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Research was conducted according to the principles enunciated in the {
“Guide for the Care and Use of Laboratory Animals," prepared by the i
Institute of Lahoratory Animal Resources, National Research Council.
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Studies involving human patients were performed in conformity with

the "'recommendations guiding doctors in clinical research” as stated "
in the Declaration of Helsinki of the World Health Medical Association ! '
(1964). Lo
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BEHAVIORAL SCIENCES DEPARTMENT

The Behavioral Sciences Department investigates changes in learned behavior in experimental
animals. The tasks to which the animals are trained represent activities important in military
operational situations. Alterations in learned behavior after exposure to sources of ionizing
radiation have been the principal focus of research projects. Also conducted is the evaluation
of chemicals from the military working environment for their potential in causing both general
systemic pathology and alterations in performance.

Research efforts within the Department are conducted within two Divisions: the Experimental
Psychology Division and the Physiological Psychology Division. Efforts are directed toward
describing the change in performance and the development of dose-response curves for the
agent of interest. Animal models for investigating sites within the central and peripheral ner-
vous systems are used to develop hypotheses of mechanisms of action. These basic studies
use methods of experimental neuropharmacology, electrophysiology, biophysics, and biochem-
istry.




NEUROBEHAVIORAL ANALYSIS OF DRUG RADIATION EFFECTS

Principal Investigators: H. Teitelbaum and G. A. Mickley
Collaborators: W. L. McFarland, P. Giammatteo, and P. Sekre
Technical Assistance: J. F. Lee and B. A. Dennison

Behavior techniques in the rat have been used to study sensitivity of the lateral
hypothalamie system to supralethal whole-body doses of high-energy electrons.

After exposure to 10 krad of high-energy electrons, rats experience an early transient
incapacitation (Figure 1) characterized by symptoms similar to those associated with
lateral hypothalamic lesions: namely, akinesia and deerements in various motivated
behaviors (Figure 2). Experimenter-imposed electrical stimulation of the lateral
hypothalamus in akinetie, irradiated animals produced a locomotor response similar
to that seen in nonexposed rats (1). Furthermore, when allowed to self-stimulate, the
irradiated subjects persisted in vigorous self-stimulation of the lateral hypothalamus
(Figures 3, 4) whereas self-stimulation rates of other subcortical sites showed marked
attenuation (Figure 5). The lateral hypothalamus is apparently less sensitive to ioniz-
ing radiation than are the other subcortical structures sampled.
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Figure 1. Ten thousand rads of high-energy electrons
produce an early transient incapacitation in avoidance
responding. Subjects return to normal 100% perfor-
mance 20-25 min after exposure. Variance measures
are represented by quartile range.
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Figure 2. Ten thousand rads of high-energy
electrons cause spontaneous locomotor
activity to drop drastically (note logarith-
mic scale on ordinate). Variance mea-
sures are represented by quartile range.

Figure 3. Vigorous self-stimulation of lat-
eral hypothalamus persists after radiation
exposure even though similar behaviors
mediated by other subcortical structures
are strongly attenuated.
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Figure 4. Cumulative records of bar presses

for brain stimulation at different sites
before and after radiation exposure.
Compared to other subcortical sites,
lateral hypothalamic self-stimulation is
relatively insensitive to radiogenic altera-
tion.

Figure 5. Cumulative records of animal with

electrodes in both lateral hypothalamus
(LH) and septum (8) indicate that it will
continue to press a bar post-irradiation
to receive stimulation of LH but not S.
Some recovery at both sites is seen after
20 min.

1. Mickley, G. A, and Teitelbaum, H. Persistence of lateral hypothalamic-mediated
behaviors after a supralethal dose of ionizing radiation.  Aviation, Space, and

Environmental Medicine 49: 868-873, 1978,
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DISORDERS OF MOVEMENT AFTER RADIATION EXPOSURE

Principal Investigators: H. Teitelbaum and G. A. Mickley
Collaborators: W. L. McFarland, P. Giammatteo, and P. Sekre
Technical Assistance: J. F. Lee and B, A. Dennison

Goals of this research effort have been to investigate the radiation-induced incapaci-
tation that begins minutes after irradiation--the early transient incapacitation
phenomena (ETI)--through the use of pharmacological agents that mimie the ETI. By
inducing catalepsy with both radiation and chemicals, the effects can be compared.
The chosen drugs have known sites and mechanisms of action within the central
nervous system. When such agents successfully mimic aspects of radiation injury,
data are provided that allow radiation research efforts to efficiently explore similar
mechanisms of action (1).

The recent study of haloperidol catalepsy has directed attention to the lateral hypo-
thalamus and reticular formation. Also it has been demonstrated that electrical
stimulation of these areas abolishes the pharmacologically induced catalepsy.

REFERENCE

1. Mickley, G. A. and Teitelbaum, H. Movement induced in cataleptic rats: Differ-
ential effects produced by electrical stimulation of the lateral hypothalamus, sub-
stantia nigra, and reticular formation. Psychopharmacology 57: 145-149, 1978.

PERFORMANCE OF PHYSICALLY CONDITIONED RHESUS MONKEYS
FOLLOWING MIXED GAMMA NEUTRON IRRADIATION

Principal Investigator:  C. G. Franz
Technical Assistance: L. Clark and J. R. Harrison

The dose-response curve for physically conditioned animals exposed to ionizing radia-
tion is being constructed. This information is being assembled for the U.S. Army to
incorporate into documents related to operational field problems.

A nonmotorized physical activity wheel was developed and fabricated, and 40 rhesus
monkeys were physically conditioned through its use. The animals were trained to
move at a rate of not more than 5 revolutions per minute (rpm) and not less than 1
rpm until able to sustain a work/rest schedule of 10 min work/5 min rest for a total
of 6 hours. Training time for the physical activity wheel was about 6 months.

After baseline determinations, the animals were exposed to a pulse delivered by the
AFRRI TRIGA Reactor configured to give a neutron-to-gamma ratio of 3.0. The
range of doses was from 4800 to 1180 rads. Analysis of preliminary data indicates a
median effective dose of 1825 rads.




PHYSIOLOGICAL AND BEHAVIORAL EFFECTS OF PETROLEUM-DERIVED AND
SHALE-DERIVED JPS ON RATS

Principal Investigators: V. Bogo and R. W. Young. AFRR/
Collaborator: T. Hill, Vaval Medical Research Institute
Technical Assistance: G. G. Kessell

The U.S. Navy is assessing alternatives to petroleum-derived jet propulsion fuel num-
ber 5 (JP5) through study of the feasibility of extracting and refining JP5 from shale.
Since no baseline data exist, the relative toxicity of petroleum-derived and shale-
derived JP5 should be determined as an integral part of this feasibility study.

Three studies were conducted to set upper limits for the toxicity of petroleum JP5.
They concentrated on survival, necropsy, and histopathological findings of Long-
Evans and Sprague-Dawley male rats exposed to JP5 per os in multiple and single
doses of 5-60 ml/kg. In addition, observations were made on general condition, spon-
taneous behavior, home-cage activity, food intake, water consumption, and weight.
The LDsg/q4 (lethal dose in 50% of animals after 14 days) for JP5 could not be
determined, since no deaths ocecurred within 14 days of treatment with doses of up to
5% of the animal's body weight (48 ml/kg) and since only 33% of the animals died at a
dose of 6% of body weight (Table 1). Necropsy and histopathology findings for the
subjects that completed the studies were unremarkable. This was probably related to
the 14-day interval between dosing and data acquisition, since recovery was possible.
(Follow-up studies, in which the subjects will be serially sacrificed after dosing, are
being conducted specifically to gather this information.) Instances of hair discolora-
tion (a yellow, soiled appearance) as well as oiliness and matting were noted from
days 1-4. These hair manifestations progressed upward and forward from the genital
area in a dose-response manner for extent and duration of effect. Alopecia,
erythema, and skin lesions were seen in some of the higher dose subjects, starting on
day 4.

Table 1. Acute JPS Toxicity for Orally Dosed Sprague-Dawley Rats

Deaths (14 Days)
Petroleum Shale

Dose Group % of Body  Number

(mg/kg) Weight Subjects | Hess, St. Croix Gary Western Exxon
60 6 6 2 6 5
48 5 6 0 6 0
38 4 6 0 6 0
30 3 6 0 5 ]
24 2 6 0 2 0




Signs of neurobehavioral involvement were u.lso observed. Specifically, home-cage,
overnight activity of all 1P5 dose groups demonstrated a significant transitory, one-
day increa<c on the day after exposure, followed by a depression in activity (Figure
1). Additionally, the petroleum-dosed animals were observed to be aggressive after
dosing. Several cases of self-mutilation were observed at levels of 8-30 ml/kg, and
frequent instances of hypersensitivity to touch were noted. Specifie function testing
of the transitory increase in activity and hypersensitivity was done in a later study.
However, the accelerod test of motor integration and the shock titration test of
peripheral sensitivity did not produce significant differences between the control
animals and the treated animals when tested the day after dosing.
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Figure 1. Mean (SEp,) spontancous activity for Sprague-
Dawley rats orally dosed with petroleum-derived JP3S

In addition to the petroleum-derived JP5 testing, preliminary comparisons have been
made between petroleum-derived and shale oil-derived JP5 (Gary Western and Exxon
refining processes). The shale-derived JP5 from the Gary Western process was by far
the most toxic (Table 1). The LDgqg,14 for the Gary Western JP5 was 26 ml/kg
whereas the petroleum and Exxon shale products did not produce deaths within 14
days, until the animals were dosed at greater than 5% of body weight. Chemical
characterization analyses suggest that the lower LDgg/14 of the Gary Western shale
fuel may be due to its nitrogen content, which is higher than that of the other two
JP5 produects.

During the next fiscal year, two types of studies will be conducted: (a) Further
specific function testing to elaborate on the behavioral findings of the oral work.
(b) Inhalation studies to simulate a more meaningful route of occupational exposure.
A laboratory for the inhalation studies will be assembled with the expectation that
the collaborator from the Naval Medical Research Institute, LCDR Hill, will join the
primary research team.




ALTERATIONS IN STRIATAL DOPAMINE RELEASE AFTER ELECTRON
IRRADIATION COMPARED TO ETHANOL EFFECTS

Principal luvestigator: W, A, Humt
Technical Assistance: T, K. Dalton

The complexity of radiation effects lends itself to companion experiments wherein
radiation effects are compared to effects of an agent of some known mechanisms and
known sites of action.

In an attempt to assess dopaminergic activity, we investigated the measurement of
striatal dopamine release in vitro in the rat as a function of radiation after ethanol

insult (1),

A single 10,000-rad dose of high-energy electrons was shown to induce an increase in
dopaminergic activity and cholinergic activity in the caudate nucleus of the rat brain
as assessed by potassium-stimulated dopamine release in vitro and by high-affinity
choline uptake (2). These alterations occur during early transient incapacitation (ETI)
and dissipate as the animal recovers behaviorally, within about 30 min after irradia-
tion. Although the responses observed resemble those resulting from blockade of
dopamine receptors, no radiation-induced changes were found in dopamine-sensitive
adenylate cyclase activity and in tritium-haloperidol binding, two indices of dopamin-
ergic receptor function. The data suggest that changes in dopaminergic and cholin-
ergic activity are associated with the development of ETI and that those changes may
play a role in the behavioral decrement observed during this condition.

Acute ethanol administration demonstrated accelerated striatal choline uptake but a
reduced hippocampal choline uptake in a dose~dependent manner (3). These responses
were reversible after complete elimination of ethanol (4). Elevation of striatal
choline uptake in ethanol-dependent animals lasts at least 3 days after withdrawal.

REFERENCES

1. Darden, J. H. and Hunt, W. A. Reduction of striatal dopamine release during an
ethanol withdrawal syndrome. Journal of Neurochemistry 29: 1143-1145, 1977.

2. Hunt, W. A,, Dalton, T. K., and Darden, J. H. Transient alterations in neuro-
transmitter activity in the caudate nucleus of rat brain after a high dose of
ionizing radiation. In preparation.

3. Majchrowicz, E., Hunt, W, A., Lahti, R. A., Ogata, M., and Karoum, F. The
metabolism of biogenic amines in experimental animals and in human subjects
during acute and chronic administration of ethanol. In: Alcohol Intoxication and
Withdrawal, Vol. Illa. Gross, M. M., ed. Plenum Press, New York, 1977, pp.

539-546.

4. Majchrowicz, E. and Hunt, W. A, Effects of ethanol on the clearance of acute
administered acetate from the blood in rats. Biochemical Pharmacology 27:
128-130, 1978.
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BIOCHEMISTRY DEPARTMENT

The Biochemistry Department is concerned with elucidating the mechanisms of damage. protec-

tion. and repair in biologic systems exposed to ionizing radiation, nonionizing radiation. and :

toxic chemicals. Of major interest are studies of (a) the effects of radiation and toxic chemicals h

on cell macromolecular constituents and membrane structure and function and (b) the develop-

ment of biochemical indicators of radiation injury. [
t

The Department comprises three divisions:

)
The Physiotogical Chemistry Division focuses on the development of biochemical markers of [L
early and late effects of radiation exposure. Specific projects include determination of radia !
tion-induced changes in serum glycoproteins and trace metals, modulation of effects of partiai- ‘
and whole-body irradiation by immunopharmacologic means. and determination of radiation- :
induced changes on cellular membrane sterols and other lipid components. Collaborative
studies with the National Cancer Institute and other medical centers include research on the
immunological effects of radiation. The nature of radiation-induced lipid peroxidation and
radioprotection by chemical adjuvants are also being investigated.

Research objectives of the Molecular Biology Division are (a) determination of the effects of 3
ionizing radiation, nonionizing radiation, and chemical agents on the mammalian central ner- ’
vous system, and (b) elucidation of the mechanisms underlying these changes. This includes 4
studies on radiation-induced and chemical agent-induced chianges in the fevels of neurotrans- ']
mitters and enzymes involved in their metabolism and in the blood-brain barrier. and aiso ']

studies on the effects of radiation on lysosomal structure and function. with emphasis on
adenyl-guanyl cyclase and prostaglandin metabolism. In addition, the effects of low-level [
radiation on the biochemically developing brain (newborn animals) are being investigated.
Emphasis is on isolation gnd identification of a humoral factor (circulating myodynamic agent) 4
that seems to be responsible for the observed cardiac failure after exposure to ionizing
radiation. Research is being conducted on the mechanisms underlying radiation-induced release
of histamine from mast cells and the role of calcium in this process.

The Immunological Chemistry Division's research efforts are concerned with studies on the
interaction of stromal tissue with hemopoietic cells and its importance in postirradiation hemo-
poietic regeneration. A series of studies is being conducted on the isolation of hemopoietic
and progenitor cells and their potential as modifiers of radiation injury. The Fluorescence
Activated Cell Sorter is used to obtain a pure population of hemopoietic and progenitor cells. ;
A mutant mouse model extremely sensitive to radiation is also being used in these studies.
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CYCLIC NUCLEOTIDE LEVELS IN CEREBROSPINAL FLUID OF THE PRIMATE:
EFFECTS OF RADIATION

Principal Investigators:  G. N. Catravas, S. J. Wright, Jr.. P. J. Trocha, and 1. K. Takenaga

Cyclic adenosine monophosphate (AMP) was originally thought to mediate positive
and negative regulatory actions in the cell through bidirectional changes in its cellu-
lar levels. With the discovery of cyclic guanosine monophosphate (GMP), evidence
indicated a number of biologie systems in which cyelic AMP and eyclic GMP seem to
impose contrasting, often antagonistic regulatory influences (1). Increases in
cerebrospinal fluid cyclic AMP levels have resulted from in vitro and in vivo admin-
istration of putative adrenergic neurotransmitters and other experimental clinical
conditions (2). Daily fluctuations in cerebrospinal fluid cyclic AMP levels in the
rhesus monkey have also been observed (3). Since little information is available on
the radiation-induced changes in cyclic AMP and eyclic GMP in cerebrospinal fluid,
we decided to investigate the effects of ionizing radiation on levels of these nucleo-
tides.

Silastic Pudenz catheters were chronically implanted in the fourth ventricle of male
cynomolgus monkeys (2.5-3.5 kg). The catheters were connected to compressible
polyethylene Ommaya reservoirs placed subcutaneously over the oceciput. This
method permitted sterile aspiration of 0.5~1.0 ml cerebrospinal fluid in the awake
animal. Before irradiation, duplicate baseline samples were taken 24 hours apart
after repeated reservoir pumping to ensure good mixing with cerebrospinal fluid in
the ventricle. This was verified by injecting 3 mCi of technetium-99m followed by
repeated manual compression and passive filling of the reservoir. Radiocisternog-
raphy of the ventricular system revealed cerebrospinal fluid exchange between the
fourth ventricle, the posterior fossa, and the upper spinal subarachnoid space. The
animals were then exposed, head only, to either 300 or 900 rads of 6.5 MeV brems-
strahlung from the AFRRI linear accelerator. The average dose rate was 70 rads per
minute, Cerebrospinal fluid samples were taken at 1, 24, 48, and 72 hours after
irradiation, using hypodermic syringe and needle. Sample collection time was at 1300
hours. Results are shown in Table 1.

Significant increases in levels of both eyelic AMP and cyclic GMP were observed
after irradiation. These increases were more pronounced in the animals that received
900 rads bremsstrahlung than in the animals exposed to 300 rads, especially in the
levels of eyelic GMP.

It is not clear from these experiments whether the observed changes in cerebrospinal
fluid cyeclic AMP and cyclic GMP reflect changes in brain cyclic nucleotides, or
changes in their transport from brain to cerebrospinal fluid, or degradation of cyclic
nucleotides within the intercellular spaces of the brain, or a combination of these
factors. Additional experiments are necessary to elucidate these possibilities.

12




Table 1. Cyclic AMP and Cyclic GMP Levels (pmoles/ml Cerebrospinal Fluid)

Preirradiation Postirradiation
(Hours) (Hours)

24 1 24 48 72
Monkey #1
(300 rads):
Cyclic AMP 24.5 37.5 36.5 42.0 29.4
Cyclic GMP 3.9 5.9 4.7 4.7 6.4
Monkey #2
(900 rads):
Cyclic AMP 30.5 60.0 55.1 §5.3 85.0
Cyclic GMP 5.9 18.7 16.0 30.7 40.0
Monkey #3
(900 rads):
Cyclic AMP 32.6 55.0 50.9 44.3 —_
Cyclic GMP 6.9 33.3 14.7 8.0 —

REFERENCES

1. Goldberg, N. D., Haddox, M. K., Estensen, R., White, J. G., Lopez, C., and

Haddon, J. W. Evidence of a dualism between cyclic GMP and cyelic AMP in the
regulation of cell proliferation and other cellular processes. In: Cyclic AMP,
Cell Growth and the Immune Response. Braun, W. B., Lichtenstein, L., Parker,
C., eds. Springer-Verlag, New York, 1974, pp. 247-262.

