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PREFACE 
:. ~

The Armed Forces Radiobiology Research Institute (AFRR I)  is a command of
the Defense Nuclear Agency (DNA), the joint services organization which plans
and coordinates the Department of Defense ’s nuclear weapons programs , includ-
ing nuclear weapons effects research. AFRR I ’ s research is undertaken to meet
DoD requirement s in biomedical effects of nuclear weapons. A F ’R R I  also acts in
an advisory capacity to the Department of Defense on all medical proble ms asso-
ciated with nuclear weapons systems and on the hazards associated wi th  incidents
and accidents.

The areas of current interest in the Biomedical Research Program have in-
creased in scope and complexity with the identif ication of a numb er of operationa l
problems related to tactical nuclear weapons. There arc c r i t i c a l  r equi r ements
for expansion of effort s in areas of research such as combined i nj u r y , col lateral
damage , casualt y prediction , and the diagnosis and prognosis of rad i a t ion  i nj u r y
as well as treatment of nuclear casualties.

AF RRI has assessed its project s and programs , st udi ed them in the  cont est
of identified major requirements of the three services and to probab le require-
nient s in the foreseeable future , evaluated the relat ive urg ency of it ~ responsi-
bilities in the areas noted , and reallocated its resources to achi ye op t imum re-
suits for the accompli shment of its mission. An important move was the realign-
ment of the institute ’s departments to faci l i tate a clearer approach to research
problems by grouping related programs to permit closer evaluat ion and direct Ion
of program progress.

The present research programs of th e In s t i t u t e  encompass the  following: nu-
clear rad iation-induced incapac itation and performanc e decrement s tudies  in ani-
mal models to allow better prediction of man ’s response; medical  aspect s of nu-
clear weapons effects for use in nuclear weapons effects  nI ( d ic al  p l a n n i n g ;  mo-
lecular and cellular radiohiologv as well as non ma mn ia l i an  and m a mm a l i a n  radIo-
bi ology in the study of mechanisms of rad ia t ion  i n t e r a c t i o n  w i t h  b iologica l  svs-
te ms; radiation dosimetry in thp evaluation and appl i c a t ion  of b iomed ic a l  e f fect s
data; and fac i l i t a t ion  of repair of radiat ion damaged t i ss u e s  and p r o t e c t i v e  agents
in the stud y of recGvery and t reat  ment.

The scientif ic  departments of the inst i t u t e  as now t onst  i i Ut li and a h r o f  s u m —
mary of their  project s are given below . A more deta i l ed s ta tem ent  of e f l l h  di’-

I v i t l e s  du r ing  th i s  r epo r t i ng  period is g iv ( ’n ifl t h ~ m a i n  t oclv of t h i s
publ icat ion with summary reports on part i cu la  r proj ects  l I t  t ha t  di pa rt ment  . 1 s i ,
repo rt s represent a major  portion of thc r esearch r I s i i 1 L ~ f ) r  t h e  y e a r  m u  (10 not
cove r al l  aspects of the  ongoing long-range programs of t h e  i n s I i t ~~t c .

L~
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Behavioral Sciences Department :
research on the acute effects of radiation and other injuries
on behavior , performance and psychoneurologica l int egri t Y
to establish casualty cri teria for tactical nuclear operations

Biochemistry Department :
biomedical research in disciplines of b iochemist ry  and ra-
di ohiology with special emphasis on the basic rad iocht ’mica l
mechanism of radiation injury and its diagnosis

Experimental Hematology Department:
research on the effect s of ionizing radiation and combined
injuries on mammalian species with special emphasis on
doses in the midlethal range related to collateral damage

Neurobiology Department :
research to elucidate the normal function of peripheral and
central nervous systems and their malfunction in disease and
injury to study basic mechanisms under l yi ng high dose casu-
alties and mortality

Nuclear Sciences Department:
biomedical , biologi cal and radiological physics research us-
ing radioactive materials to increase the unders tanding of
di sease processes and orga n function in combat in jur ies .

AFRRI hosted meetings of the Board of Governors , the Bio medical Nuclear
Weapons Effects Development Coordination Committee and the .loint Medical Re-
search Committee. To increase its competence to carry out i ts  mission , s ta f f
members attende d courses and panel meetings on Special Nucl ear Weapons l f -
fect s, armament problems and a reexamination of the’ data on radiat ion effect s of
nuclear weapons on combat personnel. In addition to the publication of pa pers in
scientific journals and laboratory report s , sta ff members made oral presenta-
tions to many scient if ic  society meetings.

L~tW~~Y~~E K . ~‘l ’RO\IIWR (~. ~l
Colonel , USA
Director

- , . ~~~~,- -- 
1_~~_ _ _
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EXPE R IMENTA L HEMATOLOG Y D E P A R T M E N T

The Experimental Hematology Department conducts research on the effects
of ionizing rad iation upon the blood cell forming system in ti-ic bone marrow.
Personnel exposed to radiation doses up to 1000 i-ads are injured or die li cc ause
of damage to the blood cell precursors in the hone marrow . ‘I’he objective of
the Department is to develop biological diagnostic indicators for the ( a n y meas-
ureni ent of the extent of radiation damage and therapeutic’ means to ameliorate
the sustained injury .

Primarily because the mechanism of blood cell production is poorly under-
stood there exists at present no efficient biological indicator for the prediction
of radiation injury .  Consequently , the hematologists of the I)epartmcnt are
presently engaged in research to determine what initiate s white cell production.
To date several studies appear to support the contention that the organization
governing white cell production is controlled by a combination of positive and
negative humoral feedback systems. The next step will involve the purification
and concentration of humoral inhibitor and stimulatory substances and study of
their precise involvement in the cell  production process . Uti lizing ultr astrue—
tural studies , tissue culture and in viv o testing should permit the elucidation
of the processes c ontrolling white cell production. Once this has been estab-
lished , it should be possible to develop diagnostic tools and means for the en-
hancement ( i f  white ’ cel l  production after exposure to radiation loses which do
not completely destroy the hernatopoietic system.

Personnel exposed t )  radiation doses which damage pr imar i ly  the blood

cell formin g system usually become sick or die of bacterial in fection. The
departmental mic’i’obiologists are involved in extensive studies to delineate
the route of postirradiation infection and the breakdow n of normal defense
nice lianisnis.  Based on their studies the following therapeutic’ approaches
were suggested f or  patients with radiation — induced (iec ’rCaSC in the’ nunthers
of circula~~ng white ( ‘ClIS: ( i f  (‘Ofltrol of t ’ndogcnous I loi’:i ; ~2 white’ t ’e ’i I t rI ms—
fusion;  (3 antibiotics; and ( I )  attenuation of the inf lamma ti ) I’V l ’CSpOflS(- .  I lic
ni ic’robiologists arc aided by the ’ efforts of t h e  p hv s io h g i s t s  who a i’e mak ing
progress  in the development of methods for the i v o p t i - ~erva t i on  and st o rag i
of typed white cells. l’his is a joint  e ffort  with the t .  ~~~. N a ’ ; t  I U n i t  at Ch elsea

\1 . tsSa( ’hUSCtt .S.

)nct ’ all I ,  n i  ina  i i’ow t i s sue  is lest i  ~ ed th e  i n l~ I i i  sav in g  pr ice d i’c
is  the’ t r ans p l an I~i t i i > n  of ( ‘o l i lp I l t ib le  hoot’ lral ’rOW st i ni ( ( ‘ 115 . l n l or t un: i f _ u l y ,
basic ’ il l i f l i Uf le  n e ( han ismS i nt e i l  i 1’C ty i t l i  t i i i  5 p!’ 5 t I i i  I C . ‘ h u e ’  i l i l n h C I f l e  sy ste m

i’cn ia i f l s i n t ( t  up  I l ethal  sc~ ~ ( a’ i~uIs and any noiu nmpat ih  c t r an s p lan t
is re j ect ed . \ t h ia ia ’r  d isi~ ii u r n m ol ’g i i : i l  a ct i v e ’  W in i ~~’ cells atta h \ i t i i l



organs of the host and initiate the fata l graft versus host disease. Efforts of
the departmental immunologists have resulted in the mechanical removal of
immune killer cells with the net result of increased survival of lethally irra-
diated mice., The physiologists are engaged in an effort to freeze-store spe-
cifically typed bone marrow stem cells which could be used for postirradiation
therapy.

Shortly , the I)eparthient ivill ini tiate studies on the effect of additional or
combined injuries in radiation casualties . Initial efforts by the toxicologists ,
who are developing models for the detection of toxic products in radiation con-
tam inated environments , are described .

‘ ( I



STIMULATION OF STEM CELL R E L EASE BY HUMOR A L AGEN TS
PRODUCED IN INFLAMMATORY EXUDATES

Pr~nis ~oI InvcsI~ lois Si  Baum, T i .  Mac Vi t tie, R. T. Brandenburg
and S. G Levin

Personnel subjected to ionizing radiat ion which will not induce immediate
mortality may become ill or die 2 to 3 weeks later due to the diminished num-
ber of white cells in the circulation to combat bacterial infections. The de-
crease in the number of white cells is caused by the injury to the blood cell
forming system in the bone marrow which must repair itself before it is ca-
pable of producing the necessary number of functional white cells. The pres-
ent study was designed to discover means for enhanced recovery of the blood
cell forming system which wou ld initiate an earlier production of white c-cIls .

The precise way multipotential stem cells (CFU-s) are stimulated for dif-
ferentiation into leukocytic progenies is not known. Various hypotheses hav e
been suggested which consider either a cell to cell or a Immoral agent to cell
interaction. Production of humoral substances could occur either in the bone
marrow leukocytic storage pool , in the circulating leuk ocytes or in inflamma-
tory exudates. The present study is based on the hypothesis that a humoral
agent produced in inflammatory exudates is transported to the bone marrow
where it stimulates CFU-s to differentiate into kukocytic precursors.

Inflammatory exudates were produced by the implantation of an acrylic cup
filled with bacteria free Hank s’ solution into a subcutaneou s pouch of B~ D2F 1
mice. The cups were removed 24 hours later , the cells separated from the
supernatant and both were pooled. Thereafter , normal mice received via tail
vein either 2 x i07 exudate cells , 0.2 ml superiiatant , 0.2 ml plasma from cup
implanted or from normal mice , 2 x ~~~ bone marrow cells or 2 x ~~~ splenic
cells from normal animals or 0.2 ml Ilank s’ solution (Fignre 1). Another 21
hours later hone marrow was removed from all mice and 2. 5 x i0~ cells were
injected into previously lethally irradiated mic e (900 rads 60 Co gamma irradi-
ation), while 5 x lo t cells were suspended in vitro in agar supported media.
Nine days late r the mice were euthanatized , the spleens removed and colonies
(CFU-s) were counted. At the same time colonies (CFU-c) were enumerated
from the agar supported media.

The results clearly indicate (Table 1) that the hone marrow obtained from
mice stimulated with either exudate cells or supernatant or plasma obtained
from c-up implanted mice contained a significantly greater number of Cl”U-s
than did either one of the four control groups. A similar trend was observed
in the colonies produced in vitr o.
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Figure 1. Schematic presentat ion of the experimental design
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It is therefore postulated that cells which had migrated into the exudates
produced a humoral substance which is transported via the circulation to the
bone marrow where it stimulates the release of multipotential stem cells into
the leukocytic cellular compartment. This humoral substance will he analyzed
further in order to determine under what physiological cond ition it will en-
hance white cell production in personnel after radiation exposure.

E NHANCEMENT OF U~ VITRO COLONY FORMATI ON BY
H UMAN SE R UM

Pr c c  ~~il I ‘ 5 i i l,i~~ir T L 14’eatherly

The present work is part of a combined effort to study regulators of bone
marrow cell growth. An understanding of this regulation may provide know l-
edge for usefu l therapeutic manipulation in cases of bone marrow dysfunction
associated with disease states and rad iation injury. 1

Normal human serum enhanced in vitro colon, formation by human , murine ,
canine , and sin)ian bone marrow cells at optimal concentrations of colony stim-
ulating activity. The number and size of colonies were increased. I~Iurine col-
ony formation was induced by pregnant mouse uteru s extract , mouse L-cell con-
ditioned medium , or human peripheral blood leukocytes. Canine colon foi’ma-
tion was induced by 15 percent dog plasma in an unde’r laycr of 1 percent agar
and culture medium. Sources of colony stimulating activity for human and sim-
ian colony formation were peripheral blood leukoc vtes and human activated
(phv t oh emagglut in in— P, I) i fco l aboratories l y m ph ocyte (‘onditioned medium .
~\c’t I v a t c  I Iv f l hph ( ( ‘\ t I ’  C’O f l ( I l t  i O fl C ( I  l11C ( l iU llm st i h U l l  l I t ( ’ (  I m u rj f l t ’  C Ol ( ( f lV fu r  111111 (0)1

only if n o r m a l  hum an ScrUI13 Wa s h ) 1 e 5 1 ’ ( I t .  ,\t op t i m a l (‘1) 1 of l\ -  -~t n i u l . i t  j u g

act iv it~ concent ra t ions , leta l ca l l , dog - h~ i’st , 2113 ( 1 mur ine  scm ei th er  did
not enhance colony formation or did so to a lesser degree than normal human
serum. MI LX un a l  enhancement was obtained with serUm ( onc’entrations of 7 .5
to 10 percent (v/v);  at higher (-onc ’entmat ions colony formation decreased below
maximum number. Preincubation of nmur ine ’ marrow with normal human serum

L 

in liquid culture for 1 hou r did not result in subsequent enhancement. lather ,
for enhancement to tak e plac e serum \s’Ihs required to he prcsent dur ing the cul-
ture period. Human bone marr ow was cu l tu red  ov er peripheral blood icuko-
cytcs with or withou t a nonhuman source’ of c o lony stimulating :u ’t ivi t v  pr egnant

13
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mouse uterus extract) . The presence of pregnant mouse uterus extrac t in hu-
man bone marrow cultures did not inhibit enhancement by normal human seru m
in the concentrations used. In the presence of normal human serum , the curv e
describing colony number versus colony stimulating ac-tivity concentration ap-
peared sigmoid in shape and was shifted to the left and to a higher plateau. The
slope of the exponential portion of the curve increases slightly .

Normal human serum enhances colony formation by bone marrow of several
species. Our data suggest that serum modifies the activ ity of colony stinmula-
ting activity without, however, reacting or combining with it irreversibly ou t-
side the cell. The net enhancing effect of normal human serum is probably a
function of other variables including the levels of inhibitors of colony formation.

These results suggest the possibility of enhancing bone marrow cell growth
in vivo in personnel exposed to ionizing radiation. Further work is required to
elucidate the mechanism of action of serum enhancing factors and their biochem-

— ical properties.

R E F E R E N C E

1. Weatherl y, T. L. Enhancement of in vitro granuloeyte-macrophage colony
formation by normal human serum or plasma. Bethesda , Maryland ,
Armed Forces Radiobiology Research Inst i tute  Scientif ic  Report SR7 ) ~-43 ,
1976.

CHARACTERISTICS OF THE IN VITRO MONOCYTE-MACROPHAGE
COLONY FORMING CELLS WITHIN MOUSE LYMPHOID ORGANS

Pr- n p, I Inv s q.~ iy rs T.J. Mac Vittie and T L. Weatherly

‘l’he goal of these studies is to m in i m i ? e  the deleter a un l i, f l  c’u t~ i i  r ; l i l : : 1  Ion
by development of p revent ive  or the rapeu t i c  measurc i— . I~ uoo h dLa ’ ~ t In ’  n i c - h  -

anisms which control prol ifera tion and d i f f e r en t i a t i on  of - t I n and c -c tom
cells of the whi te  blood cell is essent ia l  for the developm ent  i t  su ch  ( 1 7  : 7



The deve lopment  of an in v i t ro  assay for granulocyte-macrol)hage progen i-
t()r cells of man and an ima l  has resulted in considerable knowledge concerning
the regulation of gr anulo p oic sis .  In the mouse , the colons’ torn ’i ing cell has
been detected in fe ta l  yolk sac , liver , spleen and marrow as well as the mar-
row , spleen , per ip heral 1)100(1 and peritoneal exudate of the adult w i t h  the no-
table exception , however , of the thymus and lymphoid organs . Here we report
the detection of in vi t ro nionocvte-macrophage colony forming cells within the
thvnmus and lvmphoid  organs of the mouse. Cell suspensions were prepared
from thvmcises , cel -v i c a l  and mesenteric  lymph nodes , spleens, peripheral
blood leukocytes and bone marrow which were obtained from adult , male and
female mice of s t rain BGE )2F’ l ( ‘urn. The standard double layer agar culture
technique was employed. Extracts of pooled mouse placentae , menmbrane , and
gravid uteri , mouse  1, -cell cond itioned medium and mouse sera collected after
injection of endotoxin were used as sources of colon~ st imulat ing ac t iv i t y . The
specific factor(s)  necessary to induce colony form ation from thy nlus and lymph
node cells was present only in placentae , membrane and uteri extract and not
in mouse L-ce[[ conditioned medium or mouse sera collected after injection of
endotoxin. The relative concentrations of colony forming cells detected within
hematopo ietic and lvmphoid organs were bone marrow 1~~02 ‘ 122 , spleen 63 ~
9 , thymus 32 i 3, mesenteric lymph nodes 22 7 , cervical lymp h nodes 4 i- 2
and peripheral blood leukocytes 10 i 5 per 10 6 l3(i l)2F 1 cells cultured. Colony
formation was l inea r ly  related to the nunmb er of thyrnus and lymp h node cells
cultured. \ lorphologicaflv , all of the cells examined wi th in  t hv m u s— and lymph
node-derived colonies have been mononuclear, monocyte-macrophage type.
Co1on~’ fo rmat ion  from thvmus  and lymp h node cells , however , began only after
an approx imate  5— to 12—da y lag period , respectively , and reac-hed max imum
numbers af ter  21 clays of culture. Respective population doubling t imes were
57.6 hours and 43. 2 hours. Colony formation from bone marrow suspensions
reached P lateau values within j o day s  of cul ture with the population doubl ing
eve ry 17 .6  hours .

The enigmatic presence of these colony forming cells within the thymus and
lymph node organs prompted us to examine additional characteristics of this cell
population in an effort to determin e their relationship to colony forming cells
detected w i t h i n  henma topoiet ic  organs. Their cluster to colons ’ ra t io , surv iva l
in the absence of colony s t imula t ing  factor , radiosensi t iv i ty , drug se f l s i t i \  ity ,

• f rac t ion in cell cycle and response to the enhancing factor in normal human
sera were compared  to the sanm e parameters  from 1)Oflc marrow (‘OlOfly form —

ing cells. ~cv emal  changes were ohserved~ ( 1)  ( ‘luster to colons ’ rat ios were
bone ma~ row 6 — s : 1 , sp leen 1 :1 , t hvmus  and lvn mp h node 1:1 . (2 )  ‘l’h mu s  co t —
onv fo rming  ce l ls  were markedly  less sensi t ive than bone fi1arr o~V coIon~ f o r m —
ing cell s  to the absence of placentac , m embrane  and uteri  ext ract  in cul ture .
.~\ 7—d ay  absence of placentue , m e mbr a n e  211 ( 1  u te r i  extrac ’t in t h v r n u s  cul tures
WaS required to reach the  3( 1 percent decrease in eot on~ t I l l - m a t  ion not ed in
hone mar row cu l tu r e s  :1 f ter  I ( I a \  ab sence of p lacent : ie , m e mb r a n e  and uteri

15



1\t I ’ i I ( ’t . I 3 I  \ or i i ia l  h u m a n  scl’a enh ~t nc’c-tl t h v m u s  1111 ( 1 l V t l l p h i~~ l& ’ co1on~ I i i t ’

m o t i o n  h~ res I ) e c t l \ c  f a t ’ t o t s ut 2 .3 , )  1111( 1 9. ¶11 ~ hi I i ’  I)()i1(’ 111a11’ i i \ \ , s1 i ( ( ‘ ( 1 , ( ‘ l i i

~e r i p her a l  b loc ~ I I eul~ a ’yte c’ul utiv I ( Ic ma t  ion ‘Vere enh anc in  I t t \  I l l  ( ‘ t I c  I ’ — ot I . 2 ,

2 1111 ( 1 ( 1 . 7 2 , rc ’spect i~~c’lv .  S i m i la r i t i e s  u i ’re  I ( 1 I 5 c l \ c c I  ~n r :,doc~ t’ n s i t t c  it ~
( 1) 111)1 m a rr ow , ~~ 

90 ra I ls;  t h v l l ) U S , I)0 —~3 rods ; c er v i c a l  l v m l l h  no k’ — , l ) ~
~~I ( r a t i s  ~; 3, s e n s i t i v i ty  to cy t ox l l n ;  1111(1 I ~ t he f r ac t i on  in  ccli  cy c le  ith ~ mus

and bone marrow colony forming ce l l s  were both inactivated -10 — 30 tx~
)- (’cn t of

control by hvdroxyurea) . These data indicated the presence of a factor(s) in
placentae, membrane and uteri extract capable of inducing pro lifei ation in a
heretofore undetected i opulation of monocvte— mac rophage progenitor c ell s
with in the mouse lyniphoid organs. J)ata have been prov ided on th e nature ni
the ubiquitous colony forming cell and the possible effect of organ microenvi-
ronment on determination of progenitor cell heterogcncit\ ’.

‘l’hc Si’ ex~ len menl s ~rov i (k-I l  (‘0111 1)11 n a t I v e  dot a on a he ret (It cIr c on ’ k’lectc’d
whi te  blood cell ~)rogc ’nitor  located in the  t1 iviiiu ~ and  ly m p h nodes ot the  I I 1 0 U ~ .c -

Knot ~ lcct ~4e of the regul at ion  () I • t h i s  u b i qu i t o u s  cc l i  1111(1 the pi ’O( ltl ( ’t ion i c f  i t s  1 5  —

sent I al product , the whi te  1)100(1 cell , e~ i l l  enab le  us to  d e f i n e  I ~c ’tter (nd u n d e r —
sta fi ( I 1)10fl ’ S he iii Ilt ol Ogic ’  Il l t ’ ( ’Sl)UnS ( ’ in  a l1Uc’ l c’1~ r ~V e at  1005 cii V I ~~

( (ni n e lit
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HEMATOPOIETIC STEM CELL POPULATiONS iN si ,sid MICE

I l l ’  I I  ‘ . i l  I i • / ~~ ,( ‘ -~ , 1  K F. McCarthy

Knowledge of the mechanisms i n i t i a t i n g  and r eg u l a t i n g  regenera t ion  of
hernatopolel ic t issues in the postirradiated an imal  would aid immensely in the
design of new and more effect ivc- post i r radia t ion the rapy  in man.  :\ novel i ( 11_
proach to  acqu i r ing  such knowledge is th e  st u dy of hematopo ict  ic mechani sms
in an ima l s  c a r ry ing  m u t a t i o n s  that compromise blood c c l i  fo rming  t i s s ue  r e—
gc’nerat ion in the  post i r r a d i a t i o n  s ta te .  ~ One such an 1 nia I Is t in ’  SI ‘SI d fi lOUS(’ .

The SIN ’] gene rnutat ion (Si ) i n t e r fere s  wi th  t h (~ i-i ’gi ’nt ’i-at ion of post i t - i - a—
diatc ’d hen iatopou ’t Ic’ I I S SU C , ( ‘specially splenli ’, to such an ext cut that  SI 51d

m ice arc- charac te i ’ized by an Li) 50 i~~~ of 130 H as compared to an LI) 50 ‘~o
of greater t h a n  600 H for no rma l  f i h i ( ’ ( ’  - Apparent  l\’ , t h e  gem- product of the
S t ( ( l  locus regulates , in normal  rn i c~’ , colon y for -rn ing un i t  growl Ii in sonic
unknown manner .  ‘l ’h c ’r c ’for& ’ , in t h e  pres(’nt s tudy a c o m p a r i s o n  of colony

forming  un i t  populat i Of l  S i Z ( ’S  in S I 51 d and noi’rnal ~ mic’e was under taken .

1 6

~



As presented in Table 2 it was found that colony forming unit populations in
Si ~‘sid mice , with the exception of the splenic colony forming unit  population ,
were reduced in size. The finding of a normal size splenic colony forming
unit population in Sl/Sl d mice was unexpected. However , it was reasoned
that this colony forming unit population in Sl/Sl d might he maintained by an
auxiliary long range mechanism possibl y humoral in nature generated in re-
sponse to the macrocvt ic anemia suffered by these mice. This hypothesis was
tested by hvpertransfu sing the animals and determining the i r  colony forming
unit population sizes. In Table 3, It can be seen that this  t reatment  drast i-
cally reduces the s ize -  of the splenic colony forming unit population and to a
lesser extent the marrow population of SI/SI d but not • - ‘ mice.

Table 2. Colony Forming Unit Population Sizes in WCBG_ Sl/Sl d

and +/+ Mice

______ 

+1+

Femur 19 ,500 (9 7 % )* 39 ,800 (15.0%)

Splenic 39 ,000 (5.7%) 36,000 (13.8%)

Blood 23 ( — )  51 ( — )

*Value in parentheses is the two hour seeding efficiency .

Table 3. Colony Forming Unit Population Sizes in llypertransfused
WCB8_ Sl/Sl d and +/+ Mice

______ 

+1+

Femur 12 ,400 (15.0%) 71,500 (8.2%)

Sp lenic 2 , 500 ( 1 4 . 7 % )  71 , 000 ( 4 . 2 % )

Blood -- --

‘I’he conclusion drawn from th i s  study is tha t  spl ( ’n ic  s t roma l  t i s s u e  in
normal  mice  elaborates a colony f o r m i n g  un i t  pro] i fer a t  ion f ac to r  in response
to  depleted eryt  hr o cvt  IC’ d i f f e ren t  m t  ion and m at ti r at  ion conipa rt m( ’nI s . Tb is
factor act s ove r a very short range , i . e . ,  is “ local”  in n a t u r e  and  occupies a
cent m l  role in t he  re generat ion of hen iatopo iet  ic t i s s u e  in th e  post i r r a d i a t e d
mouse. it is fu r ther  suggested that knowledge gained from s tudy ing  t h i s  ani-
rnr i l model may he appl ied to dc’velop t h e r a p e u t i c  means  for post ir r a r l i a l  ion
personnel. 1

4 - _  _ _ _ _ _ _ _ _ _
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SECONDAR Y DI SE ASE , M ITOGE N AND COLON Y FOR MI NG UNIT
RESPONSES IN MICE GRAFTED WIT H ALLOGENEIC BONE MARROW
CEL LS ADH ERENT TO GLASS BEADS

Principal Invest igators M. R. Gambrill and G. 0. Ledney

The onl y t reatment  ava i lab le  to soldiers and c iv i l i an s  exposed to le thal
i r rad ia t ion  is to engraf t  blood cells from other ind iv idua l s .  This work was
ini t ia ted with the objective of obviat ing a lethal reaction , graft versus host
disease , which  develops aS a Consequence of this treatment.1

It was previously observed in th i s  laboratory tha t  acute graft versus host
disease in l e thal ly irradiated mice may be obviated by engraftment with a l l o—
geneic spleen cells adherent to g loss  heads. Consequently , i t. was hypothe-
sized that this technique mig ht he of v a lue ’  in m i t iga t ing  delayed secondary
disease ( C R A — - ’ C37B1. - 6~ by the removal of graft  versus host disease produc -
ing cells or their  precursors from i i l(IU S(’  l)Ofle m a r r o w. (‘BA or C57B 1. ‘6
bone mar row cells were separated on glass beads (~i 5 l ) - 5t )0 ~ m rangel into
nonadherent and adherent (d oted w i t h  1 • ( ( 2  perc ent  E I Y I ’A )  cell f r ac t ion s .
‘l’he fol lo wing tests  were  performed on the sepa r ated  mar row:  1) ni itogenic
s t imula t ion  with phv tohe m agg lu t i n in  and I i popo ly sac ehar id e , 2 in v i t ro  and
in v ivo colons’ f o r m i n g  cells and ( 1 ’ t m u r i n e  su rv iva l  s tudies .

it is known that mouse bone marrow cells c on t a in  f ewer  phvtoh eniagg l  u—
t i n i n  reactive cells than do ni ous~’ spleen c ’el is. Separated hone marrow cells
were tested in v i t ro  for their  response to ph v t o h en i a g g i u t i n i n  as ~vell as to
l ip  )p oiv sac( ’ha nidi ’ . A two f 01( 1 in c cease in the ph~’ toh ema gg lu t  in in response
Was u s u a l l y  seen in  the unse t )0 ra ted and n omidher c ’nt  hone rii:i r ro\~ po~ u l at ions

~ hen (-onip a red to the adherent  ( ‘( ‘Il  p o p u l a t i o n  I ’ igure 2~ . ( I n  ti ic ’ other hand ,
the adherent cell population general ly  ma in t a ined  a tw ofold  or greater response
t,o l i l ) op o lvs acchar i de  over tha t  of whole  hone n~ari - ow and the nonadh cr cnt  cell
popula t ion .
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,.-~~~ —- —NON~A D H E R E N T
— WHOLE BONE MARROW 

A D H E R E N T

I I I
2.5 10 20

iig PHA

* cpm PHA STIMULATED CULTURES MINUS
cpm U N S T I M U L A T E D  C U L T U R E S

Figure 2. Ad j usted count s per minute * of C5713L /6 bone marrow
(2 x 1O 6/cuiture~ labeled with ~ii thymidine after in-
cubation with phvtohe m agg lu t in in  (PH ~~ for days

‘l’hc in v ivo  spleen colony fo rming  un i t  a ssay (C Ft —s ) and the in v i t r o
colony f o r m i n g  u n i t  :issa~’ (C l”t —c )  were per lormeci (In the separated hone
marrow. Based on total cell y ie ld  of each fract ion , the greatest numbers  of
(‘FI ’—s and ( ‘FU — c were found in the adherent population . i’he adherent cell
contents (per ]p )

) of ( ‘  l”l ~— s and (‘ i-’t ’ — c were s i m i l a r  to the un separ a led
m a r r o w  cell population.  ‘l’he nona dherent  ccli content (per I ()~ ) of (‘l”t ’ —c’
was s im i la i -  to the unseparated marrow cell populat ion w h i l e  there was an
app roximate  t~V 0 t (  l id increase in C IT—s.

In p r e l i m i n a r y  exper iments  we found an increased su rv iva l  in mice  graf ted
wi th  adherent ce’l is . However in subsequent experiments we were unable to
reproduce our i n i t i a l  f indings . Even though myeloid cells were present in the
adhe rent cell Fm ct i on a iid the hyt oh en la gglut in in i’es~ lOf lSC dec rt’~ SC ( l , 11) il’d

c iig ra lt e d  w i th  th i s  ccli popu l at ion died wi th  sv inp tom :itolog ’y of gral ’t versus  host
( t i s ( ’ a s ( ’  as did m icc ’  g i v e n  t in sep ar at ed  cells . ‘l’hus , w h i l e  the tc ’ ’hn que of ( l i t ’—
I t ’ rent i a I adherence of cel ls  to  ~l ass heads i~~ t : i~~

’ I I t ’  of va lue  in ol ~v i a t i n g  acute
. t ’ a t t  v . ’r ~~us ho st d i st’ase , i t  d id not s i g n i f h ’a n t l v  oh~ iat e  k’l aved secondary
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disease in mice. The utility of this procedure on marrow cell populat ions con-
taining greater quantities of immune competent cells , i . e . ,  human  hone mar-
row- , remains to he determined.

This work is part of a research program designed to find a successful
therapy for radiation injury in the soldier. The long-term goal of such work
is to ut i l ize  such procedures to assist in therapy of combined in jury  and col-
lateral  damage .

R E F E R  EN C E

1. Gambrill , M. R . ,  Ledney, G. D. and MacVi t t i e , T. J. Mi t iga t ion  of graft
versus host disease in lethally irradiated mice  grafted with spleen cells
adherent to glass beads. Bethesda , Mary land , Armed Forces Radio-
biology Research Institute Scientific Report SR7G-5 , 1976.

INHIBITION OF LETHALITY IN ENDOTOXIN CHALLENG ED MICE
TREATED WITH ZINC CHLORIDE

Principal Invest igators S. L. Snyder and R. I . Walker

Woun ds, burns and radiation in jur ies  sustained by m i l i t a ry  personnel  are
usually aggravated by gram-negat ive bacteria which produce endotoxin .  Lahi l -
ization of lysosomal membranes resulting in the release of hvc lro lases and
other mediators of inf lammat ion  is considered a central event in the patho-
genesis of ei.dotoxin shock . Therefore , agents known to have a s t a b i l i z i n g
effect on the lysosornal membrane were tested for po ten t ia l  b enef i t  in pro-
tecting patients against endotoxic shock . Previou s inves t igators  ha~’e de mon-
strated that  zinc effectively s tabi l izes  l~’sosomal membranes . Thi s  f i n d i n g
prompted us to investigate the use of zinc as a protective agent in endotoxic
shock. We have found that zinc chloride effect ivel y  protects a g a i n s t  the le th a l
effects of Salmonella typhosa endotoxin in B6 CBFI mic c ’ ( F i t ~urc’ 3t .  Thu s ,
when mice are injected intraperitoneally with  zinc chlor ide at a ( 1( 1st  of 11 . P
mg/mouse 1 hour prior to challenge with endotoxin u i . 7~ m~~, t he 2 1-hour
mortality was only 3 percent. This compares with 10( 1 per cent  mor t a l i t y
found for the untreated controls. The c i rcu la t ing  levels of ~ -g I u cu r on ida se

_ _  
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at 20 hours after endotox in challenge are significantly depressed (approxi-
mately 50 percent) in mice protected with zinc relative to the group not pro-
tected with zinc. These results are consistent with the notion that z inc  pro-
tects against the lethal effects of endotoxin by s tabi l iz ing  ly sosonial n i eml) r an es
and preventing the release of their harmful  contents. The present i’c’se:t rc ’h
may lead to the development of better prophylaxis and more e f f i c i e n t  t r e a tm e n t
against endotoxemia. 1

to o —

80 —

CONTROLS I

60 — / ZnCI 2 TRE A TED ~~/ 0 4 O n ~g i

U 40 -

Lu
0.. D R F~~ 2.5

20

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 0. 4 0,8 1.2 1.6 2 0
So l rronel la r~pko~~ endotoe ~n m g

F igure 3. Mortality of control and zinc treated mice versus
endotoxin dose
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1. Snyder , S. L. and Walker , IL I . Inhibi t ion of let hal i t y  in endotoxi  a chal —

lenged mice treated with zinc chloride . Bethesda , Mary l and , Ar m e d
Forces Radiobiology Research Inst i tu te  Sc - i ent i f i c  Report S R T ( i — 1 4 , 1976 . - 
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RADIATION-INDUCED ALTERATIONS IN SERUM AND SPLENIC
LYSOSOMAL HYDROL ASES OF RATS

Pr incipal If lV USt ilj dtO r S. L. Snyder

Exposure to ionizing radiation max ’ c ause military personnel to ex-
perience periods of severe stress , nausea and debilitation. The onset of
these symptoms as well as other manifestations of radiation sickness could
be related to the release of certain proteolytic enzymes , called cathepsins ,
fr om lysosomes. In order to examine the possibility that lysosomal pro-
teases might be an etiological factor in the acute radiation syndrome, the
levels of c’athepsj ns BI and I) were measured in the serum and spleen ho-
mogenates of rats for a period of 22 days following exposure to 1000 rads
hO Co gamma radiation, In addition , ~-glucuronidase , an enzyme fre-
quently emp loyed to measure lysosomal enzyme release , was determined.
The median level of serum 8-glucuronidase was elevated only on day 4 ;
significant decreases occurred on days 1, 2 and 9 through 22. I)ram atic
elevations in serum c’athepsin Bi were observed through most of the in—
vestigation. The median cathepsin Bi value in serum was significantly ele-
vated on days 3— 6 and 9—15. Splenic ~ —g lucuronidase was increased on day
1, and greatly elevated on day s 3—7 , after which it declined toward normal
values . Splenic cathepsin I) rapidly decreased and remained depressed .
A bip hasic m ci-ease in splenic cathepsin Bi on days 1—4 and 10—22 was
also observed. The results of this investigation are consistent with tile
notion that activation and release of lysosomal hydrolases may be an im-
portant pathologic event in the later as ~vell as early states of the acute
radiation syndrome. Three possible mechanisms of injury evoked by
radiation- induced changes in lysosomal hydrolases arc suggested. The
results of this investigation suggest that the release of lysosomal pro —
teases may  he a significant factor in radiation—induced tissue injury and
stress. Therefore, the use of agents designed to suppress the release
of ly soson lal  h di ’~dases and/or inhibit their action offers promise in the
clinical  management of radiation sickness.

REFI• : R1: N CE

1. Snyder , S. I. .  R a d i a t i o n — i n d u c e d  a l t e r a t i o n s  in se rum and sp le n ic
lvsosomal hydrolasc ’ s of r a t s .  Bethesda , ~la i -y l an d , Armed  l”oi-ccs
Rnd ioh ologv Research Ins t i tu t e  S c i e n t i f i c -  Report 5R76 — 51) , 1 976 .
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CON T RI BUTIO N OF CI RCULATI NG BLOOD C E L L S TO SU RVI VA L O F
MICE E XPE R I ENCING EN DOTOXEM IA

[‘r inc ip i l  IHV St I q l t rs  A. I. Walker , S. L. Snyder . J. V. Monio t, AFR RI;and P. Z. Sobocinski .
U. S. Arm y Medical Research Institute of Infectious Diseases

Gram-negative bacterial infections are a major cause of death in individ-
uals whose resistance has been compromised by wounds , irradiation , burns
and other stresses. The response of circulating blood cells to gram-negative
infections is hypothesized as a critical mechanism in survival.’ The hypothe-
sis that p latelets and gTanulocytes play a significant role in mediating the
lethal consequences of enclotoxemia associated with gram-negative infections
was evaluated by studying responses to endotoxin challenge in mice made
leuhopenic and thrombocytopenic by irradiation . Sensitivity to endotoxin
entering the circulation from the intestine was increased in animals defi-
cient in granulocytes and platelets . Alterations in blood enzyme levels
measured during endotoxemia were different in nonirradiated and irradiated
mice. The administration of 0. 4 mg ZnC 12 or 5 mg cortisone acetate prior
to challenge with a lethal dose of Salmonella typhosa endotoxin provided sig-
nificant protection against the toxin in nonirradiated mice , whereas only cor-
tisone protected the irradiated animals. Failure of zinc to protect irradiated

animals may he due to the absence of leukocyte s and platelets. This phenom-
enon requires further study . Protection obtained with zinc ma~ be due to at-
tenuation of membrane—related activities of platelets and granulocytes. Zinc
protection against endotoxin challenge in nonirradiated in ice correlated with
hig h blood levels of the ion. Administi-ation of zinc increases the number of
circulating leukocytes avahable at the time of endotoxin challenge , but corti-
sone promotes a later recovery of leukocyte numbers . Plasma glucose was
elevated in zinc treated mice , hut this elevation did not correlate with sur-
vival .  Cortisone prevented increased levels of plasma urea ordinarily asso-
ciated with endotoxemia. Zin c  may enhance early damage to hepatocyte s in
endotoxin challenged animals. Cortisone reduced late damage in the liver.
Cortisone apparently protects sites of endotoxin action other than blood com-
ponents . Zinc , in contrast , appears to enhance survival primarily through
action on circ-ul ating blood c ells. Therefore , we believe that platelet and
g ra no l( )( vtc trans fus ions may be usefu l in combating endotoxem ia in person-
ne l exposed to ionizing radiation .

\Valker  , R . I .  , Sn y d e r , S. I , .  • ~\loniot , .1 . V. and Sohoc in ski  , P. 7..
Cant r i bt i l  ion of c i r c u l a t i n g  blood cells to su rv iva l  of mice  exper i enc ing
endotox emia.  Bet hesda , Mar y land , A rnicd 1’ ‘ r c t s  Rad iob iolo gy R e—
‘~t~ ir’eh Ins t i t u t e S c i e n t i f i c  Report  5 R 7 6 — 5 2 , 1976 .
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PROTECTION AGAINST ENDOTOXIN-INDUCED MORTALITY IN MICE
TREATED W ITH TRANSI TI ON MET A L SALT S

p i t  I ~~~~ I P r  S. L. Snyder. R. I. Walker and .1. V. Monio t

~~‘hen a person ’s natural resistance is compromised by ~a i i n i s  t raumas ,
he becomes extremely susceptible tu l ife—threatening infections from his  own
resident flora or bac-teria from ext nous sources. The t oxic- agent in mans’
of these infections is a bacterial c-eli wall component ca l led  endotoxin. b rad—
iated individuals al-c particularly sensitive to this toxin. As part of an overall
prograi~ for developing better prophy la.xis and treatment for radia t ion injUry ,
the protective effect of selected divalent and trivalent cat i ons against  the lethal
effects of endotoxin from go-am—negative bacteria was determined in mice.
\langanese or c hromium chloride salts given intraperitoneallv 1 hou r prior
to challenge with a lethal dose of Salmonella typhosa endotoxin completely Pro-
tec ted against death at -l -~~ hours; other metal salts such as iron , copper , and
cobalt were not effective (Table 1) .  It is possible that the mec hanism of pro—
tcction by manganese chloride is related to the attenuation of the r e lease  of
lysosomal mediators . Chromium chloride , on the other hand , n a y  direct ly
attenuate the toxic i ty of the endotoxin molecule. These met a ls  may lie u s e f u l
in determining the mechanisms associated with the action of enclotox in and
could also l)e usefu l as therapeutic agents against the toxin. Thus , studies
with manganese and chromium can lead to better treatment of the endutoxemia
associated with gram—ne gat ive  infections in human  patients.

Table 4. M o r t a l i t y  of BGCBF 1 Mice , at 4~ Hours , Treated With Var ious
Metal  Salts and Challenged With Salmonella typ hosa Endotoxin a

M m t a l  Sa l t s  ~ a 1 i ~ ~ - -~~- m f , .

0 7 4  1 . 4 7  2 . 7 4  4 . .~ i 5 . 8 8  8 . 8 ?

I ( cor i r  r i )  — — 90 — —  —~~ —— — —

Ce ’1 3 — — 100  50 10 O~~

M n C I 2 — —  100 70 100 40

1-lid 2 40 4 O ~ 70 80 —— ——
SnC O 2 — —  100 .,~~b 100 —— ——

— —  100 10: 1- 100 — -  — —

C :  4 — —  100 10 0  [00 —— - -

F m C 1 3 —— 80 100 , 70 80
1- :Y- 4 — —  1 00  10 0  10 0  — —  — —

Au d i 3 —-- 100 80 80 80 — —

a 
i - -h — r r - - - ,  0 . P~ . m~- :  , r - ! .~ x r ~ ~r t m ~~~~~ . 

b -
I r j . : m , 10 r~i - - ~ . . - . :. c~. : - - 

.~~
- r m . r 1.

C -, — x r s 1 1 r i

2-I 
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MI TOGENI C AND COLONY FO R MI NG UNI T RE SPONSE S OF SPLE EN CELL S
FRO M MICE ENGRAF TE D W IT H LEWIS LU NG CA RCINOMA CE LL S

f m u t c ~e l)  -~7 t t a ’ - r s  G. D. Ledney. J. V. Moniot , M. R. Gambrill and 71 J. Mac Vittie

The induction of malignant disease by radiation either alone or in c-ombi—
nation with other severe s tresses is a critical collateral dam age problem.
The mechanisms underlying the host’s responses to malignancy are not well
known. Thus an integi-ated study of the host’s hcmatocytopoietic responses to
malignancy was undertaken with the aid of an anima l model.1 Understanding
and interpreting these responses is of critical value in determining (1) treat-
ments that might obviate mal ignant cell induction or 2) treatments that will
assist in the cure of the malignancy.

Certain nonleukemic, solid animal and human tumors not directly involved
with the hematopoietic system are known to affect indirectly the variou s cellu-
lar compartments of the system. One such tumor , the Lewis lung (3LL) trans-
plantable carcinoma , produces splenic enlargement in mice engrafted subcuta-
neouslv with a tumor cell inoculum. Thus , we hypothesized that the splenic en-
largement was associated with myelocytopoietic and lymphocytopoietic changes
that were dependent on ( 1) initial 3LL cell load , (2) time afte r engTaftment with
3LL cells and (3) engrafted mouse strain.

The hypothesis was tested by engrafting both C57BL/G male and BGCBFI
male mice with either 10 1 , a x i04 or 2 x i05 viable 3LL tumor cells . Con-
trol treated mice received either no tumor cells or 2 x iø~ irradiated 3LL
cells. On days 3, 7 and 14 after subcutaneous engrafbn ent, the follow ing re-
sponses were measured simul taneously  in replicate experiments: splenic
enlargement  and his tologic  appearance;  spenic lym l)hoc vte  responses to p hvt o-
h e m a g g l u t i n i n  and to l ip opolvsacehar ide;  and splenic cell colony fo rming  unit
potent ia l s  as measured by the ( ‘FU—s and C F U — c  assays.

In all tumor cell engrafted mice , the splenic weight was greater than that
seen in control untreated mice. In each strain, the splenic weight increase was
dependent on the number of engrafted tumor cells and the time after engraft—
ment. I lyperp lasia of the reticuloendothelial system was observed at all tumor—
c-eli doses at all time inte rv als. Reticuloendothelial system hyperpla sia tended
to increase as a function of time and tumor—cell dose.

The incorporation of tritiated thvmidine into splenic lymphocytes stimu-
lated with phytohemagglutinin was reduced in all mice engrafted with tumor
c e l l s  ( ‘[‘able ~ t. There was a strain difference in response to this mitogen
that was dependent upon the tumor—cell load and trnie af ter tumor—cell
engraf trnent.

- - -~~~~~—&-.-~~~~~ --—-- —~~~~~-~~~~- , --~~~~~~~~~~ --.~~~~~~ .-,. -~~~~~ ---~~-— ~~~~~~-~~~~ --~~~~~~~~~~~~~~ -~~~~~~~~~~~



Table 5. Count s Per Minut e (x 1O~ ) of PIJA-Stimulated Spleen Cells
Obtained From Mice After Engraftment With 3LL Carcinoma
Cells *

NUMBER OF 3LL CELLS INJ ECTED S.C. INTO MICE
DAYS AFTER 

~~~

- — - — AVERAGE CPM
E N G R A F T M E N T  WITH IR R A D IA T E D ~ PER DAY OF

3LL TUMOR CELL S 0 2 x 10~ 1 x io~ 5 x io~ 2 ~ ~~~ E N G R AF T M E N T

534 * 47 374 ~ 37 303 ~ 74 323 ~ 56~ 246 * 67 356 32
3

(4) (4) I (4 ) (4) (4) (20)
_ _ _ _ _ _  - - ----4-- - - -- -÷~~~~

—

494 * 61 440 * 57 : 405*3 814 14 * 27 1 360*66 423 * 23
7

- (4) (4) t4 ) (4) (4) (20)

510 * 39 389 ~ 60 481 ~ 50 402 * 45 242 * 40 405 ’ 29
14

(4) (4) (4) (4) (4) (70)

AVERAGE CPM PER 513 ’26 401 * 28 396 * 37 379 ’ 28 283 ’ 35
E N G R A FT E D

TUMOR -CELL DOSE (12) (12) (12) (12) (12)

* EACH VALUE IS THE MEAN ~ S.E. OF THE MEANS OF TWO TRIALS EACH WITH C57BI/6 AND
BGCBF1 MICE. NUMBER IN ( ( I S  THE NUMBER OF TRIALS.

Tritiated thym idine incorporation into splenic lymphocytes stimulated
with lipopolysaccharide was increased in all mice engrafted with tumor cells .
There was a difference in mouse strain responses to lipopo lysaccharide , but
no differences were associated with the various tumor-cell doses and times
after engraftment.

The number of C FU —s was marginally in .-reased and was dependent upon
the dose and time of tumor—cell  administi-ation and tile mouse strain engr afted .
CFU— c- growth of spleen cells obtained from tumor—cell engrafted mire Was

increased at all time intervals and tumor—cell doses tested . Generally, the
Cl- ’U — c growth of the spleen cells of 1)0th mouse strains injected with tumor
cells increased as the tumor (-eli dose and time increased (‘Fable It ~~•

Mveloc-y topoietic- and lymphocytopoictic rli~uiges observed in the splen ic
cell popu lations ol mice engrafted with the ~ 1 . 1 .  ca rc inom a \~‘crc dependent on
( 1)  initial tumor—cell load , (2) time aftco- cngr aftmcnt with tumor ce l l s  and
( i  eng’rafted mouse strain . The (In t a support the - tnk ’nt ion that I n~, cs  U i.~at irs

usin g ~ 1.1. transplantable t ’ar r i f ln l l ia  s\ st t ’) l ts  dcsigiiecl to cva lu : it e  cu rab i l i t y

~f p1-1fl1ar)~ tumors and/ui ’ lun g fl let :LsLLsi S I)y either ( ‘ilemnthe ’rap\’ , r adiuth er—
apv , or adoptive immunoth ci- apv should eon siiler the above ti l J SC1~VatiOns when

- 

- 
interpreting their  data.
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Table 6. Agar Colonies (CFU-c) Formed Per i06 Spleen Cells Obtained
From Mice After Engraftment With 3LL Carcinoma Cells *

NUMBER OF 3LL CELLS INJECTED S.C. INTO MICE AVERAGE NO. CFU-c
DAYS AFTER 

~~~~~~~ ~~~~~~~~~~~~~~~ PER 106 SPLEEN
ENGRAF TMENT WITH IRRADIATED 1 1 CELLS PERDAYOF

3LL TUMOR CELLS 0 2*  iO~ I x 10~ 5*  io~ 2 x 10~ ENGRAFTMENT

24~~3 61’33 37’ l  40’0 83 ’ 26 50* 10
3

(2) (2) (2) (1) (2) (9)

20~~9 66’31 31 ’13 60 * 32 81 * 40 51 ’ 12
7

(3) (3) (3) (3) (3) (15i

19*5 100’15 24’6 78*13 102 * 17 65* 10
14

(4) (4) (4) (~) (4) (20 )

AVE RAGE NO. CFU- s
PER 1O6 SPLEEN 20’3 80 * 14 29’5 67’13 91*15

CE LLS P ER DOSE OF
ENG RAF TED TUMOR (9) (9) (91 (9) (9)

CELLS I 
______ _______ _______

* EACH VALUE IS THE MEAN * S.E. OF THE MEAN OF THE NUMBER OF EXPERIMENTS
LISTED IN I (AND IS BASED ON AT LEAST ONE TRIAL WITH C57BI/6 AND B6CBF 1 MICE,

This work is part of a collateral damage research program designed to
understand the blood-forming tissue alterations produced by substances re-
leased from nonblood cell formed malignancies. The long-term practical
goal of such work is to utilize such substances to promote blood-cell recovery
in soldiers after exposure to radiation or cytotoxic drugs.

