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FOREWORD

This report was prepared in the Radiobiology Division under task No. 775703.
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 reviewed and is approved.

atmGE 01 B CAFER
Colonel, USAF, MC
Commander
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S-2-(3.AMINOPROPYLANINO) ETHYl PHOSPHOROTHJOIC ACID HYDRATE
AS A RADIOPROTECTANT IN RODENTS AND PRIMATES

I. INTRODUCTION Primates, Macaca mu atta, used in this
study were Asiatic imports. They were

A newly synthesized compound, S-2-(3- clinically screened and quarantined before de-
aminopropylamino) ethyl phosphorothioic acid livery to our facility. Upon arrival, they were
hydrate, has a chemical structure that is ex- again quarantined and standardized for our
pected to afford radioprotection while minimiz- study.
ing the toxicity and undesirable side effects
found in many of the older, classical radio- Standardization included fecal examination
protectants (1). The effectiveness of this for ova and parasites, bacterial culturing for
compound was studied in rats and in the pathogenic flora, tuberculosis screening, and a
primate, Macaca mulatta. The formula for the physical examination !or gross abnormalities.
synthesis of this radioprotective agent is The monkeys were housed in our vivarium for
shown below (3): the duration of the experiment. The environ-

48% HBr ment in the vivarium was one of constant con-
H2NCK 2CH 2CH 2NHC 2CH2 OJH-0-------- trolled temperature and humidity, individual

H2NCH 2CH2CH2NHCH 2CH.Br • 2 HBr caging for animals under study, and a constant
supply of water. Primate diet consisted mainly

+ PS(0Na)', 10 of commercially manufactured monkey bis-
H2NCH 2CH2CH2NHCH CH2SPO3H2 ' (H20)3  cults fed twice daily and supplemented by fresh

apples twice weekly.
II. METHODS Radioprotective agent

Animal care and maintenance The synthetic compound, S-2. (3-aminopropyl-

Male Sprague-lDawley rats were obtained amino) ethyl phosphorothioic acid hydratet

from commercial suppliers. These albino rats (WR 2721), was supplied to us by the Walter
averaged approximately 200 gui. in weight at Reed Army Institute of Research. This corn-the time of arrival. After ten days of pound is soluble in either saline or distilled

quarantine in the vivarium, the rodents were wate'. Saline solutions were prepared daily
transferred to wire mesh colony cages in an and were passed through a sterile Milliporeair-conditioned room. They were fed Purina filter before injection, Table I compares thelaboratory chow an d allowed water ad libitum, results of chemical analysis of the compoundohe rats were ear-taged, weighed, and ran- made at the USAF School of Aerospace Med-domly placed in groups of 6. Iiach group qc- icine with those performed at the Walter Reed

cr'-'ed a separate compartment in the colony Army Institute of Research, An infrared
cage. The rate of weight gain observed during spectra tracing is shown in figure 1.
this regimen was normal according to sales
literature furnished by the supplier. a o b mf tr M V MhWk -W.

I
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TABLE I

Chemistry of S-2-(8-aminopropylamino) phosphorothioic acid

Parameter measured USAFSAM* results WRAIRt results

Melting point 1330 134' C. (with 1.9 moles H2 0) 148' - 1500 C. (with 1.1 moles H.0O)

Nitrogen 11.270/ 11.88%

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 7.80
peaks (1A 8.43 8.39

8.97

9.40 9.30

10.52 10.39

OUSAXF School of Aerospace Medicine, Rsdloblology Divilals.
tWafter Reed Amny Institute of Uftroh.

Iladlation Dosimetry was accomplished with Victoreen
100 R and 25 R ion chamber dosimeters. The

Gamma radiation from a 5,000 curie G0Co x-ray beam was constantly monitored with a
source (2) was delivered to groups of 6 rats Victoreen rate meter, reading directly from
held in six individual compartments within a a probe Adjacent to the midline of the revolving
rovolving, hor~sntal, wire mesh cylitider. Dose primiate.
rates for different sets of experiments varied
from 68 to 800 R/min. and were measured by 1%L RESULTS
ion chamber dosimneters, (Vietoreen, 100 Rt).
Dose measurements varying loss than 317, front Rai experiments
nominal dosage were within accoptable limnits,
of error. A modified Dixon and Moot) method,. aq re-

ported by Kimbah ot al. (4), %was employed to
X-irradliatlon wa4 delivered to llriniatea establi.Ah the Ll)o and the safe niaxitimin

from at ltaxitrcin 300 nmhine. This therapy dosages, of the agent. This statistival miethod
niaehine was opierated at a current of 20 ma, established the LDof jpho.phorothiolc a1id to
F~iltration was accomplished with a ataiidutr be upI rOiimatel3' 416 ing./kg. When in1jecte in-
Al4-Ci.Si filter in a counfiguration which yields tralkiritoneafly In rats. This value is subject
at half-valuie layer of 2 nim. Cu. The target. to~ a 6%, standard error.
tn.:ubJcect distance was 135 cmn. to the Inidline
plit, of the lpriniate, which was held in The first tradloprotectiolt expecriment in rats
a vertieul, revolvinug, wire me.sh cylinder, was4 attempted with it dose rooge tit 375 to
X-irradiation was delivered at a% rate of 400 ing.fg. given 1.11. 30 tiiuutcli Wefore ex-
17.5 :L 0.5 It/min, for a total dose of MS It. posurv to 1,200 It 4KUu. These dasw" were too
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TABLE II delivered at 800 R/min. The other group was
exposed to 1,200 R e°Co delivered at 68 R/min.

