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Research was conducted according to the principles enunciated in the
“Guide for the Care and Use of Laboratory Amimils, prepared by the
Institute of Laboratery Animal Resources, National Research Council.
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INTRODUCTION

The Armed Forces Radiobiology Research Institute was
established in 1961 as a subordinate command of the Defense
Nuclear Agency. It is the primary Department of Defense
facility for scientific research in the field of radiobiology and
related matters. It conducts applied and basic research that
is essential for the operational and medical support of the
Department of Defense. The work is carried out by five
scientific departiments as listed below:

Behavioral Sciences:  Effects o) ionizing radiation.
chemicals, and drugs on performance.

Biochemistry: Elucidation of mechanisms of injury.
repair. and protection from the effects of ionizing
radiation alone or in combination with other agents:
development of improved methods to detect and
quantify the severity of radation injury.

Experimental Hematology:  Investigation of radia-
tion injury of bone marrow: development of therapy
for damage from intermediate radiation doses:
determination and treatment of injuries caused by
combined effects of radiation. blast. and burns.

Physiology: Research on cellular. tissue, and whole-
animal  models  to  determine  physiological  and
biophysical changes resulting from radiation cither
alone or in combination with drgs or other
chemicals,

Radiation __Sciences:  Operation. maintenance.  and
quality control of all AFRRI radiation sources:
radiation dosimetry and cestimation of tissue doses
at various depths  in different kinds  of  tissues:
development  and  use  of nuclear medicine and
magnetic  spectroscopic  technigques  for  determining
radiation damage in animals and model systems.
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The results of this broad multidisciplinary program are
summarized in this report. In addition, much of the work
is published in the scientific literature, where it contributes
significantly to the body of radiobiological knowledge, as
well as in AFRRI scientific and technical reports.
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BEHAVIORAL SCIENCES DEPARTMENT

The Behavioral Sciences Department conducts investigations
assessing the effects of ionizing radiation, chemicals, and
drugs on combat performance. This program encompasses a
spectruin  of multidisciplinary approaches in experimental
animal models, ranging from operant conditioning techniques
to methods used in physiological psychology, neurochem-
istry, and neurophysiology. The Department addresses the
specific behavioral consequences of exposure to ionizing
radiation, and explores the biological mechanisms responsible
for radiation-induced behavioral decrements. Collaborative
efforts are pursued with other AFRRI departments. the
Naval Research and Development Command. and the
National Institutes of Health.

The Department has two Divisions: Experimental Psychol-
ogy and Physiological Psychology. The Experimental
Psychology Division uses behavioral and electrophysiological
models to determine the conditions under which ionizing
radiation and militarily relevant chemicals can degrade com-
bat performance. Behavioral tasks that model specific
aspects of cognitive and physical combat performance are
used to determine the radiation levels that affect combat
effectiveness. The information from these studies is com-
piled into a data base that provides rapid retrieval, overall
summary analyses, and development of extrapolated models
applicable to battlefield conditions. Research in behavioral
toxicology quantitates the changes in behavioral and neuro-
physiological capabilities due to exposure to chemicals and
radiations that may be present in the military environment.
This work uses a battery of tests designed to provide informa-
tion on toxic dose levels and/or mechanisms by which these
environmental hazards affect behavior.

The Physiological Psychology Division explores the mech-
anisms by which ionizing radiation and chemical toxins
disrupt behavior.  Behavioral, physiological, and neuro-
chemical approaches are predominant. This information can
be used to develop methods of preventing performance
decrement.
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The results obtained from the research of thi. Department
are disseminated to the military services and appropriate
government agencies by means of informal reports, commit-
tee assignments, working groups, and correspondence. Infor-
mation is also transmitted through publication in the open
scientific literature and through presentation at scientific
meetings.




RELATIVE EFFECTIVENESS OF HIGH-ENERGY AND FISSION SPECTRUM
NEUTRONS IN PRODUCING BEHAVIORAL INCAPACITATION. EMESIS,
AND MORTALITY IN THE MONKEY

Principal Investigator:
Collaborator:
Technical Assistance:

R.W. Y ung
D. M. Kunihiro
P. Mannon and 3. R. Harrison

The relative effectiveness of high-energy and fission-
spectrum neutrons in producing behavioral incapacita-
tion, emesis, and mortality was compared in a series of
studies with the monkey (Macaca mulatta) (1). For
these studies, behavioral incapacitation was defined as
cessation of response for at least 1 minute to a shock-
avoidance, paired visual discerimination task. Only
productive retching was scored as emesis. Comparisons
of mortality were based on survival times.

In the first series of these studies, the response of
monkeys on these three biological end points was
compared after head-only irradiation by a eyclotron-
generated high-energy neutron field obtained by using
the Be9(d,n)B10 reaction from 34.7-MeV deuterons, and
a bremsstrahlung field obtained by boniuarding a 110-m1
tantalum target with a collumated 13-MeV beam from
the AFRRI linear accelerator. These studies used head-
only irradiations because of the limited beam size from

the cyclotron. Bremsstrahlung was used as the refer-.

ence radiation field to mateh the depth dose distribu-
tion from the eyclotron.

In the second series of studies, the effectiveness of
whole-body radiations was compared by using a fission-
spectrum neutron field generated with 6 inches of lead
between the subject and the AFRRI TRIGA reactor
core, and a fission-spectrum gamma field obtained from
the TRIGA by thermalizing the neutrons from the
reactor core with 5 inches of water.

The results of these two studies clearly support the
previously reported observation that neutrons are
significantly less effective than gamma photons in
producing behavioral incapacitation. The neutron rela-
tive biclogical effectiveness (RBE) for behavioral
incapacitation was calculated to be 0.68 in the fission-
spectrum field and 0.56 in the high-energy field.
Because the high-energy neutron exposures were head-
only and the fisson-spectrum exposures were total-
body, thesc data suggest that high-energy neutrons arc




no more effective in producing behavioral incapacita-
tion than are fission-spectrum neutrons, and they may
be less effective if whole-body exposures are compared.
However, the neutron fields were much more effective
than the photon fields in producing vomiting and death.
The neutron RBE's for these end points were all greater
than 1.4. Particularly noteworthy is the observation
that for the head-only irradiations, some animals
vomited in all of the neutron dose groups but in none of
the photon groups.

The observations within the head-only and whole-body
studies are consistent with one another, and they
strongly suggest that neutrons are (a) less effective
than photons in producing incapacitation and (b) more
effective in producing emesis and death. Notwith-
standing, the relative toxicity of these two radiation
fields can be definitively addressed only with a high-
energy neutron field large enough to deliver a total-
body irradiation.

REFERENCE

1. Young, R. W., and Kunihiro, D. M. The relative
effectiveness of high-energy and fission-spectrum
neutrons in producing behavioral incapacitation,
emesis, and mortality in the monkey. Radiation
Research 83: 415, 1980.
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DATA BASE DEVELOPMENT AND DATA ANALYSIS FOR RADIATION-
INDUCED PERFORMANCE DECREMENT IN PRIMATES

Principal Investigators: ROW. Young. C. G, Frans. S, G Levincand W . Jackson
Collaborators: W. k. Mitchell and D. Q. Norman
Technical Assistance: J. R, Harrison, A. B. Butler, L. Clark. and P. Mannon

Over the past 15 years, the Behavioral Sciences Depart-
ment has conducted a series of studies on the effects of
ionizing radiations on the behavior of primates, using
the monkey as a model for the human response to
irradiation. In most of these studies, the behavioral
parameters that were measured were held constant
while the radiation parameters were varied. This
approach has produced a large body of data on the
acute behavioral response to ionizing ra¢ ons as a
function of dose, dose rate, dose fractior on, radia-
tion field, and partial-body exposure for incapaci-
tating range of radiation doses.

A major analytical effort was undertaken . yduce a
complete family of behavioral incapacitati. curves as
a function of both time after irradiation and total body
dose. This type of comprehensive analysis was neces-
sary to permit the use of these data in the dynamic
combat effectiveness models used by the Army to
predict the impact of radiation on military effective-
ness. The data were taken from the AFRRI computer-
ized Primate Data Base (1). Since this approach used
data derived from several experiments conducted over
a period of 10 years in two different radiation fields
using two different exposure rooms, the first step in
applying these primate data to man in the battlefield
was the thorough reevaluation and verification of the
radiation dosimetry.

Several steps are required to accurately convert reac-
tor primate exposures to free-in-air equivalent for man.
First, an accurate tissue dose and neutron-gamma ratio
at the midhead of the monkey must be determined for
the reactor exposures. Second, accurate free-in-air
battlefield doses and radiation spectra have to be
estimated. Third, battlefield spectra have to be folded
into a model of man's head to obtain tissue doses and
neutron-gamma ratios for man in the battlefield. With
these steps completed, one can determine the midhead
dose for man that equals the midhead dose for monkey.
This midhead dose for man can then be used to deter-
mine the equivalent free-in-air dose for man for a given
radiation effect,
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In order to accurately determine tissue doses and
neutron-gamma ratio at the midhead of the monkey for
the neutron-gamma 4:10 and 3:1 reactor cxposure
ficlds, several steps were taken. An extensive series of
measurements were made in the two ficlds to deter-
mine the radiation leve's inside monkeyv phantons and
free in air. The dosimetry coefficients used to deter-
mine the dose from the radiation deteetors in the
exposure recoms were checked, using the thcoretieal
work done by Science Applications, Incorporated (2), in
mapping the radiation field using Morse \onte Carlo !
Transport Codes and the 1D Discrete  Ordinate i
Transport Codes. The results of these two effects were 1
compared with estimates of dose to the midhead of the

monkey in the AFRRI reactor, obtained from 11 radia- ‘
tion transport calculations performed by Oak Ridge i
National Laboratory (ORNL). The final step in relating
tissue dose for the monkey in the reactor to free-in-air
doses for man in the battlefield is to be provided by the
radiation transport caleulations from ORNI, to estimate
free-in-air dose to the midhead of man from "typieal”
nuclear weapons.

The analysis to relate combat ineffectiveness to these
radiation doses has begun. This analysis will account .
for combat ineffectiveness due to carly transient inca- ]
pacitation, permanent complete inecapacitation., and
death on a minute-by-minute basis during the first 24
hours after irradiation. It is projected that this
analysis, when completed, will provide distributions for i
the onset, frequency, and duration of incapacitiating
events for up to 2 weeks after exposure,

REFERENCES

. Franz, C, G., Young., R. W., and \itehell, W. F.
Behavioral studies  following  ionizing radiation
exposures: \ data base. Technical Report TR81-1,
Armed Forces Radiobiology Research Institute,
Bethesda, Marviand, 1981.

2. Verbinski, V. V.. Cassapakis, . G.. Ferlie, K. P.,
and Daxon, E. Caleculations of the neutron and
gamma ray cnvironment in and around the AFRRI
TRIGA reactor. Final Report SAI-272-°1-83R1-
I.J. Science Applications, Ine.. Melean, Virginia,
June 1981,
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ACUTE TOXICITY OF PETROLEUM-DERIVED AND SHALE-DERIVED JPS

Prnapal tivestizators Vo Bopo, ROW. Young, and G, A Parker. AFRR]
Colluboraton I AL Naval Mcedical Rescearch nstitute
Fechmcal Assistance CoA Boward, GO G Kesselloand Co L Feser, HERR]

Rats were gavaged with 60, 48, 38, 30, or 24 ml/kg body
weight of either petroleum-derived jet propulsion fuel
number 5 (JP5) or one of three samples of shale-derived
JP35 (1). The surviving rats were sacrificed at 14 days
after dosing. In another study, rats were gavaged with
one of the four fuel samples at the rate of 24 ml/kg
body weight and sacrificed at 1, 2, or 3 days postdosing.

A significant difference was seen in the lethality of the
three shale-derived samples, even though all originated
from the same shale deposit. The difference in toxicity
was attributed to variations in the chemical composi-
tion of the crude oil in refining processes. ELlevated
packed cell volume and red cell count on days 1 and 2
indicated severe dehydration. White cell counts were
markedly reduced on days 1 and 2. All hematologic
parameters were similar to control values by 3 days
after dosing. Pathologic findings in rats that had died
within 24 hours of dosing indicated cardiovascular
collapse. Rats that had died later showed change in
hepatic periportal fat, formation of renal hyaline
droplets, and fatty change. Figure 1 exemplifies the
eytoplasinic vacuolization in periportal hepatocytes.

Rats sacrificed at daily intervals following the
administration of JP5 (24 ml/kg) had moderate renal
and hepatic functional alterations, as indicated by
serum chemistry determinations. Renal hyaline droplet
formation and fatty change were microscopically
evident on all 3 days, but hepatic fatty change was not
present until day 2.




Figure 1. Cxytoplasmie vacuolization e periportal hepatocytes i1t
sacrificed 48 hours after gavage with 24 mi Ky setined shale JP3.
Note sparing ot hepatoevtes away from portal triad (P Paattin
cmibedded HH & T X 210,

REFERENCE

Parker, G. A., Bogo, V., and Young, R. W. Acute
toxicity of conventional versus shale-derived JP5 jet
fuel: Light microscopic, hematologic, and serum
chemistry  studies. Toxicology and Applied

Pharmacologx 57: 302-317, 1981.




BEHAVIORAL AND NEUROPHYSIOLOGICAL TOXICITY OF PETROLEUM

AND SHALEL 1PS
Prancipal Investigatons:
Collaborators:

Technical Assistance:

\
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- Bogo, ROW. Young, and R. M. Cartledge. A1 RRY
- AL Hill Naval Medical Research Institute

L. Feserand J. Nold. AFRR]

L Pins, NURY

TCALBoward. S, L Hargett, L. Heman-Ackah. GGl Kessellland M. Sanders

AFRR]

The toxicity of petroleum- and Sohio shale~derived jet
propulsion fuel number 5 (JP5) was evaluated in a series
of acute gavage and subchronic inhalation studies with
rats. Gavage experiments at doses from 3 to 24 ml/kg
were performed to test for alterations in behavior.
Inhalation studies were conducted to assess behavioral
and neurophysiological toxicity at concentrations from
700 to 1600 mg/m3. Behavioral evaluation included
measuring home cage activity, food and water con-
sumption, weight, general behavior, aggression, and
motor integration. Neurophysiological function after
inhalation exposure to Sohio JP5 was evaluated by using
somatosensory evoked potentials.

Behavioral changes noted after the oral administration
of both petroleum and Sohio shale JP5 included (a) a
marked transitory increase in overnight home-cage
activity, and (b) a decrease in weight and in consump-
tion of food and water for up to 3 days after dosing.
The increased activity produced by petroleum JP5
lasted from 2z to 5 hours after dosing. Since no
corresponding change in performance was scen on a
motor integration task, the home-cage hyperactivity
seemed more related to irritation than to any specific
neurotoxicity. Some subjects exposed to petroleum JP5
were hypersensitive to touch, a few mutilated their
tails, and others became aggressive. However, this
aggressiveness could not be confirimed when measured
with a specific-function test.

During the inhalation studies, significant increases in
water consumption occurred with both fuels, beginning
on the 8th day of exposure and continuing throughout
the studies (Figure 1), This suggests that (a) the renal
toxicity of JP5 after oral administration [ which we
reported earlier (1) } may also be seen after inhalation
exposure, and (b) its occurrence is independent of
product origin, refinery process, or route of administra-
tion. No other obvious changes were seen in the
remaining behavioral tests or the evoked potentials.
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Figure 1. Water intake of rats (n = 6 'group) inhualation-exposed to petroleum
or Sohio shale JPS tor 6 howrs day and 5 days;week tfor more than 30
days. Protiles are daily caleulated mean differences between control and
exposure conditions.  No intake differences occurred before testing.
Exposure concentrations in petroleum and shale studies were 11235 mg/‘m}
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as decane and 1635 mg m nominal. respectively . shows signiticant

ettects (p < 0.05).
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1. Parker, G. A., Bogo, V., and Young, R. W, Acute
toxicity of conventional versus shale-derived JP5 jet
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Pharmacology 57: 302-317, 1981.
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AN AUTOMATED METHOD FOR DETERMINATION OF BIOGENIC AMINLS
AND THEIR METABOLITES BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

Principal Investigators: T, K. Dalton and W. A, Huat

For several years this laboratory has been investigating
the role of neurotransmitters in the underlying mechan-
isms of behavioral decrements induced by ionizing radi-
ation, Initial studies indicate that during early
transient incapacitation the potassium-stimulated
release of dopamine from slices of the caudate nucleus
is significantly enhanced (1). Our desire to examine
this effect in greater detail, ineluding its possible
significance to other areas of the brain, was impaired
because of the lack of a suitably sensitive method that
would allow the measurement of various biogenic
amines and their metabolites in a single tissue sample.
Such measurements would provide an index of the
degree of activity of necurons, using dopamine, norepi-
nephrine, and serotonin as transmitters. Therefore, we
began to develop a method that would allow the anal-
ysis of a variety of biogenic amines and their metabo-
lites with maximum productivity.

A procedure has been established wusing high-
performance liquid chromatography that is fully auto-
mated and will allow the analysis of up to 200 samples
per week. The following compounds can be separated
and quantitated in the order that they appear on the
ehromatogram: dihydroxymandelie acid (DOMA), vanil-
mandelic acid (VMA), dihydroxyphenylglyeol (DHPG),
dihydroxyphenylalanine (L-DOPA), norepinephrine (NFE),
3-methoxy-4-hydroxyphenylglycol (MHPG), epinephrine
(EPI), dihydroxyphenylacetic acid (DOPAC), 5-hvdroxy-
tryptophan  (5-HTP), dopamine (DA), 5-hydroxy-
tryptophot  (5-HTOH), 5-hydroxyindoleacetic  acid
(5-HIAA), homovanillic acid {l1VA), 3-methoxytyramine
(3-MT), and serotonin (5-HT). Only VMA and DHPG arc
not well resolved and eclute of{ the column together.
Figure 1 is a sample chromatogram,

The method promises to allow the acquisition of consid-
erable data in a short time, and it will be useful for
analyzing various areas of the brain. and biological
fluids.
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Figure 1. Chiomatogram of S-pmole standards eluted from a C18
reverse-phase column using @ 100-mM potassium phosphate
butfer (ptt 3.3) containing 4 mM I-heptanesultonic acid. 100
pM EDTAL and increasing concentrations of acetonitrile (170
2007). Analysis time was 30 minutes.

REFERENCE

Hunt, W. A., Dalton, T. K., and Darden, J. H.
Transient alterations in neurotransmitter activity in
the caudate nucleus of rat brain after a high dose of
ionizing radiation.  Radiation Research 80: 556-
562, 1979.
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ROLE OF HISTAMINE IN RADIATION-INDUCED CONDITIONED
TASTE AVERSION

Principal Investigators: B, M. Rabin, Department of Psychology, University of Marviand.
Baltimore, Maryviand
W. A Hunt, AFRRI
Technical Assistance: ). F.oLee

Nausea and vomiting are major signs of exposure to
moderate doses of ionizing radiation. Studying the
mechanisms of the development of these signs by using
dogs or monkeys can be cumbersome and expensive.
The use of small laboratory animals, such as rodents,
would be much more practical, but they do not vomit.
To circumvent this problem, a model system could be )
used to provide valuable information on the mechanisims |
of emesis, at lower cost and higher productivity. '

One such model is the eonditioned taste aversion (CTA). ,
When a novel-tasting solution, normally liked by the

animal, is presented with a toxic stimulus, the animal }
associates the consequence of this stimulus with the
consumption of the tasting solution, and subsequently
avoids it. Using this paradigm, the possibility that
histamine might be a causative factor in the develop-
ment of a radiation-induced CTA was examined. Hista-
mine had been implicated by a study in which CTA
learning was reported to be blocked by antihistamine
pretreatment (1).

