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SUMMARY

During the first threo years of this progrem 8,000 mis-
cellaneous compounds were screcned for radioprotective activity
in micc given a lethal dose (750 r ) of whole body X-irredia-
tion., Twenty-cight of the ccnpounds which consistently gave
et least 33% survival against a lcthal dosc of X~irradiation
verc subjccted to more intensive study during the past four
years. Ahccurate LDps and cereful DRF values were determined.
The redioprotcetive cffect of the compeunds was further studied
by combining them with mercaptocthylamine (MEA), p-aminopropio=-
phenone (PAPP) and both MEA end PAPP, Biochemical studies using
these 28 compounds and intestinal cholinestcrase activity and
spleen weight changes as indlces. of pretective activity indica-i
ted that these agents did not have sclcetive protective action
on either tissuc.

Several rodioprotective agents were made availeble by the
Division of Medicinal Chaiistry, TRAIR, symthcsis program to
this program to determine their activity in combination with
other agents. O the YRAIR compounds thosc with the greatest
protective activity had an accelerative effect on the recovery
of splecn weights to nommal after irradiction, Using combine-
tions of the compounds from the screening program and the WRLIR
program it was possible to select offcctive combinations using
cholincsterase 2s an index of intestinal injury and splcen weight
as en index of hematopocietic injury.

A limited number of experiments en the metabolic aspects of
the WRAIR compounds indicated that the toxicity and/or radio-
protective activity of the compounds could be altcred by inhi-
bition of hydrolysis with an 2liestecrasc inhibitor, EPN (ethyl
p-nitrophenyl rhenyl phosphonothioatc) or by stimulation of meta-
bolism with a hecpatic microsome enzyme inducer, phenobarbital.

The protective activity of the isomers of dithiothreitol as
reported by other investigators was investigated. Radioprotective
activity was found with the d-isomer of dithiothrcitol when it was
given before i-irradiation. The 1 form and the oxidized forms werc
not radioprotectives

Toxicity studies on the YRAIR compounds rovealed that they
erc of relatively low toxicity to mice, Combination of those
compounds with toth MEA end PAFP reduccd the amount of the WRAIR
agent thet could be tolorated py mice. Combination with MEA
alone revesled little additiw toxicity and sanc enhancement
of the radioprotective effoct,
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1. Introduction

The original objective of this program was to find new radio-
protective chemical agents. During tho first three years of the
program a total of 8,000 miscollancous compounds were scrooncd
against radiation lethality in mice given a lothal dose (750 r)
of wholo body xeradiation (L), Of the total number of compounds
scrooncd 489 or 6,115 protectod 173 of a graup of 6 mice, 157 or
1,96% protected 333 of thc mico, and 82 or 1.02% protected more
than 337 of tho micc.

Tho protective agonts from the screening program, particularly
thoso that afforded protcction to mere than 33% of the mice in the
initial scroening trial, formed the basis for a smaller research
ceffort during the past L ycars. The compounds from the screcning pro-
gram that gave the highest amount of protection were retestcd. Twenty-
eight campounds that consistently provided at least 33% survival of
mice given an othcrwise lethal dose of X-ray were subjected to more
intensive study (2). DRF valucs were dotermined for cach of these
compounds, The radioprotective activity of the compounds was further
explored by combining them with mercaptoethylamine (MEA), peanino=
propiophonone (PAPP) and both ME.L and PAPP, . group of compounds
fram the WRAIR drug devolopment program with known ra-ioprotoctive
activity was made availeble for inclusicn in this pre¢gram. Various
combinstions of compounds fram the sercocning program awnl the special
VRAIR compounds werc studled to £ind combinations with onhancod
radioprotective activity. The mcasuroments of.radicpretective ac-
tivity of these compounds in various combinations was rather oxtonsive
ard they provided a' considerablo nwnber of couwbinations with roelativoly
high activity.

Following thorough studies on tho radioprotective activity of
the comnounds fram the screening program alone and in various combine-
tions, cmphasis in thc program shifted to a limited effort dealing
with factors that influence radioprotcctive activity, the site of the
protectivo activity among susceptible tissues, and the toxicity of
the campounds (3).

The prescnt report bricfly summarizes the work donc in previous
yoars of the contract and describos in greater detail resocarch cone
since the last roport.

II. Materials and Methods

4dult, mole (Fq mico obtained from the Carworth Farms facility
in Now City, Yew Yoxl*k wore used for these studies. Tho miec were

L7 days old on arrivel and were kept under observetion for at lcast
onc week before use. Until they were irradiated the mice were kepu
in stainless stcel cages containing 20 mice per cage. The mice wero
fed Rockland Laboratory Chow and water contalning hydrochlorie acid

il

4
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to control infoctions, They wore kept in animal quarters maine
tained at a tcmpeaturc of 800 F, g 20 F4 Periodic bactcriological
tests werc made on hc splecns of irradiated mice to rule out the
presence of Pscudomonas using glycorol brovh as a culture media
and chloroform extraction of tho pigment.

The radiation exposures were administered with either a General
Elcctric Meximar ITI or a Keleket Therapy Unit operated at 250 KVP
and 15 ma, The addod filtration consisted of 0.25 mm. of copper and
1 mm, of aluminum., Tho focal skin distancc was 56 cm. but minor ad-
justments were made prior to each radiation oxposure period so that
the dose ratc was 66,6 r/minuto. This was chocked before each sot
of exposuros and periodicslly &uripg thc exposurc period with 250 r
Victoreen ionization chambers which had boen compared with a Bu-
reau of Standards calibrated cobalt 60 source.

In the screening program an approximate acute IDgg for each
chemical agent was measured by giving small groups of micc in-
creasing dosage levols of each compound intraperitoneally. The
toxde symptoms were obsorved for several hours and the mortality
was obscrved over a 7-day period. Thc toxicity data were used to
scleet Lhe maxdmum tolcrated dose for the radiation protection
experiments.

All of the chemical compounds we.  upplled by WRAIR and wero
storod at 45° F. to 50° F. until ncodea. Each of the chemicald was
dissolved or suspended in a 0.1% carboxymethyleellulose solution
by homogenization prior to administration. The pH of the homogen-
ato was adjusted to approximatcly 7.0 with cither 1N HCL or 1IN
NaCOH whoen necessary.