Myllyla, V. V., Heikkinen, E. R., Vapaatalo, H., and Hokkanen, E, Cyclic AMP
concentration and enzyme activities of cerebrospinal fluid in patients with epi-
lepsy or central nervous system damage. European Neurology 13: 123-130,
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Katz, J. B., Valases, C., Catravas, G. N., and Wright, S. J., Jr. Cerebrospinal
fluid eyclic AMP levels in rhesus monkeys: Daily fluctuations. Life Sciences 22:
445-450, 1978,




EFFECT OF LOW-LEVEL RADIATION ON THE PRENATAL MAMMAL AND THE
JUVENILE MAMMAL

Prorapal Tnvestizatons DE MAClan GON Catevasand 1M Maitchell

After low-level ionizing irradiation of the prenatal animal and the newborn animal,
alteration ocecurs in the normal patterns of change of certain enzymes during
development. Protein synthesis and nucleic acid metabolism are two basic systems
affected, probably resulting from interference with normal translation and transcrip-
tion after radiation-induced chromosomal damage. Ribonucleic acid (RNA) poly-
merase is of particular interest because of its pivotal role as a link between genetic
information and production of metabolic enzymes. It is a highly controlled enzvme.
Interference with any of the many initiation, elongation, and termination factors
involved in RNA synthesis could profoundly affect RNA polymerase activity. RNA
polymerase might thus serve as a sensitive indicator of chromosomal alterations in
the cell.

Initial experiments were run in which a dose of 100 Roentgen of X radiation was
administered to litters of 1-day-old rats. Intact nuclei were extracted from therr
brains and livers, and nuclear RNA polymerase activities were measured over o
period of 21 days after birth,

Results of these experiments indicate a precocious increase in activity of RNA polyv-
merase in the irradiated animals compared to nonirradiated controls. Maximum
activity occurred within the first 7 days after irradiation in both liver and brain.
Normal activities were not observed in the irradiated animals until at least 20 davs
after exposure.

This increased activity may reflect induced synthesis of a new enzyme, activation of
inactive forms of the enzyme, or conversion of active enzyvme to a form with greater
specific activity. Experiments are continuing, to test each hypothesis.

MODULATION OF IMMUNOSUPPRESSION RESULTING FROM IRRADIATION

Ponaipal Investigators § B Wersand Ko b McCarthy L AFRRI
Collaborators MoA Chingos, WA Sivios and ROM Schudtrs Nanpenal Distirees ot Heal*h
Technical Assistance W W Walte

Information is needed on the effects of radiation on various organs and cells involved
in immune defense and their interrelationships. This information is important in
understanding radiation injury related to nuclear weapons effeets, including collatersl
damage and therapeutic doses of radiation. This work unit also investigated a new
area of radioprotection: the use of immune adjuvants to protect against whole-body
irradiation or partial-body irradiation.
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Among the experiments initiated, one study showed that cytotoxic macrophages were
induced after irradiation. Whole-body X irradiation (200-800 rads) and subcutaneous
cyclophosphamide treatment (150-500 mg/kg) were studied for their influence on the
ability of adjuvants to induce cytotoxic macrophages in vivo. Surprisingly, radiation
alone or cyclophosphamide therapy alone produced growth-inhibiting macrophages
whose function peaked within 2 days after treatment (Figure 1). When adjuvants such
as Bacillus Calmette-Gueérin (BCG), pyran copolymer, or giucan were administered
intraperitoneally within 2 hours after sublethal X irradiation (600 rads), the adjuvant-
induced cytotoxic function was depressed but not ablated. In addition, when non-
induced peritoneal macrophages were obtained 6 days after lethal X irradiation (800
rads), their ability to be activated in vitro by lymphokine or fibroblast-derived inter-
feron preparations was depressed only slightly at all tested coneentrations of inducer.
When BCG, pyran, or glucan was administered intraperitoneally concurrently with
subcutaneous cyclophosphamide, only the ability of BCG to activate macrophages was
markedly reduced. This indicates separate mechanisms for induction of tumoricidal
macrophages. A better understanding of the interaction of the chemotherapeutic
and/or radiation regimens with the adjuvants that affect macrophage function may be
instrumental to rationalized immunotherapy protocols.
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PASSIVE TRANSFER OF CELL-MEDIATED IMMUNITY BY TRANSFER FACTOR

Principal Investigators:  J. M. Mitchell, M. Porvaznik, and G. N. Catravas. AFRR/
P. Klesius, USDA Regional Parasite Laboratory, Auburn, Alabama

Transfer factor is a compound of small molecular weight derived from lymphocytes
of animals that exhibit delayed hypersensitivity to a specific antigen. Transfer fac-
tor, when injected into a nonsensitized animal, results in a transfer of hypersensi-
tivity (1). Transfer factor derived from lymphocytes of bovine sensitized to cell
membranes of B16 mouse melanoma was found to significantly extend survival time
of C57BL/6 and B6D2F1 female mice when 200 ug/g body weight of transfer factor
was injected intraperitoneally 3 days before challenge with one million viable B16C3
mouse melanoma cells. Additional doses of transfer factor given after the challenge
did not extend survival time, and appeared to shorten it when given 21 days post-

challenge. Neither single nor multiple doses of transfer factor extended the survival
time of male mice of either strain.

Treatment of female mice with transfer factor 1 day after receiving 300 rads of
cobalt-60 and subsequent challenge with melanoma cells did not extend survival time
compared to either irradiated mice without transfer factor or sham-irradiated mice
without transfer factor. Analysis was made of (a) the survival curves of mice that
responded to transfer factor treatment and (b) the in vitro stimulation of lympho-
cytes from transfer factor-treated mice. It was found that only 20% of the mice
responded to transfer factor. These data indicate that some animals receive bene-
ficial stimulation of the cell-mediated immune system under normal conditions but
that this beneficial response is lost after irradiation.
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STEROL METABOLISM IN NEURAL TISSUE

Principal Investigators:  J. - Weiss and C. R, Dobbs, AFRR/
Collaborators: H. Cravioto and F. Droovsky, New York University Medical Center
Technical Assistance: W. W. Wolte

The high concentration of cholesterol in nervous tissue and its localization in cell
membranes--notably myelin--indicate an important role for this sterol and related
compounds in the growth, maturation, and metabolism of the brain. However, very
little has been known not only about sterol function but also about sterol composition
and pathways of biosynthesis and metabolism in the brain. Introduction of drugs that
inhibit specific steps of cholesterol biosynthesis in the nervous system has made
possible a different approach to solving these complex problems. This involves induc-
ing selective accumulation of precursors that can be separated and identified by




techniques such as gas chromatography~-mass spectrometry. Although sterol metabo-
lism is slower in mature brain compared to developing and neoplastic brain, sterol
synthesis and turnover do occur in mature nervous tissue and can be affected by
disease, injury, or drugs. For example, ionizing radiation appears to block brain
cholesterol synthesis, and this effect can be modified by radioprotective agents or
radiosensitizers.

AY-9944 is a drug that alters cholesterol metabolism, and a major effect of treat-
ment with AY-9944 is the accumulation of 7-dehydrocholesterol in tissues with active
cholesterol metabolism, including the developing brain and brain tumors. The effect
of AY-9944 on sterol composition, tumor growth, and histology was studied using
various model systems for rat brain tumor (ethyl nitrosourea-induced primary tumors,
subcutaneously grown tumors, and tumors in tissue culture derived from primary glio-
mas). Growth inhibition and accumulation of cholesterol precursors occurred in vary-
ing degrees in all tumor systems. In cultured glial cells, maximum accumulation of 7-
dehydrocholesterol and drug toxicity occurred when cells were grown in a medium
devoid of cholesterol. Rats that were transplacent:lly exposed to ethyl nitrosourea
were treated with AY-9944 (intravenously, twice a week, 5 mg/kg body weight)
beginning at 7 months of age until tumor appearance or death. Compared to non-
treated littermates, rats treated with AY-9944 had increased survival time (p = 0.05)
(Figure 1). Median latency period for tumor development was 302 days for the non-
treated group and 437 days for the treated group. These experiments support a
different concept of brain tumor treatment consisting of either blockage of the
increased rate of cholesterol synthesis found in brain tumors or replacement of cell
membrane cholesterol by other sterols. However, the possibility that tumor growth
may be inhibited by drug effects unrelated to sterol metabolism cannot be excluded
at the present time.

Further studies will determine whether changes in neural tissue sterols after drug
treatment result in modification of tissue radiosensitivity.
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Figure 1. Effect of AY-9944 on rat survival after transplacental ethy! mitio-
sourea treatment  (From J. F. Weiss et al.. Journal of Neuropathology and

Experimental Neurology 37: 706, 1978)
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RADIATION AND SERUM METALS

Prancipal Investigators. - WP Bradley and ). F. Weiss. AFRRI
Collaborator: P. O. Alderson, Johns Hopkins Hospital
Technical Assistance: C. ). Morrisey and C. L. Harding

Serum metal concentrations have been observed to change after irradiation by in-
crease in levels of copper, zine, and iron. Small doses of radiation also are reported
to affect whole-body retention and serum binding of the radionuclide gallium-67.
Investigation into radiation effects on serum metal concentrations was begun at
AFRRI with early emphasis on gallium-67. Results indicated that the decreased
gallium-67 retention and serum binding seen after whole-body irradiation are related,
at least in part, to the saturation of transferrin by increased levels of circulating iron

(1).

Further studies showed that other alterations of iron metabolism, such as iron defi-
ciency, also affect biodistribution and tumor uptake of gallium-67 in rats. To investi-
gate this, 20 weanling Sprag.r Dawley rats were maintained for 6-8 weeks on a low-
iron diet. Eighteen littermat<s were maintained on a normal iron diet to serve as
controls. Animals received ¢ x i of gallium-67 citrate, and urine and feces were
collected for 48 hours. he aninuls were then sacrificed, tissue samples were ob-
tained, and serum iron and unsaturated iron-binding capacity (UIBC) were measured.
Accumulation of gallium-67 in the liver and spleen (percent injected dose per gram)
was markedly increased in irvu-deficient animals, and urinary excretion was reduced.
Tumor uptake was not significantly different in iron-deficient and control animals,
but tumor-to-blood ratios were elevated (p <0.001) in the iron-deficient animals
because of low blood levels of gallium-67. Liver and spleen accumulation of gallium-
67 correlated significantly (p < 0.001) with unsaturated iron-binding capacity (Figure
1). Results show that iron deficiency alters the distribution of gallium-67 citrate and
suggest that the variable liver-spleen uptake seen in clinical gallium-67 images may
be explained, in part, by changes in serum iron and unsaturated iron-binding capacity.
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It is evident that serum binding and biodistribution of gallium-67 are closely related

to iron status. Measurements of either gallium-67 serum binding or serum iron may I
provide information about radiation exposure, but it is not clear which analysis is a :
better biological indicator of radiation damage. Future studies will aim at determin- |
ing the effect of irradiation on other serum and urine metal ion concentrations, with

emphasis on the mechanism of observed alterations and their potential use as biolog-

ical dosimeters.

REFERENCE
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PROPERTIES OF SERUM GLYCOPROTEINS AFFECTED BY RADIATION

Principal Investigators:  J. F. Weiss. W. P. Bradley, and C. E. Elhardt. AFRR/
Collaborators: P. B. Chretien and A. M. Baskies. National Institutes of Health
Technical Assistance: L. R. Wooldridge. K. M. Hartley. and W. W. Wolfe

Elevations in serum glycoproteins and protein-bound carbohydrates are significant |
consequences of radiation damage, trauma, and certain diseases such as cancer. Thus 1]
it is important to determine the diagnostie, prognostic, and functional significance of
the glycoprotein elevations in various injuries and diseases. Background information
on levels of serum glycoproteins and protein-bound carbohydrates in cancer patients
and normal persons have been published (1,2).

Further studies (3,4) indicated that serum glycoproteins may be biochemical markers $
of immune status and can be useful in assessing immunosuppressed persons. The 1
following discusses the changes in serum glycoproteins in patients during radiother-
apy.

There is increasing evidence that normal serum proteins, such as the acute-phase
proteins, affect immune responses in vitro. Acute-phase proteins are elevated in
experimental animals after radiation exposure. The acute-phase proteins aq-acid
glycoprotein, oj-antitrypsin, haptoglobin, and C-reactive protein increase in patients
during tumor growth whereas other proteins, agHS-glycoprotein and prealbumin, are
depressed in cancer patients. These proteins were determined in patients being
treated for head and neck cancer and were compared to immune parameters (lympho-
cyte reactivity to phytohemagglutinin and T-cell levels).

Increases in acute-phase proteins and depressions in agHS-glycoprotein and preal-
bumin were greater in patients with regionally metastatic tumors than in patients
with localized tumors. In a group of patients with localized tumors before or after
current radiotherapy (n = 41), serum proteins and immune parameters were plotted




versus radiation dose. Levels of ay-acid glycoprotein correlated significantly with
radiation dose (p < 0.05). There were parallel depressions of a9HS-glycoprotein and
T-cell levels as radiation dose increased. Of the serum proteins studied, aoHS-
glycoprotein best reflected the immune parameters. The agHS-glycoprotein corre-
lated with T-cell levels in nontreated patients (n = 19, p < 0.05) and in patients during
radiotherapy (n = 43, p < 0.01) but not with T-cell levels in a group of healthy persons
(n = 48) or in patients with no evidence of disease (n = 17). These results suggest that
specific serum alpha globulins may provide insight into the effect of radiotherapy,
including its immunosuppressive action.

Another investigation provided additional evidence that aoHS-glycoprotein was the
best biochemical correlate of both in vivo and in vitro assays of cell-mediated
immunity. For example, levels of serum agHS-glycoprotein correlated positively
with delayed cutaneous hypersensitivity to dinitrochlorobenzene (Figure 1).
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Progress was also made in improving assays for assessment of disease. Factors
affecting serum sialic acid (proposed as a biochemical indicator of radiation damage)
were studied in detail, as deseribed in the following.

Serum acute-phase proteins show correlations with both tumor burden and immune
competence in cancer patients. We investigated serum sialic acid as a measure of
the acute-phase response as well as various factors that may affect sialic acid levels.
Total serum sialic acid determined by an improved semi-automated method utilizing
the thiobarbituric acid reaction was correlated with serum protein levels determined
by radial immunodiffusion. In 50 healthy persons, serum sialic acid correlated with
haptoglobin (r = +0.71, p < 0.001) and aq-acid glycoprotein (r = +0.39, p < 0.01). In
patients with solid malignancies studied either before treatment (n = 100) or during
radiotherapy (n = 115), sialic acid correlated with haptoglobin, ay-acid glycoprotein,
and oj-antitrypsin (r = +0.49 to +0.90, p <0.001). We calculated that these three
acute-phase proteins account for more than half of the increase in serum globulin and
that they are the principal source of increased sialic acid observed in cancer patients.
In 120 nontreated cancer patients whose serum was positive for C-reactive protein,
the sialic acid and C-reactive protein levels correlated (r = +0.63, p < 0.001). This
further indicated the significant relation of serum sialic acid to the acute-phase
response. Evidence of a relation to immune parameters was shown by a negative




correlation with T-cell levels (r = -0.27, p < 0.05) in nontreated patients with solid
tumors. Studies on 400 persons showed that sialic acid levels are affected by age (in
healthy persons), smoking history, tumor burden, tumor histology, and clinical tumor
recurrence (Figure 2). Precise determination of serum sialic acid by automated
analysis provides information that correlates with clinical status of cancer patients
and thus may be useful as a monitor of clinical course and response to treatment.
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Figure 2. Effect of age on sialic acid levels (From J. F. Weiss
ct al., Proceedings of American Society of Clinical Oncol-
ogy 19: 390, 1978 and from unpublished data)

Current emphasis in our studies of serum glycoproteins is placed on elucidating the
hypothesized immunosuppressive (or immunostimulatory) effects of certain serum

proteins, with the practical aim of diagnosing and treating immunosuppression such as
that accompanying radiation exposure.
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PROSTAGLANDINS. LYSOSOMES. AND RADIATION INJURY

Principal Investigators: PoJ Trocha and GoNCCatavas

Prostaglandins and lysosomal enzymes have been shown to be altered after tissue
injury (1), yet no studies have simultaneously monitored lysosomal enzyme activities
and prostaglandin levels in animals exposed to ionizing radiation. Therefore the
present investigation was designed to determine the relationship between lysosomal
enzymes and prostaglandin levels in irradiated tissues.

Sprague-Dawley rats (weighing 75-125 g) were exposed bilaterally to 1000 rads ot
gamma radiation at a dose of 500 rads/min. At designated intervals after irradiation,
the rats were sacrificed. Spleen and liver tissues were rapidly excised and frozen
with liquid nitrogen except for portions (0.05 to 0.1 g) of each fresh tissue sample,
The fresh spleen and liver aliquots were gently homogenized. A portion of each
homogenate was centrifuged at 12,000 x g in order to obtain a supernatant free of
lysosomes. The uncentrifuged tissue homogenates and the 12,000-x-g supernatants
were assayed for g-glucuronidase activity.

Isolation and assay of prostaglandin Fo, (PGF9,) from the frozen tissues were per-
formed by standard techniques (2).

A transient two- to fourfold increase in PGF,, levels occurred in spleen and liver
tissues 5 to 12 hours after irradiation of the animals. Also during this time there was
a twofold rise in total cellular f-glucuronidase activity in the spleen and a transient
increase in percentage of f-glucuronidase activity in the 12,000-x-g supernatant from
20% to 45%. However, there was no observed increase in enzyme activity or leakage
from the lysosomes in liver tissue. PGFgq, levels in the spleen and liver again rose
markedly in the exposed animals to maximum values of 1800 pg/g spleen tissue and
500 pg/g liver tissue at 4 and 7 days, respectively, before returning to normal values
of 175-250 pg/g tissue at 11 days. The lysosomal p-glucuronidase activities and
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leakages were further noted to increase 300% in the spleen and 25% in the liver
during these later prostaglandin elevations.

Changes in prostaglandin F9  levels and -glucuronidase activities occurred at nearly
the same times and with similar magnitudes. These changes indicate that either the
increase in lysosomal enzyme activities and leakage of lysosomes cause PGFy, to
rise or an elevation in prostaglandin concentration results in the activation and
release of enzymes from the lysosomes.
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EXPERIMENTAL HEMATOLOGY DEPARTMENT !