Toxicity of phosphorothioic actd in pritates The first group yielded 67% survival at 30 days
.. . postirradiation, while the latter group achieved

Primate Dosage Result only 44% survival. These findings suggest
No. (mg./cg.) that a dose rate effect may be present. All

corresponding control rats died from 1,200 R
Administered by stomach tube 60Co within 9 days. No studies were done in

6P7 125 No adverse effect rats to determine whether any other time in-
8P9 250 No adverse effect terval between injection and irradiation was
3G3 S00o No adverse effect more effective than the 30-minute one. We
4G9 5000 Noeadvers lefc refer to the work of Storer and Yuhas (5) for
49 1,003 [ Dead 8 days later additional rodent data on this radioprotective

Adm inistered intravenously agent.

P7 50 No adverse effect Primate experiments

8K 100 No adverse effect Before attempting any radioprotective
?/K9 200 Lightly tranquilized studi,,s in primates, several monkeys were ex-
608 400 Deeply tranq,',1zed perded in determining the toxicity of this
4Y7 400 Moderate|7 tr-.quilized chemical in primates. Our first study confined
'fY1 400 Moderately tranquilized, itself to administration by stomach tube of

dead 7 days later doses ranging from 125 to 1,000 mg./kg. Re.

9XI 40 Moderately tranquilized. sults are shown in table II.
dead 6 days later Table II also summrizes results observed

TK7 580 Convulsions, extended coma. when primates vere injec ted intravenously
and complete recovery with dose ranging from 5i0 mg./tk. to op.

proximately 580 mi./kg. Observed symptoms
toxic and the combined effect of drug toxicity and results ure briefly deseribed.
and irradiation proved fatal to -all but one rat In tosing phosphothiote a1d In primatea
witlhal 3 d4,%against 860 It xirradlation, the approximate

,140) radiation dow, hne,4ttonm we,cr made
The next radioproteetion study was daone Ll" rion dose, itit w 13i11d0

with a dose range of 200 to 250 wrqnigi /O minutes before the tvat of x-irrtulintion,

))hO~phtwothioi, acid inj Xta! IP in rats GrNup 1 (8 prihnutes) rt-civod 840 U x-irradia-
30 minutes prior to 1,200 It "Co dtdivvrd flin following a plucebo 'V. llljewthon of till,

400 Ilinin. Thirty-day orsuivi in thOw 200 st51)il 5441,1 $flMUp It 8 primht,) receivvd
wnrlkAg twoup timonwrte only 6 out of 12, or V10 r. ;-rrgiotion foloihg IX, itnjation .otl

42;, with lot deaths ttrbutablo to inovera. 4 t0 fI.!kgz.; gVUJ) li (9 tmAWA roevivW

Mile boI narow damage. These datu MO 9 X Irfditleh following IV. inlje oio of

iitdicte at ittsfiielt dosage of the rawdio. 0) mg. 1. 1 and grui IV (6 pritstti ) tv-

PrOteciAnt. All 12 Of the2. tt mgkg. VW1up eeiv(d 850 R C4iradisitAonl followitig IN. inl-
Mirv. days and wore feventokally sar- jttiolt of 250 msacvW Thr prinnatr, were
;:;. 111. su1ggestsU that 250 rngZtkg. isA an usd as ~rag ctwnltvd. T'hey rcved~ radio-
tiptimoni dose casideringl b4th the additive pr teetaut iojectiom prior to shaui.irradiaiou.
strs of radiatiou damage aut drug toxicity. The retilti of 0he Variou groupst oxeri-

Anothwr rat experiment was initiated uwtifa "uWU tere as o lows.:
two groups, of iR4 rots4 each. Hthh gtoul. werv (;vw 1. N40A "tf,4pio AO SI jri.
inj.cted I'P. with 250 mKg, p hosphorthioic mAt.,A dirt beawret tho tith ah fi-notAh tay Patm
"id. 0e group was exposed to 1,20 It f t a~is. Meats erviVal time ams 120 Jay*'
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roup 2. P~r~ites treated with 400) mg./lg. before in one priniate a patchy ascending pyelone-
irradiation. Between the first and fourth day post- phritis and an acute nonspecific colitis.
irradiation, 5 primates died; 3 sarvived 30 days. Sur-
vivai 3/8. In group 111 (300 mg./kg. group), 7 out of

G;roupj 3. P'rimates treated with 300 ing./g. before 9 survived 30 days, but 2 early deaths were
irradiation. During the first day postirradiation, seen during the first 24 hours. Histologic
2 primates died; 7 survived 30 days. Survival = 7/9. examination of one :1o-day survivor showed a

(kouP 4. Prip~nt tyratei with 250 mg./ky. before focal, minimal, interstitial nephritis. Liver,
irroeliat on. During the first day postirradiation, bone marrow, spleen, lymph nodes, and gut
I primate died; 5 survived 30 days. Su rvival = 51. tissue were .'nremarkable.