The first set of experiments studied the ability of
histamine to induce a CTA when injected intra-
ventricularly, This design was used to minimize the
involvement of peripheral mechanisms. Histamine was
capable of inducing a CTA that could be antagonized by
H1 blockers but not H2.

Although histamine could possibly be a mediator in the
development of radiation-induced CTA, the next set of
experiments indicated that antihistamines were inef-
fective antagonists of it. Also, tolerance to repeated
doses of histamine had no effect. These data do not
support the hypothesis that histamine is involved in
radiation-induced CTA learning.

17




REFERENCE

1. Levy, C. J., Carroll, M. E., Smith, J. C., and Ijofer,
K. G. Antihistamines block radiation-induced taste
aversions, Science 150: 1044-1046, 1974.
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INTERACTIVE EFFECTS OF STRESS AND RADIATION ON THE

PREFERENCE AND USE OF INFORMATION

Pronapal Investiwator: W F, Buarghardt, Jr.
Techmeal Assistance: B. AL Dennison

Previous research at AFRRI and elsewhere has indi-
cated that supralethal doses of ionizing radiation can
profoundly disrupt performance on a number of behav-
ioral tasks, Heretofore unexplored was the specific
question of the nature of the motor and cognitive
changes that occur in these situations. Although the
underlying biological mechanisms of perforimance
decrement are being explored in other laboratories, the
importance of environmental cues in maintaining
perforimance after irradiation has not Deen
investigated.

In order to better interpret the alterations in behavior
due to changes in the use of stimuli after irradiation, a
task has been developed using the rat, which may
provide some evidence of an organism's preference for
and use of informational stimuli in an aversively moti-
vated task. Preliminary information indicates that this
task is stable over time and is responsive to a number
of environmental manipulations., Irradiation appears to
induce a performance decrement on the avoidance
component consistent with decrements obtained in
other situations. The animal's preference for informa-
tional cues also appears altered, although the animal
seems able to use those cues when they are present,
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Further research will be undertaken to verify these
findings, and to determine a dose-response relationship
for this effect. Application will be made to a primate
model after rodent validation. This paradigm should
also be useful in determining the combined effects of
stress and radiation,

Sk ik
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BIOCHEMISTRY DEPARTMENT

The main objectives of the research conducted in the
Biochemistry Department are (a) elucidation of the biochem- ‘
ical mechanisms of injury. repair, and protection of the =
mammalian organism from the effects of radiation, cither
alone or in combination with other toxic agents. and
(b) development of more effective. sensitive, and easy-to-
perform methodologies to detect and quantify the severity of
radiation-induced injury in man.

The Department is organized into three Divisions: Physio-
logical Chemistry, Molecular Biology. and Immunological
Chemistry.

The Physiological Chemistry Division is primarily concerned :
with the identification and development of biochemical
indicators of radiation injury. Major emphasis is being placed
on changes in serum glycoproteins, frace metals. and indi-
cators of radiation-induced membrane lipid peroxidation.
The effects of radiation on the immune response of the
mammalian organism have been investigated. In addition. i
extensive examination has been made of the role of various A
immunostimulants alone or in combination with radiopro- 1
tectant drugs in alleviating or preventing radiation-induced
injury. Various dietary supplements such as vitamins k. C.
and A are being tested for their radioprotective properties.
The effect of ionizing radiation on bone and bone marrow
formation has been studicd.

The research objective of the Molecular Biology Division is
the clarification of the biochemical mechanisms of injury !
that has been induced by toxic agents such as ionizing radia-
tion alone or in combination with toxic chemicals. especially ,
commercially available anticholinesterases. Methods for the
more effective protection of the mammalian organism from
the effects of these agents are under extensive investigation.
Identification of the sequence of biochemical events leading
to radiation-induced damage to cellular membranes and the i
role of various radioprotectants in preventing or alleviating
this damage are also being studied. The effects of radiation
on histamine and prostaglandin release and the mechanisms
| responsible for this release are being systematically examined.
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The Immunological Chemistry Division is concerned with the
isolation of hematopoietic and progenitor cells and the meas-
urement of their potential as a modifier of radiation-induced
injury. The nature of the interaction of stromal tissue with
hematopoietic cells and its importance in postirradiation

hematopoietic regeneration has also been investigated.
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EFFECT OF CALMODULIN ON HISTAMINE RELEASE IN
THE RAT MAST CELL

Prncipat Investigators: Dob o AMeClam, MU AL Dontonand GoN Catnnas
Techmeal Assistance: W W Wolte und K. T Lamheeht 1

lonizing radiation causes a massive release of histamine
from peripheral mast cells. This response to a 4000~rad
dose of mixed gamma-neutron radiation has been linked
to postirradiation hypotensive effects and early trans- 1y
ient incapacitation (1). "

Considerable cxperimnental evidence suggests that
increases in the concentration of intracellular free v
caleium is eritical for histamine release in the rat mast L
cell (2). Stimuli for mast cell degranulation act at the
cell membrane to initiate a series of biochemical
events that lead to an incrcase in cytosolic ecaleium.
All mechanisms for caleiun control involve cellular
membranes and membrane-associated proteins. Radia-
tion can lead to oxidation of protein sulfhydryl groups ,
and peroxidation of lipids. Both can alter the perme- ' ]
ability characteristies of the membrane and the mem-
brane's ability to use the fine control of caleium
necessary for histamine releasc.

Recent evidence suggests that the multiple functions of

caleium in secretion may involve calmodulin, an intra-

cellular calcium-binding protein thought to mediate

many of the effects of calecium in cellular orocesses. In |
preliminary work to examine the effect of calmodulin
on the mast cell, rat peritoneal mast cells were first
purified by sedimentation through an albumin gradient.
Addition of purified calmodulin (10-5 to 10-9 1)
induced no inerease in histamine release. The ability of
calmodulin to modulate histamine release was tested hy
using the histamine-releasing agents 48/80 and con- '
canavalin  A. Calmodulin added simultaneously ‘
produced a dose-related inhibition of 48/80 with a 50%
inhibition dose (ID 50) of 3-7 x 10-7 M (Figure 1) (3).

Preincubation of the mast cells with calinodulin failed !
to alter the ID 50 for 48/80. However, concanavalin A Ik
(50 or 100 wg/ml was not affected by the same
concentrations of calmodulin.
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The dif “erent mechanisms by which calmodulin affects
histamine release remain to be eclucidated. A possible
explanation is that the calmodulin is interacting
specifically with the 48/80 receptor on the cell mem-
brane and is not acting intracellularly. Further studies
will focus on calecium metabolism in these inhibited
cells to investigate any relationship between calmodulin
and the altered calcium metabolism seen in irradiated
mast cells.
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RADIATION-INDUCED CHANGES IN PRODUCTION OF PROSTAGLANDINS
Faq. E. AND THROMBOXANE B> IN PARENCHYMAL LUNG TISSUES

OF GUINEA PIG

Principal Investigators:

L. K. Steeland G N Catravas

The pharmacological properties of the prostaglandins,
coupled with their enhanced formation and release in
all types of inflammatory reactions, suggest a role for
these chemical mediators in the development of radia-
tion-induced tissue injury. Because the lung is a major
site of prostaglandin production, uptake, and inactiva-
tion, the present investigation was designed to examine
the effects of sublethal doses of 80Co gamma radiaticn
on the generation of parenchymal lung tissue PGFgq,,
PGE, and TxB9. Also investigated were the capacity of
lung tissues to generate prostaglandin in response to (a)
H-1 receptor stimulation by the exogenous addition of
histamine, or (b) ecarboxylic aecid ionophore A23187
stimulation of divalent cation transport.




At 1 hour to 4 days after total-body exposure of guinea
pigs to 50, 150, or 300 rads gamma radiation, changes
were detected in the concentrations of basal prosta-
glandin and thromboxane in parenchymal lung tissues
(Figure 1). At 1-3 hours after exposure, tissue levels of
PGF9., PGE, and thromboxane B9 were significantly
elevated in animals receiving 300 rads, with the degree
of elevation revealing a radiation dose effect. By 24
hours, tissue prostaglandin and thromboxane levels
returned to near control values. [Lung tissue synthesis
of prostaglandins in response to H-1 receptor stimula-
tion by the exogenous addition of histamine revealed
similar radiation dose effects. Stimulation of divalent
cation transport with ionophore exogenously applied to
lung tissues revealed a transient peak of increased
sensitivity to stimulation for TxBy synthesis at 24 hours
and for PGF»5 , at 72 hours postirradiation.

The data suggest that significant alterations in prosta-
glandin and thromboxane concentrations in parenchymal
lung tissues occur following irradiation, and that these
changes are dose-related. Altered responsiveness to
-1 receptor stimulation and divalent cation transport
also oceur,
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EFFECT OF RADIOPROTECTANT WR 2721 ON CYCLIC NUCLEOTIDES.
PROSTAGLANDINS, AND LYSOSOMES

Prnapal Iinestipatons PO Trochaand GoN Catranvas

WR 2721 has been found to be one of the best radiopro-
tective drugs against gamma radiation, and it is thought
to confer its radioprotective characteristics by acting
as a free radical scavenger. However, only a limited
number of biochemical studies have been made on this
compound or similar amino-sulfhydryl agents. The
biochemical investigations that have been carried out
show that these radioprotective compounds interact
with various mammalian enzymes, alter several of the
constituents of the immune system, affeet levels and
repair eapacity of DNA, and can alter prostaglandin
synthesis in vitro.

Within 1 hour after intraperitoneal injection of the
radioprotectant WR 2721 into rats, splenic ¢GMP levels
dropped and remained suppressed for 6 hours before
returning to normal. However, if rats were exposed to
ionizing radiation at 30-40 minutes after WR 2721
treatment, they had higher c¢GVIP levels at 3 hours
postirradiation than did nonirradiated, drug-treated
controls, but lower eGVIP content than the irradiated
nondrug-treated controls. Radiation exposure of ani-
mals pretreated with WR 2721 also resulted in higher
liver and spleen levels of ¢AMP and additional eleva-
tions in spleen prostaglandin content, compared with
irradiated controls at 3-6 hours after radiation treat-
ment,

The secondary fluctuations of lysosomal enzyme activi-

ties, prostaglandin content, and eyclic nucleotide levels

were also altered in irradiated rats pretreated with WR i
2721 when compared with irradiated controls. Liver '
and spleen lysosomal @-glucuronidase activities, spleen
cAVP and ¢GMP levels, and spleen prostaglandin con-
centrations were closer to physiological levels at 3 days
postirradiation in rats given WR 2721 before the radia-
tion treatment.

The results of this study suggest that radioprotective
drugs or other agents that alter levels of the compo-
nents in the prostaglandin and/or cyelic nucleotide
systems before or shortly after exposure to radiation
may be significant factors in protccting a mammalian
system against the detrimental effect of ionizing
radiation,
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EFFECT OF THE RADIOPROTLECTANT WR 2721 ON PROSTAGLANDIN
AND LYSOSOMAL SYSTEMS IN IRRADIATLD RATS

-

i Principal lnvestigators: PO Thocha and GONC Catranas

Prostaglandin levels, lysosomal membrane integrity,
and lysosomal enzyme activities were studied in radio-
resistant tissues (liver) and radiosensitive tissues
(spleen) taken from Sprague-Dawley rats. Enzymatic
and immunoassay techniques were used to ieasure
lysosomal B-glucuronidase activities and prostaglandin
F levels in irradiated and nonirradiated rats previously
injected intraperitoneally with saline or the radio-
protectant S-2(3-aminopropylamino)ethyiphosphoro-
thioic acid (WR 2721) dissolved in saline.

Rats treated with WR 2721 at 30-40 minutes bhefore
exposure to 1000 rads of 60Co radiation displaved only
elevated spleen prostaglandin F levels at 3-6 hours
postirradiation, compared with irradiated controls given
saline. At 1-3 days postirradiation, spleen lysosomal -
glucuronidase activities were lower in irradiated ani-
mals pretreated with the radioprotectant than in their
corresponding irradiated controls. Also, at 3 days after
radiation exposure, spleen lysosomal membrane stabil-
ity and spleen prostaglandin F levels in drug-treated
rats were found to be lower than in irradiated rats that
had received saline. Further studies of spleen and liver
tissue analyzed in animals not exposed to ionizing
radiation showed that WR 2721 had no effect on the
lysosomal or prostaglandin systems.
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EFFECT OF THE RADIOPROTECTANT WR 2721 ON CYCLIC NUCLLOTIDE |
LEVELS, LYSOSOMAL ENZYMLE ACTIVITIES. AND LYSOSOMAL
MEMBRANE STABILITY

Principal Investigators Pod Teocha and GoNC Catravas

Biachemical cffects of the radioprotectant S-2-(3-

aminopropylamino)ethylphosphorothioic acid (WR 2721) ‘
were investigated in order to determine if this drug ‘
alters cyelic nucleotide levels and/or lysosomnal sys- ‘
tems. Using immunoassay and enzymatic techniques,
liver and spleen eyclic nucleotide levels and lysosomal |
B-glucuronidase activities were measured in irradiated :
and nonirradiated rats injected intraperitoncally with
saline or WR 2721 dissolved in saline.

No alterations in lysosomal B-glucuronidase activities,
lysosomal membrane stabilities, or cyclic nucleotide
levels were found in the spleen or liver of nonirradiated |
rats at 1-6 hours after injection of the radioprotectant,
except for spleen ¢cGVIP content. Within 1 hour after
administration of WR 2721, the spleen cGMP levels
were 50% lower than their normal concentration. How-
ever, at 6 hours after injection of the radioprotectant,
the spleen eGMP levels were again normal.

Animals treated with WR 2721 at 30-40 minutes before

irradiation displayed a reduction in spleen lysosomal

enzyme activities at 1-3 days postirradiation compared

with irradiated controls given only saline. Cyeclic !
nucleotide levels were also affected by the radio- i
protectant. Liver and spleen cAMP levels were found

to be higher at 3-6 hours postirradiation, whereas j
spleen cGMP levels were lower at 1-4 hours post- ‘
irradiation than the corresponding irradiated controls.

At 3 days after radiation exposure, spleen lysosomal

membrane stability and eyelic nucleotide levels in drug-

treated rats were found to be closer to the levels of

nonirradiated control rats than to those of irradiated

controls receiving saline.
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Proncipal Investizatorns:
Techical Assistunce: JUM. Speicher

CALCIUM ACCUMULATION AND RETENTION BY SYNAPTOSOMLS
IRRADIATED WITH HIGH-ENERGY ELECTRONS

MO B and GoNCCatnavas

The effect of 14.5-VMeV clectrons on neuronal calcium
accumulation was studied in nerve-ending particeles
(synaptosomes) prepared froin homogenates of whole
rat brain, Irradiation of synaptosomes with doses of 50,
100, or 500 Gy did not result in signifieant changes in
ealeium accumulation when meuasured at 3, 7, and 17
minutes after termination of cxposure. Potassium-
stimulated caleium  accumulation  wias  likewise
unaltered by doses of up to 500 Gy,

The effect of radiation on the retention of previously
accumulated ealeium was also investigated. No signif-
icant changes in caleium retention were observed with
doses of up to 500 Gy. Inereasing or decreasing the
external ealeium concentration failed to elieit signifi-
cant changes in ealeium retention,

These findings suggest that radiation-indueed changes
in neuronal ealeium disposition do not play a major role
in the mechanisms underlying performance decerements
that ocecur transiently and within minutes of exposure
to supralethal doses of ionizing radiation,
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DNA REPAIR AND RADIOPROTECTORS: 1. DNA REPAIR AS A PROBL
TO RADIOSENSITIVITY AND RADIOPROTECTION

Principal Investigator: B Riklis

The ultimate fate of an irradiated biological entity 1
depends on various types of factors: physical (quality
and dose of radiation), chemical (the ambient and
physiological environment), and biological. No other ¥
factor has a greater role in determining life or death, '
health or disease, than the role played by the various
biochemical mechanisms of repair. On a cellular level,
survival of a cell population can vary by several orders
of magnitude between different strains of the same
family, if a strain lacks the ability to perform accurate
repair of the damaged site. Long ago, immediately
following the discovery of DNA excision repair (1), I
stated that "the degradation of DNA which accom-
panied the excision of dimers in UV resistant cells,
throws attention to observed degradation of DNA
following x irradiation. It is possible that a general
repair system exists, acting along the same lines for
various kinds of radiations and in various types of
cells."

Although this is stili basically correct, today we recog-
nize the complexity of the various repair mechanisms,
and we know that some mammalian cells may be
deficient in their repair capability because of genetic
impairment. This results in increased sensitivity to
radiation and to alkylating agents.

Two basic questions, related to the problem of sensi- {1
tivity and risk assessment, need to be answered: (a) '
Since there are different individual sensitivities to
radiation, can we measure and predeterinine who is "at
risk" from radiation? And if so, are therc any
preventive measures that might reducc that risk? (b)
Can we change the individual radiosensitivity oy
protecting the genetic material or by increasing the
cellular repair capabilities? And can this be achieved
using chemical radioprotectors?

The search for agents to modify the effects of radiation
on biological systems was begun parallel to the search
for understanding the mechanisims of radiation sensi-
tivity, with two opposite goals: selectively sensitizing
cancer cells and protecting normal cells. It has long
been recognized that sensitizing a cell may he achieved




by inhibiting the cellular repair mechanisms. But the
studies on protection have been based on the notion
that protection may be achieved by scavenging the free
radicals formed by radiation, which are believed to be
responsible for most of the damage. For this reason,
much of the effort in the development of radio-
protectors has gone into developing chemical
compounds to act as radical scavengers. The end point
for most of the studies (carried out on animals or on
cells in culture) was lethality. Surprisingly little was
done toward studying the possibility of protecting the
genetic material of cells. Clearly, to be applicable to
humans, a method was required that would enable in
vitro determination of the radiation sensitivity of a
living human. It has been suggested (2,3) that the
measurement of the potential for repair of DNA
damage, or the "repair capacity,” will indicate the
vulnerability to radiation--not only in terms of survival
but also in terms of risk of carcinogenicity.

Accordingly, a relatively simple previously developed
method has been modified to allow the determination of
(a) the repair capacity of cells in culture and (b) the
effects of radioprotectors on the repair capacity. The
method is based on the complete inhibition of the semi-
conservative DNA synthesis, as detailed below.

Cells are grown to logarithmic phase, attached to a
plastic surface in flasks or dishes. 0.61 uCi/mi 14¢-
thymidine is added 16 hours before start of experiment.
Growth medium is replaced by phosphate-buffered
saline (PBS) containing 1 x 105 M trimethylpsoralen
(TMP). Cells are incubated for 15 minutes in COg
incubator at 37°C, Cells are irradiated with near-UV
light. Flux: 20 Jm~2sec~1; fluence: 10,000 Jm~2 with
cover and 6,000 Jm~2 without cover. Buffer is immedi-
ately replaced by medium, and cells are incubated for 2
hours. Medium is replaced by PBS. If a radioprotector
is being studied, it is added now to the cell culture and
incubated for 30 minutes.