PROGRAM: Postirradiation Protection From Fatal Infections

Exposure to ionizing radiation doses of 100-200 rads damages or destroys bone marrow cetls.
resulting in reduction of or cessation in production of granulocytes. macrophages. and platelets.
which are the first and major defense against infectious bacteria and their toxins. With increas-
ing radiation doses, these infections result in fatalities. Infections and fatalities can be decreased
by procedures that protect bone marrow cells from these effects. or enhance their endogenous
production postirradiation, or temporarily supply functional granulocvtes until the radiation- :
damaged bone marrow recovers. In addition, successful treatment is promoted by means that !
would prevent the invasion of intestinal gram-negative bacteria into other tissues and organs of
irradiated persons or at least reduce the concentration of those bacteria. Successtul treatment
would permit exposure of persons to higher radiation doses if demanded by extreme military
situations and also the use of enhanced nuclear weapons since it would raise the radiation dose
that would cause 5 fatalities.

The Departmental program is divided into five project groups. each researching a specific area. |

PROJECT GROUP 1: Enhancement of White Cell Production Postirradiation

This project group consists of a number of projects to elucidate the interaction of (a) humoral
substances released by functional white blood cells in loci of inflaimmation and infection and
(b) the primitive precursor cells for increased production of adult functional cells. Of particular
interest is the task of learning how to manipulate the radiation-injured precursor system by
molecular engineering in order to enhance white cell production to fight agamst invading
bacteria and their toxins. Significant progress has been made in determinat’«. »f huin: + #nd
cellular interactions as well as in delineation of various cell tvpes of the proctcur system.

e i ———

PROJECT GROUP 2: Studies of Origin and Prevention of Infection Postirradiation

These projects deal with experimental designs to discover possible routes of bacterial invasion |
postirradiation, means of preventing this occurrence, and means of increasing defense against |
the bacteria and their toxins in a radiation-injured organism. Progress was made in all these
projects.

PROJECT GROUP 3: Combined Injury

Military analysts have estimated that. in a future atomic war. more than 70/ of the casualties
will suffer certain injuries in addition to those caused by ionizing radiation. The greater per-
centage of those injuries will be wounds or burns. German and Russian studies using mice or
dogs indicate that presence of open wounds after radiation will increase the number of fatalities
whereas immediate suturing of open wounds will not. Unfortunately, because of septic condi-
tions, surgeons usually postpone suturing of wounds. Since the hematopoietic system is in-
volved in wound healing, it is important to study that system's functional status in the irradi-
ated animal.
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Significant findings were made on the effect of jonizing radiation on immunocompetent cells in
wounded animals.  Essentially, B and T cell responses to specific mitogens were reduced. In
addition, it was observed that lysosomal enzymes released from phagocytic cells may contribute
significantly to stress and tissue injury in irradiated persons.

PROJECT GROUP 4: Physiological Assessment of Fresh and Cryopreserved Granulocytes and
Macrophages Used for Postirradiation Transtusion

Bone marrow exposed to radiation doses of 350-500 rads still has capability of recovering if

the animal or human does not die from infection. The best treatment is infusion of compatible
granulocytes. These projects will establish (a) simple and rapid test procedures for in vitro
evaluation of granulocytes used in postirradiation therapeutic transfusions and (b) a correlation
between new test procedures and the old, more cumbersome. more time-consuming tests. It
was observed that the new, rapid tests of cell integrity were as accurate as the previously used
time-consuming procedures.

Design and successtul testing of the enlarged rotor system for granulocyte separation were com-
pleted. Experimentation indicated that clinically usable numbers of granulocytes can be iso-
lated by counterflow centrifugation-elutriation. Initial experiments of freshlyv isolated granulo-
cytes versus leukapheresis granulocytes indicate that the cells are as effective as. if not more
effective than, cells obtained by leukapheresis alone.

PROJECT GROUP 5: [ransplantation of Bone Marrow Cells Into Lethally Irradiated Animals

Once radiation destroys the bone marrow completely, no endogenous recovery is possible. In
such a case, bone marrow transplantation by genetically identical persons is the onlv means of
treatment and recovery., However. genetically identical cells are usually not available (with
exception of those from identical twins). and transplantation of incompatible bone marrow
results in death. The objective is to modify incompatible bone marrow cells by removal of
specific T-lvmphocytes. Early studies showed that removal of these T-lvmphocytes results in
significant increase of postirradiation survival in mice.

Specific tests were designed to identify lymphocytes. called suppressor cells. that appear to be
capable of inactivating other lymphocytes. called killer cells. Killer cells attack tissues and
organs consisting ot cells that do not have specific cellular antigenic markers. These are the cells

that initiate organ transplant rejection or graft-versus-host reaction in bone marrow transplants
postirradiation.
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ENDOTOXIN-INDUCED ALTERATIONS IN CANINE GRANULOPOIESIS: COLONY-
STIMULATING FACTOR, COLONY-FORMING CELLS IN CULTURE, AND GROWTH
OF CELLS IN DIFFUSION CHAMBERS

Principal lnvestigators:  T. J. MacVittie and R. 1. Walker
Technical Assistance: R. T. Brandenburg, J. L. Atkinson. and k. G. McCarthy

Salmonella typhosa endotoxin injected into dogs produced elevated levels of plasma
colony-stimulating factor, transient leukopenia followed by leukocytosis, and stimula-
tion of marrow granulopoiesis and mobilization of granulocyte-macrophage progenitor
cells into the peripheral circulation, The number of marrow granulocyte-macrophage
progenitor cells (CFU-¢) decreased to 65% of the control number within 6 hours,
returned to control levels by 24 hours, and increased to 370% of the control number
by 48 hours after endotoxin (Figure 1). The granulopoietic response was supported by
(a) a concomitant increase in the myeloid-erythroid ratio, (b) an increased fraction of
marrow-derived CFU-c susceptible to tritiated-thymidine suicide, and (e) increased
granulo-monocytopoietic activity of marrow-derived and peripheral blood-derived
cells grown in diffusion chamber cultures (Figure 2).

These results are consistent with the concept that endotoxin-induced colony-stimu-
lating factor is a physiologic regulator of canine granulopoiesis. The canine marrow
responded to endotoxin with a significant increase of concentration of marrow-
derived granulocytic progenitors and with mobilization of granulocyte~macrophage
progenitors into the peripheral circulation.

Figure 1. Alterations in canine marrow CFU-c concentra-
tion (e) and plasma colony-stimulating factor levels (4)
as percent of control values following injection of Salmo-
nella ryphosa endotoxin. Values (£ SEM) are means of
seven replicate experiments.

PERCENT OF CONTROL VALUES

500 —r ? T

v
N é*aoo - L =
Tz Figure 2. Alterations in cytopoictic activity (number of
E3m - d _ total nucleated celis harvested at day 7 of culture
:9‘1. L I divided by number of total nucleated cells inoculated
58200 '/I\\\\I‘ | per chamber) of diffusion chamber progenitor cells
Sy e RRTSRY decived from canine marrow (@) and peripheral blood
e 1 - ! leukocytes (A).  Values (£ SEM) are means of seven
v - ) ;
0y 00 replicate experiments.

o

W

o

i N I\
% 2 48 72 %

T'ME AFTER ENDOTOXIN INJECTION (hy

27




R WW

CANINE GRANULOPOIESIS: ALTERATIONS INDUCED 8Y SUPPRESSION OF
GRAM-NEGATIVE FLORA

Principal Investigators:  T. J. MacVittie and R. 1. Walker
Technical Assistance:  J. L. Atkinson, R. T. Brandenburg, and E. G. McCarthy

We investigated alterations in canine granulopoiesis following suppression of bacterial
flora by antibiotic treatment. Beagles were decontaminated by an antifungal and
antibiotic regimen (Figure 1) in sterile isolation with laminar air flow., Skin cultures
and fecal specimen cultures were usually negative after 4 days.

DOG WASHED AND CHECK
STERILE ISOLATION BEGL N‘ =" ANTIFUNGAL AGENTS MICROBIAL
ANTIFUNGAL AGENTS ABSENT AND ANTIBIOTICS STOPPED) STATUS
— b 4
DAYS .7 -4 0 2 '

& ‘
SAMPLE: BM, PBL, PLASMA ADMINISTER
ASSAY: CSF, CFU-c, DCPC [[ANTIBIOTICS BENIGN FLORA
BEGUN E S

CONVENTIONALIZATION
0123 4 7

SAMPLE. BM, PBL, PLASMA
ASSAY: CSF, CFU-c, DCPC

Figure 1. Experimental protocol for suppression of intestinal flora. subsequent convention-
alization, and determination of granulopoietic status. BM. bone marrow: PBL. periph-
eral blood leukocytes: CSF. colony-stimulating factor: CFU-c. granulocyte-macrophage
progenitor cells; DCPC, diffusion chamber progenitor cell

Reduction of gram-negative bacteria resulted in significant decrease of levels of
plasma colony-stimulating factor, marrow granulocyte-macrophage progenitor cell
(CFU-c¢) concentration, and cytopoietic activity of marrow-derived diffusion chamber
progenitor cells. The period of conventionalization was characterized by a signifi-
cant although delayed increase in plasma colony-stimulating factor as well as by
marked increases in marrow CFU-c concentration and cytopoietic activity of marrow
diffusion chamber progenitors. There was also mobilizdtion of marrow diffusion
chamber progenitors into the circulation. All parameters returned to control values
within 7 days of conventionalization.

These data support the hypothesis that the gram-negative bacteria of the gut play a
significant role in regulation of normal canine granulopoiesis.
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VELOCITY SEDIMENTATION STUDIES ON MONOCYTE-MACROPHAGE COLONY- !
FORMING CELLS FROM MARROW. SPLEEN, BLOOD. AND PERITONEAL

EXUDATE !
Principal Investigator: K. F. McCarthy '
Collaborator T.J MucVittie ‘

Technical Assistance: E. G McCarthy and P. W, Jones 111

We report and compare (a) velocity sedimentation profiles (Figure 1) of colony- !
forming cells that generate mononuclear phagocytic progeny in vitro (1-3) to '
(b) velocity sedimentation profiles of granulocyte-macrophage progenitor cells. }

It was found that granulocyte-macrophage
progenitor cells, whether from marrow or
spleen, are characterized by similar veloc-
ity sedimentation profiles with a peak sedi-
mentation value of about 5.2 mm/hour. In
contrast is the heterogeneity of the col- f
ony-forming cell population, composed of
two subpopulations with peak sedimenta-
tion values of about 4.1 mm/hour and 6.5

mm/hour (4). The 6.5-mm/hour colony- “
forming cell subpopulation is found in mar-
row and possibly in peritoneal exudate, and
the 4.1-mm/hour colony-forming cell popu-
lation is found in marrow, spleen, and pe-
ripheral blood.
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POPULATION SIZES OF GRANULOCYTE-MACROPHAGE AND MONOCYTE-
MACROPHAGE COLONY-FORMING CELLS IN Si/Sid MICE

Principal Investigator: K. F. McCarthy
Collaborator: I.J. MacVittie

Sizes of granulocyte-macrophage (CFU-¢) and monocyte-macrophage (CFC) progeni-
tor cell populations were measured and compared in S_l/gd mice and +/+ mice,

In the marrow, the CFU-c and CFC population sizes were 40% and 67%, remectively,
of the +/+ marrow CFU-c¢ and CFC population sizes. There was no dxfference in sizes
of these two cell populations in the spleens or thymi of Sl/Sl mice as compared to
+/+ mice (Table 1). Furthermore, the marrow CFC population was found to be heter-
ogeneous by velocity sedimentation. One of the marrow CFC subpopulations is char-
acterized by a velocity sedimentation value of 5.05 mm/hour, and the other has a
value of 6.30 mm/hour.
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Table 1. CFU-c and CFC Per 106 Nucleated Cells and Per Organ
From Marrow, Spleen and Thymus of S//S/d and +/+ Mice

Cellularity CFU-c/10® CFC/10°
Organ (x 10-7) cells CFU-¢/Organ cells CFC/Organ

+/+ .

Femur 24+0.2 640+170 14,395+ 3,522 2.890+430 68,906+ 11.792
Spleen 105+0.8 45+18 507+ 188 275+ 163 31179+ 11,444
Thymus 7.9+1.3 — — 10+ 6 5§57+ 286
Blood+ 1.0+0.2 — — —_ —

Sli/SKH
Femur
Spleen I
Thymus
Blood

* Mean + S.E.
+ per mi

530+ 80 5,692+1,065 3.970+600 45953+ 8,780
48+13 584+ 208 324+ 163 44837+ 19,629
— — 32+ 13 543+ 202

=
O -t
4+ 1+ iy 1+
O ==
[ )

TIGHT JUNCTION DISRUPTION AND RECOVERY AFTER SUBLETHAL GAMMA
IRRADIATION

Principal Investigator: M. Porvaznik

llea from sublethally irradiated, adult rats were prepared for freeze fracture and
lanthanum tracer study to investigate alterations that occur in structure and function
of the intestinal permeability barrier.

Using the freeze-fracture technique, it was determined that some of the tight junc-
tion structures are focally disrupted between days 1 and 5 postirradiation. Altera-
tions in mean depth of the apical tight junction appeared to correlate with permeabil-
ity of the epithelium to lanthanum tracer. Occurrence of tight junctional fragments
over extensive areas between lateral membrane fracture faces was observed during
the disruption and recovery phases. The fragments were manifested as linear and
macular tight junctions extending basally from the apical tight junction (zonula
oceludens) as far as the basal lamina. These "proliferative” tight junction fragments
were thought to be eventually removed by phagocytosis since numerous tight junc-
tional fragments could be observed in cytoplasmic vesicles between days 3 and 7
after irradiation. Lanthanum tracer, added only to the intestinal lumen during fixa-
tion for electron microscopy, was found in extracellular spaces between some goblet
cells and adjacent absorptive epithelial cells in preparations from irradiated rats.
"Leaky" tight junctions were observed between days 1 and 7 postirradiation, which
then returned to control levels.
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BIOLOGIC PROPERTIES OF BACTERIAL LIPOPOLYSACCHARIDES TREATED
WITH CHROMIUM CHLORIDE

Principal Investigator:

Collaborators:

Exposure to large doses of radiation severely compromises a person's resistance to »
infection. Therefore, agents that nonspecifically enhance host resistance to bacterial i
or viral infections might increase survival after radiation exposure. Endotoxin (bac-

terial lipopolysaccharide, LPS) is an agent known to enhance host resistance to bac- }
terial, viral, or fungal infection as well as to radiation injury. Unfortunately, the
highly toxic properties of LPS severely limit its application as an agent for stimulat-
ing host defense mechanisms.

In this study we attempted to attenuate the toxic properties of LPS while leaving
intact its potentially useful properties. Specifically we have shown that addition of

small amounts

causes marked reduction in several biologic activities of this substance. These in-
clude toxicity, B-cell mitogenieity, plasma colony-stimulating activity, radioprotec-
tive effect, and induction of the dermal Shwartzman reaction. Nevertheless, LPS

L. Snyder
L.

S.
R. 1. Walker, T. J. MacVittie, und }. M. Sheil

e ol

of chromium chloride to a saline suspension of Salmonella typhosa L.PS :

g ——
v . ST

nal of Microbiology 24: 495-501, 1978.

treated with chromium chloride was found to be at least as effective as nontreated
LPS in enhancing the resistance of B6CBF1 mice to the lethal effects of Klebsiella
pneumoniae infection (see Table 1) (1). |
Table 1. Survival (7-Day) of B6CBF1 Mice Pretreated With LPS(W ) or 4
14
Cr(IH)-LPS(W)? Before Challenge With Klebsiella Pneumoniae¢
Sl p—— S S o SR - ‘*
sosursnval after infection .
A sunvidl :i
Dose, ug/ Eapt 1 Fapt. 2 Fapt 3 S SEM !
1PS or CrilIn-1.PS LPS  Crl-LPS LPS  Coih-LPS LPS Gl es LS b s '|
o/ 20 20 0 0 10 10 -6 T
0.0 30 40 20 30 9) ) 472 477
. .10 60 0 90 9 P Qo) SO T NUL T
! 1.0 40 hi{V) 0 60 90 Y AR IR Y] Ty
10 70 %) S0 Q0 60 K1 [ N7l
100 20 40 20 0 (4] o0 13.7 ERIRIY
ASulpemelly tvphosg ipapaly sacchande (v estplial preparatinny
AChrommm-treated 1LPSIW)
CAn gmonnt ot 108 byctersl mouse
A anale mpection of TPS (02 mby ot dose shiown was wiven 24 I bebare suhoutaneons challenee wathe A oo
nue (02 mby
Clen mice were ned at cach dose stadied yrespenments |2 oan 3
HControls recened 0 2 ml 0w whne
REFERENCE
1. Snyder, S. L., Walker, R, 1., MacVittie, T. J., and Sheil, J. M. Biologic properties
of bacterial lipopolysaccharides treated with chromium chloride. Canadian Jour-
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ANTIBIOTIC DECONTAMINATION OF THE DOG AND ITS CONSEQUENCES

Pronapai hvestiwatoas RO Walker T4 MacVitte B U Sinhac BB baaid B bewn oot G T MOC any

A regimen of isolation and decontamination was developed that effectively reduces
the number of resident flora of the dog.

Bacterial counts in four dogs before treatment were 3.8 x 10¥ per gram of feces, No
organisms were detectable in these same dogs after treatment, but the intestinal
floru returned to slightly ubove normal levels by 1 week after treatment,

bDecontamination was accomplished mn o laminar air-flow svstem designed to mini-
mize the area under controlled conditions (Figure 1), We determined the antibiotie
sensitivities of 67 isolated organisms represerting eight species or groups of bacteria
recovered from the four dogs (Table 1). Then we developed a standardized antibiotie
regimen conststing of bacitracin and neomyein administered us o dry powder in the
food. The decontamination treatment apparently did not affect host netabohsm
because no alterations were found in serum levels of urea nitrogen, glucose, phos-
phate, total protein, chloride, sodium, potassium, serum glutamic oxalacetic transan, -
inuse, or serum glutamic pyruvie transaminase in the antibiotic-trested dogs. Hown
ever, the decontamination process did reduce normal granulopoictic stimulation,

Frgure 1. fsofation cage for doe Stede s s circaleted wathan caee e

artows) by Lo ae-tlow it monnted oncaee fop Maovable e e
Tow unit provades stente anem front ot caee (verticad arrow sy




Table 1. Bacteria Isolated From Four Dogs Before Decontamination
and the Antibiotic Sensitivity of the Isolates

Number of is0lates antibiotic-sensitive @

Number

Bacterium of isolates S0 P G v A E N 8 K c 7 KA
Eschenchia col 28 5 27 0 28 0 0 0 26 1 0 0 0
Enterobacter cioacae 3 3 3 0 3 0 0 o 3 1 0 1 0
Enterococcus 13 9 S 7 1 0 1 13 0 4} 9 12 11
Clostridium

pertungens 8 8 4] 8 1] [} a 8 0 0 4 0 6
Staphyiococcus

dureus 5 0 4] 0 ¢} o [} o 0 0 [} 0 0
Kiebsiella

pneumoniae 4 4 4 0 4 1] 0 0 4 0 0 0 0
Proteus mirabilis 3 0 1 4] 3 0 2 0 3 0 1 3 ]
Anaerobic

diphtherods 3 3 0 0 3 0 0 3 0 0 3 0 3

67

“ Sensitivity determined with antibiotic-impregnated paper disks.
s streptomycin. P pernciliin G © gentamycin. V - vanocomycin: A = ampicihin E - erythromycin, N - neomycin. B - bactrac.~
K wethn € colymyon T tetracychne. KA - kantrex.

