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540 Radiation Protection in Defense Applications

maneuvers have minimal impact on operations. Safe ‘andings
can be made at fallout-free fields with only simply emplaced
radiation detectors that can be interrogated. Routine opera-
tion of a similar sysiem is now utilized for snow depth moa-
1oring in remote areas.

CONCLUSIONS

The evaluation of analytical procedures, test experiences,
assessment of lessons learned, improvements in radiation
detectors, and training/simulation exercises over the past four
decades has led to the development of adequate procedures
and tools for radiation protection during military operations.
A-recent air defense exercise centered at McCord AFB prop-
erly utifized all the available tools. There was a long period of
careful planning by an aggressive staff. They consulied many
technical experts on weapons effects, expedient shelters, and
decontamination procedures. They obtained and used the
National Shelter Survey data tapes for building availability in
dispersed locations. They coordinated and made joint plans
with all agencies in the Northwest Regional Emergency Plan-
ning Council and carefully examined every aspect of the air
defense cperations, The result was a very successiui dispersed
air defense operation in the face of a simulated massive attack
(blast destruction of all major facilities and heavy fallout in
most areas). Both air crews and ground crews were able to sur-
vive the simulated environments (as judged by monitors) and
work effectively.

2. A 20-Year Raview of Mortality in Proton-
Irradiated Monkeys, Michael G. Yochmowitz,
David H. Wood, Yolanda L. Salmon, Kenneth A.
Hardy (USAFSAM), invited

INTRODUCTION

The U.S. Air Force School of Aerospace Medicine
(USAFSAM) and the National Aeronautics and Space Admin-
istration (NASA) initiated a series of experiments in 1964-65
to study the acute effects of protons in rhesus monkeys.* The
rationaie for the selected doses and energies are given by Dal-
rymple and Lindsay.' [n brief, five exposure energies~32,
58, 138, 400, and 2300 MeV — were selected to represent the
proton spectrum in space, The 32-MeV energy approximated
a 1-cm depth penetration to determine effects on skin and sub-
cutaneous tissue The 55-MeV energy yielded a 2.5-cm depth
of penetration and reached radiosensitive bone marrow and
the gastrointestinal tract. The higher energies, 138, 400, and
2300 MeV, provided uniform depth dose distributions through-
out the animals. The 400-MeV energy approximates the high-
est energy particle found in significant concentrations in the
Van Allen belts, and the 2300-MeV particle simulated very
high-energy galactic cosmic particles. Doses varied between 25
and 800 rads and dose rates varied from 12.5 to 100 rad/min.
The acute studies yielded LD 50/30 estimates and have been
published.?-®

Those subjects surviving the initial 90-day postexposure
period along with controls and subjects of similar age exposed
to X rays, electrons, and protons of mixed energies have
become part of a lifetime study of delayed radiation effects.
Those subjects and their nonirradiated controls are referred to
as the “Chronic Radiation Colony.” The initial proton subjects
entering the colony consisted of 31 control (20 males, 11
females) and 217 survivors (124 males, 93 females).

*The animals involved in this study were procured, maintained,
and used in accordance with the Animal Welfare Act, and
the Guide for the Care and Use of Laboratory Animals pre-
pared by the Institute of Laboratory Animal Resources, Na-
tional Research Council.
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Reports in the open literature include a case of granulo-
cytic leukemia at 3 yr (Ref. 7), 4- and 5-yr reports on tumors
and cutaneous and subcutaneous effects,’® a 6-yr ﬁnd'mg of
weight loss,'® a 6- to 7-yr diagnosis of endometriosis,'""'? a
9-yr summary of mortality experience,'? a {5-yr summary of
endometriosis findings,'* a 17-yr summary of montality expe-
rience,'* and the occurrence of brain tumors.'®

DESCRIPTION

Detailed descriptions of the dosimetry and exposure have
been published.'”'® Dose groupings used are 0, 25 to 113,
200 to 280, 360 to 400, 500 to 650, and 800 rads. These dose
groupings began at the lowest exposure, 25 rads, and formed
100-rad intervals with the available doses. The 25 10 125 inter-
val became 25 to 113 rads, since 113 was the highest dose in
that range. The exception was 500 to 650 rads, which included
three 650-rad subjects.

This report summarizes by dose, energy, and sex the latent
effects observed in the Chronic Radiation Colony to date.

RESULTS
THhe pooled data provided the following information:

t. Irradiated animals had significantly higher mortality
than controls: 62% versus 45%.

2. The 55-MeV mortality (61%) was similar to the totally
penetrating 400- (60%) and 2300-MeV (57%) exposures.

3. Dases and energies that shortened life were 2360 to 400
rads and =55 MeV.

4. Death rates compared to controls began to increase
after ~8 yr in 400 rads, after ~2 yr in 500 to 600 rads, and
~1 yr in the 800-rad subjects.

5. Of nine probable causes of death, the leading causes
were primary infections (28%), endometriosis (21 %), organ
degeneration (19%), and malignant neoplasms (20%).