Cells are irradiated either in flasks or in petri dishes.
Buffer is immediately replaced by medium containing 5
uCi/ml 3H—thymidine, and cells are incubated for 90
minutes. In parallel experiments, 3ll—thymidine is
added before irradiation. Medium is aspirated;
attached cells are washed and lifted by 0.25% trypsin,
Cells are collected on filters in a specially designed cell
harvester, washed with ethanol, dried in air, and then
;f)laced in counting vials with toluene-based seintillation
luid.
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3H and 14C are counted in a liquid scintillation counter,
and the amount of thymidine uptake is calculated per
105 epm 14C, which is equal to about 109 cells. The
number of counts of incorporated 3H-TdR at a given
dose divided by the number of counts of the non-
irradiated cells treated with PUVA is designated as the
repair capacity of the cells. Different radiation
sources have been used, including the cobalt-60 source
at AFRRI for gamma irradiation, the TRIGA reactor at
AFRRI for neutrons, and the 18-MeV LINAC for accel-
erated electrons. Results deseribing the repair capac-
ity of cells following gamma and accelerated-electron
irradiation as well as the effect of the radioprotector
WR-2721 are described in the item following.
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DNA REPAIR AND RADIOPROTECTORS: 1. DESIGN OF A UNIVERSAL f
CELL-HARVESTING SYSTEM

Principal Investigator: o Riklis

The method for studying the DNA repair capacity of

cells in culture requires at least five changes of buffer

and medium by aspiration and addition. The last step b
requires harvesting the treated cells onto filters for !
counting of radioactivity. A regular experiment 3
required at least 10 triplicate cell cultures in 30 flasks "]
or petri dishes. In an experiment with that number of
samples, the time that elapsed from handling the first
sample to the last was far too long. This could causc
incorreet results because of different lengths of time
that the cells were with trimethylpsoralen, without
medium, with 3H—thymidine, ete.  Also, the several
incubation periods that are required throughout an
experiment meant loading and unloading flasks on trays
and ecarrying them to the incubator either upstairs or i
downstairs. !

Therefore, an automatic system was designed to allow F
(a) aspirating or adding buffer to 12 flasks or dishes at a
time, (b) handling flasks, test tubes, petri dishes, and
six well clusters, and (¢) treating 12 flasks at a time
and carrying them back for incubation without the neced
for loading or unloading.

The design of the harvester was based on the Harvester
VIS-12 of Brandel, Inec. Brandel also fabricated the new
harvester that allows a simple change of probe for use
with flasks or dishes by using a common point of
distribution where effluents aspirated by the 12 prongs,
or buffers added through 12 prongs, are passing through
in closed lines that are easily separated for a change of
probe.

i The special flask helder for 12 flasks allows them to be
i placed in the incubator in a vertical position and to be
taken for treatment in a horizontal position.
Irradiations in the LINAC or the cobalt facility were
performed with up to 21 flasks arranged in a perpex
stand.

Wwith the harvester and the holders, up to 120 cell
culture flasks per experiment can be handled ecasily,
providing the possibility of studving different doses of
radiation and several other variables, within one
cxperiment.
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When six well cluster dishes were used (for UV irradia-
tion and later for gamma and neutron irradiation), it
was possible for one person to easily handle 20 clusters,
thus using 120 cell cultures. With the aid of another
investigator, 30 clusters (180 samples) could be used.
Thus, a DNA repair experiment with three different
cell lines and several variables could be perforined
within 1 long day.

DNA REPAIR AND RADIOPROTECTORS: I INCREASED DNA RLEPAIR
CAPACITY OF CELLS BY THE RADIOPROTECTIVE COMPOUND WR-2721
FOLLOWING GAMMA AND ACCELERATED ELECTRON RADIATIONS

Proncipal Tnvestigators: L Riklisc MOP Hagan,and GONC Catravas
Technical Assistance: D. P. Dodgen

The main objective of this work was to devise a system
to determine if the radioprotecting drugs (WR-2721 in
particular) are protecting the genetic material and, if
so, whether they are protecting it by reducing the
damage or by affecting the cellular DNA repair mech-
anisms. If the radioprotecting drugs increase DNA
repair, they may improve the chances of a cell to
survive sublethal doses and to recover its genetic
matter, thereby reducing mutagenicity and
carcinogenicity.

The method of measuring DNA repair capacity is
described in the preceding item. The survival of the
V-79 cells in these studies was determined by counting 1
colony formation. The resulting survival curves were T
similar in shape and magnitude to those reported in :
numerous other published works. Survival from accel- 5
erated electrons is shown in Figure 1. The relative
biological effectiveness is somewhat lower than that ‘
for gamma radiation, about 0.9. The effect of WR-2721
on survival, although small, is meaningful; when
corrected for concentration and period of drug expo-
sure, it confirms the results obtained with X rays for
other types of cells (1).
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Figure 1. Survival of Chinese hamster V279 cells from I8-MeV
accelerated electron radiation

Less damage of genetic material occurs in protected
cells that show increased repair capacity, thus assuring
less genetic and somatic effects later.

Our attention is focused on DNA repair capability., [t is
measured as the ratio of the amount of 3H-thymidine
incorporated into DNA following a given dose, over the
amount incorporated following the lowest measurable
dose. The ratio at the highest dose over that at the
lowest dose is the repair "capacity" of that cell. The

37

e v aerraicon




method of measurement is independent of residual
synthetice activity or other causes of background fluctu-
ations, since these are included in the controls only
treated with trimethyl psoralen plus near-ultraviolet
light.

Repair capacity is shown in Figures 2 and 3 for cells
exposed to gamma and electron radiation. All cells
show a certain amount of repair capability of the
damage inflicted by the different radiations. The
radioprotecting compound WR-2721, when present
before and during irradiation, brings about an increased
repair capacity, especially at higher doses. The very
high repair shown following UV radiation in the
presence of WR-2721 (see the following item) may
reflect synergismn between long patch repair and a
triggered removal of the psoralen cross-links blocking
semiconservative NNA synthesis. One may assume that
if less damage due to radical scavenging is produced,
then increased repair would not ensue. WR-2721
demonstrates the highest effectiveness at the very high
doses, as measured by increased thymidine uptake.
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DNA REPAIR CAPACITY
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It is reasonable to assume thit at these very high doses,
DN A damage cannot be prevented by the presence of the
radioprotector. [3ut perhaps the repair enzymes (which
are otherwise fully saturated or even damaged at these
doses) are better proteeted and thus better able to repair
the DN A damage by some mechanism. This would give an
overall picture of inereased repaiv eapability (2).

(3]
.
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DNA REPAIR AND RADIOPROTECTORS: IV. REPAIR OF
MELANOMA CELLS FOLLOWING ULTRAVIOLET [RRADIATION

Principal luvestigators: FoRikhis 3o Fo Freschioand GoONL Catravas
Technical Assistunce: WoN By

B16/C3 mouse melanoma cells (obtained froin Dr. D. L.
Engelhardt, Columbia University, New York) were
grown in either F-12 medium + 5% fetal calf serum
(FCS), or DMEM + 10% FCS medium. The cells grown
in  Dulbecco's Modified Eagle's Medium (DVEW)
produced melanin within 24 hours after entering the
stationary phase. Cells grown in F-12 did not produce
melanin for at least 4 days after entering the stationary
phase. This difference in the effects of the two media
on melanin production is due to differences in the
bicarbonate concentrations (and therefore pH) and ionic
strengths.

Ultraviolet (UV) light from a 15-W germicidal lamp was
used at a flux of 2.5 Jm~2sec™! or less. For the PUVA
(trimethyl psoralen plus near-ultraviolet light) treat-
ment, near-ultraviolet light (365 nm) was provided by
tubular black-light lamps at a flux of 20 Jm~2sec™1.

The survival curves of DMEM-grown and F-12-grown
cells showed about the same sensitivity to UV radiation
(254 nm) in terms of Dg. But the DMEM-grown cells
had a definite shoulder, signifying the repair of sub-
lethal damage, whereas the F-12-grown cells did not
demonstrate it. In measuring DNA repair capacity by
the method described in the preceding papers, the
DMEM cells demonstrated a higher degree of incorpora-
tion of 3H-TdR, both without and with (following) UV
irradiation (Figure 1),

However, the ratio of the high dose to the low dose, the
repair capacity, is only slightly higher in the DMEM-
grown cells, WR-2721 increased the repair capacity of
the UV-irradiated cells. This is a surprising result in
view of the fact that most UV damage is formed by
direct damage to DNA, rather than by free radical
formation. An explanation for the WR-2721-mediated
inereased repair may be the possible protection of the
repair enzymes, and also the fact that on UV irradia-
tion, WR-2721 forms adducts with DNA, and the repair
of such adduects, recognized as damage, may contribute
to the increased repair synthesis.
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Figure 1. DNA repair capacity of cells irradiated with near-ultraviolet light

VITAMINS AND RADIATION INJURY

Principal Investigators: V., Srinivasan. J. F. Weiss, and S. A. Simpson
Technical Assistance: L. V. Cummings. C. M. Morris, and W. W. Wolfe

The effects of portal and whole-body radiation on
nutritional status and, conversely, the effects of
specific dietary elements on radiosensitivity, are poorly
understood. Since certain nutrients may influence
immune status (e.g., vitamins C, E, and Z; zine; pyri-
doxine), the role of nutrition in radioprotection will be
investigated with respect to the interrelationship of
radiation-induced immunosuppression and nutritional
status. The effects of vitamins on the detoxifying
enzyme systems important in radiation and chemical
damage are also being studied.




The role of vitamin E as a radioprotector has been
investigated, but the reports concerning its efficacy are
conflicting. The antioxidant effect of vitamin E has
been cited to explain its protective effect, but its
overall role in recovery from radiation injury needs
additional investigation. Further, the role of
B-complex vitamins as radioprotectors needs to be
studied. In the present study (1), male mice (C57BL/6J
or CD2F1), 6-7 weeks old, were fed diets containing
higher amounts (three times the NAS/NRC recom-
mended daily allowance) of either vitamin E or vitamin
Bg for 1 week before cobalt-60 irradiation, Survival
was investigated for a 30-day period on the same diets.

Vitamin Bg had no protective effect, whereas the
animals fed the vitamin E-supplemented diets had an
inereased survival time compared to controls at irradia-
tion doses of 650-850 rads (Figure 1). As part of a
larger investigation of radioprotective mechanisms of
vitamins, the liver microsomal drug-inetabolizing
system was studied because radiation-induced suppres-
sion of drug metabolism has been observed in rats.
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Animals fed vitamin E- or vitamin Bg-supplemented
diets were sacrificed on day 1, day 3, or day 7 after
exposure to radiation (700 rads). Cytochrome bs,
cytochrome P-450, and p-nitroanisole demethylase
activity were measured in liver microsomes.
Demethylase activity did not differ among the groups.
Furthermore, no significant difference was seen in
cytochrome bg and cytochrome P-450 between the
animals given vitamin Bg and the control irradiated
animals, whereas the vitamin E-supplemented animals
had depressed levels of these parameters compared to
the irradiated control animals.

REFERENCE

1. Srinivasan, V., and Weiss, J. F. Vitamins and
radiation injury: Vitamin E, vitamin Bg, and liver
mierosomal drug-metabolizing system. Radiation
Research 87: 385-386, 1981.

BOLOGICAL MARKERS: URINE STUDIES

Principal Investigators:  J. F. Weiss. C. E. Elhardt. Mo AL Donlon. and G N Catravas
Technical Assistance: V. L. Cummings. C. M. Morris. W. W. Wolfe. and J. E. bgan

A number of physiological substances have been pro-
posed as biochemical indicators of radiation damage.
Some of these markers (urinary creatinine, sialie acid,
seromucoid, histamine, zine, and taurine) are being
assessed as biologic dosimeters.

Potential biochemical indicators of radiation damage in
the urine of adult, male, Sprague-Dawley rats are under
evaluation (1). Rats were fed a controlled amount of
diet daily and water ad libitum, and urine was collected
from them in metabolic cages. Individual rats (10 per
group) were studied for 5 days preirradiation for deter-
mination of basal values and for 7 days after exposure
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to 100, 300, 500, 700, or 900 rads cobalt-60 irradiation.
Sham-irradiated rats were also studied. Urine volume
postirradiation followed definite patterns that depended
on radiation dose (Figure 1).

300 rad

100 rad [&&

' '

50 100 150 200 250
PERCENT OF NORMAL

Figure 1. Urine volume of male Sprague-Dawley rats postinadiation

The urine volume increased for 1 or more days, depend-
ing on the dose, and decreased after the initial
increases at 700 and 900 rads. Automated methods
were used to estimate the creatinine, the protein-bound
sialiec acid after sulfosalicylic acid precipitation, and
the sialic acid assayed directly in urine as thio-
barbituric acid-reactive material. Creatinine and sialic
acid values at 24 hours were significantly different at 1
day after radiation exposure, compared to basal values.
The ratio of protein-bound sialie acid to creatinine was
higher 1 day after radiation exposure at 500 rads and
greater, and may be related to increased serum levels
of glycoproteins or protein-bound carbohydrates that
are known to increase after radiation exposure.
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1. Weiss, J. F., Cummings, V. L., Morris, C. M., Wolfe,
W. W,, Elhardt, C. E., and Catravas, G. N. Indica-
tors of radiation injury: Urine volume, creatinine,
and sialic acid. Abstract of the VII International
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BIOLOGICAL MARKERS: SERUM PROTEINS

Principal Investigators: C. B Blharde J0F, Weiss and AL Jacobs, AJRRT
Collaborator: P.B. Chretien, Narional Institutes of Health
Technical Assistance: J.C dengand Cos Morns, AFRR/S

Serum glycoproteins are significant consequences of
radiation damage, trauma, and other disease states,
whereas other serum proteins are depressed due to
trauma. Evidence exists that several serum glyco-
proteins that are affected by exposure to radiation have
immunoregulatory properties. Assay of these proteins
may provide information on immune status (1),

Current studies emphasize the isolation of the protein
markers myoglobin and .9HS-glycoprotein, and also the
development of assays for these proteins as well as
fibronectin and .y-acid glycoprotein. The effect of
w9HS-glycoprotein and . j-acid glycoprotein on macro-
phage cytotoxicity and chemotaxis was studied.

REFERENCE

1. Weiss, J. F. Radiation effeets on serum factors that
affect systemic immunity. Conference on Long-
Term Normal Tissue Effects of Cancer Treatment,
Bethesda, Vlaryland, 1981.
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BIOLOGICAL MARKLERS: VOLATILE HYDROCARBONS

Principal Investigators: JoF. Werss, Co B Blhardtoand GONL Catravas
Techmeal Assistance: K. M Hatles

Studies have continued on the possibility of using vola-
tile hydrocarbons expired after radiation exposure as
indicators of free radical damage in vivo.

Procedures for measuring the evolution of hydrocarbons
in vitro were established. The feasibility of using the
generation of volatile hydrocarbons as an index of
radiation-induced lipid peroxidation was demonstrated

(1).

Techniques are being developed for determining in vivo
the evolution of hydrocarbors in order to directly
measure lipid peroxidation due to radiation.

REFERENCE

1. Dobbs, C. R., Kumar, K. S., Weiss, J. F., and
Catravas, G. N. Generation of volatile hydro-
carbons as a measure of radiation-induced lipid
peroxidation in vitro. International Journal of
Radiation Biology 39: 445-449, 1981.




RADIOPROTLECTION BY IMMUNOMODULATORS

Principal Tovestigaton: 3o F. Weiss, Vo Srimvasan, and K. F.McCarthy, AFRRT | Y
Collaborgtor: MUALChitigos, National Institures of Health ‘
Fechnical Assistance: J.C Jeng  CoL Harding, and P W Jones, AFRRI ‘ ’

The potential utility of immune adjuvants (biologic
response modifiers) as radioprotective agents is being
investigated. Currently, various aspects of radio- ‘
protection by the immunomodulators levamisole, i
thymosin, azimexon, and pyran are being studied. Con-
versely, the immunoprotective and immunostimulatory
properties of known sulfhydryl-containing radioprotec-
tive agents such as WR-2721 are being investigated. In
this regard, it was determined that the antioxidant and !
radioprotective properties of levamisole are probably ;
due to its conversion to a sulfhydryl derivative and to

modulation of oxidative processes (1).

Studies on azimexon have concentrated on its effects
on progenitor cells. Results suggest that this drug may
have immunorestorative properties even when admin-
istered postirradiation (2). Azimexon, a eyanazaridine
immunomodulator, has been shown to increase the sur-
vival of X-irradiated mice in our own and other labora-
tories. Evidence exists that azimexon treatment after
radiation exposure helps to reverse radiation-induced
leukopenia. Similarly, the toxicity of eyclophosphamide
can be reduced in mice by azimexon treatment.

In considering the immunoprotection shown by azi- :
mexon, we studied its effect on hematopoietic progeni- ‘
tor cells. Female B6D2F1 mice were injected intra-
peritoneally with azimexon (25 mg/kg). At various
days, spleen and bone marrow cells were cultured for
determination of granulocyte-macrophage colony-
forming cells (GM-CFC) and monoecyte-macrophage
colony-forming cells (MM-CFC). Colonies counted 7
days after initial plating were considered to be derived
from GM-CFC's, whereas colonies arising after 25 days
of incubation were scored as progeny of MM-CFC's,

In both bone marrow and spleen, azimexon treatment
resulted in an initial slight depression in number of GM-
CFC's, followed by a period of steadily increasing
numbers and a significant increase at the 7- to 9-day
period. Bone marrow MM-CFC’'s did not increase until
7 days after treatiment. Splenic MM-CFC's were the
least affected by azimexon treatment, suggesting
different MM-CFC subpopulations (Figure 1). The




increase in granulocytic and monoeytie colony-forming
cells may play a role in azimexon protection against
radiation-induced and drug-induced toxicity.
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Figure 1. Etfect of asztmexon (25 mg/kg) on mouse
monocyte-macrophage colony-forming cells
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MEASUREMENT OF URINARY HISTAMINE: DEVELOPMENT OF
METHODOLOGY AND NORMAL VALULS

Principal Investigators: G Myers, Navional tnstitiuee of Allergy and Infectious Discases.

Collaborator:

National Institutes of Health
M. A. Donlon, AFRRI
M. A Kaliner, NATD, NI

Technical Assistance E. A Helgeson, AFRRI

In humans, histamine is released from tissue mast cells
as a result of midlethal and lethal doses of radiation.
The determination of histamine levels in the blood is
complicated by the presence of active plasma histam-
inases. Approximately 1 percent of the histamine that
is injected subcutaneously or intravenously is excreted
into the urine. This small portion of histamine, cleared
by the kidney and excreted intact into the urine, might
allow the analysis of fluctuations in plasma histamine.
The imeasurement of histamine in the urine has several
advantages: stability, accessibility, and the opportunity
for retrospective analysis.

A method for measuring urine histamine was developed
based on cation-exchange chroimatography, organic sol-
vent extraction, o-phthalaldehyde condensation, and
measurement of fluorescence. A portion of each
sample was digested with diamine oxidase in order to
determine authentic histamine in the urine.