The radiation scrcening studics werce carricd out by inject-
ing six grovps cach containing six mice with the maximum tolerated
dese and an additional six mice with oncehalf of the maxdmum tolera-
tod dose of each chomical 15 mimites prior to a lethal (LDgo/30 days)
dose (750 r) of whole body x-irradiation. The two groups plus four
control micc, that recclved only the wehicle for tho drugs, were
irradiated simltaneously and cagod together, The animals were ob-
served daily for & period of 30 days or until all of the mice were
dead. Groups of micc that exhibited early deaths within six days
of the xeray exposure were re-tested eithcr at the seme drug do-
sags or at a lower dose., Early decths could be attributed to oither
chemical toxicity or a syncrgictic cffect of the chemical and
radiation, Thc mice were individually placed in plastic centri-
fuge tubos during the radiation exposurc. Thesc tubes in turn
were pogitioned radially- on a rotating tumtablc to insurc an cven
distribution of the desce. Thz cnvirommental tomperaturce was main-
tained at approximetely 76° during the radiation exposure.
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The rediation »rotoction data wwere koy-punched ont- IBM

cards and run through & sorting and crror program which used

f the 1401 fecility at tho computer center at this institution,
f The rcsulting information was taped and submitted periodically
E to WRAIR.,

i Prior to DRF studics on compounds from tho screening progrem
i that showod protective activity and studies on special compounds
fram the WRAIR drug devolopment progrem, it was desirablc to have
accuratc toxicity data on each compound, A sufficiently largo
number of mice (usually 30 to 4O) were usod to obtain accurate dosc-
' responsc data, The LDgp velues werc calculated by tho method of
Finncy (L) programed ?or the IBM 7094 computer by Oldficld ot al.
' (5). For thc DRF studies at least LO mico were used for each defere
: mination, In each instance the optimum time of administration,
] thich h-d been previously determinod, and approximetoly 2/3 of the
IDg, (mge/kgs) of the drug were used. Varying x-ray doscs wcre
gigfen and the resultant mortality was rccorded for a period of 30
days or until all of the mice were dead. Fur e x-ray 1D o deter-
mination the samc mcthod was uscd @8 for the toxcity LD 7 valucs
for thc chemicals, For the combination studies appro:d.mgecly 1/3
of the LD 0 of a drug was given tcgether with cithor 150 mg./kg.
MEA, 20 mf./kg. PAPP, or 150 mg./kg. iEL and 20 mg./kg. of PAPP, !

Some experiments vere cdone to determine the type of protection
afforded by the various chemicals, For these measurements cholin-
esterase activity (6) of the intestine was used to measure protec=
tion. For these measurements groups of at least U4 mice were pre-
treated withthe drug, exposed to 800 r and sacrificed 3 days later,
Spleen welght measurements were made on mice given LOO r of x-ray
2 days earlier and compared with irradiated and unirradiated controls,

The influence of drugs that induce increased activity of hepatie
microsomal enzymes on the toxicity and radioprotective activity of
the special WRAIR compounds was studied in mice. Microsamal engyme .
assays werc conducted using methods previously developed in this lab-
oratory (7). The two microsamal enzyme assays were conducted using
methods previously developed in this laboratory (7). The iwo micro-
somal enzyme systems employed were the phosphorothiocate detoxifica=-
tion system and O-demethylase, Both of these enzymes respond to known
inducing agents. Alicsterase agsays were donc using diethylsuccinate
and tributyrin as substrates by the manometric procedure of DuBois
et al. (8). Alpha-kotoglutarate oxidase was measured by the proced-
urc of Ackermann(9).

bkl

IIT. Results

Radioprotective agents found during the sercening of miscellan-
eous chemicalse 7The initial threc years of this program were dovoted
excluslvely to the screening of a wide variety of miscellaneous chemi-
cal agents for radioprotoctive activity. The cata obtained from the
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screcning of 8,000 compounds were key-punched onto IBM cards and
the information was taped and submitted to WRLIR.

The overall total number of caapounds cxhibiting somo pro- g
tection was 728 of the 8,000 that werc tosted which represented .
a total percentage of 9.09%. Most of the compounds (L89) pravided '
protcction of only 1 of 6 mice against lcthality from 750 r of
x=raye. Protoction at the level of 33.,3% (2 of 6) mico was ob-
tained with 15% or 1.96% of the compounds and 82 chemicals or
1.02% protected moroe than 33% of the animals,

A1l of tho compounds that protectod at 750 r were re-tested
at thc same x-ray dosage level, If protcction wes ohteined again
they werc tested at 800 ». Of the 82 compounds tha® protected mice
consistently at 750 r only 28 of thom werc also protcctive at 800 r,
These 28 compounds werc subjccted to DRF studies and mcasurcments
of their protectie activity in combination with standard protcctive
agents. The best protective agonts from the screening program thus
scrved as the basis for othcr aspccts of the program,

Acute intraperitoncal toxicity of radioprotective agents from
tho screcning studies, In order to procced logically with a study
of the proftcctive activity of thc best compounds frem the screen-
ing progran it wes adviscble to obtain morc accurate toxdcity valucs
for the compounds,

Table 1 summerizes the toxicity of the best protective agents
from the scrconing program to mice.

Tableo 1

licutc Intraporitonoal Toxicity of Radioprotoctive Compounds from
tho Scrocning Progrem to Micc

VR No.

Chenical Namo To. of LDgy + S.T.
Mice (mg o Acg, o) .
P 5159 3~propionylindole Lo 14368 & 99.5
H 3820 2-hydroxy=5-mcthylaniline Lo 270,7 + 65.8
A 7130 ortho~aminophenol L1 6234,6 = 2545
D 19860 2,5~¢initrophcnol L1 37940 + 60.9
H 1295 Li=hexene3-ol Lo L67.7 £ 86,8
H 5145 3-ncthyl indole Lo 21402 £10246
N 2830 3~(omoga-nitrovinyl)=-indole L1 3291,1 4129,0
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Table 1 econt,

Nco of '

phosphorothioic acid

WR No. Chemical Name .
N . Mice
5 \- \ -
1315 C 2,6-diamino pyridine monchy- L3
drochloride
194284 N-benzoylphenyl hydroxylamine 55
361 M 2-aminoethanethiol sulfuric Lo
acld sodium salt
Shhl A N-lauryl sulfolone-3-sulfsnata L2
6040 ¢ 3sL-dibromosulfolone 35
9217 A N-sulfinyl-p-anisidine 36
590824 p~aminophenyl trifluoro- 39
methyl ether
" 707 B Lwanino-2,1,3-bonzcthiodiazole L6
k150 B barium undecylenate L1
872 E barjum-d-gluconate 39
3966 D diphenyldisulfide~2,2%ddicar- L8
boxylic acid ~.
€L31 B benzolazine L1
146848 L=hydroxy-3~rmathexy benzyl- 36
amino hydrochloride
16059 ¢ dien-butyl carbinol LO
12962 D S-chloro-2~hydroxy anildne 36
2L02LA 3-napthylmethyl-1'~ 36
imidazoline nitrate .
28470 A bis(diglyme )sodium hexa-~ 3L
carbonyd- vanadate
2822 D S=2-(L~aminobutylamins) 3l
ethyl nhosphorothioic acid
2823 B S~2(5-aminopontylamino) cthyl 35

n
(R

+ S, Ee

7ege)

13242 ¥ 5.0

L2l £ L9e7

1103.9

L08 .8
Ls9
L6243

50,2

325.8

1710k
12}4,0
16L9.8

1532.0
1390.9

1206 44
252,1
61y

Lholy

38L.7

303.7

4

1+

I+

i+

I+

&

1+

1+

I+

1+

"

L2.8

2946
u03

37«3
L8

2845

6eli
13.3
694

L1.3

+1104

10.2

8.0

2.