HE FE HF ; NC I-;

1. Ledney , G. D . ,  Moniot , J. V . ,  Gambri l l , M . R . ,  Mac V it t ie , T. J . and
Levin , S. G. Mitogenic and colony forming unit  responses of spleen
cells from mice engrafted with Lewis lung  (3LL) carcinoma cells.
Bethesda , Mary land , Armed Forces Hadiobio logv Research In s t i tu te
Scient i f ic  Report SR76-49 , 1976.
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MATURATION AND DIFFERENTIATION OF IMMUNE COMPETENCE
IN MOUSE RADIATI ON CHI MERA S

PrIn( ~- t l  I nvesti~ato rs R. M. Crawf ord and G. 0. Ledney

Military personnel exposed to lethal doses of radiation may only be res-
cued from death by bone marrow cell rep lacement . Such replacement therapy ,
when successfu l , results in recovery of the immune system that is not similar
to that fou nd in the host prior to exposure to radiation. This research then is
part of a program to identif y the problems of immune restoration in individuals
exposed to radiation alone or in combination with other stresses.

Radiation chimeras , lethally irradiated animals tr ansplanted with hemo-
poietic cells, will survive indefinitely if donor and host animal are genetically
similar (syngeneic). However , genetic differences between donor and host ani-
mal usually lead to complications , such as graft versus host disease and infec-
tion , which culminate in the death of the host. Immune recovery , important to
the health and survival of these animals , may be impeded by such complications .
Therefore , we hypothesized that recovery of a fully competent immune system
in the host animal is dependent on donor and host histocompatibility .

Reconstitution of immune competence was studied in CBA (H-2~~ and
(C 57BL ’ O x  C JL\ l” i tH_ 2 b x H_ 2 k ) mice following lethal irradiation and engraf t—
m ent of 5 x 10 6 CBA bone marrow cells.  At monthly in tervals , lo r th i- c-e succes-
sive months , following engraftment , i mmune reac t iv i t y  of spleen cc-u s harv ested
from chimeras  was measured by (1) in v i t ro  responsiveness to phytohem agglu-
t in in  and lipopo lysaccharide , (2) in v i t ro  mixed lymphoc yte  react ion , i 1 )  i n v ivo
graft versus host reaction , and (4) skin a l lograf t  r e jec t ion .

Maturation of immune i-eactivity occurred fastei- in svngeneic chimeras
than in semiallogeneic chimeras as observed by the higher levels of phytohe-
magglutinin and lipopolysac charide stimulation 1 month afte r trans plantation
(Figure 1) .  However, 3 month s after transp lantation , the two groups were in-
distinguishable in their responses to mitogens and third party WAI ,B (~
antigens. Still , responses were only 60—70 percent of normal CBA controls by
3 months. Spleen cells from semiallogeneic chirneras were unresponsive , or
tolerant , to host (BGCBF 1) C57BL ~; 11—2 antigens when tested in the mLxed
lymphocyte reaction and graft versus host reaction, likewise, when these
spleen c-ells were tested against parental C57BL ’( ; 11-2 antigens , the mixed
lymphocyte reaction and skin allograft rejection test supported the idea that
these cells were tolerant to CS7BL ‘6 11—2 antigens. h owever , the graft  versus
host reaction supported the idea that these cells were immunological ly  respell—
sive to CS7BL/6 11— 2 antigens. To summarize , the reconstitution ol immune
competence and ultimate immunological status of both types of ch imeras

. .
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appeared to be similar , except for the specific’ unresponsiveness (if host
(B6CBFI) C57BL/6 11-2 antigens induced in the seiniallogeneie combination .

400
CBA CONTROL PHA

C BA CONT ROL L PS

10:

TIME (MONTH) AFTER ENGRAFTMENT

Figure 4. Count s per minute (cpm) of normal CBA or chimeric  spleen
cells (SPC) stimulated with either phytohemagglutinin (P II A )
or lipopol ysaocharide (LPS) . The symbols and lines used
are (1) o~~~~~ chimeric CBA SPC and PHA , (2) . — .  c-hi-
merle B6CBFI SPC and PHA , (3) ,~~~

- - - -
~~~ chimeric ( f t \

SPC and LPS and (4) a - - - - a  chimeric BG CBF1 SPC and
LPS. Normal CBA spleen cell responses to PIIA ~~~ and
LPS ~~~ are presented in the figure . Each point repre-
sent s the mean of two replicat e experiments ± s. F. Tripli-
cate cultures were performed for i’ach point in each
replicate.

This work is part of a research progl-anl design ed to invest igate , under—
stand and i-esolve the immunological problems associated with ac’cidenta l or
intentional cXp () sUre to ionizing radiation in ~n h l i t .ar \  pei’SOfllk’ l . The I i in ~ —
term practical goa l of this work is to U SC l)Ofle fllUVi ’OW r cpiac - c-men t  t llcI’ ap\’
to abate inmiune dysfllnc ’tion and its precipitat ing ~‘o) 11 ~) 1i( ’ atiOlls 1 ) 1  the r ; i c t i a —
tion injured soldier.
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PERI TONEAL MACRO PHAG E CHEMOT AX IS AND ACCUMULATION
I N MICE INJECT ED WITH LEWIS LUNG CARC INOMA CELL S

Principal I nvesti gators . J. M. Shell, A. M. crawford and G. 0. Ledney

Tumor development , especially in the lung, is one of the likely complica-
tions of radiation injury in the soldier. We used the in vitr o niacrophage c-hem-
otaxis assay to investigate changes in macrophage migration capability which
occur in the hos t undergoing malignancy. In neoplasia , the inhibition of chein—
otaxis may be responsible in part for establishment of a tumor in the host.
We hypothesized that peritoneal macrophages of tumor cell injected mice were
less capable of chemotaxis than normal macroph ages , despite an overall in-
crease in number.

This hypothesis was tested by using the Lewis lung (3LL) carcinoma , main-
tained in C57BL/6 mice. Experimental groups , each containing 12 C57BL/G
male mice aged 10— 12 weeks , were inoculated subcutaneously with either 2 x
iø~ viable 3LL cells , 1 x i04 viable 3LL cells , or 2 x ~~~ irradiated 3LL cells.
On days 3, 7 , and 14 after injection with tumor cells , we measured tile follow-
ing: (1) in vitro chemotaxis and (2) number of peritoneal macrophages recov-
ered. The calculated chemotactic response (the number of macrophages per
mouse capable of chemotaxis) was estimated by div id ing the number of macro-
phages collected by the number used in the assay and multiplying that figure by
the in vitro chemotactic response.

The in vitro chemotactic response was dependent on the dose of 31,L cells
injected into mice and the time of macrophage collection after injection. The
response was depressed in all groups on day 3. On day 7 , the response re-
mained depressed in each group but to a lesser extent than on day 3. On day
14, chemotaxis was enhanced in mice given 2 x 10~ viable or irradiated 3LL
cells , while that of the low dose tumor cell injected group remained near that
seen on day 7.

We observed a slight increase in peritoneal macropliage accumu lat ion ,
which was most noticeable in mice given 2 x l0~ viable ~l I . 1  cells (Table 7 .
This increase, however , did not significantly yarv  from normal.

We Cofllbifled tile in vitr o chemotaxis measurement ~vit 1t peritoneal mac -rn—
phage accumulation to determine t h e  calculate d (‘hl ’nlotaeti ( ’ response. I ’hi s
reflects more ac’curatel~’ changes in macroph age funct ion  in the h ist .  ln 111 ic-c

given 2 x 10’’ viable ~ I - I. cells , the r esLxmse was i i ep i - c~~ csl .~7 per cent (ill (h I \

3 and 21 percent on day 7 , but was enhanced ~~ l~~~~(’flt l iv  ( l a \  1 I .  in  m h -c

L 

given I x 11) 1 v i able  :~ l.L cells , the response Wa s  dcprcs~ cd . I percent n
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3, 4-1 percent on day 7 , and 27 percent on day 14. In mice given 2 x 1O5 irra-
diated 3LL cells , the response was inhibited 35 percent on day 3, 5 percent on —

day 7 , and was enhanced 23 percent on day 14 (Table 8).

Table 7. Peritoneal Macrophage Accumulation in C57BL/6 Mice
Engrafted Wit h Lewis Lung (3LL) Carcinoma Cells 4-

Number of macroph ages collected!
mouse (x iO 5~*Group 

_____________ ____________ _____________

Day 3 Day 7 Day 14

2 x ~~~ viable 3LL cells 2.80 ± 0. 17 2.60 ± 0. 20 2.55 j 0. 17

I x i0~ viable 3LL cells 2. 53 ± 0. 34 2. 30 ± 0. 10 2.57 ± 0. 07

2 x i0~ irradiated 3LL cells 2. 33 4- 0.39 2.45 ± 0.25 2 .27 ± 0. 18

Normal , untreated 2.23 ± 0.24 2.20 ± 0. 10 2. 17 ± 0. 13

( * Represents the mean S.E. per mouse from three rep licates; determined
from a sample of per itonea l fluid pooled from three mice per group for
each replicat e

Table ~~. Peritoneal Macrophage Chemotactic Response: A Comparison
Between the In Vitro Chemotaxi s Measurement and the Calcu-
lated Chemotaxis Determination

Group Day s In vitro CRI * Calculated t CR 1

2 x lO~ viable 3LL cells 3 255 + 19 0.51 1779 0.63
7 373 + 5 0.66 2457 0.79

14 813 ± 191 1.42 5422 1.53

1 x 10 1 viable 3LL cells 3 204 4- 20 0. 41 1294 0. 46
7 3 1 8 +  38 0.56 1845 0.56

14 370 4- 27 0.62 2368 0. 73

2 .x 10~ irrad iated 3LL 3 312 ± 18 0. 63 1841 0.65
‘ c-lls 7 177 + 62 0. 8-1 294 8 0. 95

H 713 4- 50 1.20 3990 1 2 3

~.‘ i - t el , i i i  ‘‘ it .. 1 :3 497 4- 14 1. 00 28 25 1.00
7 + 26 1. 00 3 102 1. 00

I I  595 t 53 1.00 3243 1.00

• cni  , i ( - r . t a  t O  response index , determined by dividing the exper—
t i  -h c u ~.e-t 1~ ri-sponse tiv the normal chemota ct lc response.

- iC eh’u it - - - I  a- nil t~e t  b- response reflects the tota l number of pert-
l- i - -i t - i  i - ’  )hJ~5’s .n d *- r  r e use  basis that are capable of responding

I I t  -c - n i  La xii i i~~~ i , as tlc-tc’r inlned by (‘(.mbifl lflg the accumulation
i - - I  I I . -  in ~ t t t a t  - ‘ 1~n is response-

~1
_
~ . _ ___ _ . _ ___ 
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In conc lusion , we observed a sign ific ant inhibit ion ol peritoneal macro—
phage chemotaxis at the initial stages of tumor development , followed by an
m ci-eased chernotactic capability in later stages of tumor growth . Thus , while
normal or enhanced chemotactic responses may hi- measured during later
stages of tumor growth , the earlier sul)l)resscon of this mac-rophage fun ction

may allow for the initial establishment and continued growth of a tumor in the
host.

The long— term complications of radiation in jury  ill the soldier are Ire—
quently characterized by the development ol variou s malignancies , especially
lung tumors, Thus , one of our primary objec tives in this study was to moni-
tor one aspect of niacrophage involvement in the host’s dek-nse against neo—
plasia and to apply th is in..formation to the detection and ti’eatrnent ri f these
rad iation injury complications in the soldier.

CYCLOTR IME THYLENETR IN ITRAM INE -INDUCE D ULTRASTRUCTURAL
CHANGES IN RAT LIVE R AND KIDNEY

t I i -~t ~ 3 l - - r s  J. E. French, S. L. Bradley, N. R. Schneider , A F RR ~; M. E. Andersen
and L. J. Jenkins , Jr. , Na val Medical Research Ins titu te

(‘velotr imeth y lenetr in i tr : in i  inc (IU )X is used s an exp losive. The m anu-
facture and Lol—mu lation of HI )X post_ s u n  occupational  hazar d and i s ’.L j )OtCflt lill

environmental cont~uuinant \vhc -n it is used.

‘l iii- t ox i ( ’i t \ ’ , tissue dj s t r i l ) l l t i ru n , and metaboli sm ol Hl )X h : \ c ’  I)ee fl stud-
ied . ~‘eI, little ciiformatio ii is a\ a  iI :t i ) l c On rnnrp lmlogi ( ’al c hanges thut might
be :i tt i’il iuted to it . flcc:uu sc Ill  )X is a potential  i a u ’ i tf t  t ion :u  or c-fl\’irl ‘nm -nt:t I
( ‘( int arl i m auL , -~uc - a in f c i r n i : i t ion  i~ n. i c~~- ait’ v for (la ny c  c :ul I \:I Ju : t t i ’  in ni HI )X

t oxici t~ • ‘l’Itc U~ t I’ :t ~ t 1’ U ’ t ~ ~ t 1 ) 1 V ) t  l iv er  :iii tl  h i ) n e v  \v:i.a c ’\ a f lh i f l e ( l  2 1 , 1~ ant!
12 hours al t — i’ dosing ~ i l l .  f t t )  t r i g  of R I ) \  7

k L ~ l u l l’ n-~. ( uP\ Cnt iof la l  t r a n s m i — —

~
-
~~t ( ’ ) )  ( I ( ’ ( ’t I ’ t i f l  ni ic ’rrigi’ :tphs i ’ C \  c a l c i !  l ic T atw ’vtc ’s  ~ ft ( l i i  t i o t t ~! th e u’ruun. ~li endo—
p l : u S i 1 I u ’  i - c-ft ’u h n i u , t t u ; t n - h  1 ) 1 ( 1 1  c i  ~~v t ’I  I na , In  th e ~ t t ~~~~~~~’!~~ t ’ II I  c ’ i i t i t ’ i ’ n t i ’ i t
t a c i r l i l  a nc : t I i . i~~~~ 2 1  l a n a  i l t e l  l~~ I ).\ , I I t I I ; I I I S L I  j l i ’ ! u . R n n a i  UI 1 !’ : I s t t ’ l I ( ’ I L I I ’ a I

: , ! t e c : ~t i r ’n  ~~as appa ren t ly  c’~ t r i - a.’ it  to f l u -  u l i , —~t a l  1\  i u t ~- ul t u ln j l : c r  c e l l s .  \ I

‘ n a - t .~~i - I i t  v ar i at i on  Ui u l t l ’  ~t 1’a t c i I ’ . - \ \ a : -  c~l , - c - i ~~c~ i i n  l ’ u 1 l I ’ u l a l ’  i l L , li x—

f in  I nc ’f l \  o luL -il  t t i 1 iU 1, 1 ( ( ‘ ~~ ~~~, .101 1 I - ‘ Ic ’ L~ I~~ :. I t t t it l ay  -l i t . I he I - l ’ t ’ O Y ’ l t ’C ol
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ervthrocytes in the nephron tubules indicated hematuria. By -iS hours , hepato—
cyte alteration was similar and of the same magnitude , except for the prolifei ’-

ation of smooth eridoplasmic reticulum. No consistent effects were observed
on rena l ultrastructure at -18 or 120 hours. At 120 hours , the characteristic
hepatocv te alterations as described above persisted and smooth endoplasm ii’
reticulum proliferation had increased dramatically. RL)X effec ts on renal tis-
sues at this dose level were minimal and transient , whereas hepatocyte alter—
ation persisted , with the proliferation of smooth endoplasmic reticulum a
dominant feature , indicating the possible induction of the mixed function oxi—

dase system.

In order to develop diagnostic tests and methods of treabuent it is neecs-
sary to understand the mechanism of toxicity and pathogenesis. In order to
meet these goals and to aid in establishing allowable environmental levels , the
Rl)X—indu eed liver and kidney pathology was studied in this animal model system.

I‘l’
TOXICITY OF POLYCHLORINATED BIPHENYLS TO EUGLENA GRACILIS: -

~~

CE LL POPULA T ION GRO W TH , CARBO N FI XA T ION . CHLOROPHYLL LEVEL , -
~~

OXYGEN CONSUMPTION, AND PROTEIN AND NUCLEIC ACID SYNTHESIS I
Pr i ru r ite i l Inv- -’ , t - t riins W. G. Ewald , J. E. French , A F RR/ ; and M. A. Champ,

American University -~

Combined damage resulting from irradiation and /or chemical exposure is —

of uthlost concern to the military . Accidental introduction of chemicals  into -

our environment can cause both ecological damage that is severely felt and un— 
-

desirable toxic reactions and/or body burdens in both military personnel and -:
(‘ollaterally involved civilian populations. It is important to monitor the effects
of potential (‘oflt.iUi ’lmnants and to develop model systems in order to study and
establish threshold levels for such -ontanunants .

Populations of Euglena gracilis in exponential growth under light were ex-
posed to 2. 5 , 5. 1) , 7. 5 and 10 ppm of At’oc-lor 1221 (a mLxture  of polychlorinated
bipheny ls . The ID 50 115 of Aroclor 1221 was estimated to be -1 .-i ppm , while
Aroclor 1232 tested at 20 , 35 , 50 and 100 ppm resulted in an 11) 50/18 of 55 pPm.
\Vith Aroc’lor 12.12 , no inhibition of growth was ohscrved with up to 11)0 PPm ex-
posure. Cell cultures exposed to -1 . 1 ppm of A roc’lor 1221 for 4s hours had a
significantly reduced rate of carbon fixation and reduced levels of chlorophyll

33



after correction for cell density. Oxy~ en consumption was not affected at the -

ID50 level of the Aroclor. Uptake of [‘~H]-leucine in treated culture was twice
that of controls , and [3HJ-uridine uptake was significantly lower. Uptake of

~
31l]-thymidine and incorporation of [3H]-leucine , [3H]-thymidine, and [3HJ-

uridine were not significantly different in treated and control cultures. These
results suggest that at the ID 50 level , polychlorinated biphenyls reduce cell
population growth in Euglena gracilis by inhibition of photosynthesis and/or
chlorophyll production.l

An inexpensive and rapid screening method for potential toxic environmen-
tal chemical compounds used by military organizations is of great importance
in c ase such compounds are accidently introduced into the environment. To
meet these requirements , such a method was developed using the aquatic pro-
tozoan Euglena gracilis as a sensitive indicator.

R E F E R E N C E

1. Ewald , W. G. ,  French , J. E. and Champ, M. A. Toxicity of poiychlori-
nated hiphenyls to Euglena gracilis: cell population growt h , carbon fix-
ation , chloroph y ll level , oxygen consumption , and protein and nucleic
acid synthesis.  Bethesda , Mary land , Armed Forces Radiobiologv Re-
search Institute Scientific Report SR76-33 , 1976.

A A A A A A A A A

E FF ECTS OF DOT AND P O L Y C H L O R I N A T E D  B I P H E N Y L S  ON
CELLULAR METABOLISM AND ULTRASTRUCTURE OF CRITH IDIA
FASCICULATA , A FLAGELLATED PROTOZOAN

P r u i  IpdI I r i v e s t i u j t ns J. E. French, AFRR/;and J. F. Roberts .
Nort h Carolina State University

The morbidity due to bod y burdens of environmental chemical contami-
nants in stressful situations is of potential importance but has received little
a ttention. Since the mechanism(s ) of toxi city to most chemical contaminants
is unknow n , this information imist be acqu ired in order to test and evaluate
potential toxic chemicals.
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In a previous report , I)1)T and polychiorinated hipheny ls (PCBs) have been
show n to be toxic to Crithidia fasciculata by inhibition of cell population growth .’
These results suggested that further studies were required for understanding
the cell popu lation growth inh ibition. Energy metabolism, protein and nucleic
acid biosynthesis, and ultrastructure were chosen as indices for determining
the metabolic site (s) of this inhthition. DDT had no effect on [ ‘1C] carbon
dioxide evolution , whereas 1~CB exposure caused a transient inhibition and
then stimulation after 6 and 24 hours , respectively. After 6 hours exposure
to 1)1)1’ or PCB , inhibition of both uptake and incorporation of thymidine and
uridin c , but not of L-leucine , was observed . By 24 hours of PCB exposure .
uptake and incorporation of these three radioprecursors was two to three
times greater than control . Afte r 24 hours DDT exposure , only thymidine
uptake and incorporation exhibited such an increase. Ultrastructural changes
induced by these compound s included cellular and mitochondrial swelling dis—
ruption of the mitochondrial genophore , and fai lure of the mitochondrion to
rep licate in synchrony with c’eli division. It is concluded that the initial DDT
or polychlorinated bipheny l inhibition of nucleic acid biosynthesis and subse-
quent loss of cell regulatory capacity causes the decrease in cell population
growth , 2

An inexpensive and rapid screening method for toxic chemical compou nds
used by military organizations is of great importance. To meet these require-
ments , such a method was developed using the protozoan Crithidia fasciculata.
These studies provide necessary informati on for recognizing toxic agents and
a basis for studying morbidity due to toxic reactions.

RE 1- ’ E ENC ES

1. I” r cnch , .J .  E . and Robert s , .1. F. Effect  of Dl)’!’ an d j ) o l vchor in a t ed
h ip h envi s  on cell popula t ion  growth of Cr i t h id i a  f a s c i e u l a t a , a f l a g c l  —

I ated I roto ioan. Bethesda , \1 ary land , Armed Forces Rad i ol)ioI ogv
Research Ins t itu t e  Scient i f ic  Report SR7 6 —2 1 , 19 76.

I

~~. I ’ rci-ri ’h , .1. I : .  and Rob cr l  s , .1. 1.  E f f ect s  of 1)1)’!’ and p o ir chorin ated
l op h et iv i s  on c e l lu l a r  metab ol ism and ultrastructure of Crj t h i d i a
I : i ac i c ’ u t u t u , a [ Ia c~e l l ated pt ’otoz oan .  flethe~ da , ~1arvl anti , \rm ed
V~ rce - U n t l i o b i o l  o~ v Ues carch  In s t i t u t e  Sc i en t i l  it.’ Report 5f l7 f l - 1 1 ,
197 ; .
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VINYLIDENE CHLORIDE-INDUCED ULTRASTRUCTURAL
CHANGES IN RAT LIVER

Principa l Investigato rs J. E, French. AFRR I; M. E. Andersen and L. J. Jenkins, Jr .,
Naval Medical Research Institute

Vinyl chloride and viny lidene chloride (1, 1—dichioroethylene , DCE) are
closely related chemicals and are known occupational and environmental con-
taminants. These toxic compounds have been identified in submarine and
space craft environments and are of military impor tance. The pathobiolog-
ical effects after oral administration of DCE (in corn oil) to fasted male
Holtzman rats were determined by correlating the ultrastructural damage
to the liver with changes in the serum levels of glu tamic-pyruv ic transam-
inase (SGPT ) and glutamic-oxaloacetic transaminase (SGOT . In a completely
randomized study , fasted rats received a single oral dose of 40 or 80 rng
DCE/k g of body weight. After 0 , 1, 2 , 4 , and 8 hours , SGPT and SGOT ~‘al- 

-

ues were determined and liver tissue samples were immersion fixed in 3 per-
cent cacody late buffered glutaraldehyde , postfixed in osmium tetroxide and -

prepared by conventional electron microscopy methods.

SGPT and SGOT values increased dramatically according to dosage and
time of exposure in a linear manner , which indicated significant hepatic dam-
age. The appearance of myelin-like bodies occurred at a similar frequency
in both control and treated rats. Control rats were also characterized by
slightly dilated rough endoplasmic reticulum and perinuclear cisternae. h ow-
ever , DCE-exposed rats showed significant dilation of the rough endoplasmic
reticulum , loss of ribosomes , mitochondrial swelling , loss of cristae and
chromatinolysis in a dose and time related manner. Margination of the c’hro-
matin along the nuclear envelope (chromatinorrhexis) did not occur within this
time period of exposure and dosage of DCE . DCE is a very hepatoxic xeno- -
biotic and its pathobiology may be different according to the route of
administration.

In order to develop diagnostic tests and methods of treatment, it is neces-
sary to understand the mechanism of pathogenesis. To meet these goals the
mechanisms of viny l and v i,nylidene chloride toxicity and pathogcncsis are
being studied in this animal model system.
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METABOLISM OF [ 14 C] CYCLO TR I MET HYL EN E T R I N I T RAM I NE
IN THE RAT

Principal Inve stigators: N. R. Schneider , S. L. Bradley, AFRR/ ;and M. E Andersen ,
Naval Medical Research Institute

Cyclotrimethylenetrinitram ine (‘RDX) is a high explosive widely employed
by the military. Exposure of humans to this compound (field personnel , for-
mulators or noncombatants) can produce a toxic reaction. It is therefore im-
portant to determine the possible routes and mechanisms of metabolism of
this compound in order to evaluate its occupational and environmental danger
and potential long- term effects ,1

RDX toxicity and tissue distr ibution were reported previously,  but little
data are available concerning its metabolism. In the rat , [ ‘1C~ -iU)x (50 mg
RDX/kg) administered per os in dimethy lsulf oxi de was slowl y absorbed from
the gastrointestinal  t ract :  :~ i. -~ - 

— ~~~. 
(~) pe rc ent ( 3)  ot the to ta l  r a d i o a c t i v i t y

was still present at 24 hours , but less than 3 percent  was present  at -H hours .
In the f i r s t  6 days af ter  closing rats with 5( 1 mg unlabeled  R l ) X  kg,  h oweve r ,
only 0. hP -~ 0. (( 5 percent (N~ of the dose w a s  excreted in the feces. The
total fecal dry mass per day from rats dosed per OS with 50 mg RI)X /kg was
only 25 percent of the normal valu e for the first 2 days after administration.
During the 4 days following per os administration of 40 mg [ 14Cj -RDX /kg,
4 _ .  7 

— 
2. 2 percent lo)  of the rad ioac t iv i t y  was excreteu v ia  the lung.~ as

14 C0 .,, 2 —3 percent in the feces , and :i-i . o 0. 9 percen t (1 O)  in the  u r i n e ;
9. 5 0. 3 percent (9~ remained in the carcass  (F igure  5) .  ‘l’hc m a )o r i t v

100
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of the label found in the feces , urine and carcass was not associated with un-
metabolized HDX . At 2-1 hours after per os administration of 50 mg [ 1’4 C - 

-

RDX/kg, both the liver and urine contained larger amounts of ‘1C than cou ld
be accounted for on the basis of the amount of RI)X in these samples. Further-
more , phenobarbital—induced rats metabolized HDX more rapidly than did non-
induced rats , It is clear then that RDX , contrary to earlier findings, i~
extensively metabolized by the rat and probably also by humans presumably
by enzymes of the liver , and is predominantly excreted via the lungs and
urine. It does not appear that a cumulative body burden of this compound
would be established.

R E F E R E N C E

1. Schneider , N. H . ,  Bradley, S. L. and Andersen , ~l . F .  Toxicology of
cyclotrimeth y lene t r in i t ramin e  (H DX): d is t r ibut ion and metabolism in
the rat and the miniature swine. Bethesda , T~iarv1and , Armed Forces
Radiohiology Research Inst i tute  Scientific Report SR7G-34 , 1976 .

USE OF CEN TR I F U G A L  E LUTR IA T ION IN BLOOD CELL SEPARA T IONS

Pr inol l i l l  I c ) v ~ s t I - l I t )r~ M. P. Grissom . J. E. French and W. G. Ewald

The principle of centr ifugal elutriation offers promise as a new method
for collection of granulocytes for transfusion therapy in combating microbia l
infections .

Centrifugal elutriation was used to separate and ( ‘oIle ( ’t gr anulocvt es
and monocvtes from normal canine l)lood . ‘l’lic Beckman ~J I ’:— ; c ,lutr iatnr
rotor system with modit i t ’ations was used in these studies . .-\ cessei acting
as a f low integrator \v as added to i’educc pulsat ile f l o w  patterns pl’(xiu(’ed by
the peristaltie pump. In order to ope rate accurately :it I ‘w flow ra tes i i  — it )
mI /n -t in) ,  a rheost~it and narrow diameter (1. I) . = I mm)  tubin g were used.
‘l ’hc hlo xl samp le was mixed in a Sn- n i l  si  I ic’oni ~ cd lass  f la sk  wi th  a st i  t’ —

r i rig magnet.  The e lu tr I ation medium was corn posed ol II  nk s ’ I t a Ia need
sa l t  solution minus (~ u

I t  and ~l~~t 
, liepe s l) tl t ft ’i’ , Is pi ’i’cent :1( 1(1 t i t r a t e

dext sc and 0. 1 percent  basal seru m albumin.  The nu - d n in i  was adjusted
to p11 7. 1 and f ina l  osni t 1a ritv determ men to he 3 10 u tosm .  I i i  iS i i it ’ ditiiii



has been found to reduce the adherence of polymorphonuelear granulocytes
to tubing and vessel walls with-tin the system. Experiments to date have
shown the system to he effective in the separation of phagocyte s. For 13
samples , the phagocyte to lymphocyte ratio went from 3:1 for whole blood
to 18:1 for the elutriate d fraction. The differential counts of the elutriated
cells were compared with the original whole blood samples. It was deter-
mined through paired single tailed t-tests that enrichment in polymorpho—
nuclear granulocytes (p . 995) , depletion in lymphocytes (p - .995) and
relative depletion in monocytes (p = . 995) were all highly significant. In-
jection of whole blood volumes of less than 30 ml had significantly greater
(p = . 975) polyrnorphonuclear granulocyte enrichment in the elutriate than
did whole blood volumes greater than 40 ml . To examine the handling of
larger volumes (-425 ml)  of blood with the system without significantly in-
creasing the time required as compared to whole blood of less than 30 nil

- 
- 

- volume (p < I ) . 80) ,  red blood cells were sedimented with Hypaque-Dextran
and the white blood cell concentrate was elutriated. A significant decline in
percent polymorphonuclear granulocyte recovery resulted in sedimented
samples (p -

~ 0. 95) as compared with small whole blood samples. However ,
a much larger absolute number of phagocytes were recovered (

~ 
= 1. 5 x

i08 cells , n = 4) as compared to nonsedimented whole blood (~ = 4 .4 x i07
cells , n = 5). Total percent polymorphonuelear granulocytes recovered for
whole blood (<30 ml) was 47.5  t 8. 8 and for presedimented blood (< 125 ml)
was 2 -1 .7 ~ 10.0. The mean running time for the presedimented samples was
70.8 and for whole blood (<30 ml) 94 .6 miii. Maximum percent recoveries
of elutr iated cells to date have been 77. 7 percent of polymorphonuclear granu-
locytes and 69. 9 percent of all white blood cells. Minimum lymphocyte con-
tamination was 0. 09 percent.

Improvement of granulocyte collection methods for purity and viability
wou ld increase the chances for minimizing freeze—thaw damage and increase
the clinical effectiveness of granulocyte transfusions. In working toward these
goals , the centrifugal elutriation system is being studied for use in granulocyte
and stem cell collection.

39

- -- - - --- ~~~~~~~~~~~~~



LIQUID PRESE RVATION OF DOG GRANULOCYTES AT 4°C
IN VARIOUS STORAGE MEDIA

P r i n  - i l  I I v i - s t : - r~ J, E. French. W. J. F/ or and M. P. Grissom

Transfusion of sufficient numbers of freshly isolated granulocytes has
been shown to be effective in granulocytopenic crises arising in patients with
radiation and/or drug-induced bone marrow aplasia , leukemia or aplastic ane-
mia . Few studies have investigated the loss of viability with time or the opti-
mal liquid storage media after cell isolation and prior to use.

The feasihili~ ’ of short—term liquid storage of dog granulocvtes was inves-
tigated . Although liquid stored (-1°C) leuk ocytes are thought to have a short
shelf life (2 — 3 daysi , recent evidence suggests a considerably longer in vitro
viabili ty 1’ 2 when maintained under certain conditions .

l)og granuloevte s were isolated from whole blood by defibrination or anti—
coagulation with 15 percent acid citrate dextrose (NIH , Formula .\ and sedi—
nientation on 2:1 Dextran—Isopaque (6 percent and 33.9 percent , respectively) .
l .eukoc ytes were either washed (Flank s’ balanced salt solution minus Ca 1 and

l iv  ecntrifugation two times and resuspended in -II )  percent Eagle ’s mini-
mum essential mediu m , 10 percent hiank s’ balanced salt solution and 20 per-
cent autologous serum (- 1:1:2 medium ) or remained in autologous serum (after
defihrination ) or acid citrate dextrose plasma without centr ifugation. Leuk o—
cyte s were stored at 1°C from (I to 7 clays.

The cell loss , bactericidal activit , stimulated O~ consumption and fine
structure were determined at variou s intervals. Polvmorphonuclcar granu lo—
cvte loss was greatest in defibrinated or acid citrate dextrose—anticoagulated
and washed preparations (up to 62 percent after 7 days storage) . Cell loss of

F polvrnorphonuclear granuloc’vtcs held in acid citrate dextrose plasma was
never greater than 20 percent after 7 day s storage . The percent polymorpho—
nuclear granulocvtes in the leukoc te popu lation remained high in all prepara-
tions ( 5 3— 61 percent) over the 7—day period . Bacter ic idal  act ivity  was great—
est in polymorphonuclear granulocytes held in acid citrate dextrose Plasma.
Inhibition of intracellular viable growth of E schcr ich ia  eol i decrt ’as( ’d onl y
slightly in f reshly isolated cells after 7 days storage (from 99. percent to
97. 7 pe rcent . Polvmorphonuclear gritnulocytes isolate d by def ibr inat ion or
acid citrate dextrose antic’oagulation decreased s ign i f i c a nt lv  p -~ n . l i t  to ~~~

percent inhibi t i on  over the 7 — d a y  period . ( )x v g e n  consumption assu ( ’iated wi th
— ph~t~~~~\ t o Sis  in I)ol ymorph onuc leaI’ gr anulocvte s i~~~h I t e l by d c l i b r i n a t i n n , and

ac id ( ‘it r at c ’ dextrose anticoagl i l a f i on  with \v ash inL ~ a ad w ith n it washing were
~ I . ) , 79 . I a nd hS . 9 percent (I f thc ’ t ime  /el’o s ’I ’~~, control  va lu e s  a fte r 7 l ay S
s torage . ;\ fte r 1 1  day s , the respec tive values Were 19 . 11 , 37 .2 and ;:;.



percent of T0 control values . Polymorphonuclear granulocytes isolated by
defibrination and stored in serum showed the greatest magnitude of response ,
but the percent control values were of a similar magnitude. The ultrastruc-
tare of polymorphonuclear granulocytes isolated and stored as described was
best preserved in the acid citrate dextrose plasma held cells. Many polymor-
phonuclear granulocvtes held in serum after defibrination or 4:4:2 medium
after acid citrate dextrose anticoagulation and washing were within a normal
range of morphologic appearance, but a greater number showed advanced pyk-
nosis , perinuclear swelling , degranulation and vacuolat ion .

In conc lusion , in vitro viability arKi structure analysis indicate that dog
granulocytes can survive liquid storage for 7 days and that their structure
and in vitro function remain intact to a remarkable degree. Acid citrate dex-
trose anticoagu lation and storage at 4°C in acid citrate dextrosc plasma is
concluded to be the best method for dog polymorphonuclear granulocyte liquid

- - preservation tested to date.

An effective protocol for maintaining clinical effectiveness of granulocytes
after isolation and prior to use or freeze preservation would enable standard-
ized procedures to be formulated . It would increase the availability of this
postirradiation therapy by minimizing logistical problems (cell typing, match-
ing , transportation , etc .). In order to meet these requirements , this model
system was developed for studying granulocyte and stem cell preservation
methods.
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BIOCHEMISTRY DEPARTMENT

The Biochemistry Department was formed on 1 July 1976 to provide more
intensive management for and centralization of the increasing biochemical
based programs. Personnel from the Biochemistry Division of the disestab-
lished Radiation Biology Department became the core of a new Physiological
Chemistry Division , and the Neurochemistry Division of the Neurobiology
Department was the basis of a new Molecular Biology Division. For com-
pleteness , all studies that were done under the previous organization are
presented here , with the exception of the old Neurochemistry Division.

The primary effort of the Biochemistry Department is concerned with
developing a better understanding of damage mechanisms in biological systems
exposed to all types of radiation , providing more effective methods for detect-
ing and evaluating changes in physiological systems and organ functions , and
relating the physical factors of radiation to subsequent injury in man. A num-
ber of approaches , models and techniques are utilized with special emphasis
upon determining the biochemical indicators of radiation injury .

Programs in the Department are divided into studies of bio logical changes
following exposure to either ionizing or nonionizing radiation. In the ionizing
radiation fie ld , investigations continue on elevations in serum glycoproteins
and protein-bound carbohydrates as significant indicators of radiation injury ,
trauma and other disease states. Collaborative studies with the National Can-
cer Institute and the National Naval Medical Center hav e yielded substantive
findings si-towing a direct relationship of tumor burden with protein-bound car-
bohydrates as well as increased levels of acute-phase proteins. Further
studies using an animal tumor model are underway to determine the respon-
sible mechanism and to aid in relating the changes to possible radiation injury
applications. Initial studies on the effect of radiation exposure on gallium-67
binding in serum indicate a dose dependent relationship over a wide range ;

• these will be expanded to include a number of normal trace metals. Addition-
ally, studies on the use of organometallic liquids as potential dosimetric ma-
terials for pulsed ionizing radiation were completed.

Two operationally oriented research projects funded by the U. S. Navy
concern the bioeffects as a result of exposure to nonionizing radiation . The
initial study of the effects of exposure to extremely low frequency (-15 Hz)
electric fields with emphasis on serum biochemical parameters , growth rates
and histopathological changes has been comp leted . Besearch on the possible
biochemical indicator of subclinical alterations due to microwave radiation is
continuing. Goals include the determination of the threshold for cataract
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formation , a molecular model for the lens cataract and exploitation of this
model in ionizing radiation exposures.

Based upon the operational requirement  in m i l i t ar v  nuclear  medicine to pro-
vide more effec t ive  methods for ev a lu a t i n g  changes in phy sio logftal  and organ
func t ion s  in various forms of t r auma , the former R ad io log ica l  ~ciencc~ I ) iv i  sio n
continued its efforts in radiopharmaceutical development and evalu ation , in-
strumentation and isotope applic ations and pathophysiologic investigations. In
collaboration with the National Institutes of h ealth , the Washington University
Medical Center , St. Louis , Missouri , and the North Carolina Medical School ,
excellent progress and results were obtained utilizing 99mTc diphosp honate in
studies on acute ly injured muscle , scanning and imaging of soft tissue (muscle),
regional blood flow and skeletal uptake of bone tracers and in developing im-
proved methods of assessing splenic damage. Mathematical support was also
provided for a study of regional kinetics of indium-ill in cerebral spinal fluid.

Additional collaborative effort wit h the Naval Medical Research Institute
developed a technique that was sensitive , noninvasive , and quantitative in asses-
sing the healing of mandibular bone grafts in a canine model . This improv ed
method provides a better means to evaluate a combatant who has sustained a
facial wound whic h has disrupted the mandible.

The research projects conducted in the Biochemistry Department are inter-
related and complementary. Determination of accurate and valid indicators of
damage using biochemical markers in a variety of organ systems in which dif-
ferent disease conditions exist and the application of nuclear medicine proc e-
dures for improvement of diagnostic and therapeutic techniques will contribute
to a better understanding of the patterns of response , the organs at particular
risk and the underlying mechanisms of damage. E ffort is directed toward
applying these techniques to diagnosis and treatment of conditions peculiar to
the battlefield environment.

~
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SERUM PROTEIN-BOUND CARBOHYDRATES A ND OT H ER G L Y C OP R O T E I N
ASSAY S AS INDICATOR S OF TUMOR BU R D E N

or , i ! r ~~~~~~~~~ - ; .  P J F ~V~ ss , W P. Sradley, A. P Blasco , A FRRI; J. C. Alexander , Jr -

N. A. Si/verrr,an arid P. 8. Chr ~’t ’po Nation al Institutes of Health
To i A o  ‘~ • M. J. Rya n, M. L. Nelson , iV i’V. V p  0r- ,,r ~ l L. H Woo/dnidge , Jr.

Elevations in serum givenpr oteins and protein—b ound ( ‘ar l) r )I~\ drate~; are
significan t consequent -cs of radiation damage , tTaum:1 and certain disca .se
states such as cancer. Thus it e-~ impor ta nt to determ ine the diagno st i c  p1’o~ —
nostic , and functional sign ificance ot the glvc’oprotein elevations in \ -ai’iou s in-
ju ries ~wd diseases .

l evels of glvcoprotd-in ass’r ~- iu  ~
( V 1  - : i~~~’h ~ d i ’ a t ~-s (neutr al he’’a c-~c-s , ht

amine , sialic acid , and fucose we l t ’  determined in the seru m of patients v i ft
eithcr I ra - a  I , r egvmal  or metastat ic ~- : r i ’ r - e - i ’ , p at i en t s  clinically cured of can—
t ’e- r , and ( ‘on t r t ) I s  Sw l a - i s  and i • ! l s i - -  l . - r ~- . I o t u l  p ro t e in—b ound  - a i h  } -

~ 
--

drates were compared to le~ e- i — ~ 1 I T  I I I  a I  . 1- i -u r~~, 1v c proteins , r -arc in’
embryonic ant i-4cn , and to l \rnip lioi. -: Ic ’ r eact i~ itv t ‘ ~i l ivtuhcniagg lu t inin . l u  —

i-nor burden was dircet 1~- i-elated I i pr ( i t e in— I ) ound arbohvdrate lc\ - els in pati ent
~~coups . I .e’~ els of bound a rh i- -~- ‘. ‘h ates i- ct h -i -t the sun : ol al l  the • ‘h angc’s in
seru m g l v -opi otu i i i — . , r u t  n i p  ri lv  changes  in the a cute—p h ase prote in s it - —

acid gh ~ cnprotein , L 1— a ! l t i t l ’ \ p - u fl , h i : i 1 t u i o h i n , c -crulo p lasmrni  found in t !i - i~ —

globulin fraction Sel’un . St- ru a o I ( - Lfl— ~ P ‘and c:ti’hohvdi’ at c s , sa r i :  as
sialic acid , appear to ‘c’ )( - l t d -  r Wmor marker s  than carcinoemhi ’voni  -

gen in patients with var iou s I \ p € ’ s  of :: r l i l  n l i i : i i p i i - ’- . Incr eases  I : ~ s i : i l i r :
a(- id in tum or— l earci s do n~’t appear tJ ) (- o l -re late w i t h  in ’ ’l’ cascs in ( -a n ‘incr —
embryonic antigen , s~ tg~, c.’ s t in .~ tha t  a ’’ ia ii’; re - i lk - ’’ tumor marker  and a ‘‘ tun r -

derived’’ marker  may i- ui iI - : ’~~’nt each other in aSSC’Ss inu , p a t i en t  St atU S
ure ~. I ncr eased le~ els of the , - r tc ’— ;I1: p — - - i ’ r t L -i ns and dc r - n i ’ asc - r l  levels of
‘~2 I I S—g lvc’nprotc in ‘ cr01’ in m div i d r i a  Is v~ i i i i  depi’c ’sst ’rI in ‘~ i t n i  lvm p hoc \ t c ’
reactivity to ph\ - t ohd - I i  u i gg l u t i n i n , but t he  r elationship heiv;c’,~~ 1\ )1~1 ) l 5 i \ t C  I ’ d —

activity and Sp€- - i { tc -  ‘~erum ~l~- ’opl’ ku ns n& -c ’ ’h-~ f u r t h e r  l f l V t  st iu a t  i n .  The
present sthd~- inci’c: scs our understanding of the n t - l a t h  n~- h i i n  i f  seru m gl~ -o —
proteins t~ disease m i  I m i i i  cv.
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Figure 6. Percent of ind iv idua l s  wi th  elevated tumor  marke r s
(above normal mean two s tandard  dcv f a t  i ons  I.
CEA = ca rcinoembrvon ic  ant igen .

ORGANOMETALLIC LIQUIDS AS POTENTIAL DOSIMETRIC MATERIALS:
A PULSE RADIOLYSIS STUDY OF THE TETRA -ALKYL COMPOUNDS OF
Si , Sn AN D Pb

Principal  Investigator J, L. Hosszu
Collaborator A. P. fIasco

A continued requirement exists to develop dosimetr y svstc’ms suitable for
use in pulsed field s of ionizing radiation , particularly in the Ii r w — t ’n c ’rg v x—ra y
region. The desirable characteristics of such (IosimetL’r s should include both
a sensitivity to the spectral distribution of the incident r adiat ion and a capa-
bility of live time readout to follow pulse profil e s over a tim e sc - a l t ’  of several
nanoseconds,

The organometahhic compound s of thc’ I i’ n ip JVA n’tetal s have been shown
to produce optically detectable changes after exposuic ’ s to ion i z in g  radiat ion. 2
Theoretically,  the K—shell  energy c’ilges of their metal  atom s serve as window s
to determ ine the spectral distr ibution of the i’ad i at i on  1)01st ’ .
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The methods of kinetic optical spectroscopy have been employed to observe
the very short— lived transients produced by pulse radiolysis of some of the
tetra-alkyl compounds of Si , Sn , and Pb doped with naphthalene and toluene. 1
The feasibility of utilizing such bimo acular compounds for time resolved do-
simeters in the low-energy x-ray region has been demonstrated (Figures 7
and 8). This represents an additional method for refinement of the pulsed
radiation profiles such as might be encountered in nuclear weapon uses .

_ 1 ~~~~~~~~ L~~ ~.L kik .~~~~~~

Figure 7. Long-lived optical absorption transient s at 320 nm of pure
Et 4Si. Vertical scale 50 mV/cm; horizontal scale 50 ~j sec/cm.

- _____

Figure ~~. Long-lived optical absorption transient s at 320 nm of
naphthalene-doped Et 4Si. Vertical scale 50 mV/cm;
horizontal scale 100 ~sec/cm.
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GROWTH EFFECTS FROM 45-Hz VERTICAL ELECTRIC FIELDS

Princip ~ll Investi gators. N. S. Mathewson, G. M. Qosta, S. G. Levin, M. E. Ekstrom ,
S. S. Diamond and A. P. fIasco

Technical Assistance - W. E. Jackson III , C. A. Mc/ntire I/ I , J. E. Egan, H. B. ~ranford,
A. L. Mi//er , A. E. Cummings, Jr. and P. W. Jones I/ I

As early as 1959 the U. S. Navy began considering a new communications
system to operate in the extremely low frequency portion of the electromag-
netic spectrum. This system is designed to allow submarines to receive vita l
communications during strategic emergencies while remaining at ocean depths -

which maintain their tactical invisibility and survivability. The survivability
of the U . S. Fleet Ballistic Missile Submarine System is a key element of our
national security as a nuclear deterrent. The Navy is completing the design
of such an extremely low frequency communications system to ultimately in-
crease the tactical safe ty of these submarines.

The design and placement of a transmitter site for this communications
system is not complete , but one current estimate calls for twenty 50-mile long
buried cables to he laid out orthogonally in a square grid . These cables are
placed a miles apart occupying an area of 2500 square miles or twice the size
of Rhode Island . This transmitter is planned to operate near 45 or 75 Hz and
will typically require 100 megawatts of electric power.

The Navy has for several years supported considerable research into the
existence of biological or environmental problems that may be associated with
this type of antenna. Within the last several years two research efforts have
led to reports that vertical electric fields , in one case at 60 Hz and the other
at -15 lIz , reduced the growth of young rats during 1-mon th exposures.

This report summarizes the attempt by this laboratory to both observe and
verify the repor ted reduced growth of young rats exposed to 45-H z fields. A
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total of 38.1 young (100—200 g) male Spragu .t—D awley rats was used in four 1-
month , irradiation experiments (Table 9) . For each animal the growth (or
change in body weight) , the food consumption , and water consumption were
measured three times a week during the 28—day exposure. Postexposure , a
complete blood count (consisting of red blood cells , white blood cells , poly—
morphonuclear cells , lymphocytes , monocytes, eos inophils , hematocrit and
hemoglobin ) and plasma metabolites (consisting of levels of total protein , globu-
La , glucose , triglyceride, cholesterol and total lipid ) were obtained for each
animal. To further establish the general health of these animals , randomly
selected rats from each field level were necropsied and 16 organ systems were
preserved for histopathologic examination.

Table 9. Experimental Design and Animal Usage

Electric Field Strength ( V / r n )
(Control)

Experiment 0 2 10 20 50 100

Number of animals used

E 16 i6 16 16 16 16

F 16 16 i6 i6 16 16

G —— —— — —  ——

H 16 16 16 16 16 16

Total number of animals = 384

We are acute ly aware of the importance of observing an effect from this
type of exposure , detrimenta l or not , since virtually everyone using an electric
appliance or standing near electric wires is exposed to extremely low frequency
fields. h owever , none of our -15-liz data , summarized in Table 10 , can support
or even indicate that rat growth is lowered from exposure to 45-liz vertical —

electric fields. The examination of our data for exposure to vertical electric
fields up to 100 volts per meter at 45 liz leads to the conclusion that the grow th
and gross metabolism as indicated by the plasma biochemical analyses and gen—
eral health of these rats were not changed . That some significant differences
are found in Table 10 is clearly normal when it is noted that 15 six—grou p
analysis—of-variance type significance tests were performed and that many of
the variables are correlated . The complete description and analysis of these
experiments is the subject of impending re~orts, and two preliminary reports
of these experiments have been presented” within the past ~‘ear . 

- . -  
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Table 10. Statistical Summary

ELF Vertical Electric Field Data at 1~5Hz

Variable Experiment
E F G H

Growt h - * — -
Food Con . — * —

Water Con. — — — —
T. Prot . - — - . r
Glob. - - -
Glu. * . -

T. Lipid * — -
Chol. — — — —
Trig. - — - —
HBC * * —

WBC — — — —

Poly - - - -
Lyhs.  - — - -
Mono. w i th in  normal limits
Eo. wi th in  normal l imits
HCT. * - - -

HGB . — - -

Adrenal wt . - - -
Spleen ~,‘t. — — —
Gross path. no significant differences
Histopath. no significant differences

— Implies no significant differences
• Significant difference p< .05
* Significant difference p<.Ol
blank Nbt performed
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LENS PROTEINS: A POSSIBLE INDICATOR OF SUBCLINICAL LENS
ALTERATIONS AFTER MICROWAVE EXPOSURE

Princ ipal lilvestig0! )rS- G. M. Oosta, N. S. Mathewson and F. H. Henry
T Lhnical Ass ista nce K. 1W. Hart ley and C. J. Morrisey

Microwave exposures of sufficient intensity and duration are known to
result in cataract formation. However , the threshold for cataract formation
is not well documented as a result of the long latency periods that exist for
low level microwave exposures . If a biochemical indicator of microwave
damage were availab le , determination of the threshold could be more accu-
rate. We are investigating the possibility that lens protein alterations can
be used as indicators of subclinical , microwave-induced lens changes. In
addition , it is anticipated that the results of these experiments will provide
information hel pfu l in specif ying a suitable molecular model for the micro-
wave cataract.

Cataract production is initiated as a result of multiple head only exposures
at 300 mW/cm2 for 20 mm and 2.45 GHz using the elliptical reflector antenna
system in the Microwave Facility , Department of Microwave Research , \Valter
Reed Army Institu te of Research . Lens alterati ons are apparent within 4 weeks.

There are many models for cataractogenesis. All eventually involve len-
tieular protein alterations. In these exper iment.5 , data are collected based on
two models. The first model specifies an increase in the fraction of total pro-
tein found in the pellet after low—speed centriftigation of a lens extract. The
second specifies a shift in the state of aggregation of lens proteins eventually
leading to aggregates with high molecular weight. Protein alterations are mon-
itored in lens extracts using gel filtr ation and polyacrylamide , pore—limit
clectrop hores is . Extraction parameters such as buffer composition , ionic
strength and extraction time have been studied. Experiments and data collec-
tion are now in progress .

Success in establishing proteins as indic ators of lens damage after micro-
wave exposure might allow the threshold for microwave dam age to he accu-
rately determined even for low level exposures. Such determinations would
p lay a large’ role in helping to establish safety standards for human microv~’ave
exposure.

In ;idd it ion , observed alterations cou ld be exploited to develop assay s
su i t a b l e  for est imating lens damage’ aft er i o n i z i n g  ra dia t ion cNl)OSUI’es.
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LOCALIZ ATION OF 99mTc DIPHO SPHONATE IN ACUTELY I NJUR ED
MUSCLE: RELATIONSHIP TO MUSCLE CALCIUM DEPOSITION

Pri Ic c~’1 I r lvestiqdtur 8. A. Siegel
Cc ’t lab urato rs W. K. Engel and E. C. Derrer , National Institutes of Health
Tec hnic~I Assist ance F. L. Barron, J. K. Warrenfe/tz, M. E. Flynn, N. L. Fleming

and J. J. Jozsa

There is an operational requirement in military nuclear medicine to pro-
vide more effective methods for evaluating changes in physiological and organ
function in trauma. In rats with experimental ischemic myopathy , there was
a significant correlation (r = 0.778 , p < 0.001) between muscle uptake of
99mTc diphosphonate (EHDP ) and tissue calcium concentration.’ In addition ,
the accumulation of both calcium and 99mTC EHDP in acutely injured muscles

- - was further increased in rats with vitamin D-induced hypercalcemia. Il isto —
logic studies demonstrated staining of damaged muscle fibers with alizarin
red , indicating the presence of microcrystalline or ultramicrocrystalline cal-
cium salts. Staining of muscle fibers was most intense in the outer margina l
zones of individual microscopic infarcts . Our results suggest that the uptake
of 99mTc EHDP in acutely damaged skeleta l muscle is directly related to the
deposition of calcium salts within the injured muscle fibers. This work in-
creases our understanding of the basic mechanisms of the pathogenesis of
99

~~Tc diphosphonate localization in damaged muscle. The results can be
applied toward improved clinical interpretations to benefit patients (soldiers
with trauma , acutely injured muscle or other conditions which can be detected
with these techniques.2
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DIPHOSPHONATE SCANNING OF SOFT TISSUE
IN N E U R O M U SCULA R DISEA SES

Principal lnv’ -s ’~ ;ator - A. W. Kula. Nat ional Institutes of Health
CoIlabur ,ituis B. A. Line, National Institutes of Health,- B. A. Siegel,

AFARI; A. E. Jones, C. S. Johnston and W K. Engel,
National Institutes of Health

Nuclear medicine may provide an improved means for analyzing physiol-
ogy and organ function following trauma. This may be of importance in eval-
uating injured soldiers. Our previous studies of acutely damaged skeletal
muscle in rats have demonstrated (‘lose correlation between muscle uptake
of 99mT~ diphosphonate by scintillation counting , increase of muscle ’ Ca
loss of muscle K + and increase of plasma creatine phosphokinase. In an
attempt to use the isotopic method clinically to seek and quantita te muscle
damage , we have scanned l imbs  of more tha n 6() pa t i en t s  (various neuro-
muscular diseases and controls) 6 hours after  intravenous a d m i n i s t r a t i o n
of 10 m Ci 9Oi~ Tc diphosphonate. Computer-stored and ana ly z ed  imat ~es
provided a soft t issue to hone ra t io  of rad io ac t iv i t y  uptake. Ten I ) at ten ts
with dermatomyo sit is—po l m osi t i s  had moderate to high serum creat ine
phosphokinase s and very high soft t issue uptake per sof t  t i s su e  to bone
ratios. Eleven patients with X-linked muscular dystrophy all had very high
creatine phosphokinases but surprisingly normal soft tissue to hone ratios.
Six “other ” myopathy patients and six amyotrophic lateral sclerosis patients
had normal or slight-to-moderately increased c reatine phosphokinases and
soft tissue to bone ratios , and both usually correlated in individual cases.
Four patients with “ragged—red ” -fiher muscle diseases and three with myas-
thenia gravis had normal creatine phosphokinases but , surpr ising l~~ slight
to moderately increased soft tissue to bone ratios. Accordingly , ~Jm Tc
diphosphonate localization in soft tissue of neuromuscular disease patients
does not appear to he a simple ’  funct ion of creat in e  pho sph ok in ase—
evidenced muscle fiber “ damage—l eakage ” Other possib le f ac to r s  include :
positive — — musc l e—in te r s t i t i a l  or subcutane ous Ca , and ce l lu l ar  prol i f -
erative a c t i v i t y ;  negative — — chronic fat and connect ye t issue rep lace ’ment .
The high uptak e in dermatomyositis-polymvosj tj s is likel y to be due at least
partly to the first and perhaps also the second facto r (both known to occur
in dermatomvositis—pol ymyositist ;  the third may possibly help explain the
perplexing normal uptak e in X-linked dystrophy . The results of these clin-
ical studies suggest that muscle imaging with ~ 9~1i Tc diphosphonate maY be
usefu l for evaluating soldiers who sustain soft tissue injuries of the
extremities.



SKELETAL UPTAKE OF 99mTC DIPHOSPHONATE IN RELATION TO
LOCAL BONE BLOOD FLOW

Princip al Investi gators - B. A. Siegel, R. L. Donovan and P. 0. Alderson
Collaborator : C. R. Mack, National Naval Medical Center
Technical Assistance E. L. Barron, I. K. Warren fe/tz, M . E. Flynn,

N. L. Fleming, H. B. Bourne and J. J. Jozsa

Bone imaging with the 99mTC labeled phosphates has great potential for
improving our abilities to evaluate bone healing after trauma , presence of
stress fractures or osteomyelitis not visible radiographically, and healing
of bone grafts. To make maximum use of this tool in military patients it is
pertinent to attempt to increase our understanding of the basic mechanisms
involved in skeletal uptake of the 99mTC labeled bone tracers.

The regional distribution of bone-seeking radiopharmaceuticals in the
skeleton is potentially dependent on a number of fac tors including local alter-
ations in blood flow, metabolic activity , osteogenesis , surface area for tracer
exchange , capillary permeability , and the volume of interstitial fluid. 1 Sev-
eral investigators have suggested that increased local blood flow is the major
physiologic determinant of increased tracer deposition in skeletal lesions ,
but this viewpoint has been challenged. The present study was undertaken
to evaluate the relationship between the skeletal uptake of 9Prn TC di 1)ho sj ho-
nate (ethane -1 -hydroxy -1, 1 -diphosphonate (EH DP)) and relative bone blood
flow measured with labeled microsphere s under conditions of normal , decreased ,
and increased regional blood flow .

The right—left  ( R —L)  ratios for t i b ia l  uptak e of OOluTc diphosphonate (EU !) !’)
and relative blood flow (from microsphere distribution) were determined in
control rats and rats with right fernoral artery ligation or healing right tibial
fractures. There was highly significant correlation (r = t). 917; p < t). 0001)
between the 99mTC EHDP uptake and relative blood flow for relative flow ra-
tios < 1.7 (Figure 9). When relative tibial blood flow was > 1.7 , there was
little further increase in 99m TC EHDP uptake. In addition , femoral artery
ligation in rats with healing fractures resulted in a more marked reduction
of flow than of 99mTC EHDP uptake (Table 11). Our results suggest that re-
gional bone blood flow is a major determinant of 99m Tc Efll)P uptake , hut
changes in regional tracer extraction efficiency are also important. This
work increases our understanding of the basic mechanisms of 99m’l’c phos-
phate bone imaging. The results can be app lied toward improved clinical
interpretations to benefit patient s (soldiers) with trauma , bone grafts , osteo—
myelltis or other conditions which can be detected with these techniques.
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Figure 9. Relationship between tibial R—L ratios for O9m TC EHDP and
85Sr microspheres. Each point represent s the result s for a
single animal . The line shown is the calculated regression
l ine based on the result s of the 47 animals in which the 85Sr
microspheres R-L ratio was less than 1. 7.

Table 11. Tibia! R-L Ratios

Group n ~
5Sr M rosp heres 99

~Tc [HOP

k 
Control 17 0.94 + 0.14 1.00 + 0.05

Arteria ’ li gation 12 0.44 + 0.17* 0.67 + 0.14* t

Fracture 39 2.10 + 0.87k 1.60 + 0.34*i~
85Sr ~t--L ratio <1.7 18 1.3/ + 0.22* 1.38 + 0.13*

ES S R-L ratio >1.7 21 2.72 + 0.70* 1.78 + O.36*~

Fracture + Li tton 21 0.86 + 0.32 1.29 4 0.20*1~

Results presen ted as ne~n + 1 s t andard  d~ v ia tion

F 

* Sicn~ficant 1y differ ent by unpaired t—test compared to control velt ’e

r at F’<O .OOOl .

$ Sign i f i c a nt J y different cy paired t-test con’pared to correspond ing

i’icrosphere value ~t P<0.001 .
F
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flow . Bethesda , Mary land , Armed Forces Radiobiolog Research In-
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SPLENIC IMAGING WITH 99m TC LABELED ERYTHROCYTES:
A COMPARATIVE STUDY OF CELL DAMAGING METHODS

Prj r ~ I nv~- - i  i i I ~~r~. R. G. Ha,ni/ ton and P. 0. Alderson
CuIJdh~ rdIv ,s J. F. Harwig, Washington University School of Medicine;

and B. A. Siegel, AFARI
1 -~ ~I - E. L. Barron, J. K. Warrenfelti. M. E. Flynn,

N. L. Fleming, H. F. Bourne and J. J. Jozsa

‘li-ic objective of this research was to develop improved methods tot ’ :i s—
scssing splenic i lam t after blunt abdominal trauma. Our specific goal was
to develop an agent which would localize in the spleen to a much greate r ex-
tent than the liver . This would minimize problems of image interpretation
that can he caused by liver overlying the spleen. \ \e  wished to develop an
agent which had the high photon yields and low radiation dose of ~~~~‘i’c la-
beled tracers and the splenic ’ spccifi ci~~’ of ~ - Cr red blood cells or 203Hg
red blood cells. Therefore we c hose to investigate 991Th 1 ,  red blood cells .

Several methods of damaging red blood cells for sp lenic imaging have
been compared to determine the optimum approach . Red blood cells from
donor animals were labeled with OOm~fc  )~ and damaged b~’ heat , excess
acid citrate dextrose , excess Sn ( l l I  iOfl , 01’ t h u  sulfhVch’y l inhib itors N—
et !iv lmaleb-n ide or p— hvdroxvmer c u r ihenzoat e . The o Ug:I a distribution of
undamaged and damaged red blood cells was determined in rats , a nd - p lc n ie
imaging studies were pertormed in rabbits . Splenic deposition and spleen
to liver ratios with heat arid sulfhvd i’v l damaged 99m.1~(. red blood cells were
significantly greater (p 0. 1)01 1 than the values obtained using acid c i t rat e
dextrose or Sn I l l )  I O f l  methods (F’ igures 11) , 11 , ‘Fable 12 . I t eat  i Ian Ig i ng
l)I’(x.lIIc~es good sp leni( localization of )mn

~i.c red 1)100(1 cells l iu t requires
rigidly controlled incubation ~-n nditions . N — ethv lma l e im id e  dai i  i- ~ing pr o—
s- ides an excellent lad predital lie al ternate approach .

--
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Table 12. Total Splenic l)eposition of 99tn ’F~ Red Blood Ceh1s~

t o t a l S T w o - f l o u r  F o u r - H o u r

Controls 36 2 . 1  ± 0.3  2 . 2  ± 0 . 2

He.it D Ta ged~ 24 46.3 ± 4.2 47.5 ± 5 . 0

lh- J t D~i :~.Age dt ~ 24 19.1 ± 0.9 21.2 ± 1 .5

NE> ~ D u ~~~~~ed 24 30.1 ± 3.4 55.2 ± 2.0

P>:s Oa : g e i  24 38.5 ± 3.2 38.0 ± 2.6

Exc css A C D  10 8.3 ± 0.6 26.7 ± 2 . 3

St ~~( I 1 )  10 ~-..8 0.3 8.0 ± 1 .5

* ~o i 1  sple n i c activity expressed as % i n j e c t e d  d o s e
- - ;~~ r t _ t .i l or .~sn S.D.