Normal urinary histamine levels of 13 + 8 ng/ml, 14 + 9
pg/24 hours, or 14 + 12 ng/mg creatinine/ml were
found. Ordinarily, males and females exerete equiva-
lent concentrations; spot, short-timed, or 24-hour
collections provide equivalent results; and histamine in
frozen urine is stable for 6 months or longer. Two
patients with systemic mastocytosis and two with idio-
pathic anaphylaxis were found to have elevated levels
of urine histamine,

These results suggested that monitoring the levels of
urine histamine may be useful in assessing the condi-
tions in which histamine plays a role. We shall investi-
gate histaminuria in experimental animals following
radiation, and assess the effectiveness of several anti-
allergic and radioprotectant agents on the excretion of
histamine,




EXPERIMENTAL HEMATOLOGY DEPARTMENT

Exposure to ionizing radiation doses of 100-200 rads will
damage or destroy bone marrow cells, resulting in the reduc-
tion of or the cessation in production of granulocytes, macro-
phages, and platelets, which are the first and major defense
against infectious bacteria and their toxins. With increased
radiation doses above 200 rads. these infections result in
fatalities.

Infections and fatalities can be decreased by procedures that
protect bone marrow cells from these effects, or that enhance
their endogenous production postirradiation, or that tempo-
rarily supply functional granulocytes until the radiation-
damaged bone marrow recovers. In addition. successful treat-
ment is promoted by means that would prevent the invasion
of intestinal gram-negative bacteria into other tissues and
organs of irradiated persons or would at least reduce the con-
centration of those bacteria. Successful treatment would
increase the percentage of survivors exposed to minimum
lethal doses of ionizing radiation. The effect would be to
reduce a 107/-20°/ lethal dose to one that is sublethal.

Studies are conducted to (a) develop therapy for damage
from exposures to higher radiation doses that do not com-
pletely destroy bone marrow stem cells and (b) develop
replacement of bone marrow. In addition, one important
project deals with the complex effects of multiple injuries,
and another project deals with the possible late effects in
survivors of low doses of radiation.

The Departmental program is divided into six project groups,
each researching a specific area.

PROJECT GROUP 1: Stem Cell Physiology and Enhance-
ment of White Cell Production
Postirradiation

These projects are intended to elucidate (a) mechanisms of
normal stem cell renewal and differentiation, (b) interaction
of the humoral substances released by functional white
blood cells (lymphocytes and/or macrophages) in loci of
inflammation and infection, and (c) the primitive precursor
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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 engineer-
ing in order to enhance the production of white blood cells
to fight against invading bacteria and their toxins. Significant
progress has been made in determining the humoral and
cellular interactions, the proliferation capabilities of normal
and postirradiation stem and precursor cells, and the relative
biological effectiveness of neutron radiation of these cells.

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

These projects deal with experimental designs to discover the
possible routes of bacterial invasion postirradiation. the
means of preventing this invasion, and the means of increas-
ing a radiation-injured organism’s defense against the bacteria
and their toxins. Studies were conducted to determine the
relative effectiveness of bacterial lipopolysaccharide (endo-
toxin) and yeast cell wall preparations (glucan) on stimula-
tion of the hematopoietic system and nonspecific resistance
to infection. Mutant mice, resistant to endotoxin and
extremely sensitive to gram-negative bacteria, were intro-
duced to help elucidate the mechanisms involved in
infectious disease.

PROJECT GROUP 3: Combined Injury

Military analysts have estimated that. in a future atomic war,
more than 70 percent of the casualties will suffer certain
injuries in addition to those caused by ionizing radiation.
The greater percentage of those injuries will be wounds or
burns. German and Russian studies using mice or dogs indi-
cate that the presence of open wounds after irradiation will
increase the number of fatalities whereas the immediate
suturing of open wounds will not. Unfortunately. because
of septic conditions, surgeons usually postpone the suturing
of wounds in military field conditions. Since the hemato-
poietic system is involved in the healing of wounds. it is
important to study that system’s functional status in irradi- "
ated animals. Studies to date point out that the incidence of :
survival is affected by the size of wounds and by the timing
of trauma in relation to exposure to radiation. It has been
shown that wound trauma before irradiation provokes an
earlier and greater increase in clonogenic cells than seen in i
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irradiated miee. This increased survival after lethal irradia-
tion has been correlated with the proliferation of endogenous
pluripotent stem cells.

PROJECT GROUP 4: Physiological Assessment of Fresh
and Cryopreserved Granulocytes
and Macrophages Used for Post-
irradiation Transfusion

Bone marrow exposed to radiation doses of 350-500 rads still
has the capability of recovering if the animal or human does
not die from infection. The best treatment is the infusion of
compatible granulocytes. Methodology for the isolation of
granulocytes by counterflow centrifugation-elutriation (CCE)
was continued and improved, and the separation of whole
bone marrow cells was initiated. We demonstrated that the
principles of CCE can be extended to an enlarged separation
chamber for the isolation of therapeutic numbers of highly
purified granulocytes as well as nucleated bone marrow cells
for animal-model transfusion studies. We also showed that
CCE-isolated canine granulocytes display differential in rirro
and in vivo efficacy in physiological function as a result of
the procedures of dual leukapheresis, CCE isolation, storage,
and freezing.

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

Once radiation completely destroys the bone marrow, no
endogenous recovery is possible. In such a case. the trans-
plantation of bone marrow between genetically identical
persons is the only means of treatment and recovery. How-
ever, genetically identical cells usually are not available (with
the exception of those from identical twins), and the trans-
plantation of incompatible bone marrow results in death. In
preparation for establishing a large-animal transplantation
model, the methodology associated with counterflow centri-
fugation-elutriation has been applied to the separation of
whole bone marrow suspensions into various cell fractions
based on a density gradient. Cellular profiles were obtained
from bone marrow suspensions of mouse, dog. monkey, and
human. These fractions were each assayed for the presence
of clonogenic progenitor cells with repopulating ability.
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PROJECT GROUP 6: Late Effects of lonizing Radiation

In recent years, the possibility has become apparent that
military personnel exposed to very low doses of radiation
may show an increase of degenerative diseases years later. To
obtain greater insight into this phenomenon, studies in this
project group were initiated along two major lines of investi-
gation:  (a) the effect of low-dose ionizing radiation on
pregnant mice and on fetal and neonatal hemogpoietic tissue.
and (b) the effect of low-dose radiation on long-term in
vitro cultures of hemopoietic stem cells.
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THYMIC INHIBITION OF MYELOPOIETIC PROLIFERATION

Principal Investigator: DL F. Gruber

The marked radiosensitivity of thymie tissue is a known
phenomenon. Some investigators have noted morpho-
logical thymic alterations after radiation doses as small
as 50 rads (1). This may be due to the fact that
ontogenetically a preponderance of thymic tissue is
lymphoidal, and lymphocytes are supposed to be radio-
sensitive.  Of interest to us as well as the cells :
themselves are the factors elaborated by the cells in !
culture.

We chose to investigate media conditioned by thymus
tissue because (a) thymus tissue is uniquely susceptible
to radiation, (b) its metabolites affect hematopoiesis,
and (c) the thymus has an obvious role in immuno-
regulation. Some of the functional assays conducted on
the conditioned medium from cultures of murine
"nonlymphoid" adherent thymus cells show the thymus |
to be a source of a potent myelopoietic inhibitor
substance(s).

Examination of the inhibitor(s) in the soft-agar clono-
genic assay (Table 1) shows that it abrogates both the
10-day granulocyte-macrophage colony-forming cell ’
(GM-CFC) and the 25-day monocyte-maerophage E
colony-forming cell (M-CFC). The inhibition was most
significant when the thymus-conditioned medium (TCM)
was present at culture initiation. But when TCM was

Table 1. Inhibition and Reversibility of Thymus-Conditioned
Medium (TCM) Demonstrated by GM-CFC* and M-CFC™
i |
GM=CFe w of M-iTFC v ool
Treatment X = SEM) Controt X = SEAD control
L-cell medium 18.8 - 0.4 100 10.2 = 0.8 100
&
L.-cell medium, TCV il 1} i} i}
i.-cell medium, TCM, one wash® 145 - 1.6 w7 13.2 = 0w 8
L-cell medium, TV, two washes 17.4 - 0.5 93 18.2 = 04 45
4
-
10-day Zranulocyte-macrophage colonv ¢ 50 cells) count per 2.2 x I(lJ live nucleated cells
plated

25-day monocyte-macrophage colony (30 cells) count per 2.2 x 11]4 hive nucleated cells plated

Thymus-conditioned medium (2.5% by volume [,-cell medium)

* washed in medium and centrifuged at 250 x ¢ for 10 minutes
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added at a time after soft-agar initiation (day 6),
significant clonogenic inhibition was seen (Table 2).

Table 2. GM-CFC* and M-CFC* Response to Graded Doses
of Thymus-Conditioned Medium (TCM) Added 6 Days
After Initiation by L-Cell Medium

Volume % GA-CFC v oof M-cEe ool
TCM Added x = SEM) tontrot ‘X = SEAD <ontrol
0 T8 - L4 100 1.2 = 0.9 100

2.5 12.8 = 1.7 T2 13.5 = 0.8 T4
3.0 0.3 = 1.5 5 oo 05 23
12,5 4.3 = 9. N 4.3 0.5 25
25.0 4.7 = 0.9 26 +.2 2 03 23

.

See footnote 1 in Table 1.
-

See footnote 2 in Table 1.

+
L-cell-conditioned medium, 200 vl

We have characterized the inhibitor(s) as being potent
on the basis that volume ratios of inhibitor to L-cell
colony-stimulating factor as low as 1 part to 40 parts
will give near total inhibition of both GM-CFC and M-
CFC clonogenic growth (Table 3). Physiochemically,
the inhibitor is dialyzable, has a molecular weight of
less than 1000, is not significantly cytotoxic (Table 4),
and its effects are reversible with washing (Table 1).

The possibility that this factor is a lymphokine cannot
be ruled out completely because a decreasing lympho-
cyte presence was seen through day 12 of culture
(Cytospin morphological analysis). In all likelihood,
however, the factor(s) is most probably due to members
of an adherent "nonlymphoid" ecell population. It
appears that the in vitro cells elaborating the inhibitor
do so in the absence of either antigenic or mitogenic
stimulation, in contrast to other thymic lymphokines
(i.e., CIF/PIF) identified in the literature.
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Table 3. Graded Dose Inhibition of GM-CFC* and M-(‘F(‘+
by Thymus-Conditioned Medium (TCM)

77 1
] GAl-CFC M-CEC
I'reatment X = SEM) L SEMY
L-cell medium ¥ 178 5 1.4 18.2 ¢+ 0.y i
|
L-cell medium + 2.5 vol ‘% TCV 1.0 = i} H I | i
|
L.-ceil medium + 5.0 vol '% TCM 1 i}
l.-celi medium + 10.0 vol % TCM ] il ’
L-cell medium + 25.0 vol "% TC\ 0 i] _J

L d
See footnote 1 in Table 1.
" see footnote ? in Table 1.

* L-celi-conditioned medium, 200 ul/plate

Table 4. Percent Viability of Murine Bone Marrow Grown in
Graded Quantities of Thymus-Conditioned Medium (TCM)

Volume % TCM Percent Viability = Tested at:
Added to
Control Medium 5 hr 24 hr 30 hr 18 r
0 99 97 95 95
2 87 36 35 33
3 83 32 30 80
10 82 32 80 79
29 83 81 81 79

-
Determined by hemocytometer and trypan blue exclusion

A number of investigators have implied that thymic
humoral factors are elaborated by morphologically
appearing epithelial cells. On the basis of histologic
and morphologic criteria, it appears that epitheloid
cells represent a small fraction (25%) of the adherent
thymus cell culture population. The majority (80%) of
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the cells appear to be of maecrophagic lineage, based on
their demonstration of positive esterase staining and
ingestion of IgG-coated bovine red blood cells. Quanti-
tatively, these morphological percentages agree with
the desecriptions of thymice microenvironmental cells
reported by Jordan and Crouse (2) and Jordan et al. (3).

In itself, the suppression of myelocytopoiesis may not
be significant, but critically important is the awareness
of any and all channels of immunocompromise in an
organism debilitated by radiation. On the basis of what
has been reported here, it appears that TCV must be
considered in cases of immunosuppression.

REFERENCES
1. Anderson, R. FE., and Williams, W. L. Radio-

sensitivity of T and B lymphocytes.  American
Journal of Pathology 89: 367-378, 1971.

2. Jordan, R. K., and Crouse, . A. Studies on the
thymic microenvironment: Morphologic and func-
tional characterization of thymie nonlymphoid cells
grown in tissue culture., Journal of Reticulo-
endothelial Society 26: 385, 1979.

3. Jordan, R. K., Crouse, D. A., and Owen, J. J. T.
Studies on the thymie microenvironment: Non-
lymphoid cells responsible for transferring the
microenvironment.. Journal of Reticu.oendothelial
Society 26: 373, 1979.
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DEVELOPMENT OF A NEW TECHNIQUE FOR CYTOKINETIC ANALYSIS:
BrdUrd/NEAR-UV-CONDITIONED LETHALITY

Principal Investigator: M. P, Hagan
Collaborators: M. M. EIkind and T. J. MacVittie
Technical Assistance: D. P. Dodgen and R. T. Brandenbuirg

Present techniques for measuring growth rate, cell-
eycle time, or the fraction of cells cyeling are based on
in vitro tests or in vivo suicide. These techniques
preclude in vivo measurements prolonged over the life-
time of the cell. Therefore, most of the significant
information regarding a cell's lincage remains hidden.
This problem could be partially solved with the applica-
tion of a DNA-labeling technique that could (a) label
DNA over a defined period, and (b) represent a target
for the formation of a lethal lesion. TFrom previous
work it appears that the use of a BrdUrd label for DNA
followed by an exposure to near-ultraviolet light (near-
UV) fulfills these requirements (1).

The effectiveness of this technique was first tested in a
series of in vitro experiments with V79 Chinese hamster
cells. The current experiments in this series identify
the S-phase of the cell cycle as a time during which
cells partially labeled with BrdUrd can still survive
large doses of near-UV radiation (1).

Cells labeled with BrdUrd in the same S-phase as the
near-UV irradiation demonstrate the ability to repair
sublethal damage. This fact is reflected in Figure 1, in
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Figure 1. Ultraviolet light irradiation survival curves after incorporation ot BrdUrd
into DNA.  A: V79 cells were fabeled in vitro for time shown on figure, Label K
consiz.~d of a solution of 1 x 10 M BrdUrd. 1 x 100 M FdUrd, and alpha- .
modifiec Eagle’s minimal essentials medium.  B: Murine bone marrow cells were ,
labeled in vivo via a subcutancous intusion of 75 mM BrdUrd. Frror bars, when !
larger than data svmbols, represent + 1 SE.

the shoulder on the survival curve for V79 Chinese
hamster cells. In contrast, cells labeled for one
complete generation or more do not repair sublethal
damage. This repair of sublethal damage in the S-phase
is also independent of caffeine, a drug that sensitizes
cells to BrdUrd and near-UV after this initial S-phase.
It is then a conclusion of this work that cells labeted
with BrdUrd for less than one generation can be easily
distinguished from those labeled over longer periods (1).

This work was also extended to the labeling in vivo of
murine hemopoietic stem cells. Low replacement
levels of BrdUrd for thymidine were achieved through
the use of indwelling osmotic minipumps containing
sterile aqueous solutions of BrdUrd. The near-UV
survival curves produced by this technique permitted
the immediate assay of three distinet cell populations:
those cyeling more than once, those cycling for a |
fraction of the S-phase, and those not cycling. As

shown in Figure 1, the bone marrow stem cell sensitivi-

ties to BrdUrd/near-UV are directly relatable to the in

vitro analog studies. The kinetic analysis of these data

revealed for the first time the rate at which bone

marrow-derived stem cells pass from a noncycling state

to a eyeling state (2).
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GROWTH OF CANINE BONE MARROW AND PERIPHERAL BLOOD
MONONUCLEAR CELLS IN IN VIVO PLASMA CLOT DIFFUSION
CHAMBERS IN MICE: CYTOPOIETIC ACTIVITY, GM-CFC CONTENT.
AND PHYSICAL SEPARATION

Principal Investigators:  T. J. MacVittie and K. F. McCarthy F
Technical Assistance:  J. L. Atkinson, E. 6. McCarthy, and R. T. Brandenburg

Normal and regenerating canine bone marrow and
normal peripheral blood mononuclear cells (PBMC) were
cultured in vivo in liquid diffusion chambers (LDC) and
in plasma clot diffusion chambers (PCDC) implanted
intraperitoneally within sublethally irradiated mice.

The cytopoietic activities (ratio of nucleated cells
harvested per diffusion chamber at day 7 of culture to
the nucleated cell input) of bone marrow and PBMC |
were significantly greater when grown within the "
plasma clot rather than liquid diffusion chamber cul-
tures. Bone marrow and PBMC grown in plasma clot
cultures had respective cytopoietic activities of 2.8 and
1.3, while bone marrow and PBMC grown in liquid
cultures each had a respective cytopoietic activity of
1.2 and 0.7 (Table 1). Linear relationships were
observed between the number of nucleated cells innocu-
lated and the number of cells harvested after 6-8 days
of culture,
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Table 1. Cytopoietic Activity of Canine BMC and
PBMC Grown in Liquid and Plasma Clot DCs*

Cytopoictic Activity

Liguid Plasma clot
Normal BMC 1.2+009 28+021
Regenerating BMC 6.6+1.1
Normal PBMC 0.7+ 0.09 1.3:0.16

* Values arc slopes (2 SEM) of regression lines calculated for relation-
ship between the number of nucleated cells inoculated mnto DCs and
the nuclcated cclls hurvested per DC at day 7 of culture. (—) n-
dicates the valuc was not calculated.

BMC. bone marrow cells
DC, diftusion chamber

Morphologically, both types of cultures resulted in
predominant growth of granuloeytes, monocytes, and
macrophages.  The cellular growth curves of bone
marrow in LDC and PCDC cultures were markedly
different. Total nucleated cells per diffusion chamber
in liquid cultures decreased after implantation to a
minimum value at day 4, and then rose to control levels
by days 7-8. In contrast, the cellularity of PCDC
cultures increased within 24 hours and continued to
rise, reaching plateau levels (two- to fourfold input) at
days 6-8 of culture (Figure 1).

Granuloeyte-macrophage colony-forming cells (GM-
CFC) measured by in vitro agar culture could not be
detected in suspensions derived from liquid diffusion
chamber cultures, whereas GM-CFC derived from
PCDC cell suspensions remained at concentrations
equivalent to input levels over 48 hours and then
decreased slowly through day 7 of culture (Figure 2).

Separation of canine density-"cut" bone marrow cells by
velocity sedimentation indicated that the population of
cells responsible for growth within PCDC is hetero-
geneous and that a subpopulation of these cells could be
separated from GM-CFC (Figure 3). This PCDC
population sedimented more slowly (3.7 mm/hour) than
the GM-CFC (5.5 mm/hour). A second and more rapidly
sedimenting peak was also observed for cells with
cytopoietic activities and PCDC at 6.4 mm/hour.
Significant overlap was seen with the range of
GM-CFC.
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Figure 1. Increase in total nucleated cells per diffusion chamber
versus number of days in in vive culture.  Diftusion chambers
were inoculated with normal canine bone marrow (NBM} in
liquid culture and plasma clot culture and regencerating bone
marrow (RBM) in plasma clot culture. Mean data points (+ SEM)
are from ten (NBM) and four (RBM) replicate experiments, one
canine per experiment. Six diffusion chambers were used per
data point per experiment.
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Figure 3. Velocity sedimentation profile of density-cut normal
canine  bone marrow cells, granulocyte-macrophage  colony-
torming cells (GM-CFC), and cells responsible for diffusion
chamber cytopoietic acvivity (DC-CA). lustrated are the mean
number of total nucleated cells (TNC). GM-CFC. and DC-CA per
fraction of three experiments, expressed as percentage of the
peak value versus fraction nimber and sedimentation rate.

