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FOREWORD

This report was prepared in the Radiobiology Division under task No. 775708.
It covers work performed between September and December 1967. The paper was
received for publication on 29 July 1968.

The radioprotective agent (WR 2721) tested in this study was supplied through the
courtesy of Dr. David P, Jacobus, Division of Medicinal Chemistry, Walter Reed Army
Institute of Research, Walter Reed Army Medical Center, Washington, D. C. A sum-
mary of radioprotection data acquired from mice and canine studies was also furnished.

The technical assistance of Horace Hamilton in quantitative analyses and of
Major Harold W. Casey and his staff in pathology is gratefully acknowledged.

The animals involved in this study were maintained in accordance with the “Guide
for Laboratory Animal Facilities and Care” as published by the National Academy of
Sciences-National Research Council,

This report has been reviowed and is approved.

GEORGE E. SCHAFER
Colonel, USAF, MC
Commandor




§-2-(3-AMINOPROPYLAMINO) ETHYL PHOSPHOROTHIOIC ACID HYDRATE
AS A RADIOPROTECTANT IN RODENTS AMD PRIMATES

L. INTRODUCTION

A newly synthesized compound, S-2-(3-
aminopropylamino) ethy! phosphorothicic acid
hydrate, has a chemical structure that is ex-
pected to afford radioprotection while minimiz-
ing the foxicity and undesirable side effects
found in many of the older, classical radio-
protectants (1).
compound was studied in rats and in the
primate, Macace mulatta. The formula for the
synthesis of this radioprotective agent is
shown below (3):

48%7 HBI‘
H,NCH,CH,CH,NHCH,CH,OH——

+ PS(ONa)y——————b
H,NCH,CH,CH,NHCH ,CH,SPOH, -+ (H,0),

II. METHODS
Animal care and maintenance

Male Sprague-Dawley rats were obtained
from commercial suppliers. These albino rats
averaged approximately 200 gm, in weight at
the time of arrival, After ten days of
quarantine in the vivarium, the rodents were
tranaferred to wire mesh colony cages in an
air-conditioned room. They were fed Purina
laboratory chow and allowed water ad libitum.
The rats were eantagged, weighed, and ran-
domly placed in groups of 6. Kach group qc-
ot ~ted a separate compartment in the colony
cage. The rate of weight gain observed during
this regimen was normal according to sales
literature furnished by the supplier.

The effectiveness of this

Primates, Macaca mulatta, used in this
study were Asiatic imports. They were
clinically screened and quarantined before de-
livery to our facility. Upon arrival, they were
again quarantined and standardized for our
study.

Standardization included fecal examination
for ova and parasites, bacterial culturing for
pathogenic flora, tuberculosis screening, and a
physical examination for gross abnormalities.
The monkeys were housed in our vivarium for
the duration of the experiment. The environ-
ment in the vivarium was one of constant con-
trolled temperature and humidity, individual
caging for animals under study, and a constant
supply of water. Primate diet consisted mainly
of commercially manufactured monkey bis-
cuits fed twice daily and supplemented by fresh
apples twice weekly.

Radioprotective agent

The synthetic compound, S-2-(8-aminopropyl-
amino) ethy! phosphorothioic acid hydrate!
(WR 2721), was supplied to us by the Walter
Reed Army Institute of Research. This com-
pound is soluble in cither saline or distilled
watev. Saline solutions were prepared daily
and were pussed through a sterile Millipore
filter before injection. Table I compares the
results of chemical analysis of the compound
made at the USAF School of Aerospace Med-
icine with those performed at the Walter Reed
Army Institute of Research. An infrared
gpectra tracing is shown in figure 1.

‘Roferred to hevealter ss phosphorolhiole acid.

preceding page blauk




TABLE I
Chemistry of S-2-(3-aminopropylamino) phosphorothioie acid

Parameter measured USAFSAM* results WRAIR? results
Melting point 133° - 134° C. (with 1.2 moles H,0) 148° - 150° C. (with 1.1 moles H,O)
Nitrogen 11.27% 11.83%

Phosphorus Qualitatively —
Primary amine Qualitatively —_—
Secondary amine Qualitatively —
2.92 2.88

6.28 5.89

6.65 6.50

7.10 7.03

Infrared spectrum 7.82 1.80
* peaks (1) 8.43 839
_— 8.97

9.40 9.30

10.52 10.39

SUSAF School of Aerospace Medicine, Rdioblolomy Divialon,
tWalter Reed Army Institute of Reoeurch.

Radiation

Gamuma radiation from a 5,000 curie %°Co
source (2) was delivered to groups of 6 rats
held in six individual compartments within a
revolving, horizontal, wire mesh cylinder, Dose
rates for diffevent sets of experiments varied
from 68 to 800 R/min. and were measured by
ion chamber dosimeters., (Victoreen, 100 R).
Dose measurements varying less than 3% from
nominal dosage were within accoptable limits
of ervor.

