cell-density of these suspensions-through elec¬ 

tronic cell counts, a number of T-15 tissue culture flasks were inoculated^ 1 
with a volume of the suspension adjusted to yield 600,000 cells/flask. In 

addition an equal number ef control *flasks containing the identical ttediiia 1 
but without ceils were set up. Experimental and control flasks were incubated 
for periods of.time-ranging from 2 to 12 hours. • At the end of thesé’ incubation 
periods the experimental flaskswete-examined microscopically and the extent - 

■■oi-ecW adherence and flattening notedj the media were theh removed-, the y i 

cells were fixed,with citric acid. ^resustjehded' ¿hd counted^ Total protein 
and its electrophoretically identifiable cbtaponénts were-determitiëd ita the l' 
media of both experimental and control flasks. 
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These determinations revealed that the relative concentration of the &i 
globulin fraction remained constant in both experimental and control flasks 
throughout the 12 hour observation period. During this time the free float- ' 
ing cells of the inoculated suspension were observed to adhere to the glass 
surface of the experimental flasks and to undergo a series of progressive 
morphological changes leading from the original contracted spherical form 
through the partially flattened spindle shaped cell to the fully flattened 
polygonal form characteristic of stationary cultures of this strain. There 
was no change of thé cell number in any of the experimental flasks through¬ 
out the 12 hour observation period. 

These results clearly indicate that the attachment and flattening of the 1 
cells on the glass does not account for the decrease of the relative concen¬ 
tration of the S2 globulin observed earlier. It would, therefore, seem 
reasonable to propose at this point that the a2 globulin is utilized by the 
cells. This utilization could be related to the mere maintenance of the cells 
or it could be related to ceil proliferation. Obviously, the answer to this 
question would provide a most significant clue for the understanding of the 
physiological role of the &2 globulin in the clinical situations mentioned 
earlier. Accordingly, a series of investigations was undertaken based on the 
premise that in a tissue culture system, utilization of the a. globulin for 
cellular maintenance will be manifested with a progressive decrease of the S2 

•’ globulin rèlatted to the increasing number of cells fh the culture but inde¬ 
pendent of the rate of-cell division. On the other'hand, if this protein 
participates in cell growth it would be expected tóadisappear from the medium 
at a fate related to the fate of cell division. 

• • 

* * • • 

In these experiments replicate cultures’of "the-L'strain-adid control blqnk 
flasks containing* medium only were set up as described previoûsly. ‘Cell num¬ 

bers and a2 globulin levels were determined after*3 and 6 days bf incubation. 
Table No. I shows the results obtained with two different pool's of sera. ' 
Growth was exponential in both cases, with a rate of 0.44 divisions 
(doublings) of the population per day for the first serum pool and 0.29 for 
the second. In both cases the a2 globulin as measured by the difference be¬ 
tween »the control blank flasks and the cell containing culture flasks de¬ 
creased as the cell number increased; When the data pertaining to this rela¬ 
tionship are plotted as in Fig. 1 it can readily be seen that the a2 globulin 
decrease is a linear function of the number of cells and that the rate of * . 
this decrease is determined by the rate of cell division. 

These results then lead to the conclusion that the a2 serum globulin 
participates actively in the process of cell division. 

Summary and Conclusions: Ue have previously reported a marked increase of the 
serum globulin within 24 hours after total body irradiation, and a similar 
a. response was noted by other investigators in inflammations, bums, exten¬ 
sive surgery and during the growth of tumors. Out eárlier efforts to clarify 
the physiological significance of this response have^led to the demonstration 
of a selective decrease of-the-a^ sérum globulins in tissue culture media 
during periods of active cellular proliferation. ' 
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During Che current period we sought to ascertain 
was due to conditions peculiar to tissue culture such 
to glass surfaces or whether it was indeed related to 
growth. It was found that the relative concentration 
tissue culture media is an inverse linear function of 
present at any given time and that the rate of the a3 
on the exponential growth rate of the cells. 2 

whether this decrease 
as attachment of cells ' 
cell metabolism and 
of the a. globulin in 
the number of cells 
globulin decrease depends 

These results indicate that the a* serum globulin is actively involved 
in cellular growth. 

List of Publications; Glinos, A. D. and Brown, fc. T. Cell Division and a, 
serum globulin utilization in replicate cultures of L strain cells. Submitted 
for publication. 

Table I ■ 
Cel| division and globulin decrease in L strain cultures in sera with 

,j different growth promoting activities 

Serum 
Pool 

#1- ' 

no. of c*ells7flask x 10^ 
•.relative %cel;l po. 
aj-globuliq of blank; 
&2 globulin of culture 
diffeijeroe blank- 
culture •'• 

Days of Incubation 
1 3 6 

28.7 
•1 • 

8.5 
8.5 

82.0 
2.8 
8.6 
5.4 
3.2 

173.4 
6.2 

. 8.5 
2.3 

•6.2 

Cell Division Rate 
logwYo - log^Yn. • 

T2-Ti 

0*44 . 

Serum 
n 

no. of cells/flask x 10 
relative cell no. 
&2 .globulin of blank 

1 32 globulin of culture* 
■ difference blank- 

culture 

28.7 
1 • 
9.1 
9.1 

54.6 
1.9 
9.0 
8.0 
1 

94.8- 

3.3 
9.3 
6,9 
2.4 

0.29 
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¿2 of blanlc-a^ of culture medium 

log^ rélative 
cell no. 

Figure 1 . 

V. 
;i ; • 

Relationship of the decrease of the globulin of the culture medium to: 
cell division. The' upper line corresponds to the cultures of Experiment No. 1 
with an exponential cell division rate K * 0.44. The lower line corresponds 
to the cultures of Experiment No. .2 with an exponential cell division rate 
K « 0.29. 

@ 
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Body potassium measurement with the human body counter has 'added 
a tool of assistance* in metabolic studies. The continued refinement of • 

• techniques In the’Steroid‘Laboratory has enabled us to begin the 
fractionation ef^tertain crudp groups of steroids. The suppression- 
stimulation test for adrenocortical function is standardized for routine 
clinical use. Additional capabilities in lipid research have .been added 
and it is generally hoped that the direction of our investigations will be 
tcwardjstudies of intermediary metabolism of both lipids and carbohydrates 

Further studies in metabolic edema ha.ve been productive and will be 
extended to try to isolate the defect. Two patients with hyperkalemic 
paralysis were carefully studied and additional information on the 
defect has been obtained v/hich is being used in therapy. A method 
for simultaneous determination of total body water, extracellular space 
and plasma volume is being developed and may become clinically useful. 

162 



B:.DY CF REPÒRt 

Project 6X60-Ü9-QC1, Mctcboliom 
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Dcocription: For better underatending of nunnerdüs dioeasc end injury 
3tatco, an attempt is being made to study intormedit-ry 
metabolism of carbohydrates and lipids rather than groso 
metabolic balances, similarly, in the field of fluid and 
electrolyte balance, studies are being directed tpwe-rd 
mechanisms of shifts of these constituents rather tha.n 

• measurement of net changes. This change in direction 
requires development of new techniques which is, 
gradually being accomplished. 

Progress: 

1. Glucose Intermediates in Metabolic Diseases . Studies'on glucose 
intermediates have nearly been suspended during this past year eut ar.e 
expected to‘take’ up a major portion of studies in metabolism with.new 
analytic methods w&en the gas-chromatography will be available-. These 

studios will extend the previous observations and should-be extremely 

important.- . ‘ ' 

‘2. jfudie-s of Pota'dsium Metabolism. The-irdportahee of disturbances 
of body potassium is'increasingly evident in clinical‘medicine. Because _ 
of the intracellular position of mqst of the body pota.ssium pool and the* 
cation dynamism,, metabolic balance data a.re required for compre¬ 
hensive study. These are being obtained in,hyper- and hypokalemic 

"staffs, along with correlations of.the relationship of potassium to 
sodium and other blood and tissue constituents.. The human body counter 
has proven to be a tool of great usefulness ip studies of total body 
pota*ssium and further studies.are in progress. . 

3. otikUes of Endocrine Function. 

a. adrenal Cortical Suppression and Stimulation 

A standardized test of adrenal cortical function has been 
developed consisting of the assay of urinary adrenal cortical steroids for 
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17-hydroxycorticoida, 17-kctooteroids,. and prcgnonetriol during c. 
2-day control period, a 2-day period of administration of decadron, a 
second 2-day control period, and a 1-day period of administration of 
/-CTH. This has been further modified by measuring urinary adrenal • 
cortical steroids during a 2-day control period followed by 1 day of 
i-CTH stimulation. 

b. Fregnanetriol Determinations 

A technique is now avcilable to determine pregnanetricl. 
The urinary pregnanetricl levels of 20 normal subjects have been 
studied so that we he.ve been c.tle to establish a normal urinary 

pregnenetriol range of 0. 5 to 2. 6 mg/24 hours. In addition, we have 
found that pregnanetriol and related compounds can be detected simply* 
by the use of 20% antimony pentachloride. This has enabled us to study 
the "pregnanetriol fraction’ .of a patient with metastdttc^functioning 
adrenal carcinoma and the "pregnanetrjUU-Mxdirion1 W a patient with 
hirsutism end elevated 17-ketosteroid3 and elevated "pregnanetriol". 
In this latter patient, two unusua.1 steroids have been found which care 
being investigated further. 
• • 

c. Total .Urinary Corticoid Spectrum . * 

• •steroids u¿ing a simultaneous procedure which isolates o-crudc 

• # • 

(1) It is now possible to’assay urinary ‘adarenal cortical 

(2) With the acquisition of a fiuorcspectro-photometer we 
are setting up the technique for measuring plasma steroids. 

’ • ’0) V/ith the acquisition of an infra-red analyzer, ifcis now 
possible to identify individual steroids in a precise fashion. 

to set up a double isotope method for the determination of aldosterone 
in urine. 

(4) A paper scanner has teen obtained which is being used 

lóli 
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a. Jtuàiea in i .dren.c.1 Cr.rcinoma 
• 

A patient with a metastatic functioning adrenal carcinoma 
and Cushing's 3yndromc was found to have very greatly elevated urinary 
adrcnocorticosteroids. \7ith the use of Ojp'-DDD the "pregnanctricl 
fraction11 was quicldy returned to normal while the 17-hydroxycorticc- 
stcroids and 17-ketostcroids declined at a slower rate. Despite 
chemical improvement, the patient died. Analysis of the "pregnanetriol 
fraction" before therapy indicated the presence of multiple pregnanetriol 
like compounds with not much pregnane-17^, ZO^C-triol present. 
After therr^py.only an unknown pregnanetrioMike substance was left. 

e. The Use of 5U-4885 in Evaluation of Hypopituitarism 

•• « A number of patients with hypopituitarism have been 
studied. It has been found that their urinary 17-hydroxycorticosteroià 
levels’dre quite low as are their urinary 17-kctosteroido. Similar 
findings have been noted in patients with primary myxedema. The 
compound. 3U-4885. distinguishes the presence of /XTH-producing tissue 
by releasing the inhibition of /.CTH by compound F (hydrocortisone) 
.and causing a rise in urinary. 17-hydroxycorticocteroids. In hypo¬ 
pituitarism, the absence of ACTH-producing tissue leads to nc ouch, 

. rise in 17-hydtoxycorticosteroids.. Hov/ever, in primary myxedema' 
the response ^to SU-4885 has been’reported to be decreased. Therefore, 
•it is difficult to distinguish cleaily between primary myxedema and the 
myxedema s.econds.ry to hypopituitarism. A study has been devised to 
investigate the adrenal cortical response of primary hypothyroid patients 
•to 3U-4885 before and after thyroid therapy with a view to applying this 
data to the evaluation of hypopituitary patients with hypothyroidism. 

4. -Lipid Metabolism.' This department has developed several 
methods for studies of various lipid fractions including a technique to 
measure the rate of cholesterol synthesis by the use of labeled mevalonic 

'acid. These studies will be continued and applied to patients with 
occlusive vascular diseases.» Silicic acid column chromatography for 
separation of labeled components of the serum ha.s been developed and 
will be used in further studies. 

» ■ 9 

5. Refractomcter. A total-solid, temperature-compensated 
refractometer developed by the American Opticad Company in 
collaboration wijh Dr. Arnold Wolf, formerly of the Department of 
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Cr.rdiorscpiretory Dicci-ses, has been extensively tested ih this Unit. 
œIts valuable cdipicjal*u3e. in determining hydration and Urinary specific 

gravity has been.demonstrated. A study in which a valid estimation of 
total protein content of serum was made by the T3 Meter reading has t 
been published. Work has been completed comparing the biuret method* 
copper sulfate method, and refractometric method of determining the 
total serum proteins in the. fasting and hyperlipemic state. The data 
chow that the T3 Meter is ,a more reliable method of determining total 

serum proteins than the biuret and that the T3 Meter gives readings for 
serum specific gravity within 0.001 units of the CU3O4 method 
determination. 

6. Hepatic Coma. Studies of_sulfur**have shown patients in hepatic 
coma ha.ve decreased urinary SO4 and total sulfur excretioq despite 
an elevated blood 30¾ level. Other biochemical abnormalities continue 
to be correlated. 

• ~ 7. Laboratory Methods and Techniques. During this past year the 
capabilities for autonKjlon of several studies hawe be gun, using Tpchnicon 
analyzers, and studies using these methods' will.be performed much 
more efficiently. These include P/-H, ihulini creatinine,• sodium, and 
pçtassium,- and possibly mannitol. . 

• •I**. • . ' • . ••• *.••• ••• • 

The method for urinary oxalate'hasbeen proven to be accur.ate and * 
a* new methçd has been developed for plasma oxalate which ib expeqted ! 

to be a significant advance in our ability ^o dia.gnos.e-patients with 
hyperoxalate states- . - * . • ' . ' . 

. . .... 
. Methods for sulfides, methionine, total Sulfid and ufinary. peptides ’ 
were all evaluated and can be used clinically. • • " . 

• c 

8. Fructose Metabolism with Particular Reference to Diabetes, •* 
Mellitus. Patients with* diabetes rare beinR screened for 

excretion of fructose in the uawne- as part of a routine study of diabetes. 
This project is being contiñued. . * . - * . . , 

• • • 

9. Mannitol for Refractory Fluid Retention. Studies now include over 
2C patients. Mannitol is the most effective singlb diufetic agenj evaluated. 
Mechanisms of fluid retention and its therapy»are being studied'by these 
methods. 
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10. Intrc.venous Mannitol in Acute Left Ventricular Failure. The 
administration of mannitol in acute cardiac failure has caused a prompt 
diuresis with the loss of as much as six pounds in a few hours. We 
hope to study, in the future, patients with pulmonary edema with the 
expectation that mannitol diuresis will be as rapid and effective as 
phlebotomy, 

11* Metabolic Edema. Studies of water and solute metabolism have 
been carried out in six patients who have recurrent generalized edema in 
the absence of cardiovascular, renal or hepatic disease. In addition 
to a distinct exaggerated postural influence on edema, these patients 
have uniformly shown low to low normal basal 17-hydroxycorticoid 
excretion and a sluggish response to exogenous i,CTH stimulation. 
Further studies which include a comprehensive evaluation of renal and 
adrenal function are in progress. , . 

*. . 
12. IXab'etes Insipidus. Studies performed*on patients with diabetes 

insipidus and psycjiogerfic water drinking suggest new methods are 
necessary to differentiate the two entities. These are being sought. 

• • . * . * 
• • 

• 13. The Oxidation of l-o^-Glucose by Rec^ Blood Pells of Normal , 
and Hyperlipemic Patients. It. has »been found possible to 

•çiete.rrrçine the state of function of the pentose .ph,ssphat,e pathway of red ' * 
blooi' cells by measuring their oxidation of 1.-C*14-glucose and measuring 
the amount Of-C . O2 produced. * We-have determined the influence, of 
pyridine nucleotides on this system in the red blood, cells, of norihal ' 
and hyperlipemic*subjects. Â numbbr of differences have been noted- 
which are'currently urçder investigation. . . •* . 

• • * * • * *• , • •• * • , • ® 

-14.- The 3tudV of Hype rkalemic. Paralysis. Two patients with hyper- 
kalemic paralysis have been diagnosed: and successfully treated. 
Multiple metabolic-studioQ .hpve been done tq prove the diagnosis and 
to investigate the mechanism of this metabolic derangement. A number» 
of findings have been, uncovered aiid a lumber of additional studies are 
planned to evaluate these findings. • ’ • 

15. External Biliary Fistula. Two patients with complete external 
biliary fistula, have been studied. The fistula, in one ca.se was traumatic 
in origin, the other postoperative. Both developed a characteristic 
clinical picture of wealeness, anorexia,.apathy, confusion, circulatory 
and functional renal failure with hyperkalemia and finally vascular 
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collapse with severe cardiac arrhythmias. This complication was 
shown to be secondary to severe Na^ and HC03 depletion* The Na1^ 
concentration of bile was greater than normal serum values and 
remained high despite severe hyponatremia. In one.case, Na^ 

. loss through the fistula averaged 262 mEq/day. 

16. Body Fluid Determinations by the Multiple Isotopic-dilution 
Technique. The status of fluid compartments is being studied 

in normad dogs and in normal and abnormal humans -by 'means of the 
isotopic dilution technique. Plasma volume, extracellular fluid, and 
total body water ?.re being measured simultaneously by a single 
injection technique using Cr^*, H3, andS33. The Auto Gamma counter 
and the Packard Tri-Carb Liquid scintillation machine arc being utilized 
for counting. This procedure seems feasible and accurate. 

Summary and Conclusions: 

Body pota.ssium mca.surement with the human body counter has 
?,dded a tool of assistance in metabolic studies. The continued refine- 

• • 

ment of techniques in the Steroid Laboratory has enahled us to begin 
the fractionation o'f certain crude groups of steroids. The’suppressiori-^ 
¡ítimulation test for adrenocortical function is standardized for routine’ • 

. clinical use. Additional capabilities-in lipid research have been added 
and it is generally hoped that the direction of our investigations will be 
toward studies of intermediary metabolism of both lipids and carbohydrates 

• . • . * * * 

* • # . 

Further studies in metabolic edema have been productive-and will be 
extended to try to isolate the defect. Two patients with hyperkc,lemic 
paralysis were carefully studied and additional information-.on the defect ••• • # • 

•• has been obtained which is b.eing used in therapy. A method for 
Simultaneous determination of total body water, extracellular space 
and plasma volume is beiñg«developed and may become clinically useful. 
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Studies are continuing with the view of establishing the physiologic and 
clinical significance of the biochemical and Aetabolic changes associated with 

. injury (traumatic and irradiation) and thereby, provide the basis.for.imprftoéd • 
prophylaxis and care of seriously injured patients. The healing.of experi¬ 
mental wounds, collagen biosynthesis, tissue growth, and protein turnove.r . * 
.are being followed to gain objective information for t;he ^valuation of cer- 

. • t.ain critical aspects of the response to’ injury. Concurrent investigations 
; . are conducted in vitro, in ahinials (conventional and germfree)-and'in man 

(See Progress Reports for Project 6X60-09-001 Metàboliôm, Task 14 tóund 
Healing and Project No. 6X61-08-001 Germfree Animal Studies. ) ’ 
. 

Investigations of ascorbic acid metabolism following*burns are continu¬ 
ing with particular reference to the increased need for.this vitamin by the 

injured patient. Alterations in the metaboiism of the aromatic amino acids 
are among the parameters being investigated. 

O 
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Investigations if ascorbic acid metabolism following burns are continuing 
with particular reference to the,increased need for this vitamin by the injured 
patient. Alterations «in the metabolism of the aromatic amino acids are among the * 
parameters, being, invetftigat.ed. * . J-1! • * , 

• ’ . . • * • 

Progress: -Neirtral Sal-t Solubility of Rat Tail Tendons in Vitro. Rat tail tép- * *. 
, da« have long been‘assumed to b'¿ essentially insoluble in" neutral salt eyen .* . 
though various other collagens•may:be readily solubilized in such 'solutions. 
Previous work in this laboratory revealed •the chrom' ogtaphic alteration1 of . 

rat tail collagen expbsed’t^ increasing.'molar "concentrations* of .«cetiq’acid .* . ‘ 
.apd.prompted similar'explpration of •the.effeqt of increauing’molar strengths, 
of neutral salt-on such preparations. In ß. sériés .of four experiments we have’* 

.been able to-show that rat tail collagen is, indeed, essentially insoluble • *• 
in neùtra-l' aalt solutions of Ô.15 molar cir less but1 that both hydroxyproline'and 
total nitrogen content-of.the,axtraptipg salt solution increase as salt con-- * * 
centration-is, increaseti.up to a peak at,0.75-1.0 molar; as concent ration*'is ' 
further increased 'from*l,0 to 3.0 molar, there is a progressive diminution* in ■< 

hydroxyproline and nitrogen contents of the*extract. Although the amounts•solu¬ 
bilized .represent only a few tenths of a per cent of total exposed rat tail 
collagen, these results suggest that' such collagen may in a limited way be 
susceptibly to the -salting in-and-out" seen with other proteins. Moreover, 
hydroxyproline nitrqgen, expressed as per cent of total nitrogen, was, at peak 
extraction,.between 3.6 and 4.3%. Although this may be the result of solubiliza- i 
tion of non-collagenous, ‘contaminating" protein constituents of the rat tail 
tendon, it may also be interpreted as additional evidence of the non-homogeneity lT 
of.such tendon previously demonstrated in this laboratory by chromatography of 
acetic acid solubilized tendon. It will be recalled that the foçepeak of the 
chromatographed tendon comprised of several low molecular weight peptides with 
rapid metabolic turnover, also demonstrated a hydroxyproline nitrogen of 3.9% 
of total nitrogen. This forepeak material was solubilized in distilled water 
when tail tendons were heated to 60° C and it is possible that neutral salt 0 
solutions of appropriate molarity may also solubilize a portion of this loosely 
found, atypical, precursor material even at 0° C. Additionally suggestive that 
this neutral salt soluble fraction is precursor material is the finding that 



• « 

extracts from tendons of 175-250 gram rats contain 6-7 times as much material 
as those from 400 gram rats. One might expect the amount of precursor material „ 
to l^e appreciably greater in younger animals, whose relatively more rapid growth*’ 
rate would be accompanied by greater turnover of precursor materials.' • 

Vu\ e ... * ® ! 
• f » * 
jpork.to elucidate the physico-chemical nature’and biologic significance 

of this- neütífál saÍtãsoluble fraction is contemplated for the future. 
"'An 
i 

Amiñó sis: This department has been working on new techniques 
for the aútièãtic analysis of amino acids. An experimental gradient elution 
chromatographic analysis has been set up, according to the method of Fiez and 
Morris (Anal. Biochem., 1, 3, 1960). This apparatus has been found to be of 
very limited usefulness since, in our hands, at least, the resin consistently 
packs after only a few runs to yield very high and unworkable backpressures, 
and the lines through which the reagents run became invariably clogged. In 
addition, the unstable nature .of their reagents complicates the analyses, 
since these reagents must be protected from air and light by gas and oil. 