The data showed a significant advantage in growth of
canine bone marrow cells and PBMC in plasma clot
diffusion chambers over liquid diffusion chambers, in
terms of cellularity and growth of GM-CFC. Velocity
sedimentation results indicated a separation of a popu-
lation of cells responsible for growth in PCDC from the
in vitro GM-CFC population. This may implicate a
parent-progeny relationship between these cells similar
to tha! recently described with human bone marrow
cells in fibrin clot diffusion echambers.
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EFFECTS OF LOW-DOSE TOTAL-BODY IRRADIATION ON CANINE BONE
MARROW FUNCTION AND CANINE LYMPHOMA

Principal Investigators:  D. E. Cowall, T. J. MacVittie, G. A. Parker, and S. R. Weinberg
Technical Assistance:  J. L. Atkinson and R. T. Brandenburg

Low-dose total-body irradiation, 150 rads given ir 10
fractions over 5 weeks, is a useful treatment modality
for favorable-prognosis lymphomas. Little is known,
however, about the effects of this regimen on normal i
bone marrow.

Six healthy beagle dogs and five dogs of various breeds
with lymphoma were treated with total-body irradia- ,
tion. Three of the five lymphomatous dogs achieved
remissions of limited duration. No changes in the
hemograms or in bone marrow cellularity (as assessed
by needle marrow biopsies) could be detected during or
after treatment. Bone marrow progenitor cells were
studied weekly during treatment and for 4 weeks there-
after using in vitro growth assays for granulocyte-
macrophage colony-forming cells (GM-CFC) and
monocyte-macrophage colony-forming cells (M-CFC).
These studies demonstrated significant reduections {(p <
0.001) of granulocyte and macrophage progenitor cells I
with subsequent recovery toward normal preirradiation :
and sham-irradiation values (Table 1).

Table 1. Canine Bone Marrow GM-CFC™* and M-CFC During and After

Fractionated, Low-Dose Total-Body Irradiation
Cumulir- Normal irradiated Normal sham irradiated 1.y mphomatous
lime  tive dose ——— - - - JE— - - -
tweeks) (rad) GM-CFC M-CFC GM-CFC M CFC GM-CFC
0 0 Ri. - 6.5 1o, - 6.7 74 113 65 - 186
) 0 4R, 5.6 6, - 156 X 83 K,
2 60 .- 99 W0 83 9s 29 - 133
? 90 26, - 101 19, 6d 101 1,27
4 120 I 4.6 6,0 K8 73 23 - 100
s 150 17, » 7.2 49, ¢ |7.R 76 RS 12, - 31
6 22,114 N.D. 91 74 N.D.
7 a0, - S R, i 122 EERNRE
% a6, 0 72 s, - 24 7 82 54,
9 w6, + 83 604, 76 R1 41,
*GM-CFC  granulocvte-macrophage colony forming cell: M-CFC mucrophage colony -fornung cell. Both
are expressed as mean number of colonies 107 nucleated cells. Subscript number of separite experiments,

one dog per experiment. N.D. not determined
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Two other dogs were injected with sublethal doses of
Salmonella txghosa endotoxin 2 weeks after completion
of the irradiation regimen. Their bone marrow GM-
CFC responses were dramatically blunted compared to
nonirradiated controls, whereas their peripheral leuko-
cyte responses and serum colony-stimulating aectivity
levels were comparable to those of nonirradiated
controls (Table 2).

Table 2. Canine GM-CFC* Response to Endotoxin
2 Weeks After Low-Dose Total-Body Irradiation

Percent of pre-endotoxin GM-CFC values {
Hours after endotonin

0 M 48 7 vE

Irradiated dog 1 e 96 ;Y &S 18
Irradiated dog 2 1% R7 94 178 90
Nonirradiated dogsT 100 96 380 350 250

* GM-CFC granulocyte-macrophage  progenitor
cell in culture.

T Average values for three normal. nonoradiated
dogs,

These studies suggest that total-body irradiation may
induce bone marrow injury that may be clinically signif-
icant if patients so treated are further stressed by
infections or myelosuppressive drugs.
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RADIOSENSITIVITY OF EXOGENOUS AND ENDOGENOUS SPLEEN COLONY
UNITS AFTER FISSION NEUTRONS AND 60Co GAMMA RAYS

Prncipal Investigators: R M. Vigneulle, S ). Baum, W.S. Bice. and K. P, Feilic

Technical Assistance: R. [. Brandenburg 1

A radiobiological program using fission neutrons is in
the planning phase at AFRRI in response to needs to
expand our technological data base for relative biolog- ,
ical effectiveness (RBE) using animal model systems. }
The present study compares some radiobiological
parameters of the hematopoietic stem cells using
different techniques and radiation of different qualities 1
in order to establish baseline radiobiological values '
using either modified fission neutrons from the AFRRI
TRIGA Mark-F reactor or 60Co gamma rays.

The modified fission neutrons from the AFRRI TRIGA
reactor have a mean energy of approximately 0.7 MeV,
a neutron~-to-gamma ratio of 32 to 1, and about 3% of
total dose contribution due to gamma ray contamina-
tion. Groups of mice are rotated vertically as pairs in
aluminum tubes along an isodose contour within a
2-inch-thick lead cave open only on the side that faces
the reactor. This physical setup minimizes the contri-
bution of gamma dose due to room return.

The radiosensitivity (Dg) of hematopoietic stem cells
was estimated, using endogenous spleen colony-forming
units (E-CFU) and exogenous spleen colony-forming
units (CFU-s) derived from bone marrow and spleen
after exposure to 60Co gamma and fission neutrons.
The CFU-s were derived from bone marrow or spleen of
groups of mice that 24 hours previously had been
exposed bilaterally to either (a) 50, 100, 200, 300, and
400 rads of 80Co gamma at 40 rads/minute, using the
AFRRI 80Co gamma souree, or (b) 50, 100, 150, and 200
rads fission neutrons at 40 rads/minute calculated free
in air. The endogenous colonies were measured on
spleens of mice fixed in bouins 8 days after exposure to
either {a) 400, 460, 518, 575, 632, 690, 748, and 805 rads
60Co gamma or (b) 175, 200, 225, 250, 275, 300, and 325
rads fission neutrons.




Linear regression fits of the data transformed to logs
were performed, and the reciprocal slopes were calcu-
lated and compared for determination of the relative
biological effectiveness (RBE) (Table 1). The RBE (dose
of 80Co gamma to the dose of fission neutrons) was
calculated (a) at CFU-s surviving fraction equal to 0.1
and (b) using the ratio of reciprocal slopes for endog-
enous colonies. The RBE was found to range from 2 to
3, although the reciprocal slopes (D) were different
with’each method of measurement.

Table 1. Radiosensitivity and Relative Biological Effectiveness
of Committed Stem Cells as Measured by Exogenous and
Endogenous Spleen Colonies

g (rad) = 1 S.E.
(RBE) Method of
n on caleulation
Exogenous bone
marrow 56 - 6 29 -4 2.3 (S°Sq = 0.1)
Spleen 65 - 13 23+5 2.9 (§.S4 =0.1)
Endogenous
spleen 165+ 10 T2+ 86 2.2 {Slope ratto)

In conclusion, although the radiosensitivities deter-
mined for hematopoietic stem cells differ and depend
on the method of estimation, the RBE that was ecalcu-
lated is not very different. The differences in the
radiosensitivities reflect changes in the populations of
hematopoietic stem cells measured by each technique.
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ORIGIN, FUNCTION, AND RADIOSENSITIVITY OF CENTRAL NERVOUS
SYSTEM MACROPHAGES

Principal Investigators:

Techmeal Assistance:

W.J. Florand V. M. Hartwig
W. L. Sickel

Although mature macrophages themselves are generally
considered to be relatively radioresistant cells, evi-
dence exists that the antigen-"processing" step in their
function in the immune system can be significantly
altered by radiation, thus compromising the irradiated
organism's ability to combat infection. Also, the
relative radiosensitivity of hematopoietic progenitor
and stem cells (from which monoeytes and ultimately
macrophages are derived) indicate that the macrophage
repopulation of an irradiated organism would be signifi-
cantly diminished. It is believed that the intra-
ventricular phagocytes represent a model system to
determine the origin, kinetics, and function of the brain
macrophage subpopulation, its relationship to the mono-
nuclear phagocyte systein, its sensitivity to radiation,
and its response to factors that enhance its production
postirradiation.

Normal brain macrophage populations were surveyed by
light microscopy, transmission electron mieroscopy, and
scanning electron microscopy in several strains of mice,
rats, and guinea pigs. Emphasis was on macrophages
within the ventricular system. Macrophage origin was
studied by use of ultrastructural and physiological cell
markers and by sequential study with the various
microscopy systems. Vlacrophage function was assessed
by use of bacteria and by latex or carbon particles
administered intraventricularly. Radiosensitivity was
determined by gamma irradiation of animals at several
doses and rates related to those that affect macrophage
subpopulations of other organs, followed by assessment
of the presence, stimulation, and function of the
irradiated population.

The normal macrophage population of the central
nervous system (CNS) of specific pathogen-free rats has
been surveyed and found to be greatly reduced from
that in conventionally reared rats. This finding
indicates that this rat is a good model in which to study
the repopulation of the CNS macrophages.

69




A LIPOPOLYSACCHARIDE-RESPONSIVE CELL IN C3H/Hed MICE: THE
PERITONEAL EXUDATE-DERIVED MACROPHAGE COLONY-FORMING CELL

Puncipal Investigators: 108 MacVittie and S, R, Weinberg
Technical Assistunce: boGoMeCarthy and 3. L Atkinson

The C3H/Hed mouse is a substrain particularly noted
for its resistance to the many diverse biologic effects
of bacterial lipopolysaccharide (LPS) experienced by
many other strains. In addition to decreased lethality
and selective in vitro macrophage unresponsiveness, the
hematopoietic system of C3H/HeJ is markedly unre-
sponsive to LPS in terms of decreased radiosensitivity,
plasma colony-stimulating activity (CSA) levels, splenic
stem cells (CFU-s), and granulocyte-macrophage pro-
genitor cells (GM-CFC) than the responsive C3HeB/Fed
strain.

Ny —

An in vitro colony-forming cell specific for the forma-
tion of macrophages has been detected within the
murine marrow, extramedullary organs, and tissue
spaces. The ubiquitous nature of this macrophage 1
colony-forming cell (M-CFC) and the specific nature of ‘
its progeny prompted us to investigate its temporal
pattern of induction within the peritoneal cavity of f
C3H/Hed mice relative to their counterpart C3HeB/Fed
in response to an intraperitoneal injection of Westphal
preparation (LPS-W).

The concentration and total number of M-CFC
increased markedly in the peritoneal exudate of both
paired strains in response to the intraperitoneal injec-
tion of LPS-W (Figure 1), although a marked contrast is
noted between the strains during the initial 48 hours.
The CH/Hed M-CFC increased in concentration from 73
per 109 to a peak value of 4807 per 109 cells at 48
hours, representing a 66-fold increase. This resuli.-! in
a 10-fold advantage in the absolute number of M-CFC
in the peritoneal exudate cells (PEC) of C3H/Hed mice
over C3Heb/Fed (Figure 1). This is in spite of the ,
dramatic 176-fold increase in M-CFC concentration in i
the C3Heb/Fed over the same 48-hour period. [t |
required an additional 24 hours for the C3Heb/Fed to
cateh the C3H/Hed in relative number of M-CFC and
hence approach a comparable absolute number of
M-CFC by 72 hours after injection of LPS-W (Figure 1).
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Figure 1. Total macrophage colony-forming cells (M-CFC) detected
in peritoneal cavity of C3Heb/Fel and C3H/Hel mice following
intraperitoneal injection of Westphal preparation, £ coll

In view of the high potential for involvement of macro-
phages in the many diverse biologic reactions to endo-
toxin and the well-documented unresponsiveness of
macrophages as well as granulocyte-macrophage pro-
genitor cells from C3H/Hed strain mice to these reac-
tions, we measured the response of an in vitro eolony-
forming cell specific for maecrophages to an intra-
peritoneal injection of LPS-W in both C3HeB/Fed and
C3H/Hed mice.

Our studies have shown that (a) the C3H/Hed strain
contains a significantly greater number of M-CFC in
the hematopoietic organs, peripheral blood, thymus, and
peritoneal cavity, and (b) in response to endotoxin, the
peritoneal exudate is characterized by a more acceler-
ated rise in content of M-CFC within the initial 48
hours after injection. At 48 hours, the C3H/Hed PEC
contained 257,000 M-CFC versus 25,000 M-CFC for the
C3Heb/Fed. Peak values, however, were comparable at
72 hours in both strains. This is probably the result of a
marked rise in migration and proliferation of M-CFC in
the C3Heb/Fed.

Concomitant with the marked rise in absolute values of
M-~CFC in the C3H/HeJ is a biphasic increase in neutro-
phils and macrophages. This response confirmed that
reported by Sultzer and Goodman (1) and by Moeller et
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al. (2). The C3H/Hed responded more quickly, eliciting
an early polymorphonuclear increase within 6 hours,
followed by a rapid decrease to negligible numbers
within 48 hours. A rapid rise in macrophages ensued.
Sultzer and Goodman concluded that the C3H/Hed is
not a low responder in terms of the peritoneal inflam-
matory response. We have also shown that it is capable
of an accelerated response in terms of the peritoneal
exudate-derived M-CFC. The control data also indi-~
cated a significantly greater number of M-CFC in other
organs and tissue spaces also affected by endotoxin,
The bone marrow and extramedullary organs and tissue
spaces appear to be primed in this respect for a rapid
increase in systemic M-CFC.

The diversity of the LPS-induced activities affected by
this mutation have recently been shown to include many
aspects of the hematopoietic response. The cellular
effect is most evident in the splenic tissue where
endogenous colony-forming units, exogenous CFU-s, and
GM-CFC are all significantly diminished in their
characteristic in vivo responses to endotoxin. Recent
experiments analyzing the temporal response to endo-
toxin of the M-CFC in boné marrow, spleen, and
peripheral blood of C3H/Hed mice have shown signifi-
cant differences from the responses of their earlier
progenitors, the CFU-s and GM-CFC (unpublished
observations). These various populations of M-CFC
(bone marrow, spleen, peripheral blood leukocytes,
PEC) are markedly responsive during the initial 48
hours after endotoxin challenge. The exact relation-~
ships between the M-CFC, the response of the hemato-~
poietic and mononuclear phagocyte systems to endo-
toxin, and the defective cellular mechanism in
C3H/Hed mice remain to be determined.
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RESPONSE OF MURINE MACROPHAGE COLONY-FORMING CELLS TO
ENDOTOXIN IN C3Heb/FeJ AND C3H/He) MICE

Principal Investigators: T, J, MacVittie and S. R. Weinberg

Technical Assistance:

k. G.MceCarthy and J. L. Atkinson

The inbred mouse strains C3Hnb/FeJ and C3H/Hed
differ in response of the monocyte-macrophage colony-
forming cell (M-CFC) to bacterial lipopolysaccharide-W
(LPS), whereas they show equivalent responses of
M-CFC as well as granulocyte-macrophage colony-
forming cell (GM-CFC) to agents such as
Corynebacterium parvum and Mycobacterium bovis
strain Bacillus Calmette-Guérin (Table 1).

Table 1. Alterations in Splenic Cellularity and Content of GM-CF(C and
M-CFC in C3Heb/FeJ and C3H/HeJ Mice After Injection of € parvum

or BCG*
[_ ‘‘‘‘‘‘‘‘‘ ( .y - T-i-r -
L parvun 1. by
Days CiHeb il C3H Hel C3Heb bel CYH Held
Y - T o - -
0 INC 1S 1 17.23 + 1.6 a1z« i3 16,35 < 14
GM-CEC 239 02 221 03 171+ 03 I 86+ 03
M-CHC KL 4 K24 - 68 22R6 0 Y TS2L - SN
s INC 26,18 ¢ 23 27.3) + 27 2568 19 K220
GM-CHC EATRMEEER 1326« 10.2 TS 4 W4y S8
M-CHC N6 - BE L 42877 23 2R 1T - LT eRY YT - s
11 INC 4778 ¢ 4R S ¢ 48 S240 - 1 EV
GM-CHC K360 ¢+ 7.4 97.72 + R 6990 - 1Y 9424 - 122
M-CFC JEORT « 123 42931 ¢+ 230 2806 ¢ 93 [IAEE SRR SN I
*Mean values © SEM of 3 replicate experiments. INC - W organ svalues - 108

The M-CFC of both strains wére assayed in femoral
marrow, spleen, and peripheral blood following an intra-
peritoneal injection of 10 ug LPS. The cellular and
humoral responses of the two strains were in marked
contrast (Figure 1), with the exception of the rise in
circulating levels of leukocyte-derived M-CFC, which
increased to the same degree in each strain, M-CFC
derived from the marrow of both strains showed signif-
icant decreases within 6 hours. However, the M-CFC
of the C3Heb/FedJ reached a nadir by 24 hours, followed
by a slow rise to control values; the M-CFC of the
C3H/Hed, after a slight rise, dropped and remained at
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Figure 1. Number of monocyte-macrophage colony-forming cells
(M-CFC) per femur and spleen in C3Heb/FelJ and C3H/Hel mice
at various times after intraperitoneal injection of 10 g of
E. coli lipopolysaccharide-W (LPS). Vafues are means (+ SEM)
of six replicate experiments.

values only 40% of control through 7 days. C3Heb/FeJ
spleen-derived M-CFC increased to levels 500% of
control within 5 days whereas the C3H/Hed spleen
M-~CFC showed an early rise to values 220% of control
within 24 hours, remained at this level through 72
hours, and then decreased to values 150% of control
through day 7.

Peak values for colony-stimulating activity capable of
stimulating M-CFC-derived colonies were observed 3 to
5 hours after LPS in the C3Heb/FeJ mice, whereas
plasma levels of colony-stimulating activity did not rise
above control in the C3H/HeJ mice.

The data suggested that, in normal LPS-sensitive mice,
the M-CFC forms part of the cellular response of the
hematopoietic organs to endotoxin, whereas the quali-
tatively different response observed in the M-CFC of
the C3H/Hed mice may have resulted from the tran-
sient mobilization of hemopoietic cells from the bone
marrow without the consequent proliferation and
differentiaton.

The presence of the M-CFC in many extramedullary
organs and tissue spaces suggests that it may play a
significant role in nonspecific cell-mediated responses
of the mononuclear phagocyte system to microbial
infection.
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DOSE-DEPENDENT EFFECTS OF COMMERCIALLY AVAILABLE GLUCAN
ON MURINE PLURIPOTENT STEM CELLS AND ON MYELOID AND
ERYTHROID PROGENITOR CELLS

Principal Investigators:
Technical Assistance:

M. L. Patchen and T, J. MacVittie
G. A, Davis and 1. L. Atkinson

The immunomodulating agent glucan has been shown to
alter the proliferation of pluripotent stem cells (CFU-s)
and granulocyte-macrophage colony-forming cells (GM-
CFC) in murine bone marrow and spleen (1,2). Because
of glucan's ability to modulate hemopoiesis, it has been
proposed as a possible agent for enhancing hemopoietic
recovery after radiotherapy, chemotherapy, and bone
marrow transplantation and for combating infectious
complications.