ASSOCIATION OF LEUKOPENIA AND INTESTINAL PERMEABILITY WITH
RADIATION-INDUCED SENSITIVITY TO ENDOTOXIN

Prancipal Investigators: R L Walker and M. Porvasnik

Sensitivity to the lethal effects of endotoxin is increased after exposure to ionizing
radiation in the hematopoietic death range. We hypothesized that leukopenia and
altered intestinal permeability may be causative factors of increased sensitivity to
endotoxin after irradiation. The presence of leukocytes and platelets was correlated
(Table 1) with sensitivity of male BSCBF1 mice to 0.25 mg of Salmonella typhosa

Table 1. Correlation of Leukopenia and Thrombocytopenia With
Susceptibility to Endotoxin After 1000 Rads +-Radiation

Time After Mortality Cell Counts
Irradintion - —- —_—————— - C-
(days) Dead/Total Percent WRO * Platelets #\lice
0 0/15 0 10,880 1,555,000 B
2 3/20 15 1,020 1,312,000 5
3 24/30 80 300 1,212,500 10
o 312 25 33 670,000 3
6 1715 6.7 130 447,400 16
T [N 4 50 195,000 8

9 9y 100 200 14,000 )
10 111 100 1 18,000 4

*White biood cells
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endotoxin administered intraperitoneally. This study was conducted over the 10-day
period following irradiation (1000 rads cobalt-60) until the beginning of deaths due to
radiation alone. These data were then associated with the status of tight junction
barriers (zonula occludens) between epithelial cells of the ileum (Figure 1).
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rads

Figure 1. Incidence of detection of disrupted tight junctions in flea of mice at various
times atter radiation. Number in parentheses by each point represents total number
of tight junctional complexes observed at that time after irradiation. Hea fiom tow

mice were used at each sampling time,

A biphasic pattern of sensitivity to endotoxin was observed in irradiated mice. Mice
were resistant to endotoxin through day 2 after radiation, but sensitivity increased
greatly (80% mortality) by day 3. Resistance increased by day 6 (6.7% mortality) and
then dropped again by days 9 and 10 (100% mortallty) Leukocyte numbers decreascd
91% by day 2 (from 10,880 to 1,020 per mm 3) and further by day 3 (300 per mm3).
L.eukopenia persisted for the duration of the experiment. Platelets began to decrease
in number by day 5, and levels continued to drop until day 9. Disruption of somv
intestinal tight junctions was observed on days 1-5 after radiation (Figure 2). Junc-
tional repair was evident by day 5 (Figure 3). Repair was noted as extensive junc-
tional elements on ablumenal membrane fracture faces. A combination of leukopenia
and leakage of endotoxin from the intestine may account for the increased sensitivity
to endotoxin seen at day 3. Repair of the intestinal permeability barrier on duyv 5
coincided with reduced sensitivity to endotoxin. Later (7-10 days), bacteremia wius
present in host tissues, and mortality due to challenge with endotoxin again in-
creased, Disruption of some tight junctional barriers was seen again on days 9 and 10
after radiation.
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POSSIBLE ASSOCIATION OF GRANULOCYTE MOBILIZATION TO PERITONEAL
CAVITY WITH ZINC CHLORIDE-INDUCED PROTECTION AGAINST ENDOTOXIN

Principal Investigators:  R. L Walker and S. L. Snyder. AFRR/
P. Z. Sobocinski, U.S. Arnny Medical Research Institute of Infecrious Diseases
K. F.McCarthy and §. b Egan, AFRRI

We have attempted to determine which components of the inflammatory response are
responsible for zinc chloride-induced retention of endotoxin in the peritoneal cavity
and enhancement of survival following challenge with the toxin.

Zine chloride injected intraperitoneally into mice caused accumulation of granulo-
cytes (Table 1) in the peritoneal cavity, but these cells were apparently not respornsi-
ble for the trapping process. This contention is supported by our observation that
reduction of hepatosplenic uptake of chromium-51-labeled endctoxin in nonirradiated
mice was similar (Table 2) to that in mice made leukopenic by irradiation (1000 rads
cobalt-60) (1 rad = 10~2 J/kg). Hepatosplenic uptake was also depressed when non-
treated mice were injected with endotoxin suspended in celi-free plasma. Further-
more, zinc did not protect irradiated mice challenged with endotoxin, although it
enhanced survival in nonirradiated animals (Table 3). Lack of protection in irradiated
mice may be due to a deficiency in cellular response in the peritoneal cavity.

Table 1. Alteration of Peritoneal Cell Oppulations ¢ Induced bv Zinc

Treatment,” Towal WBC, PMN./ Treatment,” Total WBC, PAIN
I h cells mm* 24 h cells mm'* v
Saline-NT 2650+ 461 218 Saline-NT 4750 - IN3N 12
Zine-NT 4164+ 0640 S6.4 Zine-NT T2200 - 2304 412
Saline-ET 1979 + 709 s 4 Satine-E1 1306 - 643 b3

Zine-ET 5416~ 1920 368 Zine-ET Clump 04y
ANVt 12 samiples were conntesd e each group Pentoneal washies trom twa e Lebe et samdic

Dt tor Cral WBC are presented as mean £ 8D
3 w2 AN R
P lreatment _t «___LL’ Vhadlenge —'-‘«»\.unmc collected Salime- o 2y rreatsa mee
endotonan th Fraos mgy v saline 0 Cn3rat b3 o 24 Latec s boated s M
fregtment

Whire hlonod cells

AP0 srorphenadear leakoos tes

Table 2. Hepatosplenic Uptake ¢ of S1Cr-Endotoxin Injected
Intraperitoneally Into Saline or Zinc-Treated Mice

7, reduction of “'Cr-E Tan zme group

Unirradiated Biradiated
0 I h Ih 24 h 4l L h ih ih
Spleen LB N2 70 ER 82 Cl ] s
[iver 34 79 77 AN < N} <% O

Needoeac by phosg endotosn €0 29 0m ) was adnnmistered op gt the indie sted Timee ot
arthe 2 o sahine 10 2 O and samples Takea 2h thercslier St

12 mice wee
caclv eronp

i
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Table 3. Percentage of Mortality (48 h) in Irradiated ¢ and Unirradiated
Mice Treated With Zine Chloride Prior te Challenge With Endotoxin ?

o adiated - endotonn frraduded - endoteonm
Naderie VAN Saline VA
Treatment I h 2ih I'h 24 h I h 23k Ih 2in
YLomortalin ST T 2 RSN AT 6327 T sl TS
e were efadeated wath TOO0 tad s Gt 49 10l
radiated nuce were coadiereed 1P Wl 2 Sy e gt s endotone e radaered sl roeain e s 0 G
Zone chlonide o e b was oot fethad o onadhaced o o Jrated once sher poees wathioe tendeton

Number 1 patentioosos refcrs Lo the pomber of animals oy tnat evperaneatal oo

RADIATION-INDUZED ALTERATIONS IN DISTRIBUTION OF LYSOSOMAL
HYDROLASES IN RAT SPLEEN HOMOGENATES

Principal Investigators: S, L. Snyder and S. K. Ekiund

Whole-body exposure to ionizing radiation can result in marked changes in the activi-
ties and/or distributio:n of lysosomal hydrolases found in lymphoid tissues. We postu-
lated that lysosomal enzymes can act as inflammatory agents and therefore may
contribute to stress and tissue injury in the irradiated animal. In support of this
contention, we previously pointed out that the biphasic increascs observed in serum
and tissue lysosomal hydrolases after exposure occur concomitantly with a breakdown
in normal "biological barriers" (1). In addition to their potential importance as
inflammatory agents, lysosomal hydrolases may be useful as biclogic markers for
quantitating radiation-induced injury. Figure 1 shows the distribution of two lysoso-
mal enzymes, beta-glucuronidase and alpha-fucosidase, in the spleen of irradiated
rats as a function of dose 24 hours after exposure (2).

RAT:O FREE BOUND ENZYME

4 S NV e n J _. PO,
] 206 AGL 60C  BOC Q0T - PLE Y il EEE
jola U RETIN

Freure 1 biect o) wholeshody cobatt-o0-gamea dose on
ratte of bee to bonmd beta-glucuronidase (oarve a) and
alpha-tucosidase (Curve by Faeor bars andicate standandd
crror ot mean.
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These curves clearly indicate a large shift in activity of both enzymes from the
particulate to the supernatant fractions at doses as low as 50 rads. Furthermore, the
dose-response relationship for the ratio of free enzyme to bound enzyme suggests
that it may be possible to use lysosomal enzymes as biologic indicators of radiation
injury in an appropriate assay system.
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CEEO®

COLONY-FORMING CELLS IN THYMUS AND MESENTERIC LYMPH NODLS OF
MICE ENGRAFTED WITH LEWIS LUNG CARCINOMA CELLS

Principat Investigators: G D Leduey . TOJ MacVittie, DAL Stewant. and Go AL Parker

In vitro culture of normal mouse thymus and mesenteric lymph node cells results in
formation of eolony-forming cells that are identified in part by their commitment to
monocyte-macrophage cell development and their dependence on preghant mouse
uterine extract (PMUE) for growth. Behavior of these cells in the lymphoid organs of
turmnor cell-injected mice and their in vitro growth requirements may be important in
understanding host-tumor relationships. This idea was tested by engrafting C57BL/6
mice with Lewis lung carcinoma cells and examining the thymus and the mesenteric
lymph nodes for their colony-forming cell content at 3, 7, and 14 days after tumor-
cell implantation. The cells were grown in PMUE only or in PMUE and normal human
serum.

In cells obtained from Lewis lung cell-injected mice and grown in PMUE only (Figure
1), there was an approximate twofold increase in thymie colony-forming cells on dayv
3. A reduction to 50% of control thymic values was observed on day 7. The numbers
of thymic colony-forming cells in control and tumor cell-injected mice were similar
on day 14. The numbers of mesenteric lymph node colony-forming cells on day 3
increasrd twofold over control values and thereafter tended to be higher than con-
trols.
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Figure 1. Percentage colonyforming cell (CECY vadues of thymus cells obtamed from mice
injected with Lewis lung (3LL)Y carcinoma cells and grown in presence of pregnant mouse
uterine extract (PMUEBY. Thymus cells were prepared from groups ot mice at 3.7, and 14
days atter mplantation with SLL cells and grown under conditions described i Muterials
and Methods, No statistically signiticant ditterences in CFC values were obtained from
mice injected with three quantities of ILL cells. Thus cach point represents mean value
t standard error of combined data of all three celt doses from six replicate experiments
(= 18y, Thymic CEC values from 3L L-injected mice dittered signiticantly from contyals
on days 3and 7. Concentration (@w—e) und organ content (w—==m) of thymic CFC grown
in PMUL and obtained from control mice were 19 £ 7 and 15340 £ 000, respectively.
Control, ——,

With normal thymic and mesenteric lymph node cells grown in PMUE, maximum
growth enhancement was noted by addition of 7.5% (volume for volume) normal
human serum, which reduced the lag period by 30% for both types of cells, even
though the maximum numbers of colonies were counted 25 days after culturing, as is
the case for cells grown only in PMUE. The numbers of thymic colony-forming cells
and node colony-forming cells grown in PMUE and normal human serum increased
twofold ana sevenfold, respectively, over that for cells grown in PMUE only.

Thymus cells obtained from tumor cell-injected mice and grown in PMUE and normal
human serum (Figure 2) resulted in a twofold increase over controls of the thymic
colony~-forming cell concentration on days 3 and 7. By day 1[4, the thymic colony-
forming cell values returned to control values. Lymph node cells grown in PMUE and
normal human serum resulted in quantities of mesenteric lymph node colony-forming
cells that did not differ significantly from control mice. However, the mesenteric
lymph node colony-forming cell values of Lewis lung-injected mice tended to be
lower than those for control mice on day 3.
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Figure 2. Description of this figure is same as Figure 1, except that concen-
tration (@=——@) and organ content (m——m) of thymic CFC grown in PMUE

and normal human serum (NHS) and obtained from control mice were
25+ 5 and 1560 1 310, respectively.

In conclusion, the growth kineties of thymic colony-forming cells and mesenteric
lymph node colony-forming cells are profoundly altered by development of the Lewis
lung carcinoma. The different numbers of colony-forming cells obtained after cultur-
ing in PMUE only or in PMUE and normal human serum could be interpreted as
growth of two subpopulations of colony-forming cells.

IN VITRO AND IN VIVO ANALYSIS OF PRESERVED WHITE CELLS FOR
POSTIRRADIATION TREATMENT

Principal Investigators: T, J. Contreras and J. F. Jemionek

Use of granulocyte transfusions as a beneficial adjunct in the therapy of gram-nega-
tive septicemia postirradiation has increased the need for large quantities of
granulocytes for fresh transfusions or for preservation and later transfusion.
Isolation of purified granulocytes, both human and canine, can be procured by the
counterflow centrifugation-elutriation technique (Figure 1) from cells obtained from
either peripheral blood (1,2) or continuous-flow centrifugation leukapheresis (CFCL)
(3-5) (Table 1). This isolation has made the preservation of these phagocytic cells a
more feasible objective.
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Modified dilution technique for isolation of granulocytes by counter-

Table 1. Granulocyte Purification of CFCL Concentrates by CCE
CFCL CONCENTRATE CCE ELUTRIATE
LEUKOCYTE DIFFERENTIAL  RBC/WBC LEUKOCYTE DIFFERENTIAL  PMNL/REC
PMNL  MOND  LYMPH PMNL  MONO  LYMPH
GROUPA® & | 623 103 278 406 989 08 02 50.7
n=10  SE| 25 20 19 59 02 02 0.1 70
GrouPs" x | s28 158 314 art 95.1 37 12 678
n=12 SEI 15 23 12 44 13 1" 04 97

® Studies to determine maximal capacity of elutriation chambes

® Studies to determine the efficiency of granulocyte recovery fram CFCL concentrates

Differentials were estimated from air-dried smears stained in Wrights-Leishman stain - RBC/WBC and PMNL/RBC ratios were

determined by electronic counts on a Coulter ZBI AND H4 Channetyzer

Our group preserved, in a liquid medium, canine granulocytes at 4°C for up to 15
days, with excellent results (6). Freeze preservation of canine granulocytes with 10%
dlmethylsulfox1de gave viable, functional cells with good overall morphology (7,8).

vivo evaluation of canine granulocytes isolated by continuous-flow centnfugatnon
leukapheresis and counterflow centrifugation-elutriation is currently being done,

using the beagle as an animal model.

Preliminary results indicate that the dual

isolation technique does not impair physiological funetion of the grar ‘ocytes.
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MEMBRANE POTENTIAL CHANGES DURING MACROPHAGE ACTIVATION |

Principal Investigator: B K. Gallin

Membrane potential changes were studied that ocecur during exposure of macrophages
to chemotactic factors normally produced in response to infection after radiation.

Escherichia coli endotoxin-activated serum, added to macrophages, produced mem- |
brane hyperpolarizations associated with a decrease in membrane resistance (Figure :
1). Fractionation of normal activated serum indicated that only fractions that eluted
with a molecular weight of 12,500 produced membrane potential changes. The active
material was identified as C5a (the small-molecular-weight cleavage product of C5)
by heat stability and inactivation by goat antiserum to human C5 but not C3. Syn-
thetic N-formyl methionyl peptides, which are chemotactie, produced similar mem-
brane potential changes. These observations demonstrate that ion fluxes associated
with membrane potential changes are early events in macrophage activation by
chemotactic factors (1).
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Figure 1. Response of macrophage 1o both C3a (3 ug/ml) and f-amet-deu-phe 1
(10°4 M) applied with blunt microelectrodes.  Resting membrane potential f
=-10mV. i
¥
These electrophysiological findings, together with other available data, were used to 1
propose a model for the ionic events oceurring during leukocyte chemotaxis (2). The
model will be used to design experiments to activate and/or modulate leukoeyte |
function so that, during times of stress (i.e., radiation injury), leukocyte activity can {
be enhanced.
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AN EXPERIMENTAL MODEL OF CHRONIC COMMUNICATING HYDROCEPHALLUS

Principal Investigator: — W. I, Flor, 4FRR/

Collaborators: A. B James, Jr. Vanderbilt Universiey Hospital, Nashville, Tennessee

J. L. Ribas, Uniformed Scrvices University of the Health Scicnces, Bethesda,
Marviand

Technical Assistunce: J. L. Parker and W. L. Sickel

’

Chronic communicating hydrocephalus (also known as normal-pressure hydrocephalus)
is an adult form of hydrocephalus that can develop secondarily to head trauma, cen-

tral nervous system infection, intracranial surgery, or spontaneous ‘ar:ichnoid
hemorrhage. The military population is as mueh at risk to these cercu: . Us as
the civilian population, and often more so. The disease process is a ;: ssively

debilitating one in which the ventricles within the brain (which contain cerebrospinal
fluid) expand at the expense of the surrounding neural tissue. Current surgical treat-
ment techniques are unsatisfactory, and pathological mechanisms of disease progres-
sion are incompletely characterized.

Physiological studies (1,2) of the animal models we developed implied that compensa-
tory mechanisms for the reabsorption of cerebrospinal fluid are established in the
hydrocephalic animals. Our physiological data strongly suggested that cerebrospinal
fluid reabsorptive pathways are established across the ependymal cell layer between
the brain ventricles and brain tissue.

We recently presented corroborative anatomical evidence for the establishment of
transependymal reabsorption pathways. In studies (3) in animals by both transmission
and scanning electron microscopy, the areas of most severe pathology along the
dorsolateral angles of the lateral ventricles have been identified and characterized at
various times after disease induction (100-1000 days). In animals from the 100-day
postinjection group, severe denudation of the ependymal cell covering of the dorso-
lateral angles was accompanied by traceable channels into the brain parenchyma and
by proliferation of small, round supraependymal cells. By 1000 days, the ventricular
surface in this region of most severe pathology had developed a glial/ependymal
"scar" covering much of the previously denuded surface. Through this scar, patent
fluid channels into periventricular brain tissue could still be traced. Fluid following
these pathways would destroy subependymal brain substance, resulting in increasing
ventricular size and chronic deterioration of the clinical condition of the experimen-
tal animal (or the patient).