We have.now worked out methods which make possible routine analyses 
hitherto impossible. These include a new analytical ninhydrin reagent which 
is stable at room temperature and need not be protected in any way; a buffer 
s'ystem included within the reagent which does not clog at any time nor under 

. any - ci rcums’t anees ; a.method of-backwashing the resin in order to prevent it 
from packing to give*very high back pressures; a new gradient elution device 
which cad be ad justed, to «.yield gradients of any type; and a system of auto¬ 
matic «print-out* integratidn bf curves. A full report of this system is being 

'prepared for’pbblicatioq. 
' ’ •- ’ ..« . . ' . :.- 

-Growth-Promoting-Agents in W<xind Fluid: For thq past year, -work concern¬ 
ing-the growth accelerator described by us in previous progress reports has been - 
centered on biological*preparation of this material in large amounts. It will: 
be recalled that this substance was isolated from the serous fluid which - 
'accumulates within artificially induced wound pockets in dogs. The material- 
promotes the growth of L. easel, and rat fibroblast cells, and is non-protein. 
The preparation of the animals is bèing carried out by Dr. John ¿chilling and 
his associates at the University of Oklahoma Medical Jchool. Stainless steel 
mesh cylinders are Implanted subcutaneously in dog's and remain 'for. varying 

periods of time before the fluid‘is withdrawn aseptically. This phase of the 
work has been planned to dete£mj.ne how the concentration of the growth; accelera¬ 
tor varies with the age of the wound, and to find out if it is related t,o the 
observed cyclical growth pattern of the collagen within the cylinder. A large 
quantity of-the wound fluid has been obtained for the isolation and chemical 
identification of the active ^agent. ¿ 

Tensile Strength and Histologic Appearance of Healing Skin fadunds: In our 
studies of the.healing of experimental wounds reported last year, we fqund that 

vSkin"wounds of .rats do not reach maximal strength in 14-21 days as stated in 
;fk>st textbooks surgery and pathology. In fact, it appeared' the wouftds f,. 
continue to gaintstrength at a maximal rate up to 40-50 day*; and then at a lower 
rate for as long ás a year. During the past year, further study has been mader.. 

»t. * J1L -Õ* 
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of healing of skin wounds of rats as judged by gain in tensile strength and 
histologie' appearance of th*e wounds. > 

Five cm. incisions were made through the dorsal skin of young adult Walter 
Reed rats (275*300 grams, pathogen free)»' These wounds were made aseptically 
under light ether'anesthesia, and closed with interrupted fine stainless steel 
wire sutures. At various intervals postoperatively, the wounds were excised, 
examined with a variety of histological staining techniques, and their ten* 
sile strengths measured on an apparatus«designed by this Department. 

Me have confimed our impression that the healing of skin wounds continues 
for many weeks after operation. The'increase in tensile strength continues at a 
very rapid rate for about three months, then appears to have reached á maxi¬ 
mum with little further increase in strength. It may be noted that about the 
same amount of variance in tensile strength (standard deviation expressed as 
a percentage of the mean) was found for each postoperative internal except for 
the two~month interval in Experiment A,where a higher variance was found. We 
have attempted to measure the tensile strength of normal rat skin, but we have 
been unsuccessful so far in this determination under the conditions of our ex¬ 
periments. Attempts to modify the technics so far used are underway. 

We have begun measuring the thickness of the skin at the wound as well as 
its width. This is because the tensile strength of the wound is properly , 
related to the surface area of the wound, not just its width. Despite this 
obvious fact, no reported studies, except the early ones of Harvey and Howes 
30 years ago, haye taken thia into consideration.- The pitfalls one runs into 
without measuring the surface area of the wound are readily apparent. For 
example, in almost every reported study, a differènee 'in tensile strength 
among wound strips of. constant'width is interpreted as reflecting fundamental 

differences in- healing rates. But actually the difference £n strength may 
reflect only differences' in thicknesses of the wounds. We demonstrated this 
in ah experiment in which 5 groups of young rats of tt\e same age were placed 
on different amounts of a standard diet which resulted in 5 different rates 
of weight gain. After several weeks, when the weights of the various groups 
of rats varied álmost 5-fold, dorsal skin incisions were made under ether anes- 

* thesia by our usual technique. The tensil.e strengths of skin strips of fixed 
width varied five-fold* from the smallest to the largest group. But this did 

' ' not mean that fhe wounds in the heavier groûç had, healed faster. Utilizing 
the Dice electronic micrometer, we have* been able to measure skin thickness 
to thousandths of an inch and have;demonstrated a linear relation of ten-. 

. sile strength to skin thickness (and, hence, area since the width of the strips 
is constant) of the wound surfaces. Histologic studies of the wounds confirmed 
this: It is clear, then, that unless the surface area of the wound is measured, 
interpretation of tensile strength measurement is almost impossible. 

Effect of Age on Healing of Wounds of Guinea Pigs: Studies of wound heal¬ 
ing of guinea pigs in this laboratory have centered almost exclusively on 
175-225 gram guinea pigs, and the influence of age and growth rate on wound 
healing and collagen biosynthesis in particular represents an;area of vast 
importance as yet largely unexplored.-’i Does a growth: inhibitor, exist in the 

■ ' seca of older animals as suggested by Carrel ov^r 40riyears ago?-Á, study is 

« 
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presently being conducted utilizing guinea pigs in groups weighing from 175 to 
700 grams. The collagen biosynthesis in implanted ivaloh sponges in 14 days', 
as measured histologically and by hydroxyproline content»shows no significant 
difference over this,.range. • Tensile strengths of skin incisions*are higher 
and', in general, more, variable in the heavier, older animals but, when the 
tensile strengths* are corrected fot skin thickness and expressed on the basis 
of grams/unit area of, wound «surface, the tensile strengths of all groups are 

comparable. * 

Influence of Peracetic Acid on Viound Healing: The following study was 
prompted by the usefulness of peracetic acid as a sterilizing agent with the 
plastic isolators for patients under development by this Department in colla¬ 
boration with the .Dept. of Germfree Research. What effects do residual trace 
amounts of the acid remaining on the cleaned items and thereby introduced into 
the<8urgical field have upon the course of wound healing, especially collagen 
biosynthesis? This point wasinvestigated with 60 guinea pigs, in half of 
which dorsal skin incisions.and implanted ivalon sponges were bathed in"0.005% 
peracetic acid, saline being used for the control group. Study of thé Wounds 
and sponges at 7 and 14 days postoperatively revealed no gross or histologic 
difference in the appearance of the wounds or sponges and no differences in 
hydroxyproline content of sponges, but the wounds of the peracetic acid group 
were slightly, but statistically significantly greater in tensile strength at 
both 7 and 14 days. This rather surprising finding is to be corroborated and 

further investigated in studies currently underway. 

Effect of Thermal Injury on Ascorbic Acid and Tyrosine Metabolism: It is 
well established that stress alters many metabolic patterns of the animal or¬ 
ganism extensively. The metabolism of Vit. C has been studied in this context, 
and it appears that a severe injury imposes a need for Vit. C far above normal.' 
This conclusion is.b.ased on studiés of’Vit., C tissue saturation‘and blood 
levels, and wound«healing. The present investigation was aimed at determina-’ ' 
ing. whether' the irtcreased need for Vit. C .after stress could be demonstrated 
for an enzymatic function in which'this vitamin is known to be involved, 

namelyV.metabolism of tyrosine. 

Alkaptonuria is. marked by .appearance in the urine* of homogentislc acid 
(2,5.dihydroxyphenylacetic acid) and is caused by a lack of absence of the 
enzyme necessary to carry the conversion of tyrosine further. It was subse- 
.quent'ly discovered almost simultaneously by âealock and Levine that Vit. C is * 
required for formation of hqmogehtisic acid from'its precursors. Sealock 
also showed conclusively by differential colorimetry and by preparatioh of 
derivatives¿ that tl\,e ufinary acids resulting from feeding 1-tyrosine of 1- 
phenylalanine to scorbutic -guinea, pigs are primarily p-hydroxy phenylpyruvic 
acid and smaller amounts of homogentisic acid; this established that the meta¬ 
bolic defect of scurvy wad fundamentally different from inherited alcaptonuria. 

• ' 

Ue found that intragastric administration of 0.75 mg Of 1-tyrosine per 
g body weight to guinea pigs maintained on 2 mg ofVit. Ç per day did not 
yield urinary tyrosine intermediate metabolites. Burned guinea pigs to 
vhieh this test was applied at various times after the burn showed an abrupt 
abnormal response on the third 
C dose of 2 mg per day. This response 

post-burn dpy despite à daily máintenañce Vit. 
response was manifested bÿ aBpéarïïnc'é of largV"- 
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amounts of urinary p-hydroxy phenylpyruvic acid, the same compound which ap¬ 
pears in the urine of uninjured guinea ptigs fed tyrosine when ascorbic acid 
is removed from their diet. Metabolic abnormality reached its peak on the 
sixth post-burn day, then declined to almost normal levels by the 20th post- 
burn day.' One hundred mg per day of Vit. C abolished .the abnormality after . 
the burn. 

• • 

• 

This pattern of metabolic reaction to injuey as it involves Vit. C agrees 
with our previous observation (Levenson, S. M., Upjohn, H. L., Preston, J. A., 
Steer, A., Ann. Surg., 1957, v!46, 357) that the healing of wounds of burned 
guinea pigs was strikingly abnormal during the first postoperative week. These 
wounds were histologically indistinguishable from those of guinea pigs depleted 
of Vit. C by nutritional deprivation. The abnormalities were still present 
10 days postoperatively, though to a lesser extent, and by the fourteenth day, 
the wounds were almost normal. These animals received 2 mg Vit. C per day. 
Addition of 100 mg/day Vit. C to the basal diet allowed the wounds to heal 
normally, despite the superimposed burn. 

sfâhM'ït/Âey i^1-8 

changes associated with injury (traumatic and irradiation) and thereby provide 
‘the basis for improved prophylaxis and*care of seriously injured patients. 
The healing of experimental wounds, collagen biosynthesis, tissue growth, and 
protein turnover are being followed to gain objective information for the 
evaluation of certain critical aspects of the'response to injury. Concurrent 
investigations are conducted in vitro, in animals (conventional and germfree) 
and in‘man. (See Progress Reports for Project 6X60-09-001 Metabolism, Task 
14, V/ound Healing, and Project 6X61-08-001 Germfree Animal Studies.) 

. Investigations o'f ascorbic acid metabolism following burns are continu¬ 
ing with particular*reference to the increased need for this vitamin by the 
injured patient. . Alterations In the metabolism of the aromatic amino acids 
‘are among the parameters .being investigated. 

• • • 
• * * 

• • • • 
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Review of the studies in hyperparathyroidism demonstrates that 

diagnostic P-ccuracy has approached an ideal level and thp methods 
. ùeing developed for routine use. Wbrlc on the endocrine regulation 

f • ji palciiim transport has been extended.. The us-e of Ca47 has been 
-.daea to previous studies on bone metc-bolism and may give"information 

' on the speed of calcium turnover in mets-bolic bone disease not previously 
available. 
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Project 6X60-09-301, Metc-bolicm 

Tack 8, Interrelationchipc of Farc-thyroid Gland i..ctivity and Calcium 
and Phosphoruc Metabolism 

peccription: otudiec carried out under this task are designed to 
improve diagnostic methods for abnormalities of para¬ 
thyroid gland function and to clarify some of the 
mechajiismo of uptake, distribution and excretion of 
calcium. 

Progress: 

1. Hyperparathyroidism, ‘kith the improved diagnostic technique- 
now available within this department, additional successful surgery 
oñ parathyroid adenomas has. been carried oat in cooperation with the * 
Department of Surgery, WRGH. . Studies on the influence of calcium 
infusion on phosphc.t;e clearance Have beqn standardized and appear to 
chow a high degree of correlation with hyperparathyroidism. In 
addition, phosphorus depiivatipn studies v.re being used in cases 
where the.'diagnosis is n'ot clear by other’methods*. * t . 

•• • • • 
2. Idiopathic Osteoporosis. Detailed balance studies’are beijig 

carried out in this disease to clarify further, the Bclationohip. of ' 
calcium, Vitamin D, :nd bone matrix metabolism. • Further studies 
with 3r-85 arc being carried out in the human body counter. 

3. Intestinal Transport of Calcium in Normal ,and Hypophyse eternized 
Rats. Using an in vitro tissue sliced technique, fhe uptake of 

Ca^ by rat duodenal tissue has been studied. The Csa^ uptake is 
enhanced by otfjTgdh bid inliibitcd by a nitrogen atmosphere in both 
normal and hypophysectomized rats. The normal rat duodenum has 
a statistically significantly greater uptake of Ca.-^ than the hypo¬ 
physectomized rat diJtedenum. This difference is repafred by 
cïhnultaneous administration of both ACTH and triiodothyronine. 
i-CTH and triiodothyronine alone in both normal and hypophysectomized 
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rr.t3 is not helpful. Growth hormone (bovine) is not effective. ¿XTH 
only in phr.rmacologic'dooes inhibits Cr/‘5 uptr.ke in the hypophyoectcnjizeo 

rot only. '1 ' 

4. Hyper oxr.luric.. In the pc.tiento who were previously discover^ 
to hr.ve primary hyperoxaluric.,^ c. continuation of follow up is being 
accomplished. New methods for determinations of serum rnd urine 
oxalate are being used and new patients are seing sought. The patients 
are being treated with pyridoxinc and this seems to have decreased 
their oxalic acid excretion. 

47 
5. study -f Calcium Metab lism Utilizing Ca . Much of our 

knowledge of calcium metabolism in the past has been depenaent on 
metabolic balcnce techniques. Utilizing intitavenously administerea 
Ca^, the equilibration dynamics of skeletal accretion and turn . vor ^ 
.nd endogenous secretion into the bov/cl arc being stueicu.. since C<-‘ 

is a gamma-emitting isotope,* its energy may be easily detected by. 
external counting over certain*bone sites or by using the human wh .lc . 

‘b :.y counter.# Plasma, urine and st >ol may ..Iso be counted by the * . 1 
gamma defection apparatus.jnaking this technique 'feasible. Studies 

•in patients with metabolic bçne disease arc being cairied cut in •conjunction 
with the Department of Gastroenterology, Division' »f Medicine. 

.dummary and Conclusions: . * * * . 
• • • 

Review of the studies in hyperparathyroidism demonstrates that 
■ ii' gnostic accuracy has approached on L.eal level end the methods 

re being'developed for routine use. Work on the endocrine regulation 
f calcium transport hab been extended. The use of Ca*^ has been 
Vied to previous studies on k¿ne metabolism and may give information 

n the speed .f calcium turnover in metabolic bene disease not 
previ u.;ly svailalle. 

9 
\ 
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ABSTRACT 
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A comprehensive study» of wound healing is underway, the aim of which is . 
to’elucidate the basic biochenfistiy, physical chemistry, and physiology of 
wound healing with particular reference to the 'nature of collagen and its 
relation, to other wound.components, the mechanism of collagen biosynthesis^ 

■* and the effects of severe injury (traumatic and radiation) on wound healing 
m animals and man. Our aim is to provide a sound* theoretical basis for 
improved prophylaxis*and treatment of severely*injuxed. patients. 
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* A comprehensive study of wound healing is underway, the aim of which is . 
to elucidate the basic biochemistry, physical chemistry, and physiology of 
wound healing with particular reference to the nature of collagen and its 

/relation to other wound components, the mechanism of collagen biosynthesis, 
and the .effects of severe injury (traumatic and radiation) on wound healing 
in animals.and man.. Our‘aim is to provide a sound theoretical basis for 
improved prophylaxis an<f treatment'of severely injured patients. 
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Ta'sk No. 14 Wound Healing. • 

Description; A comprehensive study of wound healing is underway, the aim of 
which is to elucidate the basic biochemistry, physical chemistry, and physio¬ 
logy of wound healing with particular reference to the ¿aturé of collagen bio¬ 
synthesis, and the effects of severe injury (traumatic and radiation) on wound- - 
healing in animals and man. Our aim is to provide a sound theoretical basis — 
for improved prophylaxis and treatment of severely injured patients. 

Progress: In the last two progresjELJ3R&rts, some details pt a chromatographic 
method have been presented, by which we have been able to show that acetic acid 
solubilized rat tail tendon collagen is not homogeneous, but actually consists 
of at least four major chromatographable components. Three of these are high 
molecular fractions, with amino acid compositions similar to that of whole 
collagen,’while the other is almost entirely dialyzable, with an amino acid 
composition atypical of the entire collagen macromolecule (Nature,^89, 1640, 
1959; ùlour» Biol. Chem., 235, 989, 1960X The most striking feature of this 
latter fraction was its relatively low percentage of hydroxyproline;*this 
feature together with its rapid biological turnover rate, as measured by the 
incorporation and loss'of after the inject ion. of ‘C^-glycine (also reported.' 
in the last progress., report)'.suggested to us the possibility that this compo- 
nent might be the precursor of.the collagen macromolecule. . . * 

” • •• . • • • •• 
• • # 

Previous work by us also suggested that the dialyzable fraction might it¬ 
self consist of a number of component^. We.have recently çuc.cefeded in frac¬ 
tionating it into at least six peptides, which have been isolated by chromato¬ 
graphy on Dowex-50, 121 cross'linked, ke are now in the process of hydrolyz- . 
ing them and subjecting them to amino acid analysis by ion exchange.chromato- < 
graphy. The fipst peptide completely analyzed has an amino acid composition i(i 
containing a predominance of the acidic amino acids. — — 

The above results have significant implications to the over-all structure 
of collagen; the present concept of the structure of this macromolecule is 
that it is triple stranded, with a repeating unit called ’tropocollagen.1 Our 
work indicates that this concept may be incomplete, ‘since it does not account ' 
for our findings of chromatographic and biological inhomogeneity, nor does 
it predict our finding of biologically active peptides. We hope that discovery 
of the structure of these peptides will enable ús to learn their function, and 
thus more about the “fine structure of the entire collagen macromolecule. 

• / 

Other collagens have now also been subjected to our chromatographic pro¬ 
cedure, including rat skin, guinea pig skin, and guinea pig Achilles tendon 
collagen. All show the four component pattern; it is likely that this pattern 
is characteristic of most, if not all, mammalian collagens. Vie have, thus far£ 
been unable to apply the method to human skin, since it is extremely insoluble 
in acetic acid. The problem is being further investigated. 



This department is engaged in a long'term study of the molecular struc¬ 
ture of collagen in situ.. In pursuit of this' gftal, experiments have been 
starred to determine the effect, if any, of incorporation of deuterium into 
developing collagen of the rat. Deuterium hae^èien shown to have marked effects 
on hydrogen bonding of proteins; collagen is very highly hydrogen bonded, and 
so forms an ideal system for investigation with deuterium. $e think that feed¬ 
ing D^O and deuterated ami.no acids will lead to incorporation oí deuterium 
into developing collagen as a stable component, and that the physical proper¬ 
ties of this collagen will be abnormal; sucftparameters as extent of incorpora¬ 
tion of deuterium, viscosity, solubility, chromatographic properties, etc., 
will be measured. 

These measurements are, in general, indications of the heterogeneity of 
the collagen molecule, and of its structural features, such as its stability, 
tendency to random coiling, etc. The importance of these features of the 
molecule to the actual way in which it is bound into the ground substance is 
unknown, and these D20 experiments will, it is hoped, cast light on this subject. 

The firs(t preliminary^ experiment has been a metabolic balance study in 
which six rats were maintained on water which was 15X D2O, and six rats were 
allowed only H2O. They were subjected to our standard operation, consisting 
of implantation of four 25 mg polyvinyl sponges between th/e superficial and deep 
muscles of.the abdomen, and,a dorsal skin incision. The^js were no differences 
in the amounts of collagen whith grew into the sponges/in 14 days, nor were 

’there any differences in the tensile strengths of the excised-wounds. Table* I 
shows, in summary, the results of th’e metabolic experiment with respect to 
nitrogen metabolism, The animals, responded to- the trauma with an appar¬ 
ently longer period of nitrogen*loss, and thus ended the post-operatiOn phase 
of the .experiment with ah. accüiaùlated' negative balance.. We feel it -is impor¬ 
tant-to establish ,'these points, in-order to be a(>le to'distinguish any acute 
effects of such experiments from chronic mêtabolic-effects. A new metabolic 
experiment is-now underway) -in'which 25Z D20 is .being administered to guinea 
.pigs. This is close to the'known limit bf D20 compatible with life; we hope 
to be able to induce, in.this way, the maximum incorporâtion'of deuterium in 
collagen for the studies mentioned below. 

■ ' • 

The polyvinyl sponge implant technique is'being purs.ued.'by this depart¬ 
ment as a modgJL system for thé study of wound healing, 'collagen, biosynthesis,' 
And the factors whiphraffect these processes. Ue have posed the'following . 
questions as, fundamental to these studies: 

' Sor’ .,/ .JlJ 
1) How accurate ift.tjip classical method for the estimation of hydroxy proline, 
wheni applied-to a ¡total hydrolyt&te of newly formed tissue in a sponge? 

'2) Is theteany ‘neutral salt soluble" collagen (as measured by hydroxy pro¬ 
line) invftheae sponges, and if ¿0, how does its concentration change with time? 

'■ ’• -tlj ). > ,v' -/)<!., 

3) If.a guinea pig is.deprived of vitaminiOoafter sponge.implantation and sub- 
sèquentlÿ. repleted wijth vitamin C, what twill, bé: the courge of collagen synthesis? 

'¡i 0 ■ fj 

4) Are there species dif ferencek'iir thè^vay collagen grows into an" implátrted 
sponge? - J ■'Je :u 
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5) Does histological .estimacioQ of ,collagen yield results comparable wiçh 
those obtained by chémlcal means V J 

6) What are the effects of animal age on the rate of collagen synthesis? 

7) Áre there factors .ufrich inhibit collagen formation in the hemorrhagic 
exudate which collects in the wounds and sponges of scorbutic guinea pigs? 

0 

In order to answer the,first question, a series of determinations was done 
in which portions of pooled hydrolysates were analyzed by the Neuman Logen 
method, and portions were analyzed only after prior isolation of the hydroxy- 
proline on 150 cm. ion exchange columns (Dowex-50). Table 11 summarizes the 
results of these analyses as applied to normal guinea pigs, those deprived of 
vitamin C, and those deprived of vitamin C for 14 days and thereafter given 
2 mg Vit C/day. ' . «.. . 

It can be seen that the application of the Neuman Logan method to these 
total hydrolysates yields results which are more or less incorrect. The results 
may be either falsely high or low; after 14 days, however, the results of both 
the normal and 'repleted" sponges were invariably high when compared with the 
chromatographic method. We conclude from this that chromogens in the hydro¬ 
lysate mixture render the analysis of hydroxyrroline unreliable unless it is 
first isolated from the hydrolysate. Recovery experiments òf the chromatogra¬ 
phic procedure gave essentially 1QPX recovery. 

• . ... ... 
• • • • * . 

. .• Some sponges from .each animal, were extracted with 0.2* H sodium .chloride 
at. 4° C. for 24 tioufs.. These’extracts were t.hen. analyzed fot hydroxy prol ine 
by both the*direct and 'chrçpnatographic nyethodsi It wps hoped,'by .this pro- 
cedure, to'determine whether the extractable hydrokyproline voûïd vary with 
the age of the developing .collagen. Table ill. show's, the results of these 
analyses in micrograms, and Table. IV-'presents'the 'chromatographic" figures * 
as per cent of the total, hydroxÿprbline in'the sponges. In ail cases, the 
greatest amounts of soluble collagen were found in the earliest samples. This * 
is consistent with the theory that early "precursor!-* collagen- contains the 
greatest amounts of'low molecular weight component. 