X-irradiation wag delivered to primates
from a Maxitron 800 machine. This thevapy
machine was operated at a current of 20 mm,
Filtration was accomplished with a standond
ARCu-8n filter in a configuration which yiolds
a halfevalue layer of 2 mm. Cu. Tho target.
to-subject distance was 135 em. to the midline
pint of the primate, which was held in
a  voertical, revolving, wire mesh  eyvlinder,
X-irvadintion was  delivered at a rate of
190 = 0.6 R/min. for a total dose of 850 R,
R4

Dosimetry was accomplished with Victoreen
100 R and 26 R ion chamber dosimeters. The
x-ray beam was constantly monitored with a
Victoreen rate meter, reading directly from
a probe agjacent to the midline of the revolving
primate.

5. RESULTS
Rav experimenis

A mwodificd Dixon and Mood rethod, ag re.
ported by Kimbal et al. (4), was employed to
establish the LDy and the safe maxiam
dosages of the agent. This atatistical methoed
established the 1.Ds, of phoaphorothioie acid to
be approximately 416 wmg./ke. when injected in-
teaperitoneally in rats. This value is subjoot
tr a 6% standard ervor.

The first radioprotection experiment in rats
way attempted with a dose range of 375 to
400 wg./ky. given LP. 30 minutes bofore ex-
posure to 1,200 R “Co. Thuse duses were oo
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Infrared spectrum for phoephorothioic aeid.
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TABLE 11
Tozxicity of phosphorothioic acid in primates

Pripss | Dot Rest
Administered by stomach tube
6P7 126 No adverse effect
8P9 260 No adverse effect
3G3 500 No adverse effeet
4L9 1,000 Dead 8 days later
Administered intravenously
«} 50 No adverse effect
8p7 100 No adverse effect
K9 200 Lightly tranquilized
6G3 400 Deeply trang».lized
4Y7 400 Modaoratel, trrnguilized
Y1 400 Moderately tranquilized,
dead 7 days later
X1 490 Moaderately tranquilized,
dead 6 days later
K7 580 Convulsions, extended voma,
and complete recovery

toxic and the combined effect of drug toxicity
and ivradiation proved fatal to all but one rat
within 3 days,

The next rvadioprotection study was dene
with a dose vange of 200 to 250 meske.
phosphorothioic acid injected LP. in rats
30 minutes prior to 1,200 R »Co deliverad at

400 R/min. Thirty-day survivers in the 200 .

mg. fkg group ntanberid only 5 out of 12, or
42%, with most deaths atiributable to frrevers.
fble bene marrew  damage.  These data
indicate an jusufficiont dosage of the radio.
protectant. Al 12 of the 250 rap./kg. grovp
svv.ed 30 days and were oveptually sacri-
ficed. This suggests that 250 me./kg. I8 an
aptimvm  dose considering both the additive
stress of radiation damagie and drug toxicity.

Another vat experiment was initiated using
twwo groups of 1R rats czeh,  Both groups were
injected L. with 250 mg.7kg. phosphorothisic
acid. One group was exposed to 1,200 R “Co

4

used as drog cantevls,

delivered at 800 R/min. The other group was
exposed to 1,200 R ¢Co delivered at 68 R/min.
The first group yielded 67% survival at 30 days
postirradiation, while the latter group achieved
only 44% survival. These findings suggest
that a dose rate effect may be present. All
corresponding control rats died from 1,200 R
80Co within 9 days. No studies were done in
rats to determine whether any other time in-
terval between injection and irradiation was
more effective than the 30-minute one. We
refer to the work of Storer and Yuhas (b) for
additional rodent data on this radioprotective
agent.

Primate experiments

Befure attempting any radioprotective
studi=s in primates, several monkeys were ex-
pevded in determining the toxicity of this
chemical in primates. Our first study confined
itself to administration by stomach tube of
doses ranging from 125 to 1,000 mg./kg. Re-
sults ave shown in table 1L

‘able I also stmmarizes resuits observed
when primates were injected intravenously
with doses ranging from 50 wmg./kg. to ap.
proximately 580 mg./kg. Observed symptoms
and results ave hriefly deseribed.

In testing phesphorethiei¢ acid in primates
against 860 B x-ivradiation, the approximate
L), radiation dose, injoctions were wmade
30 minutes befere the stavt of xdrradiatiun,
Group 1 (8 primates) received 850 R x-jrradia.
tion fullowing a placebo LV, injection of 5 ml
sterile suline; group I {8 prinntes) received
850 R xderadiation following LY. injeetion of
400 me. K group 1 19 primates) veceived
859 B x-drradiation following LV, injection of
290 wyr ke, and goup IV {6 primates) ns
ceived 830 R -irvadiation following LV, in-
jection of 250 mg. /K. Thyew primales were
They received radio-
protectant injuctions prior to sham-irradiation.

S

The results of the various groups experi-
ments were as follows:

Group 1. Radietien confrel primetee. AN 8 pri
panten died belween the lenth and fi¥tesnth day post-
trradiation. Meah strvival time was 125 days.




Group 2. Primates treated with 400 mg./ky. before
irradiation. Between the first and fourth day post-
irradiation, b primates died; 3 sorvived 30 days. Sur-
vival = 3/8.