~~~.i t  d~~r - a~- i n~ p e rfor ~~ed in a c o n s t a n t  t e m p e r a t u r e

~ r b . t h  d-.9—50 °C )

i :~~~~~.t  ~i ~! L . r~g p e r f o r m e d  in  a v a r i a b l e  t e m p e r a t u r e

~ st c r b a t h  ( 4 8 — 5 1 ° C ) .

‘l~he results of this study can be app lied in m i l ita rv hospitals to provid e
improved detection of splenic inju r y  after abdom i na l t rauma that mi ght he
sustained on the battlefield .

RE F I-: H I- ; x C I- :

1. h amilton , 11. (~~. , Alderson , P. ( ‘. , I l a rwig ,  J . F’. and Siegel , B. A .
Splenic imaging wit h - i OOm T(._ labeled ervthrocytes: a coniparativu
study of cell damaging  methods.  .1. Nuc I . \ led .  ( i n  p r es si .
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REGIO NAL KINETICS OF INPItIM-lil DTPA IN CEREBROSPINAL
FL U I D  I MAGING OF NORMAL VOLUN TEE RS

PT I II ~l Ii VI -~t i ; i ’ i r  s C. L. Partain. University of North Carolina School of Medicine;
P. 0. Alderson and A. L. Donovan, AFAR !

C~~Ist - . r  ii 1 , N. Rujanavech, Washington University School of Medicine;
and B. A. Siegel, AFAR !

‘l’he objective of this research project was to obtain specific i nformation
about cerebrospinal fluid tracer kinetics ~o that improved calculations of cer—

ebrospinal fluid radiation dosimetry cou ld be performed . ‘l’he tracer chosen
was 1111n— l)TPA , a chelate widely used for clinical studies of cerebrospinal
fluid kinetics (cis ternogTaphy~. The clinical data were obtained bs studying

volunteers at the Washington University School of Medicine , St. l ouis , \ i i s—

.souri. The project was approved by the Radiation Safety and h um an Research
committees of that institution. The regional kinetics of 1111n— l ‘TPA ~‘as deter-
mined in these sLx volunteers following the intrathecal administration of ~0t)

microcuries of 11 11n—l )TPA . Gamni a camera images of the head and lumbar
regions were obtained every 2 to -1 hours , and digitized data ~‘ere obtained si-
multaneously hr a small laboratory compu ter. I n addition , s€quential blood
and urine samples were obtained from the patients. The digitized uata were
made available to AF’HRI , and a simple , three—compartment bidirectional flow
model describing radiopharmaceutical kinetics in the lumbar regions , basal

cisterns and parasagittal region was developed (l” igure 12 . The resulting
model pariun eters are listed in ‘I’able 13. ‘l’hese data may he used as a bU SiS

for improved cerebrospinal fluid radiation dosimetr calculations as ~vcl1 US

providing an improved basis for clinical assessment of the results of cister—
nOg aphv with ~~~ ln—l ) TPA ,1 2 ( A 1- H lU pr ovi (k ’( I  n i a t h e i n  at ical  S UP !  ri ~~ l’t for
t h i s  ci i f )  ic :i t  r esearch  l)r ~ ,j ( ’~ t .

I ) %ZI ,,J 2  3 1 x
J L U M B A R  I BASAL I PA RA SAGI TTAL I ~

SPACE ~ >~i2 C I STER N X 23 REGION

I - ’ igure 1 2. 1 rnprov ( d corn i~a ri meal a I fl lo(I( ’ I for ( ‘ i .  rch r ns p ina  I
f l u i d  k ine t i c s

)9
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‘I’ahle 13. Mathematical Model Parameters

Volun tee r s
Pa ramete r * j 3 5

X
21~ hours 1 .47 .48 .59

112. “ .035 .087 .14

132. ‘ . 096 .16 .19

123. “ .0064 .018 .017

143. “ .29 . .098 .041

hou rs 0.0 0.0 0.0

t 2. 
“ 0.5 0.8 0.4

1
3~ 

“ 2.8 3.0 5.0

*Refer to Figure 12 for symbol defini tion
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QUANTITATIVE RADIONUCLIDE EVALUATION OF ALLO GENEIC
AND COMPOSITE MANDIBULAR BONE GRAFTS

Pr - i; ,i I ~~~~ - J. F. Kelly, Naval Medical Research Institute
- - J. 0. Cagle, Naval Medical Research Institute;

G. J. Adler and A. L. Donovan. AFAR !
1 .  I T T  1 

-
‘ - I I r ~~- - H. F. Bourne, F. L. Barron, J. K. Warrenfeltz

and M. F. Flynn

Bone ~r ;t f t ing is one means of hastening repair of disrupted skeleta l tissue
alter  t rauma.  \\ t - have atte mpted to improve method s for C~~~ U hunting the heal—
m y , c f  Is ne grafts using radionuclides. The evaluation of OSSeOUS healing ol
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bone grafts in c linical practice is dependent on qualitative parameters including
radiographs and empirical judg m ent of the surgeon concerning the stability of
the graft. These parameters are unreliable in the earls’ phases of healing, and
other laboratory techniques are invasive which involve tissue destruction and
usually require termination of the procedure. There is a need for a method of

bone graft eva1uati-~n which wil l  provide a quantitative measure of osseous re-
pair by means of data that c- an be acquired sequentially and by noninvasive tech-
niques . For the past 3 years studies have been proceeding in our laboratory to
evaluate various bone graft sy s t ems . Autologou s and allogeneic systems were
studied and evaluated by a number of parameters including sequential radio-
graph s, radionuclide imaging and end point histologic documentation . .- \ dire(-t
correlation between histological activity and radionuclide imag e profile has
been demonsti’ated. A radionuclide image profile was found to be a reliable
instrument for assessing the fate of bone transplant in the mandible of an ani-
mal model and preceded by several months ti -ic positive correlation of i’ad io—
graphic interpretation.

The image profile is developed for the various graft systems by interfac ing
the gamma camera with a minidigital computer. Ti-ic radionuclide 99~1~T c_ Sn_
diphosphonate is utilized as the imaging agent , and fbi- resulting data ar e tr~u3s—
mitted from ti-ic gamma (-amera to a computer for disp lay and a n a ly s i s . Br th e
use of specia l localization techniques , spec ific- loc ations in the gr aft and adja-
cent host bone could be reproducibly visualized on suc cessive images . A ratio
of activity was developed between grafted and ungT afted mandible in order to
dete rmine the progress of ac tivity ; this activity is then expressed a s a  normal-
ized ratio in the various zones of ti-ic graltt -ci bone. The ac t ivi t v is then p lotted
for the period of stud . Variations in osteogenic act ivi ty between ind ividual
graft s can he (letermined and verif ied 1)\ subsequent radiograp hic :mcl histolog-
ical e v a l u a t i o n .  This te( ’hflidlue provides s e n s i t i v e , n on in v a s iv e  , qu ant i ta t iv e
data that 1)01-tray alterations in hone piiv s io logv I)crceive(l : 15  a i c s u l t  ( ci  ISsel  US

repair .

This method may pro\ e usefu l in the c-valu ati on of soldiers ~hn ) U I \ e  sus-
tained skeletal t rauma and require bone grafting.

***** -* ***
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SEQUENTIAL QUANTITATIVE RADIONUCL IDE EVALUATION
OF MANDIBU LAR BONE G RAF T RE PA IR

Principal I nvi-stiqator J. F. Kell y, Naval Medical Research Institute
Collaborators J. 0. C’agle, Naval Medical Research Institute,

G, J. Adler and R. L. Donovan. A F R R /
Technical Ass std ’ T H. E. Bourne , F. L. Barron , J. K. Warrenfe/ tz

and M. F. Flynn

Methods for evaluating healing of bone graft s are of impor tanc e  in t reat-
ing patient s who have sustained bone injur ies  which r e qu i r e  g r a f t i n g .  .\ par -
ticularly important group is the soldier who has sustained a facial  wound
which has disrupted the mandible.

We have previously shown that radionuc lide bone imag ing  us ing  a gamma
camera interfaced to a digital computer is a feasible  method to ( -valuate  re-
pair in mandibular bone grafts.  1, 2 h o weve r , our pr ior  ana ly s i s  of the  radio-
nuclide studies was based on quali tat ive judgments  because of th e i n a b i l i t y  to
reproducibly localize specific areas on sequential images. To de\- elop quan-
titative data it is necessary to measure the radionuc lic i c act ivi t ’; f rom selected
regions in the hone in successive examinations.

The mandibles of five dogs were part ia l ly  dedent ated b i l a t e r a l l y , l e av ing
the two most distal molars and the incisors in the j aw . ‘l’hrc -e months  l a t ( - r , I
a surgical defect was produced in the midport io n of the r ight  m a n d i b u l a r  body
by resection of a 20 — mm full thickness hone segment a f t e r  la te ra l  app l i ca t ion
o f She rm an hone p la tes .  Lv ophi l  i zed ~c I  — mm se~ ment  S u l  :iI b I~~ enc- i i . 1~ : i t 1 t i  61 i’
as ~‘U’’ shaped t r ay s  ~\ c re f i l l e d  w i t h  a I I v ~~- t te i c ’  c rushed - r t k - a l  ~~n - ~~ r t - r  i t . —

planted to the mandibular defects.  Submento-oc-clusal radiograph - is  and rad io-
nuclide hone images were obtained at 1, 2 , 4 , 6 and  ~ weeks and at mon th l y  in-
tervals thereaf ter .  The imaging  sy s tem ( -0 0 5 1 5 1  ed of a gam ma t a  no va m l  c - r—
faced to a digital min icomputer .  l) igi t  i zecl gamma t - anu - r a  i mag -s Wi i . e col —

lected in a 64 x 64 a r r ay  and stored on magnetic  tape.  ]hc  r e s u l t s  ol li c- s~ i: d\
provide quant i ta t ive , sequent ia l  c-vid ence of a prolonged hut const an ’ v i  na i t .
process in the  grafted man dihic- . Correspondin g  r ad iograp hs did  to y ,  I - - \  cal  h i -
sustained repair ac t iv i ty  and could not qua f l t  it a t e  repa i t ~ a f l \  f .i~~i i i i c a  - I
radionuclide method is seas it iv i -  and non in v as iv ( -  :i nd p r o v i d t - s  qi ‘i t i  i t  i i  i e —
sessment of the  progress of osseous rep a i r  in h -n l i n g  t o n -  - - I l I S  f l t t t \  i~ - -.

ful in thc - fo l low—up care of soldiers who need bone gra f t  t o g  t o  N j ) 1 1 1 i  i ) S S i - ( i i~~~

i n j u r i e s .  
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A MULTIPLE ANIMAL A R R A Y  FOR EQUAL POWE R DENSITY
MICROWAVE I R RADIATIO N

v - - c 0 r~ S. A. Oliva and G. N. Gatravas

Microwave research on biological subjects has in the past experienced
problems in i l l u m i n a t i n g  s ignif ic , int  numbers  of animals with a uniform power
dens i ty  e lec t romagnet ic  f ie ld .  The problem of generating such a uniform field
has led sonic inv es t iga tor - s  to present new techni ques for produc ing microwave
exposure systems which can i l l um ina te  large volumes using parabolic reflec-
tors and a m i n i m u m  of anecho ic m a t e r i a l .  While such techni ques are ce r t a in ly
useful  in  increas ing  th e area over which power density can be mainta ined to
wi th in  a . .  3 dB - v a r i at i o n , they cannot help to reduce the perturbat io n s which
are created in the  f i e ld  by the introduction of biological subj ects,  which arc
capable of r e f l e ct ing  in  random directions large percentage s of the microwave
energy inc iden t  upon them.  The in ter f erence  pa t t e rns  created by these reflec-
t ions  have made it imposs ible to predict wi th  accuracy the exact power dens i ty
~t any pa .-t r eu lar  loc at i on w i t h i n  a close ly spaced mul t ip le  animal  ar ray . In
at id ’ ’  iOn , man exposur e f a c i l i t i e s  which  do not u t i l i z e  techniques for broaden—

th e  u n i f o r m  ft i - l i t  ti t i t - s c i  ibed above have lu- en  const ru cted and are in use .
I 6 : t t - a v n  u~~ -~~ i n  n u i  ip l ( - a n i n t a l  exposures have typ ically heen of I he
r h -rl - : ( t . t  coil i d ’  a r o t  v , w i t h  closely adj ac ent  cubic les  of Styrofoam Ii ned up

i i  a o n t i c t i  ~c ! a ! i  t c c - r p ’ . n d i e t i : c r  to t b -  a x i s  vi t h e  t r a n s n t i t l i n g  a n ten n a . Such
an c ’p o ~ t sr ’ Ft , - c l i t v  ~ h 1ow~ s i g n i f i c a n t  ~- a r at i o n  in  t h e  power r ( -ceiv ed h\ t h (
: i i t i n ~~i i s , ~~~i - ‘o o t n i t  a t i ; n ’ o t s in in g  off th ( -  a x i s  ~cf the  t r a n s m i t t i n g  a n t e n n a ,

~ nd to  t i n -  i t - r I ’  i t  l i - n  ly l~~c t - n ’~ ~~~~ t ip  liv h i t  i n t i t i t i l s  t h e m s e lv e s .
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In the past , the above techni ques have been adequate in de te rmin ing  the
gross effects of microwave exposure on biological subjects.  The necessity
today, however , is not to he sure of the pow -r w i t h i n  a few decibels , hut to he
sure within  a few percent.

An exposure array has been devised that negates these disadvantages and
enables simultaneous irradiations of mult ip le animals  at uniform average
power density (± 5 percent). 1-3 The array consists of microwave transparent
cages positioned in accordance with  the natural characteris t ics  of the micro-
wave field and separated suf f ic ien t l y to insure  m i n i m u m  interact ion between
animals due to microwave reflection. The array has been tested in an
anecho ic chamber at a frequency of 2450 MH z us ing  an isotropic f ie ld  p robe.

REF ELI ENC ES

1. Oliva , S. A. and Catravas , G. N. Microwave exposure faci l i ty :  multiple
animal exposure at equal power density.  Bethesda, Maryland , Armed
Forces Radiohiology Research institut e Scientif i c Report SR76- 12 , 1976.

2. Oliva , S. A. and Catravas , G. N. M icrowave exposure array: improved
field measurements (in preparation).

3. Oliva , S. A. and (‘at r avas , G. N. A m u l t i p l e  an imal  array for equal
power density microwave i r rad ia t ion .  I E E E  Trans.  Microwave
Theory Tech. ( in  pres~ t.

MODIFICATIO N OF A MINICOMPUTER DATA ACQUISITION SYSTEM
FOR MULTIPLE USE UTILIZING DIRECT MEMORY ACCESS

r ric i p i l  I i v t  ~~I ’  s S. A. 0//va, A. L. D n—co . - .nr . AFAR I; im(i
A. H. Shinier, I),qitj ’ Eqwpiiient Gorporj t ion

M i n i c o m p u t er s , wi th  t h - ~ ~ow i n i t i a l  ( ‘ O S i  , s v a i l  s i z e ,  and r c- l at i~’e s i m —
p l i ( - i t v  of design , have become vet .  p op i t i t i  r n on ta  a - q i i i . s i t  ion sys tems for
use in biological  r esearch , as w - i 1  as o t h e t ’ a r~~a a -  In  add i t  - ( i l l , the growt h
in -a p al  d i t t y  (I f m in i c o mp u t er  ~v r t  ( f l  s h a s  led to  1’ ~ -veb opnie nt of complex 
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multiprogramming operating systems designed for them. To use a mini-
computer for both real time data acquisition and batch job processing is there-
fore very attractive. To maximize system throughput in such a system en-
vironment , the acquisition of analog data should utilize direct memory access
(DMA) .

Many minicomputer systems have the capability of DMA on one data
channel , with the intent of maximizing the data acquisition rate for that chan-
nel. In a multiprogramming environment , however , the reduction of proc-
essor time necessary to sustain a given data acquisition rate for multiple data
channels (usually not under DMA) becomes important , even at rather low
throughputs. In situations where high data acquisition rates are not the pri-
mary purpose, but rather multichannel data acquisition with minimal effect on
the processor performing other tasks , the solution is multiple channel DMA.
A modification of a multiplexed 16-channel data acquisition system originally
capable of DMA on only one channel has been developed to allow DMA on one ,
two, four , eight , or sixteen channels.1

REFERENCE

1. Oli va , S. A . ,  Donovan , R. L. and Shimer, A. H. Put all input a/d
channels under DMA control. A simple modification to the data- - ‘

acquisition unit unburdens your system ’s computer. Electronic
Design 1:100—102 , 1977.

A METHOD OF MEASURING THYROID BURDEN OF 125 1

Pri rici tol Investiqatnr’; W A. Webber and A. L. Donovan

Laboratory workers producing 1251 labeled compounds may ingest or in-
hale small quantities of radioactive iodine which is deposited preferent ia l l y  in
the thyroid. Measurement of the th yroid burden is required to quant i fy the
radiation dose to the individual  and to provide early warning  of possible health
hazards. We have developed a rapid , accurate method of measur ing  thyroi d
burden using an .-\ngcr camera and pulse height ana l y s i s  techni ques. 1 The pro-
cedure requires 2 to 3 minutes , equ ipment commonly a~-aiiahle in a nuclea r 
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medic ine  (Ic-part ment  , and CaUSeS no di scornfort  for  t he subj ec t . The mi n imu  nt
(let eet ab le amount of 125 1 has been found to  he 1. 1) nC i w i t h  a c o u n t i n g  t i m e  of
100 secon ds. ‘I he l i n e a r i t y  of the method has bec-n n t e a su rec l  u s i n g  an ( )ak
Ridge Inst  it ut e of Nu c lea r  St udi c-s t hvro i  (I phan tom and .sott reeS t i.a (-cable I i )  t h ( ’
Na t iona l  Bureau of St andards .  The met hod i s  in  regu Ia r us - t o  accu rat clv
evaluate  the thyro id  burden of our personnel

U F I- ’ ER I- : NC 1-:

I . Wehbe r , \V . U . and I )onovan , H. I .. \ niet hod of nt en s ur i n g  t h y  t’oi (1
burd en of I 2~~ Bethesda , M a ry l a n d , Ar m ed Fo r ces Rad iohi obogv
Rc -search Ins t it ut e T c-chn ica l  Not e TN 7 G— 5 , l97(~.



BEH A VIORAL SCIEN CE S DEPARTMENT

The Bchav i i ira 1 ~~~ ic- t u es I )cpartment is -nneerned with devc lop i n~ hette i.
und erstanding of the- acute c-fleets  of exposure to radiation , ehemk-als and drugs
on behavior , trained performance , neurological  il1tcgi’ity and phy siology of ex-
perimental an imal s , and extrapolation ~~~ t he se- data to man .  Research l ) r o j e ( - t  5
in support ol these objec tives are c onducted by the three d iv is ions  of the Ht Iia~ —
m m  1 Sc knees 1 -c- l ~ i rtmc_-nt , and in collaboration with other departments of the
Institu te , the N ava l  Medical Researc h Institute , the Food and I rug Administra-
tion , the N at i onal  Institute - s cif l lcalth , and several universities ~vi thin the area.

) n 1 -JuN 197 1; , the scientific base of the Behavioral  Sc ienc es I icpat’tmcnt
was Ij i-oadc-ncd hv the- nddition of t~vo investigative teams from the Nc- u r i i l j i  i l t ) g \
I ) ep n r tj i ient . Ii i - . ‘A . \ . I lunt  and his  group beeaiiic n&mbers of the Phv.sio log—
i( :l l I ‘sv i - l i o I  IL& \ ) i \  is ii in , providing the (- apa I ) i l i~~’ of organic- pharmacological
r e -sc a t- I - l i . Di- . \l. I . ( hi l dl )erg and his Lean-i form the core of the new lisper—
it i ten t a l  Ne-u l~~~v I ‘N i sh in  and provide expertise in basic neurological sciences .
‘Flic research efh  ir t s of these- two teams for the past ~cn i  are thus  relx)rted
within this —ie - t Lii,n,

‘l’he pr imary  i c-sc-a rch activities of the department during the past vt- a i-
have been to determine the c-ffee-t s of tactical nuclear weapon radiation on
hay j u t - : t iitj  I ic i- foi-mancc of man in a c- ( Inul ) at  situ ~~~j Ofl. Emp hasis has been on

a Iua t i n i .~ t l tc effects of high—energy neutrons , mixed ganmia—ne-utron f ie lds
\° a I V  I I L .  ratios , and I)h ysi(-a l a ( -t iv i l . \ \ - i S — a — v i s  c- ~i”n itj ~-e- task in i-elation to

re .s ponse to t a d  intion.

Researc h s tudy ing the h ioclectr ic -hanges in the centi’ :i I nervou s s\ ’ste-m
is ~) 1’i ) Vi d i f lg  e lites to the possible devclopmc-nt (If method s to prevent ~~~

t .  I i i i l t i t  I
ic- r forniane e dc-crcnii-nt s -ausc- d by high dose rin l i  ation e-xpo.su re- .

I ;chaviorn I tox i t ’ l l  Iog\ - sc rc -cning nic-th odo l ogies h i r  neonatal  pigs ( 1- ’I i , \

stu( I~ -~-s and for rodents and primate s N : \ :i I Met I  i t - a l  l i ( Se~l1’ch1 a nti I ‘eve- h ~~
Jt1( flt (‘i 1111 manl I St ti i I i  i- S  ( ‘( l f l  t i i iiicd to lie eva ho Let . These U f l i (jUe -  i i i cthO (h ii—
I ~~i ( - S  : t i ~c- ~)rOV i dif lg  iniomnuit t i on (or e st ab l i sh ing  max imun ì permiss ib le  u i — C u —
p it tk inn I I evc - Is N ir  indus t i i:l I and mi l i tary  en~ i r otmients :i nd hav e pr im is&-
deve lop ing into models for USC in -oI Iater: i I and c ombined inj u r y  s tud ic-s .

1k-st i l ts  of th e- Reh a~ io r :i I Sr le n t - e s  I t pai -tmt ’n l rcse-a i-el i pci ug r a ins  are-
I u I t ’ \ \ l i’ ( l ( u l  t u i  t h e  S v r V i ( ’ ( - s  i i i ì t l :lp ~)t Opi’i :ite :u~( ’nc i ( -5  by i n h i r n i : i I  i- c~io r t s , i i i —

‘~ t ’ I K1 i ’ :i t( .( I in t o  i i i i i i t i i t t i - ’ c  and W ( u i I - , I t l :~ g i o u i p  re- ports , d i scu s s i on : i i i ’ l  ( u n - c s—

h 1 ~~n 1 l ( - 1 ( - c -  : is  w e -I I is la - i n~ n in u l e -  ; I V : l  i huh  I t -  to the s - i e ’ n t i F i ( -  c - o n h i u i l  Ii iI.\ t h i n u i u i g l i
.\ l- ’I~ I~ I :i ni l  u i } l ( I1 1 it c r :i t t i re -  —~u it- n t i I i i - -  i’(’l)IIt’tS ~t n ( l  I u r e s e - n t a t i u in s .
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PRIMATE PHYSICAL ACTIVITY FOLLOWING EXPOSURE TO A SINGLE
4600-RAD PULSED DOSE OF MIXED GAMMA-NEUTRON RADIATION

l ’ I l ~~ lI’ ,( t IlR’I , T L I j l ~ ) t C, G. Franz
1 -  ni i - , 

- ‘ ri- - L. C/ark , C. H. Avila , J. E. Cra wford , Jr. and P. E. Hei nig, Jr.

The majority of studies inves tigat ing  Iwlnh iu t € -  b eh av io r  lohlo w i ng exposure
to high doses of ionizing radiation h ave  used an ima l s  conf ined to r e-straint
c-hairs and trained to per form a learned task requir ing little phy sica l move- —

ment , A few studies using unrestraine d animals  have  ind ie-ated that  there- are-
differences in the poStirradi~It i ( l t l  response ( If  restr ained animals  and unr e—
strained , plwst ca lh - ac tive :tninial s . This observ~i t i u in  is ( i i  r onside-rabli- i n —
terest to the milita ry services which have- ilian ,v missions re qu i r ing  move-—
ment or phy sical  act ivi ty  for c-ombat e-ff ec -tiv c-nes s . Th us th e- obje -etive of th is
study was to determine the e~ffects of h igh  neutron In ‘ r adiat ion on the
performance of a physical ac t i v i t y  task . ‘i b is study  co~ c-i-ed the c-fleet s ( I f  :u -

I l ;o a—rad pulse (n/Y — 3, pulse width 3II  nisce ott the- ~x -r forma n c-c-  ( - ap a l ) ih i t \  —

of Iu male rhesus monkeys traine-d to oI)e r~ute- :i I)hVSi (-:II : I( -t ivi t v wheel as a
nonmotor ized treadmill . The pattern of i” lst t -X 1)OsU re iflc~i }XU - it at i on was I i  an
early onset of incapacitation with ~~ f)erc-ent of the- an i i - i ia  Is i iu-np aeitated w i t h i n

~ n u n  I)O S t eXh) OSurV ; (2 an app at-ent from ;f lca lxu - i ta t io f l  w i th  on ly
pcrc -nt oI the animals incapacitated between 1 :_i and 7 1) i i i in postexposure 31 a
steady incre- :tsc in th e- number  of a n im a l s  e- .\ h i l ) i t i n g  in - : i l l : I c -  i tat ion u n t i l  ~x~r—
c-c-nt were in -apa -itate-d bc-t-ween i t3 ni in and t h e  c-n d of the li-st I ~~i’iod 0 hours
POSLeXPOSu1’e (I -’ig-ure 1 : k t) .  By 2 I hours pc)stexp osui-e- , 911 perce-nt of the- a n i —
mals were incapac - itateel . The percent u If the a ~ai bi ble -  \\‘ ( Irk t ime lost I I I  in-
c apac itation Nd low s c-losel ~ th e- pe -rc - ( -nt  (( I  grou p iI’n - a I ) ~t ( - i E ~i te( I F i gut  i .e- l-Th r .
Gi-o up mean perf orm ance- For a n i m a l s \Vhc- fl n ( u t  i i l i - : l l ) : Ic - i t a te d \V : t s - .~~~ 9 pe r—
t ent ol I i~tsel m c -  th rou ghout t thit 0 liou F t c s  t I)erio(l I-’ igli i- c- I i . Si-i t -v iva  1 t ime -
for t h e  grou p rang -d from 7 to 132 hours , with i i  me-nfl I I !  37 l a l ar s .
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I-’ig-ur - It (continued ). h . I~ e-r ec-nt o f  t o ta l  a v a i l a b l e  t i m e  the gr ou p  lost
to  i n c n p a c i t : i t  on for cue- h work period. c. \Ican perform~ In c-

k -vt - i  w h e n  n n t  ~i c - : I l ( ~I c i t a t e d  f or eac h I l l _ n i  i n c i t e  ~v orh p e r i o d .

II l-t l i-~~ 1-N (‘1

1. 1-’r anz , ( ‘ . ( . , ( ‘ l a r k , I . and  (‘ ab le , - I .  Vt . P i ’ I n u a t ( -  p tw s i t - n l  l et V I i \

fo l lowin g  exp osur c-  t o  a s ing le  1 00 ( 1— m d pul  SI -d  dose- of m I ‘a -d g-i ni ma —

nc-ut ron r ad ia l  I o i l  - I~~-t hesila , \ h a  i-v l and , .\ rnwd h - o r e~ - Ru ( ii ohiol ~~~
R - s -a rch Ins t  ii cit (- ~~~ - i  ef l l  i f i  c I~~-poi -l 5R70 —42 , 1 ) 70.
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EFFECT OF ELECTROMAGNETIC PU LSE ON AVOIDANCE BE H A V I O R
AND ELECTROENCEPHALOGRAM OF A RHESUS MONKEY

F r  r i t linli Inv estiqators J. L. Martsson and S. A. Oliva
II Assis tan ce W N. Fry, J. P. Alligood , 0. N. Stevens and E. L. Ross

Upon detonation, nuclear weapons create an electromagnetic pulse as ~v e l l
as blast , thermal and radiation energy. The electromagnetic- pulse is known
to have a deleterious effect on some types of electronic e ’( I uu i lu l len t , hut it is
not known if electromagneti c- pulse has an effect  (( n cnso i inc l  . .\ 1 -~~i a u  a :11
re~ ea i- c-h d: tu are negat ive - . bu tt  the research was pe r fo r me d  ( ) f l  u ic t  u -a i n t - d  an  —
mals , with few exceptions. The obj ective of this experiment was to evalu ate -
the effects of repeated , high intensity electromagnetic pulse on the- e-le-ctT o—
encephalogram and performance of a high ly trained rhesus monkey . t A
male rhesus monkey was exposed to electromagnetic pulse at 2 ) 0  by ‘rn ,
pulses per see , for 1 hour (18 , 7t ) O pulses) . The effects of elec tromagnetic
pulse on Sidman avoidance behavior and on postexposure eleetroene-ephalogram
were evaluated , and no sign ifican t c hanges were detec ted. .-\n anal  -sis of an
electromagnetic pulse showed that it contained various frequency components
extending from 0 liz to 10~ liz.  However , the pulse conf igurat ion  ‘~vas such
that its power was mainly confined to the longer wavelengths 1< 39 \ l h I , .  . ‘l hie
lack of biologic effect was attributed to the fact that the ~vav clengths \ v € - i e  long
relative to the size of the i-nonkev , and little ene i-g\ deposition was l ike ly  to
occur . In addition , the electric field wi t s  evenl distr ibuted across all  lo~vcr
frequencies so that only a u-e r small  electric f ie ld  component e s i s t e l l  at any
specific low frequency.

1. Mattsson , .J. I , .  a nd Oliva , S. A. l- : f f t -c i  af - I - c I r o n m g t u l  -t 1 (  pU l  st on
avoidance behavior and  d ec-I mo -ne -p ha logran i  of a r h t - s u i s  m onki- \ - .
Bethesda , ~‘sI a r v l a n d , Ar m ( - d i-’ore- -s Ra d iob i o lo gv  I u - s -n nc - h Ins t  i tu l t -
S c i e n t i f i c  Report 5R70 — 2 ) , l ¶ 1 7 0 .
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EFFECTS OF CHRONIC INHALATION OF PROPY LE NE G LYCOL
1,2-DINITRATE ON THE CONDITIONED AVOIDANCE BEHAVIOR
OF PRIMATE S

II II I I ‘ v  s n c i  n -, R. W Young, C. R. Curran and ~~. G. Franz
C I i ,  r - in L - J. Jenkins, Jr. - Naval Medical Research Institute

1 , 1  n i i  ‘ - G. G. Kessell.AFRR/; R. A. Jones and M. E. Andersen,
Naval Medical Research Institute

Propylene glycol dinitrate has been reported to produce toxic effects at
concentrations as low as 1.3 mg/ni 3 for acute exposures of 8 hours or less.
Since there are situ ations in which military personnel could be exposed to pro—
pvlene g lv -ol clinitrate , we undertook a study to assess the effects of chronic
exposure to the vapors of this material. In order to accomplish this objective,
a sbidv was c-ondu -ted in which four primates (Macac a mulatta), trained to a
multiple avoidance schedule , were evaluated.1 The schedu le consisted of alter-
riating sessions of discrete trial cued avoidance and free operant avoidance,
sc~)aratc-d by 3-mm rest periods. Two of the animals were exposed to succes-
sive- atmospheric c oncentrations of propy lene glycol dinitr ate vapors of 1.8,
~~. 0 , 11. 0 and 2.~. 2 mg/rn3. Exposure occurred on a 23-hour per day basis
in a Rochester-type inhalation chamber at the Navy Toxicology Unit . Consec-
utive exposures lasted 35 , ~G , 20 and i l  days respectively. The other two
animals ~‘erc- housed in an identical inhalation chamber but remained in an
arnbk-nt ati-iiosphcre for the duration of the testing period. These animals
served as t -ont ro ls . Plasma c-oncentrations of propy lene glycol dinitrate ap—
pc-are(I to inc rease each time the chamber concentration was increased ; how—
ever , none of the four propy lene glycol dinitrate concentrations had a discern-
ible effect  on :ivoidanc- e behavior. There was no measurable change in the
over al l  behavior of cithe-r test animal which could have been attributed to gen-
eral debilitation , ~ensorv defie-it , or motor dysfunction. Food and water con—
SUJit ption re-rn ~iines I un (-h~u1ged . Necropsy and histopathological exam inations
w ’-’-e negative. ‘I bis study employed behavioral perform ance measures as
indices ti f  th e’ prc-scne-e or ahse-ne- e of toxic effects that could be important in
exposure ’ s i tua t ions  involving mi l ita ry  personnel , and indicates that for the
c-onc-entrat ions tested no gross toxicity should be expected for even continuous
exposures for the durat ions tested .