Results of the 'repletionJ‘ experiments are shown in Table II; sponges 
were implanted into guinea pigs deprived of vit C. After 14. days (when little 
or no,collagen growth had occurred), 2 mg/day were given orally. Seven days after 
this regimen, the hydroxyproline content of the sponges was about the same as 
the normal 'seven day ‘ sponges. After this, however, the rate of Incorporation 
leveled off and took a more gradual course than the normal. At 21 days post¬ 
implantation (or repletion), when the 'normal* sponge had already started to 
lose collagen, the repleted ‘ sponges were still incorporating it. The reasons 
for these phenomena are as yet unknown. Previous work reported by us on shorter 
periods of collagen growth, and by Gould, are somewhat at variance with these 
results. Our histological work, particularly, has suggested that the ’repleted ‘ 
sponges have more collagen than the "normal" after equal times on vitamin C. 
Again, the reasons for these discrepancies are unknown: The discrepancies be¬ 
tween the methods extends to species differences. For example, chemical analysis 
shows about a twofold difference between* rat and guinea pig sponge hydroxy¬ 
proline for equal times of implantation; histological examination reveals no 
differences whatever. 
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Studies are now being planned which we hope «tiplead to an underf^ftf ...,.. .,., 
ing of the true nature of these phenomena. ; 

’• --¾ 

' • 'J'» 
Although clinical experience and extensive experimental data kave^sta- 

blished beyond doubt that wound healing is impaired in scurvy, Pat^gene- ( 
sis remains obscure. StudiélThave-been conducted in this laboratory for ; 
several year. In young guinea pig. aubjested to plaatlc (Ivalon aponge to- 
plants within the anterior abdominal wall. The reparative collagen, P^ 
sited therein, is evaluated biochemically and microscopically. ^ 
tious of two interesting observations during the past year are ^ ^ 

• (1) The sponges of the scorbutic guinea pigs often seem to be J* 
pool of fluid blood with little or no clotting, suggesting some 
coagulant influence. ïürthermore, the marginal granulation tissue shows wélí^^ 
defined metachromasia, microscopically, with the t°luf ^ . “ . bi¿„ ^ r 
stains. Extraction of scorbutic sponges for heparinoid activity is being 
undertaken at present using the Monkhouse and Jaques techniques. 

Studies of wound healing in germfrde animals and investigationsofthe 
effect of age, peracetic acid, and growth promoting agents on wound healing 
are discussed in other Progress Reports . 

' c^vry and r.uudu. Lons : A couprehenstv./.tudy of vouod heal>gla-unde»ay 
tbê aim of which la Co .luddite the basic bio'chemlstry, physical . 

: ' S sîl . of wound healing .with particular reférenc. ho the na ure of co Ugen • 
and its relation- to cthejr wound components., the mechanism of collagen biosyn 

• tüesis IS the effects, of severe .injHry ^traumatic and .radiation on wound , 
Wing“ in animals-and man. . .Our aim i-s.to provide a sound theoretical basis 
for improved prophylaxis an<L.treatoent. of severely injured patients.- 

• * * • • * • • • • • 
List o'f Publications: 1. Sabatina, P. L., Rosen,' Geever, E. F. and 

•. s. M: Levenson, Scurvy, Ascorbic Acid Concentration, and Collagen Formation 
in the Guinea Pig Eye, Arch. Ophthalmol., 65: 32-37, 1961. 

• # # . 

2. Rosen, H., Kessler, A. and S. M. Levenson, .Metabolic Inhomogeneity_of 
Rat Tail Tendon Collagen:- The Oistributioa of C1* in the Chromatographic. 
Components, Arch. Biochem. Biophys., 90:-167-169, 1960. - 
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Table II: Hydroxyproline of Whole Sponge (ug/lOO mg Dry Implanted Sponge) 

Day After 
Implant.* 

7 
14 
21 
28 

Fed 2 mg 
Vit C/day 
D C 

411 547 
1340 1375 
Í440 1122 
1160 778 

Fed No 
Vit C 

D 
98 

331 

C • 
106 
118 

Fed 2 mg Vit Q/day* 
After 14 days of tio Vit 

U . * C 
1238 576 
1.245 694 • • » 
1249 858 

• t • • • 

‘.Table- III: Extractable-Hydroxyproline (ug/100 mg dry implanted sponge) 

-7..- 
14 • . 
2.1 
28 

48 
58 
29 
29 

’ 49 
•51 
11 
27 

57 
2o. 

14 
6 

62 
48 

37 
17 

D = Direct method. C = Chromatographic method 

*In the case of the repleted ' animals, this is in addition 
to the first 14 days withjio vifC. "• ~~ 

« . . • • 
Table IV: Extractable Hydroxyproline as per cent -of total hydroxyproline 

(chromatographically analyzed) * , 

Day After 
Implant.* 

Fed 2 mg 
Vit C/day 

Fed No 
Vit C 

Fed *2 mg Vit C/day 
After 14 days of no Vit 

7 
14 
21 
28 

9.5 
.3.8 
1.0 
3.5 

11.5 
5.1 

6.4 
2.5 
2.6 
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People purposefully or accidentally exposed to whole body irradiation 
• are particularly.'susceptible to infection. This assumes special significance 

wh'en- such a patient has suffered dther trauma also, operative or accidental. 
We are'working on.£he design and development of plastic isolators for the 
effective isolation of such patients from the contaminated environment. These 

• isolators are básed' on'the principles established in the germfree laboratory. 
• Other plastic isolators aYe being developed for operating in a stérile environ 

' ment and for the isolation bf patients with serious infections. 
. • ’ • ' • 

• Studies,of.the mechanisms of the potentiation of traumatic and hemor¬ 
rhagic shock .by prior whole body x-irradiation are getting underway. 
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Task No. 15 Metabolic effects of radiation and combined»radiation * 
and traumatic injury 

PfeBÇrtptiPHî People 'purposefully or accidentally exposed to whole body ir- 
radiation are particularly susceptible to infection. This assumes special 
significance when such a patient has suffered other trauma also, operative 
or accidental. Ue are working on the design and development of plastic isola¬ 
tors for the effective isolation of such patients from the contaminated en¬ 
vironment. These isolators are bas%d on the principles established in the 
germfree laboratory. Other plastic isolators are being developed for operat¬ 
ing in a sterile environment and for the isolation of patients with serious 
infections. . 

Studies of the mechanisms of the potentiation of traumatic and hemor¬ 
rhagic shock by pridr whole body x-irradiation are getting underway. 
• • * 1 * 0 

—rfrogress; Plastic Isolators for Patient Care. Hospital-acquired infections 
have created urgent problems for patients, physicians and hospitals. These 

• • problems are-ubiquitous on this planet and affect all hospital servioes. • *# 
• . One of-the ’areps 'of major concern is the. problem of wound infection following 

.clean elective surgery. Many o*f thepe infections apparently, originate In‘the1 
.operating^rooms despite the aseptic technique's practiced in contemporary Vos~ 

• pitáis. The causative.agents can be found circulating .in..the air introduced • 
from the réspiratory tracts-bf the. surgical team' and patient, brought’in.un- • 
wittingly with the li-tter, on clothing or linen, or blown in through-faulty 
or dirty air conditioning units. It is clear that complete surgical asepsis 

- is not now attained in evèn qur best operating rooms.’ 
• • * . # • • , • ••• # • 

Experiments conducted in germfree animal laboratories show that it is 
possible to obtain and maintain total asepsis in surgery.* Our*studies to 
translate thé techniques of the germfree laboratory to problems of patient 
care continu^. The studies involve two isolation systems, the-susgical iso¬ 
lator for operating room use and the patient isolator forward use. 

Surgical Isolator: The intent of the surgical isolator is to provide a 
controlled environment wherein surgery can be performed under truly aseptic 
conditions. Only the site of operation and necessary surgical equipment are 
in contact with the sterile interior. The surgeon, assistants and scrub nurse 
are*in jacket-helmet combinations attached to the wall of the isolator. These 
jacket-helmet combinations attached to the wall of the Isolator. These jacket- 

. helmet^combinations are ventilated by an air supply independent of the air 
•* supply-to-the;isolator. The isolator is inflated by air which is sterilized 

by passage' though a fiberglas filter similar to the type used in germfree 
animal tanks. The undersurface of the isolator is adhered to.the surgically 
prepared skin and the incision is made directly through the plastic material. 



Considerable bine was spent on developing a method of attaching fcUbtöV 
to the gown jacket sleeves so that a mare, efficient system for changing gloves 
without contamination during surgery could be accomplished. A fairly satis¬ 
factory technique has been devised but investigations rçill. continue towards 

devising an even better method. 

The prototypes of plastic isolators presently being tested are fabri¬ 
cated from heat-sensitive plasticmaterials requiring sterilization by chemi¬ 
cal means. The peracetic acid spray method used successfully in the germfree 
laboratory and in the initial isolator experiments was considered impractical 
for hospital use because of the irritating fumes and the space and time factors 
involved. Sterilization with etjiylene oxide is being investigated. Some of 
the facets are a standard procedure for folding and packing the isolator in 
order to? (1) obtain sterility, (2) prevent damage to the helmet's rigid 
fac’e piecfs, (3) attain a package small enough to fit the autoclave, (4) un- 

. fold and assemble the .isolator for use without contamination. 
• 0 

*.• • * 

• The eight.mil vinyl fUim which we had been using was considered too heavy 
, • to meet our requirements and an isolator of four mil vinyl film was made. tThe 
• results werp gratifying, leading us ti> believe.that even thinner materials • 

could be tried with .thé ultimate goal of constructing disposable units. . 
• ,9 * . • 

• • . * * * 

! Various, methods of attaching the plastic adhesive drapes <used to adhere 
the i-solatof.to the patient) to the isolator prior to .sterilization have been 
tried. «Further study is needed not only to improve the method of attaching. 
the drape to the surgical*isolator initially’but also to obtain’a.complete • 

.. seal between the drape and patient's skin. (Xiltures taken of the wound in- 
• side during trials were positive only when the seal between the isolator and 

the skin was not intact causing the drape to roll back and exposing the skin 

edges. 

Circulation of air to the areas of the patient not glued to the isola¬ 
tor but essentially under the plastic material is necessary to prevent over¬ 
heating of the patient and unnecessary body fluid loss. The air circulation 
system for the patient is in the preliminary development stage. A simple and 
satisfactory air ventilation system for the surgeon and other operating team 
personnel who will be working in the jacket isolator has been developed. • 

A study to determine the effects of peracetic acid on wound healing 
vas initiated. The results of the experiments thus far show no detrimental 
effect on the tissues or on the rate of the wound healing (See Progress Report 
6X60-09-001 Metabolism, Task 6 Metabolic and nutritional problems associated 

with injury). 

Elimination of electro-static hazards of the plastic materials, develop- 
ment of an adequate communication system and construction of an electronic ^ 
glove leak detector to be used in conjunction with the surgical isolator are 
being studied in collaboration with the Medical Equipment Research Labora¬ 

tory at Fort Totten, Flushing, New York. 



Development of the surgical isolator has progressed to the stage where 
trial with patients will begin in Jute 1961 or shortly thçreafter. - 

'• Patient Isolator for use oh the Wards: • Vith the advent of newer surgical 
techniqués such as homografts and organ transplants, infection plays a most • 
important role in the outcome of the procedure since some of the ancillary * 
procedures, such as whole body irradiation, lower the resistance to infection. 
Sterile rooms in which the patients are protected from exogenous bacteria and 
elaborate procedures for the reduction of normal bacterial flora of the 
patient's body are coming into existence. These sterile rooms are elaborate 
and require an excessive number of personnel for staffing. We believe a plastic 
isolator will be more practical. 

A plastic jacket isolator designed to fit around a regular hospital bed 
has Just been delivered by Professor Trexler of the University of Notre Dame. 
Studies for establishment of procedures such as sterilization of equipment, 
decontamination of the patient, feeding, removal of waste materials, adminis¬ 
tration of medications, and normal patient care are underway. With the arrival 
of the patient içolator, an intensive program using a healthy volunteer will 
be initiated. 

• * * • 
• • i , # 

Through these studi.es we hope* to establish not .only a practical solution 
to .the problem of protecting those patients highly susceptible to infections, 
but also a’means of preventing cros's-contamination'where infection already 
exists, by effectively'isolating patients with serious infections. 

• • • 

Effect of Whole Body Irradiation on Resistance to Shock.' We have pre- 
vioúsly demonstrated that .the "shock-resistance" of-animais-scalded (rats) 
or tournic/ueted .(mice and guinea pigs) 7 to'10 days’ after they have received 
•acute, low level whole-body x-irradiation is significantly reduced as Judged 
by their greater 2h and 48 hour mortalities relative to concurrently studied 
.non-irradiated scalded or tourniqueted animals. Scald, tourniquet, or 
hemorrhagic hypotension (swine) imposed before or after the 7 to 10 day period 
post-irradiation did not reveal an altered "shock-resistance" of the ir- 
.radiated animals. McKenna and Zweifach reported similar findings regarding 
drum shock of rats. We have extended and corroborated the above findings 
in x-irradiated-scalded rats and mice. •• » 

It is now clear that low lethal whole-body x-irradiation sensitizes 
rodents to early death from various forms of trauma inflicted between the 
first and second week post-irradiation. The mechanisms behind this reduction 
in "shock-resistance" are presently unknown and warrant further investigation. 
The important role of carbohydrate metabolism in bioenergetics and in shock, 
and the reported (Sestan, N., N. Allegretti, M. Matosic and M. Devcic: Effects 
of sublethal whole-body x-irradiation on glucose tolerance in the rat and the 
guinea pig. Radiation Res. 13:25, i960) impaiment of glucose utilization 
(glucose tolerance) on the eighth post-irradiation (500 r) day (rat), leads us 
to suggest that work in this area may provide infomation about the mechanisms 
underlying the phenomenon we have observed. 



Summary and Conclusions: People purposefully or accidentally exposed to 
whole body irradiation are particularly susceptible to infection. Ulis 
assumes special significance vhen such a patient has suffered other trauma 
also, operative or accidental. Wé. are working on.the design and development 
of plastic- isolators for the effective isolation of such patients from the 
contaminated environment. These Isolators are based on the principles 
established in the germfree laboratory. Other plastic isolators are being 
developed for operating in a sterile environment and for the isolation of 
patients with serious infections. 

Studies of the mechanisms of the potentiation of traumatic and hemor¬ 
rhagic shock by prior whole body x-irradiation are getting underway. 

Publications : 

1. Levenson, S. M., P. C. Trexler, 0. J. Malm, R. E. Horowitz and W. H. 
Moncrief, Jr.: A disposable plastic isolator for operating in a sterile en¬ 
vironment. Surgical Forum 11:306, I960. 

2. Levenson, S. M., A. Einheber, L. V. Crowley: Some effects of whole body 
x-irradiation and thermal injury. Proc. First International Congress on 

'Research in Bums, '(in press) 

•!«' • 
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Metabolic Role of Plasma Proteins in Post-in jury Tissue Regeneration. 
The objective of this task is the investigation of the mechanisms controlling 
the basic processes of cell growth and regeneration by means of which is 
effected the repair and healing of lesions produced by trauma, burn, 
irradiatisn and other combat-generated conditions. Using liver as the 
specific experimental subject, a series of important discoveries were made 
over the last several years representing a major breakthrough in the field of 
growth control physiology (Glinos, A, D,: The Mechanism of Liver Growth and 
Regeneration. In: The Chemical Basis of Development, Johns Hopkins Press 
1958). 

t 

During the period covered by this report this work was' extended to the 
growth responses of another key mammalian organ, the kidney. Following 
the same experimental approach as before with the liver, the development of 
methods for the'isolation, survival and multiplication in vitro, of rat kid¬ 
ney tubular epithelium was undertaken. Problems related to cell isolation 
and survival have been resolved and quantitative methods for obtaining sta¬ 
tionary replicate cultures of kidney epithelium with a high degree of repro¬ 
ducibility have been developed. Current work deals with the problems of the 
initiation of active cell division in such cultures. 

Tumor Development after Surgical Stress. Development of Walker tumor 
was studied after surgical stress in rats previously subjected to various 
endocrine ablations*. Surgical stresj in normal rats consistently caused an 
increase in tumor takes, not prevented by adrenalectomy but prevented when 
cortisone was given 6 days before and 7 days after operation, ifypophysectony 
decreased takes in non-operated rats, but aggravated stress: after surgery 
takes were the same in hypophysectomized and normal rats, it^pophysectomy 
and adrenalectomy decreased tumor growth. Without surgical stress takes 
anti tumor growth were nearly identical in oophorectomized, orchidectomized, 
and normal male rats; they were equally increased after stress. In non- 
operated normal males takes were higher than in females, but tumor growth 
was the same. Normal females, showed increased takes but no change in tumor 
growth after surgical stress. No effect on tumors was noted in unstressed 
thyroidectomized rats. After stress the increase in takes was greater and 
tumor grpwthwas less in thyroidectomized than in normal animals. These data 
indicate that endocrine ablations do not prevent the increase in tumor takes 
seen after surgical stress, * 196 * 
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Title: Physiology of Cell Growth and Regeneration 

Description: 

Metabolic Role of Plasma Proteins in Post-injuiy Tissue Regeneration. 
" " irio ^ It is common knowledge that regardless of the various factors causing tissue 

injury, the repair of all such injury in the mammalian organism is effected 
by cellgrowth and regeneration. Yet the basic mechanisms controlling cell 
growth remain largely unknown despite the urgent clinical need to interfere 
at will with these mechanisms in order to stimulate post-injury regeneration 
or to inhibit thp growth of tumors. 

Our work in this area over the last several years has resulted in the 
description of a system of humoral control for the growth and regeneration 
of the liver. (Glinos, A. D., The Mechanism of Liver Growth and Regeneration, 
In: The Chemical Basis of Development, Johns Hopkins Press, 1958), During 
the current period we sought to extend this work to the growth responses 
of another -key organ, the kidney. Contraiy to earlier, beliefs, our previous 
work (Glinos, A. D., and Campbell* A, M,,. Anat. Rec.,'?!*: 11, 1956) as well 
as the work of others (Rollanson, H.' D.,-’Anat. Rep,, 101*: 263, Ogawa, 
K. and Sinclair, J; 'G.j Texas Reports on BiolQ'gy' and .Medicine^ 16: 215, 
1958)'has shown that the response of the kidney to unilateral*.nephrectomy 
or to fhe loss of 'tissue fîpm1 'pathological processes, is not limited to cell 
hypertrophy but involves cell division as well, especially insofar as the , 
tùbular epithelium is concerned, * * . . • 

• • * • . * 

. . As with the previous .work with the liver,, the. defection ’of humoral 
fac.tors Controlling .these growth processes involves* a comparative study of- 

•the effects of sera from normal animals and animals undergoing compensatory 
kidney growth, on kidney cultures' in vitro. Using our eaçly liver culture 
work (Glinos, A. D,, and Gey, G. 0., Cane. Res.., 12: 205» 1952) as a spring¬ 
board, Ogawa and Nowinski (Ogawa, K; and Nowinski, W. W., P.roc. Soc. Exp, 
Biol. Med,, 99: 350, 1958) made such a study. Using’ the mitotic, index of 
primary kidney expiants as’ an indicator of cell division they reported in¬ 
creased cell growth with the sera from unilaterally nephrectcmized rats. 
Increased numbers -of mitoses -can be a useful indicator of growth only when 
the duration of mitosis or ’the kinetics 'of the ‘entire cell population are 
known. Information concerning these two other parameters•is of primary 
importance ’since arrest or slowing’ down of the mitotic process will also 
result in inerfeased numbers of mitoses as for exampI^^jjLjtl^ case of 
colchicine, a pôwerful cell poison. In th’e case of sera from “rats with 
nephrgetomy or.with kidney injury, the preseL:«? of toxic metabolic end 
products is a very real possibility and renders the value of simple mitotic 
counts for estimating cell growth very questionable, indeed. 

Primary kidney expiants on plasma clot, as used by Ogawa and Nowinski 
do not allow cell population “Studies and consequently our main effort during —- 
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the period p ove red by this report was ^iÿpcted toward the development of 
quantitative methods for the isolation, survival, and multiplication in 
vitro», of jaopotjisperse populations qf rat kidney tubular epithelium cells, 

, * » • , 
•Tumor Development .after Surgical Stress, This is the final report on 

this phase, covering the, period 1 August 19^9 through 30 June 1961, The 
objective*of this phasf was to complete the series of studies begun by the 
authòr at the University;of Illinois, »aimed at elucidating the role of 
various endocrine organs in the enhanced tumor development shown to occur 
in experimental animals after surgical stress. 

The major portion of the research performed under this phase was 
described in the progress report of 30 June I960 and is covered in the pub¬ 
lications cited at the end of this report, , » 

Since the report of 30 June i960 three immunological experiments were 
carried out. In one, tumor antigen in the form of 25,000 non-viable tumor 
cells was injected six weeks before operation and challenge with 25,000 
viable cellsj the small immunizing dose used had no apparent effect. In the 

•second, 500,000 dead cells served as antigen; here a trend tcwards‘higher 
incidence of takes was observed in the "immunized" rats after operation. 
In the third, a standard immunizing procedure was followed: four consecutive 
daily injections of 500,000 dead cells, a booster dose after three weeks, 
and, five days later, operation plus the challenge dose of 25.,000 viable 
tumor cells. In this experiment, the trend towards increased takes in the 
"immunized" animals was more definite, and the latent period shorter. 
Similar tumor enhancement had previously been reported with other tumors. 
Thus, operation and pre-inoculation with tumor antigen seemed to act 
synergistically, 

TUI40R DEVELOPMENT AFTER SURGICAL STRESS IN RATS PHE-INOCULATED WITH-TUMOR 
— ANTIGEN * •' 

-tölSirmiÖOT-NÒ OPERATION 
(ANESTHESIA ONLY) 

• Number Tumor Number Tumor 
_. of Rats Takes of Rats Takes 

Inoculation with 25,000 Dead 
Tumor Cells 38 Ü2 30,9^ 

No Inoculation _39 56,1^_UO_32.5% 
Inoculation with 500,000 Dead 
Tumor Cells 30 1*3.3% 3U 29,1:% 

No Inoculation _32_25,0%_1¿_17.1% 
Multiple Inoculations with Dead 
Tumor Cells 

Male 
...Female 

. Male and Female 

27 ‘25.9% 
51* 11*. 8% 

81 18,5% 

36 2.8% 

50 1*.0% 
86 J.C% 

No Inoculations 
Male 
female 
Male and Female 

• • 

, 33 12.1% 36 
35 8,3% 36 
68 -10.0% 72 --- 
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• Sóme cytopathologic studies on the Walker tumor were carried out in 
an attempt to correlate ¿tie effect of various endocrine ablations (seen in 
terms of takes or growth of tumors) with changes in the.cytology and/or 
pathology of the tumors. Much variation was observed^from tumor to tumor, 
but this variation was also seen within each tumor so' that no cl®a£"°u“ 
qualitative or quantitative relationships could positively be established. 