In the past, glucan has been available only through
collaboration with a limited number of investigators
producing the substance. The result has been that the
magnitude of glucan-induced hemopoietic responses as
well as the maximum tolerable glucan dose has varied
from source to source. Recently a standard glucan
preparation became commercially available. We inves-
tigated a wide range of hemopoietic effects produced
by six different doses of this glucan preparation.

C3H/HeN mice weie intravenously injected with either
0.1. 0.4, 0.8, 1.2, 1.6, or 2.0 mg of glucan. Five days
later, total nucleated cellularity, CFU-s, GM-CFC,
macrophage colony-forming cells (M-CFC), erythroid
burst-forming cells (BFU-e), and colony-forming celis
(CFU-e) were assayed in the bone marrow and spieen.

Neither femoral cellularity nor GM-CFC (Figure 1)
content was altered by any of the glucan doses tested.
By contrast, bone marrow CFU-s (Figure 2) content
increased at all glucan doses tested, and CFU-e (Figure
3) and BFU-e (Figure 4) contents decreased with
increasing glucan doses. In the spleen, all aspects
(Figures 1-3,5) of hemopoiesis (i.e., cellularity, CFU-s,
GM-CFC, M-CFC, and CFU-e) increased after glucan
administration. The degree of splenic stimulation was
directly correlated with the dose of glucan
administered.
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intravenously administered to mice. Five days later, the bone marrow
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hemopoietic progenitor cells (GM-CFC). Each datum point represents
the mean t+ SEM of values obtained from three individual

experiments.

> _
w
5 5
% ...... % BONE MARROW (x 107
A b
S I Y . e
o .‘..O"§
2 3F 1.7
s % § SPLEEN (x 10%)
g 8
@ /§
D 1+

0 1 1 1 1

C 0.4 1.2 20
mg GLUCAN/MOUSE li.v.)
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These studies indicate that, at the proper dose, the
glucan assayed in these studies can be used to overall
effectively enhance CFU-s, GM-CFC, M-CFC, and
erythroid proliferation in mice. Specifically, a 1.6-to
2.0-mg dose of this glucan can stimulate approximately
a twofold increase in the number of bone marrow
CFU-s and fivefold, sixfold, threefold, and sixfold
increases in the numbers of splenic CFU-s, GM-CFC,
M-CFC, and CFU-e, respectively.

It is hoped that the availability of consistent glucan
preparations will allow research to expand in the area
of discovering the mechanisms of glucan's action on
altering the various parameters of hemopoietic prolif-
eration, and in the area of applying glucan to aid in
hemopoietic repopulation following hemopoietic injury.
Currently, we are investigating glucan's ability to assist
in enhancing hemopoietic recovery following radiation-
induced hemopoietie injury.
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SURVIVAL AND ENDOGENOUS SPLEEN COLONIES OF IRRADIATED MICE
AFTER SKIN WOUNDING AND HYDROXYUREA TREATMENT

Principal investigators:  G. D. Ledney. H. M. Gelston, Jr.. $. R. Weinberg. and t. D. Exum

Survival (1,2) from radiation that is induced by wound
trauma may be related to increased mitosis in hemato-
poietic cells. This hypothesis was tested by two exper-
imental protocols using hydroxyurea. The resulting
data support the idea that survival from lethal irradi-
ation induced by prior skin wounding is related to the
proliferation of endogenous colony-forming units-spleen
(E-CFU-s).

Wounding and irradiation were performed on 14- to 16~
week-old B6CBF1 mice. Methyoxyflurane-anesthetized
mice were wounded in the anterior dorsal skin fold and
the underlying panniculus carnosus muscle with a steel
punch repeatedly cleaned by immersing in 70% ethanol.
The wound was 2.0-2.5 em2, which was 4% of the total
skin surface. Wounding was done 24 hours before expo-~
sure to 60Co, between 10:00 a.m. and 2:00 p.m. The
wounds were left untreated and open to the environ-
ment. Irradiated, nonwounded control mice were anes-
thetized before irradiation. All animals were exposed
to whole-body radiation at a rate of 40 rads/minute
from bilateral 60Co sources.
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In the first series of experiments, 30-day survival
studies were done with mice given 900 rads, The cell
cycle-dependent drug hydroxyurea (HU) (Sigma Chemi-
cal, St. Louis, MO) was dissolved in sterile distilled
water (50 mg/ml) and injected into mice intra-
peritoneally (1 mg/g body weight) at selected times
before or after irradiation. In the second experimental
series, 8-day E-CFU-s were counted in mice after
wounding and 700-rad treatments.

In preliminary studies we determined that (a) no 8-day
E-CFU-s were detectable in mice given only 900 rads
and (b) wounding before 900 rads resulted in only 1-2
E-CFU-s per spleen. While that number of E-CFU-s
was sufficient to promote survival from 900 rads, we
used 700 rads to better quantify E-CFU-s responses in
combined-~injury animals treated with HU,

Results. In the first series of experiments, seven
treatment groups were established. The 30-day survival
fractions of three of these groups are shown in Figure
1. HU injected into either nonwounded-irradiated or
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Figure [. Thirty-day survival fractions of skin wounded-ircadiated mice treated with
hydroxyurea (HU). Mice were wounded 24 hours before irradiation with 900 rads
60Co. HU (1 mg/g) was injected into mice at 16 hours before irradiation. or 10
minutes after irradiation, or at 24-hour intervals for a S-day period after irradia-
tion. Fraction at cach point is number ol survivors/number of treated mice.
o —eo, wound + rads + HU.  m---@, rads + HU. Survival fraction of control
wounded and irradiated mice was 43/47. All mice (n = 48) given only 900 rads
died. and all mice (n = 16) only wounded survived.
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wounded-irradiated mice 16 hours before irradiation
resulted in 100% survival. However, injection of HU
into nonwounded-irradiated mice shortly after exposure
or at daily intervals for 5 days thereafter was asso-
ciated with nearly 100% mortality. In mice wounded
before irradiation, 40%-95% of the animals died after
injection with HU. These mortality rates are compared
to the 10% mortality found in wounded-irradiated mice
not given HU. Survival (after radiation) induced by
skin-wound trauma was maximally blocked by treat-
ment with HU on either day 2 or day 3 postirradiation.
In the remaining four groups of control mice, all
animals given 900 rads died, whereas all mice lived that
were wounded only, or injected with HU only, or
injected with HU after wounding.

The second set of experiments also contained seven
experimental groups. Figure 2 shows the number of
E-CFU-s detected in four groups of animals. These are
mouse groups given (a) 700 rads alone, (b) wounding +
700 rads, (¢) HU + 700 rads, or (d) wounding + 700 rads +
injection with HU. In irradiated mice, wounding
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Figure 2.  Endogenous colony-forming unitsspleen (E-CFU-s) in
wounded mice given hydroxyurea (HU) before irradiation with 700
rads 60Co. Mice were wounded at time 0, and HU (1 mg/g) was
injected into animal groups at 4-hour intervals, beginning at 4 hours
after wounding and ending at 10 minutes before irradiation, e—e,
wound + HU + 700 rads. w---a, HU + 700 rads. 0. wound + 700
rads.  ~ . 700 rads only.
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resulted in nine nodules/spleen whereas less than one
nodule/spleen was found in irradiated-nonwounded ani-
mals, Treatment of wounded animals with HU at
selected times before irradiation caused an increase in
splenic nodules almost double the increase in wounded-
irradiated mice without the drug. When wounded mice
were injected at either 4 hours or 10 minutes before
irradiation, the numbers of colonies were approximately
the same riumbers found in irradiated-nonwounded con-
tr~1 animals. No E-CFU-s were found in mice either (a)
wounded alone, (b) injected with HU, or (¢) injected
with HU after wounding.

The data presented in this report reflect on a cell
compartment that is necessary for survival from the
combined trauma of radiation injury and wounding, and
that is depleted by the appropriately timed treatment
with HU.
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REGULATION OF AN ENZYME THAT METABOLIZES ACTIVE OXYGEN

Poncipal Tavestigator B. H. Gray
Lechneal Assistance: R. W. Swull

It has been hypothesized that irradiation leads to the
leakage of endotoxin from the mammalian gut, causing
shock. The administration of endotoxin results in the
production of superoxide and peroxide in mouse lungs,
and exogenous superoxide dismutase (SOD) at an opti-
mum concentration reduces mortality due to endotoxin
(1). However, it was also found that endotoxin lethality
is increased in mice following injection of four times
the optimal SOD concentration (2). This enhanced
mortality may result from a requirement for superoxide
radical by one endotoxin-inducible enzyme found in
mouse lung: indoleamine-2,3-dioxygenase (IDO) (3).
This enzyme reduces the serotonin levels in lungs using
superoxide radical as the second substrate,

Figure 1 shows the drop in SOD and the concomitant
induction of IDO in mouse lung (3,4). SOD appears to
be under metabolic control to achieve regulation of the
superoxide radical concentration. SOD activity is
decreased, resulting in an increase in the concentration
of superoxide radical upon serotonin release in the
lungs. The regulation and control of SOD is important
because the enzyme is a known faetor in cell protection
upon irradiation. The regulation of SOD is currently
under study.
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Figure 1. Spectiic activity of exogenous superoxide dismutase (SOD) and
indoleamine-2 3-dioxygenase (IDO) in mouse lung at or injection of
endotoxin
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POSTIRRADIATION IV VIVO ANALYSIS OF PRESERVED GRANULOCYTES

Principal Investigators: I, F_oJemionek. T, J. Contreras. and W. 1, Baker
Technical Assistance: D). Walden

The in vivo functional capability of fresh and liquid
stored granulocytes was evaluated by transfusing thera-
peutic levels of granulocytes into neutropenic canine
models and measuring the chemotaxis of the cells into
implanted skin chambers. Storage temperatures (6 C
and 20°C) and storage times (0 and 24 hours) were
evaluated for granulocyte—rich leukapheresis concen-
trates and for elutriation-purified granulocytes. The
therapeutic quantities of granulocytes were obtained by
continuous~flow centrifugation leukapheresis (granulo-
cyterich concentrate) and then purified by using
counterflow centrifugation-elutriation with the en-
larged rotor system (28.8 ml) built at AFRRI.




in vivo chemotactic
functions were the same for granulocytes transfused at
time 0 hour from either granulocyte-rich leukapheresis
concentrates or elutriation-purified granulocytes (Table
1). However, the elutriation-purified granulocytes,

The data indicate that the

Table 1. PMNL Migration Into Skin Chambers for Control
Animals and Animals Transfused With Fresh PMNL From
CFCL Concentrates or CCE-Purified Cell Preparations™

Positive Negative CCE-Purified CFCL
Control Control * PMNL- Concentrates
Mean 49.3 0.10 8.21 10.41
+ SEM 15.6 0.03 3.43 4.58
(n = 4) (n=4 (n=4) (n=4)

Data expressed as number of white blood cells x 106 migrating into skin
chamber. Means underlined are not significant at 5% level (p >0.05).

Positive control. Migration into chambers of canines not treated with cyelo-
phosphamide and not given a PMNL transfusion.

) Negative control. Migration into chambers of canines rendered neutropenic by
cyclophosphamide but not given a PMNL transfusion.

: Experimental tests. Migration into chambers of canines rendered neutropenic
by cyclophosphamide and given & PMNL transfusion of either CCE-~isolated or
CFCL concentrates within 3 hours of final collection.

PMNL, granulocytes
CFCL, continuous-flow centrifugation leukapheresis
CCE, counterflow centrifugation-elutriation

when stored for 24 hours at either 69C or 20°C,
exhibited a severely impaired in vivo chemotaxis (Table
2). In contrast, the granuloeytes from the leukapheresis
concentrate, when stored at 20 C, showed an improved
in vivo chemotaxis compared to the 0-hour data. Stor-
age of these later granulocytes at 6 C was less benefi-

cial to the observed activity at time 0 hour (1).
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Table 2. PMNL Migration Into Skin Chambers for CCE-Isolated PMNL
or CFCL Concentrates Held for 18-24 Hours at 60C or 209C
Before Transfusion®

Cells Held for 18-21 Hours at 69C as: Cells Held for 18-24 Hours 4t 209" ay:
CCE~ Dextran-
CCE-Purified CFCL Purified Separated Crel,
PVINI, concentriate ) PVINL Wi coneentrite
Vean 0.98 5.41 0.45 3.0 14.56
= SEM 0.31 237 | 017 237 .98
(n =3 (n=3) EEER) m=2 in -3

* Data expressed as number of white blood cells x 108 migrating mnto skin
chamber after transfusion into cvelophosphamide-induced neutropenic canine.
Vieans underlined by same number of lines (single or Jouble) are not
significantly different at 3% levet (p - 0.05). -

Abbreviations same as in Table 1

In vitro data were contradictory, since it had been
previously observed that stored elutriation-purified
granulocytes retain the functions of chemotaxis, phago-
cytosis, and bactericidal activity. Thus, the use of in
vitro analysis may be limited in its ability to indicate m
v1vo function as a measure of success in granulocyte
preservation studies.
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IN VITRO ANALYSIS WITH EMPHASIS ON ULTRASTRUCTURE OF
CRYOPRESERVED LEUKOCYTES FOR POSTIRRADIATION TREATMENT

Principal Investigators: V. M. Hartwig and W. ). Flor

Membranes and intracellular structures of leukocytes
(granuloeytes, lymphoeytes, and monocytes) of canines
and humans were evaluated to determine a correlation
between the ultrastructure and function. These obser-
vations were used to establish ecriteria to formulate
improved methods for the cryopreservation of granulo-
cytes used in postirradiation therapy.

Canine and human leukocytes were isolated from
peripheral blood by centrifugation leukapheresis
followed by counterflow centrifugation-elutriation.
Cell viability and integrity were evaluated by meas-
uring the following parameters: mean cell volume and

size distribution (with the H-4 Coulter Counter-

System), cell viability (with ethidium bromide assay),
chemotactic ability (with the modified Boyden chamber
technique), phagocytic capability [ using latex beads, fe
receptor(s), chicken red blood cells, tantalum, and
seanning electron microscopy methods I, and analysis of
ultrastructural changes {(using scanning and transmission
electron microscopy) (1).

Techniques have been established for monitoring cellu-
lar membrane and/or ultrastructural changes by elec-
tron mieroscopy in ecorrelation to cryopreservation
methods, cell culture, and radiation effects. Method-
ology was established to convert subjective observa-
tions of seanning and transmission electron microscopy
to quantitative terms suitable for direect and compara-
tive statistical analysis.
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ISOLATION OF PROGENITOR CELLS BY COUNTERFLOW
CENTRIFUGATION-ELUTRIATION

Primary Investigators:  J. F. Jemionek. W. H. Baker. and T. J. MacVittie
Technical Assistance:  D. Walden

Fractionation of mouse, canine, monkey, and human
bone marrow cells by counterflow centrifugation-
elutriation (CCE) was used for the isolation of
granulocyte-macrophage colony-forming cell (GM-CFC)
activity (1). The cell separation was achieved by
varying the viscosity of the elutriation medium from a
specific gravity of 1.0123 to 1.0394 using bovine serum
albumin, 2-14 gm% (weight per volume) in phosphate-
buffered saline. A linear density gradient was used for I
elutriation,

Pretreatment of the bone marrow ceils with Ficoll-
Hypaque resulted in a different elutriation profile for
both cellular distribution and GM-CFC activity than did
cells that were nontreated. This divergence of results
favored the elutriation of nontreated bone marrow '
cells. )

The bone marrow cells of the canine, monkey, and ﬁ
human elutriated characteristically into two different 3
peaks of nucleated cells (Figure 1). The first peak was s
elutriated before the density gradient was started, and
the second peak was elutriated by the higher density of
the medium. However, in vitro culture activity (GM-
CFC) of the collected fractions resulted in a species
variance.

For the canine, the GM-CFC activity was associated
with each of the two nucleated cell peaks. The activity
from the monkey was detected primarily in the second
nucleated cell peak. The GM-CFC activity for the
human bone marrow was more complex, displaying
three peaks of activity: one associated with the first
peak of nucleated cells, and two associated with the
later. The profile for the mouse bone marrow was
unique, in that most of the nucleated cells were \
elutriated in the first fraction. 1
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Figure 1. Profile of nucleated cell recovery and granulocyte-macrophage colony-forming cell
(GM-CFC) activity in bone marrow from four donor species after separation by counter-
flow centrifugation-elutriation
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FETAL MURINE HEMOPOIESIS FOLLOWING IN UTERO LOW-DOSE
IRRADIATION

Principal Investigators: S, R, Weinberg, E. G. McCarthy, and T. J. MacVittie

The influence of in utero exposure to low-dose ionizing
radiation on murine hemopoietic embryogenesis was
investigated. In vitro assays such as miero plasma-clot
cultures and double-layer soft agar cultures served as
sensitive biodosimeters to determine erythropoietic and
granulopoietie injuries.

Pregnant mice (day 10.5, HA/ICR) were irradiated with
0, 50, 100, 150, 200, or 300 rads. Day-14.5 fetal livers
were studied for colony-forming unit-erythroid
(CFU-E), burst-forming unit-erythroid (BFU-E), granu-
locyte-macrophage colony-forming cell (GM-CFC), and
macrophage-colony-forming cell (M-CFC) activity.

Fetuses subjected to doses of 200 rads or higher on day
10.5 of gestation responded with a decrease in day-14.5
liver cellularity, reflecting injury to the developing
organ and its inability to recover to the nonirradiated
values.  Difference in responses between erythro-
poietin(EPO)-dependent and EPO-independent CFU-E
strongly suggests the existence of two populations of
erythroid progenitor cells with different radio-
sensitivities. A dose of 200 rads markedly reduced
CFU-E recovery, and a dose of 100 rads was sufficient
to reduce BFU-E recovery to almost 10% of 0-rad
values. Nonirradiated day-14.5 fetal liver had more
GVI-CFC than did any of the irradiated fetuses, and a
dramatically reduced M-CFC recovery occurred with
each increase in dose following 150 rads.

Our results showed that (a) fetal liver granulopoiesis is
more sensitive to radiation injury than is erythropoiesis,
and (b) fetal liver has a greater potential for erythro-
poiesis recovery.
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EFFECT OF LOW-DOSE IRRADIATION ON PREGNANT MOUSE
HEMOPOIESIS

Principal Investigators:  S. R. Weinberg, k. G. McCarthy, T. J. MacVittie. and S. J. Baum

The effects of low-dose gamma radiation on hemo-
poietic progenitor cell compartments of the marrow
and spleen of virgin female mice and pregnant mice
were studied. Microplasma clot cultures were used to
assess burst-forming unit-erythroid (BFU-E) and colony-
forming unit-erythroid (CFU-E) activity. Double-layer
agar cultures were established to evaluate granulocyte-
macrophage colony-forming cell (GM-CFC) and macro-
phage colony-forming cell (M~CFC).

The apparent shift in maternal erythropoiesis from the
bone marrow to the enlarged spleen was reflected by an
increase in the numbers of CFU-E and BFU-E per
spleen and a concomitant decrease in CFU-E and
BFU-E per femur. Although maternal GM-CFC values
per femur increased 36%, maternal GM-CFC per spleen
increased by 172% compared to virgin values. A
greater decrease was seen in M-CFC per spleen than
per femur in the pregnant animal when values were
compared to the virgin animal.