Data comparing males and females provided the follow-
ing informartion:

1. Mortalities in irradiated males (51%) and females (76%)
were significantly higher than in respective controls (35% and
$5%).

2. Lower proton energies and doses were more effective.in
females (32 MeV and 25 1o 113 rads, respectively) than in
males (55 MeV and 360 to 400 rads, respectively).

3. Deaths occurred earlier in females than in males from
exposures as low as 25 to 113 rads and at all exposure ener-
gies studied except §5 MeV.

4. The development of endometriosis in females and
neoplasms in males is enhanced significantly by proton irra-
diation over that of respective controls.

5. The development of endometriosis at relatively low-
exposure energies (e.g., 32 MeV) and doses (e.g., 25 to 113

- rads) of protons may be a fimiting factor for female astronauts

in extended missions in space where particle radiations are
prevaient.
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3. Development of Effective Chemical Protec-
tors Against Radiation, Lawrence Fleckenstein
(Waltcr Reed), invited

INTRODUCTION

Since 1959, in' =rrupted dui.ug ihe eacly 1970s for ~10 yr,
the U.S. Army Medical Research and Development Command
has sponsored an Antiradiation Drug Development Program.
The objective of the program is to develop a drug or combi-
natiun of drugs that could be taken by military personnel or

civilian populations to protect them from the effects of ioniz-
ing radiation from nuclear weapons. Emphasis is placed on the
development of an orally effective radioprotective drug. The
present overall drug development effort includes chemical syn-
thesis, animal! efficacy screening in mice, determination of
physical chemical properties, dosage form development, phar-
macokinetic, drug metabolism, and pharmacologic testing.
During the program, ~6000 compounds have been chemically
synthesized and tested for efficacy. Only a few compounds
have been tested in larger animals. At the present time, the
only animal efficacy model is for mice.

Since the early 1980s, the program has become more
narrowly focused, concentrating on following existing leads,
principally aminothiol compounds. Synthesis of new com-
pounds is concentrated in the areas of alternative thiol covering
functions, variations of aminothiol structure, and nonamino
radioprotectants. Ethiofos(WR 2721), S-2-(3-aminopropyl-
amino)ethy! phosphorothioic acid is the prototype aminothiol
radioprotectant and has been most extensively studied.
Ethiofos is currently the only radioprotectant with an active
“investigational new drug application”; however, several re-
lated phosphorothioates compounds have also been identified
as possible candidates for development. Administered intra-
venously, ethiofos protects mice, dogs, and rhesus monkeys
against the lethal effects of X rays and gamma radiation.'
Oral dosing of the drug fails to protect dogs or monkeys, sug-
gesting poor bioavailability. Various formulation approaches,
including microencapsulation, have been investigated to im-
prove oral absorption.*

DESCRIPTION B

Studies have been undertaken to define the mechanism of
poor oral bioavailability of ethiofos. /n vitro hydrolysis exper-
iments indicate the drug is unstable at the gastric pH (Ref. 2).
It has recently been shown that ethiofos sup?resscs stomach
emptying and motility in the rhesus monkey.’ Detailed phar-
macokinetic studies have been carried out in the rhesus mon-
key to define the absorption of the drug.* In a series of
experiments, ethiofos and '4C-laheled ethiofos have been
administered by various routes of administration (intravenous,
intraduodenal, and by infusion into the ileocecal vein). Plasma
ethiofos and major metabolite levels were determined by spe-
cific high-phase liquid chromatography analysis to follow the
disposition of the drug. .

RESULTS

Pharmacokinetic experiments in the monkey have shown
the drug is absorbed from the intestinal tract, but the drug is
highly metabolized during absorption. This metabolism occurs
at the level of the intestinal wall and the liver. As a result, drug
levels of ethiofos and the active thiol metabolite are extremely
low in the systemic circulation following oral administration.

Efforis to develop an oral dosage form of ethiofos have
centered around microencapsulation of the drug. Formulation
factors can be altered to vary the site and rate of drug deliv- - e e
ery in the gastrointestinal tract. Microencapsulation is designed F°’_’
to protect the drug from acid hydrolysis in the stomach and _; T "(?‘__
release the drug at the site of absorption in the small intestine.
However, microencapsulation will not overcome the problem
of “first-pass” removal of the drug by metabolism during
absorption. Efforts to overcome this metabolism have cen- . 511
tered on identifying alternative phosphorothioate compounds
not subject to this problem. Another approach under inves-
tigation is the synthesis of'chemical derivatives (prodrugs),
which are well absorbed and can be converted under the influ-
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ence of biological fluids or enzymes to an active radioprotec- on_/ RS

tant. Saturation or competition for the enzymes responsible  t(ty (odes
for first-pass removal of the drug is currently under study as - B
an alternative means of overcoming this problem. Circumvem- 1 &nd/or

ing the removal of ethiofos by metabolism during absorption ‘cial

A9