Postmortem examinations of group I (con- In group IV (250 mg./kg. group), 5 out
trols) showved pathology consistent with radia- of 6 primates survived 30 days, and again
tion death. Subcutaneous hemorrhages rang- one early death was noted during the first
ig from petechial to massive coalescing 24 hours. No neeropiy wats performed on the

hemorrhages were seen ill all primiates, early death, but at nieropsy was performed oil
Hemorrhages were observed in the gastro- a sacrificed 30-day s;trvivor. Histologic ex-

'otestinal tract, lungs, urinary bladder, kid. iiaw o n l isu eto c rvo s
lleys, heart, anid p4eritoneuim. In several ly to e unremarkable.
ilnStanICe, a lklrgC he01Matoin would CauseO one
or both eyes, to be vlosed, and bleeding from IV. DISMS.ION
mothl, nose, and recum was common ill the Ou prelimtinary qw-aititative andl qualita-
telnminatl stages, tive anaIlysis of 2-(ainroymn)

lit group it (400 nw'. g rouip). althoiwrb ethyl pohrtiieAcid hlydirate OearlY
3 of 8 priniates diA sttrivke 30 day's. ti~ varl demonstrated that thit compowtdu reqiuired eoon-
deathis showedl tile effect of drog toxivity pill;s tJ&Ilt de'qct ion ut rtumt temperat tre IWvwizze
irradiationl stress,- Somne liver dalankage bilk of its hydrosCopie ntureko, Acc-ording- to i"or
occurred ill 30'doy surviVOrs ali Oreal(A lotor viteltiot! point findigs, the desiecatd 1 -0 "c
by lleopjes, ahlg eot hwd n r brdr a niXttv- of hl iti.
llild, focall, ikiotllit ofaits Ietin 4 hdae n othdar--4etiljdraloi
livor rvvealed ovvanikmat licroscopipci of 44 tMOt 1 zeaerjritogo\ tilhr labrmcy,

ifor hoixdIiti ewyna MA~ls Ione ow, ,1'gn eiain o $41ilty tvsts "old
~N-Ao Wilpl 11des, ald gut iss ue UVIe n, filaliuktivo testst for' lpvjho'rlhuru triin~rs

siioltn~mli~with tho vo'ly deallths me
tionket) j~bve, 2 of tho 400 ttj.U drutg A wvioxv 0( nor kw oll 10\ifiy and

Xvi',des ". Wch) tlonit m 1140 o io tirfluo's Mivai that kvll wiich ilttlu e
pareill livor dzollAgc" at 6to 6 &AY Oto a j ic poly ti lie-ht tvnilhn ffmit aro 'afe toi ow
in wtws oyidt. t' Geo#s o'xatnifniol lowoil a a v ~ eln.1iswhi h 1Ahcee

at) AW10MAr liver iW hal)l W3!v'~ iht w" Iau m oat' " 1*4 ~ ~ o 41&p oci'iaOl-4
A*v~i. MWt Zof t ccfun hu thell ly (ata W, .titor " eah hilanl

sirt. hjsti "g affilil slieiwet a ftcal 4t~e'% of raao*ip are ittpwimio40d
w.vtttig-ii 111to*'rhagl pneumlmia tit tho un

in4bth ht0w0i ad nsVP ftty tehauigo fut1" fillile ijj ,tOf li'e*" an kidneOY Il~n
of the livor wa't Ovidolit. Itehn hit-Mlo~tir 4n'e rvil-ic1nt wilp, ittw tiodillp.As 4f Athet in-
tuvtwsi" of the fiver with m~~otse~forwti V ol-in ir t 3). V i* cW sIhi ha ur fowcest
tiou waA en Additiow~ily. there was #wted rilwot etkv &Ws (204 tg, ig mll too



high for optimum results. This is strongly of a few that provides radioprotection to higher
suggested by the fact that 1 out of 6 primates mammals (primates) as efficiently as to ro-
so treated died within 24 hours postirradiation. dents (mice and rats). If these findings are
The ideal radioprotective dose of this agent to be extended to man, effective therapy re-
may be in the range of 200 to 225 mg./kg. body quires further determination of human
weight. toxicity, effective dosage, and optimum routes

of medication.
V. CONCLUSIONS

Our findings of 100% survival in at least
Further experimentation should be done to one group of 12 rats exposed to 1,200 R 6°Co,

elucidate the radioprotective capacity of S-2- and a survival of 80% (12 out of 15) among
(3-aminopropylamino) ethyl phosphorothioic primates exposed to 850 R x-rays, are signif-
acid hydrate against different kinds of radia- icant when compared with the 100% mortality
tion. It does appear that this compound is one of primate radiation controls.
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