R I: I- ’ I-: Ifl’, NC I-

~~. \ n i i i n g ,  U .  Vt’ , ( ‘ u i r m n i n , C. H . ,  I- ’ ma nz , C. ( . .  and - I en k ins ,  L . . 1., .J r.
of c h r on i c  inh ~t ia t  ion of prop T ( - n (  giveo l I , 2 — c l i n i t  r a t e  on (h e

I ‘o i idt t  Iohl ( - ( l u~ dii ne t -  hpha\- ion of pr i niat ( ‘S .  Bet hesd~t , Ma r v lan cl
i r r n ( - ( I  I - n m - c s  Had ioh iolo gv H -sl -ar (-h Inst  l i n t  t ’  ~ ( - i ( - n t  i f i c  U c-port
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THE INCIDENCE OF RADIATI ON-INDUCED INCAPACITATION AS A
FU NCT IO N OF PHY SIC A L CONDITIO NING AND TASK PERFORMANCE

i n n  in i,jI I i i , . -,l nt  i l ’  R. t/V. Young arid C. G. Franz
In n .  i ,iI P - i i i  i i .  - J, R. Harrison, P. Mannon. G. G. Kessell.

C. A. Boward arid L. Clark

I )at a obta ined  in this laboratory suggt-st  t hat i o n i z i n g  t - ad ia l  ion may pro-
duce more clchi I i t at  ion in pr i rn at ( -s p e r f o r m i n g  a ph ys i ca l  t a s k  t han in t host-
p e r f o r m i n g  a cogn i t ive ta sk. ‘l’hus , t h i s  st tidy was tinde cia ken t o  compa m-
he rc -l at  ye in c - i  dc-nec ’ of i neapa c i t a t ion for a phvs ic-al and a c-ognut I ye t a s k

a f t e r  i r r a d i a t i o n , and to  evalua te  the  c- f fc- c -t of prei  r r a d i a t  ion p hv sa-a I c - on du—
to ning on the post i rradiat ion performance of the monkey .

‘I went v — f i v e  mai c-  rh -sus monk c-ys (Ma -aea n iti  bi t t  a) wen t -  a ~u -d as sub—
eu, -t s  in  t h i s  s tudy .  ‘ l u - n  of thesc- a n i m a l s  we-re t r a i n e d  t o  a d i s c - r u ’t - — l  r u a l

shock—avo i d an c c ’  ~ i s i t u  I discrimination task. J hes - suh i ec t  S we i I n c t i  t ie d ,
mai n ta ined  and i r r a d i a t e d  in pr ima te  -ha ir s .  Ten othc-i- f liot lke\’S W i - r i -

t r a i n e d  to perfo t -n i  a f ree—operant , sho t — k —avoidance  ph i s i ca l  l (t i V i i  \ t u s k .
These an ima l s  Were nici t rit cuned in cage s a rid trained and i rr~ dia t~ d in
a phy s ic -a l  act I v i t y  wheel.  ‘I’he f iv e  r i -ma I fling monl<evs s~-cr - I cci i ned t o  I he
( I i s e t ’ e t e — t n i a l  \ i S U : 1 i  d i s c r i m i n a t i o n  t a s k  in the - p r i n t a t c -  c h a i r , ph s i e u u h l  c -on—
dii  oned in the  ph ysica1 ac-I i v i t y  wheel , then i r r a d i a t e d  in  th e  p r i m a t e  -h aii -
wh i l e  pc- n orm ing I he v i sua l  iii sen minat  ion I t t  sk .  . \h i  of the  .sui ) le ct  s W i -re
I r r ad i a t c - d  w i t h  -1i500 rads (n i i dh -ad dose) in a s ing le  who le—bod y p u l s t -  of h i g h
neut ron rad ia l  ion (n ‘g 3~ from the 1 RI ( A  r e a c t o r .

l’he a na ly s  is of these  dat a ind ica tes  that ther - was no di f f e r c r i ~~ in the
pe r c - ( - n t  age- of t h e  groups (‘Xpe rU’nc-i ng i ne ilpaci  t a t  ion  l i i i  b i n  t he  fn r sl  hon r of
I r r ad i  ~t t  ion (~~~() pe i ’ccnt in  a l l  casc-s) and  t h a t  t h e  di ff -n -n t - c s  i i ’  N’ r ( - ( - n t  of
I u n - i e  i neci pa e- i t aR - d  b etween the  groups Were not s i g n i f i - an ~ . ‘l h i c m-  was ci SI:’—

l i st i c a h i v  significant d i f f c - r e n c e  in  s u r v iv a l l i m e  Ill 
-
~ . 

Oci , M a n n — \ V h i t n t - v  t~—
I ( s ) )  b etween  th e ’  n n r ( - S~ r a in ( ’( I , phvs ic ’a l lv  a c t  vt -  ~t n i m a l s  -

~~~~~
- ‘37 h o u i r s i  and

1 h -  cin invi ls i r r a d i a t e d  in  p r i m a t e  cha i r s  whc - t h t ’r  ph y s i c a l l y  c , l n i d i t  ioiic-d ~
1’; hoursu or not ix  13  hour s ) .

‘l’ht-s - i-t’ suult ~ su ggest tha t  for r a d i a t i o n  dos -s Ia r g t -  t -n ou t g h  t o  incap a c ’ —
ita lt - most an I nici I s, ash  di fh-r (-nct-s and pr ei  n r a d i  at  on phys O t t  I .-on d i l  t o n i n g
n-ia~ have h- ss ( - f f ( - c t  on N-rformri l-ie - ti -ian physical act  i v I  v aft  u -n  i r r a d i a t i o n .
l h - s - da lc i  t i r e  pote n t  i : t 1 j v  si gn i f i c a n t  in  d e f i n i n g  t h e  i n l i - r a c t t o n  of 1- a d la t l on ,

p m - i  r r t u l i a t  ion ph s i i .-a I c o n d i t i o n  at-i d post i r r a d i a t i o n  act  l y i t  v o t t  t h ( -  110511 r r a —
diat ion -ff -e -t s set -n  in  e-onihat pe rsonne l

* ****** * *
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CROSS TOLERANCE BETWEEN MORPHINE AND CHOLINERGIC BLOCKING
DRU GS M I CRO INJE CTE D I NTO TH E A NTE R IO R AMYGDALA

f ’ I n c l n  I r o v - n n t -  con ic H. Teitelbaum, J, F. Lee and S. G. Levin

As an example of cellular adaption to chemical stress , the study of
opiate tolerance provides a usefu l toxicological model for radiation research .
Drug tolerance is seen after repeated treath ent with opiates , barbiturate s
and alcohol . F he mechanism for this altered sensitivity to drugs is poorl y
understood . One theory is that the blood-brain barrier is altered so that
less drug gets into the brain in tolerant organisms.

The present experiment demonstrates that tolerance to morphine can
he developed in a discrete brain region where the drug is directly injected
int o this region , bypassing the blood-brain barrier. Microinjections of
morphine and other opiates produce epileptiform EEG patterns at injection
sites in the anterior amygdala . 1 By calculating EEG power (mV 2 ) it is
possible to quantify this effect in order to study dose-response relations
and changes in sensitivity with repeated administration. When tolerance

- to morphine (9 ~g in 0. 9 ~ l) is manifested , cross tolerance to scopolamine
( i S  ~g in 0. 9 ).Ll ) and hemicholinium (1. 5 ~~ in 0. 9 .Ll) is found. A morphine
response can be obtained from the tolerant injection site by increasing the
morphine dosage to 27 ug in 0. 9 ~ l . Recovery of normal sensitivity to these
drugs occurs when the daily drug treatment schedule is interrupted for 18-
25 days.

The experimental methods and procedures used for studies of opiate
tolerance are being applied to study neurochemical and bioelectrical alter--
ations associated with radiation- induced behavioral incapac itation.

H E F E R E N C E

1. Teitelbaurn , II ., B losse r , J. and Catravas , G. Bilateral  electroen—
cephalographic response and unilateral tolerance to unilateral  intra-
c erebral morphine injections . Nature 2ti0 : 15~ — l 5 9 , 19 7 G .
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CLASSIC A L C O N D I T I O N I N G  OF HIPPOCAMPAL T H E T A
PATTERNS IN THE RAT

1’. rn- ii - n ’ , r n H. Te,teII,aui,tt W. L. Mc Far/and aol.! J L. Mattsson

Ctmdi tione’d Iui) ) p0 ( - t t f l )~)tt I t h e - I t t  l’ c- ’-ij w i f l s t s t i ) ~c~ time- I, eket l  to a spe c i f i c -
s t imu lus , tin ( l c- an 1)1 Io c ’ul i ied t o o  d i s t i i i t ’ t  ce ’l lu lar  l ay e r  in the hi ppoca nu p u ts .
For these i-easons • c - l a s s  O t t  l iv  c ’ond it iot ii-d h ipp o t - an ipa l  t i - i c - ta  t ’ c ’ S lS u l S c S  p i o —

yide a valua b le- method Ion stu civit -ig e-el lu lai’ -a Iterations that  ire- asso(-iated
with  ra(liatu)li damage in a dis t inc t b ra in  r & - g i l ) u 1 .

I-:le (-ti-i -al stimut icition I ~~ l i z )  of t Iit- lct te ’i - :il hvpotha I :,mus d ie-its sus-
tained t h e t a  i’esponsc- t t t  h ipp (X ’an l f) cI  I re-c ording sites of rats in mohil iz i - d
with suet-’ inv lehol ine .  By pail’ing th i s  un c-ondi ti ot ie ’d st in iu  let s w ith ci I l — s c - c
presentation of ci l ight , th e cunlli t ion e(l  the-ta consiste’ntl y apjx-ar after  I I )

trials. \Vhen the conditioned rats were  tested in the absence ‘t f a neurom uts—
cu Ian blocking agent , the cond itione-el st intu lets c -li e - itt-el ci theta response that
was associated with slow Ioecmiotoi’ activity in 71) I)el’ (-Cnt of the trials. ‘l’he

$ I)roc-edure provides an ass:i\ for hippoci ’tmpa l hiot’I c ’t-tric ac tivity that  is use-
ful in understanding ra di cit i on— in deteec i  be-haviora I i ncapac ita t ion )

1~ l~l- I - : R I N ( ’ l - :

3.  Teitt- lhaun- i, I i . ,  Mc ’I ’ a n l c i n d , Vt’ . I .  and  M:i t lssr t n, .1 . 1,. C l : t — n s i c c i l eon—
dii  i o n i n g  of it ippoc’ani pal t bel a pu t t  e m s  in I he r:iI th -t  hesda , Mci ry l a n d
Ai’rned I” orces Ru diohio l og\  R e s e a r c h  In s t il ut e Sci t -n I  i f i - Report
S R 7 G — - l G , I ITo ,

INDUC T ION OF MOVEMENT IN CATAL EPTIC RATS WITH STIMULATION
OF THE LA T E R A L  H Y POTH A LA MUS AND SUBSTANTIA N I G R A

- , n i m v  ‘ i n  - . ~ G. A. Pvt i ck/ey , i , nol 1-1. T ’. t t ’, ! t , ino , , n
I’ horn, i t ,~i - - ,~ r i n i - j . F Lc’eand 8 A Qt ’(lIIISOfP

I l i S i  i’ t l e  I ’S  ot vol u n ta ry  movcnte ’tit  c ’aus -d I ~v c i t im i t u i s t i ’ atiot i  t o t  t i r ug s  and
t O X i (’  agen ts P ’~ ’ it le - ci tin )( le I ton t Itt - i k i  t i t s i t i  p i ’ o d ut t - -d I ti 1~~~I l i i c ,t u ) f l.  I tt ’ I)l’ e ’S—
ent e ’xpe ’nimc-n t i i t \  e ’ s t i n n a t e s  the ’ i- c- l ie - f  tn l  I - i t t  I opc -r id ol— int lcn  ed cata it-p sv with
e l e c - t r i u a l  s t i n u u i  l~t t i ’  ‘ii of tlii - h i t t i n .  S irit c- Iii ~~!n I I’equencv I o i p o l : i n  t’ Je(-t I’ i( ’ii I

_ _ _  ~~~~~-~~~~~~~~~~- . - i~~~~~~~~~~~~~~~~~~~~~~~_ - ~~~~~~~~~~~~_
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st imu lat ion of the lateral hypothalamus produces vigorou s locomotor ac ’tiv itvin the rat , we chose to challenge haloperidol—jndi~c~d c atalepsy w ith this sth-n —ulati on , ll iL lOp cr ido lT s c ataleptic cff&x-t is the result of doparninergic recepto rblockade. Since’ the lateral hypothalamus contains noradrenergic and sel’o-tonei-gic fibers in addition to dopuminergic fibers , we were interested in corn—paring th~ effe -ts of lateral hypothalamic stimulation with stimulation of thedopaminerg-jc nigros triatal pathway in ha loperidol treated rats.

In a preliminary experiment we evaluated the ability of various amountsof haloperid0l to produce catalepsy and chose a dose which exceeded theEl) 100. Undrugged (saline control injections) Stimulation_ induced activitywas observed in rats with electrodes in the lateral hypothalamus and sub—stantj a nigra. Behaviors charuleterist ic of lateral hypothalamic stimulationincluded explor ation_ l lk-e walking and sniffing, while nigral stimulation pro-duceci more stereotyped movement consisting mainly of c irc ling, rearing andleaning to one side. These behaviors were quantified by the use of a LafayetteInstrument activity platform which measures minute vibrations . Period s ofac’tlvitv surveyed were: (U 31) see immediately before stimulation (prestimu—lation base line) , (2) the 15 sec during stimulation , and ~~) 15 s ‘c immedi-atel y postst imulation ~~n a different dciy , haloperidol was injected and theabove measures were again ~~~en using identical stimulation parameters.

Ilalopenj dol treated suhjec-ts reac ted to lateral h~’potha la.nij c- electric-alstimulat ion with responses quali tat ively similar to those produced w-j th latera lhypothalamic stthiulatj on in the saline control sessions. Stirnulus bound move-ment sh owed a 39 percent reduc tion after haloperidol. Stimetlation of ti-ic sub—stantia nigi- ci also countered the haloperi dol_pr ç~ ucetj cataleps~- but , the stimu-lation response was reduced b~- o 1 pc-ret-nt when compa red to th~’ undriiggeclbase l i ne. This large reduction is to be expecte d sine- c t u e  substant ia  ni gracontains a higher C oncentration of dopaminergie- neurons than does the latei-alIiv pot l)tiJ:i~ iet s Poststj mu lation niovements \\-c’rc drasli  - c ~l lv c i t t en t i cj t t t I  inboth grou ps .

‘[‘he-sc- i- c-su its su gg c st that the c-at alt ’p sv prodw-e-el hi l id  Iop -r idol i ’t : l \  lit-OVdFt -o]lic I ~ d cc- tt’ ic’ ~ul s timet lat ion ( o f the late ral hvp ot I -ict lamus ci nd sul ) stantianigl ’a. Stfi (-e this ctkinc ’sj a is s in iula i ’  to that sec-n dur ing  r : t t I i c l t i un— p r ( x lu td - e , le a t ’  l~ t ransi ent  ine ’ctpcic ’ Ltation , it may  be- po ssible to r e l ieve ’  lt ) e t )ui lofoi -  (iefic’iL sn-i Lb b r a i n  st inin i ci t lori  and it l t ij nci te- Jv  mimic - these c Iec t r oJ ) l I \ s i f l log  l i - i  I eFfet -t sthrot ~:h Ph~lI ’n1cu ’o 1ogk’cti intervent ion .  
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A CHEST HARNESS AND POLE LEASH FOR ROUTINE TRANSFER
OF RH ESUS M O N K E YS F ROM HOME CAG E TO BE HAV IORA L
TEST APPARATUS AND BACK

Princ ipal I nvestiyato r - J, L, Mattsson
tun choincal Assistance J. P. Alligood and L. F. Robertson III

A chest harness and pole leash method to transfer rhesus monJce s
(Macac a mulatta) weighing up to 16 kg from home cage to primate restraint
chair was designed.1 The harness was made of leather straps that crossed
the chest in an X fashion , and created a V neck. The V neck eliminated the
strangulation hazard of neck collars , and minimized interference between
the harness and neck hole of restraint chairs. Two pole leashes attached
to two points on the harness gave the handler considerable control over the
posture of the monkey, making it easier to teach the monkey to walk with
a leash and to climb into its restraint chair or test apparatus. Euring trans-
fer the rigid pole prevented escape and protected the handler from attack.
Quick release mechanisms on the pole leash allowed prompt , complete sep-
aration from the animal when it reentered its home c age.

R E F E R E N C E

1. Mattsson , J. L . ,  Alligood , J. P. and Robertson , L. F. III .  A simple
chest harness and pole leash for routine transfer  of rhesus monkeys
from home cage to behavioral test apparatus and back. Bethesda ,
Mary land , Armed Forces Radiobiologv Research Ins t i tu t e  Technical
Note TN7 6—4 , 1976.
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THE SUPERIOR COLL ICULUS

Pnmr - ~- it Irw~stt qato r s  M. E. Goldberg and 0 L. Robinson

The superior co liieuiu s is a laminar  s t ruc ture  in the midbra in  consisting
of layers of cells separated by fiber bundles. The neurons in the more super-
ficial  layers receive afferent s from cortical and subcortical areas which are
most direct ly linked to the visual system. A fferent s to progressivel y deeper
layers are progressively more distant from the primary visual areas.

~ 

,



rr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Neurons in the superficial layers respond most d r a m a t i c a l l y  to  v i s u a l
stimuli; compared to the visual cortical neutrons, collicular cells are  less

fastidious in the ir  s t imulus requirements  and have larger r eceptiv ( -  f i e lds .
These neurons are not r igidly loc-ked to their  visual  a f ferents , a nd t he i r  act  iv-
ity is constantly modulated by eve movements  and other  nonvisua l  fac tors .  Neu-
rons in the intermediate layers discharge- prior to saccadic eve movements  i n —
to parts of the contralateral visual field . This relationshi p persists regardless

of the mechanism which generates the eye movement.  These san-i c- neurons

also respond to afferent stimulation from other m o d a h i t i - s .

Although the superior c-oll iculus is clearly related to vision and c - c  move-

ments , the  def ic i t s  resul t ing  from its  des t ruc t ion  are- rathc- r sub t le .  Cats w i t h
col licular  damage tend to neglect the i r  con t r al a t e r a l  v i sua l  f i e ld  whereas nion-
keys wi th  t ec ta l  damage tend  to make fewer saccadic eve n lovern ( -nt s and the
in i t ia t ion  of such eve movements is delayed.

These anatomic-al , physiological , and h -havior al  data h a v e  been i n l t -r p r e t e d
to suggest that  the superior col l iculus  is involved in t h e  selection of i m p o r t a n t
stimuli from the visual environment . Such a s - l e - ct i on  process i s  c r i t i c a l  for
various aspects  of v isual ly  guided behavior. An u n d e r s t a n d i n g  of t h e  role  of
the col l icu lus in visual  behav ior  is c-n t ical both to an unth ’r s t a t i d ing  of no rmal
vis ion and t rea tment  of v isual  dise-ases of humans.

SUPE R IOR COLL ICULU S N EURON S WHICH DI STING UISH BETWE EN TY PES
OF ST IMULUS MOV EME NT HAVE RESPONS E EN HA N C E M E NT

D. L Robinson . AFRR/; and R H Wurtz ,
Nat ional Instit ute of Mental Health

SVe have st udicci the  (-ffect s of real versus s e l f —  inc luc t - d  st i n - i u i l u s  n 0 \ ( —

ment on 231 neurons in the super f ic ia l  lay ers  of the  monkc’ supe r io r  - o l l i c t .i —

lus . 2 Most of these neurons h5 percent 1 rc -spond t o  s t i m u l i  swept a t -ross  t h e i r
v i sua l  recept i ve f ie ld  whi le  th e  an ima l  f ixat ( ’s ;  most of t h o--se san - i t ’  m-ur on s
(61 percent)  do not respond when the  anima l  makes ci sacc ’a( li(- ( V (  n l o v ( - m ( nt
which induces comparab le st imulus  movement . ( )f th e  ( ‘c-li S w h i c h  m ak e  t i - i t s

d i f fe ren t  i at ion , many  have a background d i scharge  r a t e  h i g h  enough to  enab l e
us to observe a sitppre~ s ion of f i r i n g  wi th  eye mov em en t s  in t o t a l  d a r kn -ss ,
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This indicates the presence of an extraretina l input . On the basis of t im ing ,
directionality and postsaccadic excitability, t h i s  extraretina l signal can ac-
count for the lack of response of cells to s t imulus  movement induced by an
eye movement. We have found that cells which d i f fe rent ia te  between the two
types of st imulus movement and have evidence of an ex t r a  t’et inal  input  also

have the enhancement effect (Figure 14). 1 These c e l l s  respond to a s t c i t i o n ar v
stimulus flashed in the receptive field while the animal fixates . The response
to the same stimulus is enhanced when it is to be the target for a saccadic c-ye
movement. Thus , these cells appear to be extremely sensitive to salient stim-
uli in the external visual environment , since they receive faci l i ta tory inpu t s  to
enhance their response to significant st imuli  (targets for saccadi c eve move-
ments) and inhibitory input s to suppress the i r  response to erroneous stimula-
tion (motion caused by eye movements) . An understanding of the mechanism
of processing visual information through the colliculus may aid in the pre\-en-
tion and treatment of human diseases of the visual  system .

A

1~~~ I ~~~~~~~~~~~~~~ 
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#V303-030 50 msec

Figure 14. Demonst rat ion of response enhancement for a superior col-
liculus neuron which distinguishes between real and self-
induced stimulus movement. Al illustrates the response of
the cell to rapid movement of a stimulus over its recept ive
field while the monkey fixates. A2 shows the lack of re-
sponse of the same cell when the animal makes an eye move-
ment which causes similar stimulus movement . 13 illus-
trates the response of the cell to a stationary stimulus flashed

in its receptive field while the animal fixates (Bi )  and the en-
hanced response to the same stimulus when it is to be the target
for an eve movement (B2). 
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VISUAL-MOTOR INTEGRATION IN MONKEY SUPERIOR COLL ICULUS

Princ ipal I nvest iqators A. H. Wurtz, C’. W. Mohier, National Institute of Mental Health;
and 0, L Robinson, AFRR/

The superior colliculus is a central structure in the second visual pathway
to the brain , and in this study the characteristics of collicular cells and inputs
were anal yzed. The monkey superior colliculus can be separated into at least
two divisions according to the functional relationships of the cells to behavior.
Cells in the superficial layers respond to visual stimulation and cells in the
intermediate  layers increase their discharge rate before saccadic eye move-
ments.  While there are separate inputs and output s from each of these groups
of layers , the frequently held assumption has been that there is a sequence of
processing star t ing w ith the su pe rf icial visual cells and moving through the
intermediate’ layer eye movement cells which results in an output from the

deepest parts of the intermediate and deep layers.

We t h i n k  that our data can be used to reject  the notion of downward proc-
(- ssing.  l-’irst , in order for the  most dorsal movement cells to dr ive deeper
ones , the  dorsal c- -l ls would have to start discharging before the  deeper ones.
We f ind in fact tha t  the deeper movement cells discharge before the most dor-
sal ones. Second , for the dorsal cells to drive deeper cells. the dorsal would
cii  wa vs have to disc-ha rgu whc’n the  clcepe r ones do. l’hi s is not t h e  c-as (‘. We
hn ’ e id e n t i f i ed  a new cell typ e, a visually t rigge rc-d movement cell at the dor—

I edge’ of I he movement r ( -l at ed cells , that disc-ha rges before vi su a l lv  t r i g —
gt-rt-d - v -  movements  hut not before spontanc-ous eve movements.  These more
dorsal c ’e l ls  could not dr iv e - the  deeper cells du r ing  spontaneous eve movements .  
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All of the movement cells appear to be better related to the monkey ’s readiness
to make a saccade rather than the metrics of the saccade. Inst c-ad of a down-
ward sequence of processing in the intermediate layers , these findings suggest
a convergence of visual and movement related activity or a parallel sequence
of processing. If there were an upward flow of information in the intermediat e ’
layers , the  cc-u s discharging earlier might activate more dorsal cells . The
visually t r iggered movement cells would then represent a convergence of the
upward diree-tcd movement information of intermediate layers and downward
directed visua l  information of superficial layers and be a possible efferent cell
from the collieulus .

In the ’ visual  cells of superficial layers there is also indication of an up-
ward d ireetc- d a c t i v i t y  from movement cells. Some of these cells show an en-
han ced respon se to a visual stimulus when the monkey uses that stimulus as
the target for a saccade. The characteristics of this enhanced response can
he entirely explained by a projection from deeper movement related cells to
the-sc’ super f ic ia l  layers (Figure 15).

Figure 15.
Organization of inputs and outputs of superior collicu-
lus. The solid line represents a neuron in the super-

~~~ ~~~~~~~~~~~ ficial layers of the superior colliculus which receives
a visual afferent (shaded arrow). This sam e cell also
receives a facilitatory input from eye movement re-
lated cells either in the intermediate layers (2) or the— — — center which drives the intermedi ate layer cells (1).

4 
This afferent causes the enhancement effect. The
same superficial layer cell also receives an inhibitory
afferent from an eye movement related area (B) which

2 prevents the cell from responding to stimulus move-

— — — — — layer cells converge onto a visuall y triggered move-
ment cell (shaded circle) at the junction of the super—

~~~~~~~~~~~~ 
ment caused by an eye moyement. These superficial

ficial layers and the intermediate layers.

1

Some cells in the superficial layers respond to stimulus movement in the
environment hut do not respond to comparable stimulus movement when it is
gt- - nc - t ’at ed hv an i-vt ’ movement . It is unlikel y that this d ifferentiation is due
to  i s t i a l  factors since these cells continue t o d i f f e r e n t i a te  when t h ese expen i —
mc-nt s ai - e conducted in a darkened environment . These’ ce l ls  also r e ceiv c-  an
t- xl r a r e t i n a l  s ign al  which is appropriately t imed  to e l i m i n a t e  the  e f f e c t s  of
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st imulus movement caused by an eye movement . Cells which d i f fe re n t ia te  also
show the enhanced response; however , it is un l ikc - ly that an input f rom the
movement cells is responsible for the di f ferent ia t ion .  An unders tanding  of the
funct ion  of the co l l iculus  is necessary in def in ing  and t reat ing human v isua l
disorders.

***AAAAAk

VISUAL RESPONSES OF AREA 18 NEURONS IN THE AWAKE ,
BEHAVING MONKEY

Principa l Investi gators :  .1. S. Baizer, National Institute of Mental Health; P
0. L. Robinson, AFAR !,- and B. M. Dow, National ‘

- 
-

Eye /nstitute I

The mechanisms underlying effects of ionizing radiation on visual-motor
tasks in combat are not unders tood but def in itely invol ve some disru ption of
visual perception. The degree of involvement is not known and must be stud—
ied and quantified in animal models. It is possible to identify those parts of
the central nervous system necessary for visual perception. Once these areas
have been identified, the ir sens it ivity to irrad iat ion can be studied more pre-
cisely. Visual responses of area 18 neurons were studied in the awake , be-
having monkey. Cells were divided into six different classes on the basis of
their stimulus preferences and spatial characteristics. Orientation cells were
sensitive to the orientation of elongated stimuli. Color cells had nonorient ed

receptive fie lds  with spatially coextensive opponent color inputs. Direction
- t - I l s  preferred moving st imuli , giving the greatest response to movement in

‘-o ) r - c direct ion and no response or inhibit ion to movement in the opposite di-
‘.-c ’ on ,  Spot cells preferred a properly positioned small spot of light and re-
- i - i n d t - d  eqnal 1 v well to all directions of stimulus movement (Figure 161. Bor-

~zpon k-d best to a stimulus that filled an excitatory region without
- r . ~ l - I ’ ~~Z )r ) a powerful suppressive flank. L igh t—inh ib i t ed  cells had high

- ,,
~~ 

-~~nt - -~pontnneous a c t i v i ty  that was reduced or abolished by l igh t . Mos t
- - ‘ ~~~~ ‘ f ~ d ~-qii:iIl v well to monocular and binocular stimulation; some

.~kin r i l k  ~r e : i t I v  preferred binocular s t imulat ion . In conclusion , in-
-~~~~ & ,- t a ~~’c-* 11 ( ‘( - U s in area l - ~ perform quali tat ively different  analyses

—c i~ .ml i n f o r m a l  ion . Our d ata suggest that area I ~ is involved in
- - - - -  fl I-n - ( -n- r (-( ’ ptual di f f i cu l t i es  are included in the early t r a n -

- - .~n cfl ’( a I r r I n L ~ !i~~ ’- t  irradiation , these c-xperiments suggest that

~ n ’~c I ’ . e t o  i on i z ing  radiat ion. 1

.
~l 
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F I gu N’ I . l~~~ sponse of a neuron in arc-a I ~ to  e- igh t di reel ions of sI i mu lus
movement . ,-\ s l i t  of light was moved in the  dirc’ct i ons illu s—
rat  eel at 10°/sec. The- eel I rc ’spondt-cl e q u a l l y  ~~-ll t o  a l l  di —

re-ct ions of move m t -n t  de mon st rat i ag t hat it has no di re ef lona I
select i v it  v nor is its recept i \ e ft (‘1(1 o r i e n t e d .
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1. Baizer, J. S. , Robinson , I). L. and Dow , B. \I. Visual responses of
area H neurons in the awake , behaving monkey . Bethesda , Mary land ,
Armed Forces liadiobiology Research Insti tute Scientific llcpori
SR 7 6— 4 4 , 1976 .

BRAIN ACE TY L C H O L IN E LE V ELS UNDE R VARIOUS CONDITIONS
OF ETHA NOL TREA TME NT

Princ ipal I iv ’st i ; IP is W A. Hunt and T, K. Dalton

In order to develop usefu l pharmac ologic treatments for disease— and
injury—induced states , it is important to describe the changes in given chemi-
cals , i. e,, neurotr ansmitters , in the central nervous system. A study of
brain acetyicholine levels was undertaken in an attempt to reconcile disc-rep-
and es reported on the effects of ethanol treatment on the cholinergic system. ’
Acetyicholinc levels were measured in seven areas of brains of male Sprague—
l)awley rats after a single dose of ethanol or after the induction of ethanol-
dependence,2 At various times after treatment , the rats were euthanatized
by focused microwave irradiation. The excised brains were dissected into
the following parts: cerebellum , brain stem , hypothalamus, thalamus, hippo—
campus, caudate nucleus and cerebral cortex . After an ac-ute dose of ethanol ,
acetylcholine levels increased in most areas of the brain when blood ethanol
concen~~ations were quite high (Table 14 . As blood ethanol declined , acety l-
choline levels decreased t(J below c ontrol values (Figure 17), w ith sim ilar
results observed in ethanol—dependent rats still.intoxicated (Table 14). No
alteration was observed in any of the areas studied during the ethanol with-
drawal syndrome. These data suggest that ethanol treatment exerts multiple
effe cts on the cholinergic system , but they do not as yet support a role of
acety lcholine in the expression of the ethanol withdrawal syndrome. Further ,
this study provides more information n~ the development and exp loration of
models for the investigation of chronic insults to the brain, sue-h is long—term

exposure to toxic c’hemicals and ionizing and nonionizing radiation.
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Table 14. Regional Acetylcholine Levels .Aft er  Acut e and Chronic Ethanol
Treatment. Values represent the- means S. I-;. Num h ei’s  in
parentheses refer to the number of animals in each group. In
acute experiments animals received 6 g/kg, per os , 2 hours
prior to the end of the experiment . Blood ethanol levels in acut e
animals were 445 ± 25 mg/dl , while in ethanol-dependent animals
stil l intoxicated , they were 219 t 16 mg/dl .

ACh levels (nmoles/g + S . E . )

Controls Acute Chronic Wi thdrawal
Intoxicated Syndrome

Cerebellum 7.6+0 69(22) 8.4+0 .5 1(5) 7.2+ 1.17(8) 6.3+0 .50(7)

8rain stem 24.2+ 1.28(21) 30 .9+ i .42(5 )* l8. 5+o g c ( 6) ~ 27 . 0+1. 69(6)

Hypothalamus 2 .6+2.26(1l) 26 .7+1.36(5 ) 22 .E+l .85 (7 )  2 ’ 1 .1- I - l .03 (8)

Hippocampus 24 .3+0 .93(19) 27.0+1 .55( 5) l /.2~0.85 (G)~ 23 .0i- l.61;(8)

Caudate nucleus 46 . 04 1.48(10) 57.0~1~2 .4l(5)* 32.2+2 .36(6)~ 50.943.54(8)

Cerebra l cortex l9 . 5-4- l .0~ ( 17)  22. 5+ 1.28(5) 17 .2+ 1 . 17(6 )  i9 .3+ 0 .90 ( 7)

* p < 0.05
+ p <0.001

~~ 500~~~

40 - 400 ~
+ in

I —4

—
a, I

— 300 z

= ~~~20 -4- — 200 ,~o i

10 1 —  — 100 ~
I I

— 

2 7 18 24
TIME AFTER TREA TMENT (hours)

Figure 17. Striatal  ACh levels after  a single dose of e thanol .  I-;ach
point represents the mean S. F . M .  of f ive to ten an imals .
denotes statistical difference’ from control (p -~~ 0. 0 5 .
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P.1: F F HEN CE S

I . Hunt , \V . A. and Da lton , 1. K. Rc ’gional bra in  a c - et v l c h o l i n e  l i v e - I s  in r a t s
acutely treated with ethanol or rendered ethanol—de pendent. Beth ( - .sda ,
Maryland , Armed Forces Radiobiologv Rd-sd-arch Instit ut e Scientific Re—
port SR7( —41 , 19 76 .

2. \Ia ~chrowicz , E. Induct ion of phy sical  dependence upon -th ano l  and th e
associated behavioral changes in rats. P svchopharmacologia -1~~:2-l ~~-
254 , 1975.

A A

RELATIVE INTOXICATING DOSES OF ALIPHATIC  ALCOHO LS AND DIOLS

f ’  ~r i —  Hv- - - t- - i j l  W A. Hunt and M. .1 Mc Greery

The mechan ism of a lcohol—induced  in tox ica t ion  is unknown.  Pr e~-i ou s

s tudies  us ing  a l i m i t e d  numb cr of alcohol s have suggested t hat they ( -x ( ’r t
their depressant effd-et h interacting with membranes and th at  t h e i r  potd ’nc’
is d i rec t l y r e lat  i-cl t o  t h e-i r membrane Part i i i  on cocff i  - i e n t  . I n the  p r ( ’ s (n t
effort th i s  approach was expan d ed to i nc lude  a numb er  of homologous  s-c - r i -s
of a l ipha t i c ’  alcohols and cliols which we’re tested for t h e i r  abi lit y to induce
intoxication. Mali’ Sprague— I)awl ev rats we i- c i n ic ’ct (‘d hit rap ( -r  i t  o n e - a l l  \ WI Iii
severa l  dos(’s of a give-n drug and ob served for t h ( -  most sI , s  i - r e  s-i ’4 115 of in- -
toxi c -at ion as ck’scr i lu ’d h~’ Mak -Iirow k-7.. I I-’r om dl o sc -— r ( -spo n s ( -  cu r v e s  h i -
dose- needed to produce a t a x i a — 2  was d e t e r m i n e d .  ( If ~v c-r- c o m p o u n d s
test  cd , a lmo st  al l  of them i ncluced a behavioral  s-jo  ct r um of i ni ox I eat ion v i r —

t u a l l v  i de-nt t eal  to that of ethanol. Wit bin a homologous s-er i I h i - pot ( - n ( - v
i ncreased as the  a l i phat ic chain was leng thened  up t o  6 — ’- i-a r })o ns. W i t h  ad-
ditional en r h n i i s  t lie pot eric-v p ro g rt ’s s ive l v  dee -l i  n ( -d . . \ p l ot  of l i i ~ oh - vt
alcohol i 

~~~ 
par t i t ion  co( ’ff icienL.  was l inear ,  support tri g a di re -c ’~ ri -l ~i t  i o n s - h ip

bet ween p otency  and p ar t  it ion c o e f f i c i e n t  ( l-~~ u r ( -  1 . I lvdi -oca  i-i ions , a l though
hav ing  a high part  it ion c o e f f i c i e n t , w - i ~i - i n e ftec -t  I v( fl i wiuc - I n~ t n t  ox en l i o n .
‘l hese d a t a  sugge~it t h a t  t h e  an i ph o p i r i l i r  -r a t t i r e  of i l c o h i c l s  i s  ‘- s - s -n !  al ‘ i -  f l —

clueing i t o x i c - a t i o n  and  t h at  t h - i r  t h r e i ’— d i n i e is~n n : i 1  s- I r u c t i r r ’ c- I S  i i  ~~~~~~~~~~~
to th e  p o t c - n c v  except  as it a f f e c t s  t h e  p a r t i t i o n  i ’oe f f u - i - n t  - 

-J I i i -  ila H d o r i s  i ’d
from this St ~iIv give f u r th e r  irifornial ion on how s-i n-iH n ,~a n i t ’  ni ‘I - c i i

can disrupt nerve  f u n c t i o n  and  c - odd h as - - ~irnc-t i(- ali! s’ iii t h e  st ud s ’  a r i d  f r - i - a t

nient of the n ff ect  s of a v ’ idr  s - i  r ’ i i -  s of toxic  cheiii lea is on hoha s or.
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Figure 18. Potency of alcohols as a f un c t i o n  of part it ion coeffie-i -nt .
ED 2 is the dose of alcohol capable of inducing ataxia—2.
A significant correlation exists between the  two pa ram —
eters (r = — 0 . 9 3 1 .

H k FER I-:x ’F:

1. Majchrowicz , E. Induct ion of phvs i cal dependence upon et ha noi and t he
associated behavioral chang es- in rat  s - Psvc-hopha rniac- o logi  a 4~ ~24 —

254 , 1975.
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TEMPORAL RELATIONSHIP OF THE INDUCTION OF TOLERANCE AND
PHYSICAL DEPENDENCE ON ETHANOL AFTER CONTINUOUSLY SUSTAINED
INTOXICATION WITH HIGH DOSES OF ETHANOL IN RATS

I i i v -  i I r e ’  E. Majchrowicz , National Institute on Alcohol Abuse andAlcoholism;
and (‘I, A. Hunt. AFAR !

Any animal model for ethanol addiction must display signs of tolerance
and dependence to ~e valid . This stady ‘-s-as undertak en to study the time
course of develop m ent of tolerance and physical dependence using a new mod-
el in the rat .1 Animals were  treated by intragastric intubation of a 20 per-
cent ethanol solution in doses of 9—15 g/kg in three to five fractions for 1—7
days. Ethanol doses svere determined individually for each animal utilizing
intoxication—dose relationships. Tolerance was assessed by correlating the
Signs Cl intoxication with the descending blood ethanol concentration during
the prodrornal detoxication phase of the withdrawal period. The severity of
intoxic-at ion was measured using a spectrum of signs which were related di—
rectlv to the blood ethanol concentrations: coma, loss of r ight ing reflex ,
ataxia-3 , a taxia-2 , ataxia— 1, sedation and neutrality.  As blood ethanol con-
centratu)n s  approached 1(10 mg/ d l , the ethanol dependence phase emerged
whic h was c-haracterized by the onset of a spectrum of signs and responses
of progressive severity : I-ivperactivity , tremors , spastic rigidity and spon—
taneous convulsive seizures. The severity of the withdrawal syndrome was
rated using a scale of 0— i . The results of this study demonstrate that when
rats are treated with the max irnuni tolerable doses of ethanol , both tolerance
and phssie ’a l dependence c-an be induced in only a few days. As the duration
of t reatment increased , the blood ethanol concentration for a given sign of
intoxication also increased , when compared to blood ethanol concentrations
observed after sing le doses of ethanol (Figure 19). A signif ic-ant degree of
tolerance was demonstrated [or all signs of intoxication after -l dn~-s of
treatment , but d id  not rea -h the maximum level even after 7 days of treat-
ment. The severity of the withdrawal signs and reactions intensified pro-
grc’ssivels as the period of ethanol treatment increased (Figure 20). Max i-
mum intensity ol the withdrawal syndrome .s-as observed after -l days of
tre-atment , when as many as 72 percent of animals  exhibited severe with—

I si~~iis and reactions ifle ’ldI ’liiiL! (-ons-tilsive seizures. The d i f f er en t
t i l  c ( ‘Oui)-ft 01 c lv ’c ’ lopmci i t  of tok’ron -c and physical  dependence m i g h t
-n ~ ‘,±~ - s t  t ha t  the’ two J) !1(’nOlill’fla a i i ’  iriediated through different  m ech an i s i r i s .
‘I’he i ’c-~~~ i Its- pi-o\ ide fur ther  information on the use of animal models for the
studs ci d u n n  inse t t to th e’ br a in as e1~ t&’cl to lium~in alcoholism noe l its -
r c a  I i i ! l t  c u d  i 0fiL ~—t & r o t  c\I5)sure to ionizing and n onionizing radia t i on.
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Figure 19. Time course of acquisition of to lerance to ethanol following
sustained intoxication with high doses of ethanol.  All ob-
servations were made dur ing  the ethanol detoxication phase
of the withdrawal per ioei which corresponds to the  descending
limb of the blood ethanol curve.  Each point represent s the
mean blood ethanol concentration ~ S. E. at the onset of a
given sign of intoxication du r i n g  the  ethanol detoxicat ion
phase of th c withdrawal period or af ter  a single in tu ha t  ion
with et hanol (~ g /kgi . T u e  numbers  Le s id o the blood ethanol
points ind ica I~ t lie nu n t e  r - of oh ,servat ions used for the as —
sessment of t he  signs of in toxican on . The a s t e r s i -  ( i de-

notes s t a t i s t i c a l  s ign i I i  :uno ’r from control using Student ‘s ‘‘t
test (P < 0 . 05’t .  I , i nc-ar r.- ’g r& -ss i on  a n a ly s i s  of th e - data for
sedation , m i t a x i a — l  , a t a , J a—2 , , t t a xi : i  —3 and lus - s -  of r i g h t i n g
reflex showed a s i i - ~il ca’it u i cs~a r t ~ t i c - n d  ( I ~~ (1 . II ~~I .  Thi~ -mal —
vs - i s  was not pcr forn~ (I ic r t h. a tar ‘- 1c m l  i: v and coma
ci t  her heeausr  of i rs--jffc etc -ni u t : c ,l or l a c  k o Ii  :iea r i i v .
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Figure 20, Time course of acqu isit ion of physical dependence on ethanol
follow ing susta ined intox icat ion with h igh doses of etha nol.
The average weighted withdrawal score was obtained by mul-
tiply ing the number of animals given a certain withdrawal
score by that score and dividing by the total number of ani-
mals for each day of treatment. The numbers in parentheses
denot e the  total number of an imals  used. X 2 anal yses be-
tween each successive day of treatment demonstrated a sig-
nif icant  upward trend in the withdrawal scores up to 4 days
( P 0.05) .

HF :FE [fl -; Nrl :

~& l a I c -h r owi ez , I-; . and H u n t , \V . .\. Temporal r e l a t i onsh ip  of the  induct  ion
of to le rance ’  and phvs ical clc ’pendene- e a f te r  cont inuous m t  oxi at ion w i t h
m a x i m u m  t o l e r a b l e  (loses of ( ‘1 hano I in r a t s .  Ret hesda , \laryland ,
,\ r nic’d 1-omee s Ra di ohio logv Re sear ch  Ins t  it cite S c i e n t i f i c  R ’port
S U 7I i —  1 - ~, 1 1 7 ; . 
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SUPPRESSION BY 1,3-BUTANED IOL OF THE ETHANOL WITHDRAWAL
SYNDROME IN RATS

lu !p dl I ’ - i i  I t Os E. Majchrowicz, National Institute on Alcohol Abuse
and Alcoholism; W. A. Hunt , AFRR/ ;  and C. Piantadosi ,
University of North Carolina

Clinical  management of ethanol withdrawal has to consider a wide var ie ty
of comp lications including neurological dysfunction, malnutrition , liver disease
and general psychiatric and c-linical deterioration. A major problem in treat-
ment is controlling the neuromusc’ular and autonomic hyperactivi ty associated
with withdrawal so that exhaustion c- an be prevented , thus allow ing necessary
treatment of other symptoms to pi-oc-eed.