1.6

2342

[ -
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Table 1 cont,

. e . - e ns e e - cemee e

WR No.  Chcmical Name No. of LD.. + S.E.
Mico (ag./kg.)
L1 A diethylammonium diethyl- L2 95949 + 35.8
dithiccarbamate

14451 B monocthyl fumarate 38 L9ke3 + 3746

DRF velucs for coapounds from screcening studies. Following completion
of the toxlcity measuvanents the DRF values were detcrmined on the compounds
(2), Preliminary tests. wecre donc with each compound to determine the opti-
mum time of administration beforc the radiation exposure and the maximum
tolerated doscs of the agents. The x-ray ILDg( for the drug-treated animals
divided by the LDEO for irradiated controls giwe® the DRF for a particular
compound. Tablc 2 shows the radioprotective activity of 27 compounds from
the screcning rrogram,

Tzble 2
Radioprotective Activity of Chemical Campounds from Screening
Studies
Compoand No., No., of Dose¢ of Time of admin, LDSO + SE,. DRF

Mice Chcrmical of chemical (roentgens)
(mg./kg.) before x~ray

o e (min,)

Control 33k -- .- 525,4 &+ 7.8 -
PS159 75 800 15 58043 + 69.1 1.11
H3820 120 150 15 613.0 & 55.4 1.22
AT130 112 600 30 6L5.) + 23.5 1,28
D19860 75 200 0 65L.2 I 23,1 1.25
H1295 L8 600 30 56242 1 U643 1,12
M51L5 65 700 15 7054 * 3k 1.34
N23830 - 80 300 15 67L.3 & 1846 1.29

131180 L7 50 19 6686.9 & L6 1.31
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f - , Table 2 cont.
E Compound Nos ggéeor Doss of  Tiw of adnin.  IDgy + 3. . DRF
(mg./kg.) before x-ray (rocntgons)
) . (min,)
1ch28A 65 300 30 - 835,.7 & 73.8 1,59
LA 63 600 0 6268 & 3349 1,20
3 S 350 0 7l & 30.2 1.1
SLLLA L2 100 30 SS9 & 8546 1.03
60L0C 7 100 18 66947 & 1843 1.28
9217A él 400 . ) 665.5 13,1 1,27
590824 75 20 15 6958 £ 17.7 1,33
707B .9 100 15 0046 £ 19,3 1.3
41508 67. . T8 0 66049 + 3246 1426
872E - 57 100 30 6EL L ¢ 221 1.27
3966D 67 600 18 65642 + Uid2 1.8
64318 69 400 15 655l + 16,5 1.25
14,684B et 500 30 | 621,7 & 142 1,18
16059¢ 53 g0 15 SSLia? £ 8647 1,07
12962D " 69 125 0 787.9 * 2543 1,50
261,704 5 s o 86445 ¢ 31.8 1.69
2,02lA 6l s 15 790.8 £ 21,7 150
2822D 7 " 250 3 797.8 + 33.2 1,82

28238 72 200 30 782.1 2 LS.1 1.49




~1 -

Thc data in Table 2 show that the protective activity of most
of those crmpounds which w as obscrved in the initial sdcreoning
tosts was confirmed by the NRF s¥udics. The highcst BRF valuc
obtainod by the use of these compounds alonc was 1.69 for bis(diglyme)
sodium hexacarbonyl vanndate, The DRF valuos for 10 othor came
pounds weye over 1,30, vany (different chemical clesses wore ine
cluded ainong the compounds that provided substantial protection
including indoles, anilines, phosphorothioates, phenols, sulfoncs,
azoles, thiazoles, carbamates and two bariwm saltg,

¢ activity compounds irom the scrcen~
ing program was obtained by studying thcir protective activity in
combination with standard radioprotectivs agonts, Table 3 summarizes
the radioprotective activity, exprossed in temms of DRF values, for
24 campounds from the screcning program in eombinetion with MEA. Tn
tach instance the same op“imal timec for administration of the com-~
pound before x-ray was used. The MEA wes administcred between 10
and 15 nminutes before X-ray cxposure at 150 ng./kg. Thc doses of tho
other chemicels were approximately 1/3 of the I2gq.

DRF values for compeunds from radiation screening studies
given In cB‘mB‘i‘n_i‘-E“'at on with MEL, PADPP, or &l T"pIus‘“'fA“FPLT. Additional
BacEgrounH Intformation on_th 131 of ds 1

Table 3

Radioprotective Activity of Combinaticns of Chenical
Compounds from Screening Studies and MEA (150 ng . /ke.)

Compound Noe 1'0, of Dose of Tine of adnin, LDSO 1 S.E.

———— e -

Contrcl

MEA
P5159
H382¢
D19860
H1255
N2830
194284
1L451B
Lipa

HMice  chemical of chemical DRF
(1g+/kgs) before x-ray (roentgens)
e {ndng) - e

334 -- - 525 & 7.8 -
61 150 15 < 695.1 & 18,5 1432
L3 boo - 15 1022. & 87,1 1.95
L8 90 - 15 . 997.0 ¢ 31,5 1,90
L1 125' ) 1031,7 + 65,2 1.97
L8 30 - 30 _ 83046 + 15,7 1,586
Lo 150 15 77846 & 23.3 1.8
45 140 30 Suboly 3 27.0 1,79
Ly 165 30 830.7 £+ 1.58 1.58
51 300 0 870,5 + 12,4 1,65
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Table 3 cont,

Yo, of VYose ol Time of admin,

Sl gl b M SO
SRR (.- 1.9 I

Skhla L8 50 30 70043 2 19,9 1.33

361M L8 175 0 92he3 £ 1945 1,76

60L0C L5 50 15 73043 # 1647 1.39

9217A L6 150 0 885.8 + 20,7 1,68

590824 v7 - 10 15 115440 # 6646 2,20

707B 62 50 15 9382 & 11.9 1.78

L1508 L7 so 0 . 78549 * 18,3 19

872E L2 Lo 30 8961 % 2746 1,70 4
9660 b 300 15 78948 & 21,9 1.52 :
6L31B L8 200 15 79643 & 2244 1.51

16089 52 oo 15 829 £ 11,2 1.57

12962D Lo 8o 0 9873 £ Sle5 1,88 ‘
28U7Cs L8 .15 _ 0 72042 & 60.3 1437

24,02k 69 20 7 15 897.7 £ 8.4 1.711

2822D L7 izs . 30 903, + 21,2 1.71

28233 | L8 ioo 30 86040 & 17.3 1,68

“he lowest DRF value obtained for the cambination of chemicals
vas 1.33 and 19 of the compounds exhibited a DRF value greater
than 1,50. The DRF for MEA alone at the reduced dosage level em~-
ployed in these experiments was 1l¢32. Only three of the compounds
with DRF values over 1,0 when tested alone did not provide more ;
protection in combination with MEA than was obtained with MEA alone. :
DRF valuos of 1.7 or greater were obtained with 11 of the caabina-
vicnse Five of those combinations were of particular interest. Tho
DRF values for these compounds in cambination with MEA were as
follows : p-ariinophenol trifluoramethyl ether 2.2, 2,5-dinitrophencl
1.97, 3-propionylindole 1,95, 2-hydroxymethyl aniline 1.90, and
S~chloro-2-hydraxy aniline 1,88, i

T IFQPWE T e THe]
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Table L sumnarizos the radioprotective activiiy expressed
in terms of DRF values for campounds given in combination with
_PiPFP. The optimum timo of administration of each drug as deter-
mined previously was used for these exporiments, The PAPP was
given at a doso of 20 mg./kg. 10 to 15 minutes bofore x-ray cx-
posure. Approximately 1/3 of the LDSO of each drug from the
scrooning program was usod.