Progress: « 

Metabolic Role of Plasma Proteins in Post-injury Tissue Regeneration. 

I. Isolation of renal cells from the rat. In recent years mono- 
layer epithelial cell cultures from the mammalian Tddney have been used 
extensively in virology. The most common donors have been the monkey and the 
rabbit. Since an extensive literature survey failed to reveal any data on 
rat kidney a series of experiments was undertaken aiming at defining the 
optimal experimental conditions for the isolation of mondisperse ceU 
suspensions from the rat kidney. Using a trypsin concentration of 0.25-0.50% 
in a Ca and Mg free solution, it was found that the outcome of the isolation 
procedure is determined by the age of the donor animals and the duration 
of the trypsinization procedures. 

With respect to the age of the donor animals, it was found that trypsin¬ 
ization of kidneys from 3-6 weeks old male rats resulted in liberation o 
morphologically intact epithelial cells with an efficiency coefficient of 
approximately 13 x 106 cells/single kidney, whereas identical trypsinization 
of kidneys from male rats 3-6 months of age resulted in complete cell destruc- 
'tion. These results indicate a remarkable increase of cellular fragility with 
•age, in the renal tissues of the rat, and led to the adoption of 3-6 weeks old 
male rats as the standard donors for all subsequent experiments. 

• Effects of the duration of the trypsinization procedures were investi¬ 
gated in a' series of experiments where the progress of the dispersion of the 

• ‘renal tissues was monitored by continuous microscopic observation. A pumher 
of schemes different with respect to' the volumes and concfentrations of the 
trypsin solutions used, the frequency of changes of the trypsin solutions and 
the Idngth of trypsinizatio*hs at room temperature with continuous stirring, 
and at 37° without* stirring, singly and in.combination,.were’ thus assayed. . 

It was found that at room temperature, and with continuous stirring, 2 
five-minute trypsinization cycles were necessary in order to loosen up the 
stroma and release trapped blood cells not removed by the previous washings. 

. The events following thip preliminary trypsinization fall into two categories, 
first the progressive release ‘of fomed elements from the renal stroma and 
second the gradual disintegration of these elements into single cells. 
Formed elements such as tubules and glomeruli are being .released f«® the 
stroma for a period of about 80 minutes with a peak yield at the 20'-30 
interval. Whereas the total yield is progressively decreasing after this 
time, the tissue becoming depleted, the degree of dispersion of the released 
elements increases, with small fragments of tubules, clumps of cells, and 
single cells replacing the larger structures released at earlier stages. 
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Maximum efficiency in the release of these fomed 20 
stroma was obtained when,the,trypsin solution was changed at intervals of 
minutes, the whole 80-minute process thus being brcken down into four 
distinct cycles. Dispersion of the formed elements into single cells 

, progressively more extensive in the four suspensions thus obtained ^t 
^ complete. Additional incubation for 20» of these suspensions allowed 
tryptic dispersion to continue until only single cells and ® fw «nal! ce 
Saps were obtained. Ihe coefficient of effigienoy for isoiation of single 
cells' with this procedure varied from 1.1 x 106 cells/kidney 
lighter rats to 5.25 x 106 cells/kidney for the heavier rats in the 3 to 6 
weeks age group.. 

II of rat kidney cells. Renal cells obtained as previ- 
ouslv described, appear microscopically asmarkedly contracted opaque 
sÄcal todies. Since evaluation of the percentage of cells surviving the 
Än treatment was impossible under these conditions, suspensions of such 

Wfl_. inoculated into culture flasks, and survival estimated after in 
ilñnn of^he flasks for 3 dmrs at 37°. Ibe qualitative evaluation of 

This is interpreted to indicate that survival is a function of the tiyps 
treatment rather than çf the ensuing cultural conditions. 

HI. r.pn annulation kinetics. Qualitatively cell population > * 
, . , . v-onai cells'surviving as described above are as follows: . 
During the first ’three days the surviving fraction of the highly contracted- 
sohericS cells' of the* inoculated suspension aggregates in clumps of 
various sizes which become attached to the glass surface of the culture 
flasks These -attached cell clumps become the centers of an orderly 
peripheral outgrowth of large flat clear polygonal or round cells with 
smooth borders thus constituting typical epithelial type cell colonies. ZrZg the next three days of culture there is a progressive increase of the 
size of these epithelial type colonies. ., 

Up to this point the sequence, of events ^escribed has been seen with al! 
types of culture media used. In contradistinction, events beyond this point 
are strongly influenced by different media. Thus in brianced saline medi 
supplemented with lactalbumin hydrolyeate and fetal, bovine serum the 
tvoical morphology of these epithelial type colonies is maintained up to ; 

eleventh dayf the longest time, interval that these cultures have been 
maintained l/the same ' balanced saline, or in synthetic media, supplemented 
with^horse or rat serum from, the 6th day^f culture onward, a Progressive 
trlSÄ Apology Of cells tAerd the contracted spindle or 
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TABLE*I* 
Survival of Isolatdb Rat Renal Cells 

Exp. 
No. 

Incubation 
Medium* 

Inoculum Cell Colony Final Cell 1 Cells 
Ceir~NO. X 103 . Formation No. x 103 Surviving 

Horse serum 30% 
Synthetic Med- 
NCTC 109 70% 

Same as above 

Calf serum 2% 
Lactalbumin 

Hydrolysate 0.5% 
Hank's BSS 97.5% 

465. 

378 

150 

78 
® 

i 

109 

35 

♦All media contained 100 u. Penicillin + 100., Streptomycin/ml. 

17% 

29% 

23% 

TABLE 11 
Population Kinetics of Rat Renal Cells in Culture 

Exp 
No. 1 

Initial No. of 
Culture Medium* Cells x 10 5 

a. Horse S. 30%-NCTC(109)70% 107 
b. Rat S. 20%-Hank's 80% 107 
c. Rat S. 40%-Hank's 60% 107 

a. Horse S. 30%-NCTC 109^70% 
b. Rat S. . 20%-# ' " 80% 
c. Rat S. 20-Hank's 80% 

(Caff S. 2% - Fetal Bovine 
(S. 18% Lactalbumin Hydro' 

u (lysate 5% 
‘(Hank's BSS*79.5% 

78' 
78.‘ ‘ 
78 

35 

(Unilat. Nephrectomized 
a* (Rat S. 20% - 80% Hank's BSiS 

. (Normal Rat S. 20% 
P* (Hank's BSS 80% 

(Normal Rat S. 20% 
ic. (Chick Embryo Extr. 10% 

(Hank's BSS 70% • 

109 

109 

109 

Ceil No. x 10 • after days 
2 ’ 4 8 

100 
69 
92 

53 

,124 

96 
118 
105 

54 

118 ' . 72 
t ’ ■ ' 

121 128* 

99 

• • 

*• *All media contained 100 u. Penicillin + 100 Streptpmycin/ml. 
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stellate fora-óharacteristíè of fibroblast type cèllié takes place. In such 
media at about the 9th day the fibroblastic cell type dojninatfç.in cultures^ 
almost 'completely. This.sequence #of events indicates ëlther a morphological 
modulation of tubular epithelial cells or a/elective survival of the 
fibroblastic elements of the original cell suspension. Further work is. . 
necessary in order to decide between these twô alternatives. 

» 

Quantitatively, cell population kinetics of these renal cell cultures 
are summarized in experiments 1, 2 and 3 of Table II. In these experiments 
the initial number of cells refers to the number of surviving cells, 
determined as described previously, except that in Experiment No, 1 the 
determination was perfomed on the 7th instead of the 3rd day of incubation. 
A variety of media was used but in no case was there any significant in¬ 
crease in the cell population thus indicating that these renal cell cultures 
were stationary. 

At this point it was considered of interest to investigate the possible 
effects of sera obtained from rats 1*8 hours after unilateral nephrectomy on 
such cultures. This time interval was chosen because it was shewn by 
previous investigations to correspond to the maximum growth response of the 
remaining kidney, both in vivo (Rollanson, H, D», Anat, Rec,, lOy: 263, 
191$) and in vitro (Glinos, A*. D., and Campbell, A, M.,-Anat,: Rec., 21*: 11, 
1956)¿‘"Experiment No, li of Table II shows that such sera failed to initiate 
cell division in the stationary renal cell cultures described, 

® * 

Current work deals with the problems of initiating cell division in 
such cultures by other means thereby providing a far mere »adequate system 
for the investigation of humoral" factors controlling kidney growth. 

* • * 

Summary And Conclusionsî 

Metabolic Role of Plasma Proteins in Post-injury Tissue. Regeneration. 
The-Objective of this task is the investigation of the mechanisms con¬ 
trolling the basic processes of cell growth and régénération by means of 
which is effected the repair and healing of lesions produced by trauma, 
burn, irradiation and other combat-generated conditions. Using liver as 
the specific experimental subject, a series of important discoveries were 
made over the last several years representing a major breakthrough in the 
field of growth'control physiology (Glinos, A, G. : The Mechanism of Liver 
Growth and Regeneration, Ini The Chemical Basis of Development, Johns 

Hopkins Press, 1958). 

During the period covered by this report this work was extended to the 
growth responses of another key mamnalian organ, the kidney. Following the 
same experimental approach as before with the liver, the development of 
methods for the isolation, survival, and multiplication in vitro, of rat 
kidney tubular epithelium was undertaken. Problems related to cell isolation 
and survival have been resolved and quantitative methods for obtaining 
stationary replicate cultures of kidney epithelium with a high degree of 
reproducibility have been developed. Current work deals with the problems 
of* the initiation of.active cell division in such cultures. 
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Tumor Development after Surgical Stress. Development of Walker tumor x 
was studied after su^al stresS (dorsaTcgliotony, i.e., sham-adrenalectony) 
in rats previously subjected to.various endocrinef ablations; Surgical stress 
consistently increased the takes of the Walker tumor. The overail incidence # 
of tumors was 50.8 percent in 626 celiotomized rats, and only 32.3 percent 
in 751 rats anesthetized but not operated «pon. Adrenalectony failed to 
prevent this increase in takes. Othey endocrine 
hypothalamic lesions, orchidectomy, oophorectomy, thyroWectonyJ likewj.se 
failed to prevent the increase of tumor takes after celiotomy, rather, such 
endocrine derangements tended to aggravate the deleterious effect oi 
celiotomy on host resistance to implanted cancer.cells# 

When the gonads were removed 1* weeks before celiotomy (both operations 
being made through the same incisions) the following observations were made, 
there was a remarkably close correspondence of data for both takes and ( 
growth between oophorectomized, orchidectomized and nomal male rats 
contrasted with normal females. Celiotomy increased tumor takes throughout, 
but previous oophorectomy caused an increase of both tumor takes and tumor 
growth after celiotomy as compared.to takes and growth in normal celiotomized 
females. This suggests that the presence of the ovaries may exert an in¬ 
hibitory effect on the Walker tumor. It should be emphasized that in all 
the other experiments female rats have been used. 

When the thyroid gland was removed h weeks,before celiotomy, 
thyroidectomy had no effect on tumor takes in rats not subsequent]^ sub- 
jected to celiotomy, but it aggravated the effect of celiotomy. On the other 
hand, tumor growth was reduced by thyroidectomy, significantly so in the 
animals having celiotomy. Thyroid function was found to be lowered during 
the -first li8 hours after sham-adrenalectomy (1-131 uptake PBI studies;. 

• Cortisone seemed to prevent this increase in takes, but clear interpretation < 
of this finding must await further experimentation since the direct and in¬ 
direct effects of this homone on tumors is veiy complex. Chlorpromazine 
giveri three hours before operation increased tumor takes in non-operated 
ratsj in operated rats there was no e'ffect. Electrolytic hypothalamic 
lesions made ten weeks before surgical stress and interfering witji 
hypothalamic-hypophyseal-adrenal response to stress#increased the effect of 
stress on takes. . .- 

• • * 

There was some indication from, immunological studies that surgical 
stress might enhance tumor takes partly through immunological mechanismë. 

Some cytopathological studies on the Walker*tumor were also performed 
but were inconclusive, 

§ 

Since the Walker tumor is a transplanted tumor, the usual caution must 
be exercised in translating any data here presented into generalizations 
applicable to spontaneous human tumors. , 
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1. A method for the extraction of bensoates .from margarine 
was developed. Continued work on methods for tocopherol led to 
slight improvements in sensitivity of, the procedure. A method was. 
developed for separation and identification of added antioxidants 
in dairy products. A method for removing peroxide from ether was 
developed. , . 

• • • 
• • • 

2. Investigations have been ¿ofttinued in the development and 
“"■tevaïü&tiqn of suitable .methods for the detection of radioactive con- 

• fcamipants in foods.’‘ Efforts to standardize the application of methods 
for the identification of P^2 and I131 in.aqueous solutions within 
the Army Medical Laboratories' are Vinde'rway. A specific anion ex¬ 
change resin to concentrate ftinc ions in foodstuffs shows promise. 
Studies are in progress to perfect a method for the detection and 
identification of alpha emitters in environmental media. 

t ,.-. 
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BOD? OP REPORT 

Project Mo. 6X60-09-001 Title: Metabolism 
• " • 

* a * 
Task No. 23 • Title: Methods for the .Chemical and 

« * • Radiochemical Analysis of Foods 

) 

Description « 
0 

1. Research Is conducted on chemical analysis of foods to assure 
that reliable and safe methods for the testing of subsistence are 
available to the various Army Medical Laboratories. Existing methods 
are evaluated. New methods are developed and old methods are mod¬ 
ified i 3 meet new needs oi; correct deficiencies in existing methods. 
Methods developed»are distributed to the Army Laboratories and other 
interested Armed Forces activities. 

2. The need for simple, reliable,*accurate, and reproducible 
methods for determining the identity and concentrations of radio¬ 
active contaminant's in foodstuffs continues to gain in •importance 
.with t;he expansion in number.of power and experimental reactors, 
the*increase in concentration of Induced radionuclides as by- 

■ products of large reactor operations, the dispersion of nuclear 
devices throughout the defense system, and the continuous^ build-up 

' of fallout by-products s\)ch as Sr^® and Csl37.' This neéd' is parti¬ 
cularly emphasized In’the*appraisal .of the results of reactor 
and.weapons accidents. The radionuclides of prime Importance of 
long-term residual effects (fallout) continue to be Sr®® and Cs*^’.' 
Other nuclides such as Zn ., P^, l’31 > or certain alpha emitters 
may assume significance under special circumstances. 

Progress * 
• 

1. a. A method for the quantitative extraction of benzoates 
from margarine was. developed.‘The method referenced in the speci¬ 
fication was unsatisfactory for general itse-. The method approved 
by the Association of Official Agricultural Chemists (AOAC) is 
good for aqueous products, but is not suitable for high fat pro¬ 
ducts such as butter and margarine. By modification of the <ff 
alkaline aqueous extraction, a procedure thatr was fairly complete 
and reproducible in recovering added b^i^zo^tes from butter or 

* margarine was developed. In tttis procedure, the sample is placed* 
in a( separatory funnel, made alkaline to phenolphthalien and 
extracted with 12 successive 151 tions of 0.01*N NaOH. The 
extract'is deprotfeirilzed^by the addition of; 15 ml. of. 10% zinc, 
sulfate, made alkaline", diluted to 250 ml., And filtered. Using 
the AOAC method,' a!200-ml. aliquot of this flUratc is, used for ^ 
benzoic acid determination. 
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b. Current Inveatlgetione of aethods for determining 
tocopherol havenot led to any significant improvement in the 
accuracy or reproducibility of the current method. Minor improve¬ 
ments resulted when the order of addition of the bipyridine and 
ferric chloride reagents was changed and the tcolor development 
time was Increased from 6 to 15 minutes. The use of Devlin and 
Mattll's reagent (blpyrldlne and ferric chloride combined in 
glacial acetic add) produced a much lower reagent blank. However, 
no definite improvement in tocopherol recovery could be made. 
Some trials favored the new procedure and some favored the pre¬ 
viously reported method. Attempts to substitute the stable toco¬ 
pherol- acetate for the unstable tocopherol as the primary standard 
have not been successful. Although tocopherol detenaination re¬ 
coveries vary, this does not prevent the determination of toco¬ 
pherol as a means to detect significant adulteration of milk fat 
with vegetable fats. 

c. Methods were also developed for detecting foreign 
animal fats in milk fat by the determination of antioxidants, which 
are a standard ingredient of animal fats. Usual methods using 
ammonia, alcohol, ether, and petroleum ether for the extraction of 
fat either destroy or remove, antioxidants. To overcome this 
deficiency, a detergent separation was developed. To extract the 
fat in ice cream, 150 g. of melted sample is treated with 100 pi. 
of a reagent made of 7%.sodium tetraphosphate, 3% Triton X 100, 
and V» sodium bicarbonaté.. This sample-reagent mixture is placed * 
in boiling water bath until the fat separates. The separated fat 
is thoroughly washed with hot water, dissolved in petroleum ether, 
dehydrated with sodium sulfate, filtered ‘and dried. The AOAC tests 
for butylated hydroxyanisole-'and butylâted hydroxytoluene are applied 
to the*fat. Since antioxidants are not permitted in dairy products, . 
their* presence indicates that the products tested probably contain 
foreign animal fat. * 

d. ' The ether used in fat extractions often contains per¬ 
oxides. These peroxides, when concentrated in ether extraction 
procedures, may be explosive. Peroxides also react with the fat 
and produce erroneous high fat analyses. Preliminary studies were 
undertaken to develop a simple method of removing peroxides from 
ether. A chromatographic method involving the passage of ether 
through a column of potassium permanganate overlaying a column of 
Merck chromatographic alumina not only removed the peroxide, but 
also a colored nonvolatile material present in the ether. Though 
no heating occurred on the columns and no incident to indicate 
danger has shown up in the trials, <the reaction products may be 
explosive. Since the chemistry involved has not yet Been elucidated, 
the method cannot be recosnended until further study is (c¿xnpleted. 

2. a. Further efforts were directed to the standardization 
of analytical methods for the assay of I131 and P32 by the various 
Any Medical Laboratories. ' To* this end, an Army Medical Laboratory 
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évaluâtlorijprogram with sampled of and* was initiated. 
To keep this program as dimple ad podslble.the first samples 

• were made up in aqueous solutions. LAfter proficiency is demonstrated 
with the aqueous solutions, samples of contaminated food-stuffs 
will be utilised. 

b. The first samples were sent with a step-by-step pro¬ 
cedure instruction sheet. The procedure did not provide guidelines 
for calculations, for data collection, or systematic reporting 
of each step. The analyst was requested to report the Identity 
of the radionuclide and its activity at a specified time. 

c. The results were sc varied that it was obvious that 
more detailed Instructions, standardisation of equipment, and system¬ 
atic reporting of Intermediate steps were necessary. A form, out¬ 
lining the performance of each step in detail, was devised to 
provide a means for the control laboratory to better assist the 
Army Medical Laboratories. This form allows the reviewer to make 
a more thorough evaluation of the analytical procedures and deter¬ 
mine where errors hsd occurred if the results were not in order. 

*> 

d. Throughout this year, four evaluation samples have 
been submitted (to the Army Medical Laboratories). The results of 
these studies Indicate the proficiency in analyzing for the pres- 

«... . ence of and P32 in aqueous solutions is not sufficient to 
justify progressing to the more complex problem of analyzing food¬ 
stuffs for possible radioactive contamination at this time. 

e. Studies of the concentration of zinc ions on two ex¬ 
change resins (Dowex 1, (200 mesh) and Amberlite IRA 400) were con¬ 
tinued. Columns 20 cm. long and approximately 0.03 square cm. in 

• cross section, made of Pyrex tubing, plugged with glass wool, were 
filled with the pretreated chloride form of the respective resins. 
Solutions prepared from food ashes containing 5 X 10*3 microcuries, 
2.5 X 10“3 microcuries, 1.25 X 10"^ microcuries, and 6.2 X 10“^ 
microcuries, respectively, were passed through the columns. Once 
the test solutions seeped the columns, an appropriate hydrochloric 
acid eluent was added, the eluate was collected, concer:rated, aré 
its radioactivity determined in e scintillation well counter having 
an efficiency of 41Z for Zn . To confirm that the observed radio¬ 
activity was attributable to the gamma ray energy of Zn^, a series 
of pulse height analyses was performed on a combined aliquot of the 
respective activities from each resin. The experimental results 
of the concentration of zinc ions on the exchange resin indicate 
that more consistent and ef^'clc t extraction can be accomplished 
with Dowex 1 than with IRA 400. Further, if the concentration can 
be adjusted to approximately 2.5 X 10”3 microcuries per eanple, more 

. efficient operation can be achieved. Since only two resins were 
, examined in detail, it is obvious that additional studies are 

‘ necessary before final resin selection is made and methods published. 

f. A critical comparison and experimental evaluation of 
chemical and physical procedures for the detection and identiflca- 
,tion of alpha contamination in environmental media revealed the 
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following two methods that may be useful: (1) Method of Schubert 
of Argorme National Laboratory, and (2) Method of Kennedy, KAPL -° 
A-H-P-3 UC-41 TIO 4500, 13th edition. These are presently under 
investigation. . . t 

Sunnary and Conclusions * 

1. A method for the extraction of benzoates from margarine 
was developed. Continued work on methods for tocopherol led to 
slight Improvements in sensitivity of the procedure. A method 
was developed for separation and identification of added anti¬ 
oxidants in dairy products. A method for removing peroxide from 
ether was developed. 

2. a. Investigations have been pursued in the development 
and evaluation of suitable improved methods for the detection of 
radioactive contaminants in foods. Special attention was given to 
methods for the detection, identification and quantification of 
radioactive phosphorus and iodine in aqueous solutions and of radio¬ 
active zinc in foods. ....-. .-: • ^ 

'Or. 

V. 
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I ' 

b. Stifles are being continued to perfect a method for ’ • 
the detection and^identification of alpha emitters, in environmental 
media. Greater nttiiiclency within the AMEDS -.laboratory system in 
analyzing for and 1^31 1¾ ‘aqueous .solutions is necessary before 
proceeding to the more complex problem of' their ,analysis in food- • 
stuffs. Additional'studies are necessary on otheir resins for the •*’ ■ 
concentration and removal of tine ions.before a method for the 
analysis of 2n*5 in foods can be formalized and distributed to the’ 
Army Medical Laboratories. 
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The techniques of infrared and ultraviolet spectroscopy, were 
used in investigation of adequate methodology for detection of 
Librium, Artane, Danilone and Octin in biological specimens. 
These drugs were brought to the attention of this laboratory through 
incidents of suspected overdose. Pertinent details of the Librium 
determination are discussed. 

The spectrofluorometric characteristics of digitoxin, digi- 
. toxigenin, and digoxin were studied in relation to analysis of 

blood specimeñs for digitalis. The technique was found to lack 
« • the necessary sensitivity for clinical studies of blood levels of 

these substances. 