Total-body irradiation to the day-10.5 pregnant mouse
caused a further suppression of day-14.5 medullary
erythropoiesis (i.e., decreased CFU-E values) compared
to the response of the virgin female mouse. An ability
of the maternal spleen to support further compensatory
erythropoiesis following increasing doses of radiation
was demonstrated. At 4 days after 1.0 Gy exposure,
maternal values for GM-CFC per femur or spleen
decreased to nonirradiated virgin mice values. M-CFC
per maternal femur decreased following 1.5 Gy, but
M-CFC per spleen appeared to be unaffected with
doses from 0.5 to 2.0 Gy.
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HEMOPOIESIS IN THE SPLENECTOMIZED-PREGNANT MOUSE AFTER

LOW-DOSE TOTAL-BODY IRRADIATION

Principal Investigators: S. R. Weinberg and T. J. MacVittie

The effect of splenectomy (SPLX) and total-body irra-
diation (50-200 rads) on hemopoiesis of virgin mice and
pregnant mice was studied, using peripheral blood
hemogram values and femoral marrow hemopoietic pro-
genitor cell activity (i.e., CFUg, BFUE, and GM-CFC).

The SPLX-maternal red cell counts and hematocrit
values were lower than those of SPLX-virgin mice
(Figure 1), reflecting the anemia of pregnancy. But the
white cell counts of both SPLX-virgin and SPLX-day-
14.5 pregnant mice were significantly higher (p < 0.005)
than normal-virgin mice.
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Figure 1. CS7BL/6J SPLX-virgin (V) and SPLX-day-14.5-
pregnant (P) mean percent values per femur of hemopoietic
progenitor cells at 4 days after total-body irradiation:
EPO-dependent-CFUE, EPO-independent-CFUE, BFUE,
and GM-CFC,

92




S e A2 bbb o AT s R € i8R s £t ot A 3 2 N A SN DA LS M 4 e ST

Both nonirradiated and day-4 irradiated SPLX-maternal
marrow erythropoietin(EPQ)-independent and EPO-
dependent CFUEg were higher than the nonirradiated
and day-4 irradiated SPLX-virgin values (respectively,
for each total-body irradiation dose studied). On the
other hand, nonirradiated and day-4 irradiated SPLX-
maternal GM-CFC were lower than the nonirradiated
and day-4 irradiated SPLX-virgin GM-CFC values.

The data demonstrate the potential of the SPLX-
maternal femoral marrow to respond to the stress of
low-dose total-body irradiation with effective compen-
satory erythropoiesis, possibly at the expense of
granulopoiesis.

IN VITRO STUDIES OF LONG-TERM EFFECTS OF RADIATION DAMAGE H
TO GROWTH AND DIFFERENTIATION OF HEMATOPOIETIC STEM CELLS A

Principal Investigator: S, R. Weinberg
Associate Investigators:  T. J. MacVittie and V. M. Hartwig

Long-term liquid cultures of fetal and adult mouse and
blood-cell-forming tissues of canine were maintained
for 10-13 weeks. Cell growth and differentiation of
cells were harvested weekly and evaluated. Seanning
electron microscopy of these cultures was monitored
regularly.

Preliminary studies showed a definite relationship
between bone marrow stroma and nonadherent hemo-
poietic progenitor cells from different strains of irradi- 4
ated mice (C3H/HedJ and C57BL/Ks) receiving a total- ‘
body dose of 60-180 rads of cobalt-60. Radiation injury
to the marrow was demonstrated only if the marrow
structure was not disturbed when the cultures were
initially established. This culture technology has the
potential to assess latent effects of in vivo irradiation.
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Animal models with virgin and pregnant mice were
established to investigate the radiation damage and the
recovery of bone marrow following total-body irradia-
tion (50-200 rads cobalt-60). The full compensatory
potential of the bone marrow to support hemopoiesis .in
the irradiated-splenectomized-pregnant mouse was
clearly demonstrated. Similar animal models with non-
irradiated canines show a similar stress of pregnancy on
bone marrow hemopoietic activity., Mouse fetuses
exposed in utero to gamma radiation (50-200 rads)
demonstrated significant injury to fetal and to neonatal
hematopoiesis.
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PHYSIOLOGY DEPARTMENT

Fiscal year 1981 was the first full year of existence for the
Physiology Department, a year marked by the growth of the
Department’s scientific and technical staff.

The Physiology Department is responsible for designing and
directing research using various cellular tissue models and
whole animal models to study the physiological and biophysi-
cal changes that result from exposure to radiation. either
alone or in combination with drugs or chemicals. The
Department uses an integrated approach that ranges from
single cells in isolation, single cells and multiple cells in tissue
culture, tissue slices, whole animal recordings. and functional
studies in awake, performing animals, to investigate the effect
of radiation insult.

The Physiology Department is subdivided into three
Divisions. The General Physiology Division conducts
rescarch on the physiological responses of the various organ
and tissue systems of the mammal (including the endocrine,
sastrointestinal. and cardiovascular) to radiation and
radiation-related injury.  The Neurophysiology Division
conducts research on how nerve cells and other components
of the nervous system respond physiologically to ionizing
radiation.  The Radiation Biophysics Division conducts
research on the functional and biophysical changes that occur
at the membrane and subcellular systems of a number of cell
types. in response to radiation insult.
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COUPLING RATIO OF THE SODIUM POTASSIUM PUMP IN THE LOBSTER
CARDIAC GANGLION

Principal Investigator:  D. R. Livengood

The lobster cardiac ganglion is a unit of nine neurons
that control the rhythmie contraction of the lobster's
heart. Five of the nine neurons are large enough to be
penetrated with as many as three microelectrodes.
These cells have been previously shown to have an elec-
trogenic sodium-potassium pump (1).

This electrogenicity is a function of the relative ratio
of (a) the sodium ions pumped out of the cell to (b) the
potassium ions pumped into the cell. This relative
sodium-to-potassium coupling ratio has been the subject
of some controversy. Mullins and Brinley (2) suggested
that the coupling ratio may be variable in squid axons.
But Abercrombie and DeWeer (3) presented evidence
indicating that the electrogenic coupling ratio in squid
axon seems to be fixed at 3 to 2. Gorman and Marmor
(4) found that the electrogenic coupling ratio in
Anisodoris neurons is 2 to 1 in a steady-state non-
sodium-loaded condition. An electrogenic pump coup-
ling ratio of 2 to 1 was also found in Aplysia neurons
(5). These results differ from the findings of Thoinas
(6) and from Lambert, Kerkut, and Walker (7), who
found that the coupling ratio in Helix neurons is 3 to 2.
Gorman and Mirmor (4) suggested that one explanation
for these differences might be the level of sodium load-
ing of the different nerve cells.

The present experiments in lobster cardiac ganglion
cells attempted to resolve this issue by using two dis-
tinetly different electrophysiological methods to esti-
mate the electrogenic pump coupling ratio in both e
sodium-loaded and a nonsodium-loaded condition. Evi-
dence from the two methods is internally consistent.
The evidence indicates that in the nerve cells of the
lobster cardiac gan.lion, the electrogenic pump coup-
ling ratio in both a sodium-loaded and a steady-state
nonsodium-loaded condition is 3 to 2 when the ganglion
is bathed in artificial seawater containing normal levels
of sodium and potassium. These two expe :mental
approaches can be used to evaluate the level of radia-
tion damage to the sodium-potassium pump in most cell
types. This pump occurs almost everywhere, and it is
vitally important to the steady-state functicn of most
cells.
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The pump coupling ratio was determined by two differ-
ent electrophysiological techniques. A graphical anal-
ysis, plotting exp(VF/Rt) versus K, after the pump was
blocked by ouabain, was used to determine values for
[ K1j, PNa/PK, and the pump coupling ratio gamma.
These measurements were made 5 to 8 hours after the
cells had been penetrated with microelectrodes. There-
fore, these measurements constitute nonsodium-loaded
steady-state values. The value obtained for the pump
coupling ratio under these conditions was 1.44 + 0.06 (n
= 9), or close to three sodiums for two potassiums
(Table 1).

Table 1. Values Calculated for (Kl; PNa/PK Ratio, and Pump Coupling
Ratio in Normal Saline
EXPFHIMENT RESTING OUABAIN CORRELATION [Kl, PNa PK COUPLING
NO. POTENTIAL DEPOLARIZATION COEFFICIENT RATIO
MN 1206 -62 6.3 093 305 0049 158
MN3166 ~66 40 0.77 312 0037 138
MN3116 -63 48 093 247 0.029 159
MN 12096 -53 70 061 276 0053 1.64
MNOO 1S -57 8.0 094 156 0015 120
MNG245 -62 2.0 099 208 0.009 154
MN9I305 -53 40 097 322 0069 127
MNS115 -56 25 094 170 0016 140
MNB155 - 61 38 098 286 0024 132
-592 an 2536 0033 144
415 +0 67 +20.7 10007 +005
The second technique used to measure the coupling
ratio was to iontophoretically inject sodium ions into
the neuron. Neurons were penetrated with three micro-
electrodes, two of which were filled with 2 M sodium-
citrate, and the third with either 2 M potassium-citrate
or 3 M potassium chloride. By passing current between
the electrodes containing sodium salt, reproducible
amounts of sodium could be injected into the cell soma.
The injection system was calibrated by injecting
sodium-24-citrate into counting vials from representa-
tive microelectrodes (calculated transport number =
0.92).
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By knowing the sodium load injected into the cells, and
by measuring the time-current area produced by sodium
activation of the sodium-potassium pump, the coupling
: ratio was calculated as 1.54 + 0.05 (n = 19). This is not
significantly different from the value obtained by the
previous method (Table 2). This value, then, represents
a sodium-loaded experimental situation. These results
suggest that the pump normally operates with a 3:2
ratio both at rest and under sodium load.

Table 2. Coupling Ratio Values Obtained From Injection Experiments

UNCOUPLED
RESTING INPUT LOAD LOAD
EXPERIMENT | POTENTIAL | RESISTANCE | INJECTED | PUMPED OUT | COUPLING
NUMBER (mV) (MQ) {picoequiv.) (picoequiv ) RATIO
1 167 -55 1.2 442 14.9 151
1.2 243 1.2 185
1.2 309 12.2 165
1 185 -53 2.8 3%0 10.5 143
1 186 -50 0.6 265 10.9 170
06 37% 191 204
0.6 397 1o 138
1 w23 -60 1.3 239 13 144
1.4 322 92 140
14 38 90 132
[ wis -55 2.0 386 13.5 164
20 350 1.2 147
20 350 16 0 184
20 58 9 225 162
1 w2y 60 1.3 272 8¢ 149
0.8 473 157 150
I wis- 1 -60 20 290 106 158
24 33 61 124
29 367 87 B 128
AVG - 561 AVG 154
t 15 1005
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BLOOD FLOW IN CANINE INTESTINE POSTIRRADIATION AS
DETERMINED BY HYDROGEN CLEARANCE ]

Principal Investigators: T, F. Doyle. L. G. Cockerham, and R. B. Trumbo

Radiation-induced early transient incapacitation (ETI)
is accompanied by severe systemic hypotension, during
which arterial blood pressure often decreases to less
than 50 percent of normal. One hemodynamic compen-
satory mechanism is the increased peripheral resistance ;
caused by vasoconstriction. This vasoconstriction in
the small intestine of dogs increases disproportionately
during hemorrhagic or endotoxin shock, and intestinal
ischemia frequently occurs.

In an attempt to clarify the mechanisms underlying
radiation-induced ETI and the gastrointestinal radiation
syndrome, the blood flow in the canine intestine was
measured by the hydrogen polarographic technique,
both before and after exposure to gamma irradiation.
Systemic blood pressures, blood gases, and hematocrits
were determined simultaneously.

Data obtained from 12 sham-irradiated dogs indicate
that 10 K rads of whole-body gamma irradiation
produced a 31 percent decrease in systemic mean blood
pressure, beginning within 10 minutes postirradiation
and lasting for at least 90 minutes, However, the
intestinal blood flow did not decrease as anticipated,
but instead showed an actual postirradiation increase.
This increase in postirradiation intestinal blood flow
began within 5 minutes after irradiation and lasted for
at least 90 minutes. Also, postirradiation hematoerits
were 10.5 percent higher than those obtained before
irradiation.
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MEMBRANE PROPERTIES OF MACROPHAGLES

Principal Investigator: . K. Gallin
Collaborator: D. R. Livengood

Studies performed to determine the bascline membrane [
properties of macrophages have indicated that cultured !
mouse peritoneal macrophages exhibit voltage- I
dependent conductances that produce a region of nega- i
tive slope resistance in their current-voltage relation-
ships (1). As shown in Figure 1, this voltage-dependent |
conductance is insensitive to tetrodotoxin and cobalt. i
|
t
]

However, this conductance is blocke 1 by barium ions.
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Figure 1. Effect on voltage response of adding tetrodotoxin, cobalt chloride. and
barium chlonde to injected current pulses of a macrophage exhibiting an S-shaped
current-voltage curve. Top line of voltage responses are in normal Hank's. Subse-
guent lines represent consecutive addition of tetrodotoxin (3 x 107> M), cobalt
chloride €3 mM). and. finally. bariwm chlonde (4 mM) to bath.




In order to determine if human macrophages exhibit
similar properties, cultured human peritoneal macro-
phages were studied. In these experiments, a voltage-
sensitive potassium conductance similar to that
described in mouse macrophages was not seen. How-
ever, ceils that exhibited a calcium spike in response to
injected current (2) were recorded. These cells were
esterase-positive, but they were not capable of ingest-
ing opsonized red blood cells; therefore, they were not
typical maerophages.

These studies are the first to demonstrate that macro-
phages and macrophagelike cells can exhibit complex
rectifying properties similar to other excitable cells.

REFERENCES
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EFFECT OF SERUM-FREE MEDIUM ON GROWTH AND DIFFERENTIATION
OF SYMPATHETIC NEURONS IN CULTURE

Principal Investigator:  J. k. Freschi

Primary cultures of dissociated superior cervical
ganglia (SCG) were grown either in serum-containing
medium (+FBS) or serum-free defined medium (Ny).
The cultures were then compared for several differenti-
ated properties.

Neuronal survivals were similar in the two media.
Background cell {especially fibroblast) proliferation was
less in Nj. Small intensely fluorescent cells were
occasionally seen only in +FBS. Catecholamine fluores-
cence in neuronal processes and cholinergic synaptic
activity (Figure 1) persisted beyond 1 month in culture
in both media. Quantitatively, however, the neuritic
outgrowth, nerve terminal fluorescence, and synaptic
interaction were less in Ny. Muscarinie depolarization
and electrical membrane properties, including the pres-
ence of at least four voltage-sensitive outward
currents, were similar in the two media.

Thus, SCG neurons differentiate in Ny essentially to the
same degree as they do in +FBS.
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Figure 1. Cholinergic synaptic networks, (A) Spontancous excitatory synaptic poten-
tials in +FBS cultuies. Ay and A~ from different cells. (B) Spontancous synaptic
activity oceurs synchronously in both neurons (Bp). Evoked action potential (arrow)
in either cell 1 (Ba) or cell 2 (B3) fails to drive other cell. () Spontancous synaptic
activity oceurs synchronously in both neurons (C). Evoked spike (arrow) in cell 1
{C ) does not drive cell 2, but evoked spike (arrow) in ceil 2 (B3) causes complex
synaptic responses in cell 1 and in itseff. (D) Driver-follower cell pair in N medium.
Action potential in cell 2 evokes monophasic excitatory postsynaptic potentials in
cell 1. Vertical: 40 mV for all records. Horizontal: 100 mseconds for By, Cy:
40 mseconds for Ay, A>. B2 B3, C2. C3: 10 mseconds for D A-D are from differ-
ent cells.
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EFFECTS OF IONIZING RADIATION ON THE MONOSYNAPTIC MUSCLE
STRETCH REFLEX

b

|

é

Principal Investigator: D3, Braitman ]
Technical Assistance: V. A Kictter ‘
1

/

i

i

|

The electromyogram (EMG) recoraged from musele is a
simple technique for determining the functional integ-
rity of the spinal cord. Using this method, we have
identified several components pertinent to the EMG
complex, namely the M1 and M2 components of the
muscle stetch reflex (MSR).

cord when a muscle stretch is elicited (1). The VSR
becomes evident when excitation of the primary end-
ings of receptors in the musele spindles promote an
electrical discharge of the motor neurons, specifically ;
in our experiment through the monosynaptic pathway of
the ventral spinal roots (C 5-8) and (C 6-8) (2). These
axons innervate the biceps brachia and triceps brachia,
respectively. M2 activity occurs at approximately 30
mseconds, reflecting a long loop transcortical pathway

(3).

!
|
The M1 reflects the monosynaptic activity of the spinal } 4
[
J

In our experimental protocol, rhesus monkeys were
required to maintain elbow angle at 90 degrees (x 1.5
degrees) against constant extension force. Elbow angle
and biceps (EMG) from chronie intramuscular stainless-
steel wire electrodes were monitored by computer. If
correct angle was maintained for a randomly selected
1- to 2-second period, and if the average absolute value ;
of biceps EMG (sampled at 10 kHz) for the final 0.5
second of the period fell within a preset range, then a
stimulus consisting of a 20-msecond pulse of additional
extension force occurred at the end of the period. The
stimulus transiently extended the elbow (3-4 degrees),
which elicited a streteh reflex. M1 was defined as the
average absolute value of the EMG oceurring 12 to 25.5
mseconds after stimulus onset, minus the prestimulus
EMG amplitude. The computer also followed the
stimulus-induced changes in elbow angle. Under the
control condition, a liquid reward was given 70
mseconds after stimulus onset.

The AFRRI linear accelerator was used to deliver 1200
rads (600 rads/day for 2 consecutive days at an energy
of 13.5 MeV to the monkey's cervical spinal cord. The
M1, M2, and EMG baseline activities were monitored.
At 30 days after exposure, the M1 component of the !
EMG showed significant increase. No accompanying




change was seen in the M2 or background EMG
(Figure 1).

Several monkeys are being trained and will be irradi-
ated for comparison with these data. This experimental
model will allow us to determine the underlying effects
of ionizing radiation on motorsynaptic function, which
result in degradation of combat performance.
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Figure 1. Amplitude of the M1, M2, and baseline EMG responses preirradiation and
postirradiation.  Each point represents a 24-hour average. A significant increase is 3
observed in the M1 after 1200 rads.
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ANALYSIS OF PROGRESSIVE TOXICITY IN RAT FROM SHALE-DERIVED
JPS VERSUS PETROLEUM-DERIVED JP5

Principal Investigators:

Wl Mehimoand C. 1 Farmes

Rats were gavaged with either petroleum-derived or
shale-derived jet propulsion fuel number 5 (JP5) (24
mi/kg body weight), and sacrificed at selected intervals
between 3 hours and 15 days after gavage. Samples of
liver tissue and blood were taken and examined for
evidence of hepatocellular damage.

Lesions produced from both fuels were found in the
periportal region of the hepatic lobule, showing exten-
sive vacuolization (fatty change) and increases in
binucleated cells, mitotic figures, and pyknotic nuclei
(Figure 1). Visible hepatic lesions appeared 6 ‘ours
earlier, and lasted about 1 day longer in the e-
treated rats than in the petroleum-treated rat: This

was attributed to a greater degree of hepatot. v,
caused by the presence of additional chemical ¢ *itu-
ents in the shale-derived fuel (from extract and

processing requirements). No difference wasn ¢ n
the nature of the lesions induced by either the shu..- or
petroleum-drived fuel.