A Ll v

Table L4

Redioprotoctive Activity of Combinations of Chomical Compounds 3
fron Screening Studies and PAPP (20 mg./kge) '

Sempound No. Nos of Dosc of  Time of admin, INgo # 5.E,

Mice chemical of chomical DRF
(age/kg.) bofore x=-ray ( rocntgens)
—_— e ot (ming) e
Control - 334 — -— 52544 £ 7.8 -
PAPP 71 20 - 15 8L48.3 & 17.4 1.61 7
I5159 L7 o - 15 8487 & 2.5 1.61 ]
H3820 . Lo 90 - 18 10731 2 52.2 2,04 |
47130 uy 260 30 8u0.1 + 1.9 1460
D19860 u6* 125 -0 9994 & 21,7 1,90
. H1295 LO 300 30 95549 + 27.5 1,82
4 M51L5 L2 350 15 83942 £ 37.8 1.60 é
13415¢ L9 25 - 15 87949 + 32.8 1,68 %
194281 . kLo ULo . - 30 821.9 & 61,1 1,56 é
L4518 Lo 165 30 835.5 # 22,7 1.59 %
LA sL 300 0 1097.9 & 28.2 2409
361M Lo 175 0 95240 # 39.5 1.8
SLL1 L5 50 30 81746 & 27,2 1,56
590824 nn 10 15 99Lek & Lk .8 1,89
7078 40 50 15 103346 & 50.2 1.97

L150B L6 . 50 ] 8L3.1 + 24,2 1.69
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Tablo 4 cont,

Compound No, MNo. of Dosc of Timo of admin, IBgn & S.Es

Mico chonical of chomical DHF
(ing/Kge) before x-ray (rocntgens)
_ S (mir.) —
872E L7 Lo 30 800.L % 20.b 1.67
3966D Lé 300 15 870.8 & 18.7 1.66
6L431R L7 200 15 86049 £ 17.1 1.63
16059¢ L6 L0o 15 820.,0 ¢ 16.6 1.56
129€2D L7 8a 0 910.0 £ L8.2 1.73
28l 704 Lo 15 4] 92L 6 & 2542 1,76
2Lo2ka L6 20 - 15 783.8 £ 2L 1.L9
‘Significent increases in the DRF values werc obtained with
sovoral cambinations of tha compounds with PAPP, The best pro-
tcction in terms of DRF valucs was as follows; cicthylammonium
dicthyldithiocarbamate 2,09, 2-hytroxy~S-metayl s~niline 2,04, L-
anino-2,1,3-bonzothiadiagolo 1.97, 2,5-Cinitrophcnol 1,90, and
p-cminovhenyl trifluorcnethyl ether 1,89, 4 fow other comnounds
geve DRF values that oxcoeded the voalue for PAPP alonc.
Table § shows thc rcsults obtaincd with tho chemicals from
the screoning program given ot their rospecctive optimum times and
at 1/3 of the ID.. in combination with MEA (150 ug./kg.) givon 15
minntes bofore x=ray end PAPP (20 ng./kg.) given 13 minutos before
X-ray CXposure.
Table S
Radioprotcctive Activity of Ccmbinations of Cheiiical Compounds
from Screening Stucics and MEA and PAPD
lio. of Dosc of Tine of adin,
Compound Noe .ice  chomical of cheinical IDgp & S.E.
(nge/kge) _before x-ray DRF
_ o= mdne) o _(roentgons)
Control 33 -~ : - 5254 & 7.8 -
YEA and 79 150 15 113243 + 6645 2.15
PAPP 20 15
P5159 Ll Loo 15 921.6 + 23,8 1.76

il s st i il

A",

it
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Tablo 5 cont.

ity e

To, of Dosc of  TIne of Loain,
Compound No. Mice chamical of chgmical Wgg & SegEe DRF
: (ngo/kge) boforo x-ray

L (min.)

H3820 Ls 90 15 1227.4 & k1.2 2.3L i
AT130 L0 200 30 1107.1 £ 3948 2,10

N19860 L8 125 0 132845 % 5L.0 2,53

N2830 Ls 150 15 115347 & 54,8 2,19

13k15c L1 25 15 1176.3 2 L9.9 242l

194264 6L w0 30 1272,1 & 305 2.42 !
1L4S1B 68 165 30 1185.7 & 20.2 2426 |
ully 51 300 0 1311.1 £ 12.1 2449

361X L2 175 0 10L1.9 £ 33.8 1.99

6040¢ c1 50 1€ 1268.,0 % 37.4 24h1

92174 Lo 150 0 104743 £ 5540 1.99

590824 Lo 10 15 106347 & 5046 2,02

7078 Lo 50 15 95L a1 & 29.8 1,81

L1508 Lo 50 0 1121.1 + L9 2,13

872E L2 Lo 30 1261,0 + L8.1 2440

3966L L2 300 15 99345 £ 23,7 1.89

12962D Lo 80 0 1026,5 & L8.3 1.96

28L 701 Ly 15 0 880,1 * 28,0 1.67

2Lo2Ls L8 20 15 91449 + 3549 1.7

2822k Ls 125 10 1718.9 #121,7 3427

2822D 65 125 30 163846 + 62.5 3,12

2823D L7 100 30 1151,0 t 80.0 2.19

[ e — e t——
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In all instances the DRF valucs were greater than for
MEA and PAPP (2,15) which was the control for this cxperimont.
The greatest protective offcct was obtainod with S-2-(lL-amino-
butylamino )ethyl phosphorothioic acid in combination with MEA
and PAPP, Two successive trials with this combination gave DRF
valuces of 3,27 and 3412,

Biochcmical measurements of racdiation nrotection to the
splccn and intestine by protective agents from the screening
program, The most desirablc combinations of protcctive agents
would consist of agents that protected different orgen systems.
in attcupt was made in this program to obtain some dircct ine
formation on the protective cffects of various compounds on the
spleen and intestine. Spleon weights were usod as a measure
of protcction to that organ. Cholinestcrasc mecasurements on the
Jejunum could be used to measurc intestinal injury becausc the
cholinestcrasc activity is localized in the mucosa and the activity.
of the jejunum docrcascs when the micosa is destroyed by radiation | -
Spleen weights were mecasurcd in mice at 2 days after LOO r and
cholinesterasc measurements werc made at 3 days after 800 r. Most
of the compounds afforded riotection to the sploen and the intos-
tinc. An occasional compound protccted one system to a signifi-
cantly greater cxtent than the other system. N2830 [3~(omega-

"nitrovinyl)~indole]is an examplc of this effect since it provided

much nore protection to the intestine than the splecn. Eowever,
thesc measurcments indicated that the compounds did not have a
selective action on onc or the other tissue. Compounds with a
marked protoctive effect on the intostine, for cxample, could be
used cffactivély in combinations since it is frequently the in-
testinal damago that limits the protcctive activity of chemical
agents, An cxperiment was performed on the best combination

(VR 2822, MEA, and PAPPJused in thesc studies. This combination
appearcd to provide more protection to the intestine than the splecen
which probably oxplains its ability to protcct against mortality
at doscs where intestinal injury prevents survival,