Presently available drugs for treating an ethanol withdrawal syndrome are
often toxic- and have an addiction liability of their own . A structural analogue
of ethanol , 1, 3—hutanedio l , has been known for a long time to be nontoxic and
was tested for its ability to suppress an ,-thanol withdrawal syndrome. Ma le
Sprague-I)awley rats were rendered physically dependent upon ethanol by intra-
gastric administration of 9-15 g/kg of ethanol per day over a -i-day period. A
nonintoxicating dose of 1, 3-butanediol of -i g/kg, per os , administered af ter
elimination of ethanol from the blood was effective against the tremulous and
c onvulsive components of the withdrawal syndrome in all animals for 1—5
hours (Figure 21) . This peiiod oi time coincided with the time of maximum
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Fi gure 21. I ffec t of 1 ,3-bu tane dio l (BI)) (4 glk g. per os~ on t h e  withdrawal score. The withdrawal
score is def ined in the te x t )  .—• refers to untreated ethanol-dependent rats - o..—.o
refers to RD -treated , ethanol-de p enden t rats. l inic zero corresponds to the point at
which al l et hati o l has heeii eliminat ed from the blood , and for 81)-treated animals denotes
the poin t at which RI) was adniini-,rered. Numbers in parentheses denote the number 0f
animals observ ed , whil e each po int refers to the mean of the withdrawal scores. Statistical
differences were found for t h e period 1 -S hours after 81) treatment using the median
test (1’- 0.05). 
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severity of the withdrawal syndrome as seen in the control animals. These
results suggest that 1,3-butanediol may be useful in the treatment of the eth-
anol withdrawal syndrome in man. Thus 1,3—butanediol may be a clinically
useful  drug in the treatment of alcoholism. 1

R E F E R E N C E

I .  Maj ehrowicz , E . ,  Hunt , \V. A. and Piantadosi , C. Suppression by 1, 3-
butanediol of the ethanol withdrawal syndrome in rats. Bethesda,
Maryl an d , Armc -d Forces Radiohiology Research Institut e Scientifi c
Report SR 7 G—3 ~~, 197(i .
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LACK OF ALTERATION IN REGIONAL BRAIN ADENOSINE 3’,5’~CYCLIC
M ONOPHO SPHATE LEVELS AF T ER ACU TE AN D CHRONIC TR EAT MENT
WITH ETHANOL

nv ~t - u t - I -  J 0 Redos, American University; W A Hunt and
G N. ~atravas, AFRRF

Proper methodology plays an important role in obtaining valid information.
Recent evidence has revealed that the rapid inactivation of brain enzymes is
paramount in measur ing  levels of 3’ , 5’— cyclic adenosine monophosphate. Pre-
viouslv reported studies have suggested that acute and chronic treatment with
ethanol induces alterations in cyclic adenosine monophosphate levels in the
h r a in .  Re-cause the methods used in those studies to minimize  postmortem ac-
cumulation of cycl ic- adenosine monophosphate are now considered to be m ade-
quate,  the  effect s of ethanol were re-investigated using focused microwave ir-
radiation to prevent postmortem cyclic adenosine monophosphate accumulation.
These- stu d ies  were extended to include measurement s in seven areas of the rat
h r a in  a fR-r  a - c u t ( -  a d m i n i s t r a t i o n  of c-thanol and in a n i m a l s  rcnd -red ethanol—
dep ( -nd ( -nt . 1 Three t r ea tmen t  groups wet-c ex an utn c ’d :  acutely treated while i n—
t o xi - a t e d  (( g ‘kg, per Os ) ,  c’t hano i— dc p endcnt  whi le  in tox ica ted , and ethanol—
dt’p~- rr l t -nt while undergoing a wi thdrawa l  syndrome.  An ima l s  were euthanal ized
t o- ~ ~~~

- ~~~
- - focused mi c r o w a ve  exposure to the head ~1 . 2 kW) . Tissue sam —

p 1 Wi - i - u - 
~~t - li - u !  1 a d sorpt  ion and ion -xch a nge chromatog~aphy and quant i —

£ a t c t l  u s ing  U ( ‘ornp ( ’t i t  i c r  prote in  b inding  assay. No changes in c-yclk- ade-nos ine
moti ophosphat . ‘ 1 -v - is  wt - r - obser ~ed in any of t h e  b ra in  are~ts St ucl i ed af ter  any
of th e  eth ano l  t r e a t  mt-n t  s ti ahle 15 . The dat a suggest tha t  change’s in eve -lie
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adenosine monophosphate levels in the brain do not play any role in the acute
and chronic effects of ethanol. The results further demonstrate the importance
of methodology in neurochem ical studies. Th is has cons iderable relevance in
studying potential alterations in brain chemistry results from chronic exposure
to toxic chemicals and ionizing and nonionizing radiation.

Table 15. Brain Cyclic Adenosine Monophosphate (c—AMP) Levels in
Discrete Areas After Various Conditions of Ethanol Treatment

c—AMP Levels (pmoles/mg protein + S. E . )
Chronic Withdrawal

_______________ 
Controls Acute Intoxicated Syndrome

Cerebellum 3.4 + 0.16 3.2 + 0.08 3.5 + 0.34 3.7 ± 0.19
Brain Stem 3,1. + 0.17 3.0 + 0 . 0 8  3 . 2  -f 0 .11 3 . 0  + 0 . 2 4

Hypothalamus 3.2 ± 0.32 3.2 + 0.19 3.3 + 0.10 3 .4  + 0.26

Thalamus 4.5 ÷ 0.51 4.5 ± 0.36 4.3 ± 0.30 4.3 ± 0.34
Hippocampus 3.7 ± 0. 09 3.7 + 0.39 3.8 -4- 0.14 3.8 + 0.24

Caudate Nucleus 3.8 + 0.27 3.5 + 0.18 3.7 ± 0.15 3.3 + 0.24

Cerebral Cortex 7.2 + 0.36 7.2 + 0.28 7.1 ± 0.43 6.9 + 0.46

Each group consisted of 5-10 animals. Blood ethanol levels in
acutely treated animals were 373 ± 8.9 mg/dl, while in chronic
intoxicated animals they were 334 ± 22.9 mg/dl.

REFERENCE
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ETHANOL-INDUCED DEPLETION OF CEREBELLAR GUANOSINE
3’,5’-CYCL IC MONOPHOSPHATE LEVELS

Pr Ln ,  pal invest igators - J. 0. Redos, American University; G. N. Garravas and
WA . Hunt,AF RRI

Ethanol in moderate dose-s induct ’s at a x i a  in man and labora tor y  an ima l s .
This motor deficit may he cerebeliar anti may i nvolve an interrupt ion of nor-
mal excitatory input to Pu rk in j e  cells. A che mical  m e d ia to r  of such i n f l u -nce
is thought to he 3’ , 5 —cycl ic  guanosine monophosph a te .  The a b i l i t y  of e thanol
to interact wi th  cerehcllar cy cl ic  guanosinc monophosphatc ’ was examined.
Male Sprague—Dawlev rat s were intuhated w i t h  a s ingle dose of ethanol ( l - (
g1kg) and the animal s euthanati zed at d ifferent  t i m e s  thereaf te r.  The cere-
bellum was ol)ta ined and anal yzed for cyc l ic  guanosine rnonophosphatc ’ and
cyclic adenosinc monophosphat~ after prior pur i f ica t ion.  Ethanol induced a
dose—dependent depletion of cycl ic  guanosinc monophosphate  up to !h5 perc ent .
A s ignif icant  reduct ion was observed at blood ethanol levels found after mod-
crate drinking (Table 16). This response was completely revers ib le  wi th  eth—
anol el imination (Figure  22!. No change in cy c l ic  adenosinc monophosphate
was observed. The data suggest that eye-l i t- guanosinc ’ monophosp hate dep le t ion
in the cerebellum may play a role in the in toxica t ion  proper t ies  of eth anol . 1
Also , th is  response may have relevance to the s tudy  of o ther  motor  an ( l  be-
havioral deficits such as cerehellar disease and ear ly  t rans i t - n t  ln ( ’ap a ( - i t a t  ion.

Table 16. Ccrehe llar  Cy c l ic  Guano sine Monophosp hate G ~u l P( and (‘ye -I  Ic
Adenosine Monophosphat e (A,\1Th 2 Hours ~ Rc’ r .;I n~ le I ‘i. c.c ol

Ethanol .  E ach value  (mean s tandard  error) was oht a med
from f ive  to  ten animals .
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Figure 22. Concentration of cyclic guanosine monophosphat e (solid l ine )
in the cerebellum as a function of time after treat ment and
the concentration of ethanol (dot and dashed line) in the blood.
Each value represents the mean ± standard error and was ob-
tained from five to ten animals.  The a s t e r i sks  denote statis-
tical significance ( p <  . 05) as determined b Student ’s ‘ t ’  t e s t ,
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NEUROBIOLOGY DEPARTMENT

The Neurobiology Department was established in 1973 to provide a research
program with its p r im ary  act iv i t ies  directed at an understanding of the basic
mechanisms of the effects of rad iat ion on nervous tissue.

The Cellular Neurobiology lAvision , headed by l;r. W. G. Sham , Jr. is
composed of a laboratory for the development of tissue culture of continuous
cells lines of nerv e, glia and muscle. These laboratories are primarily con-
cerned with an understanding of the normal interaction between these various
constituents of the central nervous system and target organs , as well as the
mechanisms whereby the development of normal connections is altered by a
variety of injurious agents , including ionizing radiation. This laboratory also
utilizes a number of purified proteins obtained f rom snake toxins as marker
substances for the study of normal receptors for neurotransinitters and , in
the case of 8-bungarotox in , as a probe which may be acting at calcium bind ing
sites of presynaptic nerve terminals.

The Neurophysics Division , headed by Dr. M. L. Wiederhold , contains
laboratories involved in the study of basic properties of nerve cells in ele-
mentary nervou s systems as well as a laboratory for the study of the auditory
system of mammals. The primary research projects utilizing simpler nerv-
ous systems aim at an understanding of the metabolic properties determining
nerve cell excitability , and an understanding of the mechanisms of interaction
between nerv e cells and from nerve to peripheral target cells. A considerable
number of the research projects of the deparbuent involve people collaborating
between the Cellular Neurobiology and the Neurophysics l)ivisions. This is
particularly true for two areas of research that are of critical interest to the
Defense Nuclear Agency. The first of these is the problem of the organization
of receptors for neurotransmitter substances and in particular those receptors
for histamine on nerve cells and on smooth muscle. Histamine is released by
rad iation from mast cell stores throughout the bod y and is probabl y the humoral
agent involved in causing early transient incapacitation , a phenomenon involving
a performance decrement of trained animals for a short period of time begin-
ning some 5 mm postirradiation. Treabnent and prevention of such incapacita-
tion necessitates a knowledge of the receptors for histam ine and investigation
into agents which could prevent this effect by blocking the receptors. We are
studying the receptors for histamine In two different preparations . The f i rs t
is the marine mollusc Ap~ysia where histamine appears to be used as :i neur o—
traasniittcr with in the nervous system . We have found at least two pharma( o—
logic type s of histamine receptors and at least three (I iff CrL ’flt  iO tU ( responses

L on different  neurons. In addition , human smooth muse Ic cells have been cul-
tured and arc being investigated clectrophvsiologicnll y. These smooth muse le
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cells hav e receptors for histamine. Because smooth muscle in blood vcss l
walls is exceptionally difficult to record from eleetrophysiologicallv , the use
of a tissue culture system to study these receptors and their  pharmacol~~ ical
sensitivities is the most direct means of understanding how radiation-induc ed
histamine release might cause a performance decrement in intact anim~t ls .
The latter is presumably secondary to a fall  in cerebral blood flow resulting
from interaction of histamine with these receptors on the smooth muscle ccll~
in cerebral blood vessels.

A second research area involving a number of peop le in both of these
divisions is the study of how cell properties are controlled by calcium concen-
trations , and particularly by the intracellular concentration of free cah iurn .
This problem appears to be central in an understanding of the pr im :trv el feuts
of radiation on neurons. When isolated Aplysia neurons are exposed to 2 ( a
MeV electrons , they show an initial excitation by the radiation but no direct
effects with the time course of early transient incapacitation. h owever at
about 8 to 12 hours postirradiat ion , at a very high dose level , these neurons
show signs of an increase in intracellular calcium concentration. This pro—
ceeds to a total loss of membrane resistance and finally membrane potential ,
suggesting that the primary effect of the radiation has been to interfere with
the rcgul4ory mechanisms of calcium concentration control . Because of
these facts we are actively engaged in the study of those mechanisms which
control calcium concentr ation at the level of the plasma membrane as well
as the level of intracellular storage sites. The development of ~-bungaro toxin
as a tool to block the calcium entry site at the plasma membrane has aided
enormous y in achieving this goal .

The Neurological Sciences Division is directed by Major E . N. Gunby.
The research in this division pr imar i ly  ut i l izes  primates and is di rected
principall y at an understanding of mechanisms of in ju ry  to thc nervous svs-
tern . The professional staff consists of clinical neurologists and neurosur-
geons , and the research projects are ones which have direct relevance to
treatment of human in ju ry  and disease states. One of the laboratories in this
division is headed by Colonel A. N. ~Ia r t in s , Chairman of the Neu rosurgery
l)epartment , Walter Heed Army Medical Center. l)r. Martias t research inte r-
ests include the study and manipulation of cerebral and spinal blood flow , the
study of cerebral spinal fluid production ai~ mechanisms underly ing local brain
injury and development of cercl)ral edema. Some of the research projects in
this laboratory attempt to test experimentally the value of drugs which might
have clinical use. Another major research project in this division is the
study of experimental head injury in a primate model , and this research pro-
gram is a joint one between AF HHI  staf f and the N ati onal  Institute of Neuro-
logical and Communicative Disorders and Stroke ~u~d the I )epartrne ’nt of
Transportation.

______ 
________  
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A portion of the research conducted during this reporting period by the
former Neurochemistry Division , headed by Dr. G. N. Catravas , is reported
in this section. This division ’s laboratories utilized techniques for the chemi-
cal measurement of neurotransmitters , their synthetic and degradative enzymes
and other organic substances in the brain upon exposure to a variety of insults ,
including ionizing radiation , microwave irradiation , alcohol and opiate
dependence.

The Neurobiology Department sponsors a number of activities aimed at
assisting the training and scientific growth of its members. These include a
weekly seminar , a weekly informal research discussion group , a weekly jour-
nal club and evening graduate seminar courses. Some of these activities are
held in conjunction with the Department of Physiology at the George Washing-
ton University School of Medicine , with which the Neurobiology Department
has close ties. During this period we have had four graduate students at
AFRRI doing work which will lead to degrees from George Washington Uni-
versity . In addition we hav e had seven professionals working at AFRRI on
NIH Postdoc toral Fellowships sponsored officially through George Washing-
ton University.



FUNC T IONA L DIS TR IBUTION OF SY MPATHETIC NERVES
IN THE CYNOMOLGUS MONKEY

Pi ncipal I nv~~ 1 H W. A. Alter III 0. E. Evans and L. .1. Parkhurst

Fatali t ies following head i n j u r y  in m i l i t a r y  p( rsonn c I m ay  be relat ed to
trauma —induced cardiac arrhyt hrn ias. This study was begu n to del ~r ni I tie t h e
periphera l autonomic nerves which may he involved in these ar r h v t hm i a s .
Prior to invest igat ing ar rh ythmias , the normal funct ion  of these ne rves  must
be established. The rhesus monkey could be a suitable a n i m a l  model for t h i s
s tudy,  but due to their  shortage , an a l t e rna t ive  species , the ( V flof lholgu S mon —
key , was chosen .

Ten cynornolgu s monkey s were anesthet ized and prepared for record ing
ar ter ia l  blood pressure , heart rate , right a t r ia l  force and r ight  vt n t r i e u l a  r
force. The stellate ganglia, middle cervical ganglia and thor ac i c  vag i wer e
exposed and all discernible branches s t imula ted .  The largest cardiac  sv m—
pathetic t runk on the right side was the middle cervical cardiac nerve,  s t i mu-
lation of which resul ted in a significant increase in a l l  recorded p a r a n l e t ( r s .
Right stellate nerves passing direct ly  to the heart were not observed in c v n o —
molgu s monkey s , but small stellate branches coursing int o the vagu s were
consistently found and stimulation of these branches usua l ly  resul ted  in a s ig —
nificant increase in all recorded parameters. Sympathet i c  f ibers  also e n t i ’ i e d
the vagu s at the level of the right middle cervical ganglion and then  cmcrg ed
in the craniovaga I and caudovaga l cardiac nerves.  Af te r  adm in i st r at  ion ol
at ropine , s t imula t ion  of these cardiac vagal nerves resul ted in ~ gal fi c an t  os -
i t i ve  chronotropic and inotropic responses without  an~’ sig n i f i c a n t  chai igus  in
a r t er i a l  blood pressure. The right phren ic  nerve Was also foun d to  hav e sig-
nif ic ant  effects  on heart rate and right cardiac funct ion.  I h e  ma lor  Pat hwa v
on the left side affe ct ing ra te  and force was the vent rom( ( lia I c a r d i a c  nerve
which originates in the middle  cervical gangl ion. These r e su l t s  i n d i c a t e  t h a t
the cynomolgus monkey is a suitable a l te rna t ive  to the  rhe sus monkey for st wi —
ies of neural  control  of the heart .
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EFFECT OF CORONARY ARTE RY OCCLUSION ON REGIONAL MYOCARD IAL

BLOOD FLOW AND CARDIAC FUNCTION

Princ~pat Investigators W A .  Alter III, 0. E. Evans. L. J. Parkhurst and T. F. Doyle

Chest impact frequently results in trauma to the heart. This tr auma

can lead to irreversible cardiac dysfunction. This study was undertakeil to

investigate the alterations in cardiac fu nction which occur after production

of focal areas of myocardial ischemia in an animal model. lschemia was

induced by temporary interruption of blood flow to discrete areas of myo-

c ardium. Myoc ardial blood flow (by the hydrogen polarographic technique),

contractile force and electr ical activ ity were detected from both the base

and apex of the anterior wall of the left ventricle. Twelve minutes of distal

left anterior descending coronary artery occlusion resulted in significant

decreases in apical myocardial blood flow (c ontrol , 119 ± S mi/mm / lOU g

of tissue; occlusion , 32 + 31 ml/min/100 g~ and c ontractile forc e (38 ~ 5

percent below preocciusiOn value) . The figure show s that distal left anterior

descending coronary artery occlusion resulted in a marked decrease in con-

tractile force and myocardial flow in the ischcmic area (apex ) while cardiac

func tion and blood flow in the noniscliernic area (base ) were not affected

Figure 23 ) .  AdditionallY, local subepical’dial electrogram s were markedly

abnormal in the ischemic region. In contrast , none of these parameters

were altered at the base of the anterior wall of the left ventr icle which was

outside the region of occlusion. Removal of the occlusion clip resulted in a

marked reactive hvpcremic response 100 16 percent at the apex of the ante-

rior wall of the left ventricle. In most cases, contractile force recovered

to control with six animals demonstrating a transient positive overshoot in

contractile force. in all cases , electrical activity returned to the preocclu—

sion waveform within 5 mm after the removal of the occlusion clip. No

change in hear t rate or blood pressure or the Lead— Il ECG was ol)servcd

during or after occlusion. Based on these results , it was concluded that

the mechanical and electrical changes which occurred during and after a

transient dista l coronary artery occlusion are loc al responses resulting

from inadc~tuatc i)IO(~ t flow to the ischemic region.

This study has demonstrated that brief interruptionS of myocardial

blood flow lead to local reversible changes in rardiac functi on. ‘l hi. sc

result s in conjunction with existing data prov ide a better un d erstanding of

t he hi net  ion of  I schein Ic heart musc le anti shim hI lead to I )ettcr t r eatut  ent

n i i l i ta rv  1)c I SOflf l( I . 
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Figure 23. The effect of left anterior descending coronary artery (LAD)
occlusion on myocardial blood flow and cardiac function.
Both contractile force and blood flow at the apex were sig-
nificantl y affected. Contractile force and niyocardia l blood

L flow were not affected at the base of the left ventr icle  which
was outside the ischemic area. B. P. - ar ter ia l  blood pres-
sure , H. R. - heart rate, and MBF - mean myocardial blood
flow for two electrodes located in each region.
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EFFECT OF OUABAIN AND ITS INTERACTION WITH DIPHENYLHYDANTOIN
ON CAR DIAC ARRHYTHM ~AS INDUCED BY HYPO THALAMIC STIMULATION

Pr~nci) a~ ! f ! v . S 1 I l , O ,r
~ 0. E. Evans, AFRR/;and R. A. Gil/is, Georgetown

University Schools of Medicine and Dentistry

Cardiac arrhvthmias resulting from myocardial infarction and head
injury result in the loss of a significant number of military personne l. Ap-
propriate and timely pharmacological treatment ran restore normal , cardiac
rhythm and greatly enhance the chanc e for recovery of victims. The drugs
currently used as antiarrhvthmic s have been shown to also affect the central
nervous system ’s modulation of cardiac function.

This study was undertaken to investigate the i~~ssible central nervous
system effects of the antiarrhvthmic drugs diphenvlhy dantoin and ouabain in
an animal model (cat) .~ Electr ical  stimulation of the posterior portion of the
hypothalamus resulted in alterations of cardiac rhythm , i~.nd recordings from
cardiac bound sympathetic nerves revealed continuous activity during the time
of arrhythmia. lntravenous administration of small doses of ouabain i . e.
10—30 ~jg /kg) prevented both the arrhvthmias and the associated hyperactiv i ty
on the sympathetic nerves. The anti arrhythmk .’ effect was not present in ani-
mals with denervated haroreceptors indicating that the ouabain effects were
due to sensitization of baroreceptor reflexes . Intravenou s administration ol
large but subarrhythmic doses u ouabain ii. e. ,  60-80 pg/kg converted a
subarrhythntogenic hypothalamic electrical stimulus to a threshold stimulus
for arrhvthmias. The increased response of the heart to brain stimulation
in the presenc e of these doses of ou abain was associated with an increased
discharge of cardiac sympathetic nerv c~ , in( l icating that onabain was exert-
ing its arrhvthrnogenic enhancing’ effect  on the central nervous system rather
than on the heart. Pretreatment with di phcnv]hvd ant o in prevented the ar r h v t h —
mias produced by the combination of ouabain and hypothalamic stimulation.
Prevention of the arrhythmia was associated with prevention of thy associatc (I
sympa thetic h yperactivity responsible for the a ‘rhythm ia , thus indicating a
central nervou s s~ stem site of action of diphenvlhivd antoin. These data sug-
gest that central nervous effects of ounbain and di i i i c n v l h v d anto in arc impor-
tant in the ability of these drug s to alter cardiac ’ rhythm .

An understanding of the central nervous system ’s ( ( i n t r o 1  of cardiac func-
tion will not only provide a basis for rational j )r cvcnt ion of n& ’ur all v induced
arrhythmias following such events as head in lu r v  hut n :iv alS° l)ri ’\’id e irn p r —
tant perspectives in management of the patient w ith ar i ’ h v t h n , i a s  ny inlai ’ tion .
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R E F E R E N C E

1. Evans , I). E. and GU lls , R. A. Effect of ouabain and i ts  l n t ( ’ r a r t l o n  w i t h
dipheny thydantoin on cardiac a r rhy thm ias  induced by h y p o t h a l am i c  s t im-
ulation. Bethesda , Mary land , Armed Forces Radi o 1)~ologv f l es i  a r e  h
Institute Scientific fleport 5R7 6— 7 , iP 7 i ; .

PHYSIOLOGIC CONTROL OF SPINAL CORD BLOOD FLOW

P6ri ,ii I ~oi . r~ A. I. Kobrine and T. F. Doyle

Spinal cord inju ry  is a ma jor source of human  d i s a b i l i t y  for the  I ) ‘p:tr t  —

ment of Defense and the \ eterans Adminis t ra t ion .  In order to u n d e r s t a n d  the
mechanism of spinal injury we have inve st igated the effect on blood flow of
local spinal t rauma.

The hydrogen clearance techni que was use’cl to  measure sp i nal  cord blood
flow in the rhesus monkey to test the hypothesis  of auto r cgu la t  ion in t he  ~p i n a l
cord. 1 Laminectomies were performed at the T9 —T1 0 level , and 25i~- t ~~i ( I i —
ameter platinum electrodes were placed through the intact ( t u r n , 2 mm i n t o  the
spinal cord , midway between the mid l ine  ant I la tera l  borders.  l’ lows W( C1 r : I l —
culated from the desaturation curves  of inhaled hy drogen.  \Vhen th e  m ’ iii arte-
rial pressure was kept normal and the PaCO 9 was va r i ed  hr h pervr~ t i l : i t  io n
or changes in inspired 

~
‘
~~2’ spinal cord blood flow r em a ined  n o r m a l  w i t h

PaCO 2 values of 10—50 mm JI g . Spinal  cord blood flow increa sed i s  ft ~( i  i.

was raised from 50 to 90 mm 11g. Above a P a Ct ) 2 of ~0 mm h g ,  s p i n a l  ~oi’d
blood flow did not increase (F ’igure 24 ) .  When Pa(’ )9 was  <( ‘p t c o n s t an t  and
mean arterial pressure was varie d by nore pin cphr in e  in f u s i o n  ic
spinal cord blood flow was constant and in the  norm al  range when he n~( a n
arterial pressure was between 50 and 135 mm 11g. Above l l . ~ mm Hg mean
arterial pressure , the spinal cord blood flow increa s( ( l d i rec t  lv w i t h  mean
arterial pressure. Below 50 mm Hg,  spinal  cord blood flow deei’ ’a ’~i d di-
rectly with mean ar ter ia l  pressure (Figure 251 .
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Figure 24. The relationship of spinal cord blood flow to arterial PCO2
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One can hypothesize that the mechanisms responsible for autor egu la t ion
in the brain and spinal cord are quite s imilar , if not identical , since the his-
tology and embryological derivation of both are the same. The above model
would seem therefore to he suited for the continuing stud y of the mechanisms
responsible for autoregulation in the nervous system.

As can be seen from Figure 25, at a mean a r t e r i a l  pr essure greater than
135 mm Hg there is a breakthrough of autoregulation , with fur ther  increas( ’s
in mean arterial  pressure effecting a corresponding increase in spinal cord
blood flow. At these levels of mean arter ial  pressure the vessels are maxi-
mall y constricted , vascular resistance is maximal , and spinal cord blood
flow becomes passively related to mean ar ter ia l  pressure. Likewise , at mean
arterial  pressure levels less than 50 mm Hg, the vessels are m a x i m a l l y  di-
latecl , vascular resistance is minimal , and again spinal cord blood flow is pas-
sively controlled by mean arterial  pressure. Similar ly ,  St randgaard demon-
strated intact autoregulatory mechanisms in the brain  of baboons up to a mean
a r t e r i a l  p ressure of 120— 140 mm Hg, above which cerebral 1) 100(1 f low in—
creased di rec t ly  wi th  f u r t h e r  increases  in mean a r t e r i a l  pressure.~

Other i n v e s t i g a t o r s  have addressed themselves  to the  quest  ion of auto—
regulation in the sp i nal  cord. U sing such methods as th e  pa i’t i d e  d i s t r i b u t i o n
t echni que , surface flow measur ing  devices , and thu in t rapar ench vma l  in-
j ect ion of tracer substances , they have genera l l y  :tg r eed that  autor egulat  ion
exis t s in the  sp inal cord and is not un l ike  t h a t  described for th e  1)rai fl .  An
uncl e r s tanding of the  has ic mec’han i sm s cont ro l l ing  sp i nal ( ‘or (l hi ood flow is
nece s sa cv to provide a ra t ional  approach to the rapy  in hun -ia a in ~n rv , a nd
these s tu die s  ass is t  in ach iev ing  such knowl edge .

H i: I” I ;R F : N ( ’ I : s

1 . kohr in e , A . I. and I )oyle , ‘I’ . I ’ . Phy siologic coat i’ol of spinal  cord
blood flow. Hethescia , \ l a r v l an d , Armed  1” ore( ’s Hacl iob iology Research
Inst il ute ~ci eni i f i c  Report S U 7 5 — 2 ~ , I !)75

2. ~t r a n dg aard , S. The lower and upper l i m i t  for an to r egu l a l i on  of cerebral
blood f low.  St roke 1:323 (Abstract  1 , 1 ~73
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HYPEREMIA AND EDEMA IN THE MONKEY SPINAL CORD FOLLOWING
I NJ U R Y :  MODI F I E D  BY HI STA M I N E  AN TAGON ISTS

Pr Il~~ Iid I Inv I S i I~Id t o r S  T. F. Doyle, A. I. Kobrine and A. N. Martins

The mechanisms of the development of acute changes which occur in the
ear ly posttraumatic period of spinal cord injury are not fully understood .
Afte r contusion of the spinal cord , blood flow markedly decreases in the cen-
tral gray region and increases in the lateral , white region. Microang’io-
graphic studies show that the capillaries in the central region become pro-
gressively occluded over the first -1 hours ; however , the capillaries of the
peripheral white matter remain patent and func tional . The hemorrhaged
and disrupted central gray tissue shows extensive leak age while the vessels
of the peripheral white matter still permit blood flow , although edema soon
develops . h istamine levels in the cord increase significantly after trauma.
It is reasonable to suspect , therefore , that histamine might be involved in
posttraumatic hyperemia and edema in the spinal cord. To test this possi-
bility after experimentally induced myelopathy, changes in the spinal cord
blood flow and edema formation were measured after the administration of
H1 and H2 histamine antagonists.1

Using the hydrogen washout technique , blood flow in the lateral funiculus
of the spinal cord of rhesus monkeys was measured before and after a con-
tus ion sufficient to render the animals paraplegic . In untreated animals the
blood flow increased 1 hour after injury to almost twice the normal flow rate
(17. 6 to 31. 8 ml/rnin/100 g .  When the animals were pretreated with hista-
mine antagonists (chlorpheniramine , an H 1 antagonist , and metiamide , an
112 antagonist) there was no significant increase in blood flow’ following con-
tusion (Figure 26 . Antihistarnines , however , were ineffective in preventing
edema.

Metiamide when given alone or in combination with chlorpheniramine
alone does not block the hyperemia complete ly. Sinc e hyperemia is a func tion
of decreased vascular resistance , it is apparent in this instance that the vaso-
dilatation responsible for the hvperemia is blocked by metiamide. This find-
iui g is in agreement with a recent study in cats which showed that blood vessels
responsil) le for the general blood pressure have predominantly or exclusively
119 receptors which modulate vessel tone. This study max ’ be of value in treat—
ing or better lI fl( lel’ Stafl (I iflg spinal (‘Ord injury suffered by mi l i t a ry  personnel
l) et t l  iii i ie :n etinle and (‘Orfll)at.
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1. I)ovle , ‘1’. 1” . , Kobr ine , .\. I .  and :\lart ins , .\ . N. ll vpc ’r emia and edema
in th e  monlcev spinal  cord fo l l owing  i n i u r v :  fl’iod lu i v(l by h i s t a m i n e  an-
t agon i s t  s. flet licsda , Mar s  land , .\r ’med F’orc’(’s Radioh io l ogv Research
I n s t i t u t e  Scient i f i c  Report S H 7 i  — 
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F U R T H E R  STU DIES IN SPI NAL COR D AUTO R EGULATION

iv. ,t i , i ’ i ,’. A. I. Kobrine , T. F. Doy le and N. Newb y

Spinal cord i nj u r y  is a mi l l e t ’  caEe— ’ i . ’ of hospita l iz ation , and! esl~~cial lv
( ‘ hro fli( ’ i l o s I ) i t i u l i z a t i (  1) , Hi i ’-~ .-~tudv is p art  of a cont inuing ~e:i r ( ’l i  to under—
stand the basic mechanisms involved in spinal  i nj u r y . 1 i .~~ ini ~ the hydrogen
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clearance method to measure focal spinal cord blood flow in the rhesus mon-
key (Macaca mulatta ), the effect of high cervical cord section on the phenom-
enon of autoregulation was studied. Laminectomies were performed at the
T7—Ti 1 as well as the C1— C2 levels . The spina l cord was completely sev-
ered at CI-C2. Under normocapnic conditions , spina l cord blood flow was
then measured in the thoracic spinal cord over a wide range of mean arterial
blood pressures, The mean arterial blood pressure was either lowered by
bleeding or raised by the intravenous infusion of norcpinephrine. Autoregu-
lation was found to be intact between 50 and 125 mm Jig,  follow ing a pattern
similar to the one observed in the intact animal (Figure 27 .
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Figure 27. .\ best f i t t i n g  l ine  th rough  th e means (± S. 1). ) of sp ina l cord
blood flow as the flow var i e d  wit h changes in mean art ( ‘r ial
1> 100( 1 pres sure.  The left ordina te is in u n i t s  of lulooc i flow
(ml ‘ rn in ‘100 g . The r ig ht or d i n a l  e is i i i  u n i t s  of vascu la r
res is tanc e (_ ,~~~ ,_m ). Spinal  cord s ( ’v ( ’r ( ’ ( I  at ( ‘ l — ( ’2 .

Studies i i i v t > I v  ing cerebral aut >ir cgu l at i on  hav e  si i g y e st c  I that  the sympa—
thetic nervous s\ ’sterl ) nua v p lay an iml) i)r tallt i’olc , and :,natom n studies have
demonstrated :iIi en et’ ojr ‘a’i’~ ~ ‘ & ‘ n !i l l  i i i  t h e  w a l l s  of blood vesseI~. i t t  the
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base of the brain. Physiologic studies have also tended to implicat e the sym-
pathetic nervous system in control of the cerebral circulation. A dual mech-
anism has been suggested , involving the sympathetic nervous system in con-
trol of the extraparenchymal vessels and local tissue pit changes in control
of the small intraparenchymal vessels. The role of the sympathetic nervous
system in control of spinal cord circulation , however , remains moot. The
data from this experiment tend to negate a major role of the sympathetic
nervous system in the mechanism of autoregu lation in the spinal cord because ,
in this preparation , autoregulation has remained intact after the spinal curd
has been removed from the cerebral control of the sympathetic nervous sys-
tem. These findings were essentially unchanged from observations of similar
phenomena in intact animals and therefore provide evidence against the im-
portance of either the sympathetic nerv ous syste m or its cerebral control in
these situations. This observation is of im portance in the clinical treatment
of spinal injury and also increases our basic understanding of how the nervous

t system regulates blood flow .

R E F E R E N C E

1. Kobrine , A. 1., Doyle, T. F. and Newby , N. Further studies in spinal
F cord autoregulation. Bethesda , Maryland , Armed Forces Radiobiologv

Research Ins t i tu te  Scient i f ic  Report SR7G-9 , 197G .

VENTRICULOCISTERNAL PERFUSION STUDIES IN THE MONKEY.
PCO2 AND THE RATE OF FORMATION OF CEREBROSPINAL FLUID

Prin> id I  Invesiiq~cnrs A. N. Martins, T. F. Doyle and N. Newby

The rate of formation of cerebrospinal fluid in the subprimate mammal
decreases during hvpocapnia. However , the effect of hypercapnia on cerebro-
spinal fluid formation rate (V 1- remains controversial . By direct observation
of the exposed choroid plexus of t e  cat , It was found that hypercapnia in-
creased \‘f above normal. On the contrary , studies using the ventriculocis-
ternal perfu sion technique to measure V 1 in the cat , dog, and rabbit have
failed to associate hypercapnia with an increase in \ f.
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In view of these conflicting data and the lack of information coneernin ~
the effect of PCO2 on \‘f in the primate , we have reexamined the question in
the rhesus monkey. Our results suggest that marked alterations in PCO2 ,
sufficient to produce large documented changes in cerebral blood flow , have
little effect on V f in the monkey.’

Changes in cerebrospinal fluid formation rate with hypocapnia and hyper-
capnia were measured by the ventriculocisternal per fusion techniqu e in 2 I
rhesus monkeys anesthetized with nitrous oxide. In addition , cerebral blood
flow was measured by the hydrogen clearance method . \‘~ in control animals
declined at 2 .3 ~ l/min each hour during the last -1 — 1 /2 hours of a 7—hour per-
fusion although parameters k nown to affect  V f remained stable . Three hour s
after perfusion bega n , V 1’ of normocapnic controls was h I .  1 ~ l/mi n  t ~~~. I a nd
cerebrospinal fluid was 59 ml/ 100 g per miii . When PCO 2 was reduced to
half of control , V f fell to 35.6 ~ 1/min ± 6 . 3 and cer cbr ospinal f luid fell  by
27 percent. When PCO2 was doubled , V1 fell to 33. 1 M i/ mm ~‘ 5. 3 and (‘crc-
brospina l fluid increased threefold . The difference in Vf is significant onl y
for the hypercapnic group (p = 0.6 11 . When animals were used as their  own
controls , there were no significant differences in \‘f with hypocapnia compared
to normocapnia. These results indicate that in the monkey , variations of
PCO2 within broad physiologic limits which are sufficient  to cause large
changes in cerebral blood flow (Figure 2S have little effect on Vf .  This ob-
servation is of clinical importanc e in all respiratory disease states charac-
terized by an elevated PCO 2, and also is of very practical significance to
surgeons and anesthesiologists who often wish to vary PCI)9 at sul’ ge ry.
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1. Martins , A. N. ,  Doyle , T. F. and Newby, N. \‘ent r icu loc i s terna l  per-
fusion studies in the monkey. H. I’C09 and the rate of formation of
cerebrospinal fluid. Bethesda , Maryland , Armed Forces Rad i ohi ologv
Research Institute Scientific Report S1176—17, 19 76.

VENTRICULOCISTERNAL PERFUSION STUDIES IN THE MONKEY.
SOU RCES OF E RRO R IN MEA SU R I N G CER EBR OSPINAL FL UI D
FORMATION

Principal Investi gators A. N. Martins, N. Newby and T. F. Doyle

Ventriculocisternal perfusion is regarded as a precise method of rneas-
uring the rate of formation of cerebrospinal f luid but it possesses inherent
potential sources of error not commonl y appreciated. Using the technique to
measure cerebrospinal fluid formation rate in the rhesus monkey, we have
observed rate change s when none were expected. 1 Most puzz l ing  has been the
steady decline of cerebrospina l f lu id  format ion ra t e  at 4 percent each hour
during the final 5 hours of a 7-hour perfusion although variables  known to af-
fect cerebrospinal fluid formation remained stable (Figure 29i. In addi t ion ,
artifactit ious al terat ions  in rate were observed in experiments in which era-
niospinal blood volume was changed by sudden changes of e i th er  P(’02 or cen-
tral venous pressure. Mobilization or sequestrat ion of inc onip letelv equili-
brated cerebrospinal f luid is believed responsible. In other exper iments , a

2 small increase of in t racranial  pressure produced 1w increas ing  outflow re-
sistance was quickly followed by an apparent reduction of cerebrosp inal f lu id
formation. Here we speculate that when in t r ac r an i a l  pressure is increased
above normal , some newly formed cerebrospinal f lu id  niav he d ive r ted  to
drainage channels before it can mix wi th  perfusion f l u i d .  \Vc have concluded
that to assess accurately the effect of a var iabl e  on the r a t e  of cerebrospinal
fluid formation , one must control perfusion t i m e  and c r an ios p in a l  blood vol- .-
ume as well as in t racrania l  pressure . Knowledge of th e  normal ra te  of forma-
tion of cerebrosp inal f luid is necessary before th i s  model can he used to studs ’
relation of cerebrospina l f luid dvnani ics to  cent ral  nervous system t r a u m a  and
disease.
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Figure 29. Linear regression analysis (least squares method) of mean
CSF formation rate (V f~ plotted against duration of perfu-
sion. Y = -1. 71x + 39. 2 , in which x = t ime in hours with
the end of 2. 5 hours of perfusion taken as zero. Slope sig-
nificantly different from zero (p< . 00 1).

in summary, cerebrospinal fluid formation rate in the monkey, as meas-
ured by prolonged ventricu locisternal perfusion , declines spontaneously with
t ime for reasons that remain obscure. By mobilizing unequilibrated pools of
cerebrospinal fluid , sudden changes of craniospinal blood volume can lead to
arti factitious change s in cerebrospinal fluid formation rate; and there is rea-
son to believe that part of the alteration in rate observed after in t racranial
pressure is increased or decreased may also he an art i fact  of the method.
These sources of error must he avoided or controlled if one is to assume cor-
rectl y that a variable under study is responsible for an observed al te ra t  ion in
cerebrospina l fluid formation rate.

Ilydrocephalus is often associated with head in u r i e s  which art ’ t r e a t ed
in mi l i t a ry  hospitals.  A more precise method of measur ing  cerehr ospinal
f luid format ion would he of value in t r ea t ing  or understanding th is commonly
occurring i n iu r y .

H El” FR ENC F

1. Mart ins , A. N. , Npwhv , N. a nd l~~vle , ‘1’ . 1’ . Vent r icu l oc i s t  ( ‘rn :I  I p’ r  —

fus ion  studies in the monkey . l i i .  Sources of error in m e a s u r i n g  ( ‘1 ? ’
b rosp inal f lu id  format ion. Bethesda , \ha rv la nd , .-\ rmcd V o r c~ ‘s R a d i o —
bio logy Re search I n s t i t u t e Sci ent if ic ’  Report SU 7 6— ~~ . I ¶~ 7t ~ .
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A SELECT IVELY P ER M E A B L E  M E M B R A N E  FO R TYMPA N IC
VENTILATION TUBES

I’r i r ~ I I I  I v ’ i i i . 0 ’ , J. B. C’aste//i , .1. P. Murrayand H. 0. deFries

We have evaluated the design and clinical application of a selectively per-
meable membrane for use in the lumen of tympanic ven t i l a t ion  tubes.  ‘l’he
membrane is composed of polytetrafluoroeth ylene which is impermeable to
fluid , acts as a bacterial f i l ter , and allows middle ear ventilation under clin-
ical conditions. An experimental cat model of middle ear effusion was obtained
by eustachian tube ligation. Tympanometry and otomicroscopic inspection in
14 animals for up to 6 months revealed satisfactory middle ear ventilation (Fig-
ure 30). No recurrent middle ear effusion developed nor was purulent  ot i t is
niedia noted after controlled instillation of contaminated water int o the  exter-
nal canal. An air and water tight tympanic membrane seal was demonstrated
around the outside diameter of the tympanic ventilation tube. The membrane
tympanic ventilation tube is proposed for clinical use , and clinical tr ial s are
under consideration. Besides their frequent use in pediatr ic  otologv , tyn panic
ventilation tubes are of use in relieving middle ear effusion caused by baro-
trauma. The selectively permeable membrane tube has the advantage that it
can he used encler water and prevents entry of water and bacteria into the mid-
dle ear. This may be of use to military personnel subject to middle  ear effu-
sion after diving or rap id change s in altitude while  f lying.
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F i gure  30. Resul ts  of tymp anometry on cars whose eus t a ch i an  t ubes have
been l igated.  In the  control ears (dotted Ii  nt ’l w i th  eust achi a  Ii

tube l igated hut no vent i la t ion  tube ins t a l l ed , t here is very
l i t t l e  change in Ivmpan ic  membrane  compli anc e wi th  changin g
stat ic  pressure.  This is the usual  P a t t e rn  w i t h  middl e  ear
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A M ETHOD OF PREPA R I NG THE IN SI TU FRO G SPINAL COR D FOR
I N T R A C E L L U L A R  RECO R DING

P r y  l i d 1  I v ’ s t ! ’ I~I t !  14/. L. H. Cruce

Since the pioneering work of Brookhart and his co-workers , the anu ran
(frog and toad ) sp inal corel has been used more and more frequent lv for nhvs-
iological and pharmacological invest igat ions of ver tebrate  synaptic trans-
miss ion .  The anuran sp ina l cord can he removed from the animals  and ke pt
al ive for many hours in a bathing medium of oxygenated Ringer ’ s solut i on . 1
This in v i t ro  preparation has been especiall y useful because it is simple
and because the spinal cord can be quickly inf i l t ra ted wi th  known concentra-
tions of chemical agents which affect synaptic t ransmiss ion .

The in situ anuran spinal cord preparation has not been w i d e l y  used for
in t racel lu lar  recording. h owever , th i s  techni que allows the explorat ion of
problems which are more d i f f i cu l t  or impossible wi th  the excised,  or in v i t r o ,
spinal cord (e .g.  , iden t i f i ca t ion  of suprasp ina l inputs ) .  Further , it enables
the cord to be kept in better  physiolog ical condition . In t race l lu la r  recordings
have been made from the in s i tu  spinal cord of small  toads and small  frogs ,
hut few technical  de ta i l s  were given about these pr eparat ions.  More recent ly ,
C’ruce has used in s i tu  preparat ion of the spinal cord of a bu l l f ro g  in an intra-
ce l lu la r  s tudy of lumba r motoneurons.  l) et ai ls of that exper imenta l  prepara-
t ion  art ’  shown in Figur e 31.2

I’ i gure  ~ i)  ( ( ‘ ( l i i i  i flIJ( (l I .

effusion . In the ear wit  Ft l i gat ion an ( I  t ubes i n s t a l l  (‘(1 ~‘hi eli
have th e  select ive l v  p erm eabl e mt ’n ) l) ra n e over t h e i r  l umen
( Ml. ]’ , sol id  I i n e t  n o r m a l  t v n I j ) a n o gr an ~ is obt a i n e d .  ‘l’ h i s
i f l d I ( ’ 2 I t  eel t h a t  t i- it t \ n l t r I n i c  nH ’mh r : ine  compl i i l f i ( ’ e  changes
~v it Ft pr ’s sur e and t hi ’  peak at I )  p r e s s u r e  i n d i c a t e s  normal
a nd ien t  t~~’t . s snr (  w i t  h in  th e  iii uldlt  e:i r. \~‘hen th e  membr~i nt ’
on I hi v t - n t  I hit I n t uh f ’  Was occluded w i t h  pi ’t  rolat tim ~dashed
I tn -~ the ‘ v ! t i c I n o L ~r : Ir u  t ’e~ t - r t c d  t o  :t ~1iap i n d u - i i t  in g  seal ed
Iii ( 1( 111 I ~i
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F’igure 31. Overview of in situ frog spina l cord preparation. The animal
was rigidly attached to a rectangular frame by clamps on th e
head (A ) ,  on the t ransverse  processes of thoracic vertebrae
(E , .l l , and on the left iliac hone of the pelvis (G) . (‘old , oxy-
genated Ringer ’ s solut ion was applied to the cord (I ) ) anti
sucked off (11) through small p i pettes. Bipolar electrical
s t imulat ion was applied to the lower brain stem or upper
spinal cord (13) and to peripheral nerves in an oil pool (F
Intracellular recording was done via a microp ipette (C) whi le
recordings were led from the dorsal surface of the ’ cord via
a plat inum ball electrode (Ii.

The spinal  cord i n  t h i s  preparation appeared to be heal thier  t han  in t he
excised , in v i t ro  prepar ation. Furthermore , the preparation is e spec ia l ly
useful for keep ing p er ipheral  nerves , as well as the brain , in connection w i t h
the spinal cord. ‘I ’he development of th i s  techni que will greatly assist  th e
study of t h i s  nervous sy st e m , which is of impor tance  because it i s  of a corn- -
plexity intermediate between that of h igher  vertebrates and inver t ehr at es .
This model w i l l  be u :-, ’d for s tudies  in toxicology and on mechanisms of
movement.
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TEi~MINATION OF SUPRASPINAL DESCENDING PATHWAYS
IN THE SPINAL CORD OF THE TEGU LIZARD (TUPINAMBIS
NIGRO PUNCTATUS)

1 1 1 1 1  I r~V ’ ’ . t , ~i I t ,l W L. H. Cruce

In orde r to wide i - s tand  how I Ftc ’ cei~l ca l m rvotis  svst em ‘ont m l s  move —

m eat , t ht ’se st ud ies  inv e s t iga t e d  m o t o r  sv s t  e m s  in ~i si niple \ ( ‘ 1 t cht- ~tt e.

l)esce nding f ib er  protect ions to the  Ii  zard sp ina l  cor( I W e r e  st  t i d i ed u s i n g
ant ( ‘rograde axona I ( legefl( ’ r at on. l -oI low ag ht ’iii i sect ( in  of the  e’oi ’d at t I - i t ’
f i r s t  sp in a l  segment , degen era t ion  was foun d in the  w h i t e  ar i d gre\ m a t t e r  as
f:i r dow n as the  31st (eau dal segment F igure  3 2 .  I ) egcncr at ing f i be r s  in the

~-h it ( mat Ic r  we ri conf i ned to I he psi l a t e  rn I side a ad were  fon ad in  the  m e d ia l
lon gi tudina l  case iced u s ’and the othc r ha I Oi the I ate rn 1 and entr a  I fun icul i .  —

general iou was more m t  ( ‘flS ( ’ in the  (lors o lat  c rn I and vent t - ome di  a I fun ice i l  i t h an
in the  vent ro la t  era l fu ni  culus .  In t he  gray m a t t e r , Re xecl ’ S e m i t  ci’ i a wer e  ap—

p 1 i t -d to N i ssl — sta im’d mat e r  in] to  deli  ni it i)oun da ci t - s  of t en  lam m a c  VII  and

V I I! . and in med ia  I IX.  Spa rs t ’  degenera t ion  was p i-e sent in t he  l a t era l parts of
\ ‘l , afl( 1 \‘ I I .  I )eg -n i- ra l  ing f ib ers  Wi t ’( ’  S t ’ i  f l  (-ou r s’Ing ifl I h( ’ dorsal and ~en—

i’’tI contnul~~~nrt’~ t o  t - a m i f v  c-ont r a l a t e i - a l l v  in t h e  nu ’eh~t l pat - I  of V I I , i n V I l l .
a ad in m e d i t i l  I X .  No deg( ’ ner : i t  WI) W a s  presi’nt i i i  t l i t  l : i t  ( ‘ n i l  J s I  ci of the  sJ) if laI

~~i ’~i\  ( lii t l i t  t out i~~i l i i i  er a l  ~ i ch ’  . In ( ;o l g i  - st a  i i i ( ’ d  n i a t ( ’ n I a I  , k ’ r u I n i ~ i - s of laI t ’, - a I
IX t e l l s  W en t ’  si c - n  t o  ex t en d  i n t o  l : i m i n ~i \ l l I .  t h e  rl o i ’ s i l a l i ’ i ’al  pa rt ( I f \ l l , and
th e  l a t e r a l  ftin iculu s- ‘I’hti s , f i i 1 ( ’ r S  of t in ’ ~( - nt n o m ( ’ ( J l n l  s t i i i r a sp i n : t l  pat ’fl\\’a\’ 
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Figure 32. A plot of axonal degeneration of representat ive levels of the
l iza rd  spinal cord following a complete ’ hemisect ion at the
f i r s t  cord segment . Small drawings to th e  left show trans-
ver sc’ly cut axonal degeneration in the  whi te  ma t t e r .  The
large drawings to  the  right depict degene’rat ion in the  gray
m a t t e r .  Axonal t e r m i n a l s  are not d i s t i ngu i shed  from pre-
t e r m i n a l  debri s  and axons of passage .

may make axodendr i t  Ic contact w i t h  moton euron s  of l a t e ra l  IX as w e l l  as me—
dial IX , ip s i I a t er a l I ~- . In addition , there is a possi b ilit y of a (‘rosse(l connec-
tion of cont r alat  eral mot onen rons . Thus , the  ha sic pa t I e  rn of Icr  min at  Ofl (If
a l l  f iber  sy s tems descending  to the sp inal  cord was l ike  tha t  seen in m a m m a l s

l i t; 

~~~~~~~~~~~~- -  - -
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when all the noncortical descending pathways are studied. ‘These resul ts  are
consistent with the view that a corticosp inal pathway does not exist in reptiles.
Further studies are under way regarding the origi n of the d i f fe rent  descending
pathways and the organization of their target cells in the spinal cord.

These studies of simplified models of motor systems will aid our under-
standing of human motor control and point out directions for possible cures of
pathological conditions in motor function such as those caused by disease and
injury.

A A

ANALYSIS OF THE V ISUAL SYSTEM ~N A LIZARD , TUPINAMBIS
NIGROPUNCTATUS

Pr n . ip~iI I r v ’ S t l q d t e r s J. A. F. Cruce, Johns Hopkins University Schoo/ of Medicine;
and W. L. H. Cruce, AFRR~

The visual system plays an important role in the behavior of all ~‘erte-
brates. Through the retina of the eye visual information reaches many parts
of the nervous system where the information can he analyzed , integrated and
act?rI upon. Visual information is received by the re t inal  ganglion cells and
transmitted via axons traveling fi rs t  as the optic nerve and then  as th e optic
tract to the brain. In the present paper , projections from re t i na l  ganglion
cells to the bra in were described in one species of l i za rd ,  the ‘l’egu l iza r d ,
Tupinambis nigropunctatu s .