Investigations are being conducted to include the analysis 
of alkaloids and other similar organiccoftpotnds in the program 
of vapor chromatography which has proven very useful in analy¬ 
sis of volatile compounds. Polarography has been utilized with 
good success in cation analysis. 
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BODY OF REPORT 

Project No: 6X60-09-001 . Title: Metabolism 

Task No: 24 Title: Investigation and 
Analytical Determination 
of Drugs and Compounds 
of Toxicological Importance 

Description: A trend toward increased complexity of toxicology 
cases due to the many new drugs marketed each year, has required 
maximum use of the newer techniques for analytical procedures in 
order to provide adequate and timely consultation services intox- 

* icology to the various agencies submitting specimens for analysis. 
In keeping with the expressed purpose of this function, all new * 
drugs and compounds of toxicological interest which come to the 
attention of the toxicological laboratory are screened for ultra¬ 
violet, infrared, and fluorescent spectral characteristics« 
Periodically, this information is compiled and distributed to the 
US Army Area Medical Laboratories and those government : 
facilities engaged in toxicological analyses, e. g. AFIP, FBI, and e 
Naval Medical School. V/henever quantitative identification proce¬ 
dures for certain of these compounds are unavailable, research and 

' development efforts are .directed toward this end. 

The technique of polarography .has found' definite’ applications to 
cation analysis and has been utilized in a number of instances -for 
blood lead determinations and in selenium and thallium intoxication. . 
Specificity of analysis is improved by this technique 

Progress: 1'. New Drugs 
Suspected drug overdose prompted the detailed study of Librium 

(7-Ghloro-2-methylamino-5-phenyl-3H-l,4 benzodiafepine 4-oxide). 
This compound exhibited an ultraviolet spectra with maximuiq ab¬ 
sorbency in dilute acid at 245 mu (Ej ç^= lÕ00j. It was also found ' 
that the compound could be excited with ultraviolet light at 375 mu 
with the resultant fluorescence measurable at 480 mu. Librium 
was recovered unchanged from a blood specimen in. concentration 
of 1. 5 mg-%. The procedure is simple since it involves only an 
extraction of the blood with chloroform and re-extraction of the chloro¬ 
form with 0.5 N sulfuric acid. Fith a single extraction, recovery 
of the drug from the blood was 81%. 

Although phenandionè (Danilone) may be identified by a charac¬ 
teristic spèctrum no intact phenandiohe was recovered from biolog¬ 
ical specimens submitted to this laboratory. Attempts to identify 
a metabolite excreted in urine suggested separation of a compound* 
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having a similar ultraviolet absorption spectra to that of the parent 
compound; however, this work is not fully confirmed. 

n. 
. Octin (methylisooctenylamine) and Artane (a- Cyclohexyl - a-phfenyl - 

l-piperidinepropanol hydrochloride) have çpme to the*attention of this 
. laboratory within the past year. Analytical procedures in the litera¬ 

ture were lacking; therefore, infrared spectroscopy was used as a 
means of identification of these drugs. This method leaves something 
to be desired in sensitivity and the film-from-solution technique is 
being investigated to resolve this. 

.m2 

!j! 

The problem of following blood levels of cardiac glycosicl^ has 
commanded'the interest of clinicians for patients under therapy, ., Re¬ 
ports of fluorescence by digitalis compounds supported a brief inves¬ 
tigation of digitoxin, digitoxigenin, and digoxin by means of sp^ctro- 
fluorophotometry. Although these compounds did fluoresce, the sen¬ 
sitivity was insufficient to extend this study to serum specimens of 
patients receiving normal therapeutic doses. 

2. New Techniques 
Although infrared spectroscopy çannot be considered new, its ap¬ 

plication tci analytical toxicology has -be^n limited until recently when 
new methods for sample preparatiori have extended this valuable tool * 
to both qualitative and quantitative .evaluation of drugs. The two most 
useful developments ate the p'otassium bromide pellet method ^nd the; 
film-from-solvent techniques. The KBr‘pellet requires -1. 0 mg or 

”” more of crystalline materïaL With the film-from-solvent procedure 
, V • 1 * f.j ' 1 * ' ** 

samples are dissolved in a volatile solvent and quantitatively applied 
ïrçj micro-syringe or pipet to planchets of sodium chloride which have 
a niche in the center to concentrate the solutiôn upon evaporation. • 
Crystalline’silver chloride planchets have previously been employed 
to minimize the effect of clouding if small amounts of moisture are 
present in solveht extracts. The gradual darkening of the silver 
chloride on exposure to sunlight and the expense of replacement 
prompted the change to sodiuknchloride which can be easily polished 
as absorbed moisture diminishes transparency. The most successful 
application of this technique has been for meprobamate (Miltown, 
Equanil) determinations. Since as little as a 0. 1 mg of meprobamate 
can be detected in this manner, this sensitivity is adequate for cases 
of drug'intoxication. 

The recent development of highly sensitive detectors for gas 
chromatography, has increased usefulness of this technique for 

L° the identification and quantitation of compounds. Gas chromatography . 
offers a definite advantage in sensitivity .and in simplicity of sample 

preparation. • • • •• 
21U * ’ ... 



* "
 

‘ . • . 

The major limitation has been in finding suitable column materials 
to effect desired separation of classes 'of compounds. Ethanol, 
methanol, acetaldehyde, fusel oü, trichloroethylene, methyl cello> 
solve, and carbon tetrachloride have been satisfactorily determined , 
on specimens submitted for toxicological analyses to this laboratory 
?sing tetraethylene glycol dimethyl ether as the stationary phase at 
column temperatures ranging from 50o-70°C. Diisodecyl phthalate 
has been used for the higher boiling alcohols and hydrocarbons. Other 
materials still to be investigated include nujol.for amines and halides, 
silicone oil 200, for aromatic amines and pyridines, and carbowax 
20M, for ketones and whiskey cogeners. Most important in the area . 
of proposed research in gas chromatography Is its application 
to those compounds which are solid at normal températures but which 
can be converted in appropriate solvents at elevated temperatures to 
exhibit sufficient vapor pressure for chromatographic development 
and subsequent identification. In this respect some success has 
already beep reported by other investigators in the field of alkaloid 
analysis. 

Compilation and distribution of ultraviolet spectra to the US 
Army Medicad Laboratories engaged in toxicological analyses has 

. continued. > The spectra, of twenty-five compounds were sent, to these 
installations during the past year and another set is nearing comple¬ 
tion. The usefulness of this program has been confirmed by canvas- •' 
sing recepients oLthese spectra.' Most çf the laboratories expressed * 
a definite n.eed of tfii-s information, ’and stated that the compilation 
activity was their principal source of ultraviolet spectral data. 

Techniques for determination óf reversibly oxi diz able pations 
have been’applied to polarográphic 'determination of lead, thallium, 
selenium, copper, zinc and iron.' Determinations for lead and zinc 
have proven to be improved in specificity and sensitivity since the 
half wave potentiell of these ions*in KC1 is very reproducible and 
interfering substances, formerly a problem in dithizone methods, 
are eliminated. The technique developed in this laboratory for 
.selenium determination has found application to a human case of 
reaction to a proprietary shampoo containing selenium compounds, 
Determination of copper id blood is reproducible although not suf¬ 
ficiently sensitive to allow analysis of small amounts of blood, The 
problem of iron analysis has not been met since no suitable buffer 
has been found for the iron analysis. * • 

• • • 
• 

The sensitivity of the thallium'analysis approaches spectro- 
graphic emission; however, specificity is a problem. Work is 
continuing to improve on this method. 
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o Summary and Conclusions; The techniques of infrared and ultra- 
violet spectroscopy have been used in investigation for adequate 
methods çf assay for LibriüIJ 'Altane, Dáhilone, and Oct'in in bio- 
loèical specimens. . 

. * « 

The spectrofluorometric characteristics of digitoxin, digi- 
toxigenin, and digofin were studied in relation to analysis of blood 
specimens for digitalis. "The technique was found to lack the neces¬ 
sary sensitivity for clinical studies of blood levels of these sub¬ 
stances. 

Investigations also included use of vapor-phase chromatography, 
and pclarography. Vapor-phase chromatography has proven to be 
very useful for volatile solventassays, and recent work suggests the 
possibility of doing alkaloid assays by this technique. Polarographie' 
analysis has been used effectively for determination of lead and zinc 
in blood and urine and additional techniques have been applied to 
selenium and thallium poisonings. Polarography has not been a satis¬ 
factory answer to copper and iron determinations from blood. The 
compilation of ultraviolet spectra has continued since it has been 
found that this service provides other laboratories with their prin¬ 
cipal reference data for compounds of toxicological interest. 
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. Use of a therapeutic milieu -as a treatment regime for young 
persons suffering from schizophrenic psychosis has furnished 
the central method and laboratory for a series of related studies, 
including the family and related social units, patient-government . 
apd group psychbtherapy behavior, specific uses of symptoms to 
achieve social ends * and their, disappearance when no immediate 
interaction with, the fate-detemining staff is possible. Applica¬ 
tion of social psychiatry principles has* spread to the follow-up 
study, of these patients witH remarkable, results. • * ' * . * 

Operant conditioning techhiques .are being used in-the milieu 
therapy .setting to investigate quantitatively some of the differ¬ 
ential processes involved in nomal and schizophrenic behavior. 
The‘relations’between performance on or preference for various 
reward schedules has -been studied. The.degree to which the 
patients’ ward behavior is reflected in their operant performance 
.is being examinèd. Techniques are being refined for more rapid 
and economical behaSfroral analysis. 

^Center for Community Studies, Harvard Univ. 
':Ht97th G.H., Frankfurt, Germany . 



The experimental analysis of drug effects upon animal 
• behavior has beeñ focused on both alterations in psychological * 

processes (timing and motor perforirtence) arid alterations in¬ 
fluid -self-injection levels under conditions of behavioral 
variations» Changes in the time course-of action for central 
nervous system stimulants have been investigated and a method 

. • for automatically programming and recording a continuous position¬ 
ing response with advanced primaté subjects has been evaluated 
in relation to tranquilizing drug effects. 
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’ Project 6x60-10-001: Neuropsychiatry 4 Stress * 

Tas}c 1: Analysis of Therapeutic Methods 

Description: ® 

a. Human Clinical Experimental Studies of Schizophrenic 
Soldiers and Milieu Therapy; to explore the feasibility of 
combat-psychiatric, ward-environmental and group-oriented 
therapeutic techniques in a sample of the most serious type of 
mental illness, in order to severely test the methods and derive 
reasonable inferences concerning certain aspects of "normal" 
behavior which are usually kept secret, | 

t 
nt—m • «•••••• 

b. Operant Studies of Schizophrenic Behavior; to explore the 
use of operant conditioning techniques for the analysis of human 
behavior in a milieu therapy setting. Volunteer staff members and 
schisophrenic patients enter a booth, located on the ward, where 
they can pull a lever and obtain token rewards, which they can 
then exchange for items of value. Participation by both patients 
and normal subjects has been maintained at a high level, 

c. Animal Experimental Studies upon the Behavioral Effects 
of Pharmacologic Agents; to develop animal behavioral assessment 
techniques- for the evaluation of potentially useful pharmacological 
.agents, -and to investigate' the nature and extent of the behavioral 

. changes which follow both acute anc^ chronic administration of 
selected neuropharaacologically active compounds, 

o 

t 

Progress: 

• • • . i * • » * 
a, A modified treatment closed1 type psychiatric ward, opera-'', 

tional as a laboratory since* July 1956 has continued studying the 
total milieu of two contrasting groups of first-break schizo¬ 
phrenic, patients: (1) the basic training soldier (new recruit) and 
(2) the soldier with 1 to 8 years of military service. Individual 
as well as group psychotherapy is conducted and analyzed in concert 

, with those aspects of group process which aid in the formation of 
therapeutically beneficial sub-groups, 

* 

5 
Field-type social-antHFopölogical studies have been 

extended to the point tv't the investigator has at times been 
allowed to "live-in" -f. short periods with family groups related 
to patients present on the treatment ward. Details of theso 
visits, together with new findings which cast substantial doubt 
upon the prima-facie value of conventional "psychiatric histories" 

* Sr£ being reported in the literature, , . 

. Final compilation of data concerning systematic observa¬ 
tion of the behavior of the Milieu Therapy treated schizophrenic 

*. • • •• , 
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*3oldiers> as group «embers, has been completed. This work, 
. annotating and analyzing via an IBM coded Bales Interaction 
Process’Analysis system, h.ss-contrasted group behavior in thq, 
group therapy situation with that occurrijig 'in a patient^ 
goverrment group. The important finding ‘that symptoms are not 
used transactionally unless the treatment staff is present is one 
aspect of the 1*0,000 word doctoral disseVtation which reports 
upon the study. 

The year has also seen the organization and refinement 
of techniques for obtaining a ten-year follow-up on the results 
of treatment in the experimental ward. With the simple addition 
of "human factors" such as supplying needed or helpful infoma- 
tion to families, their cooperation in providing follow-up data 
has improved to a previously unheard-of degree, in that none of 
the treated patients have been "lost," 

• * • 

, Training in those principles already found effective 
continued throughout the year, -aiding' a nèw ward officer and 
nurses in.becoming familiar#with milieu'therapy techniques in 
order that they might then readily apply them to a new popula¬ 
tion of’patients, the "chronic aïcoholic sergeantin an experi¬ 
ment to begin 1 August I96I. . ’ 

• • • , * 

In addition to arrangirtg for the study of alcoholism in 
Amy personnel) arrangements have been partially completed for' 
instituting a study of the natural history of the youthful 
offender -(AWOL) at Ft. Meade, Ft. Belvbif and MDW. 

•• •• * • . • ' . • 
* . • • 

b. Most of the effort during the*past year has been devoted 
• to'the refinement of-techniques, with the*, end in view of securing 
infomation more rapidly .and efficiently.- ‘Schedule preferences 
have been-studied by examining the subjects’ perfomances on 
four reward schedules, each under stimulus control: the schedules 
were variable interval, tañdem variable interval and spaced 
responding,- fixed interval- with limited hold, and fixed ratio. 
The'first of these requires neither coûnting nor timing on the 
pact of the subject; the next two require precise timing, and 
the last one generates counting behavior. A preference hierarchy 

* was determined by permitting the subjects to choose among these 
• schedules, with each schedule being paired off against each of 

the others. The relations between the subjects’ perfomance 
on each schedule_auiLthe location of the schedule on the preference 
hierarchy are now being examined. 

Previous results had indicated that many of the patients 
_ were not sensitive to the frequency of reward factor in the same 
way as were the normals. It was not clear, however, whether 
rewards per unit time or rewards per response —■ time or work ~ 
was the critical factor, A progressive ratio schedule is being 
programmed in which the subjects can reset the ratio to its 
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minimum value by pulling a second lever and producirflg a period 
of time-out during* which they cannot get any «tokens. In this . t 
way, 'the temporal and work factory can be balanced and the 
contribution qf each.assessed. 

3 The impression remains,* and is now being checked by 
examination of ward protocols, that the ward behavior of the 
patients is reflected in the character of their fine-grain 
performance in the operant booth. An analysis is also being made 
of the effects of EOT and drugs upon the operant perfomance. 

c. Activities on this task have focuáed upon the development 
and refinement of motor assessment and self-injection techniques 
with advanced primates and upon further experimental analysis of 
the timing behavior process in lower animals and its relationship 
to centrally active compounds. A method has been developed for 
automatically programming and recording continuous positioning 
behavior with monkeys and stable performance baselines have been 
refined using this procedure. The effects of several centrally 
acting compounds including Nembutal, Benzedrine, Serpasil, LSP, 
and Chlorpromazine have been investigated using this technique 
and behavioral changes are being evaluated in relation to environ¬ 
mental factors (lever weight, etc.) which have also been shown to 
affect this response pattern. 
• 

• In an experiment directed at a refinement of self¬ 
injection procedures for drug administration with advanced primates 
twQ Rhesus monkeys, restrained in chairs, served as subjects. 
Following surgical implantation of permanently indwelling catheters 
in the internal jugular vein of each monkey, operant levels of 
•responding on a lever switch (a modified telegraph key mounted 
on the chair within easy reach of the monkey^ paw) were deter¬ 
mined for both animals. Following stabilization of the operant 
levels under both satiated and water-deprived conditions, each 
lever response was programmed to activate an-infusion pump and 
produce an injection of saline through the indwelling catheter. 
Under this condition of continuous reinforcement, each lever, 
response delivered 1.95 cc of saline at the rate of 1 cc per 
minute. With both animals, introduction of the saline infusion 
reinforcement contingency produced *e-significant increase in the 
lever pressing response rate which remained consistently above 
operant*levels and which ejûiïbitM the typical characteristics of 
behavior under continuous reinforcement conditions. Extinction 
of the instrumental lever pressing response was observed in both 
monkeys following discontinuation of the saline infusion. With 
only the tube from the pump to the catheter disconnected and all 
other aspects of the circuit in operation, a typical lever press¬ 
ing extinction curve was generated by both monkeys with a concomi¬ 
tant return to operant level response rates.* Following recon-., 
ditioning of the self-infusion behavior by replacing the pump 
connection both monkeys were provided-with* an ad libitum supply 



of water provided through an easily accessible bottle and mouth 
,spout« Under these conditions of free access to water via the 

bnormal oral ingestion route, a marked decline in the self- " 
* infusion .response rate was again observed for both monkeys« 
This finding indicated that the reinforcement properties of noraal 
saline infused in this manner are at least partially sensitive 
to variations in "drive" level« In the final phase of this ex¬ 
periment an attempt was made to bring the instrumental self¬ 
infusion behavior under exteroceptive stimulus control. Lever 
responses were reinforced with saline infusion only in the pres¬ 
ence of a dim light stimulus presented on a panel in front of the 
monkey. Responses in the absence of the light were not reinforced. 
Following several days of exposure to these conditions, response 
rates resembled the typical continuous reinforcement performance 
in the presence of the light and approximated operant levels in 
its absence. Preliminary observations have also indicated that 
much self-infusion responding can be brought under reinforcement 
schedule control by requiring a fixed ratio of lever responses 
to produce each saline injection. Introduction of such a ratio 
requirement has been observed to produce a marked increase in the 
response rate over both operant and continuous reinforcement 
levels. # 

• • 

X series of experiments have been continued for analyzing 
the changes which occur in timing behavior under conditions of 

. chronic administration of dl-Amphetamine, Previous reports have 
shown that animals treated chronically with dl-Amphetamine show 
initially^ marked disruption in their timing behavior performance. 

, However/, with continued administration an improvement in timing 
' ' • * behavior occurs., In a pharmacologic sense the animals develop 

tolerando "to the drug. Subsequent studies have demonstrated that 
. ' _ general activity does not reflect the development of tolerance 
. bo chronically administered dl-Amphetamine, In experiments con¬ 

ducted during the last year, rats were trained on a 2-ply 
• multiple schedule. The first component of this schedule required 

the animal to space his responses 30 seconds apart in order to 
receive a food reinforcement (•DRL-30" ) • Premature responses 
recycled the timing sequence so that the animal had essentially 
postponed the food reinforcement. In the second component of 
the multiple the animal was reinforced for the first “responsa_ 
occurring after 30 seconds (FI-30"). In this component premature 
responses had no delating effect upon the time when the food 

. reinforcement could occur, Dl-Amphetamine was chronically admin¬ 
istered to animals trained in the foregoing procedure. The 
response rate in both components showed initially a marked in¬ 
crease, In the case of the DRL-30" component this resulted in a 
reduction in the number of food reinforcements received. In the 
case of the FI-30" component the increased rate of responding 

, had no significant effect on the number of food reinforcements 
received. After approximately $ sessions timing behavior in the 

• DRL-30" component began to improve and at the end of 1$ days was 
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approaching the pre-drug efficiency of performance. In .the • 
FI-30" component the animals1 performance under drug condition 

• did not change* over thf® course of the chronic dryig regimen, 
‘ These studies indicate that the developrient of tolerance* to * 

a * dl-Amphetamine seen in timing performance is essentially ,a 
reflection of the animals’ readjustment to the scheduled rein-* 
forcement requirements. Since in the FI-30" component the ^jug- 
induced perfermance changes did not affect reinforcement fre¬ 
quency, the behavior in this component did not reflect the 
development of tolerance to dl-Amphetamine, 

Summary: ■■ / 

A Milieu Therapy ward serves as an excellent laboratory 
for the study of deviant human behavior, in addition to its 
value as a treatment method. Findings highly relevant to "normal" 
behavior emerge from such a study. Alcoholism will be studied 
by these established methods* 

Operant conditioning techniques are being used in a milieu 
therapy setting to investigate quantitatively some of the differ¬ 
ential processes involved in normal and schizophrenic behavior. 
The relations between performance on or preference for various 
reward schedules has been studied. The degree to which the 

,. ‘patients' ward behavior is»reflected in their operant performance 
is being examined. Techniques are being refined for more rapid 
ahd economical behavioral analysis,’ 

• * , , / . 

• . The experimental analysis of drug effects upon animal behavior 
has been focused ion both alterations in psychological processes — 

•. • (timing- and motor perfftrmanceO and alterations in fluid self- . 
injection levels under conditions of behavioral variations. ’ 
Changes in the time course of action.'-for central nervous system 
stimulants have be.en investigated and a method for’automatically 
programming and recording a continuous positioning response with __ 
advanced primate subjects has been evaluated in relation to tran- 
quilizing drug effects. • 

• • 
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Establishment of several new biochemical hormone assay' methods 
this year has permitted us to,gain considerable new information about 
the organisation of psychological and neural influences upo» the 
endocrine systems, which in turn affect virtually every biochemical • 
process in the body. It has been learned that not just the adrenal 
hormones, but every hormone we have been able so far to measure 
undergoes marked changes during and following psychological stress. 
The responses of each endocrine system are arranged‘in characteristic 

patterns with respect to their direction and temporal features. .The 
extensive medical implications of these findings are outlined. • 

• • ««* * 

The experimental behavioral analysis of streses has been directed 

at temporal and environmental factors involved in behavioral stress 
situations, both appetitive and aversive. Future work will involve 
attempts to isolate the critical factors involved in these situations, 
and to stiidy the interactions when such factors are expenimentally 

combined. 

» 



• * 
• • • . * 

•* * . • • 
A number of studies are reported which further information has 

-jfeeea^gaihçre'd on the variables detemíning the rate .‘of electrical self- • 
stimulation of the brain. These sttîdies generally indicate that certain 

. pf the motivationally induced increases in self-stimulation rate nby 
•reflect, general activity changes rather than changes in jre in forcement 
properties. Furthermore, the experiments on timing behavior (URL) 
suggest that a side effect of brain stimulation in certain neural areas 
may interfere with certain complex responses which animals emit as a- 
means of estimating the passage of time. 

Studies on the cardiovascular responses to psychological stimuli 
of*schizophrenic patients have shewn physiological changes which 
appear related to interpersonal involvement in the experimental 
situation. Progress has also been made in the development of improved 
methods for reliable measurement of cardiovascular functions in 
collaboration with physical scientists. 