Serum chemistry analyses substantiated the evidence
for hepatocellular damage, with elevated levels of
serum glutamic pyruvic transaminase (SGPT) and serum
glutamie oxaloacetic transaminase (SGOT). Significant
differences in these values for the dosed subjects versus
the controls occurred as early as 6 hours, and lasted up
to 5 days postgavage (Figure 2). Peak levels for both
enzymes were seen in animals sacrified 12 hours after
gavage.

The work completed thus far has established a compari-
son of the progressive stages of hepatic damage in rats
treated with (a) shale-derived JP35 and (b) petroleum-
derived JP5. The occurrence of hepatocellular damage
was also substantiated by elevated levels of SGOT and
SGPT in the serum.

Now that the nature, sequence, degree, and sites of
hepatocellular damage have been observed from
ingested JP5, an inhalation study of JP5 (in collabora-
tion with the Behavioral Sciences Department) should
be undertaken to histologically determine the dangerous
threshold levels of airborne fuel vapor. These data,




combined with the elecetrophvsiological and boehavioral
parameters determined by BHS, could be valuable in
determining unsife conditions for military personnel
working with these fuels,
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times indicated (n = §). * denotes significant effect of treatment by analysis
of variance (p €0.05). Note broken time scale between 24 hours and day 2.

EFFECTS OF EXCITOTOXIC AGENTS ON THE /N VITRO OLFACTORY
CORTEX BRAIN SLICE

Principal Investigator:  D. J. Braitman
Collaborators: C. R. Auker and S. L. Rubinstein

Ionizing radiation at levels as low as 250 rads causes a
significant increase in excitatory electrical activity
recorded from rat olfactory cortex (1). We have tested
the action of various excitotoxic amino acids on iso-
lated slices of tissue from olfactory cortex in an
attempt to model the action of ionizing radiation on
this brain tissue,

In an earlier study (2), we demonstrated that kainic acid
has a pharmacological profile similar to that of the
endogenous transmitter at the terminal synapses of
lateral olfactory tract (LOT). Kainic acid is a very
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potent excitatory agent; in high concentrations, it is
extremely toxic to nerve cells, but it is not a substance
naturally found in the brain. The effeets of kainic acid
on nerve tissue may be similar tc . hose of ionizing
irradiation. Recently, Ruck et al. (3) reported that the
naturally occurring folic acid derivative, methyltetra-
hydrofolate (MTHF), is a potent and specific competitor
for kainic acid-binding sites in rat cerebellar mem-
branes. In an attempt to identify an endogenous
substance that may act at kainic acid receptors, we
examined the actions of folic acid and its derivatives
formyltetrahydrofolate (FTHF) and MTHF on electro-
physiological activity in the olfactory cortex slice.

Thin slices (300-400 um) of rat olfactory cortex were
cut and incubated at 35°C in oxygenated normal
Ringer's solution. FEach slice was transferred to a
recording chamber that was constantly perfused with
Ringer's solution, The LOT was stimulated with double
shoeks of 20-50 volts for 50 usec via a tungsten bipolar
electrode placed across the tract. Paired shocks were
separated by 60 mseconds and were administered every
1 seconds. Shock intensities were adjusted to produce
field potentials of maximum amplitude. Glass micro-
pipettes with approximately 50-um cut tips were filled
with normal Ringer's solution. They were used to
record field potentials from the pial surface of the
slice. After recording stable control field potentials
for several minutes, the perfusate was changed to a
Ringer's solution containing either kainic acid, folie
acid, MTHF, or FTHF. Concentrations of these agents
ranged from 108 M to 10-3 M; perfusion times ranged
from 5 to 30 minutes. This was followed by a wash in
normal Ringer's for a period of time equal to or greater
than that of the drug treatment.

Kainic acid administered in concentrations greater than
108 M exhibited dose-dependent excitatory effects on
the LOT-stimulated field potential. The lowest effec-
tive bath concentration, 5 x 1077 M Kkainic acid,
resulted in an increase in the amplitude of the popula-
tion spike, indicating an increase in synchronous
neuronal firing, with little effect on the slow wave
representing the population excitatory postsynaptic
potential (EPSP). At higher concentrations (Figure 1A),
application of kainic acid resulted in an initial increase
in amplitude of the population spike followed by a
decrease in amplitude of the EPSP. As the EPSP
approached the point of* abolishment, the population
spike increased to maximum size and then decreased
and disappeared. These events appear to represent
excitation followed by depolarization block. The action
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Figure 1. Effects of Kainic acid and folates on field potentials stimulated by Lateral olfactory
tract (LOT) in rat olfactory cortex slices. Each trace shows two field potentials in response
to double-shock stimulation of LOT. Initial downward deflection in each trace is begin-
ning of excitatory postsynaptic potential. Rapid upward deflection is due to interruption
of slow wave by population spike. Arrow in treatment condition A indicates population
spike in second field potential. Spiking in late wave of field potential indicates asynchro-
nous neural firing. Slices were superfused with (A) 10-5 M Kainic acid (KA) for § minutes,
(B) 10-4 M methyitetrahydrofolate (MTHF) for 135 minutes. (C) 104 M folic acid (PGA)
for 20 minutes, and (D) 104 M formyltetrahydrofolate (FTHF) for 15 minutes. Duration
of wash was equal to or greater than duration of treatment. MTHF and FTHF were
prepared in oxygenated Ringer’s just before use. and were protected from light during
experiment. Vertical calibration bars: 1 mV for A, B.and D: 0.4 mV tor C. Horizontal
calibration bar: 20 mseconds for all traces,
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of kainic acid was reversible if wash with normal
Ringer's was initiated no later than the time of dis-
appearance of the population spike. Kainic acid was
toxic if left on the slice after the disappearance of the
population spike.

In contrast to kainic acid, the MTHF (Figure 1R), folic
acid (Figure 1C), and FTHF (Figure 1D) had little or no
effect on the LOT-stimulated EPSP or population spike
even when administered in concentrations as high as 1
mM. At 10-4 M or greater, these substances occasion-
ally increased asynchronous spiking during the late
stage of the EPSP. Since none of the folates reproduce
the effects of kainic acid (even at 2000 times the con-
centration), it appears unlikely that the folates are
physiological ligands for the kainic acid receptor.
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SCIENTIFIC SUPPORT DEPARTMENT

The Scientific Support Department is composed of three
Divisions:  Scientific Instrumentaton, Radiological Physics.
and Radiation Sources.

During fiscal year 1981, the Scientific Instrumentation
Division (SID) concentrated on six major areas of study:

Evaluation of various radiolabeled agents with
specific affinity for muscarinic receptor

Production of fluorine-18 in the AFRRI TRIGA
reactor for eventual incorporation into biologically
active substances

Study of effects of cephalic compression on fetal
cerebral blood flow and possible chronic injury

Study of membrane damage postirradiation. using
electron paramagnetic resonance (EPR) techniques
to assess and isolate the damage

Development of a biological dosimeter using the
EPR analysis of calcified tissues

Although SID supervises AFRRIs electron microscopy unit
and its gas chromatographic mass spectrometer (support
spectrometers). SID’s primary function continues to be radio-
biological research. The Division uses radionuclides and
sophisticated radiopharmaceuticals not only for in vitro
studies of rodents but also for in rive studies of rodents and
canines. The in vitro work permits the rapid and more exten-
sive study of radiation insult to biological models. thus set-
ting the basis for later studies with more intricate, nonin-
vasive imaging of a higher order animal model. These radio-
tracer studies help evaluate biological transport. metabolic
events, and other physiological functions in experimental
animal models. SID is also involved in using EPR to investi-
gate the postirradiation damage to membranes.

The experimental models and radionuclide techniques devel-
oped or used in these areas of study provide the means of
addressing radiobiological issues and medical problems of
military significance. Specific radiolabeled muscarinic agents
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are potentially useful for assessing the extent of Jdamage
from irradiation and/or chemical agents to a parasympathetic
antonomic function. SID has undertaken an extensive
collaborative research effort to develop a muscarinic radio-
pharmaceutical for this purpose.

One of the most rapidly developing noninvasive probes in
nuclear medicine for assessing the quantity and quality of
radiotracer data is positron emission computerized tomog-
raphy (PECT). The advantage of PECT is the great number
of specific radiolabeled biochemicals that can be used to
assess biodistribution, metabolism, and excretion in radio-
biological studies. SID has been investigating the production
of fluorine-18, an important radionuclide for PECT studies,
in AFRRI's TRIGA reactor.

One of SID’s collaborative projects involves studying the
effects of cephalic compression on fetal blood flow in
specific vital organs. This project is medically relevant to
the study of compression insult in the fetal model. and may
also relate to compression insult to military personnel in
combat.

Radiation-induced structural and biochemical aberrations
leading to cellular dysfunction and death may be a manifesta-
tion of damage to the plasma membrane. SID is using EPR
spectroscopy and sensitive nitroxide probes to investigate the
membrane sites that are potentially more radiosensitive and
thus more likely than others to contribute to cellular dys-
function or death.

Natural background ionizing radiation is known to produce
stable, long-lived, free radicals in calcified tissues. EPR
analysis of these free radicals has made possible the archeo-
logical dating of fossil bones. SID applies this technique to
determining the radiation exposure doses for calcified tissues.
The purpose of this study is to develop a biological
dosimeter.

The Radiological Physics Division (RPD) provides dosimetry
support for all radiation sources at AFRRI. Although it is
primarily supportive, RPD provides a highly scientific func-
tion that requires extensive in-house research on dosimetry.
Its main areas of study are (a) measurement of tissue-to-air
ratios (TAR’s). conversion of air doses to tissue doses using
tissue-equivalent phantoms: (b) field mapping: measurement
of dose distribution: and (c) the study of new dosimetry
systems for adaptation to the AFRRI program.
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Specific areas of dosimetry research by RPD included the
establishment of a computer data base for cross sections and
kerma factors necessary to evalute the biological and physical
parameters used in neutron dosimetry. The data base con-
sisted of 37 neutron energy groups and 21 gamma energy
groups. In addition, numerous TAR determinations were
made using the reactor spectra. These data, along with }
measurements of reactor spectra, allowed the revision and ;
verification of the paired chamber equation coefficients in |
various protocols of irradiation. The paired chamber coeffi- |
cients are used in reactor dosimetry to determine the dose in ‘
a mixed neutron-gamma field. ‘

(

The Radiation Sources Division maintains and performs
scheduled checks for quality control on AFRRI sources and
accelerator (TRIGA reactor, cobalt-60 source, Theratron,
Phillips Industrial X-ray unit, and LINAC). This ensures that
AFRRI and outside investigators can compare their experi-
ments quickly and accurately.




EVALUATION OF THE RECEPTOR-BINDING RADIOPHARMACEUTICAL
DIHYDROALPRENOLOL

Principal Investigators: - Wo AL Alter I M. Grissom, 3o Hill and b Vieras, AFRRT
W. Eckelman and J. Phtlips, George Washingron University, Washington, DC

This study was undertaken to irnvestigate the use of
receptor-binding radiopharmaceuticals as myocardial
imaging agents. For imaging, it is desirable to have high
ratios of heart/blood (H/B) and heart/lung (H/L) as well as
homogeneous distribution throughout the myocardium. A
g -adrenergic antagonist (H-3) dihydroalprenolol (DHA)
was found to have a relatively high affinity (Ka = 1.2 x 108
M~1) for rat ventricular muscle.

Chloralose-anesthetized dogs (n = 4) were chosen for the
study of myocardial uptake and distribution of DHA, so
that these results could be compared with those for
simultaneously injected thallium-201 (T1). Both the H/B
and H/L ratios were higher for T1 (32.6 + 10.0 and 7.9 +
3.6, respectively) than for DHA (4.2 + 1.1 and 0.34 + 0.08,
respectively).

Myocardium perfused by the left anterior descending
coronary artery was rendered ischemic for 2 hours by
ligation (n = 3) of this vessel, resulting in a marked
reduction in uptake of both agents. Minimum values were
measured in tissues obtained from the apical portion of
the left ventricle where DHA was 35.2 + 12.3% and Tl was
34.7 + 13.6% of those values measured in normally per-
fused myocardium. Significant correlation (r = 0.84,
p<0.001) was seen between the values of these two
agents within the entire ischemic region.

These results indicate that DHA is similar to Tl in its
ability to discriminate between normal tissue and ische-
mie (or infarcted) tissue. Despite this good correlation,
DHA does not have sufficiently high myocardial selec-
tivity (relative to lung and blood) to be attractive as a
parent structure for a gamma-lubeled myocardial
imaging agent.

Kk drdrk
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RADIOCHEMICAL SEPARATION OF FLUORINE-18 PRODUCED
IN THE AFRRI TRIGA REACTOR

Principal Investigators: R, R. Eng and M. Grissom

One of the most promising areas of noninvasive deter- :
mination of the distributive, metabolie, and excretory !
functions in biological systems is positron emission
computerized tomography (PECT). Essentially, PECT
measures the quality and quantity of radiotracer distri-
bution in living systems. An important positron emitter
used in PECT is fluorine-18.

Fluorine-18 has been produced in AFRRI's TRIGA reactor
by means of an indirect nuclear chemical reaction:
6Li(n,a)T - 160 (T,n)18F. The target material, lithium-6
carbonate, is bombarded with fission neutrons,
converting the lithium-6 to an energetic tritium atom
(triton). The triton then bombards proximal 160 atoms to
produce fluorine-18. Since tritons are intermediate
products, a significant amount of tritium activity is
produced with the fluorine-18.

Before proceeding with any radiochemiecal synthesis with
fluorine-18, the tritium must be removed. To accomplish
this, a liquid echromatography procedure was developed. :
The irradiated lithium carbonate was dissolved with con- F
centrated sulfuric acid, and the solution was then
adjusted to pH 6.0 with aqueous ammonia. The 6.0-pH
solution was passed through an alumina ¢olumn and rinsed
with three equal volumes of 6.0-pH aqueous solution
(H9SO4-adjusted). The fluorine-18 was trapped on the
alumina, and the tritium passed through the column.
Concentrated NH4OH solution was then passed through |
the column to remove the fluorine-18.

Not more than 3% tritium content was ever recorded.
Thus, the problem of tritium contamination was solved by
liquid chromatography techniques, so that radiochemical
procedures could be developed.

e
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EFFECT OF CEPHALIC COMPRESSION ON CEREBRAL BLOOD FLOW
OF THE FETUS

Principal Investigators: M. Grissom and R, R, kng, AFRR/
W. O'Brian. S. Davis. and S. Golden. nitormed Services
University of the Health Sciences

Fetal eephalic compression always occurs during human
labor. Despite the importance of this event, the effects
of cephalic compression on the fetus are incompletely
understood. Although the association of fetal brady-
cardia with cephalic compression is well recognized, the
general influence of compression on fetal well-being is
uncertain. Toward this end, we studied the effect of
external cephalic compression on fetal pulse rate, aortic
pressure, total cerebral blood flow, and regional distribu-
tion of cerebral blood flow in fetal lambs.

Ewes of mixed breed at 125 to 130 days of gestation were
obtained. Cephalic compression was applied for 150 sec-
onds at 200 torr. Physiological parameters were moni-
tored for 5 minutes from the start of the compression.
Then the ewes were sacrified and the fetuses removed.

With cephalic compression, an initial bradyardia was
observed (168 bpm to 100 bpm), followed by a prolonged
tachycardia (maximum at 255 bpm). Fetal mean aortic
pressure was elevated throughout the study (55 to 75
torr). Although cardiac blood flow did not change, highly
significant decreases were seen in cerebral blood flow
(Figure 1). The mean blood flow of total brain fell from
154 to 27 ml/min/100 g of tissue. VMean cerebral vascular
resistance increased from 0.40 to 31.2 torr/ml/min/100 g
tissue.

In conclusion, marked alterations in fetal pu'ie rate,
blood pressure, and cerebral blood flow associited with
cephalic compression were observed in the near-term
fetal lamb. The implications of these observations
require further studies.
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Figure 1. Organ blood flows ( X+ SEM ) in fetal lambs before (solid bars)
cephalic compression and during (hatched bars) cephalic compression
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LOW-DOSE PARAMAGNETIC SIGNALS PRODUCED BY [ONIZING
RADIATION IN CALCIFIED TISSUES

Principal Investigators: M) McCreery, Co W Swenberg, and 3. ). Conkhin

Ionizing radiation is known to produce several
paramagnetic defects in caleified tissues, At least one of
these defects is known to be stable for a minimum of 107
years, and it has been used for the archeological dating of
fossil bones.

Using the technique of electron paramagnetic resonance
(EPR), we have observed these radiation-induced defects
in a variety of calcified tissues, including human tooth,
rat tooth, bovine bone, and rat bone. Both stable and
unstable signals were recorded, with the central line
oceurring at g = 2.0023.

Measurement of the intensity of these lines from tissues
irradiated in air with a 130,000~Ci 60Co gamma source or
with electrons from a varian linear accelerator yielded a
linear dose-response relationship at doses from 102 to 106
rads. Signal-averaging techniques were necessary for
accurate quantitation at exposures less than 500 rads, and
they allowed the detection of doses as low as 13 rads.

The relationship of dose and signal intensity at low doses
appeared to be hyperbolic, with saturation occurring at
about 100 rads. The linear and nonlinear behaviors of the
high~dose and low-dose domains, respectively, suggest
that at least two types of stable paramagnetic centers
are generated by ionizing radiation. The molecular
nature of these defects is still unclear.
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A SPIN LABEL STUDY OF RADIATION-INDUCED DAMAGE IN MEMBRANLS

Principal Investigators: M. J. McCreery, C, B Swenberg, and W. AL Hunt

Radiation-induced structural and biochemical aber-
rations that lead to cellular dysfunction and death may be
a manifestation of damage to the plasma membrane.
Using nitroxide spin labels, the effects of ionizing radia-
tion on both the lipid matrix and protein moieties have
been investigated for rat erythroeytes and their isolated
ghost membranes. The 5-, 12-, or 16-doxyl stearic acids
and doxyl cholestane were incorporated into the mem-
brane by dissolving the probe in chloroform, evaporating
a coat of the spin label on the inside of a test tube, and
then incubating it with the membranes for 20 minutes.

The stearic acid probes showed no detectable changes in
their spectra for membranes exposed to £100,000 rads of
60Co gamma. However, comparison of irradiated
membranes with control membranes probed with
cholestane showed small but significant changes in the
spectra. Membrane proteins were labeled with 4-(2-
bromoacetamido)-2,2,6,6-tetramethylpiperidinooxyl and
4-maleimido-2,2,6,6-tetramethylpiperidinooxyl by dis-
solving the probe in Pipes buffer at pH 6.8 and incubating
it with membranes for 12 hours. Free probe wasremoved
by repeated centrifugation.

The spectra of both probes revealed an immobilized and
very mobile component. For the maleimide label, no
difference in the spectra for irradiated samples and con-
trols was detected. For the iodoacetamide probe, the
! EPR signal for the irradiated sample was reduced signifi- f
! cantly more by NiClg than for the nonirradiated mem- '
branes.

This enhanced reduction of signal intensity indicates that
the labeled thiol groups are more exposed after irradia-
tion. This result is consistent with the protrusions seen in
electron microscopy of cells exposed to radiation. Order
parameters of these spin labels and the results of satura-
tion-transfer experiments using the maleimide probe also
support these conclusions,
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