The pattern of connections from the ret inal ganglion cel l s  to  the  l ) r a ln ,
seen in the Tegu l izard , is in agreement with the basic v er t eb r a t e  plan as
outl ined by Ehbesson.3 

~-;tN general regions of the brain r ece ive  r e t ina l  fib ers ;
these areas are as follows: dorsal thalamus , ventral  t h a l a n i u s , pre ’tee ’t  u n-i ,
tectum , hypothalamus and basal optic nucleus.  This general organ i ? i ~~ion has
been seen in all  rept i le  species s tudied , although cer ta in  v a r i a t i o n s  ir e present .

The ‘-x ist ( ’n c ( -  and location of uncrossed re t i n a l  p r on -c~ :o ii ~~, as  ~~- i- r in  t h i s
ST i~d~ 

( !- i~ ur t ’  .33) , do riot seem to he univ ersa l ly  observed in l I t  v ;i n i l  ci ~ r ep—
t i l t ’ s  s tudied.  l ’ sing modern exper imenta l  t i - c hn i qu es , i p s i l a t i ’r a l  1-i ro b ’ct iun s
h ave  been wefl documented in l izards and snakes , whereas  t ui! h-s and croco-

di lc~ s c-rn to have comp le t e ly  crossed re t ina l  f ib ers .  In  a l l  of t h e  l i 7 a r d s  ni l

i~n : i k ’ s  wh i ch  have been s t u d i e d  to date, the t h a l a r n u s  seems to in -  t h e  rec ip ien t
of iti - :iI: it c m l  as well i i s eontra lat e ’r al  r e t ina l  pro m e i ’t in s - In add :t i on , th e
p~’i ’c - n t  st udv found h ; l a t emni  r i - I  inot ecta l  pro i.’’cI ions which lia ye only been S(-( ’ f l

in I hrer ’ o’ hi ‘i. r ep t i les .
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F~gure 33. Line drawings of coronal sections thr ough the b ra in  of
Tupinambis ~~gropunctatus. Section 1 is the most
rostral level and section i i i  is the mo st  caudal .  The
diagonal lines indicate areas of labeled fibers and the
stippling indicates areas of t e rmina l  labeling. ‘l’hc in-
jection of tritiated prol ine was into t ’ie left eye , i. e .,
contralateral to the side of maximum optic t ract  label-
ing. The nomenclature -follows that  of Cruce.

1 1~S
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Studies of nonm ammal ian  visual  s stems such as have been performed
here are a imed at an unders tanding of how the central nervous system pro-
cesses visual information.  li -i par t icular , we hoped to learn what is the func-
t ion of bilatera l representat ion of the visual world in the brain. Does this
funct ion in reptiles in such a way as to give depth perception or can the infor-
mat ion he used in some other way ’! This may tell us what other function bi-
la t era l i tv  has in the human visual system and aid in curing pathologies of th is
syste m.

R E F E R E N C E S

1. Cmuce , .3. A.  F. A cytoarchitectonic study of the diencephalon of the
‘J ’cgu l izard , ~~p~nambis nigropunctatus. .J. Camp. Neurol . 153:215-
23~ , 1974.

2. Cru ce, W. L. H. and Cruce , J . A. F. Projections from the retina to the
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namhis nigropunctatus): a comparison of anterograde transport  and an-
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3. I I) I ) c ’sSofl , S. ( 1 .  1 .  On the organizat ion of cent ral visual pathways in
ver tebra tes .  Bra in  lleh av. Evol . 3:l7~ —19 4 , 1970.

A *AA A* A A A

E F F E C T  OF CHRO NIC ADMINISTRATION OF MOR P H I N E  ON THE
ACTIVITY OF B R A I N  MONOAMINE OXIDASE IN TH E RA T

II ’ i v -  ‘ I I , ’ i ’  G N ~atrava~, J. T-ikenaqa and C. G. McHaIe

\~i i  h it  v i ’  ol i~~ - r v ’ i  t h at d u r in g  t h e -  develoornent of I oh -m ace  to n i o r t i l l i  n i ’
i n ‘i ’ l -  i -  of i—n t s  s l i t  iW d an act ivu t  ion i - c a c t i  on which w a s  m an i f e s t e d  Iw

i i  i ’ :ie ! I V . ‘~i~a~i n iod i i ’  j u m p i n g  t a d  com p u l s iv e  gnawin g  w ithin t he  f t

n~ t i i t i  s i t !  i i .  ader - n i s ~ ra t  ion of t he  Ia ‘~t dose’ of morp h i n e , while ot hi I .

i - - i t s  t ’ !  I ‘ ‘~t i i l  h i s  h v p ’ r a t - t  ~~i t ~~’ n t - a - l i o n  - 1’hi st t i dy ~‘as ~ei tip t o

t h ’B ’n i n ~ i i i ’  i f  a n t i  t o  w h i t  I ‘, ‘ nI i t - t i n  n i ’) n ( i a n i i n ( -  cx u l : i s e  a( - t i \  i t y  i s  m u t t -
e n d  ~~ i - t i t - o n i e  t i c l r i - n i 5 t 1 2  ion ,f n i a r p hi ne to  t t i t - ~~r w i t  ty p e ’ s  of i~a t s .~

\ lono~i n -  n i -  ( , \ i  i : i - 1  ca i ’~ it  v ’~’ ’  ii~t ’ tms iu ~’i ’c I i n  I I ’ -  hypot h a l a m u s .  h ippoe nni pt i s .
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thalamus , cerebellum and cerebral cortex. ‘l’hc experimental animals  were
given morphine by injecting the drug, 40 mg/kg bod y weight of morphine sul-
fate per injection intraperitoneally , twice daily for ~ days. Control animals
were injected with sterile physiologic saline in volumes corresponding to
those of the morphine solution. After the 6th or 7th day of morphine admin-
istration , a number of rats (approximatel y 40 percent of the experimental
animalsl exhibited the activation response (jumping ra ts )  for the f i rs t  20-
30 minutes after each injection of the drug. ‘l’he r e m a i n i n g  rats did not show
this hyperactivity reaction (nonjumping rat SI . At the end of the ~th day, one
group of the jump ing and one group of the non~umping rats were euthanat ized
just before receiving the last morphine injection and were used as base-line
controls. The other groups were given t i t e last morphine dose and were
euthanatized at 5, 15, 30 , 60 minutes , 6 or 24 hours after the last injec-
tion. Experimental animals as well as controls were euthanatized by de-
capitation and their heads were instant ly frozen in li quid nitrogen in a Dewar
flask. The heads were later removed from the li quid nitrogen and stored at
-90°C until time of assay. The frozen heads were part ial l y thawed in a cold
room and the brain regions to he analyzed were rap idly dissected out.

The effects of chronic adminis t ra t ion  of morp hine on monoamine oxidase
activity in the brain of rats showing the hyperact iv i t y  react ion ( jumping  rats )
are presented in Table 17. Within  minutes  aft e~ the last  admin i sU -at ion  of

Table 17. Changes in Monoamin e Oxidase Activity in Jump ing Rats
Chronically Treated With Morphin e

I Rr ,rn  A r i -~~

______________ 
i , - r , 5 . 1 t ,~rn ~ r - ~~r~~I r~~ - -

Act i~~~ y ’— - A c t J - ~i I - — ~- ~~~~~~~~~~~~ — CL  ‘.~~ in ~~. — % of Ac~~i s i t  — ( cr . .

1’ . 0.49+(l.~~2 —- 0.56~0.03 — 0. 5 ’ -~ —- 4 2 - c .  1~ —- 0, 4~~~~G~ --

O . i ’O . O l  83. 6 0. 4 Y- O .0 3 0~ . 5 ~.~~~i-(~~1” ~3. 1 0.36-fO. 0i ~S 7  Q .42- ’~~~( 95.~

Li u. :, ,D ,~ ,i 79 .~ v. .e- 3 r2 i-~ ~ 0 ;‘ .03 (‘ .0 3 3 2 - :~~~ “- .~~ 0. . —- ~~C~ 7 . 2

C. Y”- - .C2 ~1.2  O . 2 ) + .I- .0~ ( 1 . 7 C ~ , , c  ‘, .C  3- ~~~’ 
(~, ~~~~ 0.~~ -~ 3-~~2 0 i .~

u. _ + ) 0 3 , ‘L - l  0 .35~~ .vi (~2 .’~ 0. 1S~-0 . 0 2  6~ .. L ‘ . -1-- C .  - . 3  ~),~~~~ ‘(  -.

I 0,~~C~ C.C1 7 ;.5 0 4  r I d  h .? r~~~1~~~~i - ~ _ s ~~~~i, . _ - - , ,~~ 
. _ 3 1  oh )

0 , 4 ! - v Ct ~~~~~~~~~~~~~~~~ - , - ~~ ~~~~~~~~~~~~~ “ ‘ t  ~~~~~~~~ Ci 3 O .~~ C -

7 
. 0- ’ ’C 1- -7 -3 8” .’ ~~~~~~~~ ~~S ,7  ~~~~~~~~ ~~ . - : .  0. -C ‘I 2 6

r . - .~~~ . ‘.. I ‘. 11. f t  ,-~~~~ . r~ x J  - :  ,~ 7 , r 90 -0 ;- ‘: — - o ’ Or- -

- :10 lIs -}ri S E E .
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t he- drug,  monoanhin - ox i d : t s e  act v i t v  c l i - cn i - a s e d  in all  b r a i n  ar e a s  i n v e s t i —
ga t ed , reaching lowest levels at approx imate ly  I ~— 3 ()  m inu te s  post in ie c t  ion.
In rats euthanatized at 60 minutes , the morphine-induced decreases in mono-
amine oxidase activity were less pronounced and t h e  i c t i v i t y  was found to re — - 

-

t u r n  to nearly normal levels in animals euthana t iz e i :  at or 23 hours a f t e r  the
last morphine injection. No significant change s were observed in th e ac t iv i ty
of this  enzyme in rat s that did not exhibit the hyperact ivi ty  syndrome after
morphine administration.

These observations tend to support the  existence of a r e l a t i o n s h i p  be-
tween the appearance of the hyperac t iv i ty  syndrome and the dec rease’ ~n the

act iv i ty  of brain monoamine oxiciase. These experiments add to our knowl-
edge of opiate dependence and contribute toward the development of human
t reatment .

The study of morphine- induce d changes in bra in monoamine oxidas(- de-
scrihecl above provides informat ion on basic mechanisms  of fun ct ion  of th e
mammal ian  central nervous system. This in format ion  is of great value to
studies of effects of other tox ic agents inc lud in g  ionizing and nonioniz ung
rad ia t ion .

R 1-: 1- ~-: E NC I-:

1. Catravas , G.  N. , Takenaga , J. and Mcl l a l e , C. U . Effect of cl-ironic
admin i s t r a t ion  of morp hine ’  on the ac t iv i ty  of brain  monoamine oxidase
in the ’ rat . Bethesda , M ar y l an d , A rmed l- orce,s Radioh iologv Research
I n s t i t u t e  Scient i f ic  Report SR 7 6— 2 6 , l9 7(i .

MORPHINE-INDUCED CHANGES iN INTRAC ELLULAR CATECHOLAM INES
IN RA T CEN T R A L  NERVOUS SYSTE M

‘ i t ,, I - ‘ ‘ - - J. H. Dardc ’n and G. N c’atravas

‘i he’ & ‘ t k - e t ~ ol c-c i te ’  ant i  i - h ~ oa~~’ tiose ’ . - t - ~ ion l i l i i ne ’  on in t rae ’c ’ l l u l :mr  lc\ c - Is

ant i  l i s t r i l iu t i on  i t  en t c m ’h t t l a m  ines  were s t u d iu i  I in  the i-at. Spr agu e— I )awlcv

~ ‘,C e -j oJ i j n -4 2 i t i I — ~~ , ( I  \\ c i i ’  U i-u i 1 .  ‘l’hcv wert .’ tqtm ~i l B’ di vj(lceI into control
and e~ pe i - in i e ’n t a  I u i  i t ip s . Ccii t u - t  i i  a n im a  Is were i nj e  - ted ~v ith i . ,~ ml s:i l ine .
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and u ’ou -p hxne treated anin ia  I. received either a s i ui ~. Ic dose 1 ( )  j u g  ‘kg i n t r z m —
pen toneal lb ’) or tw-iee da iI~’ doses of 3m j u g - /kg morphi tic sulfate ioi- clay s .
The animals wet - c euthanatized by decapitation ~ mm to 1 hou r after the last
drug admin i s t r a t ion .

l3rain homogenates we-re’ f ract ionated into crud e- svnapto somal pellets and
supernatants . The s~’naptosomes we i- c osniotica l i v  slwx-kc -d , and dopani m e -
a nd noi -e-pin cphn ine Ie~ cis were measured as bound ( synapti c vesi - l - , -s , free
(e.\ t 1-ayes k u  Ia i- i ,  a ad e\tt -asv naptosoma I li-actions in the superatit ant. The
rate of s~ iithvsj s t i t  eatm ,- -hol :uuuj ne was dc-term hued 1w estimati :e: the -on~ en—
sion of inje c ted ~ C—t vi -os inc  In t o ~ C—d opa ;-nin c and ~ (‘— noi-epi nephnine . In
rats acute1~- treated with  morphine there \~-as an j nci .ease 10 1)0th the extr a—
s~’naptosomal zt mid i re-c fra ction of noreptnephrtne in cue-h ol the postrnorphi ne
testing peni xls i l~~, 3( 1 and 6(1 mm postinjection) tTa bl c I ~ ) , as i~’o’ 1 I as in—
c reased accumula t ion  of e-xtu ’asynaptosomal I I  C— norep inep hn in e at ( ( )  ni in.
An increase- in endogenous levels of dopan-mine was seen in the c.xtrasvnapt ,o—
somal 1 1C—dop amine at :10 and 61)  f u n , respectively . The bound friu-tions
demonstrated no apprec-iable differcn -es at any of the testing intervals.

Table H. Effect s of Acut e Doses of Morphine on Levels of Nor epinephr ine
(ng/g) at 15, 30 and 60 Minutes  After Injection. Re sul t s  am-c the
mean S. E. M.

i’n-rcei-it t’hange “ i’ i ii ’ -nt ~hang~ Pprc’*’nt i-hang~’i5 miii 30 m m 60 m m

d’ ont roi 1~ 7 • 2 i 1  153 ± 2 5 i ;ti 1.2m- ; u ( t ra 8y o apio soma i -

Morp hine tre at e d 
20~ 2 0  ‘ 10 i 9 2 5  - 2 2 ’  2 2 4  - 2 , 41Exim’asv n api o ~o maI -

C o ntro l ~ ree Ii . —C 34 • I i )  - m ,

Morphunt’ tr eat e d 
- . Si i . 4 -ti S 42 - (4 .4 5  -i- rep - -

C ontro l P’oi.unmi 3-; 44 ,75 29 0,73 27 0.
Mor phine i r e n t e d  

34 - 0. 69 - ~~. 17 27 - a,- - P,ounet - - -

Hats chronic ally tre ated with morphine also demonstrated :mn iflc l’c’:ise in
the cndogenou s extrasvnaptosoma I levels  ( t (  1)0th dop:i ni inc and norepmne ’phrint-
1 S t o r n  ared to e-ontrol s , while on) v norc-pi neph i-i ne was Inc u-eased in the li - cc
frac tion (Table i t) ;. Tu e-se ’ data are e-onsiste nt with a morphine—i nduced in—
crease in the bios,~’nthcrsis of dopan-tinc and norep inephnine , re Sulting in in-
c reased levels of norep ine-phrine in the nonf un c -t ion a l  st i)rage pools ratheu-
than in the more readily available ’ pools. ‘l’his is supported by the lack  (41
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change in the levels of the bound frac tion , suggesting preferential release of
newly synthesized norepinephrine followed by replenishment due to increased
synthesis. These conditions could result in constant equilibration of the bound
fraction . An understanding of the neurochemical changes in opiate-dependent
animals may provide a rational therapy for human add icts as well as an under-
standing of important mechanisms.

Table 19. Effe ct s of Chronic Doses of Morphine on Levels of Norcpinephrine
and Dopamine 1 Hour After the Last Inj ection . Results are cx’-
pressed as the mean ± s. E. M. in ng/g.

Norepinep hrine Percent change 
Dopamine Percent change

control 13l~ .- 2.5 — 129 = 1.3 -

Extr a synap to soma l  —

Morphine t rea ted  
~~~~~ ~2O~ 151 2 .1  •l5~Extrasvnaptoiio m :tl  -

Control Frec 34 2 ,3  - 34 ~ 1.3 —

Mo rphin e ’ t r t ~u t e d  -
~ ~ - 34 0.9 1 —

Free -

( ‘ontro l  Bound 21 Q. t~3 — 1.7 —

M orph in e  t rea ted  22 - 0.57 - = 1 ,4  -

Bound -

N number  of experime- rits (four rats eachi
p<i) . 1 i5 [‘-‘ 0 .2 5

H E F E R E N C E

I .  I)arclc ’ n , ‘I . I I .  and Cat ravas , U . N. Morp hine-induced changes in intr a -
ce l lu l ar  ca lee -ho l anu in es  in rat central  nervous sy stem. Bethesda ,
Ma r y lau id . \ i-med I” orces Radiohi o logy Re-search inst il u te  Sc i en t i f i c
Repor t  ~ R7 Tu —4 0 , 1 ~m 7~~
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PROSTAGLANDIN E1-MORPHINE EFFECTS ON ADENYL CYCLA SE
ACTIVITY IN A RAT BRAIN SLICE SYSTEM

Prin cipal nvust~gat ots J. 6. Katz and G. N. ~~travas

Prostaglandin E 1 stimulated adenyl cyclase ac t iv i ty  was studic-d in  a rat
brain slice i ncubation system to determine if s t imulation could he prevented
or reversed by morphine. 1 Brain slices were prepared from naive , acutely
morphine intoxicated , and morphine tolerant (dependent~ and wi thdrawing rats
using a Mcllwain tissue slicer set at a 0. 30-mm interval.  A ll  rats were
Sprague-Dawley males (200-250 g) . Acute dosages were adminis tered at
40 mg/kg, while tolerant and withdrawing animals were prepared with twice
daily injections of 40 mg/k g of morphine sulfate unti l tolerant to the analgesic
properties of the drug. Withdrawal was preci pitated with naloxone challenge
(0.40 mg/kg) , and rats euthanatized and brains removed and sliced 30 minutes
after naloxone administration at which t ime animals exhibited classic sign s
of morphine withdrawal.

Morphine addition to brain slices stimulated with prostaglandin E 1 did not
prevent or reyerse stimulation of 3’ , 5’ -cyclic adenosine monophosphate accu-
mulation in either naive , acutel y morphine intoxicated or tol erant and with-
drawing rats. Table 20 reveals that morphine over a wide range fa i l s  to sig-
nificantly alter the approximatel y twofold stimulation of cyclic adenosine mono-
phosphate accumulation produced by prostaglandin E 1 application to brain
slices from rat s in all three groups. The data do not support the hypothesis
that the prostaglandin E 1 stimulated adenyl cyclase system provides a neuro-
chemical model system which may be used to detect and perhaps quantify in-

— suits to the central nervous system induced by a variety of toxic influences
including ionizing and nonioniz ing (microwave) radiation.
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Table 20. Lack of Morphine Reversibility of Prostaglandin E 1 (PGE 1)
Stimulation of Net 3’, 5’ —Cyclic Adenos inc Monophosphate (cAMP)
Formation in Brain Slices from Naive , Acutely Morphine-Treated
and Tolerant and Withdrawing Rats .  Net cAMP formation ex-
pressed as counts/m m of [3FI~ cAMP extracted from incubated
brain slices per mg of brain slice protein. \‘alues are means =
S. E. Number oI rats  in each ‘~rouI) shown in parentheses .

PGE Morphine Net cAM PTreatment group 1 
- - -concentrat ion concent rat mon formation

Naive (4) 0 0 3480 ± 425

2 . 9 x 1 0 ’6 M 0 6640 + 350

2 .9  x i0 6 M 2 .6  x 10~~ hi 6625 ± 345 ’

Acutel y morphine-treated (6 1 0 0 3470 ± 214 0

0 2 .6  x ~o-
~ M 3595 ± 335

2 . 9 x ~~-6 M 0 72 30 4- 4 15

2. 9 x 1t16 M 2. 6 ii ~o-
~ M 704 0 ~

- 425’

2 , 9  x 10~~ M ‘ . 7  x 10~~ M 721 5 110’

2 , 9  x l0~~ M 2. ~ x io —6 hI 73 30 ± 220

Morphi ne-tolerant and in 0 0 3850 ~ 470
na loxone -prec ipitated 4. ~ 143-6 M 0 66 30 580withdrawal (43 -

4. -~ x 10~~ M 1. 1 x 10~~ M 5890 ± 925’

4. -~ x 10 ’
~~ hi ‘1, 0 x iO -4 M 642 5 350

4. 14 x ~~~~ M 2. x ~~~~ hI 5950 t 705’

* Values not significantly different (P> 0. 05 from corresponding sample in
each group with P O E 1, and without morphine

R i - I- l- :R I - ;N ( I

1. Kat z , -J . B. an d (‘at t -avas , U . N . I tm t - os t a gl a n d i n  1: 1 —rnoi ’p h i  to- e f f ect  s on
adenv i  cvclase ac - f i ’ 1k’ in  a rat  h i -a m sl ice  ~v s? ’ -m .  i l ( ’?he s ( Ia , Ma r - v l a n d ,
\ rrn cd  l” orc-es Ha diobiolog’v R e s e a r ch  In st  i t u t  - -‘r io - nt i f i t ’  Repor t
SR 7 t — 2 1) , 1~) 7 t .



MORPHINE , KETAM INE , AND HA RM AL I N E  I NFLU ENCES ON RAT
CEREBELLUM 3’,5’ -CYC LIC GUANOSINE MONOPHOSPHATE LEVELS

Principal Invest igato rs J. B, Katz and G. N. C’atravas

Harmaline , a tremorogenic drug and a known e leva tor  of ce-reb el lar  3’ , 5 ’ -
cyclic guanosine moriophosphate levels , pro dluc -e(i a 50() pci -cent t i  se in cvt- l it-
guanosine monophosphate , from 5 to 25 P rno les mg pro te in , wli e- iu i n i e c t c ( I  at
30 mg /kg, intraperitoneall y. This rise was p a r t i a l l y  blocked b morphine -  i wt ’—
treatment , but eve n 45 mg / kg of m orphine fa i led  to b lock ha r n u a l in c— i n duce - d
tremor or to reduce cyclic guanosine nuonophosphale h ’vcls below twice ’  c-on-
trol values. This harmaline—morphin e relat ionshi p was ide -nt ica l  in hot lu
acutel y morphine injected and chronica l ly  morphine t r e a t e d  (t o l e t - anU r a t s .
Ketamine , a dissociative analgesic drug,  red uce d or bloc’ked h a r m a l i n e  t ’lv\  a -

tion of cerebellar cyclic guanosine mon opho sphatc- levels:  20 mg kg of
ketamine—reduced cyclic guanosi ne n ’ionophosphat - levels  to 3() jx ’ i- cent of
control values , even in har maline —treated r a t s .  I son iaz id , a kno wn epil ept o-
genie drug when adminis tered in excess of cl inic- al  levels (:~~I ) I )  mg ‘kg in t ra-
peritoneal lv) , elevated cerebellar cy clic g’uanosi ne’ nuonophos j )ha t e I ‘v ’l s to
700 percent of control levels. Phosphodiesteras ’ act i v i t i e s  in  soluble frac - t  ions
of cerehellar homogenates were equal in control and morphine . harmal ine , or
i soniaz id—tr ea ted  ra ts .  Part iculate c-crc-hell ar  4u anv l a t c ’  ~‘\ c ia  ~t ’ a c t i v i t i e s  were
equal in control and nu orphine t reated ra t s ;  howe ver , gu anv l a t ( ’  ( -y e - l a s t ’  act i v —
ity was increased approx imately 30 pe rcent in r a t s  r e c e i v i n g  h a i - m a l i r i e ’  or
isoniazid (Figure 34). An unders tand ing  of phy siologic - and ph am -n i ac o l og ic  c-on—
t rol of central nervous svst enu eye! ic nuc- Ic ot ide me ’tab ol is  m \v i l l  p ( - r rn l  t gi-eat er
insight into molecular effects  of exposure to i o n i z i n g  an t i  n o n i o n i z i n g  m - a d i a l  ion.
The important and sens i t ive  nature of c -v t - l ie  nuc leot  ide- me t ab o l i  sat in t e ’n t i - a l
nervous system funct ion fu rn i shes  a mode- I sy s t em for t h e  st udv of :t vari e ’lv of
neurotoxic agent s and mechanics  of t h e i r  act ion.  Pha rm ac ’o log i ( -  t u i a n i p u l a t  ion
of enzymes in t h i s  model sy st em may offe r t h ~ oI) 1)oi ’t t i n i l y  of n’ tod i fv in g some-
neurochemical effects  of i o n i z i n g  and tu on i on 1 z ing r a d i a t i o n  e ’xposure -

~~ t10 - I
~~~

U, I-’ig ure ’ :34.
P art !  enl at  e- cere ’bel la i~ guan v l  ate ’  ‘vc la se ac-I iv it v in
cerebe l la  r honu ogenat es f i ’Ofll mo rj )h in ( -  , harn -ta l  m e - ,

- and isoniaz id (1NII )  t i - -ate d r a t s

I : 1 1 1 1 1  Lii —

CONTR OL *C* P” ”~~~ , f N~’
(40 — , _

~ ( IC g n\ (100 ..g ~\~ 
t 0. -~~~/ \ ‘  U . .)  \ .

**** *****
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CEREBELLAR 3’ ,5’ -CYCLIC GUANOSINE MONOPHOSPHATE LEVELS
REDUCED BY NARCOTIC AND HYPNOTIC DRUGS: CORRELATION
WI TH DRUG-INDUCED ATAXIA

Pr incipal Investigators J. B. Katz and G, N. c’atravas

Maintenance of normal coordination and precis ion motor activity requires
an i:ttat -t Purkinje cell system in the cerebellum. Cerebellar cyclic guanosine
monophosphate has been shown to reside in , or be functionally associated with ,
the Purkinje cells. Acute administration of morphine ~45 mg/kg, intraperi—
toneally) or pentobarbital produces a prompt , dramatic reduction in the cyclic
guanosine monophosphate pooi of the cerebellum of the rat. The reduction is
botlu dose and time dependent. The induction of ataxia by these drugs corre-
lates positively with their ability to depress cerebellar cyclic guanosine mono-
phosphate levels and by inference to interfere with functional activity of cellu-
m r  cerebellar elements (Figure 35). Animals made tolerant to morphine

_ _ _

0 30 90 120 240 360
TIME AFTER DRUG ADM INISTRAT tON (minutes l

Figure 35. Time course studies: time-dependent effect s of acute doses
of morphine (45 mg 7kg) or pentobarhital (25 mg ”kg) on c-crc--
hcllar U \ l I ~ content . A ll  inl eet ions  in t rap er i t onea l lv .  For
morphine study , a = 7 , means S. i- ; . For p entobarhi ta l
st t io i v , n 5 , means ± ~~. E. 0: morp hine t i n - t v  course’;
•: pentobarhita l  t i m e  course.
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I

i i . c, , animals t’ ef rac’ to r v  to morphine ’s : tna l i ,c- si ( -  p r ope ’t t i i. S I  t i i i  ~ l i  ( -h rufli ( ’
administration of the dru g show neither cy c l i c  gij anosini- noctnop hosp h:i t e t ’ c- l i i  —

tion nor ataxia , even in the presenc e of a morph inc challenge ii- cha I Ii ’n- ~~’ \~ i t

the narcotic antagonist naloxonc- tF i g-ure ;u; . i ’he-se studies provide ins  ii ~I ,t
into) mechanisms and bioc-hemical events tin des -lving normal and at~Lxi c ’ n~ t i r
behavior , and are thus of value in studying effects of ionizing and noni oniz ing
radiation upon central nervou s system j unction .1 Lt isruption ti f  motor coordi-
nation and activity dir ing early tr ansient incapac itation following hi gh j t ’st - s

of ionizing radiation may proceed through scvei-al mec h : tni sm s , one of which
may involve perturbations in c-c-rebellar c y c lic nuc-leotide metabolism.

6

~ - 5 - 1 1 1 1 NAIVE CONTROL RATS
z
LU

iTOLERANT

~ 
CONTROL RATS

Us ,  _____

~~~~~~~TOLERANT AND MORPH)NE-
3 - 

~~~~~~ CHALLENGED RATS (45 mg kg)

cx F~~~ 1 T O L E R A N T  AND NALOXONE
~~~ 

-
~~ 2 — I~~~~2~ 

WITHDRAWIN G RATS (2 5 mg k~,_J E
LU 0. - : - - ;-:  - : : :

- -~~~- - -~~ - -
LU -. - - - - -

cx

l-’ig ure 30 . Effect of morphine tolerance , and morphine or na loxone
challe’nge in morphine—tolerant  rats on ccrc ’hcllar c ’UMP
levels. Animals were made tolerant  by twice  dai ly in-
j ect ions of morphine sulfate (Go mg ‘kg, in t r ap r r i ton ea l l v
for 10 day s.  .-\ t o l eran t  coat rol group was eu than at  ized by
focused microwave i r r a d i a t i o n  just  prior to f inal  scheduled -~
morphin e- dose. Tolerant , morphine-cha llertg -d r a t s  we-r e
in jec ted  with 15 mg ‘kg morphine- , in t rap er ito ne a l lv ,  at t h i s
t i m e , and tolerant , n a loxone-wi thdraw ing  rat s were in- -
j ected w i t h  2 .5  mg ”kg naloxon - , in t rap er i lonea l lv , at the ’
same t i m e .  Both groups we’re euthanatized 15 m i n u t e s
la te r , at which t ime-  na loxo ne -wi thdr awing  rat s exh ib i t e d
the typical  abst inence s\-ndro me ’ of d ia r rhea , shaking,  and
h v p e i - s en s i t i v i t v  to  hand l ing ,  a 7 , means  • ~~~. I- ;. for ‘aeh
group.
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1. Katz , J. B. and Catravas , G. N. Cerebellar cGMP levels reduced by
narcotic and hypnotic drugs : correlation with drug-induced ataxia.
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MONOAMINE OXIDASE ACTIVITY IN NERVOUS AND PERIPHERAL
TI SSUES OF APLY SIA

PrInOpd i I r - ,’esaqato rs J. L. Ribas, G. N. Catravas, J. Takenaga and 0. 0. Carpenter

Termination of action of biogenic amines in biological systems is media- - - 
-

ted either by reuptake mechanisms or by metabolic degradation. In the ner~’-
ous system of Aplysia, several laboratories hav e failed to detect monoamine
oxidase in spite of evidence that several biogenic amines function as neuro-
transmitters in this preparation. We have reinvestigated this problem using
a variety of substrates and report the presence of monoamine oxidase in
Aplvs ia .  :\plysia californica, weighing approximately 300 g, were dissected ;
and the kidney, liver , salivary gland , gill , heart , intestine and ganglia were
homogenized in cold isotonic KCl or 0. 25 l~I sucrose. Monoamine oxidase ac-
tivity was measured according to the method of Wurth an and Axelrod 2 using

1 1C -trvptamine as substrate. Highest monoamine oxidase activity was
found in the liver; appreciable amounts also were found in pooled ganglia,
intestine , gill  and kidney but salivary gland and heart had none (Table 21) .
When [. 14C -tryptarnine was used as substrate according to the method of
Robinson et ~~~~ the amount of monoamine oxidase activity detected in the
nonnervous tissues was at least as great as when trypta .mine was used as a
substrate. In the pooled ganglia , however , the monoamine oxidase activity
measured with tvramine  was only 25 perc ent of that determined using trvpt—
amine. These results indicate that monoamine oxidase is present in the nerv-
ous t i s s u e  ol .-\ p !ysm, thus suggesting that deam ination may be an importan t
pathway fo m- the terminat i on of action of at least some of the biogenic am ines .
ih e r e  may , howe v er , he differences in the monoamine oxidase substrate

s p e c i f i c i t y  in d i f fe ren t  orgart s.
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129 -

‘ 

-~~~~~~~~~~~ - - - - -- - - - - - -~~~~~~~~~~~~~~~~~ - - ~~~~ 



Table 21. Monoamine Oxidase Activity i n Nc-r vou s and Periphe ral  Tissues
of Aplysia

SUBS ERATE * 
_____________

TISSUE T RYP TA MINE TYRAM INE

Gang lia 1.453 + 0.186t ( 3 )  3 6 5  + 0.08 ( 2 )

Liver 2.474 0 023 ( 5 )  30 22 + 0 .2 6 9  ( 4 )

Kidney 0.767 + 0.02? (4) 9 8 6  ( 1)

Gil l  0. 214 + 0 . 2 1 4  (2)  16.63 ( 1)

Intestine 
— 

0.382 (1 )

Sa l iv a ry G l an d N .D. N D .  (2)

Heart N.D. NM . (1)

* Results are ex pressed as nmo les of substrate converted per nig
of protein per unit of time .

1- Values are mean + S .E .

N .0. None detected

() Number of experiments in duplicate

This study has provided basic data for fu ture experiments on the effec-t s
of low—level ionizing radiation on enzyme levels of Aplysia nervous tissue ,
a relatively simple model compared to mammals. The ult imate goal ol this
project is to understand the effects of radiation on enzymes and neurotrans-
n-titter metabolism of single neurons and to correlate this with similar pu b-
lished experiments in mammals from our department.

RE FER ENC ES

1. Robinson, D. S. , Lovenberg, \V. , Keiser , 11. et al . i-J fe’cts of di’u ~’, s
on human b lood platelet and plasm a amine ox idasc a c t i v i ty  i n v i t ro  and
in yivo. Biochem. Pharniac-ol. 17:109— 119 , 1968.

2. Wurtman, R . J. and Axeirod , J. A sensitive and specific- ~issa~ b r  the
estimation of monoamine ox idase. Biochem. Pharmaco l . 12:1 I~~9— 1 1 1 1 ,
1963 .
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BIOCHEMICAL CHANGE S IN THE BRAIN OF RATS EXPO SED TO
MICROWAVES OF LOW POWER DENSITY

I r v - --~l I I ~~ c s  G. N. ~‘atravas, J. B. Katz. J. Takenagaand J. R. Abbott

Experiments  were conducted to determine the effects of low power densi ty
microwave radiat ion on macromolecular constituents of the mammalian bra in .
Sprague— I)awk- y male rats weighing 200-250 g were used in t h i s  series of cx-
periments .  Since the plastic cages commonly employe d to confine an ima l s
during exposure (P lexiglas , polycarhonate , etc. ) ref lect  a considerable por-
t ion  of the m ic rowave beam and produce extens ive  f i e ld  pe r tu rba t ions ,  a
microwave—transparent  material , Styrofoam , was used to construct the cages.
Coat ing of the  inner  walls of the cages wi th  a solution of qu in ine  ef fe ct ive l y
prevented the rats  f rom chewing through th ei r  walls d u r i n g  exposure.

Groups of ra t s  were exposed to microwave rad ia t ion  (continuous wave) of
24 5) ) M h z  frequency and 10 mW cm 2 power density (~ hours per day for ~ days
between a. n .  and 4 p.m. i in an anc-choic- chamber ( I .  S. Arm~- Mic rowave
I-’a c i l i l v , Forest Glen , Silver Spring, Mary land ) .  Control i-ats , effect ively
protected from the microwave beam , were kept in the same exposure cham-
ber under the same envi ronmenta l  condit ions as the exper im enta l  animals .
No food or water  was give- n to the an ima l s  d u r i n g  exposure , but they had free
3 C ( ( S S  to both betwee n exposure-s.

Al the end of the  last  day ’s i r rac l i at  ion , se-veral e-xperim enta l  and c ontrol
r at s  were ( -UI han oI i zed I v decap i ta t ion , half being cut bana l iz -d i mmcdi  at e ly
a f t er  exposu ri - ‘ nd 1h -  re -ma i nder ~ hours late i .  ‘I’he b ra ins  were qu ick l y  cx—
cise(l , placed  on lee , and th e- regiOns 10 he ann I v y i d  wer e rapi cl iv dissected
out and f r o z t -n  in l i quid ni t  rogen ant ii I me of assa~ . The re-ma i n ing  r a t s , used
t o  n l easn r ( -  h - v t - i s  of n eur a l  r : i i i s m i t t e r s , w er e-  e u t h a n a t  i -ic - c l  h~- a focused high
int e n s i t y  mie -rowa y c -  h -an i . 1he mie-rowa \ e— ind u ced changes in the  p ros t ag l an —
di n l

~l ~t i m u l a l  ed I ra in  a(h-nvl eye-las t - and St - ro t  one l -g i e  svst  (- f l is  have bc-en i n—
~ e~~t g a t e - c l  in th i s s -ro-s of ( - x p t - i - i n l c ’ n t s .  I ’ r e l i m i n a r v  r e su l t s  i n d i c a t e  an in—

-i ~ - : i s - d  s i - u s i l  ‘~ i t v  of b r a in  adenv l  ( - v e l a s I -  to p r o s tag land in  i l~ w i t h  a sh i f t  of
the d o s e — r e s p c . t i i - —o- e-ul r~ e to the h- fl . ihis shift was mor e pronoun ced in i r r a —
( l i n t  c - e l : i n i  n i a l  S e t it  b a n al  ied hour s  P~ -xpoSUre th an thos e  i- ut  ha nat iZ e(l illi —

r m - d l a l ( l v  : i f t t - i -  t - X p O S u I i t - . l bawe ~ er , t h e  n i a x i n i r i l adenvi  c~-c ias i -  act i v i t y  d id
not : i pp i - a r  ~n h c- a f fe ct e d .  \ b a r i ~ina l - h : inc t ~-s on & - l - ( - a s c - i  i n t h e  a c t i v i t y  of I r v p —
I op h an  h v dr o x v l a  st a ad l t - ~ - I s  of serot  o i i i i in I he hvpot h a l a m i e - —t hal:i mic  regi on
w i - i - i-  u l ’ -~c i f l h S i l \ ( - ( i .  \ ( )  ( hO!ii ~( - s  I i i  n i o no an i  I n c  o x i da se  ac t i v i t y  were S ( ’ ( f l .
1 in -  e f f - & - t s of Iii u - l - v::I~~( -S  f l  he h i i ~~n a r t -  i m p o r t an t  ( -o ns i d era t  ( i l l S  for  n i i l i —

I l’ -~i ( f l t 1 ~ I (-\1 )(tS - ( I I I I ’ O l h I I  ~ i l s .
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M ECHA NOSE NSORY TR A NSDUCTION IN SENSORY A ND M OT I L E C I L I A

H pd! Invcsti ~~i~ M. L. Wiederhold

It has long been recognized that there are striking anatomical similarities
between those cilia classically thought of as serving ‘sensory ’ and those serv-
ing “motile ” functions. It has also been suggested that sensory cilia evolved
from motile cilia , and in lower form s there are cases in which motile cilia
are utilized in meehanoreceptive organ s.

Studies in recent ~‘ears on the detailed fine structure and biochemistry of
mot i l e  c i l i a  have f ~i i - outstrippe d those on sensor\- c i l i a .  The current  state of
knowled ge of moti le  ci l ia  was examined br ie f l y , 1 concentra t ing on those proper-
ties that may he per t inent  to the transduction of mechanica l  s t i m u l i .  This re-
view was organized around the hypothesis that  mechanosens i t i v i t v  and m o t i l i t y
are complementary aspects of cilia and that the structures responsible for
motility may be intimately involved in rnechanosensorv transduction . Although
similar hypotheses have been espoused hr several investigators studying inver-
tebrate ciliated niechanoreceptors , with some notable exceptions the possible
advantages of at least drawing pai-aflels between the two c-lasses of cilia ha-te
largely been abandoned by those working with vertebrate hair cells . This is
not to state that such a hypothesis is proven or that it is universal ly  applicab le;
rather the purpose of the review was to set up a conceptual model w i t h  the hopi-
of stimulating research to either support or deny its valid i~~’ in various ii - i ech—
anoreceptors . In reviewing what data are avai lable or c-an be inferred concern-
ing mechanosensorv transduction in cilia , those aspects of the moti le system
that clearly are not applicable are noted . In fact , the ciliary structure has
been dropped in the evolution of the (adult) mammalian cochlea. This review
covers representative examples of a variety of receptors rather than attempt-
ing to describe every type of mechanosensiti~-e cilium and ever~

- pertinent
paper.

Sinc e the ciliated receptor cells in the human inner ear are espec ial ly
sensitive to ionizing radiation , it is essential to thoroughly understa nd the fun e - —
tion of these cilia in order to understand the damaging effects of radiation.

R l- :FEB F ;NCi -:

1. Wiederho id , M. L. Mechanos c-nsorv tran sdu c-t  ion in “ sensory ’ and “ n o -
tile ’’ c i lia. Annu . Rev. }3iophvs. Bloeng. 5:3~)—l 2, I ~7c; .
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R ECTIFIC ATION I N APLYS~A STATOCYST R ECEPT OR CELLS

vestu~dI ’)r  M. L. Wiederhold

Membrane slope resistance of Aplysia statoeyst re teptor cells was ni en s—
ured by passing constant current I)U 1Sc-S , using a bridge circuit. In response
to downward tilt all celib which responded exhibited depolarization , but this
could he accompanied by either decrease , increase , or no measurable change
in slope resistance , depending on resting membrane potential .

By altering membrane potential with direct current and measuring slope
resistance with constant current pulses, these cells are shown to exhibit both
anomalous and delayed rectification (Figure ~71. Either  hyperpo larization or
depolarization from one potential can cause the slope resistance to decrease
by as much as a factor of fiv i - . The response to standard tilt can he changed
from an inc-reasc in slope resistance to a dc -rc - :isc , or vice versa , b~ a l t e rin g

MEMBRANE POTENTIAL ~~

1-’ igure ~~7 - Slope r e s i s t ance  at c i i f f e  l en t  m ( -ml ) r an ( ’  pot ~nI ia Is - -

r ( - s i s t ; t nc~’ m e-asui i - ed wi t  h —0 . 5 a \ , ~~~~~~~~~~~~~~~ c - of l ~~t : l - y
cu r r ent  puls es  s u lp ( - r i  n ipo sed  on d . e . r a n g i n g  f i oiii 0 to

~ n.-\ . I pWa r d — p o i n t i n g  ai - r -ow i n d R - n t  i -s  me-a s t i t  - f l i t - n t

at b - g i n n i n g  of run .  Open ci r c ’i- - w i t h downward  poi lit i ng

arrow is nu-a ~ ure m ent  wit h (I d . c .  at c-nd of r un , i n dk-a  —

i ng tha t  th e  slope- res ist a ace inc r -n ‘ed fi - oni  2 ’; t o  12 \ !~~ A

th roughout  t i t i -  p assage  of c -u i - re - n i . In ~~-t i n d i - a t -s t h e  i~ en  -

age m em b r a n e  po t en t i a l  I ( ( - l w  Ii c c i r r -n t  pUl ~ i - ~ i t i - a t - h
va lue  of ci . c- . , measured  ) — 3I1 s e - - a f t  i - n  - h a n g i t i g i . e .
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membrane potential. When membrane potential was held constant ilu ring do~vn—
ward tilt , the slope resistance alw ays decreased . Slope resistance , tile volt-
age response to standard tilts and the amplitude of membrane p otential  Fl u e - tn-
ations all vary with average membrane potential in a similar manner.

These findings are incorporated into a c i r c u i t  model in which cuionia lous
and delayed rectification are represented by voltage-controlled e lements. ‘I’lic
response to tilt is always modelled as introducing a parallel c onductanc e path -
way with a large positive reversal potential. The model demonstrates that
slope resistance can be increased by adding a parallel shunt pathw ay if the-
latter brings the membrane out of tlie anomalou s rectification region. The
model also demonstrates how delayed rectification can gi-eatl\ alter the -uvL -r -
sal potential inferred from measurements at potentials below actual reversa l .
These subtle characteristics of hair cell—li k e receptors are only likely to be
elucidated through research on model systems such as the A plysia, ~c t the-v
are just the sort of mechanism which might be expuete d to be affected by ic) fl—
izing radiation. They could thus form a physiological substrate for the selec-
tive sensitivity to radiation of c-ochleai- and vestihular hair c-el ls in nina .

***** A A A A

RE SPONSE OF APLY SIA STATOCYST R EC EPTOR CELLS TO
PHYSIOLO G IC STIMULATION

‘n ip t Invest pit i rs  /14. L. VViederhold and E. K. Ga// in

The mechanism whereby sound is t ransformed into nerve impuIscm in the
ear is of critical importanc e in undei-st aiiding both the mec hanisms ol hearin g
and treatment of diseases of the cac - . I lowever , clec -tri c - al i- ’ c ording fi-o m
these cells is s-cry difficult. \Ve hav e studied a simpler rec eptor prepoi-ation
that acts through a similar mechanism.

The electrical responses of A p lysia statoc si i’ec eptoi- cells were inv e ’ st i—
gated using intracellular ni ic -r ( ii- lec- trodes. ‘I hese- e iIi~ i t e d  met- hanarccepto I -

cells were stimulated by downward tilting about a hon ionta l axis. l- :x -i t~i torv
tilts produced a depolarizing rec-epto r potential ~-hi e - li , if large i-nough , c-on Id
generate action potential s.

Large fluctuations in membrane potential \V cl-c ’ evident du i’ iui g d epolarizing
receptor i~~tcntia1s and were reduced or sometimes ab sent w h e n  a c c -I l  w a s
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tilted upward . Power-density spectra of the noise voltage revealed that most
of the energy added 1w downward tilt is contained in frequency components be-
k~v 3 l I z . Removing synaptic input to the receptor cell by cutt ing the stato—
cyst nerv e or adding excess Mg2 to the bath did not abolish the increase in
flue tuation caused by downward , cxc itatory tilts.

The depolarizing receptor potential was often associated with a decrease
in membrane resistance as measured with constant current pulses, using a
bridge circuit. Replacing most. of the Na~ in the bath with either Tris or Mg2
abolished both potential and resistance changes caused l)y downward tilt (Fig-
ure 3~0. These results indk-ate th at an increased permeabili~ ’ to Na ’ under-
lies the receptor potential .

NORMAL ASW SODIUM-FREE ASW
110

-SO mV

~~~~~~~~~ 110 .,v 
—

O,L

-10 .., A2 65i

Figure 35 . Response- to t i l t ing in normal and Tris subst i tuted Na —

def ic ient  seawater.  Left —hand side in normal seawater.
Upper t race :  mcmhrane potential with — 50 m\’ reference
li ne . Lower trace:  t i l t ing  table position. This cell showed
considerabl e activat ion in the level table position which was
redu c-ed when the  table was t i l t ed  up to 4~400 (cell—ti p pos itionL
Ri ght  —hand  side recorded 25 mm after changing to solution in
which \aCl was replaced wi th  Tri s  H CI .  Membrane hy p er—
polar ized f rom -(i i mV in normal seawater to  -94 my in level
tabl e - (0° posi t ion .  ‘\\-d ’rage potent ial at +400 in normal sea—
w at ( -r  \Va s approxi  n i a te ly  —79 mV . Potential  f luctuat ions and
respon se to l i l t i n g  are a bol l shed in low — Na seawat er.

This preparation provi d es a valuable model of hair  c-eli  receptor cells ,
such as those in the mammal ian  inner ear. Sin -c- the latte r are especially
sensi t ive to io n iz in g  i’adi :ition , the sL-i toevst provides a s stem in whic h the
m - c ’l i : t n is i - t s  of i’ ;icl ia t i c  ifi d ani age- c-an be studied .

A A A A A A A A A
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CHRONIC RECORDING OF AUDITORY NERVE POTENTIALS
FROM THE CAT

I’ r i n c i p a l  Invest iqato rs: M L  Wiederhold,AFRR/;and S. A Martinez,
National Naval Medical Center

Long—term reproducible collection of d ata is an important technical aspec t
of long—term studies in the developn’ent of a disease stat e, response to traum a ,
or therapeutic treatment. A system Las been developed which allows repeated
recording of auditory-nerve response to transient acoustic stimuli using a closed
acoustic system. N 1 and N 2 responses to click (as well as tone— or noise-pipst
recorded from the external ear (-anal near the tvmpanic- membrane resemble
those recorded near the round window. l’he amplitude of the responses recorded
from the canal are lower than those from the round window by a factor of five to
ten but the shapes of the responses at the two locations are nearly identical . \Ve
have developed a system using an inexpensive dynamic ear phone which delivers
sound through a closed hollow ear bar inserted into the external ear canal . The
tip of the ear bar is made of an insulating plastic , exc ept for a small stainless
steel ring at the end which serves as the recording electrode. A c alibrated
probe microphone incorporated into the ear bar measures sound I)rcsSurc near
the tympanic membrane , allowing better stimulus control than available with
free—field systems. Using averaging techniques , measurable responses to
c-lie-ks over a 90-dB intensity range have been obtained (Figure 39) . The peak
pressure of the most intense click available is about 130 dil re 0 . () tm 2 dyn/cm 2.