Protective effcct of WRLIR compounds against hcematopolctic

‘injury as moasurcd by splcen weights. oevoral of the best racio-

protcctive egents from the WRAIR synthesis progrom werc made

availablo to this program to detciminc their oPfects in combina-
tion with othcr agents. Some of thesc studies have beon summarized
(3) in 2 prcvious summary report and will be described only briefly
hercs

Soveral of thc WRAIR campounds were given to irradicted mice
and tho splocn weights wore mcasured. The results of moasurcments
of splecn weight at intervals during the first 6 days after irradia-
tion indicatod that the various protcctive agents had somo influence
on the anount of hemapoietic injury caused by raciation but the
greatest cffect was an accoleratvion of the rate of recovory of the
splecn woight to nomal. The compounds with tho greatest radiopro-
to;ﬁlro activity showed the most rapid rcturn of spleen woights to
no .
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Several of the WRAIR compmunds were tested in combination
vith agents from the screening programe In the selectlon of
combinations for this experiment an attempt was made to select
agents that would provide more protaction apainst both the hema-
topoietic and intestinal injury than was obtained with either
agent alona, Howover, as indicated above thore was no striking
diffeoronce. among any of tho protective agents used in this program
in their protective offocts on the spleen and intestinc. Tablo 6
summarizes the radioprotectivo sctivity ot combinations of spocial
WRAIR compounds and vrotcctive agents from the scrooning program.

Table 6

Radioprotective Activity of Combinations of Spccial WRAIR Cempounds
and Protoctive Agents from thc Scroecning Program

\PA IR opocial Compound  WRAIR Screening Compound LDcn ¢ S.b. DRF
Yo. Tosa Yo, Dos?g__—p
o Anegkee) o (mg./kgl) )
2721 500 H3820 90 78843 & LhJh 1459
2721 250 MEA + PAPP 150-20 1205. 212k, 2.k
2529 500 MEA + PAPP 150-20 107343 +109.3 2.17
2529 500 12962D 63 81L.9 £ 2543 1,55
2529 500 194284 150 907.3 & 58,1 1.83
2529 500 707B 50 90040 t 52,8 1.82
2823 100 194284 150 70943 £ 52,1 1.43
638 250 361M 175 800.0 * 65,3 1.61
638 250 12962p 63 768.7 £ S2.4 1.55
638 250 872E 50 830.7 # 37.4 - 1.68
638 250 590824 10 98943 & 749 2400
638 250 194284 w0 9L9.3 * 5240 1.92
LL923 200 872E 50 808.2 * 37.2 1.63
L4923 200 L150B 37 781, £ 37.8 1.58
L4923 200 13418¢ 25 868,68 + 3043 1.75
LL923 200 19860D 100 862,5 + 23,5 1.7k
Lli923 200 28L70A 15 1075.6 £ S6.4 2,18

The data in Table 6 show that several "of the combinations

of compounds from the screening program and spccial WRAIR compounds
or standard radioprotective agents provide an appreciable amount

of radioprotection. Thus when WR 2721 and WR 2529 were combined
with MEA and PAPP the DRF values excecded 2,0, Vhen the phosphoro-
thioato, WR 638, was caibined with the fluorinated other (59082A)
the DRF was 2.0. Using cholinesterase mcasurem:nts as a measure

of intestinal injury and spleen weights as 2 measurc of hcmeto-
poletic injury, the ethur was more protective to the spleen and

WR 638 was more protective to the intestine. Soveral of the other
canbinations providec more »rotection than was obtained with either
canpound alono. The results of this study decmonstrated thet it is
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possihle tn soloot offeotive comhinetions using cholinesterase
as a measuro of intestinal injury and spleen woights as a moa-
sure of homatopiotic injury. ’

Facters affecting the radioprotective activity of WRAIR
COMpOUnds . ~ SoMe exporiments wero concuctoc Yo dotermine hcther
Wﬁﬁgﬁ protective agonts undergo metabolic chenge prior to exerting
their activity, It is known that the phosphorothioic acid deriva-
tives and tho sulfuric acid derivatives must be hydrolyzed to
yield the free sulfhydryl group for radioprotcctive activity. How-
evor, there is no information concerning other motabolic changes
that might effoct activity. To obtain some information along this
line experimonts were conducted in which the activity of oxidative
hepatic drug-metabolizing enzymes were altered by administration
of an euzyme inducing agent (phenobarbital) or ~n cstera2se inhibi-
tor. Tho csterase inhibitor used forthis study was ethyl p=-uitro-
phenyl phosphonothicates (EFN) which is a cholinestecrase inhibitor.
Mice wore treated with phonobarbital (50 mg./kg./dey) for S dayse
This troatmont is known to cause marked induction of hepatic micre-
somal onzymes (10). At one doy after the last dose of phenobarbital
tho taxicity of 1L special WRAIR compounds was measured. Similerly
toxicity moasuroments were mado on mico pretrectad with EFN (Lo8 mgs/
kg.) given in a single dose 24 hours ecorliers

The toxicity of two of the compounds was substantially reduced
by pretreatment of the mico with phenobarbital. They werc thiosul-
furic acid S=2~(L-(p-mecthaxyphenyl)~rutyl Yamino)uthyl cther ("R 3050)
and N~decyluminocthanethiosulfuric acic (WR 1607). These two com-
pounds arc, thercfore, detoxified by hepotic microsomal enzymes. Al-
though some other members of the group may undergo metabolism cata-
1lvzed by thoso enzymes tho toxicity of the end~produzt cdogs not differ
appiceianly from that of the parent compound.

Yhea mice were treated with an aliestcrase inhibitor 24 hours
beforc administration of thc radioprotective agent the toxicity of
WR 2691, 2496, 2950, and 1607 was rather iarkedly increcaseds A
smaller incroase in toxicity was observed with 361 K, 1618 D, 2347,
3050, and 2822, The results of thesc measuramcnts indicated that
the csterases that are inhibited by EPN probably function to hy-
drolyzo tho group that covers tho sulfhydryl group of the protecctive
agent. In thosc cases where the toxicity of the compound was in-
creasc@ by EPN it aprears that the unhydrolyzed parcnt compound is
more toxic then the aninothiol derivativo.

Thosc agents whose toxicity was affectod by phenobarbital or
EFN were subjected to further tests to determmine whether the redio-
protective activity wes also altercd by the drug. The increased
toxicity of WR 2496, WR 2347, znd 'R 1607 to EIMl-treated mice
necessitated rednction of the dose cdministered in the racdiopro-
tection studies as coupnred with controls. The rediation protection
appeamd to be the sare as in conurols given the same doses of the drugs,
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However, if the apparent increased toxjelty of radiation due
to EPN treatment, as evidenced by a DRF of 0,76 is taken
indo consideration it may be concluded that the protective
effect was greater than was obtained in controls given the
same dose of radiation.

In mice pretreated with phenovarbital, the toxicity of

UR 3050 was reduced but the radioprotective activity was the

same as in the controls. The results obtained with ¥R 1407,
whose toxicity was also reduced by phenobarbital, were simiiar

to these obtained with VR 3050 in that the radioprotective ac-
tivity was no differsent from controls at an equivalent dose.
Phenobarbital thus causes some metabolic change in these com-
pounds in toxicity without a decrease in radioprotective activity.