In a collateral study (4), we determined that enlargment of the distal canal of the
spinal cord does not play a significant role in the developing pathophysiology of com-
municating hydrocephalus (as opposed to obstructive hydrocephalus).
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TESTS OF BIOLOGICAL INTEGRITY IN DOGS EXPOSED TO AN
ELECTROMAGNETIC PULSE ENVIRONMENT

Principal Investigator: S J. Baum

Dogs were exposed to an electromagnetic pulse (EVMP) environment for 8 hours each
day for 45 days. At the end of that time, they had received 5.8 x 106 EVIP at 5
pulses/sec with a peak electric field intensity of 447 kV/m.

Biological tests were conducted to ascertain concentration of erythrocytes, leuko-
eytes, neutrophils, lymphocytes, reticulocytes, and platelets. Bone marrow samples
were obtained by biopsy from the ribs 7 days before and 7 days after the last EMP
exposure for assessment of mitotic rubricytes and myelocytes.

Pregnant female dogs were exposed to the EMP environment in order to study possi-
ble gross effects on fetuses. Reproductive capabilities of irradiated male animals
were tested for 1 year after the last exposure. None of these tests revealed any
injury in the EMP-irradiated dogs.
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NEUROBIOLOGY DEPARTMENT

The Neurobiology Department is tasked with the study ot mechanisms whereby jonizing radia-
tion influences the cellular components ot the nervous system. The Department is organized
into three Divisions, each focusing on separate types of preparation and technigues for study
of nervous tissue. The Radiation Biophysics Division uses biophysical and electrophysiological
approaches to the study of elementary mechanisms underlying nerve cell activity . the com.
munication between cells, and the alteration of these normal processes by ionizing radiztion.
Most of the studies performed in this Division use isolated nervous tissues obtained troin inver.
tebrates, lower vertebrates, or mammals, in which one is able to more completels control the
environment and variables than in the intact animal. The Cellulir Neurobiology Division uses
primarily tissue-cultured neurons, glia, and muscle cells in order to achieve the sim of availa-
bility of a homogeneous population of cells of mammalian origin that can also be maintamed
in a controflied environment. Finally, the Neurological Sciences Division uses intact animals,
including primates. to study directly the effects of ijonizing radiation on nervous system tune-
tion,

The effects of radiation on nervous tissue that concerned us principally during this fiseal ycar
are those after relatively high doses. At doses of 800 rads and greater, some primates exhibit
the syndrome known as early transient incapacitation (ETIH. ETI is a transient decrement of
performance of the animal. often occurring with a S-min latency after exposure to radiation
and lasting for a period of a few minutes to an hour. LTI is frequently accompanied by a
dramatic fall in blood pressure. The origin of this syndrome is not well understood. although
previous work in our laboratories (as well as the [aboratories of others) suggests that the syn-
drome results from release after radiation of an active humoral agent that acts at specific
receptor sites on blood vessels and probably on neurons to alter the animal's ability 10 re-
spond. Much of the Department’s research is aimed at identifving these substances released
after radiation and elucidating their sites of action as well as the mechanisms whereby they
alter the level of consciousness and ability to respond. We are studving this problem in
each Division with a variety of techniques and preparations.  Previous work showed that »
likely site of origin of the active materials is the mast cell. Mast cells store large quantities of
biogenic amines—-particularly histamine. serotonin, and dopamine—and also some active peptide
factors. lonizing radiation at relatively low doses is known to cause mast cells to release these
materials.  One of our research programs involves study of the mast cells directly,  Other
programs involve investigation of the effect of the substances released from mast cells on
smooth muscle. glia. and nerve cells.  Receptors for histamine, serotonin. and dopamine
are widespread. and unfortunately we do not know whether the primary site of action is on
the vasculature or directly on neurons. One of our most significant advances in this regard.
however. has been the progressive understanding that a variety of responses can be elicited
from any single active agent. We have found that histamine. serotonin, dopamine. and a vari-
ety of other peptides and neurotra.smitter substances can be either excitatory or inhibitory |
depending on the nature of the postsynaptic receptor.  We still do not know if ETI results
primarily from interaction of these agents with vascular or neuronal receptors. but it is possible
and perhaps likely that the syndrome results from activation from multiple receptors at muhi-
ple sites. These studies are proceeding in invertebrate neurons, in cells in tissue culture., and
in the intact central nervous system of mammals and primates.




Another major effect of ionizing radiation on the central nervous system is one that occurs
onhy at quite high doses, called the central nervous system syndrome.  This ssndrome is the
cause of death in animals exposed to greater than 1000 rads. 1t is characterized by progressine
depression of the central nervous system, with alterations in behavior and viscerad function, '
terminating in coma and death. The molecular events causing this syndrome are poorly under-
stood. but previous studies in our laboratory implicated radiation-induced alterations of intra-
cellular calcium as one causative factor. Intracellular calcium regulates a great variets of mem-
branc processes including membrane permeability . exocvtosis of neurotransmitters and hor-
maones, and probably levels of cyvelic nucleotides and other biochemical components of the
cell. Several of our research programs are involved in study of the roles of calcium in these ;
VATIOUS Sy s{ems. :

In a nuclear detonation, the energy is released in three principal forms:  radiation, thermal

energy. and energy in the form of blast and overpressure.  Effects on a human in the vicinity "
result from each factor alone or in combination.  Several studies in the Neurological Sciences '
Division concern investigation of the effects of mechanical trauma on central nervous system !
function and the interaction of mechanical and radiation injury.  One proposal studies the |
effects of thermal injury. especially on visual functions.  Particularly in the central nervous .
system, injuries from quite different insults frequentdy are manifest in the same wavs: cercbral 3
k'

edema. alterations in cerebral blood flow, extravasation of blood into the intracranial space.
or selective loss of neurons or glial cells at the site of injury. Consequenty. the programs
study ing different aspects of injury to central nervous svstem tissue are closely interrefated.
Many of the techniques and procedures tor these studies are identical. and often conclusions 4
obtained in one experiment are applicable to studies of a different form ot injuryv. Several

other sites of injury are of interest to the Department. including eftects of radiation on the

cardiovascular system and the auditory and vestibular svstems.
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VOLTAGLE-DEPENDENT EXCITATORY RESPONSE TO SEROTONIN IN 1PLYS

Prncipal fnvestigatons 1 C Pellmar and DO Carpenter

A slow, voltage-dependent excitatory response o rontophoretic application ot sero-
tonin has been observed in voltuge-clamped neurons ol Aplysin eulitornies.  The
response has u time to peak of 13-30 sec and u duration of 1-3 nuin. At polentials
more negative than about -4U mV, the response 1s ubsent. As the cell s depaolatizec,
the serotonin-evoked inward current becotes progressively larger.  The potential
dependence of the serotonin response is simitlar to that ot delaved reetfication.  The
response 15 accompuanied by an apparcent decreasce in conductlatice, whieh ean
attributed either to a deerease in conductance to potassium or to s regencrsalive
inward current. Changes in extracellular potassium concentration up to 30 mi. have
little eftect, but higher concentrations reduce the amplitude of the response.  [he
actions of zero-sodium solutions depend on the sodiuin substitute: glucosamime pro-
longs the response to serotonin whereas sucrose and munnitol greatly reduce the
amplitude. Exposure to lithium=-substituted seawater cuuses a gradual altenuation,
and subsequent replacement of normal seawater potentiates the response. The sero
tonin response Is minimally affeceted by alterations i extracctlulur calewn but s
blocked by eobalt and manganese (Figure 1), Observed changes in response amplitude
are usually accompanied by consistent changes in delaved rectitication.
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It is difficult to agetermine the ionic basis of the serotonin response from these data.
\ regenerative inward sodium current can be ruled out, but such a current carried by
calewm remains a possibility,  Alterations of extracellular calcium may not alter the
caleium grauient sutficiently to modify such current. The above data seem most
consistent with a decrease in potassium conductance, yet it is disturbing that mod-
erate changes in potassium concentration have minimal effects.

OOE®

A\FFERENTS TO MEDIAL PONTINE RETICULAR FORMATION AS DEMONSTRATED
BY RETROGRADE TRANSPORT OF HORSERADISH PEROXIDASL

Pronapal Tovestieaton R W Gheene, 1FRRY
Caollabogaton M Schalder, (FRRI
Vsorcnate Investogton G B Stanten Moard Tun oriny

Gilant neurons of the brain stom are known to be involved in movement, and other
tmportant funetions have been proposed. They mayv have a function in sleep states of
conseiousness,  They may be an important locus of action for action substances that
are released by jonizing radiation und that mediate earlv transient incapacitation. In
order to better uncgerstand the funetion of these cells, we have attempted to study
the afterent input to this ares using anatomical teehniques,

Figure 1 shows the labeled cells that project to the reticularis pontis caudalis (RPC).
Injection of the RPC and the abducens nueleus produced labeled cells bilaterally in
the deep and intermediate layers of the superior colliculus but none in the superficial
luyers. Labeled neurons in the contralateral superior colliculus were most numerous
in the rostral half (12 large and 14 nedium-sized neurons/60- um section). Moreover,
labeling intensity of the large cells was greater in the medial third of the superior
colliculus, suggesting that these soma have the largest number of axon terminals
within the injection site. On the ipsilateral side, labeled neurons were few and
faintly labeled. No projections from the superior colliculus to the abducens nucleus
were seen following horseradish peroxidase studies by Maciewicz et al. (1). Further-
more, our control injections resulted in relatively few labeled cells in superior collie-
ulus, confirming the localization of terminals of superior colliculus-RPC projection to
the caudual pole of the RPC.

\nother major projection to the RPC was from the vestibular nuclei. Cells were
most numerous in the ipsilateral medial, inferior, and ventrolateral vestibular nuclei,
but were also seen in these nuelei on the contralateral side. Other nuclei labeled by
injection in the RPC inelude, on the ipsilateral side, the nucleus of the field of Forel,
the nueleus of harkshevieh, the interstitial nueleus of Cajal, the mesencephalic retie-
ular tormution, und the trigeminul spinal nucleus.  Nuclei labeled bilaterally inciude
intermedinte <ized cells in the eaudal part of the facial nucleus, the pontine raphe
micley, the pontine lateral tegmental fields, the RPC, und the reticularis giganto-
cellulars,
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Figure 1. Location of luheled cells (o = one labeled cell) tor medial ijection (C26), Tateral mjection (C 1,
and rostral injection (C25). Area of honseradish peroxidase spread fram injection s marked i black o
cach case. PH. perihvpoglossal nucleus. VMNOmedial vestibulin nuctens: VIN  mtenior vestibular nucleas
RGO, reticularis gigantocellutanis: V. tngemina spinal nucleus: VD, donoliteral vestibuliay nudlens. VIL
facial nucleus: NMILL genu of the facil nerver VIV ventolateral vestibular nuclenus. RPCetionlans posinis
caudalis: ¥, abducens nucteus: Cloanterar central: SCLsuperior colliculus, FTC, nontal reomental tiend.
1. oulomotor nucleus: MLED medial Tongiudimal tasciculus: PONC nucens of the postens comminsnre .
D. nucteus of Darkshevich: 1CA mterstival nucleus of Cajal: FEOnucleus of frield o Forel




These results demoenstrate that the cells of origin of the superior colliculus-RPC
projection are the large and interimediate-sized necurons in the deep and intermediate
layers of the superior colliculus.
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ROLE OF CALCIUM IN SECRETORY PROCESSES RELATED TO EARLY
TRANSIENT INCAPACITATION

Principul lnvestigator: MU AL Donlon, AFRRT
Collaborators: G. N Cattavas, AFRRY
M. Katiner, Narional Institwae of Allergy and Tnfecrions Discases. N

Since 1349, histamine release following midlethal doses of X radiation has been
reported in rats, hamsters, and man. The primary site of histamine storage resides in '
the tissue mast cell, but the mechanism of radiation-induced histamine release is

unknown. It is known that external caleium is required for activation of the secre-

tory mechanism in mast cells, and that the entry of caleium into the cell is sufficient

stimulus to cause histamine release (1).

This study was undertaken to investigate calecium transport and histamine relcase in
highly purified ( >95%) preparations of rat peritoneal mast cells (RPVIC).  These
preliminary studies will be followed by identical experiments on X-irrudiated cells to
determine if radiation-induced alterations in calcium influx serve as stimulus for
histamine sceretion.

The kinetics of calcium association with purified RPMC's is presented in Figure 1.
Mast cells were incubated at 37°C in a spinner flask containing Hepes-buffered sal:
solution, 0.8 mM caleium, 1.4 uCi/ml cobalt-45, and 7.5 uCi/ml 140 (the last used
as an indicator to monitor cell volume). Samples were removed from the flask and
centrifuged through silicone oil. All radioactivity not associated with the cell pellet
remained in the supernatant, which was also analyzed for histamine release. The oil
layer was suctioned off, the results were dissolved, and the radioactivity determined.
Mast cell-associated calcium rapidly increased and reached a plateau by 1-2 min,
followed by a slow and continuous aceumulation. Cell volume remained constant
during the experiment, and minimal histamine release cccurred.
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It was necessary to distinguish between the externally bound (superficial) ealeium and
the transported .intracellular) caleium. This was accomplished by incubating previ-
ously labcled mast cells with the impermeant chelator ethanedioxy-bis-(ethvlamine)-
tetraacetic acid (EGTA). The results are shown in Figure 2. It is seen that about
70% of the total cell-associated caleium resided in an EGTA-displaceable pool while
the remaining fraction resided in an internal compartment. This is the first demon-
stration of two calcium pools in the isolated nonstimulated cell. Further studies on
the dvnamies of these pools during stimulation and secretion are now in progress,
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Figure 2. Identitication of two cellular calcium compartments in sonstimufated mast cefls.
EGTA treatment of RPMC reveals an EGTA-sensitive (external) and an FG1 A-msensitnve
(internal) cell-associated calcium (CAC)Y companment.
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VISCOSITY CHARACTERISTICS OF MIDDLE EAR EFFUSIONS

Principal Investigator: M. L. Wiederhold, AFRR/
Associate Investigators: Jo T, Zajtchuk. J. G Vap. and H. O. deFries. Cnitormed Services University of
the Health Sciences, Bethesda, Marviand

It is commonly assumed that effusions present in the middle ear for a short duration
are thin and produce a mild hearing loss, whereas effusions present for a longer
duration become more viscous with time and produce a greater hearing loss. In order
to test this hypothesis, we used cats as an experimental model. The eustachian tube
was ligated on one side to produce middle ear effusions, and hearing loss was mea-
sured eleetrocochleographically. At various times after eustachian tube ligation,
tympanocentesis was performed, and physical properties of the effusion were mea-
sured.

After eustachian tube ligation, all cats developed negative middle ear pressure within
3 days and flat (Type B) tympanograms within 7 days. Hearing loss also developed
early and became maximal at about 3 weeks, The initial tympanocentesis varied
from 6 days to more than 300 days after eustachian tube ligation. Thin fluids were
found in five cats at 13-168 days after ligation. Glue was obtained in six other cats
at 6-136 days after ligation. In the remaining four cats, not enough fluid could be
obtained to characterize. Within a few days after tympanocentesis, the cat's ear-
druimn resealed, as evidenced by observation and tympanometry. This allowed for
repeated sampling of effusions. These data indicate that a significant difference
does not exist between the amount of hearing loss associated with thin fluids and with
glue. Viscosity is not clearly related to duration of fluid in the middle ear. A
positive correlation does seem to exist between hearing loss and specific gravity of
the fluid.

MEMBRANE VOLTAGE NOISE ASSOCIATED WITH CILIARY BEATING IN THE
APLYSIA STATOCYST

Principal Investigaior: M. L. Wiederhold

The Aplysia statocyst is a spherical balance organ. The wall of the eyst consists
mainly of 13 receptor cells with motile cilia projecting into the fluid-filled cyst
lumen. Dense statoconia settle to fill the bottom third of the cyst lumen but are
kept in continual random motion by the beating cilia. A receptor cell is excited when
the preparation is tilted sufficiently to bring its cilia into contact with the stato-
conia. The excitation consists of a depolarization and an inerease in membrane
voltage noise (Figure 1).
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Figure 1. Response to tilting a preparation in normal artificial seawater. 4. Membrane
potential as table is lowered from level position (0% to cell-down paosition (-40%). Spike
amplitude is distorted by pen recorder. Actual spikes are 100 mV peak to peak. Tili-
ing indicated in trace ¢, B. Root mean square membrane potential measured with an
AC-DC converter, passing frequencies from 0.16 Hz to 110 kHz. Due to settling time
to converter. readings are accurate for only 23 sec after sudden change in membrane
potential.  D. Portions of trace A4 with scales expunded. Note discrete positive potentials
from 0.5 to 3.5 mV amplitude.

Analysis of the membrane noise caused by excitation is presented, which indicates
that the noise is a superposition of many discrete depolarizing events whose average
amplitude is 1.5-2.3 mV. These are interpreted as arising from collisions between the
moving statoconia and the beating cilia. With a receptor cell positioned so that only
occasional collisions between the statoconia and cilia would occur, isolated diserete
events of the size predicted by the analysis are seen. The conductance change asso-
ciated with these events is about 10 times larger than estimates of single ionic
channel conductance from other studies.

When a preparation is treated with seawater containing 10 mM nickel chloride (used
in other studies to paralyze the cilia of paramecium), the motility of these cilia is
reduced or blocked, and both the depolarizing and noise-increase responses to tilting
are either greatly reduced or abolished. Another agent that blocks ciliarv motility is
a factor in the serum of eystic fibrosis patients. When such serum was mixed with
seawater, results similar to those with nickel chloride treatment were obtained. The
mechanisms by which the ciliary motility might contribute to the sensory function of
these cells are discussed elsewhere (1).
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Since hair cell receptors in the mammalian inner ear can be affected directly by
ionizing radiation, this model system will allow us to study the physiological basis of
such radiation effects at the membrane level.
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AUDITORY RESPONSES IN CATS PRODUCED BY PULSED ULTRASOUND

Principal Investigators: K. R. Foster and M. L. Wicderhold

Auditory nerve responses and cochlear microphonies are produced in eats by pulsed 5-
MHz ultrasonic energy from a transducer placed against the dura mater. The pulscs
must be relatively intense (30 W/em#*) to produce a response but can be sufficiently
brief (less than 70 usee) to not observably heat the brain tissue.