* 
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Project 6x60-10-001> Neuropsychiatry and Stress 
* • • 

Task 3, Psychological, Physiological,‘Metabolic, and Endocrinological 
Homeostatic Mechanisms in Health and Disease 

Description: 

. Investigation of the relationships between the brain and the 
endocrine systems is being pursued in interdisciplinary studies 
involving blood and urinary hormone measurements in monkeys under 
acute and chronic experimental psychological stress and in human 
subjects in a variety of stressful life situations. These studies 
continue to yield abundant and unique fundamental information about 
tht' organization of emotional and psychosomatic processes. The 
psychoendocrine approach permits a direct view of the major linkages 
between the brain and the biochemical processes throughout the body, 
an objective long sought in the field of psychosomatic medicine, but 
which has become possible only with the rapid and dramatic advances in 
biochemical hormone assay methods during the*past few years. Within 
the past year we have found that many hormones in addition to those 
of the adrenal are undergoing marked changes during -stress and that 
the study of patterns of hormonal change promise to give us far 
greater insight into the organization of integrative processes than 
the conventional studies of single endocrine or visceral systems. 

• 

The experimental analysis of behavioral stress phenomena in 
laboratory animals continues to focus upon behavioral adaptation to 

. current and anticipated aversive events and upon behavioral mechanisms 
, of temporal orientation. TJje following investigations have been 

carried out erf are in the process of completion. 

A number of studies are presently in progress in the area of • 
intracranial self-stimulation. The program has two purposes: (l) to 
gather further information on the variables which control this behavior, 
and (2) to utilize this technique as a means of further study of inter¬ 
relationships between structures within the central nervous system. 

--Studies öf.cardiovascular responses in schizophrenic patients 
using pulse rate, blood pressure, finger pulse and ballistocardiograms 
are*yielding insight into dynamic aspects of the illness which have 
been extremely difficult to evaluate by psychiatric observation alone. 
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Progress 

I. Neuroendocrine Studies of Stress 
# • # * * 

A. Acute Stress * * * .a, • . * 

In order to determine if the levels of hormones other than those 
of the adrenal gland, hydrocortisone, epinephrine, and norepinephrine, 
undergo significant changes during.psychological stress, four reliable 
stress situations were chosen for study: * 

"1. Prolonged conditioned avoidance sessions (monkey) 
2. Adaptation to a restraining chair (monkey) 4 » 
3. Final college examinations (normal humans) 
U, Hospital admission (normal humans) 

0 
© 

In addition to the adrenal hormones listed above, the androgens, 
the estrogens, and the thyroid hormones (BEI) were measured in these 
four stress situations. The results uniformly indicated that every 
hormone studied underwent marked and characteristic changes (Juring 
and after stress. These changes were perhaps most strikingly 
demonstrated in their full temporal sequence in the rigidly controlled 
72 hour conditioned avoidance experiments in the monkey, as follows: 

17-OH-CS. Levels showed a three-fold elevation during the three- 
day stress period and returned to baseline within three to six days 
following stress. 

• Epinephrine. Levels showed a two-fold increase of only two or 
three days' duration, the briefest change,of any hormone. Jn some 
instances çpinephrine levels remained below baseline for several days 
following stress.** 

Norepinephrine. Levels were slightly elevated during stress, but 
then showed marked, prolonged, two-fold elevation following stress, in 
some cases lasting*two weeks or longer. . 

Androsterone. ’Levels dropped 50$ during stress, but then* rose 
to about twice baseline from three to six days after stress. 

% 

• Estrone. Levels'dropped during stress and rose afterwards in 
a pattern veny similar to androsterone. 

. • * 

Thyroid. BEI levels rose*very slowly, reaching a peak of twice 
baseline, usually after the stress was over, then remained elevated 
for as long as three weeks ift association with a three-day stress. 



Aldosterone. Preliminary experience indicates that aldosterone 
revels often drop initially daring stness but then show marked 
secondary elevation^ after stresl. * 

* ‘ © 

The above patterns of endocrine change have not previously been 
described, particularly the praninent changes in the stress aftermath 
involving norepinephrine, androgens¿ estrogens, aldosterone and 
thyroid hormones. The sequence of changes suggests that hormones 
promoting catabolic mobilization of energy resources predominate 
initially during stress, while those promoting anabolic restorative 
or reparative processes predominate during the recovery period. Very 
similar patterns were observed in human subjects during and following 
final college examinations. 

B. Chronic Stress 

Previous studies have established the considerable value of 
conditioning procedures for producing chronic psychological stress 
in an expferjJtental psychosGmatic approach to the study of disorders 
such as infections, edema, gastrointestinal lesions, and other 
diseases in the monkey. A new séries òf chronic avoidance experiments 
has been initiated in which detailed hormone pattern measurements are 
being made and correlations sought between the clinical disorders which 
develop‘and the preceding and associated hormonal changes. One of 
the first two monkeys so studied developed severe, dependent edema 
during the third week of stress, which was associated with a strikingly 
different hormonal balance from that observed in the other monkey which 
showed’ no signs of clinical illness during six weeks of stress. The 
pattern'of change in the monkey with edema involved every hormone 
measurèd, but perhaps most marked were progressive increases in 
aldosterone and.norepinephrine to levels far in excess of those so 
faf Observed in acute stress. We hope to, study many additional 
monkeys.in this fashion during the coming year. 

An unusual opportunity to observe healthy human subjects during ^ * 
prolonged stress has been afforded through studies of parents of 
children with leukemia, in collaboration with, the Adult Psychiatry 
Branch of the NIMH. A substantial percentage of these subjects have • 
shown, surprisingly, 17-QH-CS levels below normal and have a tendency 
to suppress levels even lewer during superimposed acute stress. 
Preliminary indications are that these endocrine changes may correlate 
with the type of coping behavior or psychological defenses employed* 
by these subjects rather characteristically during stress. Efforts 
are being made’to develop psychological and psychiatric methods for 
detecting, classifying and rating the behavioral characteristics which 
may be associated with the altered pattern of endocrine responsiveness 
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to stress. Preliminary evidence also indicates that similar changes, 
along with marked imbalances in endocrine profile, may. be found in 
patients with certain medical illnesses*. ' ^ , 

• ® ® ' ■ ® ; 

® . « » 

The study of severely depressed psychiatric patients and acute * 
schizophrenics have shewn that endocrine changes of extremely marked 
intensity and duration may accompany psychiatric disorders. Levels 
of1 epinephrine and aldosterone may rise 20 to 25 times normal during 
acute periods of disturbance and 17-OH-CS levels may remain three to 
five times normal for several weeks. Such changes appear to be 
especially marked during turmoil states, such as those associated with 
the formation of a psychosis, and may be relieved, with a return of 
levels closer to a normal balance, when the psychosis becomes well 
established or set. It appears that the further study of both . 
psychiatric and medical patients from the psychoendocrine approach 
offers us an exceptional opportunity to evaluate the possible role of 
disorders of integrative mechanisms in the development of some, or 
perhaps many, human diseases. 

C. Other Studies 

Studies of neuroanatomical mechanisms concerned with endocrine • 
regulation have been limited this year to the study of additional - 
amygdalectomized animals in a further evaluation of the preliminary 
finding that marked increases in urinary androgen levels.and in 
androgen response to LH occur following amygdalectcmy. Findings are 
still only partially complete, but suggest that the effect on androgen 
levels may be a rather selective or specific one. 

Major emphasis continues to be devoted to the crucial matter 
of biochemical hormone assay methodology. A greatly simplified and 
rapid BEI method for thyroid hormone measurement was developed which 
takes only six hours instead of the two or three days of existing 
methods. £ new double isotope derivative method for blood testosterone 
measurement is in the final stages of development and validation. Many 
new advances have been made in the development of a radio-immunochemical 
method for insulin measurement, but this work is being restricted by 
radiation safety problems. Work has just been initiated on gas 
chromatographic methods which promise to revolutionize the steroid 
hormone assay field, with sensitivity, specificity, and rapidity 
greater than any existing methods. 

• II. Analysis of Behavioral Stress Methods 

With rats, a "limited-hold'' av9idance procedure has been investi¬ 
gated. Shocks are scheduled*at regular time intervals unless_the animal 
presses a lever during a brief periqd within the inter-shock interval. 



If the critical period is.locate*d elsewhere, than at. the. end of the 
inter-shock interval, the animals fail to maintaig their avoidance . 
behavior. As the behavior disappears, however, a nonadaptive temporal 
discrimination becomes evident, which prevents the animals from 

avoiding shock successfully. r ’ 
f, ^ 

A concurrent two-response avoidance schedule has provided 

evidence that the reduction of shock frequency is a critical deter¬ 
minant of the acquisition and maintenance of avoidance behavior. 

A methodological analysis of behavioral research has been 

completed and published in book form. 

An investigation is underway, with rats, to determine the role 

of intervening behavior in temporally-spaced responding. Before they 
can produce reinforcement by pressing one lever, the animal must press 
another lever a fixed number of times, and must also allow a fixed 

period of time to elapse. 

* • 

Rats have been shown to bezahle to maintain avoidance responding 
with very long shock-shock intervals if a sha. t response-shock intei*val 

is programmed in tandem with the shock-shock interval. The timing 
mechanism in this case is adaptive, .and permits a successful adjustment. 

. • 

Animals required to press a lever to terminate shocks have been ^ . 

observed to spend most of their time holding the lever down. This < 
holding behavior cannot be eliminated‘by punishing it with additional^ 
shocks. Spurious escape from the additional shocks apparently sefves 

to override the effects of the punishment. 

Schedule preference has been investigated in rats with a 
two-lever multiple chain procedure. Preference i¿ being assessed by 
measuring response rates and schedule choices to determine whether t 

these two aspects of behavior covary. 

In order to determine whether the previously demonstrated aversive 

properties of the spaced responding (DR!) procedure result from the 
timing process itself or merely from the spacing of responses, the 
preference by rats for internally and externally, cued spaced-responding 

schedules is being investigated. ,, _ • 

An experiment on timing is being carried out in which the 
intervening-behavior is limited by requiring the animals to hold the 

lever down during the timing period. 

A progressive ratio procedure has,been used to determine how 
various reinforcement and deprivation conditions will determine the 



c* - 

size of fixed ratio at .which rats will cease responding.. With decreasing 
nutrient concentration and decreasing volume per reinforcement; the 
animals will maintain behavior at lower Ratios. With increasing foot? 
deprivation, higher ratios will maintain the behavior. Às the size „ 
of the step by which the ratio increases is made larger, the animals 
respond at higher ratios, but do not receive as_mãny_FéIníõrceiasnts. 

III. Analysis of Neurobehavioral Relationships 
$ 

During the past two years, the progressive ratio technique has been 
developed in these laboratories as an index of relative reward strength. 
This technique requires that the animal emit a progressively increasing 
number of responses to obtain each reward. Our experiments have shown 
that the "breaking point" of the animals' behavior on this schedule 
correlates well with variations in reward and deprivation parameters. 
The technique has now been applied to the measurement of the reward 
strength of.brain stimulation. 

Animals have been cemparéd in their progressive ratio performance 
for food and for brain stimulation. While the pialysis is still 
incomplete, the preliminary findings dç*not seem to indicate any.. 
striking differences in reward strength between food and brain 
stimulation, despite the strikingly higher response rates in the case* 
of thfe latter. Moreover, while food.deprivation'clearly elevates 
the-self-stimulation rate, it does, not appear to affect strength of 
brain stimulation reward as measured By the progressive ratio method. 
This seems to,suggest that the increases in rate may be due to general 
activity changes. M 

Another series of experiments is studying temporally spaced 
responding (DHL) using intracranial stimulation as the reward. At 
the present time animals with both septal and posterior hypothalamic 
electrode placements are being trained in a 20 sec, DHL procedure. 
Septal animals are observed to perform more efficiently in ERL than 
posterior hypothalamic placements. An increase in stimulus intensity, 
however, in either placement results in improved DRL performance. 

Closely related to these experiments are those in which EEG 
responses are being studied during DRL with food as the reward. 
Preliminary data suggest that the animals perform a complex pattern 
of muscle responses which mediates the passage of time. 

Additional studies in progress are investigating the effects on 
self-stimulation behavior of different electrode types and stimulation 
parameters, lesions under the electrode and radiation of the central 

¡.nervous system. In addition, we are studying the resistance to * 
extinction of behavior maintained by brain stimulation as compared with 

» 
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. 
food. At tltfs time> however, sufficient data has-not been gathered 
to enable us to report any preliminary'findings. 

v 9 m 

...(-• . iV. * Autonomic Functions and* Psychological Stress 
'* • • 

Studies have been continued on the cardiovascular responses to* 
psychological stimuli of schizophrenic patients under treatment. During 
periods òf tension and withdrawal from social relations, the pulse rate, 
blood' pressure, finger pulse and ballistocardiographic records Remain 
rigidly flat. Slight changes which may occur are not related tb the 
formal stimuli. With improved socialization cardiovascular responses 
remain minimal, but appear in relation to interpersonal involvement. 

• 

A new method for determining ’diastolic blood pressure has been 
developed. The rate of pulse propagation (measured between the EGG 
and finger plethysmographic records) is correlated with blood pressure 
over short periods of time. The rate increases as pressure is reduced 
in the cuff. Systolic pressure is measured by the first finger pulse 
wave to appear and diastolic pressure is the pressure at which the 
pulse propagation rate reaches its maximal constant value. Careful 
comparison of these pressures with pressures recorded through intra¬ 
cardiac and intra-arfreripl catheters demonstrates that the method has 
high reliability and fer diastolic «pressures is superior to methods 

’dependent upon auscultation. * * . , 

• 

Future plans include continued* studies of schizophrenic and other * 
psychotic patients, with particular attention to correlating autonomic 

. with endocrinological patterns of respons'e. ft number of new develop¬ 
ments'in physics lead to the expectation that improved pressure., 
transducers and improvéd photo-electric devices will permit the . 

• construction of à number of mors" adequate transducers *for measuring ••• 
changes in vapious-«anadie>functions. Collaborative work with • 

. physicists and engineers of the DiaAond Ordnance Fuse Laboratories is 
. being extended.* Attention is also being given to the use of computers 

for determining significant relationships between different cardio¬ 
vascular functions. Further studies in this area are indicated before 
it can be decided which a*spectS of the raw data'afe most relevant for 
describing the fundtional state of somatic systems. 

• ' • 

Summary and Conclusions: 

Establishment of several additional biochemical hormone assay 
methods has' permitted us to gain considerable new information about 
the organizatfon of psychological and neural influences upon the 

_endocrine systems, which in turn a.ffect virtually every biochemical 
• process in the body..-, It has been learned that every hormone we have 
been able so far to measure undergoes marked changes during and 
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. following.,psychological stress. The responses of each endocrine 
system are arranged inccharacteristic patterns with respect to the 
direction and temporal features. The extensive medical implications 
of these findings are outlined. 

The experimental analysis of stress has been*directed at temporal 
and environmental factors involved in behavioral stress situations, both 
appetitive and aversive. Future work will involve attempts to isolate 
the critical factors involved in these situations, and to study the 
interactions when such factors are experimentally combined.- 

A number of studies are reported in which further information has 
been gathered on the variables determining the rate of electrical self¬ 
stimulation of the‘brain. These studies generally indicate that certain 
of the motivationally induced increases in self-stimulation rate may 

. reflect general activity changes rather than changes in reinforcement 
properties. Further more, the experiments on timing behavior (ERL) 
suggest that a side affect of brain stimulation in certain neural areas 
may interfere with cer1#in eemplex responses which animals emit as a 
means of estimating the,passage of time. 

Studies on the cardiovascular responses to psychological stimuli 
of schizophrenic patients have shown physiological changes which appear 
related to interpersonal involvement in the experimental situation. 
Progress has also been made in the development of improved methods 
far Reliable measurement of cardiovascular functions in collaborâtion 

•with physical soientis.ts. 
—' • •• • 
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Anatomical studies of jthe central nervous system of various mammalian 
forms have been continued. Areas of main int&rest-'-because of their 
immediate relation to çontemporpry research in animal and human behavior-- 
are . (a) the Limbic. System; (b) the Brain Stem Reticular Formation; (c> 
the Basal Ganglia; {à) the Corpus Callosum. The over-all purpose of these 
investigations is: to provide a more detailed and more realistic concept 
of the anatomical organization of the brain «s a substratum' for behavior. 
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• • • 



Neural mechanisms related to che amygdaloid complex. The previous 
studies on this subject.were extended during the past year. The 

results have demonstrated a common plan in the neural associations of the 
amygdaloid complex and the hippocampal formation, respectively. Both 
structures project to a thalamic nucleus (rw anterior for the hippocampus, 
n. dorsomedialis for amygdala) wh’ích^ln t\itn projects to a cortical region 
(gyrus cinguli and caudal orbitofrtítitíl1 córtex, respectively), which in 
turn projects back to the structure1 ;of|orijgih. A comparable analogy is 
encountered in the subcortical projections arising from the respective 
neural organizations. For both, the general system of the medial forebrain 
bundle appears to represent the major discharge channel. A publication of 
these findings is currently in preparation. 

2. Reticulo-cortical connections 

New material for this study is being prepared. At this time 
nothing can be added to last year's report. 

3- Efferent pathways of the basal ganglia 
' • 1 ' 11*. 

«»• 

This study of the efferent projections from the lentiform nucleus 
in çhe monkey has been continued. Several of the connections reported by 
earlier workers could be confirmed. Thus, the putamen was found to project 

. to the globus pallidus and‘substantia nigra; the globus pallldus to the 
subthalamic nucleus and the nucleus ventralis lateralis thalarai. Projec¬ 
tions from either source to the red nucleus appear not to exist; earlier 
reports to the contrary may have resulted from concomitant lesion of the 
internal capsule, a surgical complication obviated in the present experiments. 
Two new observations were made! the globus pallidus projects massively to 
the centre median of the thalamus, and also to a circumscript cell group in 
the caudal midbrain tegmentum (Olzewski's nucleus tegmentosus pedunculo- 
pontinus, pars caudalis). The projection to the centre median is of special 
interest as it provides an experimental approach' to the controversial problem 
whether a centre median is present in lower mammalian forms. The results of 
the present study have been reported to the )4th hnnual convention of the " 
American Association of Anatomists (Chicago, 1961). 

Commissural connections of the occipital lobe in the monkey. 
• . 1 « p 

Dr. Myers left WRAIR in September 1960, and is currently continuing 
this project at Johns Hopkins University. The findings reported in the 
preceding annual report have been written upland were submitted to the 
Journal of Comparative Neurology for publication. 
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. 5. Phylogenetic studies of the mammalian "pain tgact' 
* * • 

This study has been extended by ap,,analysis of several’human casesr‘ 
of anterolateral cordotomyi The findings in man proved to be quite compar- 
able to those made in the monkey and chimp antee (see annual reportis*W58- 
1960). A detailed report on the human "pain tract" was contributed to 
the Symposium on Paraplegia (Los Angeles» February 1961) and will shortly 
appear in print (fehler, V'.R. 1961. IN; Recent Contributions of Basic 
Research to Paraplegia, C. Ç. Thomas and Ço.). J 

t , • ' ■ i 

6. Hlstonathological Staining Techniques 1 

The development of an organic staining method for degenerating 
axons has made good progress. Since the time of the last annual report, 
silico-tungstic acid has been found?to increase considerably the affinity 
of degenerating axoplasm for acid fuchsin. Certain further intermediate 
steps in the procedure are currently being tested for consistency of effec¬ 
tiveness. At this time, the results of the technique appear virtually 
equivalent to those obtained by the much mo»e cumbersome and unpredictable 
silver techniques. It is expected that publication of the method will be 
possible within the next year. 

7. Golgi ‘studies on cat, rat, and mouse brains 

During the past year it has proved necefesary to establish more 
reliable criteria for the identification of "specific" and "non-specifid" . 
cell groups in the brain stem (the terms in quotes refer to the relation¬ 
ship of the cell groups to homogeneously organized afferent fiber systems). 
Such a'criteripn has now been, found in the characteristics of the dendritic 
expansions emanating from the.nerve cells. A classification of ddndritic 
ramification patterns is currently being developed. There are strong 
indications that such a classification will prove to be a valuable aide in 
the delineation of specific,sensory cell* groups from the reticular forma¬ 
tion. A publication of the proposed classification method is in prepara¬ 
tion. • 

3. Behavioral experiments with planaria 

The study of learning mechanisms in flatworms has been continued 
until the time of Dr. Best's departure to the University of Illinois. The 
results obtained have been submitted to the Journal of Comparative and 
Physiological Psychology. There is now irrefutable evidence that Planaria 
are capable of instrumental learning of such order as to permit a choice be¬ 
tween two alternatives. Several characteristics in the learning process of 
these invertebrates call for further study. There is, for example, a 
mechanism which leads to a remarkable post-learning rejection of the 
adopted choice-behavior, followed by a lethargic state not due to simple 
fatigue or injury. 4 ' t -t 



SUMMARY AND COWCLUSIOMS: 

Ajiatonical studies of the ceptral nervous system of various mammalian 
forms have been continued. Areas of main interest—because of their 
Immediate relation to contemporary research- in animal and human behavlor-are 
(a) the Limbic System; (b) the Brain Stem Reticular Formation; (c) the 
Basal Ganglia; (d) the Corpus Callosum. The overfall purpose of these 
investigations is: to provide a more detailed, and more realistic concept 
of the anatomical organization of the brain as a substratum for behavior. 
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Studies on animals and man designed to relate biological electrical 
activity with behavioral functions are reported.’ Microelectrode analyses 
of single nerve cells have yielded increments of knowledge regarding funda¬ 
mental properties*of synapses and the neural processing of visual, auditory 
and vestibular inrermation. Gross electrode responses from the eye and brain 
substance, especially as analyzed by computer methods, have been correlated 
with stimulus parameters, sleep, and disease states. Brain stimulation 
through chronic implanted electrodes has been employed to reveal new data 
about pain and the regulation of cardiovascular responses. . 
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BODY, OF, REPORT 

’Project No. 6x60-10-001, Neuropsychiatry and Stress 

Task No. 5, Electrophysiological Studies of the Nervous Systêra 

A, ‘Single Unit Analysis: A major effort of the laboratory since its incep¬ 
tion has been the study, with micrqelectrode methods, of single brain 
cells in situ. Progress along several lines during the past year can be 
summarized as follows: 

1. The simple invertebrate '"visceral brain" 

The parieto-visceral ganglion of the sea-hare Arlvsia californica 
is presently under investigation with the use of multiple intracellularly 
placed glass micropipettes. The ganglion ii& e<-4n>fce-res«t because it consists 
of only a few hundred cells and yet constitutes essentially the entire 
'visceral brain' of this organism. 

The several general areas presently under investigation can be indi¬ 
cated as follows: 

•• * 

a. Membrane properties of neural and non-neural elements penetrated 
by the microelectrode; 

b. Synaptic organization, and modes of synap-tic operation of the 

'neurons; * . ‘ .. -, 

c. Classification of the-endogenous patterns of activity within the 
• ganglion .and their long-term changes .(as.a function of time of day and state 

of the total organism);' 

d. The effect of temperature on the activities referred to in a-c 
above; ’ . 