Radioprotective activity of miscellancous chemical agents,
A miror aspect of this program has been to determine whether re-~
ports of radioprotective activity among variocus chemical agents
can be verified under our conditions of measuring radioprotection.
ne interesting report (11) involved the radioprotective activity
of dithiothreitol, Falconi et al. (11) reported that this com-
pound had protective activity and that the oxidized form of this
compound nad higher nrotective activity than the reduced form. In
a later rczort (12) these investigators prescntod evidence that re-
duced cithiothreitol (120 mg./kg,.) increased survival from 5.6% to
29.,0% after 625 r and that the scme amount of protection could be
cbtained if the compound was given up to 2L hours after irradiation,
The oxidized form at 200 mg./kg. exhibited greater protective ac-
tivity (56% survival) than the reduced form when given before irra-
cdiation and L46% survival was obtained when thc compound was given as
late as 24 hours after irradiatione. The postradiation protective
effect, the greater protection by the oxidized form than the re-
cduced form, and the avsence of an amino group in the stiucture makes
dithiothreitol unique among radioprotcctive agents.

To ascertain whether the protective offect of dithiothreitol
could be confirmed under our oxperimental conditions, experiments
were done in which the oxidized and reduced forms of the compound
vere given to mice. Dithiothreitol was kindly supplicd by Dr. Marvin
Carmack, Department of Chemistry, University of Indiana. The dextro
and levo forms of dithiothreitol wiere suppli d as vell as the dextro
ancd levo forms of 3,4-dihydroxy-1,2-cithianec ~hich is the oxidation
product derived from the twe dithiols,

The acute toxicity of the five compounds to mice is summarized
in Table 7 where it nay be seen that the oxidized form of the
optical 1somcrs of dithiothrcitol exhibit the least toxicity of
the five compounds. It is of considerable intcrest that therc is
a siguificant differoncs between the toxicitics of the d ena 1
forms of dithiothreitcl. The toxicity of the commercially available
racemic nixturce morc closely resombled that of its morc toxic enan-
ticmeric conponcnt. When toxic doscs of cithcr the d or 1 forms of
the compound werc given the resulting symptoms were the samc. They
consistcd of hyperexcitability progressing to convulsions when lothal
doses were administered, Symptoms appcarcd within 10 minutes and
death occursed within one hour aftcr 1othal descse

e
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Tablc 7
Acute Toxicity of Dithiothroitol and its xidation Product
to Mice :
'; Compound No. of Mice _ luga/es)
E Racenic dithiothreitol B ‘70 16940 + 2.7
E L=Gdithicthreitol 36 %79.Q'% p.g0 )
D-dithiothreitol | e 25,9 2 8.5
: oxidized L-dithiothreitol 2l L10.0 + 20.2
oxidized D-dithiothreitol = 20 . h35.0 319,

Investigation of the radioprotective effect of dithio-
threitol showed that d form pretected mice agzinst an other-
wise lcthal dosc of x-radiction. Maximal nrotcction was ;
achicved by administration of doscs of 200 ng./kg. Signifi- ]
cant rrotection could be obtained with a dose of 150 mg./kg. ]
The protective effect of this isomer is swmiarized in Table 8,

‘ Tablc 8
i Radioprotective Activity of d-Dithiothreitol (DTT)
}
i Dase of 'd-DIT " “Timc of DIT admin, Dosc of 4
Tur. Kgo) bofore x-ray X-ray Hortality Hortality
——— e (aing) (r)___
— _ 500 L/10 L0
—_— — 600 5/10 50
- — é2s 9/10 90
— . 650 10/10 100
— _ 700 10/10 0
— — 750 10/10 100
E 70 10 o625 T §/10 90
129 10 625 $/10 ¢0
159 10 625 7/10 70
i 1€0 10 650 L/10 Lo
4 200 10 600 2/10 20
200 10 650 5/10 g0
200 10- 700 6/10 60
200 10 750 6/10 60
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The higher toxicity of the 1 form of dithinthreital pre-
vented the administration of 270 mg./kg. The results obtaiued
with this compound in irradiated mice are summarized in Table 9,

Table 9

Iack of Radiopretective Ac;-irity hy heDithiothreitol
(DTT

Dose of 'Time of L~DIT 11 Nose of %
*=DTT admin. before X=ray Mortality
me./kge) L xeray.(wdnd). . . (r) | dortality . .
120 10 625 9./10 90
150 10 625 9/10 90
150 10 650 10/10 100
150 10 70 10/10 100
150 10 750 10/10 100

The data in Table 9 show that l-dithiothreitol provides no pro-
tection againct any ~f the dose levels of radiation administered
when compared with controls,

Proof that the radioprotective activity of racemic dithis-
threitol 1s accounted for by the action of only one of the enantio-
mers present might be obtained directly. Falconi et al,.(1l)
studiec racemic DIT at e dose nf 120 mg./kg. Half of that dose
should provide the protection attributable to one anantiamer.

Ry administration of Dg-ITT at a cose of 60 mg./kg. with expesure
to 625 r we noped to compare our results with those of Falconi et
al. (11). EHowever, this low dose falls outside the dose range of
Protective activity using wortality as the end-point fer Dg-DTT.
Yot we shoved that by using pure Dg-DTT, one removes the texicity
attributable to the Lg-I'TT and can thus administer higher doses
of Dg~DTT than of rac-MIT. This capability results in protective
activity amounting to tyice that obtained vith rac-DIT against
625 r of x-radiation. Furthermore, against 750 r one can still
achieve protection with Dg-DTT equal to the best owtained with rac-
DIT against 625 r.

Falconi et al. (11) reported that the oxicized form of rac-
DIT is inore eITective against 625 r of x-radiation than rac-DIT
itself vhen the former was given in larger doses. We investigated
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the radiation-protective activity of both oxidized Lg~DIT and
oxidized Dg-DIT egainst 625«750 r of x-radiation. The rosults
of these measuremcnts are summarized in Tabic 10. Ve observed
no protoction by cither oxidized enentiomcr. Qur irradiation
conditions werc admittudly harsh to probc the limits of the pro-
tection that could be obtaincd from the oxidized form of DTT and
to climinate the inconclusivo results frequently obtained in radi-
ation exporiments at lower radiation doses with small numbors of
an’'nals,

Table 10

Rzdiation-Protective Activity of (xidized Forms of NIT in Mice

Conpound

vxidizced

Ng-D1T

oxidizcd

Lg-DTT

Dosec of “Dcse of
compound X-ray Hortality 4 Mortality
- (ugekge) ) e
200 750 10/10 100
300 625 10/10 100
300 650 10/10 100
150 750 10/10 100
230 750 10/10 100
300 625 9/10 90
300 50 10/10 100

211 drugs werc administcred 15 minutes before irradiation.

Thc most intoresting deta prescnted by Falconi and co-
workers (11) concerned the ability of both oxidized and reduced
rac-DTT to cnhance the recovery of irradiated inice when the com-
pounds are adiministered after irradietion (1l), Cur investiga-
Yion of the rocovery-enhancing effects of Dg~DIT and the two
dithianes is su.merized in Table 11, #ur data at 625 r suggest
that administration of thesc agents after irradiestion docs indeed
enhance recovery. However, against 700 r or greater, Dg-DTT
had no noticecable cffcct when administered after irradiation.
Sincc Ng-DIT protected significantly against subsequent irradia-
tion even at 750 r (Table 8) its radiation protcetive properties
are of greater maoguitude than its ability to enhance recovery.