The cats apparently respond to radiation pressure transients accompanying the ab-
sorption of ultrasound in the brain tissue. Both amplitude and latency of the Ny
neural responses to the ultrasound can be matched to those produced by relatively
weak tone pips or clicks from an external source (Figure 1). The cochlear micro-
phonic produced by a pulse shows prominent ringing at 5-10 kHz in different cats.
Amplitude of the N; response exhibits broad maximum, for constant amplitude
pulses, at pulse widths of 20-60 usec. This variation of the N; response amplitude
with pulse width is similar to that of a high-pass filter with a cutoff frequency at the
dominant frequency of the cochlear microphonic, which is tentatively identified with
a ringing frequency of the skull.
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Figure 1. Computer-averaged responses to ultrasonic stimulation and to 10-kHz tone pips
and 0.1-msec condensation clicks. 4. Ultrasound pulse (50 psec. 5 MHz, 33 W,/cml):
500 responses.  B. Tone pip (I msec. 10 kHz. 42 dB re 0.0002 dyn/em< rms) of ran-
dom phase, short rise, and full times: 200 responses. €. Condensation clicks (0.1 msec.
65 dB peak pressure): 200 responses. All stimuli were repeated at 10 secrd Cat AC24

HEARING LOSS AFTER EUSTACHIAN TUBE LIGATION MEASURED
ELECTROCOCHLEOGRAPHICALLY

Principal Investigator: M. L. Wiederhold
Associate Investigators: S, A. Martinez, M. G. Piersom, and H. O. defries
Technical Assistance: D, M. Paull and R. E. C. Scott

A system is described that allows repeated, noninvasive recording of auditory nerve
responses in the cat to transient acoustie stimuli using a closed acoustic system (1).
Nj responses to clicks are recorded from a stainless steel ring electrode at the end of
a hollow earbar, the tapered end of which is made of insulating plastic. Acoustic
stimuli are generated by a dynamic earphone coupled to the earbar. A calibrated
probe microphone is also incorporated into the earbar to measure sound pressure near
the tympanic membrane. This allows better stimulus control than is available with
free-field systems. To facilitate insertion of the earbar, meatoplasties were per-
formed on all animals. Responses recorded with this system in anesthetized cats are
described and compared to those recorded at the round window (see Figure 1). Good
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repeatability of measurements is described for an animal population of 20 domestic
cats over a period of several months. For some of these animals, response amplitude
varied from one session to another, but response latency, especially for condensation
clicks, was consistent. By comparing statistics of multiple measurement of both Ny
amplitude and latency for rarefaction and condensation clicks, it is concluded that
the N; latency-versus-click level function for condensation clicks provides the most
reliable measure of the cat's auditory nerve function.
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Auditory nerve responses to condensation and rarefaction elicks were recorded from
the external ear canal of cats using a closed acoustic system. Repeated control
recordings from both ears formed a baseline for each of four animals used in this
study. After a baseline had been established, the eustachian tube on one side wus
ligated and serial recordings of N; responses were performed for up to 140 davs
postligation. By comparing the shift that occurred in the N; latency-versus-click
level plots after ligation, the equivalent hearing loss was determined (2). In all cases
where the eustachian tube was successfully ligated, the loss was progressive for the
first 20 days and then usually showed some transitory improvement. The loss stabi-
lized after 60 days, varying from 15 to 40 dB in different animals (see Figure 2). In
addition to Nj recordings, serial tympanograms were also measured. These indicated
negative middle ear pressure in the first 2 days postligation and the presence of

middle ear fluid by 1 week postligation, h
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Figure 2. Shift in latency functions (hearing loss) tor naetaction (RCY and condensation
clicks (CCy after Hgation of the feft custachian tube of cat CCTO639. Shifts are all reli-
tive to preoperative control latency functions (points lubeled 1 tor cach cary. Pomits

to left of day 0 are carlier preoperative controls,

Since the development of middle ear fluid is a common complication of radiation 0
exposure to the head, this system will allow us to assess the effects on hearing of :
different levels of radiation exposure.
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DEXAMETHASONE AND EXPERIMENTAL RADIATION NECROSIS OF THL
BRAIN. 1. EFFECT OF EARLY TREATMENT

Principal Investigators ACNC Martins, Walter Reed Army Medical Center
R. . Severance, AFRRI
oM Henny . Armed Forces Institute of Pathology
Vot Dosvle HFRRS

Delayed radiation necrosis of the brain is a dreaded, often debilitating, and occasion-~
ally fatal complication of therapeutic irradiation of the brain. The pathogenesis of
delayed radiation necrosis of the brain remains u subject of continuing controversy.
The most widely held view is that most if not all of the lesions ultimately develop as
the direet consequence of injury to blood vessels. By injuring the genome, ionizing
radiation presumably prevents replication of endothelial cells. The affected cells die
after a variable latency, setting the stage for progressive failure of the microcircula-
tion and leading to vasogenic edema from a break of the blood-brain barrier, pete-
chial hemorrhages, and thrombosis. Secondarily, the parenchyma manifests a broad
spectrum of ischemie changes from reactive gliosis to areas of frank infarction.

A wide variety of drugs are often used in association with radiotherapy, and these
may affect the resistance of brain tissue to ionizing radiation. In particular, the
glucocorticoids are frequently given in large pharmacologic doses to patients being
irradiated in order to reduce brain edema and intracranial pressure. Some of its
salutary effect presumably derives from stabilizing the cell membranes of capillary
endothelium and parenchymal cells, which reduces brain edema and loss of cellular
potassium. It has also been suggested that glucocorticoid protects the central ner-
vous system from free radical attack. Confronted with the facts that both glucocor-
ticoid and ionizing radiation affect DNA synthesis as well as the permeability of
capillary membranes, we questioned whether they act synergistically or antagonisti-
cally on the brain.

Lighteen juvenile, male, rhesus monkeys (Macaca mulatta) were assigned in cqual
numbers at random to either an cxperimental or a control group. The experimental
group received dexamethasone and the control group received saline. Each monkey
of the experimental group received 4 mg of dexamethasone intramuscularly twice
daily, morning and night, for 12 days. Thereafter, over the subsequent 12 days, the
daily dose of dexamethasone was gradually reduced to zero and then permanently
discontinued. Animals of the control group received an equal volume of saline.




Irradiations were carried out on the second day of dexamethasone administration,
between 1/2 and 2 hours after the third dose had been given. A standard primate
chair was modifiec to hold a collimator and lead body shield. In order to irradiate the
entire brain of an alert animal, a collimator was used that also served as a restraint
for the hcad. The irradiations were performed with a linear accelerator at approxi-
mately 20 eV with a beam current and pulse width adjusted so that the total dose of '
1800 rads was delivered to the whole brain in 8.5 min + SI). After irradiation, the
animals were returned to their cages. They were observed and exaimined until they
died or until terminal inanition required that they be sacrificed.

Eventually all animals developed a neurological syndrome characterized by anorexia,
marked behavioral changes, and motor impairment (Table 1). Most striking, when it
developed, was an inexorably progressive loss of coordination and strength of all four
extremities, usually coupled with disequilibrium and a hunched-over posture. Individ-
ual animals of both groups developed unique neurologic signs. Some manifested
byoclonic jerks of all musele groups in response to sudden tactile or auditory stimuli.
Others developed torticollis and retrocollis, truncal dystonia, and circus movements.
The rate of progression of the neurologic syndrome varied from animal to animal and
ranged between 5 to 68 days from time of first sign of death. There was no statisti-
cally significant difference between the two groups regarding weight change, latency
of onset of neurologic syndrome, rate of progression of neurologic syndrome, or
length of survival following irradiation (Table 1). The external surface of the brains
of all monkeys from both groups appeared normal. There was no statistically signifi-
cant difference in mean weight of the brains or in gross morphology of the brains
between the two groups.

Table 1. Effects of 1800 Rads Radiation Delivered in 8.5 Minutes
to Whole Brin of Two Groups of Rhesus Monkeys

P
Saline- Dexamethasone- ‘
Treated Treated
(n=9) (n=9) P
Onset of epilation * 38 + 13.1 *24+ 7.8 0.05
Onset of behavioral change 106 + 31.7 108 + 31.9 0.91
Onset of motor impairment 109 + 23.0 109 + 24.4 1.0 Y
L
Duration of neurologic syndrome 27 +10.7 30 + 21.5 0.71 |
Survival time 137 + 30.5 139 + 36.9 0.87
* in days, mean + SD ;

Microscopic appearance of the radiation-induced lesions tended to be monotonously
stereotyped. We observed no statistically significant difference in histological
appearance, number, or distribution of radiation-induced lesions between the dexa-
methasone and control groups. Dexamethasone failed to alter susceptibility of the
primate brain to radiation-induced delayed necrosis. Thesc results suggest that the
common clinical practice of using glucocorticoids together with therapcutic radiation
in the treatment of brain neoplasms does not increase the risk of developing delayed
radiation necrosis. Unfortunately, the results also provide no support for the view
that glucocorticoids can protect normal brain from the deleterious effect of thera-
peutic radiation.
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RESPONSE OF CEREBRAL CIRCULATION TO TOPICAL HISTAMINE

Principal Investigators: A N. Martins, Walrer Reed Army Medical Center
T. F. Doyle and S. J. Wright Jr.. AFRR/

Due to continuing uncertainty about the preponderant effect of histamine on brain
blood flow (1,2), we undertook an in vivo study to determine local response of cere-
bral circulation of the cat and the monkey to topically applied histamine,

Small bilateral parietal craniectomies were made in cats and in cynomolgus monkeys
anesthetized with ketamine and nitrous oxide. The dura was opened, and polaro-
graphic electrodes of thin platinum wire were inserted into the cortex of each
hemisphere. Mock cerebrospinal fluid was irrigated continuously onto the brain sur-
rounding the electrodes from which local cerebral blood flow was determined re-
peatedly by hydrogen clearance. The pial vascular bed was observed at 40X magnifi-
cation throughout the experiment and photographed for documentation. After stable
baseline cerebral blood flow was established, solutions of histamine in mock cerebro-
spinal fluid (in various concentrations ranging from 10~% M to 1072 ) were irrigated
onto one hemisphere; the opposite hemisphere served as control. listamine consis-
tently dilated vessels on the surface of the brain in both species, and produced within
15 min a dose-related local hyperemia of the brain that subsided 30-60 min after
histamine was removed (Tables 1,2).

Table 1. Effect of Topical Histamine on Local
Cerebral Blood Flow in the Cat

Histamine Concentration (M)
Baseline 107° 1074 1073 1072
Cerebral 61 65 113 122 124
blood flow* +5 +8 +20 +11 < 27
Number of
animals 17 8 it 16 5
p’ 0.048 0.0002 0.000005 0.004

* ml 100 g/min + S.E.

t Probability that difference from baseline value would have occurred
by chance (paired t test)




Tabie 2. Effects of Topical Histamine on Local
Cerebral Blood Flow® in Cynomolgus Monkey

Histamine Concentration (M)
Baseline 107° 1074 1078
Monkey No. 1 73 69 111 148
2 47 46 53 65
3 104 156
4 53 93

* ml/100 g/min

These results imply that histamine is capable of participating in the acute response of
the microcirculation of the mammalian brain to physiologic and pathologic stimuli.
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BIODYNAMICS AND PATHOPHYSIOLOGY OF TRAUMATIC UNCONSCIQUSNESS

Principal Investigators:  E.N. Gunby  W_ A Flor. S, A. Oliva.and T. . Doyle
Technical Assistance: R. E. Severance and V. A. Kicffer

A series of 40 experiments were conducted to evaluate the relationship of changes
produced in cortical evoked responses by both mechanical trauma and radiation expo-
sure. The HAD-II device was used to create an acceleration-deceleration injury in
26 macaque monkeys. This device simulates exposure to bomb blast as might be seen
in a nuclear warfare environment. Unconseiousness resulted in subjects in a number
of experiments, and the cortical evoked responses were monitored. We found that
the disappearance and recovery of these responses correlated with severity of the
injury and responsiveness of the animal. It is thus possible to determine a threshold
of decelerative force required to produce unconsciousness with or without recovery.
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Using this model of bram dystune tion due o mechaniceal traumy, we then pertormed
ah independent series ot 14 experiments designed to simulate early transient incapac-
(tation due W radiation exposure. Muacuaques were exposed to 7500 rads of whole-body
trradiation using the AFRRI linear accelerator. Changes were observed in the corti-
cal evoked responses that correinted with apparent physieal ineapacitation in bogt
two thirds of the experiments.  Later uygection of tistamine failed to produec o -'ar
changes i evoked responses, Thus 1t appenrs that the cortical evoked respoise siny
ofter w method of quantitating radation meapaeitation and investigating the meetin-
nisin of this phenoinenon.  Withine the himmts of cerebral blood flow autoregulution,
histarnine did not produce the changes in cortical evoked responses that were seen
with radistion exposure alone,
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FERLCT OF CARDIAC PACEMAKER ISCHEMIA ON CARDIAC FUNCIION IN
THE RHESUS MONKLY

P e W v g RN e iKY
Ol ot s S oPoai Ny Wb O eee Wanr sk Lorne
Py Fave Dovre Stares e boyce Yoadom Colay Spraees (o rdd

Fochim ot Yesivan, AU U NUURTOT O B AN FITERN

Lxposure of rhesus monkeys to supralethal doses ol ionizing radiation results m o
dramatic deeline in systemvie arterwd peessure (1), Defieits in tissue blood flow in
eritical organs (brain, heart, kidney) during this period of decereased pertusion pres-
sure may contribute to the performanece deerement, which has also been observed in
this animal model (1), In an effort to delineate the effects on curdiae function ot o
blood flow deficit to the eardiae pacemaker (sinus node), rhesus monkevs were stud-
led during oceclusion of the artery that perfuses the sinus node recion of the right
atrium,

Sinus node artery ocelusion for up to 60 min resulted in the onset of a4 deeline in heart
rate within 8 + 2 see. This was usually accompanied by a shift in the pacemaker site
to either an ectopic atrial or atrioventricular junctional site with several instances of
atrial arrhythmias, An exumple of atrial fibrillation during pacemaker ischemiin is
shown in Figure 1. Five minutes after the onset of occlusion, several episodes of
chaotic atrial activity were recorded. These arrhythmias led to a decreased ventrice-
ular eontractile forece and, as a conscquence, a deeline in systemie blood pressure.
After these episodes, a stable junctional pacemaker emerged and persisted for the
duration of the ocelusion period.

To determine involvement of the autonomic nervous svstem in these events, propran-
olol (0.5 mg/kg) and atropine (0.5 mg/kg) were administered and then the sinus node
artery occlusions were repeated.  Ischemia in the sinus node region still elicited a
deeline in heart rate, but the overall decrease (-17 + 4 beats/min) was less than that
observed during the first occlusion period (=65 + 12 beats/min).  This difference
probably reflects the lower baseline heart rate after autonomic blockade, The inei-
dence of arrhythmias was also markedly reduced,
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Based on these results, it is concluded that localized ischemia within the sinus node
region leads to bradyecardia and arrhythmias, both of which will adversely affect
cardiac function. It appears that ischemic periods of up to 1 hour still allow recovery
of sinus node pacemaker function. This is in contrast to the irreversible damage that
occurs in ischemic ventricular myocardium within about 20 min of coronary artery
occlusion (2).

Radiation-induced hypotension may lead to myocardial underperfusion. Based on
results of the present study, it appears that ischemia in the sinus node mayv occur but
that stable pacemaker function can reemerge if blood flow levels are restored within
1 hour,
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ACUTE CHANGES IN CARDIAC RESERVE OF CATS AFTER EXPOSURE TO A
SUPRALETHAL DOSE OF RADIATION

Principal Investigators. RONCHawkins and WAL Alver HI
Lachnmeal Assistance VoA Kietter

In the rhesus monkey, the cardiovascular events following a lethal dose of ionizing
radiation scem to be a transient fall in arterial pressure and an accompanying in-
crease in cardiac output (1,2). After a variable period of time, however, these
parameters recover to values within normal physiological ranges before a total and
fatal collapse of the circulatory system. The transient fall in arterial pressurc has
been attributed to peripheral circulatory failure whereas the increased cardiac output
has been said to result from the reflex compensatory effect by the heart in response
to depressed arterial pressure. These projects restricted their analvsis to cardiovas-
cular function in the unstressed animal. 1t is conceivable that cven more dramatic
alterations in function will be seen when the cardiovascular system is stressed by
increased demands during performance of physical tasks.

This study was undertaken to determine the maintenance of cardiac reserve after
radiation. It is this cardiac reserve that is used whenever the heart must increase its
output in response to increases in venous return. Chloralose-anesthetized cats were
used in the experiments completed during this fiscal year. Animals were exposed to
10,000 rads of 14.5-MeV electrons at a dose rate of 13,000 rads per minute. This dose
failed to produce significant changes in resting levels of arterizl pressure and heart
rate. However, within minutes, maximum cardiac work [cardiac output X (arterial
pressure - right atrial pressure) ] declined, reaching a minimum value at 30 min post-
irradiation. At this time, maximum cardiac work was only 60% of centrol. It then
showed a trend toward recovery and was at 90% of control by 90 min postirradiation.

Heretofore, the myocardium has becen considered relatively radioresistant, but based
on these results, it appears that there is an acute change in mechanical function of
the heart. Jlood samples were taken at 3 hours postirradiation to determine the
presence of circulating cardiodepressant humoral agents that mayv have contributed
to this decline in cardiac work. A cardiodepressant agent has been found in the blood
of cats, and levels of this agent are reported to be increased during periods of
depressed cardiac function (3). Results of the samples drawn from the irradiated cats
are not available at the end of this fiscal year.
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ACUTE CHANGES IN CARDIAC RESERVE OF CATS AFTER EXPOSURE TO A
SUPRALLETHAL DOSE OF RADIATION

Pronapal fnvestigators: RONCHawkins and W AL Aber TH
Fechnical Assistance: V. A Kielter

In the rhesus monkey, the cardiovascular events following a lethal dose of ionizing
radiation seem to be a transient fall in arterial pressure and an accompanying in-
crease in cardiac output (1,2). After a variable period of time, however, these
parameters recover to values within normal physiological ranges before a total and
fatal collapse of the circulatory system. The transient fall in arterial pressure has
been attributed to peripheral ecirculatory failure whereas the increased cardiac output
has been said to result from the reflex compensatory effect by the heart in responsec
to depressed arterial pressure. These projects restricted their analysis to cardiovas-
cular function in the unstressed animal. It is conceivable that even more dramatic
alterations in function will be seen when the cardiovascular system is stressed byv
increased demands during performance of physical tasks.

This study was undertaken to determine the maintenance of cardiac reserve after
radiation. It is this cardiac reserve that is used whenever the heart must increase its
output in response to increases in venous return., Chloralosc -unesthetized cats were
uscd in the experiments completed during this fiscal year. Aniinals were exposed to
10.000 rads of 14.5-MeV electrons at a dose rate of 13,000 rads per minute. This dose
failed to produce significant changes in resting levels of arterial pressure and heart
rate. However, within minutes, maximum cardiac work [cardiac output X (arterial
pressure - right atrial pressure)| declined, reaching a minimum value at 30 min post-
irradiation. At this time, maximum cardiac work was only 60% of control. It then
showed a trend toward recovery and was at 90% of control by 90 min postirradiation.