• • 

e. • In addition to the conventional neurophysiological approaches 
just outlined, an attempt is being made to simulate pattern formation in 
the ganglion with clusters of interconnected artificial neurons. In connec¬ 
tion with this effort a catalogue of the real cells based on their connec¬ 
tions, membrane properties, synaptic mode and endogenous pattern, has been , 
achieved in the form of a considerable amount of stored, edited and digitized 
information of this type recorded on magnetic tape. Computations on»this* 

' material will*, it is hoped', be performed on an IBM 7090 through the coopera¬ 
tion of the Johns Hopkins Applied Physics Lab. 

f. A histological and electron microscope study of_the ganglion is 
being pursued by members of this laboratory in collaboration with Dr. Rosen- 
bluth (at the National Institute of Neurological Diseases and Blindness, 
National Institutes of Health). * 



A summary of the results and conclusions of experiments completed, or 
, very near completion, can be made un^er 4 headings: 

. • .Neuron activity patterns.. There are complex but reproducible, endo¬ 
genous (i.e^, 'spontaneous') end evoked patterns of activity which occur in 

®identifiable*nerve cells from preparation to preparation, indicating that at 
least in part the precise connections and modes of synaptic operation giving 
rise to these patterns are predetermined. The spontaneous patterns most" " 
probably represent at a unitary level, the components of some instinctive 

' reactions (in the visceral sphere) built into the organism through its 
genetics. There is a powerful tool here for an electronhysiological approach 
to the mechanisms of specific conjjeptions between cells during development 
by proceeding to a study of different embryological stages of the ganglion. 

I .• 

Facilitation. The growth in amplitude of excitatory post-synaptic 
potentials with repetition of afferent stimulation has clearly shown that 
this process can be produced by a single input fiber. Furthermore by record¬ 
ing from at least one other cell receiving simultaneous inhibitory input from 
the same single fiber, it has been possible to show that recruitment of 
additional neurons in the pathway is not the mechanism responsible for the 
facilitation• The facilitation, finally, is not interval sensitive (over a 
wide range of several seconds) but is linearly related to the total numhar nf 

inputs. This suggests a useful function for the facilitatory process¡ 
it allows storage register properties, the register being capable of counting 
(in the case of these cells) to pver 25 bits .delivered over a total period as 
long as several pidutes. 

• * « • • 

The mechanism for this facilitatory process was investigated by 
searching for parameters of the action potential that systematically changed, 
input stimulus with repetition. * Prolongation of action-potential duration 
is a conspicuous normally-occurring change with such repetition in cell 
bodies of the. ganglion. With two microelectrodes, one in the cell body and 
the other in the axon of the largest neuron in the gañglion, it has been 
possible to show fh&t the prolongation appears uniformly in both cell and 
axon. If this process is.extrapolated £o the axon terminals, the increase 
in duration of the spike can provide a simple explanation of the facilitation 
through increasing the transmitter output. 

Neuropile structure. Experiments performed with recordings of up to 
four .closeJying cells show that the neuropile is a'highly differentiated 
structure-, since the rdlative synaptid drive, sign of action and convergence 
of peripheral inputs differ for the various cells. ’ . * 

p '• I e - • 

, Effects of temperature■ The ganglion can be electrically silenced by 
bringing its temperature down to 1 C. /fter one hour at this temperature and 
rewarming to 17°C, the complex patterns of endogenous activity reappear and 
do not show any alterations. Persistent circulatiña neuronal activity does 

> goi-ggpear to be* necessary for maintenance of these patterns, even those with 
periodicities of the order of minutes. 



In these studies nerve impulses from retinal units have been elicited 
by calibrated light flashes of various intensities, wavelengths, and dura¬ 
tion delivered to the eye of the intact bullfrog under scotopic and photoplc'; 
conditions. In the analysis of them several response measures were used, 
the latency to the first impulse bein¿ particularly useful. A simple linear 
function relates the reciprocal of latency to log light Intensity in the 
dark-adapted state, while a more complex latency-intensity function is 
associated with the light-adapted state. 

t/hen spectral sensitivity curves are derived from these latency- 
intansity functions (by determining the relative energy at the various wave¬ 
lengths required to produce a criterion latency), these vary widely, with 
some of them being related to retinal photopigment absorption curves. The 
average shift of spectral sensitivity between scotopic and photopic condi- ; 
tions (Purkinje shift) was for these in approximate quantitative agreement * 
with a shift from the rhodopsin to the ¿IfujppsU-n absorption spectrum. About“1 
half of the dark-adapted units yielded curves of the rhodopsin type and about 
half of the. light-adapted units yielded curves of*the iodopsin type. 

Of special interest to color theory are the units not included in 
either of these groups, itone of Granit*s modulators was described, in its 
entirety by any of the spectral sensitivity curves obtained. However, some 
of the sensitive peaks were at wavelengths1 that correspond to Graqit's green ‘ 
and red modulators (frog). Relatively narrow spectral sensitivity curves 
with maxima below 450 mu were obtained from several of the dark-adapted unitsj* 
these were reliably different from Granit*s blue modulãFôr (frog) and were 
approximated by Dartnall's blue-sensitive pigment (frog). 

• • 

Intra-retinal slow-wave activity could be compared with the ganglion 
cell impulse activity because it was simultaneously recorded over the same 
microelectrode. Under both dark- an<Uliigh.fr«adapted conditions there was a _ 
curvilinear relation between slow-wave amplitude and the light intensity, 
with the maximum slow-wave at an,intermediate light intensity. In some cases . 
the slow-wave spectral sensitivity curve agreed with the curve obtained from 
the spike data, especially when these approximated the rhodopsin and iodqpsin 
absorption curves. However, there was a consistent lack of agreement between 
them under light-adapted conditions;‘here, the slow-wave curves tended to have ‘ 
a higher sensitivity to blue light. In those cases where spectral sensitivity 
of the slow-wave activity did not precisely agree with that of the spike 
activity, the spike activity presumably comes from a single ganglion cell while 
the slow-wave activity presumably comes from a somewhat larger population. 

It can be concluded that the slow-wave activity recorded in the 
vicinity of retinal ganglion cells, has functional characteristics (spectral 
sensitivity curves) which are partially dependent on the particular retinal 
location, since the spectral sensitivity curves of the slow-waves tend to be 
like those of the ganglion cell in that region. 
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3. The cat medulla 

Analysis of data obtained in the region of the cochlear nucleus of 
nearly 50 cats is nearing conclusion. Most of these animals were entirely 
normal and unanesthetized when the observations were made. The results can 
be summarized under two headings: 

Auditory units. The stimulus-response characteristics of single 
auditory neurons in the cochlear nucleus in anesthetized preparations have 
by now been reported by several investigators. These include the fact that 
tones inhibit neuron activity as well as enhance it, and that the cochlea 
projects in an orderly way into the several subdivisions of 'he nuclear*mass. 

The unanesthetized animal displays these‘same response features. 
Units isolated in both dorsal and ventral cochlear nucleus show spontaneous 
activity, response, areas, inhibitory areas, adaptation, and tonotopic locali¬ 
zation, and no characteristics clearly distinguishing them from those isolated 

, in anesthetized animals have emerged in the analysis thus far. 

Vestibular units. Previous study by others on primary and secondary 
afferent neurons from the vestibular system of anesthetized cats have defined 
several classes of activity associated with movements of the head ’in the 
three planes. These include inhibition as well as excitation correlated with 
movement of the head in a particular direction. These results.have been fully 
ponfirmed in the awake cat. Once again, therefdte, barbiturate‘anesthesia 
seems to have little or no influence on the afferent input to tjie brain 
provided by receptors discharging through the eighth cranial, nerve. 

During the course of these studies special attention was devoted to a 
group of neurons apparently not previously studied dn cats. "Each of these 
elements,|4i*çharges for hours at a remarkably stable rate (varying between 
approximately 10 and 100 dischargee per sec. depending on the unit). Each is 
sensitive,to hçad.movement, briefly altering its rate by pe.rhaps 1%, but after 
the stimulus it promptly returns to its original stable value. The end-organ 
giving origin to these units has not been identified, but they may originate 
in the macula which in the dogfish activates its neurons similarly. 

About 100,of these stable units have been encountered. In several 
instances a group of them were isolated one after another as the microelectrode 
penetrated more.deeply into the medulla.. Each unit in such a series exhibited 
a different rate., and, furthermore, the rates varied in an orderly way from, 
beginning to end of the series. This suggests that the end-organ from which 
they originate projects in some orderly way into the medulla (as does the. 

„.cochlea), though what significance this could have for vestibular function 
remains unclear. : ,r 

|i* Primary auditory neurons 

*r: ’J Several fundamental questions about the hearing process can be 
answered only with an adequate knowledge of the .discharge characteristics of 
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primary auditory neurons* Available.reports on.cat and guinea pig—under 
anesthesia—leave much to be de^red. The purpose of the study to be 
summarized here was to obtain from unanesthetized cats a body of data from 
which generalizations could legitimately be made. 

•) 

The technical problems attending such a study have been discussed in v' 
previous reports, and their solution has made the present research possible. 
The.hydraulic microelectrode advancer screwed to a device Implanted in the 
cat's skull over the cerebellum carried a tungsten-wire electrode sharpened r ^ 
at the tip that provided the input to conventional amplifying and recording |ri 
devices. The electrode was advanced through the medulla toward the internal 
meatus on the opposite side of the head and, in successful punctures, it 
penetrated into the eighth nerve. Reconstruction of the electrode track from • 
brain sections postmortem established in every case whether contact had 
actually been made with primary eighth nerve fibers. 

It has been claimed by other investigators that primary auditory 
neurons show only excitation, never inhibition, to acoustic stimuli. Our 
evidence does not support this statement, for extensive study of each of at 
least 5 such units with a wide range of stimuli reveals both excitation and 
inhibition can occur. The spontaneous activity and response areas of these 
units cannot be readily distinguished from those of cochlear nucleus neurons, 
and the same can be said of the tones that inhibit their activity. When they 
are already activated by one tonal stimulus, a second sound—tone or noise- 
can abolish thfeir response, again as is true for neurons at higher levels in 
the acoustic tracts. If demonstration of both excitation and inhibition in a 
neuron reflects synapçic events at a more peripheral level, it must be con¬ 
cluded from these facts that the complex neurology at the basilar membrane 
level provides significant processing-of auditory input information. The 
auditory nerve evidently conveys, the mechanical analysis achieved at the 
basilar membrane level toward the brain in terms of both increase and decrease 
in its neural.activity. 

' • 

• 
Whether the observed inhibition of the primary auditory neurons would 

*occur in the absence of the efferent bundle of Rasmussen has not been ascer¬ 
tained, for no animals with the olivocochlear bundle cut were included in the 
series. 

Two additional observations are worth mentioning here. It has proved 
possible by careful analysis o‘f the click-evoked slow waves recorded by the 
advancing microelectrode to predict with good accuracy the position of the 
microelectrode tip Tn"tlïe brain substance. When the tip lies among auditory 
nerve fibers within the Internal meatus the recorded slow wave is virtually 
identical with, the response at the round window membrane. When it lies more 
centrally—in the cochlear nucleus—the latency to the first large deflection ’ 
recorded is greater than that at the round window, and this discrepancy pro¬ 
gressively increases as the tip lies farther away from the internal meatus.' 
These facts can be of considerable assistance in estimating electrode location 
during an actual experimental penetration. * 

9 

Secondly, units with novel characteristics not previously described 
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have been encountered.: One auch unit, spontaneously1 active, reacted to a 
steady pure tqne by promptly discharging at a higher rate, then slowly drop¬ 
ping its rate tp zerow. Such enhancement follqfte^Lhy.complete inhibition-of - 
activity over the course of a minute or two clearly Illustrates the complexity 
of neural reaction to a steady tonal stimulus. The mechanism of this set of 
events remains to be worked out. 

5. The auditory cortex. No@new experiments on units in the auditory 
cortex were performed during the past year. A summary of the data previously 
obtained is in preparation for publication. 

B. The EEG and Behavior. The method of simultaneously recording EEC and be¬ 
havioral responses from cats and monkeys continues to provide information 
on brain activity associated with learned and unlearned reactions, No 
significant new developments can be reported in either the methods of 
implanting the electrodes or of analyzing the data recorded from them. 
The studies under way can be s.mnnarized under three main headings»- —— — 

' '» I 

1. EEG, eve movements and behavioral sleep in monkeys 

During the past several years the EEG patterns in sleep have come 
once again under intensive study in this laboratory (see other sections of 
this report) and elsewhere. The appearance of an EEG pattern virtually 
indistinguishable from that seen in the awake state has been reported in man 
when dreaming, and in cats when presumably dreaming. A consistent finding in 
both these situations is rapid eyeball movement. The occurrence in rhesus 
macaque of an exactly similar correlation between eyeball movement, behavioral 
sleep, and an EEG record characteristic of the waking state has been 
demonstrated during the past year. ' 

During a total of 8 hours of sleep in 6 monkeys, rapid eye movements 
were seen 16% of the time. A total of 19 such periods occurred, each lasting 
from 1.5 to 8 min, the average being 4 min. The EEG pattern consistently 
assumed the pattern of jw voltage, fast frequency activity during these 
rapid eye movement periods. The rhesus macaque can therefore serve as a 
useful experimental animal for the study of these sleep, eye movement and 
EEG patterns. 

2. EEG and Behavioral analysis of differential reinforcement of low rates 
(DRL) and avoidance training in Monkeys 

Two monkeys implanted with chronic sub-cortical electrodes (for EËG 
recording) and trained in both DRL and avoidance behavior have been inten¬ 
sively studied to see whether characteristic EEG changes accompany the various 
behavioral states displayed. Spontaneous movements were .also recorded--rapld 
head movement in one monkey, and a tongue-licking response in the other. 

Analysis of the data obtained thus far strongly suggests that the 
tongue-licking and head movement responses, are specifically related to the 
animal's DRL behavior. They are rhythmic and precise during the DRL period, 
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erratic or absent during the avoidance and rest perioda/ When the*“DÄL ^ 
behavior is elioiinited by amphetamine, the motor responses described also 
disappear. 

» «... EEC analysis to date reveals disappointingly minimal differences > 
between the ÛRL, avoidance or rest periods, Occasionally during la rest 
period high voltage slow waves associated with drowsiness appear for brief 
periods but these are not sustained nor do they appear during DRL or avoid¬ 
ance behavior. Further analysis of the EEC and behavioral data is in 
progress. 

3* EEG studies of conditioning 

host of the past year has been spent in analysis of previously 
recorded data and the preparation of final reports for publication. 

C. Physiological Basis of Pain Perception 

The behavioral method for study of pain in monkeys (described in the 
previous progress report) has been used in several studies during the past 
year. With it shocks of increasing intensity are applied to the gasserian 
ganglion of an alert monkey via implanted electrodes. The animal reduces the 
intensity of the shock by pressing a lever, thereby regulating and maintain¬ 
ing a level of tolerated intensity (presumably his. 'threshold'), which can be 

: raised or lowered by changing the duration of the pulses. Drugs can be 
administered via a cardiac catheter., The fact that morphine (0.5 mg/kg) in¬ 
duces the animal to find and maintain,,a higher level of tolerated jLntensity . 

, has been confirmed. Chlorpromazine and Pentobarbital have been found»to 
’ abolish level-maintenance behavior and to produce a marked Increase in the 

variability of the animales responses. . Methamphetamine and Procaine by . 
contrast produced both a significant decrease in variability and. a small rise 
of the maintained level. *' ^ 

• * . % 
e 

• That the method will prove useful in the study of the anatomical and 
pharmacological basis of pain perception in animals seems confirmed beyond 
doubt by our data. Several Industrial and university laboratories have, after 
consultations and visits, begun to employ*it successfully in the search for 
new analgesic drugs and in the study of the pathways involved in pain 
perception. The results thus far obtained from about a dozen animals in 
this laboratory are. being written up for publication.' 

D. Studies of the Electroretinogram 

The effort to develop more information about the^retinal processes by 
study of the ERG can be summarized under two headings as follows: 

j• • 

,.- * • • 

* 1 1. Human electroretinogram: An investigation of the effects of colored 
pre-exposures upon subsequent dark adaptation has been completed. Electro- . 
retinograms were recorded in response to chromatic test flashes presented at 



the rate of oace every second for a periodrof two minutes after the cessation 
of the, pre-exposures. The sensitivity of the ERG Increased more rapidly 
during dark adaptation at 500 mu than in other parts of the spectrum. Strong1 
selective effects depending upon the color of pre-exppeure were found in 
various portions of the spectrum. In addition to the scotopic and red 
photoplc components, analysis suggested at least one additional photopic 
component. :«i. d? • 

.-,. /■. - , • -:. ' . <1 

Another experiment, now in progress and partially completed, Is 
concerned with the effects of stimulus duration upon spectral sensitivity* ! 
Stimulus duration from 10 to 100 milliseconds have been used. The spectral 
sensitivity curves have exhibited the two prominent components demonstrated 
in previous work: the scotopic process and a red process with a maximum in 
the neighborhpod of 600 mu. The influence of increased stimulus duration .at 
the short wavelength end of the spectrum has been to increase response 
sensitivity* In the long wavelength region, however, response sensitivity 
has been highest for the shortest stimulus duration. A preliminary.report. 
of these findings has been presented. 

• 2. Turtle electrotetinoeram: Work on the electrical responses of the 
turtle's visual system has been continued. The results, to date, show that 
although these animals possess nearly pure cone retinas, the electrical 
response^ of thçir.ayes show characteristics that have been, associated with ' 
dual structure eyes. In agreement with other investigators the dark,adapted, 
electroretlnogram shows a well-defined response consisting of an a- and b-. 
wave, the front leg of the b-wave being rippled when stimulated by white- - ¡¡ 
and red-light. Under light adaptation, however, the response becomes 
smaller.and sharper showing shorter implicit times and latencies! It would 
appear that some of the electroretlnogram characteristics that are thought. 
to differentiate between rod and cone structures in duplex eyes may be a 
result of something other than receptor structure. These differences mayibe 
Interpreted to occur as a result of the.action of different cone pigments or ^ 
as a result of a complex neural interaction in the light- and dark-adapted 1 jo 
eye, . • " ' - • 

.-„-The results are being prepared for publication. . r 
. MliCi»- 

E. Computer Analysis of Brain Responses 
‘ . . ' , * ‘ , -, >7 I 

Evoked potentials are often difficult to detect under conventional record-' 
ing conditions because of the presence of high amplitude interference arising 
from tissue not under investigation. This research has been directed toward 
developing equipment for recording and studying the small-amplitude electrò- 
retlnograms and evoked cortical potentials in normal and clinical subjects. 

a» • 

Equipment Development. An analog computer system, in part previously 
described, has been devised for recording the potentials in question. It 
divides the time intervals between*consecutive stimulations*into 19 segments* 
and integrates the wave form lying under each of these segments for an entire 
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series of responses. ¿£ch these intégrais is approximately equal to an 
ordinate along the avéfage ééapoñáe ¿urve. The average wave form is now 
based upon 1? ordinates altfrtg thé rásense Wave form. An ink writer 
attached to the output of the computer Provides afl immediate picture df 
the''response wave fötm. Iri addition,' the íhk-wrítet maj/ be made tó producé 
a figure which enable» thte experimenter to judge whether a consistent fcápònse 
wave is being recorded. 

• , < •/ 

Electroretinoaram hfltbtding. Using the computer it has been found 
possible to record elecéforetinograms as well as ½ uV with normal human 
subjects. Conventional recording tdékhôdi do ttdt resolve electroretinograms 
below 20 uV even ühdef favorable tíònditions. Several properties of the low- 
amplitude electröretinogramfi have been ascertained. For instance, the sensi¬ 
tivity of the electroretinögram is related in a regular way to the area of a 
stimulus producing it. In addition, the photopic electroretinogram varies in 
amplitude depending upon the position of the stimulus on the retina, the 
largest responses being obtained when the stimulus is centered on the fovea. 
A useful clinical application has been demonstrated in patients with 
retinitis pigmentosa in whom responses are not detectable when conventional 
recording procedures are used; the computer has shown that such patients do 
have a small response whióh is buried in various kinds of interference. 

Evoked Cortical Responses. The computer readily detects visual potentials 
evoked'from the human brain, through external scalp electrodes. The response 
wave form has been found to depend upon a'number of variables. In general it 
is more complex with intense stimuli than with weak ones. At low luminances 
the amplitude of the response Increases regularly with increase in stimulus 
luminance. At higher luminance the response-amplitude reaches a plateau 
and the waveform becomes more complicated. The latency of the response 
decreases as stimulus luminance is increased. Large field diameters produce 
responses when small ones do not, under the conditions so far investigated. 
Responses have been detected using flicker rates from 1 to 20 flashes per 

. sec (higher flicker rates have ndt been explored). When the stimulus field 
is less than 15° in diameter, eVdkfed cortical potentials may be detected with 
stimuli of lower luminance than thbUS which are required for a measurable 
electroretinogram. 

< . . 
Briefly summarized, the computet analysis of biological potentials upon 

which the laboratory embarked two years ago has succeeded in revealing several 
events that hitherto have defied analysis. 

F. Brain Stimulation and Cardiovascular Conditioning 

Experiments have been begun aimed at defining the neurophysiological 
correlates of cardiovascular conditional reflexes induced by stimulation of 
brain areas which produce cardiovascular changes such as slowing or accelera¬ 
tion of heart rate. Electrodes have been implah’ted^iiïéréitâctically in the 
anterior and posterior hypothalamus, in the hippocampuscaiidate nucleus, 
cingulate gyrus, central gray periventricular area; add the parvocellular 
reticulum in several cats. 



Electrical stimulation ir\ the anterior hypothalamus (which produces 
cardiac tlowing) and in the posterior hypothalamus (cardiac acceleration) 
were paired with conditional stimuli (tones of 200 and 3000 cps respectively). 
Successful' cardiac conditional reflexes with the unconditional stimulus in 
the posierior hypothalamus has been obtained in two cats, and in the anterior 
hypothalamus in two other cats. Conditioned tachycardia (posterior hypo¬ 
thalamus) seems to be much the more stable of the two and is established 
earlier. Stimulation of anterior hypothalamus in one cat produced extra¬ 
systoles and bizarre EEC patterns, but these EKG changes could not be 
successfully conditionfcd even after 350 repetitions of the unconditional 
stimulus. 

Although they do not involve brain stimulation,! it will be-conve.nl-ent-to * 
describe here two related studies on cardiovascular conditional reflexes. 
One of these used classical Pavlovian techniques in both normal subjects and 
a case of postural hypotension (Bradbury-Eggleston syndrome). BCG, EKG, 
heart rate, blood pressure, right and left finger pulse volume and respiration 
were recorded simultaneously and continuously in these people. 

Of all the cardiovascular conditional reflexes studied the finger pulse 
volume was* the most sensitive and easiest to obtain. In the patient with 
postural hypotension cardiovascqlar conditional reflexès were difficult to 
establish but they did appear after 20 or more reinforcements. Normals 
usually showed cardiovascular conditional reflexes after 3 reinforcements. 

' 'A second study’aimed at •conditioning extraaystoles ip normal subjects. 
Twenty-eight ncrvnpl volunteers were* first examined to determine the frequency 
of extrasystoles during fo?.*ced respiratory maneuvers. F’ive developed.rare 
extrasyotoles end 2 displayed them frequently. In these 2 individuals a 
conditional visual signal was paired with the forced respiratojy maneuver 
which produced the extrasystoles. After 14 presentations the conditional. t 
signal alone was able to produce extrasystoles in the absence of the respira¬ 
tory maneuver. 

•• i* y. (* * >• * 

SUMMARY AN!) CONCLUSIONS: . 