• Response amplitude and latency for fixed stimuli are relatively constant from
one recorcLing session to another , separated by weeks or months. A complete
intensity series for both condensation and rarefaction c-licks can be obtained in
less than 1 hour.

For long—term h,iigitudinal studies this system has the advantage of being
able to c losely monitor stimulus parameters and maintain them constant. A
fu rther advantage is that surgical imp lantation of chronic’ recording electrodes,
with their inherent risk of infection , is avoided . This s\ ste p) can bc~ u sed to
study the effcc - ts on hearing of noxious agents such as fluiSC exposure 01’ iOfl—

izing radiation.
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Figure 39. Responses to rarefaction (RC) and condensation (CC) clicks recorded
with the earbar electrode using the closed acoustic system. Click
level given in dB attenuation from maximum level of 130 dB SPL peak
pressure. Left side : amplitudes (upper plots) and latericies (Tower
plots) of averaged responses to clicks from 0 dB to -90 dB levels.
Amplitude measured from base line (average potential in 1 msec pre-
ceding presentation of click pulse to earphone) to maximum negative
peak of N1 response. Latency measured from onset of click pulse to
earphone to t ime of maximum negative peak of N1. Right side : sample

• averaged responses from which the amplitudes and latencies were meas-
ured for both BC’ s and CC ’ s. Calibration bar to left of each average
with ~V amplitude of the bar indicated. Each average is of 256 responses
for levels above -40 dB and 512 responses for -40 dB and below .
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ELECTROPHYSI OLOGY OF HUM AN MAC ROPHAGE STIM ULATIO N BY
ENDOTOXIN ACTIVATED SERUM

E. K. Ga//in, AFRR/;andJ. I. Gal/in,
National Institutes of Health

It has previously been shown that endotoxin activated serum induces mac-
rophage spreading. ~ To study the ini t ia l  event s of such macrophage stimula-
tion we measured the effects of endol oxin ac t iva ted  serum on th e electrophy s—
iological properties of human macrophages cultured for 2-3 weeks . 4 Tsl
potassium acetate ’ microelectrodes wi th  re-si stances of 50—100 megohms we-re
used to record both intracel lular  potential  and resistance changes. The rest-
ing potential of cultured macrophages ranged from -10 to -25 m\’ with an av-
erage of — 14 mV. Endotoxin act ivated serum added to the bath caused large
hyperpo larizat ions (20-40 my )  associated wi th  a decrease in membrane re-
sis tance.  The hyp erpolarizat ions occurred wi th in  2-5 sec and were also ob-
served when endotoxin act ivated serum was applied to s ingle cells w i t h  blunt
microelc ’cirodes.

Control serum heat ed at 5(~0(’ for 30 minu t e s  before ac t iva t ion  as well as
act iva ted  serum def ic ient  in C3 were inef fe ’ct iv c- , C3 def ic ient  serum incubated
w i t h  (~~ did produce- membrane hvp -rpolar iza t ions  as seen in Figure 40. Ad-
di t ion  of 2 mM M g — k ( f l A  abo lishc - d the hyp erpo l ar iz ing  responses i m m e d i a t e l y ,
These hvperpo lar iza t ions  arc s i m i l a r  to the spontaneous hyperpolar iz ing ac ’t i—
~-ations pr evious ly  reported in both guinea pig and human macrophages. 2 These
data suggest t h a t  membrane hvp erpo larizat  ions r elat ed to  calcium and potas-
sium fluxe s are important  in the  s t imulat ion of macrophages by complement
products generated dur ing  c-ndo loxin ac t ivat ion of serum.
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+ SALINE C3 DEFICIENT SERUM -4- C3

~‘ E  0 —
— g~~ 2O I~~~ I , , T T T I , ? ~~~ 1~~~~~ I , T I  I!~~~ I T ~~

32 ,.~ 
4
. 

47 ,..

so - , I - Ia, ~~~~~~~~~~~~~~~~~~~~~ ~ -~~-t ’ t ’  t -
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I-~ I~~t i N I I I . I h - top  I ra ( ‘ i ng I S a record of l) ( t r ansn ie  n ihr a m- pot (-at Ia I of
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The effects of enclotoxin released dur ing radiat ion i n j u r y  and i n f e c t i o n
are in large part due to macrophage act ivat ion.  An understanding of the mem-
brane phenomena associated with macrophage a c t i v a t i o n  is t he- i-c-for e impor tan t
in the study of radiation injury and other disease stat e-s.

RE F’ F~ H I-: NC F: S 
-

1. Bianeo , C . ,  Eden , A. and (‘ohn , Z. A. Macrophage spreading: a role
for complement and coagulation factors. Fed. Proc. 3~ :335 (Ab stract
725) , 1976.

2. Gal lin , F . K . ,  Wiederhold , M. L . ,  Li psk , P. F . and R osenthal , A . ~~~.

Spontaneous and induced membrane hyperpolar izat ions  in maerop hages,
i. Cell. Physiol. ~G:6 53— (i61 , 1975.
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D I F F E R E N T I A L, I NTR ACOCHLEAR RECO R DING OF THE
COCHLEAR MICROPHO N IC IN PIGEON

Pr if l I  lId ! I nvrist iqJIo! M. G. Pierson

Using tone bursts as stimuli , the auditory rec eptor potential , the e-ochlear
mici-ophonic , was characterized as a function of stimulus frequency and intensity

l-’ig ure 1( 1 (cont inued i .
plus saline was applied to the cell by allowing it to di f fus e  out
of the t i p  of a broken microelect rode (li p d i a m e ter  2t ) Mm ) .

-; Forty seconds later c3 defic ient  serum incubated wi th  C3 for
30 minu tes  was added to the cel l  in the same way r e s u l t i n g  in
a large hyperpo lar iza t ion.  ]‘he t r a c i n g  below the  po ten t i a l
t rac ing  represent s th e  current  in j e c t ed  throu gh the  microelee-
tro th-  us ing  the l)r idg e c i r c u i t  of th e  amp l i f i e r  in  order to  room —

tor the input  resistance of the cc-I l. (~~~ deficient serum plus
sa l ine  and ( 3  deficient  serum plus ( 3  were app l i e d  t o  t h i s  cell
aga i n and I he respon s(’s are shown in the  bot tom ha if of the  f ig  —
nr c ’ . The c - c- I l  responds to a sc-cond app l i c a t i o n  of ( ‘3 d e f h - i  c - nt
serum plus ( ‘3  w i t h  a snial  Icr  hvpei -p o l ar iza t  ion. At t hc- ( -n ( l  of
t he- record I h i- eli-ct rode is w i t h d r a w n  and I h( - I r an smemhr an e
poten t ia l  r e tu rns  to zero.
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in the pigeon. A differential electi’ode technique allowed an isolation of response
from a limited portion of the cochlea.

At low in pu t levels , the pigeon’s cochlear microphonic was found to exhibit
simple linearity as a function of stimulus strength. ‘l’he low level eochlear mi-
e-rophonic also exhibits fidelity with respect to the middle ear transfer function
as a function of frequency . At high input levels the cochlear m ic’rophonic be-
comes nonlinear , exhibiting satur ation in response to suffic ientl y intense signals.
At higher inpu t levels , the pigeon ’s e-ochlear mic-rophonic show s a prominent
nonlinearity centered at the characteristic frequency of the electrodes.

These behaviors are large ly consistent with the mammalian cochlear micro—
phonic ; however , within the context of aviari auditory func tion , one facet of these
results is par ticularly surprising. Generally it is assumed that cochlear and
retrocochlear sensitivity is determined by the middle ear. As expected , the
eochlear microphonic measured in this study reflects the avian middle ear prop-
erties. According to other studies , however , behavioral and neural frequenc y
response functions of the pigeon are inordinately insensitive at low frequencies.
It is probably not coincidental that the apex (the low frequenc y region) of the
avian cochlea consists exclusively of a primitive type of hair cell , the so—called
“tall hair cell” whereas the basal avian cochlea through evolution has added a
second type of ree-eptor cell , the “short hair cell”. It is suggested that those
avian receptoi cells which transduce low frequenc y stimuli (tall hair cells are
physiologically less sensitive than short hair cells.

Alth ough there are also two populations of hair cells in the mammalian
cochlea , their distribution pattern has precluded their functional separation in
the normal animal . As discussed above , the unique distribution pattern of hair
cells in the bird ’s cochlea , in correlation with neural , behavioral and cochlear
electrophysiological data , makes such a separation at least tenable in the pi-
geon. The general implication is that morphological differences in hair cells

— probably underlie a fu nctional dualism in the mammalian cochlea as well . This
latter conclusion is quite important to an understanding of those disorders of
hearing in man , in which one population of hair cells is inordinately degenerated.
Such disorders include noise-induced hearing loss , drug-induced hearing loss ,
preshycusis (loss of hearing with advancing age) , or the effects of ionizing
radiation.
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DOPAMINE MI MICRY AND MODULATION OF L7 G I L L  MOV EM E N TS IN
APLYSIA

Prj rn i-~ l - -~s 1i il lS J. W. Swann, C. N. Sinback and D. 0. carpenter

Dopamine has been reported in high c oncentrations in Aplysia gill .1 l-:x-
periments were undertaken to investigate a physiological role for this putative
neuroti’ansrnitter in the gill . In 10 isolated gill preparations the parietovise-eral
ganglion was removed and the gill was infused with dopam ine. The parietovis-
ceral ganglion was removed to avoid central ly mediated responses to dopamine .
In all preparations , dopamine produced contractions of efferent vessel tru nklets
(the vessels between the distal ends of the pinnules and efferent vessel) and pin-
nule longitudinal muscles. In eight isolated gill preparations , the threshold
eoncenti’ation of dopamine was 1O~

7 to 1O~~ ‘1. In the remaining preparations ,
higher concentrations up to 10 1 M were required . In semi-intact preparations
of gill plus parietovisceral ganglion , increased spiking of L7 pi-oduced efferent

4 vessel tru nklet and pinnule longitudinal muscle contrac tions identical to those
induced by dopainine . In a th ird experimental protocol , semi-intac t prepara-
tions were used in whic h the parietovisceral gang lion was isolated during infu-
sion of the gill with dopamine. In 15 such preparations , dopam ine at I~~

’
~ to

10~~ M produced identical contractions as in the isolated gill preparations In
all preparations , firing of L7 during infusion of dopamine at threshold concen-
trations or higher potentiated the responsiveness of the gill to L7 , as compared
to L7 gill contractions before and after dopamine infu sion . These results show
that dopamine can modulate the responsiveness of the gill to L7 and is c onsist-
ent with a possible role for dopaniine as the neurotransm itte r b r  L7 . The dis-
covery of a dopaminc synapse would lead to a detailed neurophysiulog ical  exam-
inatiori of the functioning of dopamine as a neurotransmittcr. The cl inical  impli—
t -at ions of such knowledge are suggested b~ the suspected role of dopa m inc i n
such neural disordei-s as pai’Linsonism.

RE Fl- :RENCE

1. Carpenter , I) ., I3reese , U ., &-hanberg, S. and Kopin , I . Serotonin and
dopam the: distribution and accumulation in A plys ia nervous and nc m—
nerv ous tissues. h it. J . Ncuro sei . 2: 1 9 — 5 5 , 1971.
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ORGANIZATION OF RECEPTORS FOR NEUROTRANSM ITTERS ON
APLYSIA NEURONS

Pr ir iu~,al Inv i-StI II )I~ I W. Swann and 0. 0. Carpenter

The application of ace~~lcholine to neu rons of Aplysia has sho~ -n the exist-
ence of three different responses , mediated by conductance increases to Na~ ,
CF and K *, respectively. These neurons also have receptors for various other
putative neurotransmitters, inc luding serotonin , dopaniine , octopamine , phenyl-
ethanolamine, y—aminobutyric acid, glutarnic acid , aspart ic acid and histamine.
With one possible exception there are at least three types of responses to eae-h
of these substances result ing from conduc tance increases to Na , CF and K ,
respectively. These facts suggest that specific receptors (neurotransmitter-
binding sites) and ionophores for Na ~~, CF and N~ might be build ing blocks
which can be assembled in any combination. If so, there should be common
properties of the receptors for one transmitter mediating the three different
ionic responses , as well as similarities in the responses to different transmit-
ters when the conductance change is to the same ion.

~Ve have studied the responses to dopamine on Aplysia neurons.1 Figure i i
shows examples of the three different conductance increase responses to dop-
amine. Each of these three neurons was studied with iontophoretic electrodes
containing noradrenaline, octopamine and phenylethanolamine in addition to dop-
amine . Figure 41 A shows a neuron with a Na - c-onduc-t ance in c rea~— e respon~-
to dopamine while the responses in B and C are clue to CF and N , rcspectivel~ .
Thus , as for acetyicholine , at least three different ionic responses to dopamine
were found. Furthermore, for each response the receptors were also sensitive
to noradrenaline and adrenaline, but not to octopam ine, tyramine or phenvk-th-
anolam ine. Cross—desensitization experim.~nts show that the active substances
are all acting on one receptor. The same ionic response had similar time
courses and temperature sens itiv ities whether elic ited by dopam ine or
ac-ety lcholine.

Our observation that the various phenylethvlamines have similar relative
effectiveness in activating the three dopamine responses is consistent with the
view that the dopamine binding site is identical irreSpec tive of the conductance
change elicited. The similarities in time cours e, temperature sens itiv ity and
ionic selectivity of responses resulting from similar ionic -onduc-tances but
activation of receptors to different transmitters suggest that these properties
are characteristic of common ionophores. An understanding of the organization
of receptors is essential to development of treatment through receptor olocking
drugs of radiation—induced injury to the nervous system , especially in the c-ase
of earl y transient incapacitation which results from histamine relc:i~~-.
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Figure 41. Effects of iontophoretic application of dopamine and noradren-
aline on three different unident ified neurons from the abdominal
(A and B) and cerebral (C) ganglia. The upper recording in each
trace is from the intracellular rnicropipette , whereas the lower
trace shows the duration of the iontophoretic pulse. The total
charge passed by iontophoresis is indicated near the pulse. In
A3 the ganglion was perfused with seawater where Na was re-
placed by Tris~ , whereas in B3 and C3 , all CF was replaced by
acetate. The time calibration applies as shown only to A and B.
In C the t ime base is slower by a factor of 2. DA , dopa m n~~
NA, noradrena line.

B F 1-’ 1- B i-; N C

I . Swann , . h.  W. and Carpenter , fl 0. The organ izal ion of receptors  for
n e e i r o t r an s m i t t cr s  on Aplys ia neurons: some- gene ra l iza t ions  and a
h vpothes is .  Bethesda , Mary land,  Armed l-’orccs Uadi ohi o 1og~ R -se’a reh
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DEPLETION OF CARDIAC NOR EP I N E P H R I N E DU R I N G  TWO FORMS OF
HEMOLYTIC ANEMIA IN THE RAT

P ri m Pal l nvcst iqdto rs: J. W. Swann, AFRR/, and I. F. Contrera,
University of Maryland

Knowledge of the status of cardiac norepinephrine during anemia could
lead to a better understanding of the role the sympathetic nervous system
plays in cardiac function during anemia. Rats were treated with pheny ihy-
drazine.  I-’ollowing the rapid onset of anemia , there was a loss of 60 percent
of the stored norep inephrine in the heart within 4~ hours of treatment . Asso-
ciated with the loss of cardiac norep inephrine was an increase in the wet
weight of the heart , reaching 40 percent above control 4-~ hours after treat -
ment (Figure 12). 1 Phenyihydrazine itself probably does not directl y mediate
this depletion since the vas deferens , brain and spleen have a normal store
of norepinephrine at 4~ hours. Thi s contention was supported when rats
treated with pheny lhy drazine were transfused with normal rat red blood cells.
This transfusion resulted in nonanemic pheny lh ydrazine treated rats.  The
heart s of these rats were not depleted of norepinephrine , hut the hearts of the
nontransfused phenyihydrazine treated controls were. Anemia was also in-
duced by t reat ing rat s with antirat red blood cell serum . ‘l’hc hearts of these
rats were also depleted of norepinephrine. These experiment s show that  dur-
ing two forms of anemia there is a loss of norep inephrine from the sympathet ic
neurons i nnervat ing the heart . The mechanism underlyi ng thi s  loss of norcp i-
nephrine was studied using the experimentally induced immune anemia.  Re-
stilts are consistent with a decrease in the affinity of the cardial  sym pathet ic
nerv e- t e r m i n a l  for norepinephrine combined with an increase in the rate of
release of norep inephrine.  The physiological implicat ions of a par t ia l  loss
of nor ep inephr in e from cardial sympathetic nerve terminals  remains to be
determined.  IJowv~-er , an understanding of how anemia al ters cardiac func-
t ion  cont rol 1w the nervous system is c r i t ica l  in development of a total  treat-
ment of the anemic patient.
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Figure 42. Effect of pheny lhydrazine on blood hemoglobin (Ilh , cardiac
norep inep hrine (N E ) ,  and heart weight . Data are from tw o
set s of experiment s on groups of rat s treated wi th  phen l-
hy drazine (125 mg/kg) at various t imes  before they were
euthanatized.  Result s are expressed as percent of control ,
mean ~ SliM. The 0-hour groups , which are the control
groups , were not so t reated. A circle , square , or hexagon
ident i f ies  data for groups of animals  from one exper iment .
For its control Hh 15.5 ~- 0.32 g / l00 ml; N 1-~ = 0.592 0 .03

~zg /heart ; and wet cardiac weight 1.164 + 0.04 g. The other
symbols represent dat a for the second experiment ; control
group Fib = 16 .5  4- 0. 03 g/100 ml ;  N E = 0 .562 ~ 0. 03 ~g - ’heart ;
and wet weight 1.054 ± 0 .027.  N 5-7 for each point .

lfl- ;I - 1•;uI - ;NCl- :

~w:i nn , I . W. and Coat rera , -1 . . l ) ep l i - t i o n  of e : i r ( I i a ( -  nor ep ine-p h r i n e
( l u r i n g  I w i forn i  s of bemo lvi  k- :lnc m i :t in t h e  ra t . I ~~-t hesda , Ma rv l and ,
\rnn-d I - o i -ce - s  U ad i o l i i o l ogv  I ~c~~-a re- h lo st  i t u t  e- ~( i ( - nt i f i c  R ( -pOr t

sR76 — 1 ~1, 1

A A A & A A A * *

1-15



- - -

THE E L E C T R I C A L  R ESI STIVI TY OF AQUEOU S CYTOPLA SM

P r ~~~p~ r~- - ~~ ~~ rs K. R. Foster , J, M. Bidinger and D. 0 Carpenter

In order to determine the structure of cellu m t  wate r in ~iiu1ogic s~ stems,
the apparent cytoplasmic resistivity of two different giant cells  has been meas-
ured using an extension of a prev ious 1~- developed single mic-roelectrode tech-
nique.1 Each cell is penetrated by a metal microelectrode whose complex im-
pedance is measured as a function of frequency between 500 k l lz  and 5. 7 MHz .
By plotting the measured impedance data on the comp lex Z plane and extrapo-
lating the data to infinite frequency , the substantial effects of electrode polar-
ization can be overcome. For Aplysia giant neurons and muscle fibers of the
giant barnacle , the extrapolated cytoplasmic specific resistivities are -I n  and
74 ohm—cm , respectively, at infini te frequency. The barnacle data are in cx-
cellent agreement with sarcoplasmic resistivity values derived from the meas-
ured cable properties of other marine organisms , and from high frequency con-
ductivity cell measurements in intact barnacle muscle tissue (Figure -13) .

The imaginary component of the polarization impedanc e can be directly
measured , both when the electrod e is in a known electrolyte solution and when
it is in a cell. In the Aplysia neurons , the frequency-dependent part of the
electrode impedance is larger when the elec trode is in a cell than when it is
in an electrolyte solution with the same specific resistivity as the aqueous cyto-
plasm; however , the phase angle of the frequency-dependent component of the
electrode impedance is the same in both cases. The high apparent values of
cytoplasmic resistivity fou nd using the single microelectrode technique at lower
frequ encies probably result from interac tion of intracellular membranes with
the microelectrode surface , and probab ly reflect an artifac t caused by a reduc-
tion of the effective surface area of the electrode , with a corresponding increase
in its polarization impedance. It has been suggested that some effects of ion-
izing radiation might be through mobilization of bound water. These experi-
ments have shown no e\-iden(- e for bound water , and thus it is unlikely that such
a mechanism is significant.
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of NC! and a f t er  it has pene t ra ted  the cel l .  The measureme nt
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anc(- ar ises  from elect rode polar iza t ion , 1)0th wh -n the  d ee—
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THE LOW APPAR ENT PER M ITTIVI TY OF ADSO R BED WA T E R IN
SYNTH ETIC ZEO L ITES

Prj i i IIiv -s~i - C I l - r s  K. A. Foster, AFRRI; and H, A. Resing,
Naval Research Laboratory

Recent nuclear magnetic resonance studies hav e shown that the intersti-
tial water in synthetic zeolite s is in many respects similar to the normal fluid .
We have measured the dielectric permittivity of hydrated zeolites NaX and
NaY (Linde) over the frequency range 1— 150 MI Iz , and estimate that the ap-
parent dielectric constant of this interstitial water is less th an 1-1 (N aX ) or
21 (NaY). Apparently, this is an extreme example of the well-known ability
of ions to depress the dielectric constant of water. In effect , we have extended
previous studies on the dielectric permittivity of concentrated electrolyte solu-
tions to the very high concentrations (c. 18 M) of mobile Na~ ions present in
the hydrated crystals.

The compositior~ of zeolites NaX and NaY are described by the formulas:

Na~ 1; [ ~Al 02)86 (Si 02) 106 264 1120 (NaX )

Na 5(; [ ~Al 02) Sn (Si 
~ 2) 13G 264 1120 tNaY) .

Their crystal structure consists of an open framework of aluminate and silic ate
tetrahedra enclosing interstitial voids of approximately 13 A diameter. Nega-
tive charges in the lattice resulting from the substitution of 1i by Al’~ 

C reside
on lattice oxygen atoms , and are neutralized by Na + counterions which , in the
ftt l ly hydrated crystal , float about in the interstitial voids.

Samples of zeolites NaX and NaY were hydrated over saturated aqueous
solutions of N aCI and packed by hand into the cup—shaped neutral terminal of
a dielectric- cell . The cell was designed to permit the sample to be removed
without disturbing the powder. Capacitance measurements were performed
with a Rooton fl-X meter and a \Vavne—K err model 601 impedanc e bridge , and
c-orrecteci for the low residual inductance in the system. Samples were dehy-
drated by heating to 400°C under a vacuum of i0 2 mm of Hg. The water con-

— tent of the hydrated samples , as measured by weight loss during dehydration ,
agreed well with values c alculated from the formulas given above.

Figure 1-I show s the measured permittivitv ( ‘c ’) of the hydrated and (jel ly—
d ra t c ( l  s : imple ~ . U ’ - a u ~~- ol t h e  b-v e - r powder densi ty  eml i l ov ed  in t t i i ~~ s t t i ( l \

i i . 77 ve rsus I . 1 r i n~~ . th~ obse rved pe r m i t t i v i t i e s  of Na X below 3 Mu /

are smaller  b~ a factor of about 1 • -~~ than those measured by another investi-
ga tor (l . ~-\ . Schoonhevdt , personal communicat ion) .  The increase in permit—
tivity at low fr equencies is clue to sample heterogeneity (the M axwell— ~Vagner

I I - ’
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effect) and to the formation of electric dipoles by association between the- umbile
c-ations and the fixed aniOns ~ll tile lattice. From the nuclear n)a~4netic resonance - - 

-

dat a , the water dipolar absorption in NaX occurs at substantial l~’ higher frequen-
cies than these other effects , at least at i-oom temperature . This is evidc- nt lv
not the case with NaY.

IOO~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:~

LOG

Figure 44. The observed permittivities (- ) of zeo l i t es  N aX afl ( l NaY
at 29~°K

The wate r dipol ar aI)sorption is surprisingly wc:d~. ‘l’ile - m a x i m u m  p o ssihk -
change in pcrm itt iv itv resul t ing from this presumed dispersi on is the di i  k- re-nec 

,~ -

between the- perrn itt i~-it ies of t h e  hvdr :ete (.I aiid deIi~- iI ratcd samples , nwast i  i’ee l
at 10(1 oy 13(1 Mu ,.. From these data , it iS poss i l)  Ic to e st i m at e  tile l l l a N i i ) I i i J l l
apparent peru itt k it-v of t h e  interstitial water .  We as si,i iu i-  that tue spc- ( - i i  IC )—

p, of the sample is additive -: n
P wa t et ’  P~\ tl ~~i’ ‘ L i t t i ( ( 1~L !t t u  -

w h e r e  
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Although this formula is essentially empirical, it has bee-Il st icc c ss l i i l l y used in
other stodies of adsorbed molecules; and it predicts a bu lk permittivitv of 6.3
for dehydrated zeolite NaX , in good agreement with other estimates.1

We find the maximum apparent permittivitv of the in ters t i t ia l  wat er  in NaX
to be about 1-1 at 298°K and ~using the data from Janscn 1) about 23 at 220°K.
Assuming that the Na r cations are more strongly h~-dratt-d th~u i-ifla-r the lattice-
O charges (in the zeolite) or the simple anions (in bulk solution) , our r esults
can be compared to previous measurements of the permit 1~iv i t~ of con -entrated
NaC 1 aqueous solutions, \Vhile extensive association between the lattice of ~~
ions and the counterions undoubtedly is present in the fu l ly hydrated crystal , we
sf11 expect most of the interstitial water molecules to be loc ated in the primary
hydration spheres of one of these two ion species . Our results show that these
water dipoles are ‘‘immobilized’’ (i. e. , aligned by local fie-ids within the c- rv stul
yet have rotational and translational “mobilities ” , estimated from the nucl ea r
magnetic resonance data, similar to molecules in the bulk phase. An under-
standing of the structure of water in 1)0th biologic and model sy stems is essen—
tial to an understanding of how i~ is manipulated b various forms 01 electro—
magnetic radiation.

RE. FL H EN Cl’.

1. Jansen . F. J. Electrical  properties ol sy nth et ic  / c n l i U ’S  X and V wi th
va ry ing  silicon to a luminum ratio. Thesis . K l t h a  I I eLC -  t n i\  t - F s i t - i t
Leuven , Belgium , 1972; Jansc- n , I- ’. J. a nd ScIsionI r i  ~dt . H. \ . A C S

Ads’. Chem . Series 121:9 6—i ll S , 1973 .

E FF ECT OF DI ME THYL SU L F O X I D E  ON T HE D I E L E C T R I C
PROPERTIES OF CANINE KIDNEY TISSUE

Pr ~ ipdI I 1V i SI C r - - K. A, Foster, A FARI; A. T. Be/f Ill . A it’h t t ’f lc : tun
and B. Denysyk , Naval Medical Research Institute

One major diff icult with atte-mpts to prolong the  v i a l n l  it ’ of solid
by freezing is the need to thaw the tissu e- rapidly and r i , u i l ri l \  i ! l c I  — t r ~~:e~e.

F An attractive approach , using a c ommercial micro\v av - ove n ri ~a i ’ : it i flg t
2450 or 915 MHz , has had only limited success , pa r t i a l ly  I ) ( a t ~ 5t 1) 1 the flOrl —
uniform heating pattern produced b~’ the - microwave Iie-~- l

i - f l )  
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To ascertain the probable effect of a commonly used cryoprotective agent ,
dimctl iylsulfoxidc , on the electromagnetic heating process , we measured the
conductivity and permittiv ity of canine kidney tissue over the temperature
range —2 0°C to 20°C , and over the frequency r ange 3 to 90t) MHz.

Kidneys , weighing GO to 80 g, were removed from adult male mongrel dogs
by laparotomv incision. Anesthesia was induced with sodium pentobarbita l and
latei- maintained with a mixture of halothane , nitrous oxide and oxygen. The
surgical procedures were (lone in connection with an immunological study on
renal rejection , requiring autotransplantation of one kidney and removal of the
contralateral organ. The removed kidneys were perfused either with canine
plasma on a Belzer perfusion apparatus or with gravity—infused physiological
saline , and then stored at —10 CC in a standard freezer until experimentally used .
Samples of the cl imethy lsulfoxide—perfused tissue ‘~vere analyzed b tritium la-
beled distribution studies to verify that the dimethvlsulfoxide had uniform! pen-
etrated the tissue-. Sanip les of approxinmtely 1 em 3 volume were removed from
the cortex and medulla, and packed into a stainless steel and Teflon dielectric
cell construc ted Irom a lengt h of S o — o h m  coaxial air line , as described else-
where. 1 T u e  sample temperature’ was controlled to within 1°C by delivering
c-old nitrogen gas through a coaxial jack et surrounding the- cell. Measurements
over the frc iu en c -v l ange- ol : ; — 11) 1) M h z  were per formed using a Booton R—X
rnetc-r and a \ \ a v iu - — Ke- rr mod e-i ~ i i admittanc e bridge.

F’ )l~ UU i~ pUrpOS (~S , the j i-iost useful  parameter is the spec ific cond u c- —
tivitv , a , ol the- tissue. l-’igure- ISA show s the conductivity at 10 Mlix of
dime -thv lsul fox id e—perluse d and saline—perfused organs . Each point represents
thc a \c rage ’  id six fllc-asiircmefltS on three dimethylsulfoxide—perfused organs,
or of tour ni~- -asure-mcnt s on two saline—perfused kidneys. Tile standard error
of the 111€-an is al)I)r flxflllate ly 23 perc-ent except at —20°C , when it increases to
nearly ( i i ( i  percent bee -au Sc- ot th e- lower values of a~ At —20°C, dimethylsuif—

oxide m c i  case-s t h e -  - o i l d U c l i \ it\ of tile tissue by nearly fivefold ; at 20°C ,
i t  dec reases the- conduc t ivity by 10 percent. These effects are observed
in d imet hvlsu l foxidc—sa lin e  solut ions as ~ve-ll (Figure -ISB). The tissue condcic—
ti~ itv fit tem peratures I f t IO W — 10°C was c-onstunt over the f-rec iuene-v range of
to SI i~~( \ II  Ix , and that ni tile- thawed tissue incrCaSe(l tw-ofold (sal ine—pe rfus ed)
to I o U i I i i ld (dii~ ethyIsulfo X iek- —p C r fU SCd ) , frori i to 9 ( I ) )  MIt ;’- . -  \ t 9 ( 1 1 )  M l i x . liii -

f t f : : u ! i ( t LV i L i -s of th e -  d i r  c t h v  iso l t ox itk - —pcriu sed and saline -—p erfus ed r rgans  ire
rou~ h l~ the S a l l C.  w-i i et hv l su  lIox ide s ign i f icant l y  reduc-ed the chan g ’:  in t he di-
e- ic-eli -ic pr p ’i  es ol t h e- t~ss uc -s as it ‘~- ;s  thawe-ci.

1 111 1 11 : a : r ) ( -  I \ cannot , r c : i h i s l d a il~ ( ; i hC’ u k11 : tl )( d i c h - e t i k  h t ’ a t I f L  1

pa i i  j u ly l 1 i : i ’~e S r i : ~; ! i  iuu:: ’ li:ule - d by :i in k  io u  ace ( ‘V e i l .  1 ( we -I  e- i . I t : i  5 t r i  i j  I—

CU !:i ~,LU i1s , (~~s i I f l h i I 1 ~ i i , i i t t i i t r l i  t i -~ s IIu si,l i c l e S  ‘,VhoSC d i e k- t i u pm o p e l t I e ~ a l e -

i i Ia i ; f  t e j i -~~L 1r  ‘ i t  i ’ y & - i i  ai lS ~i u : Wci !  t i s su e -  ii uadiatc d with pi:i ne ’ c 1e- c t i - f l : i ~~ili~t I ~

W a\  ‘~~~~. sb ‘-\  t i - i t  th e t ’  -t f l ‘ i - u l l i l l ° l ’ ” l  tv in th e- dissipa t ed po\Vcl- is  r i M s i t
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the interface between the two sections. This nonuniform itv I- c-Suits from the
ufat ilenlat ica l ij oundarv condition that the tan -ential component of the- elcc- tric
field , E t, be continuous aC rOsS tile interface’ between the thawed and frozen
sectiOns . ‘File p~\Ve1~ deposited i)\’ tilts fie-ki (oInI~~neflt is proportional to aE t 2 .
To illiprove tile uniformity of tile heating, it therefore- appears most important
to reduc e- the- difference- iii tile- c-onductivit ies between th e’ “froze-n ’’ and the
“thawed” tissue. Since the- c onductivity of the- “thawed” tissue rises more
q u i c k l y  with fr -queney than that of the ‘‘frozen ’’ tissue above- 100 Mlix , our
data suggest that more uniform heating iiuight he obtained using frequencies
lower than 913 or 2 -ISO M l ix .
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Figure 4-5. -\. The specif ic  cond uct iv i t  ~a) of sa l ine— and t)MS ( ) —
P C- r fus cd canine k i d n ey  t i s s u e  as a funct ion of t (‘mp (-ra—
I ure .  The eoncluc-t ivitic’s of cortical and meduilary I is—
s:i~-~ wa re t h e  sanu - o wit  ~l in l I ; i ~ a r( ’p rodu ( - r  N I it ~ and
ar e - il lelud ed I - g € - t  l i e r .  i~ i’ - S. I- .. M . for th e  Sat a at — 20 °C
is iiidicat c - t i ;  the  ‘a - ma in ing dat a at h igher  I (‘mild-rat ures
have sonl ( -wha t  sni a ~~ i r id ~ ‘ i ’~~ t i i lec ’i- ta  in u-s. It . The

~ p ( ’C i f i C  cOTu ( I U C t I \ i ( \  M~ ~~. i - .i N \ a C l  aWl U . iS N Na& l—l t )

L 

percent (him (’Ihv I ~~‘ l foxid (  I l)~IlS( 1)  ru ixtui ’ i -s (V vf  as  a
func t ion  of t emp e  ra~u ta- . l } c  s i n I ibar-;tI- be t ween \ and
}~ shows that  th e I i \ )~~i ) - - i i i d i ; i - i  i s e  ri  the  con du c—

i\ - i tv  of f rozen I i s s(c  i - s : I i  s I i  c l i  :i a l l  i~5i~ ha lirOp(-rt y
of th e I r~is — - b (- -t l l\tv - so l o)  ;on .
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Our results show a significant effect of the cryoprotectant dimethylsulfoxide
on the conducth’ity of canine kidney tissue. Presumably, this will substantially
improve the microwave heating pattern in frozen tissues. This effect , in addi-
tion to pharmacological considerations , should be a factor in the choice of a
cryoprotective agent for solid organs which are to be thawed by radiofrequency
or microwave irradiation.

REFERENCE

1. O’Konski , C. T. and Edwards , A . Cell for dielectric measurements in the
high radio frequency region. Rev . Se-i. lnstr. 39:1456—1458 , 1968.
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PROP ER TIE S OF WATE R I N R E V E R S E D  M ICELLES . A NUCLEAR
MAG NE T IC RESONANCE STUDY

li  i l - I l -  M. J. McCreery, AFRRI; H. J. C. Ye/i, National
Institutes of Health; and D. 0. Carpenter, A F R AI

The microscopic environment of ions and water at the- membrane water
interface is of great importance in understanding membrane phenomena. While
it is generally accepted that the charged surfac e of the membrane imparts some
order to water and c-ounterions adjacent to tile interface, the-re is little agree-
me-nt over not only the rigidity of this order , hut also the distanc e that it extend s
into the aqueous media. A sbidy was undertaken to investigate- the properties of
interfacial water via high resolution nuclear magnetic resonance , utilizing a
simple- niodel system. Reversed micelles formed by tile surfact-ant Aerosol—OT
in a nonpolar solvent c-an trap poois of water whose size may be a ltered by var~ —
ni~ the wat er  to — sur f act an t ~ ra t io  1~. ,inew id t i l s  at ~~ i f — h e )  i~ht a iid c-hem Ec ; i  1

- 
‘ ~ t ~~~~

- water  s j una  I We-re me~ - ure d 1 m m  ~Pe-~ 
r;’ recorded on a V a r )  an i I _ -\ — 1 0 1 ’

flue ic-a 1 i n ag  ne-ti e resonance spec t i-omc-tcr equipped with a teinperatu re -ontr dli- r
l-’igu re I 6). (‘a k-u lations of the Spin— spin ye hixation time 12 , ~~ ,~ti i~e-d f l- )fll

l ine-width data (Figure 1 7) , suggest th lat tile ’ rotati onal f l l O b i l i tV  of t ue  wat t -i- with-
in the-se- trapped JX ) Ol  s is similar to that of ‘‘hti 1k’’ wate r u n t i l  ft~- poo ls are :i~ )—

proximak- lv 23 ~-\ i i i  (I i arne -ter .  ‘Il i i e l  ic - s of sma l l e r  elianieter CXI1I1)I t fi f l l l i r Le (  I
dec-cease in water  niohilitv . i’he ~ ate -i ’ in at least this mode -h syste m , the-re-fore-,
clues not sec-u i to be strut ’tu i-ed unti l  it is within IM to 2’) A ol the llc -gati ve -lv
c h arge-cl inte clue-i- .
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Fu rther experimentation using the nuclear magnetic resonance method of
Ci-eekmorc- and Reilley 1 has yielded an estim ation of the hydration number for
sodium ions in the water l)haSe of these aggregates. Each of these ions is thus
hydrated iw an average of 1.0 water molecule at R = 5~ 0 to 0.6 water molecule
at R - O • ~~, considerably lower than the hydration number of 4 .5 for sodium ion
in “hulk ” solution . These results imp ly “ion—pairing ” between sodium ions and
the ncgative- l~’ charged sulphonate at the water-surfactant interface. Since ion—
pail’mg is :~ form of ion binding, this model system is one which can provide
‘. aluable information for ion-water interactions and alterations of their normal
interactions b radiation .

REFERENCE

I. Creekmore, H. \V. and Reilley , C. M. Nuclear magnetic resonance deter—
rt-uination of hydration numbers of electrolytes in concentrated aqueous
solutions . J. Phy s . Chem. 73:1563— 1568 , 1969.
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EFFECTS OF ESERI NE AND N EOSTIGM IN E ON THE INTE RACTIO N OF
a-BUNGAROTOX IN WITH APLY SIA ACETYLCHOL INE RECEPTORS

I’,,, cr  - - c - , 0 0. Carpenter, AFRRI; L. A . Greene, National
Institutes of Health; W. C. S/ia/n, Jr , A F R R /, and
Z Vogel, National Institutes of Health

In an effor t  to de te rmine  how several clinically useful drugs interact wi th
acc -t v i eho l ine  receptors , we have- studied th e - lu ’ interaction wi th  i-v—bungarotox in
bi nding si t e -s. 1 Bi nd ing  of 123 i (1- —bungaro t ox in to acetyleholine receptors of a
gang l ion ic  homogena l(- of th e  mar ine  m ohlus - Aplvsia is blocked by the anti-
( h o l i l lP St e rases ( s i r i f l e  ( I - , , ,  -

~ 4 x i0~~ \1) and neost igmine 5 50 
-r 2 x io — ~ M I .

1 he - l a s s ica l  a c i - t  ic- ho l Inc aa )agon i s t  d—tubocur ar in e  blocks wi th  an ~~ = 2

~ I L  -l M. I- :ser ine (1 3~) - 3.4 x 10~~’ M) and neost igmine (
~~ o = ~— 1O ~~~~ M) also

b lock tox in  b i n d i n g  to a sol uh il  izc- d receptor preparat ion . Unl ike  th e - i  r r elativ e-
n i ’)  i ’ f i ( ’V  i n h > l o c k i ng  C O \)  ii I ) i I l ( l i f lg ,  neost ign llne is a more pot ent  inh ib i tor  of
\p l vse r  & - -t v k - h o l i n c - s h - r a s ,  11 3)) -

~ 1. -i x 10~~ M) than  is escr ne (150 2. -~

x 1 U ’  M .  ( - - hung ar o t ox ln  does not aff ect  esterase a - t i v i t y  or in te r fe r e -  wi th
I he - ,h i l l )  v of c-si - r I uc - to i) iock t ile- e-stcr asi- . The response to acety l  choline re —
cor tle -d th rough  m t  rae -i h u l a  r microele ct  rode-s is blocked b y o—hungaro tox i  n.
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Neither eserine nor neostigmine blocks the acetyleholine response hut rather
prolongs and increases it as expected from their  effects on the est erase (Figure
48). Eserine (10-4 M) blocks the- o-bungarotoxin inhibition of the physiologi c
acety lcholine response. These results indicate that eserine and ne-ostigmine
block the binding of ~ —bungarotoxin by interacting with a site which is different
from both the esterase and the cho linergic sites of the acety icholine receptor.
These experiment s provide further  information on the mechanisms of action of
specific components of snake venoms. Fur thermore , these invest igat ions  in-
crease our knowledge- of the normal and pathologic bases of movement and co-
ordination in higher animals and man , and how these- are affected by various
drugs , since all movement in vertebrates is mediated through acety lcholine
receptors similar to those described here.
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—

~~~~~~~~~~~ 

— 
I

Figure 48. Interact ions of -~-bungarotoxin (aBT)with eserine and neost igmine on
the response to lontophoretic acetyicholine , recorded from an un-
identified neuron in the lower left quadrant of the abdominal gangh ion
of Aplysia. The intracellular  recording of c - lee - I  n eal a c t i v i t y is shown
in the upper trace . The neuron was i n i t i a l l y  spontaneously active hut
became silent with time. The second trace indicates the duration of
the iontophoretic pulse. The total charge passed is different for re-c-
orcis A , B and C and the amount is indicated in column 1. The prepa-
ration was perfused with art if icial  seawater containing 100 mM added
MgSO4 to block spontaneous synaptic t ransmission , and drugs were
added as indicated. All records were taken at 22°C. He-cord A-2
shows the reduction of the response to 1000 nC acety ichoh ine observed
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1. Carpenter , 1) . 0., Greene , L. A . ,  Sham , W. U . ,  ~Jr .  and Vogel . Z.

Effects of eserine and neostigminc’ on the interact i on of ,- r -hungarOtoXifl

with Aply~~~ acety icholine receptors. Bethesda , Mary land , Armed
Forces Radi obiology Research Ins t i tu t e  Scient if ic  Report SR7 6—1 6 , 1 97 ; -

EFFECT OF CURARE ON RESPONSES TO DIFFERENT PUTATIVE
NEUROTRANSMITTERS IN APLYSIA

Prin~~paI lr ,v ~~ii r ~ur— 0. 0. carpenter, J. W Swann and P. J, Yaro~~ky

Aplysia neurons have specific receptors for acety lcho l ine , dopa m ine ,

octopaminc , pheny lethano lani ine , h i s t amine , gamm a-aminobut y r i  c acid , glu-

tan-iic acid and aspartic acid.  We have studied the- effect s of cu ra re  on re-

sponses result ing from iontophoret ic appl ica t ion  of th e se  p u t a t i v e -  neurot i’ans-

mitters onto Aplysia neurons.’ Each of these substances may , on d l f f ( - r e f l t

I-’ig ure 4~ (continued ) .
aft~er perfusion for 10 mm of high Mg - - seawater contai n-

ing 2 mg/ml bovine se-ru m albumin and 3. 6 x 10 6 I\1 ~ —

bungarotoxin. A— 3 shows the effect of the same- amount of
acetyicholine give-ti alter 30 mm of washing with high Mg 

-

seawater. Record A—- i shows the responSe- 10 mm afl’r be-

gi nning perfusion with seawater in which all C1 was re-

place-cl by acetate. B— i is a smal le r  control respons-~ b e-tore

addi tion ui eser ine , while B—2 shows the - elk-c t ol th e same-

amount of acety leho line 15 n u n  alter addition ‘i 10 M
eserine. cv—Bungar otoxi n (3.6 ~ 1 0~~ M t  did not au -ct this 

-

reSponse even a It 1- 2 )) mi n. A 1U- r th e - c. c- ri tie elect ~ a ~ at

l e a st  par t ially reversed }J ~ wash in g ,  anoth er  cotit i-ol \\ Us

taken (C— u and ne-ust igmilic I 0~~ M I  as added (C -~~ c . ‘1 Iii -

facilitated response in ne-ostigmine \~as de- pr - s - e - d  h\ 3.

x io
_6 
M (I -builgarotoxi n (C -1) .  A lte r ~v~~ h i t i ~ (C - - ) th e-

blockade was re~crsibIe .
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spec ific neurons , elicit at least three iypc-s of response, c~u~ed by a fas t  de ’—
polar iz ing Na~ , a fast hyperpol ar iz ing  C1 or a slow hvp erpo la r i z i n g  K -

ductance increase. All responses r e s u l t i n g  f rom e i th er  Na or C’L c onduct-
tance increases , irrespective of which putat  I ye I ransni it t e r  a c t i v a t e d  the re-—
sponse , were sensi t ive to curar - . Most were- totall y l)locke(l by ~ 1t)~~ ~l
curare (Figure 49 1. Gan in ia—a m ino hu lv r i c  acid r ( -spons ( - s  were 1( 55  s ( -n s I t  ive
and were- often only depre ss -d h 1Y 3 M cura r’e . K - (‘o ndu ( - tan ( - ( -  (-spon s( s ,

HISTAMINE
CONTROL d- TC ii~~~ Mt WASH

~~~~~~~~~~~~~~~~~~~~

200 nC 
- - 

j

CONTROL TR IS+ SW WASH

— 

8x 10 ’
~° am p s

j 300 nC ~~~~~~~~10 mV

10 sec

Figure 49. Curare blockade of a depolarizing h is tamine  response-. I-ach
upper trace - shows re-cording from an unident i f ied neuron in
the lower right quadrant of the cerebral ganglion ~-3’ mV )
while the lower trace indicates the pulse of 200 nC (upper re-c-
ords) or 300 nC (lower r ecordst  h i s t a m i n e .  The lower right
records also show the const ant current pulses (~ x i o — l 0  ‘

~~~

used to monitor membrane r es is tance.  Curare  ( d— TC Wa s
applied for 5 mm at ~~— 4 

~ i , ~cn i  th e  response recovery was
taken following a 15 mm wash wit h seawat (‘1’ . The larger  re-
sponse’ (below) was t o t a l l y  blocked af ter  a 15—m m p erfusion
with Tr i s  - (Na 3 f ree)  seawater .  After  S mm of wash with
normal seawater , the  h i s t a m in e  response has recovered w i t h —
out r e tu rn  of cont rol spike ~( -ne r a t i on , and und e r til e-se (‘l~~CU~~ —

stances constant current  pulses fa i l  to den i ons t r at e  a- condu ctanc e-
change- dur ing  th ( -  response . I h e  membran e-  did not show r e c t i —
ficat  ion over the  potent ia l  spread of t he  response . 

~~~~~~~~_--~~~~~ ______________



irrespective of the t r ansmi t t e r , were not curare sens it ive .  These results are
consistent with a model of receptor organization in which one neurotransmit t cr
receptor may be associated with any of at least three ionophores , mediat ing
conductance increase responses to Na + , Cl and K *, respectively. In Aplysia
nervous t issue , curare appears not to be a specifi c antagonist for the nicot inic
acetylcholine receptor but rather to be a specific blocking agent for a class of
receptor—activated Na 4 and C1 responses. In addition , the presence of three
different kinds of ionic response , including both depolarizing and hyperpolar-
izing responses , suggests that any neurotransmitter , at least in Aplysia, may
be either excitatory or inhibitory. This conclusion has significance in under-
standing a variety of human diseases in which synthesis or metabolism of one
or more transmitters  is abnormal , such as Parkinson ’s disease , various cho-
reas and athetoses and possibly some mental il,lnesses such as schizophrenia.
The elucithtion of the mechanisms whereby histamine affects neurons provides
a bas is for understanding how histamine , released from mast cells by ionizing
radiation, m ight act ivate receptors on muscle or cerebral blood vessels to
cause early transient incapacitation following exposures to very high doses of
ionizing radiation.

REFERENCE

1. Carpenter, 1). 0., Swann, J. W. and Yarowsky , P. J. Effect of curare
on responses to different putative neurotransni i t ters  in Aplysia.
Bethesda , Maryland , Armed Forces Radiohiologv Research Ins t i tu te
Scientif ic  Report SH 7O— 27 , 1976.
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LOCALIZATION OF AND SPECIFIC RECEPTORS FOR
PH ENYL ET HANOLAM I NE IN AP LYSIA

I ’  11 I t ) I (  ( fl~- -sT I ( I ~ - IS J. M. Saavedra, National Institute of Mental Health;
J. L. Ribas, J. W. Swann and D. 0. Carpenter, AFAR!