1L il
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Table 11

Recovery Enhancing Activity of Dg-DIT and Oxidized Forms
of Le~DTT and DNg-DTT Given to Uicec aftor Irradietion

Dosc of Dosa of
Campound Compound X=ray Mortality 2 ilortality
(ng./kg.)? (r) :
Dg-DTT 200 600 8/10 80
200 625 7/10 70
200 700 10/10 100
200 750 10/10 100
Oxidized
Lg-DIT 300 625 8/10 80
Oxidizcd
Dg-DTT 300 625 8/10 80

A1l doses werc given 10 minutcs after. irraediation,

We also camparcc the cffectivencss of Dg-DIT anc mercap-
tocthylanine (MEA) as protoctive a;cnts under strictly com-
pareble conditions experimentally. An cttempt was also made
to ascertain whethor MEA and Dg-DIT have additive protective
offects. The rosults of thesc mcasuroments are sv.marized in
Table 12,

Table 12

Radioprotective Activity of MEA alone and in Combination With
Dg-DIT in Mice

Posoc of T 7 TDese of T~ Dose of
ﬂ&g.) I?g-:l?’l‘/;g.)a : x-sy Mortality % Mortality
L) mee/kge) "‘égo‘" T — -
: 200 0 750 L /10 Lo
: 10 0 750 7/10 70
10 a5 750 5/10 50

Enugs administered 10 minutes bcfore irradiation
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" to reduce the cdose of MEA to 150 mg./kg. plus 85 mg./kg. of

-threitol show the importance of stercochemistry as a variablo
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Comparisoen of the protective activity of “EA with thc re-
sults obtained with NDg=DTT (Tablc 8) showed that DgDTT is
aporoximately cquivalent in protective activity to MEA on a
molar oquivalent basis or two-thirds as active on a weight
basis. 'Mhcn attempts were made to combine MEA and Dg-LTT,
it was found that the toxicity is additive. It wes necessary

Dg-DTT. Thc protcctivc activity of this combination is greatcr
than when MEA is given alonc at 150 mg./kg. confirming the ability
of Dg~DIT vo protect micc against lcthal lowvels of x-radiation.

These experiments on the radioprotective effect of dithio-

affecting chemical radioprotection. Thc mecchanism of action of
dithiothrecitol as a radioprotective agent has not yet been de-
lincatcde On considcring the various mechanisms of action that
have been proposced for protcetive thiols ~nd in attempting to
rationalize tho difference in the protective activity of the Lg-
DTT ard Dg-DIT, no conclusion can be rcached at this time regard-

ing why onc cnantimar cxhibits protcctiwve activity while the other
docs not.

It is possiblc that Lg-DDT has rcstrictcd access to the
primary loci of action zt which Dg-DIT affords its radiation
protection, & restriction could be imposcd upon the Lg-DIT
moleculc in onc of several weys. Fharmacological inactivetion
could occur in the formm of stercoscloctive nonspecific binding
to plasma protcins or to ccll-mumbrenc or intracellular consti-
tuonts. Lg-DTT would thus be unavailable to afford nrotcction
vhilc Dg-DIT of oppositc configuration and failing to mect a
stercochcmical requiroment for binding would remain active. In
thelr study of nrotection by optically active 2-cminobutyliso-
thiourca dihydrobramide, Dcherty and Shapira (13), using labeled
enantiruess to dctemine intraccellular distribution, found sig- e

nificant differcnces in binding in the cellular fractions betweon
the cnantiomers.

Tozicity of radioprotective agents from the 'RAIR drug de-
wlopr> t -rogram alone and in combination to rats and micc.
During the r st year cmphasis has been given in this program to
measurem - nte of the toxicity of a fow of thc bost compounds from
the WRAIR drug development program for radioproteective compeunds,
The compounds used for these measurements were WR 2721, WR 638,
WR 2822, and WR 2823. MEA and PAPP were included because an uli-
timeto goal was to determinc thc radioprotective activity that
could be obtained with combinations cf the radioprctective agents.,
The intrapcritoncal toxicivty of thesc compounds to micc is summarized

in Table 13. Oral toxicity date on somc of tho compounds arc also
included,
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Table 13
Acute Toxicity of WRAIR Protective Agents to
Male Mice
Compound Route ~ No, of ilice IDgp & SeTe
(ing «/kg.)
MEA Ip 89 LS1.9 £ el
VR 2721 Ir 69 1085 .6 * 63.L
WR 638 Ip 62 868946 + LL.B
"WR 2822 Ip Tl 573.3 & 31,6
WR 2823 Ip 83 LB7.7 £ 11,1
A oral 38 1919 + 250
VR 2721 oral 50 1825 & 175
WR 638 oral Ls 2700 £ 30
WR 2822 oral 50 860 + 75
WR 2823 oral 55 - 1430 + 125

The five compounds listed in Table 13 did not exhibit
high toxicity to mice by the intraperitoneal or oral routes,
Tho loast toxic of the compounds by the intraperitoneal route
was WR 2721. The LDgpy fou this compound was nearly one gram
per kg vhereas the other three compounds ('R 638, WR 2822, and
WR 2823) were about twice as toxic. The data obtained in this
study provide a strict comparison of the toxicity of the com-
pounds, Thus all canpounds were dissolved in water immediately
before administration and for the varilous dcscs velwacs of soluw
tions equivalent to 1% to 2% of the body weight were given.
All mice were the same age (8 weeks) and they were housed un-
der the same conditions with respect to diet and envirommental
temperature, All of the mice were observed for 30 days after
treatment although deaths always occurred within S days when
due to the drugs alone, By the oral route of administration
the compounds were 2 to 4 times less toxic than when given
intraperitoneally,

The different samples c. some of the compounds that were
on hand varied considerably in thelr toxicity to mice. The
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LDE0 of an old sample of "R 2822 was 3°1,6 mg./kg. whereas

th8 “values for new samples were 573 and 53L mg./kg. Differ-
ent samples of "R 2721 and WR 638 did not show differences in
toxicity. However, WR 2823 did show differences in that the
LDgn for an old sample was 274 mg./kg, as compared with a value
of 488 mg,/kg. for a new sample (Jfc. 87950). It s.cms probablg
that there was a difference in toxicity of these samples at the
time of their arrival because they were all refrigerated under
identical conditions after arrival,

Accurate lDgo values for these compounds were also de-
terminod in rats, The results of these moasurements are su ar-
ized in Table 14,

Table 1L

Acute Intraperitorea. IDgg of WRAIR Protective
Compounds to Male Rats

ey £ S» E.
Compound o No. of Rats (Mg e/kga)
MEA 2l 226 + W49
YR 2721 30 695 ¢ 36,8
YR 638 28 600.C + 25,0
WR 2822 24 261.6 ¢+ 7.8
R 2823 28 250.0 + 18,0

—— e - —

A comparison of the data an Table 13 and 1L show that there
are considerable differences between rats and mice in their sus-
ceptibility to the acute toxicity of all four of the WRAIR com~
pounds and MEA, Rats were about twice as susccptible as mice.