Group 3. Primates treated with 300 mg./kg. before
irradiation. During the first day postirradiation,
2 primates died; 7 survived 30 days. Survival = 7/9.

Group 4. Primates treated with 250 my./ky. before
rradiction. During the first day postirradiation,
1 primate died; 5 survived 30 days. Servival = 5/6.

Postmortem examinations of group 1 (con-
trols) showed pathology consistent with radia-
tion death. Subcutaneous hemorrhages rang-
ing from petechial to massive coulescing
hemorrhages were seen in  all  primates,
Hemorrhages were observed in the gastro-
intestinal tract, lungs, urinarvy bladder, kid-
neys, heart, and peritoneum. In several
instances, a large hematoma would cause one
or both eyes to be closed, and bleeding from
mouth, nose, and veetum was common in the
terminal stages,

In group II (400 mg 'Ke. gronp), although
3 of B primates did suyvive 30 davs, the b eavly
deaths showed the effect of deug toxicity plug
jrradiation stress,  Soeme lver damage had
occurred in SOuday survivors ag vevealed later
by necropsies,  Pathology veports showed a
mild, focal, idiopathic heputitis,  Seetions of
Hver pevealed oceasionn! micvoscople foei of
vonpd vett infilteation suevounding degenerats
ing heputie pavenchymal eells.  Rone marrow,
spleon. lvmph nodes, and gut tissue wore -
vemuarkable, '

it is of interest to uote hore that almest

simaltanecoustv . with the enrly deaths mens
Honed above, 2 of the 40D mg/ke, deog
contrals  dicd  evincing  similar  ayiptoms.
Necyopsies were done fmmodiately.  The aps
paront ivor damage at 5 to 6 days after injes
tion was ovident. Gress oxamination showed
an abinormal liver in botly instanees.  Light fan
strenks aid arens were fonpd thmugiout the
liver, Histologle oxatnination showed a focal
peerotitng homorrhagie prenmonia of the lwag
i both instadecs, and sxtetisive fTally chame
of the liver was evident.  Pateln intralchutae
necvazis of the liver with tileseabscoss formae.
liohi was seost.  Additisnally, there was sioled

in one primate a patchy ascending pyelone-
phritis and an acute nonspecific colitis.

In group I (300 mg./kg. group), 7 out of
9 survived 30 days, but 2 early deaths were
seen during the first 24 houss. Histologic
examination of one 30-day survivor showed a
focal, minimal, interstitial nephritis. Liver,
bone marrow, spleen, lymph nodes, and gut
tissue were vnremarkable.

In group IV (250 mg./kg. sroup), 5 out
of 6 primates survived 30 days, and again
one early death was noted during the fivst
24 hours. No necropsy was performed on the
early death, but a necropsy was performed on
a sacrificed 30-day surviver. Histologic ex-
amination found all tissue meutioned previous-
Iy to be unremarkable.

V. DISCUSSION

Our preliminary quuntitative and qualita-
tive analysis  of 8S.2.(3-aminepropylamine)
ethyl phesphorothioic acid hydrate cleaely
demonstrated that this compound rveguived con»
stant desteeation at veom temperature beeanse
of its hydrascopic nature, Acecording to ouy
melting point findings, the desiceated product
in our laboratory was & mixture of both di-
hvdrates and monchydrates—the dihydyates
boing in urester percentage.  Other habevatory
analyses, including infvared speetva analysis,
nitroyen determination, solubitity tests, and
gualitative testz  ror  phosphorus,  pritsay
amine, and sezondory amine voritied data sybs
mitted by Walter Rood Avmy Institote of
Rosourch.

A peview of oy dola on toxicly and
phavsucelagic offects of plosphorathisie aeld
i primates ndieates that doses which induee
enly & Hpht trangnilizing offevt ave safe te wse
as 3t radloprotoctant.  Poses which produce
fodorite to deep Hnuguilization ave sccastonals
W fatal and unifermiv eanse death when acute
doses of vadiation ave supedimposad.

e findings of Siver and kideoy damuge
are congistent Wity ibe findings of other -
vostigators (3). §! iz possible that eur lowest
radisprotective dose (350 wmp. k) is stil) too

)
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high for optimum results. This is strongly
suggested by the fact that 1 out of 6 primates
30 treated died within 24 hours postirradiation.
The ideal radioprotective dose of this agent
may be in the range of 200 to 225 mg./kg. body
weight.

V. CONCLUSIONS

Further experimentation should be done to
elucidate the radioprotective capacity of S-2-
(3-aminopropylamino) ethyl phosphorothioic
acid hydrate against different kinds of radia-
tion. It does appear that this compound is one

of a few that provides radioprotection to higher
wmammals (primates) as efficiently as to ro-
dents (mice and rats). If these findings are
to be extended to man, effective therapy re-
quires further determination of human
toxicity, effective dosage, and optimum routes
of medication.

Our findings of 100% survival in at least
one group of 12 rats exposed to 1,260 R ¢°Co,
and a survival of 80% (12 out of 15) among
primates exposed to 850 R x-rays, are signif-
icant when compared with the 100% mortality
of primate radiation controls. :
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