We hav e- a t t empted  to document a role for phenylethanolamine as a ncu-
rot r ansmit ter .  Phenyl ethano l amine was detected in the nervous system of

~~~vsia. Phenylethanolamine was assayed by an enzymatic—isotopic tech-
niqu e’t  It was found in all ganglia with the greatest amount in the  hue-cal
( 4 . 6  ~ 4 ng/mg protein ) and the lowest in the pedal (1.4 ~ 0.1 ng ”mg prote in ) .
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Of all of the regions of the ganglia , the neurop ile showed the greatest conc-c-n-
tration, approx imately five times that of other regions. The amine was also
present in both connective (4. 6 ~ 

0. 9 ng/mg protein) and posterior parapodial

(2. -~~ ~ 0. ~ ng/mg protein) nerves. It could not he detected , however, in any
of the major identified neurons.

Specific receptors for pheny lethan olamine were found in  the nervous svs-
tem of Aplysia. These receptors were not responsive ’ to iontophoret ie  appli-
cation of structurall y related putative neurotrans mitt  ers (phenylethy lam m e - ,
dopamine , norep inephrine , octopamine and his tam ine -)  from fi ve-barreled
electrodes. Such receptors are rare , and most frequently found in huccal or
cerebral ganglia (Figure 50) . Three types of responses we-re found , due to
Na + , C1 or K+ conductance increases, respect i vel y. The CF conductance
response was most frequent . These result s , demonstrat ing presence of and
specific receptors for phenylethanolaminc , suggest that this amine may he-
considered to be a putat ive neurotransmit ter  in the nervous system of Aplysia.
Since phenylethanolamine is also present in the mammalian central nervous
system , these results are consistent with the poss ibi l i ty  that phenylethanol -
amine may he a neurotransmitter there as well . If phenylethano lamine is a
neurotransmitter  in simple nervous systems , it may also he in man. Further-
more , it may he involved in human disease states or in response to var ious
i n fu r i e s  to the nervous system.

A) coHiloc N.~— mesW WA S(4

~~~~~
—-

~~~~~~

I I

~t COHI1OL (—35 ..V( ~ 73 n,V C1—Fl~( SW (— 35  n,V(

I I — -

C) CONTIOL (—43 mV) —61 my ci — ~*U SW —43 ,,V(

I i t ___._j i o n,v (c)

20 .., ~ nd. (A (

10 , e ~d. (~~. 
C)

F’igure 50 . Responses of Ap lysi a  neurons to phenylethanolamine. A , B, and
(‘ (upper trace) are in t race l lu la r  recording-s from un iden t i f i ed
neurons in the hue-cal and cerebral gangl ma r c spe -c ’t ive ly .  The
iontophoret ic current app’ I cat ion for a l ive-barreled electrode
is ind ie -at ed in the lower trace and was 500, 500 and 1000 nC.
The neuron in A was unrespons ive ’  to 10tH )  nC of doparnine and
oetopam in e 1)111 had a depo la r iz ing  response to acetyicholine. The
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A COMP A RI SON OF IO NOPHORES ACT IVA TE D BY A C E T Y L C H O L I N E  AND
GAMMA-AMINOBUTYRIC ACID IN APLYSIA NEURONS

-~r l r ~ ~~ lnv~- st ~nrs P. J. Yaro wsk y and 0. 0. Carpenter

Iden t i f i ed  neurons in Ap lvs~a possess three different  ionic responses to
ac etv l ehol i  lie andi t o  gamnia -aminohut vr ic  acid.  Both substances have re —
eeptors  on the  soma as well as in the neurop ile.  Swann and Carpenter 1
compared the acetv lchol ine and dopamine responses and found s i m i l a r i t i e s  in
the ’ responses due- to movement  of the same ions on act i vat ion of dif ferent  re-
ceptors. The-v sugge-sted that a single receptor may he associated wi th  any
of at least  thr ee  ionopho re-s which mediat e pe rm eab i l i t y  changes to Xa~ , CF
and K . \Ve have - found that gamm a-aminohutyr ic  acid and aeetylcho l in e re-
sponses have s i m i l a r  t imes  to peak for di f ferent  ionic conductance responses:
for Na conductances , ace ty ichol ine  -~ 1. ~ 0 .2  see , g a mm a — a mi n ob u t v r i c -
acid -~~ 2. ( 1 0 . 1 see; for C1 conductances , acetylchol ine  -= 2 .  4 0 .  2 see ,
gamma-ani i n o h u t v r i e - acid - 2. 4 0 .4  see; for K+ concluctances , aec t y ichol mne

F’i gure 50 (continued) .
midd le  record was taken 4 m m after beginning perfusion with
seawater  in wh ich  Tris~ replaced all Na 4 . The right record
was taken 10 m m after wash was begun . The neuron in B was in-
sensi t ive to dopam m e , norepinephrine , octopam inc and histamine ,
while  that in C had a very small hyperpolarizing (K~ ) response to
dopamine hut was unresponsiv e- to oct opam ine, norep inephrine and
acety lchol iiie. In B and C the neurons were penetrated with  two
independent intracel lular  electrodes for recording and current
passage- . The middle records show the responses after membrane-
potential  was hyperpo larized past the  equ i l i b r ium pot ential for C1
(ahout -t ;0 my )  and show t hat t he  response - in B reverses whi l e  that
in C does not . The Cl response in H is also abolished Iw replace-
ment of Cl in the seawater with acetate (right record in B).
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- 12.2 1.7 sc-c , g a m m a — a m i n o h u t v r i e ’  as - id  13. 1 I S  s ec .  t h e  p r u p e r t u - s
of the’ waic sc ’ l c - c t iv i tv  of the-  ( ‘I  ionophore - were StU ( I i e d  on c c i i  U~ , w h i c h  h as
Cl response-s to  1)01 Ii n e d  v lchoi  in c and gam m a — a n i i n o h u t v r i  c acid. (‘ci Is w -re
i mpaled wi th  two independent mieroelectr odes .  Aet- t~~lehol inc  and g a m m a —
ant ino but  \-i’ i e- ac-id responses were e l i c i t ed  bs- i on t op hor e si  S. The i ()\ - ( ‘ S  ion I I I  -

t en t  i:i l wa s  me- a sure i l  in  se-awat ci’ and a f t e r  Part i n ]  subs t  i t t i t  ion I~ he e-~ i i - r i t a  I
C1 I IV i mp ( - rm ( ’ant  an ions  (S( )~ a nd ace ta te  t . The’ r e s u l t  t r ig  s h i f t  i i i  h( - 1 fl~
ver s ion  P~’~~ ii~ m l for ’ 1)0th S1ll) staflc -eS Was Si rni l : i i’  ant i  corre spon ( l ( - ( i  t I l  -h:in ges
in ~~~ i - i ~ ur c - S t e  llowe~~er , the g a m m a — a m i n o b u t v t ’ e- ac id  an d  :u-el v l i - h o l i n r
r ec ep t o r s  eu fl~ do not e ioss  desens i t i z e  and :u’e I herefore ( l i s t  i n c t  - -~~~ i~ in - r —

more,  ~— h u nga rot i \  in  and st r vc-hn i nc bloc-k th e ace -tyl  c-h e] nt but not t h e
g n f l i r f l a — a f l h i f l O t ) U t  n c  ac id  response. ]h ese i ’ e S U ] t s  t i l ( l i e n t ( ’  t h a t  th e  (‘( ( ( l u ( 5

for uce tv lc -h ol i  n -  and g am n i n— a n i i n o b t r t v r i  c a cid are t l i s t  met b u t  I h -  si  m I n n  -
of the ’ ionic conduc -t ances to the  two sub sta ne-es is  cons i s teal wi t  it I he \ iew ’  t h a t
t he- ionophores a s s o c i a t e d  w i t h  th e  re -ce-pt ors are i dent ic:il  - ‘fhese - I l l ) s ( - r \ : I

I IOO S 00 !- (‘cc’ptor o rgan iza t ion  are s ign i f ican t  in that  I he ’ a i-c j )nohabl \ ap j i l i  —

cable to  a wide var ie t  v of neur ot ransni  i t t  er substances , a nd a t’e t i i  - r u - I  i I r u -

impor tan t  in un dc ’rs t and ing human nervous and muscu l a r  di sense s t a t  u s , a

we-Il :i s I he deve lopment of t herap t ’ut ic drugs .

60 -
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A ~ M E T H Y L S U L F A T E
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* REVERSAL POTENT AL

/ IN NORMAL CI

4 5 -  /
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1C 1 1 1 55.9 mM

40 A

0.25 0.50 0.75 hO
NORMA L CI CONCENTRATION

l-’igure 51. Graph of inversion potentials for Ach and GABA responses
in R~ following various anion subst i tu tes  for C l .  He -vers a I
pot ential is indicated by in normal C1 (-55 m V .  Follow-
ing rep lacement of C1 by anions so tha I 50 or 70 percent of
CF remained , the reversal potentials for ACh and ( A l ’ ,;\
shifted in the same direction. Subst i tu t ions  wi th  ace-lat e ,
sulfat e , or methy lsulfate followed t h e  Xe -ca st c-quat ion for
reduction of external CF , whi le prop ionate and isethionat e
substitut ion s did not follow th i s  equation .

162 

~~~- - ~~~~~~~~~~~~~ - - -  _
~~ -~~~~ _- -~~~~ - - ~~~~ 



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

R l- FE U F N (‘ F:

1. Swann , J. W . and Carpenter , I). 0. Organi sation of rec eptors for neuro-
transmitters on Aplysia neurones. Nature  258:751-754, 1975.

~ A A A A 1 A A ~

ASPA RTATE: DI ST I NCT RECEPTORS ON APLYSIA N E U R O NS

Principal Investigators: P. J. Yarowsky and 0. 0. Carpenter

While L—g lutamate has been regarded as a putative excitatory neurotrans-
mitter in 1)0th vertebrates and invertebrates , 1- —aspart atc has 1)1-en r ’eportcd
onl y to act like glutamate. 1-lowever , re-cent experiments in lohste-i- mu se-Ic
and the mammalian central nervous system have suggeste-d that aspartate- may
have a distinct role as a neurofransmittei- . Both aspar -t ate and glutamate arc-
involved in a number of cellu lar proc’esses such as metabolism , protein lornun —
tion , and intracellular osmotic and ionic’ reg irl ation. Aspartate has bee-it found
to be a m ajor anion iii excitatory , i nhibitory , and sensory nerv e- tissue in the-
lobster and crab.

We hav e studied the nervous system of the marine mollusc Aplysia and
have recorded from single neurons dur ing  application u~t aspartat - , glutamate-
and acet icholine- in an effort to determine if specific- receptors ~ve-r - present.

Responses to aspartate \VCFI- recorded ii i  cells from all  ~anglia stu d ie’d ,
although not all c-c-u s responded to either aspartate or glutamate-. Sc’p:irate-
and distinct responses to aspartate were obtained in onl y a small  l)ct’( ’e -n t au~-
of the- neurons . Th e-se we’re- occasiona l iv found in th e - abdominal ganglia , hut
were  i i n ) u c frequent in the- bu cca l  ~ai . -

~\s  show n in 1-’igui r- 52, then- was fl() re-i at ion i)e ’t\Ve’en aspa rtate u - c ( - cptor s
and those- ( ‘II ai ctv l (-holjne- or - gl u tamate . i- Ir a l l  thr e-c ’ substance-s , three tvp -s I - -( i f  response were- found due’ 1( 1 Na - 

, ( - I — a nd I\ ( ( I f l ( l U ( ’ t~i()( C- i nc f l a 5 C ’ S~ 
—

i c sp & - ct iv e l v .

Spec ific- i Sj  ) (  I t a t c  ‘1- ptA )i ’S hay t ~) it i n _ c _ V inn sI v In-en found in either \ er—
tc-hrate or inv ert ( ’I) l-at c pr e-i la r ath  Ir i s . As i i : i i la t ( -  is ;isvmtn etrj c ’;i  I l ~~

- c-on e-c- n—
tt ’;ltC( I in the 

~~j ~~
-t- ’- -

~ 
nerv ou s .s~~st ( - u n .

1(;3 j 
- - -~~~ 
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Figure 52. Effects of iontophoretic application of L-aspartate , L-glutam at c ,
and acetyicholine (ACh) on four different neurons front the ab-
dominal (A and D) and buccal (B and C) ganglia. The’ upper re-
cording in each trace is from the intracel lular  micropipette,
while the lower trace shows the duration of the iontophoretic pulse.
The cell in (A) had a resting membrane potential (RMP) of -50 mV ,
and iontophoretic current s were (in nanocoulombs): aspartate , 50;
glutamate , 50; and ACh , 50. In (B), the cell had a R M P  of -4~ my
and currents were (in nanocoulombs): aspartate , 400; g lu tamate ,
400; and ACh , 100. No response was seen with bath application of
glutamat e (1O-~ M) . In (C), the cell had an RMP of -45 rnV and
currents were (in nanocoulombs): aspartate, 500; glutamate, 200;
and ACh , 200. No response v~as seen with a bath application of
aspartate (10~~ M). In (D), the RMP of the cell was -52 mV and
currents were (in nanocoulombs): aspart ate , 400; glutamate’, 400~
and ACh , 200.

In Ap lysia, the receptors activated h)v iont.ophoretic- application of serotonin
and aee~~lcholine appear to be identical to those cxi st i n ~ at scrotonergic and
eholinergic synapses , respectively. Our results su~gc’st that aspartate may
also func tion as a nc-urotransmittc- i’ , since there arc spec i fic receptors for as-
partate which can select iv ely - Int r t ~~- the membrane pt ’rn )enl) il  i t ~ of some- neurons

____
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to Na - or Cl ( l I r  I ,oth , Sun -c -  these experiments strongly suggest that aspartatu
is a neurotransmitte’r , i t mus t  be considered ~vhic- n searching for ef fec tu  or the
nervous system by inju  n iou s agents  such as drugs and radiation.

****** -A* *

BIOCHEMICAL PROPERTIES  OF A ~3-BUNGAROTOX l N

Principal Inv- -~t i i i t r n~ M. A. Don/on, G S. Tobias W. G S/ia/n. Jr. and
C N Gatravas

This repoi’t describes i potent tool ft)l- s tudy ing calcium effec ted nc-lease
that has been implic-ated in r a diat ion— and dru g— indite-ed pat hology .

The ~—hungarot ox in most extensivel y studied has a molec-u lar w eig ht of
21, 81)1) and is a major component of Bungaru s multicin c- tu s venom. \Ve h ave’
investigated the b iochemical  properties of a flh ifl ( I i’  component of the \e f l~)fli

hav ing a molecular weight of 11, n I l  The mole-cu lat’ weight was dcterni m u d
by three independent methods: sodium dodccvl sulfate polvacry lamidc gel
clectrophoresis , analytical sedimentation Vel Ocit\ - and amino acid analysis .
The molecule was labeled with 12 i j  and the I ) in el if l g ch a r a c t er i s t i c s  of th e’
monoiodinated toxin ~~ c-i -e - studied . Binding to SVn apt oSOmeS and m i l o ( - h l i n c l I i n
was rapid , saturable and could 1)c inhibited by pi- 1’incul)at ith un l ab e led
toxin . Bi nding was also inhib ite d by (‘a ’ in the- inCuI )ati ofl  )l~L\t l iV ( ’. 1hi s
$—hungarotoxin also show s (‘a - —de pe ndent phi o spho l ipa su A activit \ . Thes -

results suggest that 3—bui iga i - otn ’~ i i i  fli i ’  a l t  th i’ ni i ghi  t \ V () sl i ps: I l i S t  :t

cific binding- toot (‘a — r e - q u i n i n g i  an d the -n  a l i i  sp l o l l i t e l s e -  :\ nI - l ) \  i I \  ( n  -

- . requiring . (‘lassi - a l l v , phos 1)h ohi p ase -  _ - \ i~ i - -n i ~~’H ib Iv I c - i t  : -: t : i l , ie i t p h I
below 5.9 but is inac-t i~ ate-el by boi l in g i t  p 11 :iI ,n e i 7. Phios p lu ol i pase’ \ : u u - t i \  —

itv of ~3—hungai -ntoxin i~ c h e s t i, iy~ i_1 h~- hea t t i ’- - n t  i c n t  u l  V ‘ (  - 
, S m m at 1) 11

~,6 but is una ffe-cte~ I at p 1t 5. I . in  add it i on , ( l i e- le t lia l i t ~ ~f ~~
— I ) u in ga  i l  ii -

‘ 1

is abolished af ter  high p11 heat t i u n  tuft -nt I l a }  b . I h e s e -  dat a s i r g g I  -

that the pho sp liohip as _ - a t i ~~iic I S  a:~s ’ i : i t ( ( I  u t I l i  tc t h i a l i t ~ . I I \ c \  ci , !~~
VCflO~fl phospholipase \ has no l - t h u h i t v , sug a.c -s t i  ri g t h a t  both 1) 1 1 \ f l a p t  ic
specificity ( i f 1)ifldifl g and : I S 5 I I I - i : i t e I . I l i l l n P l l I i I i j l n s t -  .\ : i I t i \ i t \  are’ n l ’ ( ’ C s s : L l \

for ~—bunga roto xin tox ii - i t v .  I - m o l l y , we ha v - l i e - i : n : - i i : i t - i l : i  (‘ a 
- 

-de - 1 i -~1 I I - : i t

inhibition ii f ad t -n o sine  di phosp hatc’— d e p e n d c n t  I \ \ 4 c fl r I m s  imp t i on  i n  c t - dc

iiiitochondrial pre ’pat -ati ons , when $ — h u i n g a  i i  P ‘- 1 1 5  t i le  Isj ) h1Ol ip a se :t - l i v  i i -
is inactivated b~- h e a t  t rc-at i i ie ’n t  :it ia. h p 1! Thi  s -~u i n - _~c-sI s tha t  Ui is i ~h i I  i i i  in

ups
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nm~- he unrelated to $—bungar otoxin toxicity . These- ibsc ’rv:il  i o i i —  s u g- ~~c - s t  that
f3—hungarotox in may be usefu l in stu dy ing  ahtcne-d i- efea Se’ m e ( - l r i u l i s l o s  i l e - c d l l ’ —

ring during stress and i’adiation in ju ry .

‘fable 22. Summary Table of the l’ropei’t i - s of a I 1re svnap t  i~- Neu t -ot  ox in ,
B— Bungarotoxin. The toxic i t y  is depc ’ndc-nt on t tn - p r ( - s~-~~ -~- of

phospholipase :\ (PLAI ac- I i v i t v  which is r etained by b o i l i : iu  at
low pH and dest royed at pH ’ s above 7. The P L-\ n e t  i v i ly  c i ’ —
quires Ca and ADP—d e-p e-n dc ’n i 

~“ 2 opt akc can be j ob i b i i  ed in
mitochondrial preparat ions wit hout P1,1 a c t iv i t y in the  I)I’ eS ( -ne c-
of (‘a~

4 .
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a) ~ Ca 4~ + .4. —
b) s Ca~~
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PURI FICA T ION AND BIOCHEMICAL CHARACT E R I Z A T I O N  OF A

~3-BUNGAROTO XlN

I~n 1  ;d I H:v- -~: - : ‘ - - - G. S. Tohias, M. A. Don/on , W. G. 5h~~tj  Jr 3(1(1

G. N. Catrav,is

Spe c i f i c  j ) l’ l l t ( ’ i ) i s  in  snake  v e no i l i s  i i i : i ~ he’ \ ‘ i \  \ : I l u : I I I I t -  t i l l s  I i ’  t I i ~’ ~— t i i t 1v
01’ the- ncrvodls sy s t em .  -\ ch r n n 1 : I I ~~~i ’ : l i l h ic ; l r l l ( - c ’ I l u I ’ c ’ I i : i ~- P I  c - i  k — I - n V ’  i I n n  th e -
separation ol the n e u r o t o N i c  I 1I ’ e I e i n ’~ i n U u n ’g a n i i~ n i d i I 1 I ( ’ l n l -~u S \ l ’ i u l f l )  . he ’

most pos it i \ ’ ( ’lv  charg ( ’d toxic-  p r ot e- i  ii isol ated was examined  for  pu i , m~
u lar  weight , a min o  acid  t - on i p os i t  ion an d t ox i  c i t . Ni ne l i i l i l  I ii f l I - a k S  W~ - i ’

I so la ted  f rom t he’ crude Venom liv c o lumn  c ’hro ni at 0i2, i- :I Ph~ on C - \ l  ~‘i -p 1 1:1 ( I ’ \
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C-25. Peak IX (~~— I X ),  the most electropos i t ive prote i n peak, ran as a single
band on pH 4. 3 and sodium dodecyl sulf ate polyacrylamide gel electrophores is.
The molecular weight of $-IX was estimated to be 10 , 000 daltons by analytical
sedimentation ana lysis. This value was consistent with the electrophoretic
mob il ity of~~-lX in sodium dodecyl sulfate polyacrylamide gels (Figure 53t .
The amino acid composition of ~—IX was comparable to that of the major ~~~

-

bungarotox in peak (~ -VII) previously reported)~’ 
2 suggesting that 8-hX may

be a subunit of the major toxin. $-IX was toxic to mice when injected intra-
venous ly. Animals which received lethal doses exhibited hyperexcitabi lity
followed by ataxia , convulsions and death. The minimum lethal dose was 0. 12

~g/g body weight . fl-Bungarotoxin act s presynapticall y at the neuromuscular
junction to inhibit transmitter release. ~ -IX exhibited a Ca~~’-dependent phos-
pholipase activity comparable to that of $-VhI in a pH stat assay in which egg
yolk lecithin served as the substrate. The enzyme activity was lost after
A-I X was boiled for 5 minutes at pH ‘

~~. I i -  8 - IX  inhibited the muscle twitch
evoked by nerve stimulation in an isolated nerve-muscle preparation but did
not inhibit that evoked by bath-applied acety lcholine. Thus , ~ -I X , as ~-Vh I ,
acts presynapt ically to inhibit transmitter release. The investigation of the
toxin and its action provides a model system for studying the effects of other

• forms of stress on neurona l activity.

100 ,000 
-

50,000 -
OVAL BUMIN

I-
I
0
w

-J
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— 

R I B O N U C L EA SE A

0.3 0.4 0.5 0.6 0 .7 0,8 0,9 1 .0
EL ECTROP HORETIC MOBILITY (811

Figure 53. Comparison of molecular weight and electrophoretic mobility
of known proteins and 8-bungar otoxin (8-IX ) in sodium dodecy l

• sulfate polyacry lamide gels. 20-30 j~g of ova lbumin , insulin
ri bonuclease , and ~ -IX were run separately and in various com-
binations on sodium dodecyl sulfate polvacrylam ide disc gels.
The molecular weight of ~ -IX was e’stimated to be 10 , 000 dal I ons
and this was confirmed by analy t ical sedimentation anal ysis and
amino acid anal ysis.
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‘I’he elucidation of the mechanism of action of 8-IN can lead to an under-
standin g of presynapti c- events involved in the release of n c -u ro t r ansmi t t e r s .
These Ca~ ion dependent event s may he i’elated to funct ional  incapaci ta t ion
due to radiation injury seen in ear ly t ran sit- nt incapac itation lol lowin g 1ar ~ e
doses of radiation.
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ANALY SIS OF B IN DING AND PHO SPH OLI PASE A PROP E R T IES OF
• 3.BUNGAROTOXIN

I I I  I l l vI ’st -
~~‘ 

. - G. S. Tobias. M. A. Don/on . W. C, Sham , Jr , AFRR I;
and S. Marinetti , University of Rochester

8—Bungarotoxin acts presynaptically to inhthit neuromuscular transmis-
sion. We have previously shown th at $—bungarotoxin has the following two
properties: ~I - 

l25~ ~.-hung’aro toxin binds to rat brain synaptosonies , and the
hinding is inhibited by Ca - ‘ ; and (2 ) the toxin has Ca~~—dcpendent phosPho—
lipase A activity . We have proposed that fl-bungarotoxzn exerts its effect on
synaptic- transmission throu gh a sequence of events: first binding and the-n
phospholipase A a -t ivity. \V e- have been investigating several additional as-
pects (~f f~-hungarotoxin’s binding and phospholipase A properties . \Ve have
found that cations inhibit 1251 $-bungarotoxin binding to synaptosomes in the
follow ing order of inhibitory potency: Ca 4 

~‘i3a “—Si’ -\1g
1 

> K ‘-Na 

-
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Binding is also decreased following pretreatment of synaptosomal membranes
with trypsin or chymotrypsin. Pretreatment with neu ramidinase , concana-
valin A , or phosp~iolipases C or D does not alter binding. However , phospho—
lipase A activity from Vipera russelli venom is inhibitory while bee venom
phospholip~~e A is not, Sr~~ is 30 percent of that with Ca ” ’ . Incubation of
svnaptosomal membranes (3 mg protein) with $-bungarotoxin (20 ~ g) for 15
mm at 37°C results in a partial hydrolysis of phosphatidyicholine , phospha-
tid lethanolamine and phosphatidylserine to their respective lyso—compound s
and fatty acids. Usin g ‘4 C-glycerol labeled synaptosomes , rapid hydrolysis
of phosphatidvicholine , I ihos l)hatidylethanolam m e  and phosphatid Iserine
occurred during the first 10-15 mm of incubation w ith the extent of hydrolysis
being PE >PC >PS (Figuire 54), The hydrolysis due to endogenous phospholip—
ase activity and that contributed by j3 -hungarotoxin were significantly inhibited
when Sr ’~ was substituted for Ca~~ in the incubation medium . These results

0 35’ 135
(I Bg ’ 3 -B g ’  CONTROL

Figure 54. The effect of Ca 5
~ and Sr~~ on the hydrol ysis of synaptosomal

phospholipids by 8-burigarotoxin. Hat brain synaptosomes ,
whose phospholipids had been prelabeled with 14C by prior
intraventr icular injection of NC—glycero l , were incubated for
10 or 135 mm in Krebs Ringe r solution with 0. 6 mM CaCl 2 for
SrC12 with or without 20 ~g $-hungarotoxin. Following incuba-
tion the phospholipids , phosphat i dvlethanolamine (PE),  phos-
phat idylcholine (PC) ,  and phosphatidy lserine (PS), and their
respective 1vso~ -ompounds were extracted , separated tw two—
dimens iona l  t h i n — l a y e r  chromatograph y and I s saved  1w I i qu id
s c i n t i l l a t i o n  counter.  ‘I’he resu l t s  are expressed I s  percent
hy droly sis  of specific Iv sopho sph ol ip id  divided by the sum (if
spe c if  IC phospho l 1 1 ) 1 ( 1  p iLl s I\ ’soiih os ish ol p id I i  n ies  one hundr e d .
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suggest that ~3—I )LIfl t l O LO Xi fl  binds to a lWOt&- ilvI(’t’oLiS s itt -  Ind rapid lv h~dr i—

lvzes me-nthrane pliospholipids. An under s tand in-_~ I I I  the’ bi s.-he mk-a I events
involved in ti’ansniitte’i’ release from th~ pl’ (,’s’,’na l ) t i ( ’  tc-i ’nii n al is :~n (‘ -iscflti al
f i rs t  step in th e fu ture’ clarif icat ion of radi at ion damage- to the proc eSS of
nerve transmission.

,3- BUNGAROTOX IN: RELATIONSHIP OF PHOSPHOLIPASE ACTIVITY
TO TOXICITY

III II I’ ~~ -~,i II~ - T  i -  C- S. Tobias. M. A. Do,,Ion, IV G. Shd,n, Jr.

and C. N. Cat ravas

(‘al c iun i  depend ent rvl ( -as ( -  of n euroc ffect  or subs tances  ma he r espon—
sib le- for radiat ion— induced ca i l t i -an sicnt  iflca l )a ( - it at ion. t~ t’ ha~ c he’en devel-
oping 8—bung a? -o tj ix in to &itii tl v the- (‘(fl)t1’(iI d (-a lc. - i uni re-lease- .

fl— Bungai’otoxin has l)e~cfl shown to iflh il) it pi’esvnaptic t fansmitter  i’e—
lease. I W agner et a].2 and Wt’rnk-ke ct 11 , a have suggested that the neuro—
physiologic d ice’ t is Ii’I &iCI jateel l) V ~-lamges in mito(’hondi’ ial metabolism. Ap-
plication of the toxin on a neuromu s(-ulat’ l)r eparat ion caus e-s an initia l in—
c-reas ed rate of acetvlcholin e releas e fr om the pr esyna ptic t er iiiina l followed
by a e’omplete inhibition of release. \V e’ have reported that a different bunga—
rotoxin (pe ak LX ) labeled with 12 ;) j binds rapidly and satura bly to both rat
brain synap tosomal and mitochondrial frac tions , and that binding is inhibited
by Ca~ “ . it thus appears that the toxin bindin g site is similar on both brain
frac tions . To resolve the interaction of bungarotox ins with this binding site
on mitochondria , phosp holipase A ac tivit y and oxygen consumption were as-
sayed similar to Wernicke et al.3 Minc ed rat cerebral cortex was incubated
at 37°C in the presenc e and absenc e of toxin whic h was previously treated by
boiling at high and low p It .  Crude mitochondria l pellets were’ prepared from
these minces , and oxygen consumptio n was measured using an oxygen elec-
trod e (Figure 55 ) .  Both the major bungarotoxin peak (VII)  and peak LX exhibit
Ca~ ‘ -dependent phospho lipase A activity . The phosp holipase A activity and
the toxicity are abolish ed by boiling for 3 mm at p11 8. 6. Both peakS inhibit
adenosine diphos phate-d ependent oxygen consumption. I iowev cv , peak IX
does not require Ca 4

~ for this effect. These results suggest that I l l  peak LX
differs from peak \ ‘Il; i . e . ,  pe ak LX does not require Ca t ’  for binding or for
adenosin c diphosphat e-depend ent m itoe’hond i’ial oxygen consumption ; t 2 1 t.O Xid ’itv



F

is related to phosp holipase A ac tiv ity ; and (3) the mode of action of peak IX
is through two steps: first a specific binding (not Ca~~ requiring) and then a
phospholipase A activity (Ca~~ requiring). The relationship between the mito—
chondrial inhibition of adenosine diphosphate-dependent oxygen consumption
and the neuromuscular blockad e remains to be determined .

A) LOW pH TOXIN 0 C.~~

B)LOXIN 1 CØ ++
~~~~~1~~~~~~~~~~~~~

CtHTOX~~~ e C
1

~~~~~~~~~~~~~~~~~

0 ) HIGH PH T O X I N  C.~~’ A

E l CONT ROL 
A

TIME ~~~~~~

Figure 55. Succinate-dependent oxygen uptake by bra in m itochondr ia.
Tracings of oxygen consumpt ion are shown for the various
toxin and Ca +’~ additions. The arrows mark the succinate
at 14 mM or ADP at 1.75 mM .

This study has described a second mode of functi on of a potential tool for
studying radiation— induced cult ’ ium—req u irin g phenomena. I lowcver , the enzy—
matte activ ity of the toxin can be destroyed , preserv ing its effects on cal cium
flux . Thus the inactivated toxin m~i be a potent tool in understanding the rnech—
anism(s of histamin e release during early transient inc apac itation.
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13-BIJNGAROTOXIN: THE RELATIONSHIP OF PHOSPHOLIPASE
A ACTIVITY TO NEUROMUSCULAR TRANSMISSION

Principal lnv~sl qato rS D. A. Livengood, M. A. Don/on, AFAR!; R. S. Manalis,
University of Cincinnati College of Medicine;
G. S. Tobias and W. G. S/ia/n, Jr., AFRRI

At least two differen t species of fi -bu n garotoxin have been isolated and
studied. 1-3 We are proposin g that the toxin may function by first  binding to
a proteinaceous moiety of the presynaptic membrane and then by phospho-
lipase A enzymatic activ ity.  Subthresho ld end-plate potentials were recorded
in a frog neuromuscular preparat ion in 0. 311 mM Ca ++ , 2. 9 mM Mg++ saline.
End-plate potential ampl itude and memhr ane potential of muscle fibers were
anal~ zc- d during treatment with purified $-bungarotoxin or toxin treated by
boiling at pH 1-1 . 6 to destroy phospholipase A act i vity. Purified enzyniat ica lly
active 8-hungarotoxin (0. 2-2. 0 ag / mi) causes a rapid decay in 5-10 mm in
(-nd-plat e potential amplitude. This frequently was followed by a rebound of
the- (‘nd-plate potential to levels in excess of control. This is in turn followed
by a second decrease to zero (100- 150 mm ) . The toxin blocks the end-plate
potential hut not iontophoretically applied acetyicholine in a curarized prep-
aration. Enzvmat icalt y inactivated 8-bun garotoxin (0. 05-2. 0 mg /mi) also
causes a rapid decrease in amplitude of the end-plate potentials. No rebound
of end-plate potential act ivity has been seen with inactivated toxin. Loss of
end-plate potential amplitude with inactivated ~ -hu ngaro toxin appears to be
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dose dependent . We suggest that a mol(-cule of /3 -hungarotoxin has two func-
tional components: (1) a phospholipase -\ active site and (2~ a s i te  that binds
to the presynaptic membrane , probabl y at the Ca~ ’~ binding s i te  and thereby
blocks transmission. The effect of /3-hungarotoxin on frog sartorius muscle
twitch response is shown in Figure 56.

~~-BUN GAR OTOX IN

4 20

0 jUU*,i. ~.
- ‘fl- ~,rr ” ~~‘ .—_-

0 20 40 60 80 100 120
TIME t m in utes)

Figure 56. Effect of fi—bu ngarotox in on the frog sartorius muscle twitch
response. The frog sciatic nerve was stimulated at 10 min~~
and the isometric twitch tension of t h e  sartorius muscle was
monitored with a strain gauge . After the preparation had main-
tained a steady—state twitch response for 30 mm (at t = 60 mm ) ,
/3-bungarotox in was added to the bathin g Ringer 1 s solut ion to a
concentration of 1 ~g/ml.

The mechanism of radiation damage induced incapacitation of animals
may be related to t ransient  al teration of neurosccreto i ’v processes. This
study examines the electrophysiological aspects of neuromuscular  blockade
using a presynaptic toxin to probe the h iophvsi eal  events occurr ing at th i s
radiation sensitive si te .
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DISSOCIATION AND CONTINUOUS CELL CULTURE OF HUMAN
SMOOTH MUSCLE CELLS

Principal Invest igators E. S. Chock and W. G. S/i a/n , Jr.

Many studies require a reproducible preparation of smooth muscle cells ,
but such a preparation is difficult or impossible to obtain from intact animals.
We have attempted to obtain continuous lines of cells in culture . Cell cultures
of smooth muscle hav e been established from human oviduct b~ enzymatic dis-
sociation. Repeated treatments of minced tissue in Ca 2

~~, Mg~~ free liank s’
saline containing collagenase (20 units/mI) and elastase (10 units /m it  resulted
in single cell suspensions. Cells from the later dissociation treatments were
most homogeneous with respect to smooth muscle morphology . Cells have been
maintained in continuous culture for at least 1 year and hav e a doubling time of
5.5 days. By light microscopy the muscle cells were observed to have a prom-
inent nucleus and to be flat and of irregu lar shape. The cell shape appear s to
be determined by the displacement of prominent bundles of filaments. Cultures
were fixed for thin section and surface replica electron microscopy in phosphat e—
buffered glutaraldehyde and osm ium tetroxide. Filament bundles containing —

numerous dense bodies coursed through the cell soma and large cytoplasmic
extensions terminating on the inner surface of the extracellular membrane.
Small vesicles were frequently associated with points of filament termination.
The replicas suggest that the surface membrane is smooth except in those ar-
eas where caveolae are arranged in longitudinal rows. Rep licate cell cultures
were analyzed for stimulation of intracellu lar concentrations of cyclic adenosine
monophosphate after 15-mm incubations with dopamine , noradrenaline , I sop ro-
terenol , carbaniy lcholmne (all 1O~

4 M) ,  and prostaglandin F 1 ( 1.6 7 ~g/ml).
Only pro staglan din E~ treatment showed significant changes in cv -lic  adeno—
sine monophosphate concentrations , stimulating I,asal levels i35 pmoles /mg
protein) to 647 pnioles mg protein. A method for the rapid dissoc iat ion and
establishment of continuous cell cul tu re s  exhibiting a smooth muscle  phen otype
has been developed.

The establishment of these cell lines allows the possibility of adapting the
procedure to compare sensitivity of variou s primate smooth muscles to direc t
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effects of radiation and to sensitivity to histamine , which is thought to be the
causative agent in early transient incapacitation. This technique, because it
allows direct comparison of human and nonhuman cell lines , will allow a direct
extrapolation of radiosensitivity data to man.

A A A A  A A A A A

ELECTROPHYSIOLOGICAL PROPERTIES OF SMOOTH MUSCLE IN
DISSOCIATED CELL CULTURE

Principdl Investi gators : C. N. Sinback and W. G. Shain,Jr.

In order to compare radiation effects on a number of di fferent species ,
including man , homogeneous smooth cultures have been developed. Human
oviduct smooth muscle cells grown for as long as 1-1/2 years in vitro ex-
press electrophysiological properties of smooth muscle in vivo. Singl e iso-
lated cells and cells in contact with neighboring cells were impaled with one
to two microelectrodes. The mean resting potential was 42 ± 9 mV (n = 87).
Input resistances were calculated from electrotonic potentials due to current
injected via microe lectrodes. In 10 isolated singl e cells the input resistance
was 54 ± 28 MfI . Using photographs to calculate cell surface area , the spe-
cific resistance was 41 ± 8 kS~-cm 2 . The time constant of the electrotonie po-
tential was 96 ± 31 msec. These values agree with predictions of singl e cell
properties. The input resistance of cells in contact with neighboring cells
was 18 ± 14 M~l (n = 72). Current passed int o either of two connected cells
always elicited electrotonic potentials in both cells (n = 10). Thu s , current
spread across cell contacts accounted for lower input resistance of connected
cells. In a suhpopulation of cells , active depolarizing potentials were elicited
by depolarization to a threshold potential or by release from hyperpolarization .

• Active response amplitude and duration at half-amplitude were ‘0 mV and 200
msec , respectivel y. Although spontaneous active responses were not seen ,
pacemaker potentials were elicited by 10 mM BaCI 2. Muscle excitability de-
pended on calcium since 2 mM EGTA or 10 mM CoCI 2 abolished active re-

— sponses. This report describes the normal electrophysiology of human smooth
muscle cells in culture. This information will serve as base-line informati on
for the study of neuroeff ectors important in early transient incapacitation , e. g . ,
h i s t amine , and di rect effects of radiation on smooth muscle metabolism.

AA AA A A***
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PROSTAGL AND IN E 1 STIMULATION OF CYCLIC ADENOSINE MONOPHOSPHATE
LEVELS: INHIBITION BY PUTATIVE NEUROTRANSMITTERS IN A NEURONAL
SOMATIC CELL HYBRID

Principal investi gators J. C. Blosser, P. A. Myers and W G. Sham , Jr.

Prostaglandins and cyclic adenosine monophosp hate have been reported
to control or modulate a number of neurot ra nsmitt er effects in the central
nervous system. We have used a model cell culture system to study these
effects . A somatic cell hybrid (TCX 17), a subclone of the embryonic mouse
sympathetic ganglion cell X neuroblastoma (N18TG2) cell line NX31 , was
tested for the abili ty of neuro transmi tter sub stances to antagonize pr osta-
glandin E 1 stimulation of cyclic adenosine mono phosph ate levels. In the
presence of phosphodiesterase inhibitor Ro20- 1724 (10~~ M), cells incubated
for 3 mm in the presenc e of i0 8 M prostaglandin E 1 exhibited a tenfold in-
crease in cyc lic adenosine mono phosphate levels. The prostaglandin E 1
stimulation as well as basal levels of cyclic adenosine monophosphate cou ld
be inhibited by coincubati on with either 10~~ M carbachol , 10~~ M norepi-
nephrine , or i0~~ M dopam ine (Table 23). In contrast , both serotonin and
morphine were ineffective in altering either basal or prostaglandin E 1-
stimulated increases in cyclic adenosine monophosphat e at 10-s M , the latter
despite the presenc e of opiate receptors in th is cell line. 1 The carbacho l in-
hibition cou ld be reversed by preincubation with io-8 i~,i of either atropin e or
scopolamine but not by 10~~ M of a-bung arotoxin or d-tubocurarine , suggest-
ing the presence of muscar inic receptors. Phento lamthe and phenoxy benza-
mine but not dichioroisoproterenol could reverse norepinephrine inhibition .

Table 23. Effe ct of Neurotransm itters on PGE 1 Stimulation of Cyclic
Adenosine Monop hosphat e (CAMP) Levels in the TCX 11
Hybrid Clone

Additions cAMP (pmoleS/rn g protein )

Basal 78.~~÷ -~. 4

POE1 i0 8 M 253 ± 32

POE 1 + Dopami ne 1O~~ M 122 ± 1 0

POE 1 + Norepinephrlne 1O —
~ M 113 ± ~3

PGE1 + Carbachol 1O~~ ~l 133 ± 34

POE 1 + Serotonin ~~~~~~~ ?.1 313 ± 22

Drugs were incubated with cells as described. Results are
expressed as ± S.D. for three separate plates of cells.
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In addition , isoproterenol ( lO~~ M) could not mimic the norepinephrin e inhi—
hition, consistent with an adrenergic receptor. Ch iorpromazine , Stelazine
and bulbocapnine (all io—6 \ I )  blocked the dopamine inhibition suggesting the
presence of a dopamine receptor. Electrophysiologicallv , dopamine elicits
a dep olarizing response in TCX 17.2 Thu s the possibilit y exists that a neuro-
transmitter which elicits a conduct ance change can also modulate prostag landin
E 1 alterations in cyclic adenosine monophosphat e levels in this cell line.

This report continues the description of a model system for neuron-drug
interactions. The report is of significant importance in describing the separa-
tion of opiates and cyclic nucleotides , and demonstr ates the value of such cell
lines as models for studying drug interaction s in a simp le control system.
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EVIDENC E FOR A DOPA M IN E  R EC EPTO R ANTIBODY

i’ .- -  - ‘ i i o ’s P. A. Myers , M. A. Don/on , K. F. McCa~ hy, M. J. McCreery,
0. A. Livengood and W. G. Sham , Jr.

-h :in~e.-~ in cell Surfac es caused by irradiation can be monitored
-m.  : t i s t r:~ produced against normal c-el i memhranes . We have used a
• - i f i  t e l l  ( 0  Iture linc - to provide such a tool .

- - t j ~~’ no’  t~ t t e- somatic cell hybr id TCX I 1 was produced to obtain an
-
~ i 1

~~.i t.. ~~~~~ I p~ n i i n c  receptor found on the se cells. TCX 11 is a subc lone
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of NX3 1 (a neurob lasto ma X embryonic mouse sympathetic ganglion cell hv —
brid). Intracellular recordings from TCXI 1 show a depolariz ing, conduc-
tanc e increase resp onse upon iontop horetic app lication of (lopaminc (Figure
57). The response is specific in that dopamine antagonists block the response ,
agonists mimic dopainine , and cholinergic antagonists are without effect.

0 5  n A l  f f lu t lU i ~ HIT1~ flTf1 rni~rnm ~nnnrnm nurnmin
$ U ’  nC 300 oC 200 nC 100 nC 50 nC

10 rn V~~~~~~~~~~~~~~ ~~~~~~~~

,~~~~~~ ~~~5 m m 1. 5 mm 1 5 mm 1 5 n - n

PERFUSE WITH 1 20 DILUTION
OF RABB I T A N T I S E R U M

5 mV~~~

400 nC DOPAMINE

Figure 57. Upper panel. Depolarizing, conductance increase response
elicited by dopa mine in TCX 1I .  Upper trace show s current
pulses passed across membrane to test membrane resistance.
Lower trace indicates dose dependency of the response an ip li-
tude to decreasing iontophoretic charge (representing decreas-
ing quantit ites of dopamine ). Lower paneL Blockade of the
dopami iie response by decomp lement ed ant i serum. Blockade
was reversible upon perfusion with medium free of ant iserum.
Control serum did not antagonize the response.

Cells were grown in dibutyry l cyclic adenosi nc monopho spha te to induce dif-
ferentiation , harvested , washed , concentrated and injected into rabbit foot-
pads (10- 1-i x io6 cells). After a period of repeated small injections , serum
was collecte d and decomp lemented. Bath applications of antiserum showed a
dose—depe ndent inh ibition of the dopar nine resp onse wh ile control serum was



without effect. An immunoglobulin peak which inhibited the response was ob-
tained after Sephadex G200 gel filtration or DEAE chromatography . To ascer-
tam antibody specificity , dopamine receptor binding in rat caudate was exam-
ined by the method of Creese et al.2 The antiserum inhibited dopam ine bind-
ing while control serum had no effect. Apomorphine inhibited dopamine bind-
ing 50-60 percent while chiorpromaz ine inhibited 20-30 percent relative to
controls. The antiserum at a dilution of 1:50 would inhibit binding 40-50 per-
cent. Similarly, the antiserum at 1:40 dilution inhibited the dopamine-
sensitive adenyl cyclase described by Clement-Cormier et al .1 Preliminary
experiments show selective blockade by the antiserum of doparnine responses
in Aplysia, but not acetylcholine responses. Collectively , these results sug-
gest the presence of an antibody which effects dopamine receptor activity.

Radiation effects on plasma membranes have been studied in a general way
by observing sulThydry l modifications of surface proteins. However , knowledge
of specific protein modifications due to radiation injury is limited due to a lack
of substances which uniquely interact with only one protein. The antibody used
in this study provides a unique tool for dissection of radiation effects on a single
functional protein within the cell membrane.
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TRANSPOR T OF GAMMA-AMINOBUTY RIC ACID BY GLIAL
CE L LS I N C U L T U R E

Pr ru ,iI I nvnsf 0. L. Martin , 0. A. Brown and W G. Sham , Jr.

Ganima—amino hutyri c ad (I is usna fly consi tiered to he a neurot ransmitter ,
hut mo v have other  roles in ot her cells.  In t h i s  st udv , go ni ili:i — nra i nohut yr c
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acid transport was studied in cultured gl ial  cells obtained 1w dissoc~ati~ n of
fetal or neonatal rat superior cervical ganglia and in a nt orp ho logical)v simi-
lar rat gliorna cell l ine obtained froni a spinal tumor  ( 1056A cel l st  in order to
confirm observations on glial transport l)r eviOUsl ~’ made with  intact super ior
cervical ganglia. The rate of uptake in flepes buffered Ilanks ’ ba lanced salt
solut ion was nearly constant for over 2 hours at 37°C for all gamma-
aminohutyric acid concentrations studied. Kinetic analy sis  of uptake in 1056A
cells revealed two components with apparent Michae l is  constants of approxi-
mately 0. 1 aM and 150 ?.L M and a th i rd  component with an apparent Km greater
than 600 MM. Uptake of 0 . 025 MM gamma-aminobutyric acid by 1056A c(-fls
was about 46 percent of control when NaCI was replaced with ei ther choline
chloride or sucrose whereas uptake of 10 j.~M and 1 mM gamma-aminohutyr ic
acid was not strongly sodium dependent. Ganglion glia also possessed a high
affinity uptake system ( K.1~~~0. 1 MM) . Uptake of 0. 025 ~~l gamma-aminohutyr ic
acid by both ganglion glia and 1056A cells was much more strongly inhibi ted by

~ -alanine than by L—2 ,4-diaminobutyric acid (Figure 58). Representative ~~~
-

amino acids (alanine , glycine , histamine and leucine) were found to he cx-
tremely poor inhibitors of this uptake. The inhibitory potency of fl-nlanine
relative to diaminobutyric acid was increased at 150 ~~ l gamma-arninobufyrie
acid. At this gamma-aminobutyric acid concentration , the 1C50 for $-alanine
was less than 75 aM but 1. 5 mM diaminobutyric acid inhibited by only 22 per-
cent . The present results on substrate specifici ty and sodium dependency of
the high affinity uptake system are s imilar  to those obtained previously wi th
intact superior cervical ganglia. Since garnma-am inohutvr ic  acid is known to

120 —

100  - - - -

2 5  * il)
-8  M GABA

-J I—1
o 80 — I G AN G L I ON G L I A  —

1O56A G L I OMA

60 -

40 -~0.

GA BA , A L A  2 , 4 DABA A L A  ( , IY HIS LEU

AMINO ACID It  n,MI

Figure 55 Effect s of amino acids on the  uptake of ~II gamma-
aminobutyr ic acid by superior cervical ganglion glia
and 1056A glioma cells in culture
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he the principal inhibitory neurotransrn i t ter  in th e nervous system , and is in-
volved in such human diseases as epilepsy and some movement disorders , th i s
gamma-aminohutyric acid transport system may have a direct involvement in
human disease states. 
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