Heretofore, the myocardium has been considered relatively radioresistant, but based
on thesc results, it appears that there is an acute change in mechanical function of
the heart. Blood samples were taken at 3 hours postirradiation to determine the
presence of circulating cardiodepressant humoral agents that may have contributed
to this decline in cardiac work. A cardiodepressant agent has been found in the blood
of cats, and levels of this agent are reported to be inereased during periods of
depressed cardiae function (3). Results of the samples drawn from the irradiated cats
are not available at the end of this fiscal year.
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BEHAVIORAL AND PIYSIOLOGICAL CHANGES IN THE CAT AFTER A
SUPRALETHAL DOSL OF RADIATION

Principal Investigators. WO AL Alter U and RON Hawkins, AFRRY

Collaborators: S. Poutin and J. Phallips. St Michael's College, Winooski, Vermont
FoHUL Cndred States Air Foree Aeadenny:, Colorad:

Techmeul Assistance: V. A Kiefier

Occurrence of an acute performance decrement in man after high doses of radiation
has not been documented, and the number of cases (n < 12} is too small to allow any
conclusions, In lieu of data from man, study of the patterns of behavioral and physio-
logical changes in several animal species after irradiation may provide evidence on
the likelihood of similar changes in man.

Early performance decrement after irradiation has been observed in the monkey (1)
and pig (2) whereas the dog (3) has shown no evidence of an early performance decre-
ment under similar conditions of radiation exposure. The present study was under-
taken to study acute responses of the cat to 10,000 rads of 14.5-3eV electron radia-
tion. Behavioral effects were investigated in conscious cats, and cardiovascular
function was studied in chloralosc-anesthetized cats.

Results to date indicate that conscious, unrestrained cats experience a dramatic
pupillary constriction {miosis) within minutes of radiation exposure. These animals
became lethargic, but, if aroused, they demonstrated intact motor reflexes with some
gait abnormalities related to hindlimb incoordination. In addition, these animals
frequently had difficulty negotiating around obstacles, which was probably related to
visual limitations resulting from miosis. Emesis and diarrhea were also evident
within the first 2 hours. Most of these neurologic and gastrointestinal symptoms
persisted for the 3-hour -.ervation period, and there was inconsistent recovery of
the pupils to preexposure ciameters. In anesthetized cats, radiatiop failed to alter
resting levels of systemic arterial pressure and heart rate.

Based on these results, it is concluded that the cat does experience acute neurologic
and behavioral changes after exposure to this supralethal dose of radiation. Thc
effect of miosis, lethargy, and mild etaxia on the animal's performance of a cognitive
or physical task has not been evaluated, but these symptoms most likely indicate
diffuse change in function of the central nervous system during the immediate post-
exposure period. [t appears that this radiation dose did not produce significant
changes in basal cardiac rate or systemic blood pressure. These data, however, do
not permit conclusions on ability of the cardiovascular system to respond to the
stresses of physical activity required to perform a motor task.

Further studies are under way to reveal the etiology of the miosis, acute gastroin-
testinal symptoms, and ataxia.
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EFFECT OF LOW-SODIUM SOLUTIONS ON CONDUCTANCE IN THE GIANT
ABDOMINAL NEURON OF APLYSIA

Principal Investigutors: L P Apland and D. R, Livengood

Low-sodium external solutions have been reported by various authors to causc an
increase, a deerease, or no change in conductance of molluscan neurons (1). A care-
ful investigation was undertaken to establish whether a conductance change could be
demonstrated consistently in the giant abdominal neuron and, if so, to 2stablish the
ionic mechanism involved. Numerous sodium substitutes were used, including Tris,
mannitol, magnesium-mannitol, glucosamine, tetraethanolammonium, tetramethyl-
ammonium, bis-(2-hydroxyethyl)-dimethylammonium, choline, and arginine. Ramp-
generated current-voltage plots were used to establish slope conductances. A con-
ductance increase was consistently observed with most of the substitutes. This
change could be blocked by extracellular application of 30 m\l cobalt chloride (Figure
1).

These results imply that calcium is involved in the phenomenon. In somec experiments
no conductance change was observed in low-sodium solutions. In these experiments a
conductance decrease could be demonstrated following application of cobalt. This
suggests that conductance increase, which could be blocked by cobalt, was masked by
a decreased sodium conductance brought about by removal of external sodium. It is
not yet clear whether the conduectance increase in low-sodium solutions is due to a
direct increase in calcium conductance or to a calcium-mediated increase in potas-
sium conductance. It was also observed that application of cobalt abolished anoma-
lous rectification in these cells. This suggests that anomalous rectification, which is
dependent on external potassium, may involve a calcium-mediated increase in potas-
sium conductance, Conductance changes and alterations of electrogenic pumps are
involved in radiation effects on neuronal membranes.
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Figure 1. Blockude by cobalt of increase in gy, induced by Tow-sodium seawater. NASW,
normal artiticial seawater. Low-sodium scawater was prepared by substituting glucosa-
mine for 907 of sodium.  Current-injecting microelectrode became plugged during
production of current-voltage relations in both low-sodium wnd low-sodium + cobult
solutions. but single complete excursions were obtained in both hy perpolmizing and
depolarizing directions. g, Current-voltage relations demonstrate an increase in y,
in low-sodium seawater, with complete recovery on return to NASW. Ao Current-
voltage relations for same cell showing gy, nearly identical in NASW and in Tow sodium
seawater atter addition of 30 mM cobalt to both solutions. Hyperpolatizing imb of
current-voltage relation also became lincar (anomalous rectitication was abolished)
after application of cobalt.  Original shape of current-voltage relation wis restored
after washout of cobult,

REFERENCE

Marmor, M. F. The membrane of giant molluscan neurons: Electrophysiological
properties and the origin of the resting potential. Progress in Neurobiology 5:
167-195, 1975,

69




THE TRIPLE HELIX: A POSSIBLE STRUCTURE FOR EXCITABLE MEMBRANL
CHANNLLS

Principal Investigator:  H. R, Guy

Although excitable membrane channels differ in ion selectivities and gating mecha-
nisms, some drugs (e.g., local anesthetics, barbiturates, and strychnine) apparently
block a large number of these channels. This suggests that the structures of the ion-
conducting portions of these channels are similar. I have explored the possibility that
this structure is a beta helix.

Beta helices are perhaps the simplest family of peptide structures that form ion-
permeable channels in membranes. Of many beta helices that I have analyzed, a
triple-stranded left-handed beta helix with slightly more than 15 residues per turn
(3LB1S helix) is most consistent with electrophysiological and pharmacological data
obtained from five biological channels: the sodium and potassium channels underlying
the action potential, the fast inhibitory postsynaptie potential (ipsp) chloride channels
and excitatory postsynaptic potential (epsp) sodium channels of Aplysia neurons, and
the end plate channels of frog skeletal muscle. The polypeptide Ser-Gl¥-Ap1—Gly—
Apl),, where Apl is a residue with an apolar side chain, should form a 3Lg15 channel
(see Figure 1) which has a high conductance, is relatively nonselective, and is blocked
by drugs that block all five of the biological channels. Differences between the icn
selictivities of the biological channels may be due to a more ion-selective segment of
asd 515 helix, which is in series with this nonselective segment. Sequences that form
selectivity filters for the respective channels consistent with experimental data are:
(Ser-Ala-Pro-Ala-Pro) for end plate, (Asp-Ala-Pro-Ala-Pro) for action potential
sodium, (Arg-Ala-Pro-Ala-Pro) for ipsp chloride, and (Gln-Ala-Pro-Gly-Apl) for
action potential potassium. Some drugs that affect only one channel type can bind at
the selectivity filter. These include tetrodotoxin and saxitoxin for the action poten-
tial sodium channel; tetraethylammonium and its derivative or the action potential
potassium channel; and pentylenetetrazol, penicillin G, bicuculline, and picrotoxin for
the ipsp channel. The nonselective conformation should be able to undergo a con-
formation change to a closed state. Large molecules that enter the open channcl
should inhibit this conformational change. A number of molecules {(e.g., batracho-
toxin, aconitine, grayanotoxin, veratridine, and DTT) may prolong the open conforma-
tion of action potential sodium channels by only partially blocking the nonselective
segment of the channel while preventing its closing. This theory can be tested by
synthesizing the polypeptides, incorporating them into membranes, and comparing the
pharmacology and ion selectivities of the synthetie channels to those of biological
channels. Synthetic channels that are similar to biological channels should be ideal
for analyzing the molecular mechanisms by which radiation affects membrane chan-
nels.
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BLOCKADE OF NEUROMUSCULAR TRANSMISSION BY ENZYMATICALLY
ACTIVE AND INACTIVE 3-BUNGAROTOXIN

Principal Investigators: DL R. Livengood, M. AL Donlon, L. M. Masukawu. G, S. Tobus, and
W. Shain. AFRRI
Collaborator: R. S. Manalis, University of Cincinnati

f-Bungarotoxins have been shown to be presynaptic blockers of neuromuscular trans-
mission. Experiments are reported using the most positively charged f-bungarotoxin
that elutes from a CM-Sephadex C-25 column. The toxin is known to be a single
polypeptide with a molecular weight of about 11,000, and it has phospholipasc A9
activity. Application of the enzymatically active toxin to the frog sciatic nerve-
sartorius musele preparation results in initial decrease in the average endplate poten-
tial amplitude followed by a temporary rebound in endplate potential amplitude, and
finally eomplete inhibition of endplate potentials. Similarly, miniature endplate
potential frequency is initially reduced after toxin application but then increases
dramatically. After phospholipase Ag of the toxin is inactivated, treatment with the
toxin results in only the initial decrease in transmitter release (Figure 1).
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Figure 1. Blockade of end plate potential (epp) by addition ot enzvmatically mactve bety-
hungarotoxin (8-BuTX). Amplitude ot epp (o) is indicated by nght ardimate and mem-
brune potential (@) v indicated by lett ordinate. Punficd 3-BuTX was added 1o hath
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These results suggest that this S-bungarotoxin acts in two functionally separate steps:
(a) by binding to a specific presynaptic site possibly associated with calcium entry,
and (b) by perturbing the presynaptic membrane by its enzyi. action, which results
in increase and then failure of transinitter release.

The action of p-bungarotoxin is very similar to the effect of radiation on the neuro-
muscular junction. Therefore, the inuctivated toxin may give us an important biolog-
ical probe for the study of radiation-related effects on neuromuscular junctions.

[0,0,0,0/,0]

DISPARITY BETWEEN NLEURONAL FIRING AND DEOXYGLUCOSE UPTAKLE IN
INFRARED SYSTEM OF PIT VIPLRS

Principal Investigators:  Co RO Auker. R M Meszlercand D OL Carpenter

14(3-2—deoxyglucose accumulates in areas of the central nervous system that are
metabolically active, but the cellular functions that require this metabolie energy arc
uncertain. In the infrared-sensing system of pit vipers, we found an area that does
not accumulate L4C-2-deoxyglucose despite a stimulus-induced inereasce in single-unit
firing rate.

In rattlesnakes, both eyes and one pit or one eye and both pits were exeised. One
group of snakes were stimulated with a Lieat lamp strobed at cither 2 liz (250 msec
duration) or 0.1 Hz (1 sec duration) while single-unit recordings were made from the
contralateral optic tectum. In pit-intact animals, both frequencies increased single-
unit activities of some units deep in the tectum. After the first few pulses, rapid
adaptation decreased the response to the high-frequency stimulation but not the low-
frequency stitnulation. A second group of snakes were injected intracutaneously with
50 uCi of 14(;—2—deoxyglucosc and stimulated for 75 min at cither of the above
frequencies.

Brains were processed for deoxyglucose radiography. No labeling of the optie tectum
was scen in any of the pit-intact animals, but dense labeling of the superficial teetun
was seen in eye-intact animals. Gainer and Schwartz (personal communication) pro-
posed that the primary energy-requiring function of neurons is sodium transport.
Thus, small neuronal processcs and terminals with high surface/volume ratios would
have the highest energy re(l;uirements and would preferentially accumulate HHeog-
deoxyglucose. The lack of 4(-2-deoxyglucose uptake by the infrared system in the
optic tectum may result from low synaptic input density. Consistent with this
hypothesis, field potentials that were observed during single-unit recordings were
smaller with heat stimuli than with visual stimuli.




MODULATION OF ACTION OF L-GLUTAMATE ON 4PLYSIA NEURONS

Principal Investigators: M. 3. McCreery and D. O. Carpenter

At crustacean neuromuscular junction, the excitatory response of the muscle to
glutamate is markedly potentiated by aspartate, which has only a small effect when
applied alone. We found a similar modulation of glutamate responses by aspartate on
Aplysia neurons. However, these glutamate responses are due to either chloride or
potassium conductance increases rather than a sodium conductance increase as in the
crustaccan muscle. Most of our recordings were made from unidentified neurons in
the buccal ganglion and some from the abdominal ganglion. Cells were penetrated
with two independent microelectrodes for recording and current passing, respec-
tively. Drugs were passed ionophoretically from three- or five-barrelled extracellu-
lar eleetrodes or from two single-barrelled electrodes whose tips were placed to-
gether microscopically. Vost receptors were located in the neuropile.

On different neurons, glutamate may cause no response or specific conductance
increases to sodium, chloride, or potassium, and on some cells there are biphasic
responses to chloride and potassium. The sodium responses are rare, and we have not
investigated those in detail. For most chloride and potassium responses, aspartate is
very much less effective than glutamate and must be applied at 2-50 times the
concentration of glutamate for an equal response. However, when a control iono-
phoretic pulse of glutamate is preceded by an ionophoretic pulse of aspartate, the
glutamate response may be potentiated by as much as fivefold. As the number of
preconditioning aspartate pulses is increased, the glutamate responses are first facili-
tated and then depressed. This suggests that aspartate can interact with and desensi-
tize the glutamate receptor but that the modulatory action is through a different
action. The potentiation is similar for chloride and potassium responses and also is
not affected by the membrane potential at which the cell is tested. The potentiation
is abolished in sodium-free seawater even though both the chloride and potassium
responses may actually increase in size under these circumstances. In addition to
causing an increase in amplitude, sodium-free seawater results in an increase in the
time to peak of the glutamate response and a depression rather than facilitation when
aspartate is applied with glutamate. Although cooling depresses the modulation in
some experiments, in most of them the modulation is still present at temperatures as
low as 50C. Cysteate, a sulfonic acid analogue of aspartate, also causes modulation
of the glutamate response and is about equally effective as aspartate. It is of inter-
est that homocysteate, the sulfonic acid analogue of glutamate, blocks the glutamate
responses and inhibits the facilitation by aspartate.

Others have aseribed the modulation of the glutamate response by aspartate, vari-
ously, to a conformational change of the receptor, inhibition of the glutamate uptake
system, or induced ulteration of the rate of onset and recovery of receptor desensi-
tization. Qur results are most consistent with inhibition of sodium-dependent gluta-
mate uptake, although we cannot explain the ineffectiveness of temperature in block-
ing the modulation by this mechanism.
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SEROTONIN CAUSES ACCUMULATION OF CYCLIC AMP IN APLYSIA HEART

Kebabian and D. O. Carpenter, AFRR/

Principal Investigators:  P. R.
J.W. Kebabian, National Institutes of fealth

Collaborator:

Actions of neurotransmitters have been studied in two ways. First, the voltage and
conductance changes produced by substances can be characterized with clectrophysi-
ological techniques. Second, the ability of substances to produce alteration in cellu-
lar biochemistry can be characterized. However, even when both processes occur in
the same tissue, it is not certain whether the electrophysiological and biochemical
processes are two manifestations of one process or are totally independent. Ability
of neurotransmitters to increase the rate of synthesis of cyclic adenosine-3',5'-mono-
phosphate (cAMP) has been deseribed in several neural tissues. However, the electro-
physiological correlates of such increases have been identified in only a few tissues.

We are particularly interested in the actions of serotonin since it is one of the vaso-
active and neuroactive substances released by ionizing radiation from mast cells. We
describe a preparation in which serotonin acts electrophysiologically as an excitatory
neuromuscular transmitter and where we find that serotonin also is a potent inducer
of ¢cAMP synthesis. This preparation is relatively simple and well studied; therefc ¢
it may be of value to study the possible interrelationship between clectrophvsiology
and biochemistry.

These experiments used slices of the auricle or ventricle of Aplysia californiea, incu-
bated with serotonin or dopamine (30-100 uM)., cAMP was measured by the method
of Brown et al. (1). The ability of several drugs to interfere with transmitter-acti-
vated cAMP synthesis was determined.

In slices of Aplysia auricle or ventricle, there was stimulation of cAMP production by
serotonin but not by dopamine. Incubation with serotonin caused a 16-fold increasc in
¢AMP content of the ventricle (Figure 1) or the auricle.

We also studied the effects of several drugs on this response to serotonin. Two
substances, 2-bromo-lysergic acid diethylamide (BOL) and lisuride, were very potent
in blocking the serotonin-stimulated cAMP synthesis. Inhibition was essentially tot:i
at 10 uM for both substances. Fluphenazine and lergotrile also were antagonists, but
they were considerably less potent and also had some agonistic actions. Mctoclop:.-
mide was without effect.

We previously studied a different peripheral tissue of Aplysia: the gill (2). In this
tissue, botii serotonin and dopamine induce cAMP synthesis. Maximum stimulation
was achieved with 30 uM dopamine and 100 uM serotonin. Since stimulation was not
decreased in high-magnesium seawater (which depresses transmitter release), it was
result of direct action of the transmitters on receptors. Stimulation by serotonin and
dopamine were found to be additive, but could be distinguish:cd pharmacologically
only with considerable difficulty. No drug, of over 12 studied, affected only one
receptor. Only BOL and lisuride allowed any pharmacological sceparation of the sero-
tonin and dopamine receptors. Both of these drugs inhibited the dopamine=timulated
¢cAMP production at concentrations of onc order of magnitude lower than those re-
quired to depress serotonin stimulation. Present results provide very clear evidenec



that the receptors that mediate serotonin and dopamine stimulation of ¢cAMP produc-
tion are distinet. Thus the heart responds to serotonin, but not dopamine, with an
accumulation of cAMP; the serotonin receptor is similar to that in the gill.
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Serotonin is well known to cause excitation of molluscan hearts, and evidence for an
excitatory role of serotonin on Aplysia heart is strong. The heart contains and will
concentrate serotonin (3), and labeled serotonin can be released on stimulation of
nerves to the heart (4). A serotonin-containing neuron has been identified that makes
excitatory synaptic connections to heart muscle fibers and inercases the heart rate
(5). With intracellular recording from heart muscle {ibers, the potentials produced by
this neuron have been shown to be slow depolarizations.