Continued study qf single unit responses has .yielded several new facts 
about brain function. The responses fr'om the simple "visceral brain" of . . 
the sea-hare are of particular interest. Consisting of only some 200 cells, 
it displays spontaneous integrated patterns of activity resembling that of 
far more complicated structure. Because of the large size of the cells, 
furthermore, several units can be simultaneously penetrated, thus permitting 
any reciprocal interactions between them to be reliably established. Funda¬ 
mental questions regarding synaptic actions (excitation and inhibition), 
facilitation and neuronal organization t^ave been explored in, and partly 
Illuminated by these studies. 

The demonstration in awake cats of inhibition in primary auditory nerve 
fibers, and of vestibular units relatively insensitive to head movements, are 
additional useful faebs-. In response to« continuous pure tone, the cochlea 
evidently delivers to the medulla via the auditory nerve a complex pattern 
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showing .both enhanced and reduced nerve activity; previously only enhance¬ 
ment had been recognized. Otherwise, the experiments on primary and 
secondary sensory neurons summarized here demonstrate that observations on J 
single neuron responses in anesthetized animals can safely be extrapolated 
--in a general way at least—to animals in the alert, awake state. 

The demonstration of a correlation in monkey between eye-movements, be- ’ 
havloral sleep and an EEC record like that of the waking state adds another 
species to those already known (cat, man) to display this phenomenon. In 
man these events are claimed to be positively correlated with dreaming. If 
this be true, further experiments on the moltkey may reveal some of the 
mechanisms operating in the dreaming state. 

The studies on pain reported here modestly extend the Information avail¬ 
able a year ago. It is clear that no single "threshold" of pain exists. 
At one point in time a monkey will tolerate shocks at a very high level 
compared with his "threshold" a few minutes later. There is reason to be¬ 
lieve these shifts in tolerance occur spontaneously as well as under the 
influence of drugs, and these, it is hoped, will be carefully examined in 
future studies. 

A year of experimentation with the average response computer as a method 
for detecting very weak biological signals in the presence of much-bio-logicfifi' * 
noise has confirmed most of the hopes and expectations' for it recounted in 
the previous progress report. Threshold light flashes clearly evoke retinal 
and cortical responses, facts not uncovered until the computer became avail¬ 
able. The demonstration of a minute E&G in patients with retinitis pigment-'! 
osa--contrary to what had previously been believed—raises the possibility 
of useful application of the technique to this and similar clinical problems. 

The experiments combining brain shocks with conditional stimuli in an 
attempt to condition heart rate represent a new series of studies for this 
laboratory. Conditioned autonomic responses represent a class of behavioral 
reactions much neglected by investigators in this country. While we have 
few data as yet, future developments in this area of autonomic conditioning 1 
are anticipated. 
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\ 
The study of impaired performance with sleep deprivation has led 

to principles for the measurement of performance decrement in many 
kinds of stress and with brain injury. By changing test procedures, 
decrement can be minimized or maximized. It appears that these same 
principles can be used in a kind of systems analysis for the individual 
subject to identify the psychological operations which are impaired. 
A series of studies of human problem solving developed measures of 
storage load and operational load which can be independently varied. 
Rather complex performance can be elicited from human subjects during 
periods of EEG sleep. This seems to require re-evaluation of the EEG — 
as an index of the sleep wakefulness continuum. Studies' of human data- 
processing have been extended to children and'several experiments have 
been done on the development of language and thought in children from 
4 to 8 years of age. Research has continued on the theory of measure¬ 
ment and the development of new methods of statistical analysis. 
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Description: This task has two purposes» !(a) to develop'methods for the 
analysis of behavior, particularly vigilance, data-processing and problem ’ 
solving; (b) to apply techniques developed in this analysis ‘to studies 
of the effects of brain injury, sleep loss and other stress. The analysis 
involves both behavioral and physiological Tneasurement, and studies have 
been completed of normal subjects, sleep-deprived and brain-injured 
subjects, A series of inter-related projects have been carried out 
analyzing the effects of information load, uncertainty and monotony on 
human data processing. Investigation of methods for optimal scoring of 
tests has continued. 

Progress: 
a. Studies of Decision-Making} .problem-solving and data processing} 

concept formation; storage of verbal material; verbal learning; 
cognitive pro cesses in language learning} studies of size and depth 
perception. 

Concept Formation? The purpose of the work in this area was to determine 
the factors that determine efficiency in this type' of problem solving* 
Last year’s work showed that two main mechanisms were used by the subject 
in working concept problems - dimension selection and storage* This 
year’s work developed the details of the working of these mechanisms. 
The following experiments furnished this information. 

1, Perceptual encodability» In order to specify the processing load 
placed on the subject by the examples that make up a concept problem, we 
carried out a calibration experiment on these examples. Ve measured the 
accuracy with which the subjects could perceive them under short ex¬ 
posure (l/2 sec.)• This information was used in the subsequent concept 
experiments and also is being analyzed to discover what specific factors 
determine perceptual difficulty. Standard1 information measures can be 
used to measure the perceptual difficulty of the examples. More adequate 
measures are being__developed, however, on thé basis of complexity of the 
code required to specify the example, These encodability measures require 
the consideration of figure-ground relations. 



T'''*"’* 

Information 2$«K}von störte and seíection í j vUsing the Infor* 
nation from Experiment 1, ve devieää7!' teohbiqpe- for manipulating' the 

' information load on the two functions • storage and eelëctien - ; 
carried out by thé subject in thé courée bf solving concept problems* 
It was demonstrated clearly that lòad on'either .storage or selection 
reduced efficiency in a highly regular fashion* ' ■n.f: 
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3* Reduction rate and information load: Two experiments were 
carried out to determine the effect of reduction rate * the rate at ' 
uhich successive examples eliminate Irrelevant dimensions * and infor¬ 
mation load* (The tvo experiments differed in the type of presen* 
tation*r''One used origin-based examples; the other used predecessor- 
based examples)* -tt.V'as, clearly demonstrated that as the reduction 
rate increasesj the efficiency of the concept work decreases* This 
effect, however, had a significant interaction with the information 
load on. the storage and selection functions. M the information load 
on either increases, the effect of reduction rate becomes more marked. 

4* Effects of spacing! A series of four experiments vere carried 
out to determine the effect of rest pauses between successive concept 
examples on the efficiency of the concept work. The first experiment 
indicated that a rest in the series improved efficiency. The sub¬ 
sequent experiments shoved that this effect was present only when the 
reduction rate is high, i*e*, when the overall information-processing 
requirement for the subject is high. 

5* Effects of concept sise with new materials: Earlier experi¬ 
ments had indicated a curvilinear relation between aoncept size and 
efficiency. Problems that required the subject to discover four 
relevant dimensions out of eight were significantly more difficult 
than problems with either two relevant dimensions out of eight, or 
six relevant dimensions out of eight* The relation was interpreted 
as following from the differences, in information load on the selection 
function. These results were checked with a new set of materials, 
using one, two, and three relevant dimensions out of four. The same 
curvilinear!ty was found, with 2-dimension problems ¿generally being 
pop* diffiçu^i than either one, or three* This experiment supports 
the'gehèfrali’tÿ jof the findings for different materials and for 
different numbers of dimensions* 

TY; 

Three reports' were issued, covering the earlier work on the 
project. Work has begun relating characteristics of the performance 
on the concept problems to EEG measures* < T 

Storage of yerbal Material: Á general model for free recall was 
constructed which postulated two storage mechanisms: short-term 
and long-term storage. These mechanisms were postülated.to determine 

^serial position effe.ats_iiufree-reeaH-.”—’ 

1. Free recall : Effect of presentation rate and delay: On the 
basis of the model, it was predicted that increasing rate of presen¬ 
tation should lower the beginning peak, while delay of recall should 
lower the end peak of th¿ serial position curve. An experiment, 
carried out to test these predictions, supported them. 
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2, Free recall mechanismsi Effect of repetition of items: Using 
the same model, another prediction - that repetition of list items 
should raise primarily the beginning peak of the curve - was tested 
and supported* 

Verfriq kerning» , A . . , 
1, Re-examination of the serial position effect: A series of 

experiments were carried out to specify the determinants of the 
serial position effect in rote learning. Three characteristics were 
considered: Primacy-recency, space between end and beginning of the 
list, and association break. The experiments indicated that 'once-” 
the multiplicative effect of total number of errors is held constant, 
the major factor is spacing. Contrary to earlier views, an increase 
in spacing results in an increase in the serial position effect. A 
report was issued earlier this year covering the first three experi¬ 
ments in the series* A fourth experiment, replicating and extending 
the earlier work, is now in progress. 

2, Grammatical categories in veroal learning: An experiment was 
carried out to determine whether there are differences in the difficulty 
of learning words from various grammatical categories. Paired associate 
learning (both English word to nonsense syllable and nonsense syllable 
to English word) was used. A highly reliable ranking of difficulty of 
grammatical categories was found. An experiment was also carried out 
on word association to words from these grammatical categories, 
measuring latency, variety of associations, etc. Significant corre¬ 
lations between the word association measures and the ranking of 
categories obtained in the paired associates experiment were found. 

Cognitive Procasaaa in Language Learning: Parallel investigations of 
two aspects of language learning are being carried out. The focus oi 
one line of investigation is on grammatical structure; here the main 
goal is to try to identify the cognitive processes involved in 
children's learning of the grammatical structure (especially rules 
governing the order of words in a sentence) of language. The other 
line of investigation is concerned with the semantic aspect of 
language development; it assumes that what a child means or under¬ 
stands by many words will to a great extent depend on his level of' 
conceptual or intellectual development, and the ultimate goal of the 
work is to describe some of these.conceptual correlates of language 
behavior. 

The learning of word-order and grammatical structure is being 
studied partly through experiments on the learning of miniature 
artificial languages. The words in these "languages^ are nonsense 
syllables and the grammatical rules are determined in advance. The 
procedure is to present the child subjects with part of a sentence 
of the language and ask them to choose a word or phrase from an Array * 
to complete the sentence, correct completion earning a reward. ^Five; 
such experiments have been carried out, and the results suggest thát 
what is learned is an association of particular words and phrases 
with particular words and phrases with particular temporal positions 
in a sentence (5)» The data also indicate that subjects define 
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temporal position in a digital, rather than ordinal, manner, i»e., 
they tend to hear a sentence as divided into a first and a last 
part, and then each part as divided into a first and a last part. 

The vork with the artificial languages suggested that it vould 
be instructive to gather detailed data on the way in which English 
grammatical structure develops in very young children. Using tape 
recordings and written records kept by the mother, a continuous 
sampling of the word-combinations of three children between 18 and 
30 months of age is being obtained (this work is being undertaken 
through the Washington School of Psychiatry). Initial data suggest,' 
as expected, that the first English word combinations of children 
have a quasi-grammatical structure from the beginning. 

The investigation of conceptual correlates of language develop¬ 
ment has evolved from earlier work (3, 3) which examined some of 
Piaget's.views of intellectual development. The main focus so far 
has been on certain relational concepts, particularly concepts of 
size. For the older child size concepts enter into a network of 
logical relationships (e.g., that of two objects, one cannot be both 
larger and smaller than the other; that for any objects 
Â, B, C, A>B.B >C. 3 .A^C; that lengths are additive), upon which 
measurement Ms contingent. These relationships are probably not 
understood by the very young child, despite the fact that he may 
correctly use words like "bigger1' or Pbaby one" to indicate size 
relationships he can see clearly. Both previous work (X), and a 
priori considerations, suggest that an important conceptuSl corre¬ 
late of this kind of development may be an ability to distinguish 
•between."real" and "apparent" properties of objects. The child, 
for instance, who can distinguish "looks bigger" from "is1 really 
bigger" localizes, as-it-were, the size-attribute in the object 
and not just globally in the stimulus-field. In the experimental 
procedures used so far a child is confronted with situations in which 
an object is made to appear successively larger and smaller, than 
another object (by the use of a lens, or of well-known visual 
illusions); how quickly he can learn to .ignore the illusory, and 
respond to the real, attributes of the objects is explored. Later 
experiments, with attributes other than size1, will explore the 
generality of this developing conceptual distinction between a "real" 
and a "phenomenal" world. 

V-.'.i 
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Studies of Size and Depth Perceptiont During the past year, research 
has been completed which shows that judgments of apparent size are 
strongly affected by instructions to the subjècts as well ap by 
certain physiological variables .under a reduction (dark-room) environ¬ 
ment. With "visual angle? (analytic) instructions, size judgments 
are correlated with the functioning òf thé Oculomotor adjustments of 
acconmodatien and convergence. Pupil diameter does not appear to be 
an important variable. A four-meter blacked-out "visual tunnel" is 
now undar construction to further reduce stimulus cues from the size 
matching targets within the tunnel. With this tunnel, research is 
planned to further isolate the critical correlate of the size 
judgments : whether accommodation, convergence, or apparent distance. 
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Studie9~of W«P Deprivation and Brain Injury. 

without »loop wore paid sleep for work. ^^'“l^aLlt nt 

ÄÄn^U'Ä'^act. in 19» U ^^oe- 

-"“Ärr- 
load on the task produces greater decrement during ® P ^ the 

abU^ÄSetel.« “irfo^UonT inpairad aodthiá deficit 

h“ difficulty learning and recalling new informat oo bpt wh ta.or ia 

learned abowa no furth« decr-ent^ 

poor^performance .^Hiaaed signals on s J1«11“" ‘a2e“ír4S‘^ 

Ä ^.Äan^s 
and performance on a vigilance task increases with increas ingseep 
deprivation. The "lead time" for the EEG also increases. After one 
night of sleep loss, the second which jua^preoedes the signal 
accounts for all of the valid variance,-’'#er two nights of sleep 
loss the minus two and minus three second^, contribute signifi^tly^ 

to the prediction of performance. recovery day 

correlation. They psrfom vigilance tables with high accuracyi even 
when the EEG record is composed primarily of rhythms .in the 

(4-7 per second) range. 

Performance During Sleep! The state of sleep has 
n« gets of criteria for its definition. Behavioral criteria 
Of sleep as diatinguishsd from ‘ «wophya iologioal onee^bave Mferre 
to generalized patterns of activity such as lack of control and co 
ordination, minimal movement of body parts, and ^senceo ^gan 
activity. Neurophysiological criteria, on the other hand, have been 

vs. dofini+ft and obiective. EEG records, for example, follow quite 
r^lafÒâtter“ ^rp«ting to reflect a behavioral continuum from 
excited emotion to deep sleep or coma. These patterns have been 
classifiedinto stages and giod correlation ofthea.e.ctrophyalo- 
logical changes to behavioral observation hevebeen claimed by some 

investigators. 

Two kinds of experiments indicate that some subjects can learn 
to perform rather complex behavior-during sleep. Operant conditioning 
techniques were employed utilizing shock avoidance jnd a schedule 
fixed ratio reinforcement whereby the Jït^ect waited fr^ aH 
comfattteents for a specified time period..and allowed it o sle^. 
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The resulta revealed that all five subjects employed In the experiments^ 
shoved an EEG sleep record and learned to respond appropriately on both 
mieroavitches vlthout returning to the EEG waking state* Moreover, the 
data indicated that patterned activity could occur when the subject vas 
In any EEG sleep stage* These observations have been interpreted to 
mean that "higher mental processes" operate at some level .of the nervous 
system even during deep sleep* 

“ These results have been reported to the 1961 Eastern Psychological 
Association meetings* _ " 

In a second experiment the subject was presented with one of two 
auditory signals every three minutes during a normal night's sleep* 
One of these signals vas defined as "critical". If the subject failed 
to turn it off with a switch taped to his hand, he received a series 
of electric shocks and/fery loud buzzer which served to bring him 
sharply awake. The other auditory signal was regarded as neutral. 
The subject was told that he was to try to make the necessary discrim¬ 
ination and reaponses during sleep. Preliminary results show that some 
subjects are able to perform correctly while in any stage of EEG sleep. 
Subjects who perform best seem to be rather tense individuals who 
describe themselves as very light sleepers. Subjects who are very 
difficult, to arouse nave not learned the required behavior in three 
nights of practice. 

si Sula lolita' n» analysis of parformanca 
under stress has led to a set of general principles for the measurement 
of performance decrement and these are being applied to the study of 
brain injured patients. The principles, most of which have been stated 
in previous reports, are a frami^fork for a systems analysis of the 
individual patient. It is posible to ask whether decrement in a 
general performance test is due to changes in accuracy or to slowing. 
Further, one can discover whether the change in performance is 
related to perceptual, storage, motor, or cognitive impairment. 
Several patients with gross brain damage due to head injury have now 
been put through a sequence of tests designed to ascertain the source 
of performance decrement. Data are still being analyzed. 

c. Exploration of Optical Tefct Scoring Methods and Contributions to 
the Theory of Tests and Measurement, f 

1. (1959) Peut-on appeler las tests non-parametriques, test inde¬ 
pendent de la distribution? (Are non-paraaatric tests distribution-free?) 
Dull, du Centre D'Etude et Recherches Psychotechniques, 8, 129-134. 

Most non-parametric rank-order tests such as the Kruskal-Wallis 
H test, Friedman's test for differences in correlated means, the Mann- 
Whitñey tests, etcHmake the "homonomous" assumption that samples are 
drawn from identical population distribution. Therefore, when hetero¬ 
geneity of variance, differences,in skewness, etc., are found, these 
non-parametric tests may not be appropriate substitutes for the t test 
or F ratio. Strictly speaking, they should only be used with identical 
non-normal populations. However, if the population distributions are 
symmetric, the H test is probably a sanative test of the difference in 
sample means., The term "diatribution-free" should be reserved for 
those significance tests which do not assume that all populations are 
identical. . 
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2. (i960) with H. G. Osburn. The use of configurai analysis for 
the prediction of a qualitative criterion* Ed. Psychol. Measurement. 
20, 275-282. 

Given a qualitative attribute as criterion and qualitative 
predictors, how does one predict the qualitative criterion? The 
solution offered here is a polynomial equation which turns out to be 
a discontinuous case of Taylor's.theorem* If there are t dichotonous 
predictors, then there will be 2 terms in the polynomial predictor. 
The main effect of the t items are represented by t terms, the other 
terms represent item interactions* 

3. (i960) Notes pour l'utilisation des fonctions descriminantes* 
Bull, du Centre D'Etudes et Recherches PsychoteohnlQttÔfl, 9, 63-70. 

A practical guide, short of worked examples, for those research 
workers who need to make use of discriminating functions. Four general 
situations are examined* The two-group case for one variable and for 
many variablesj the multi-group case for one variable and for many 
variables* 

The Rao "maximum likelihood" solution, which leads to a minimum 
number of misclassifications, is emphasized* G, W. Brown's similar 
solution for obtaining the minimum misclassification cost is described. 
Differential prediction procedures can be used when quota restric¬ 
tions are imposed* Canonical variates are not the solution to 
problems of classification, unless there is only one significant 
canonical variate* Rao's maximum likelihood method of classification 
is better than or equal to any other actuarial or statistical method 
than can be devised using the criterion of minimum misclassification* 

4. (i960) On the repeated-measurement design in biological 
experiments. Proceedings of W F^.h Conference on the Design.Qf 
Experiments Jn Research Development and Testing. Report No. 602, 
pp, 123-132. Office of Ordnance Research, U, S. Army. 

The two basic difficulties of repeated-measurement designs are* 
a* Any repeated measurements on the same organism will in general 
exhibit statistical dependence; therefore multivariate analysis of 
variance rather than univariate analysis of variance is appropriate; 
b. All standard cross-over designs assume that the carryover effect 
of a treatment on a succeeding treatment is constant and does not 
depend on the nature of the succeeding treatment, i*e*, carryover is 
additive and does not interact with succeeding treatments. 

The Geisser-Greenhouse approach brackets the significance 
level of F with the same amount of computation that is used in the 
usual univariate two-way analysis of variance. Since the computations 
for the multivariate A of V include the data for a two-way A 7, 
it always pays to try the Geisser-Greenhouse approach first. 

Kendall’s W or Jonckheere’s rank-order coefficient can be used 
when the average rank-order rather than the difference between means 
is in question. The routine application of the usual two-way A of V 
is invalid unless the covariances between treatments are equal. 
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The study of Impaired performance with sleep deprivation has led to 
principles for the measurement of performance decrement in many kinds 
of stress and with brain Injury* By changing test procedures, decrement 
can be minimized or maximized* It appeal's that these same principles 
can be used in a kind of systems analysis for the individual subject 
to identify the psychological operations which are impaired. A series 
of studies of human problem solving developed measurts of storage load 
and operational load which can be independently varied* Rather complex 
performance can be elicited from human subjects during periods of EEG 
sleep. This seems to require re-evaluation of the EEG as an index of 
the sleep wakefulness continuum. Studies of human data-processing have 
been extended to children and several experiments have been done on the 
development of language and thought in children from 4 to Ô years of 
age. Research has continued on the theory of measurement and the 
development of new methods of statistical analysis. 
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ABSTRACT 
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to injury 
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The laboratory has been established and apparatus procured for 
measuring cerebral blood flow and metabolism. Initial observations will 
measure these functions before, during, and interval following intra¬ 
cranial surgery, utilizing closed system anesthesia with moderate hyper¬ 
ventilation. These studies are preliminary to investigations of fluid 
balance between blood, cerebral tissues and cerebro-spinal fluid spaces. 
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Task No. 7 The blood-brain barrier and the responses of cerebral tissues 

to injury 

Description: 

The blood brain barrier, the intra-cranial fluid dynamics and the 
fluid and electrolyte shift between cerebral tissue spaces are recognized 
as critical problems in neurosurgery and for the management of brain 
injury. In this task a variety of techniques are applied to different 
aspects of these problems. The initial project investigates cerebral blood- 
flow by a method utilizing the Pick principle with Krypton ' the inert 

gas as described by Albert, et al ("A Rapid and Si^le Method for Measuring 
the Rate of Cerebral Blood Flow in Humans with Krypton, J. .Dab. .Cl..Jfed. 

56:473-82, Sept. i960). 

Apparatus has been obtained and the technique is in the course of 
being standardized. A-V oxygen measurements are also made, providing a 

measure of cerebral metabolism. 

Progress : 

In the reporting period, a laboratory for cerebral blood-flow has 
been established on Ward 15 WRGH and necessary equipment for the measure¬ 
ments has been procured. The immediate objectives are to study the 
cerebral blood-flow and the brain metabolism of patients undergoing 
intra-cranial, surgery. It has been found by Col.Harvey C. Slocum and 
Col. George J. Hayes that with moderate over-ventilation during anesthesia, 
the brain can be caused to shrink, resulting in a remarkably open 
operative field and little need for retraction. The effect appears to 
be secondary to reduction in the CO content of the blood. It is important 
to determine the cerebral blood-floW and metabolism under these conditions 
before, during.and at intervals after intra-cranial surgery. 

An Astrup apparatus lias been procured and is in process of being 
put into operation. The objective is to measure the C02 tension, the 
HCOo content and the pH of the arterial blood at appropriate intervals. 
With these data and the data on blood-flow, it will be possible to 
further plan experiments for studying fluid shift between the brain 
tissue and the cerebro-spinal fluid spaces. 

Summary and Conclusions : 

As this project is just starting, no conclusions can yet be made. 
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