This preparation holds considerable potential for further study of the correlation of
physiological and biochemical events associated with neurotransmitter actions. The
simple electrophysiology, the homogeneous cell population, and the accessibiiity of
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the preparation for analysis of pharmacologic sensitivities of both events may permit
definitive tests of the association between cAMP synthesis and the electrical changes
in muscle fibers.
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ELECTROPHYSIOLOGY AND PHARMACOLOGY OF STRIATED MUSCLE FIBERS
CULTURED FROM DISSOCIATED NEONATAL RAT PINEAL GLANDS

Prcipal lavestipatons: )b Frescli AL G Pag it and W Shuin

Striated muscle fibers have been observed within the pineal glands of several mam-
malian species, including man. We found striated musele fibers in each of 20 consec-
utive pineal glands cultured from individual neonatal (2-day) rats. Subsequent experi-
ments were done with dissociated cultures of pineal glands pooled from several lit-
ters. Myotubes were first visible after about 1 week in culture. During the next
several weeks the myotubes increased in size, developed cross-striations, and began
to twiteh spontaneously. The resting membrane potential increased with age in cul-
ture. All myotubes studied showed delayed rectification (Figure 1). Action poten-
tials either occurred spontancously or could be evoked if the membrane were suffi-
ciently polarized (Figure 2). No spontaneous endplate potentials were seen. Acetyl-
choline produced a brief, monophasic depolarizing response (Figure 3). Norepineph-
rine, serotonin, Htopamine, melatonin, and y-aminobutyric acid had no effect on the
resting membrane potential when applied iontophoretically. The acetylcholine
response was reversibly blocked by 107° M d-tubocurarine and irreversibly blocked by
107° M «-bungarotoxin (Figure 4). Atropine at 10-% M reduced the amplitude and
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shortened the time course of the acetylcholine response, and 1073 M produced com-
plete but reversible inhibition.
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Figure 1. Currentvoltage relations in pmeal gland miyotubes. (A and (B are from same
myotabe with resting membrane potential of =30 MV, (Chis from my otube with rest
ing membrane potential of .60 mV. o (B)o upper trace shows chanee o membrune
potential i response 1o different rectangular current puaises (lower trace) of constant
duration. Responses were measped ot ond of current pulse. In (A these relaions e
displayed graphocalhv . Origin of plotiepresents resting imembrane potentul, Note onsel
of defaved redtitication atter membrane potential s depolanized to ahout 2335 m\,
(Cy Inactivation of delaved rectitication during fong depolanizimg cunent pulses. Uppes

L. \‘nll;ng_’c: lower trace. current.

It is concluded that myogenic cells of unknown origin occur within the neonatal rat
pineal gland. These pincal muscle fibers are electrophysiologically and pharmaco-
logically identical with peripheral skelctal musele cells in vitro. Although the pincal
gland is devoid of acetylcholine, these striated muscle fibers develop acetyleholine
receptors but do not develop receptors mediating electrophysiological responses for
norepinephrine, serotonin, dopamine, melatonin, or y-aminobutyric acid, which arc
known to be present in the pineal. Comparison of the developmental properties of
these cells in culture with other systems (such as striated musele fibers in dissociated
thymus) (1) suggests the possibility that these pineal striated muscle fibers muyv arise
from pluripotential stem cells.
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NUCLEAR SCIENCES DEPARTMENT

The Nuclear Sciences Department is composed of two Divisions: the Nuclear Biology Division
and the Radiological Physics Division.

The Nuclear Biology Division uses radionuclide counting and imaging techniques tor the studyv
of physiological functions ia experimental animal models.  These techniques are a unigue
approach to the study of radiobiological problems and medical problems of military relevance.

During Fiscal Year 1978, the Nuclear Biology Division had ten active research work units re-
lating to five major study areas:

{a) Pulmonary: (i) Comparison of effects of neutron and gamma irradiation on canine
pulmonary function: (ii) mathematical modeling of the uptake and clearance of radioactive
eases administered via pulmonary inhalation: (iii) evaluation of methods for diagnosing pul-
monary thromboembolic disease.

(by Cardiovascular: (i) Development of new cardiac imaging radiopharmaceuticals based
on the principle of specific receptor binding: (i) quantitation of experimental cardiac shunts
wherein surgically created left-to-right shunts are quantitated noninvasively by using radionu-
clide imaging techniques: (iii) evaluation of radiolabeled antibodies for assessment ot cardiac
function.

{c) Radiarion effects on tissue uptake of radiopharmaceuticals: (i) Evaluation of radia-
tion-induced soft tissue accumulation of bone-imaging radiopharmaceuticals: (ii) evaluation of
effects of irradiation on biodistribution of the tumor-imaging agent gallium-67 citrate (in col-
laboration with Biochemistry Department. described under that program).

() Bone: Quantitative evaluation of bone repair. using a mandibular bone graft model.

ey Bone marrow and hmphatics:  Investigation of the usefulness of indium-111 as an
agent for imaging the red bone marrow and lvmphatic svstems as well as its potential use in
assessing radiation damage to these tissues.

The experimental models and radionuclide techniques developed and ‘or used in these five study
areas provide the means for addressing radiobiological issues and medical problems of military
significance.  For example. studies on bone repair provide a useful model for the noninvasive.
quantitative evaluation of traumatic or radiation-induced bone injury: the receptor-binding
cardiac radiopharmaceuticals can be used for the study of effects of radiation on specific recep-
tor sites in the heart: and the studies of radiation effects on tissue uptake of radiopharmaceuti-
cals explore the possibility of using radiopharmaceuticals as biological dosimeters. Further use
and exploration of these models are anticipated in the immediate future.

The Radiological Phvsics Division provides dosimetsy support for all radiation souvces at
AFRRIL. Although its function is primarily supportive in nature. it is a highly scientitic function
reqguaring extensive in-house dosimetry research, Tts main areas of study are (a) measurement of
tissue-to-air ratios (TARs): conversion of air doses to tissue doses using tissue-equivalent phan-
toms:  (b) field mapping: measurement of dose distribution: (¢) the study of new dosimetry
svstems for adaptation to the AFRRI program.




EFFECTS OF FRACTIONATED DOSES OF FAST NEUTRONS AND PHOTONS ON
NORMAL CANINE LUNG: RELATIVE BIOLOGICAL EFFECTIVENESS VALULS
OBTAINED BY RADIONUCLIDE STUDIES

Principal Investigators:  P.O. Alderson, F. Vieras. and K. G. Mendenhall. AFRR/
E.W. Bradley. J. A. Deve . MU P Fisher.and C. C. Rogers. George Washington
University

Thirty-nine adult, male beagles received either fast neutron irradiation or photon
irradiation to the right thorax. There were two nonirradiated control dogs. Twenty-
four dogs received fast neutrons with a mean energy of 15 MeV to total doses of
1000, 1500, 2250, or 3375 rads delivered in four fractions per week for 6 weeks.
Fifteen dogs received total doses of 3000, 4500, or 6750 rads of photons (cobalt-60) in
the same fractionation pattern.

Radionuclide evaluations of pulmonary function were performed preirradiation and
every 3 months postirradiation for 1 year. These included: (a) radioaerosol deposi-
tion of an insoluble radiocolloid, technetium-99m-phytate; (b) xenon-133 ventilation
studies; and (¢} technetium-99m-macroaggregated albumin perfusion images.

Values for the relative biological effectiveness (RBE) of fast neutrons in produeing
changes in these parameters have been obtained by plotting the changes from preirra-
diation values in the right lung as a function of the total dose. RBE values for the
relative deposition of aerosol and the relative distribution of volume and perfusion
have been obtained at 3, 6, 9, and 12 months postirradiation. The RBE for neutron
damage to normal lung tissue was always greater than 4 in the dose range of 4000-
6000 rads of photons (Figure 1),
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LONG-TERM RADIONUCLIDE EVALUATION OF REGIONAL PULMONARY
FUNCTION AFTER IRRADIATION OF CANINE LUNG WITH COBALT-60 OR
FAST NEUTRONS

Principal Investigators:  F. Vieras and K. G. Mendenhall, 4/RR/
E.W. Bradley and C. C. Rogers, George Washingron University
P.O. Alderson, Johns Hopkins fospital

Puimonary effects of neutron and gamma radiation were compared in 31 beagle dogs
subjected to hemithorax irradiation with cobalt-60 gamma rays or 15-MeV neutrons.
Integral cobalt-60 doses of 3000, 4500, or 6750 rads and neutron doses of 1000, 1500,
or 2250 rads were given on a therapy schedule of four equal fractions per week for 6
weeks., The dogs underwent serial technetium-99m macroaggregated human serum
albumin (MAA) perfusion, technetium-99m phytate aerosol, and xenon-133 ventilation
studies before irradiation and at 3, 6, 9, 12, 18, and 24 months postirradiation.

There were marked early reductions in perfusion and aerosol deposition in the neu-
tron-irradiated dogs as well as in the high-dose gamma group. Those changes were
sustained throughout the period of study in the neutron group. The high-dose gamma
group showed a gradual trend toward recovery. The pattern of aerosol deposition
agreed closely with the perfusion pattern and, in several dogs, the abnormalities in
aerosol deposition were more prominent than corresponding abnormalities in perfu-
sion. Abnormalities in xenon-133 clearance were minimal. The single-breath xenon-
133 distribution correlated better with the aerosol deposition pattern than either the
equilibrium or clearance studies. In the clinical dose range of 4000-6000 rads, the
neutron relative biological effectiveness (related to decreases in lung function of
equal magnitude for gamma rays) was greater than 4.

This study indicates that perfusion and radicaerosol imaging are more useful than
xenon-133 studies in the long-term assessment of pulmonary radiation injury, and
demonstrates that neutrons produce more persistent lung damage than do gamma
rays.

[0,0,0100)]

QUANTITATIVE COMPARISON OF INERT GAS EXCHANGE IN DOGS

Principal Investigators: K. G. Mendenhall and V. Vieras, AFRR]
P. K. Weathershe, . E. P Bamard, and L. D. Homer, Naval Medical Research
Institute

Decompression theories generally presume the existence of a number of anitomic
organs or mathematical "tissue compartments” with widely varying gas exchange
characteristics. In order to obtain quantitative information regarding the distribution
of gas quantity and exchange rates in an animal, we allowed anesthetized dogs to
breath small amounts of xenon-133 for periods of 10 to 50 min and then room air for
the next 6 hours. Throughout the period, the xenon gas concentrations in large
regions of the animal were measured with a gamma camera that allowed resolution of
several thousand locations with dimensions on the order of 1 em.
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Exponential xenon analysis with various "half-times" did not allow useful comparisons
among data sets. Instead, the results are presented in terms of moments of the

residence time distribution function of each location in the dog. We obtained maps of

the mean residence time (i.e., the first moment), which indicate large variations in
both gas quantity and gas exchange rates within a dog. For example, in locations
near the heart and in the center of the brain, mean residence times are 5 to 10 min,
shaft regions of long bones have mean times of about 30 min, and some joint areas
have mean residence times of over 100 min.

OO®O®

GATED AND CINEMATIC PERFUSION LUNG IMAGING IN DOGS WITH
EXPERIMENTAL PULMONARY EMBOLISM

Principai Investigators: b, Vieras and K. G. Mendenhall. A/RR/
PO, Alderson, DL F. Householder, and H.N. Wagner, Johns Hopkins Hospital

To determine how pulmonary respiratory motion affects detection of pulmonary
emboli, 11 dogs had routine lung scans and gated or cinematic perfusion images after
undergoing autologous experimental pulmonary embolism. Six dogs had routine six-
view perfusion studies plus end-inspiratory and end-expiratory gated perfusion studies
performed with a physiologic synchronizer set to 80% threshold. Five other dogs had
three-view ungated and cinematic perfusion images (posterior, left posterior oblique,
and right posterior oblique). Cinematic studies were acquired by synchronizing a
camera-computer system to the Harvard respirator that ventilated the dog. Before
death, all animals had received intravenous india ink to outline pulmonary perfusion
defects, and postmortem lung dissection verified sites of emboli.

An ROC (receiver-operating characteris-

90 INSP ties) curve analysis (Figure 1) of random-
NO GATING ized perfusion studies showed that end-

801 EXP inspiratory gated images yielded true-posi-
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701 images at any given false-positive rate.
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imaging.
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RECEPTOR-BINDING RADIOTRACERS: A CLASS OF POTENTIAL
RADIOPHARMACEUTICALS

Principal Investigators:  F. Vieras, AFRR/
W. O, Fekelman. RO Reba, ROEGibsonand W) Rrzeszotanshi,
Georee Washingron University

To date no radiopharmaceutical is routinely used to study changes in receptor con-
centration. Frequently, changes in receptor concentration or the appearance of
receptors in tumors indicates a specific pathologic state. With a receptor-binding
radiotracer, in vivo studies of these changes will be possible.

A reversible bimolecular model and in vitro tests were used to determine equilibrium
constants and maximum target-to-blood ratios for new derivatives. Theoretical cal-
culations showed that derivatives binding to the estrogen receptor, the beta-adreno-
ceptor, or the cholinergic receptor are capable of achieving satisfactory target-to-
blood ratios.

Using in vitro tests, the apparent affinity constant was cetermined for five iodinated
estrogen derivatives and five derivatives of beta blockers. Results of the in vitro
study with derivatives of beta blockers and the in vivo displacement studies using
propranolol indicated that the high heart-to-blood ratios (5:20) obtained with the new
derivatives were not the result of specific interaction with the receptor. In this
instance, factors other than receptor binding controlled the in vivo distribution. The
in vitro assay using estrogen receptors showed that of the five derivatives, iodo-
hexestrol and 17-alpha-iodoethynylestradiol bind to the receptor with the highest
affinity. In vivo studies confirmed these results; iodohexestrol gave a uterus-to-blood
ratio of 10 in immature rats when plasma-protein binding was blocked. With a triti-
ated muscarinic cholinergie blocking agent, heart-to-blood ratios near the theoreticul
maximum were obtained. This compound most closely follows the mechanism de-
seribed by the model.

Use of the theoretical model in conjunction with in vitro assays can greatly aid in the
design of this new class of receptor-b nding radiopharmaceuticls.

[CLO10.010)

DECONVOLUTION ANALYSIS IN RADIONUCLIDE QUANTITATION OF
LEFT-TO-RIGHT CARDIAC SHUNTS

Poncipal Tnvestigators: K. G Mendenhall, AFRR!
0. Alderson. KN Doaglas and N Waener Jedms Heophos Heospaial
VoA Guadimiand D C Watson, National Institires of Health

A poor bolus injection results in an unsatisfactory quantitative radionuelide angio-
cardiogram in as many as 20% of children with possible left-to-right (L-R) cardiac
shunts. Deconvolution analysis was applied to similar studies in experimental animals
to determine if dependence on the input bolus could be minimized. Repeated good
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bolus injections, prolonged injections (> 2.5 sec), or multiple-peak injections were
made in four normal dogs and in seven dogs with surgically created atrial septal
defects (ASD). The ratio of counts in a region of pulmonary circulation on gated
acquisition to the counts in a region of system circulation (QP/QS) was determined,
using the gamma function. The mean QP/QS from ten studies of good bolus injection
in each animal was used as the standard for comparison.

In five trials in normal animals, when a prolonged or double-peak bolus led to a shunt
calculation (QP/QS > 1.2:1.0), deconvolution resulted in QP/QS = 1.0. Deconvolution
improved shunt quantitation in eight of ten trials in animals that received a prolonged
bolus. Correlation between the reference QP/QS and the QP/QS calculated from
uncorrected bad bolus injection studies was only 0.39 (p > 0.20). After deconvolution
using a low-pass filter, the correlation improved significantly (r = 0.77, p < 0.01).
The technique gave inconsistent results with multiple-peak bolus injections.

Deconvolution analysis in these studies is useful in preventing normals from being
classified as shunts and in improving shunt quantitation after a prolonged bolus. Clin~
ical testing of this technique in children with suspected L-R shunts seems warranted.

POOO®

STUDY OF HOST-GRAFT ACTIVITY PATTERNS IN DOGS WITH MANDIBULAR
BONE GRAFTS USING QUANTITATIVE BONE IMAGING

Principal Investigators: b Vieras und K. G Mendenhall, AFRR]
R. G, Triplett and J. F. Relly. Naval Medical Rescarch Institute

We have investigated the use of quantitative radionuclide bone imaging for assess-
ment of healing in mandibular bone grafts. Full-thickness mandibular defects were
surgically created in beagle dogs and replaced by cither allogeneic grafts (homo-
grafts) or xenogeneic grafts (heterografts). Allografts (from allogencic freeze-dried
mandibles) provided a model of successful grafts whereas xenografts (from sheep
mandibles) provided a model of graft failure.

Grafts were evaluated by () radionuclide imaging with technetium-99m stannous
diphosphonate using a gamma camera-computer system, (b) radiography, and (¢) elini-
cal examination, all performed at 1, 2, 4, 6, and 8 weeks postgraft. Activity in the
graft and proximal host bone was expressed as a ratio of counts per clement in the
region of interest to counts per element in a control region in the contraluteral side
of the mandible.

In the allografts (n = 5), the serial mean activity ratios gradually sapproached those of
the host arca. In the xenografts (n = 4), the meuan activity ratios never reached the
level of the host (Figure 1). Healing oceurred in all animals in which the aetivity
ratios in the graft approached or were greater than the host by 6 weeks postgraft
whereas the grafts with ratios remaining considerably helow those of the host did not
heal. Radiographic evaluation during the 8-week period of study was not a reliable
indicator of graft success or failure. Radionuclide bone imaging appears useful for
the early identification of failure or success of a graft.
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EVALUATION OF INDIUM-111 COLLOID FOR ABDOMINAL LYMPH NODE
IMAGING

e

Principal fovestigators: I Vieras and MU P Grissom

During investigations of the usefuiness of indium-111 chloride for red bone marrow
imaging, indium-111 was noted to show a strong tendency to form a colloid of small
particle size at basic pll. This observation prompted cvaluation of an indium-111
colloid for radionuclide imaging of the lymph nodes.

The procedure for preparation of indium-111 colloid is simple and vields a labeling
efficiency of over Y9%. The particle size, the most important parameter influeneing
the biologic behavior of radiocolloids, was found to be very small (- 0.1 gm). Exeel-
lent abdominal lymph node images were obtained in experimental animals after sub-
cutaneous injection in the feet (Table 1).

Indium-111 colloid is an execllent choice of raudiopharmaccutical for noninvasive
evaluation of the abdominal lyinph nodes.




Table 1. Radiation Dose Estimated for 1.0 mCi of Indjum-111
Colloid Injected Subcutaneously in Feet

Organ Dose (Rads)
Liver 0.918 }
Spleen 0.494 N
Bone Marrow 0.006 )
Lower Trunk 4.480
Upper Legs 4.670 -
Feet 5.690 f ]
Total Body 0.563
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