Before radiation protection studies were carried out with
combinations of these cempounds, the toxicity of canbinations
of the agents was measured in mice. For these measurements
groups of 10 mice were given 150 ing./kg. of MEA and 20 mg./kg.
of PAPP intraperitoneally and this was followed immediately
aftervards by various doses of the "RAIR protective agents.

In this manner it was possible tc tell uhether the combination
of the RAIR agent and MEA and PAPT rosulted in additive, more
than additive, or less than additive toxie¢ity. The interest in
this type of oxperiment lies in the fact that combinations se-
lected for practical use will probably alweys contain MEA be-
cause of its relatively low toxicity among symthetic thiol de-
rivatives and its availability at a low expense,
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Table 15 swuiarizes the raesults of toxicity tests on combina-

tions of 1EA, FAPP, and WRAIR compounds.

Table 15

Intraperitoneal Taaicity of WRAIR Compounds Alone and in Com-

bination with MEA and PAPP'to Miced

WRAIR
Compound Nos.

2822
2322
2822
2822
2822

2823
2823
2823
2823
2823

638
638
638
638

2721
2721
2721
2721
2721

Dose of PAPP FA
"MATR (ng./e.)  (ago/kg)
Conipound '

CoCegedkea)

159 20 150
200 20 150
300 20 150
400 20 150
500 20 100
159 20 150
200 20 150
250 20 150
300 29 150
L0o 20 150
200 20 159
250 20 150
300 20 150
100 20 150
200 20 150
250 20 150
300 20 150
400 20 150
500 20 150

dortaiity

2/10
LA0
8/8
9/9
10/10

1/10
3/10
5/10
7/10
10/10

1/10
5/10
9/10
8/8

0/10
3/10
5/10
8/10
10/10

%

Jdortality

20
Lo
100
100
100

10
30
70
160

10
S0
9C
100

30

80
160
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Combinations of tho WRAIR protorntivo agonts with MEA and
PAPP rcduced the dosc of the 'RAIR protoctive agont that could
bo tolerated rather markedly. The results cloarly indicatod
that not as much protectivo activity could be obtainod with the
combination of the throo chewmicals tilan if the toxicity was not
additive.

A rathor high fraction of the lothal cose of PAPP is alwa;s
necessary to reduce radiation lethality. 'o were interested in
weasuring the amount of increase in toxicity of the VRAIR agent
if the PAPT was omitted from the mixture. Table 16 shows tho cou-
bined toxicity off MRA and the WRAIR cuanponnde fivun intraperiton-
enlly to mice.

A mumber of experiments conductod on irradiated mice showed
that E\A and "R 2721 gave more prutoction than could be achieved
by either agent alone. Tho amount of protection could be varied
by changos in the concentrations of either protective agent. The
higher tho 'R 2721 concontration was in the mixture, the lowur was
the toxicity to micc. Very similar results wore obtaincd with
MEA and 'R 638,

Table 16 3
Intraperitoneal Toxicity of WRATR Compounds and MEA to Mice

%

WRAIR Compound No.~ — Dosc of VRAIR =~ ~~ ~Wose of MEA™ 4 1

. Compound (mg./kg.) _ (mz./kg.) Mortality HMortality k

2822 200 150 0/10 0 i

2822 300 150 0/10 0 ]
2822 L0oo 15C 2/10 20
2822 500 150 0/10 0
2823 200 150 0/10 0
2823 300 150 0/10 0
2823 400 150 0/10 o
2823 €00 150 0/20 0
2823 600 150 L/10 40

]

638 300 150 0/10 0 ]

638 100 150 3/10 30 g
638 500 150 5/10 50
638 600 150 9/20 Ls
638 - 700 150 9/10 90
2721 700 150 0/10 0
2721 1000 150 0/6 0

2721 1300 15C 2/6 33 1

The data in Table 16 clearly show that therc is wery little
additive toxicity bctween MEA and the WRAIR protcctive compounds ,
Thus it is likely that these protectivu agonts will give wore
radiation protection tham can be achicved with either agent 2lonc.,




IV, Conclus ion_q

This program was initiated to screen miscellancous chemical
compounds for radioprotoctive activity. The program was confined
to screening until 8,000 compounds had gonc through the tcsgs..

Of these 89 showed protective ectivity (17%? in groups of 6 imice
given 750 r of x-rey. 157 or 1.96% protectod 33% of tho mice
and 82 or 1,025 protected more than 33% of bdhc mice.

The protective agents from the screcning program that
afforded protcction to morc than 33% in the initiel screcning
trial, formed the basis for a smaller research effort during .
the past L ycars. The compounds from the screening program tha
consistontly gave at least 33% survival (28 compeumlds) were sub-
Jjectod to more intonsive study. Carcful DPRF values were detere
mined for cach of these campounds, The radiopn.:tcctive activit;r
of tho compounds was further explorcd by combining them with m:n-
captortiylanide (MEA), r—sminopropicphenone (PAPP) and both MEA
and PAPP. L group from the WRLIR synthesis program with known
radioprotoective activity were made available to us for inclusion
in this study. Various cumbinations from the VRAIR program and
our screcning progran weiv studicd to find combinations with rela-

tively high activity.

Following thorough studies on the radicprvtoctive activity
of the compomuds from the scrocning rrugram alone and in combina-~
tiup, eaphasis in thw pivgram shiftod to a limited.effort deal-
ing with factors that influence radivprvtective activity among sus-
ceptihlo tissues, and the toxicity of the compounds (3).

It is antdicdpatied that the best protective compounds from the
Acivendng pevgram here as well as those from the WRAIR will be
subjected to mich more intensive study at some tim: in the future,
It was, thorvforc, courindod that accurate toxicity data on the
coiponnds should bo on hand for at lcast ono specics. Compounds
from the screcning program in this laboratmy varied widely in
chemical structurc and in acute toxicity. They offer a wide
varicty of possibilitics for stimcture-activity and mechanism
studics,

Meximum protoction by cach of the 28 best compounds from our
Screcning program was determined after accurate LD;O values and
the optirmm time of administration werc determined, When 24 com-
pounds from our scroening program were tosted in combination with
MEA, 20 of thoem produced more protcction than when tested alonc.
The compounds from our screening program were noxt studied in
combination with MEA and PAPP. In all instances the DRF valucs
were groater then for MEA and PAPP (2415) which was the control for
this oxperiment. The greatest protcetive effect was obtained with
MEA, PAPP, and VR 2822, WR 2822 is actually fron the WRAIR scrocn-
ing effort and the combination gavo DRF valuos of 3.27 and 3.12,
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The radioprotective activity of aminothiol doerivatives
is usually limited to thcir ability to protect the hemato-
poictic tissucs or intcstine. Thus catogorizing protective
‘agents in this wanner chould groatly aid in doveloping cffec-
tive combirnations. Inthis study biochcmical proccdures wvere
developed for mcasuring the protective activity of varkous
drugs to the intestine (2,3).and sploen (3) of miec. Com-
pounds availablc to the program wore sclected for protcction
of spleen or intestine and given in cambinations of two. In
these experiments the compounds capable of providing the best , ¢
protcction to the two eystems provided the best survival for -

irradiated animals,

A limited amount of work was donc on thc offects of in-
hibition or stirmlation of drug metsbolism on the activity of
radioprotective agents. Somc of the protoctive agents undergo
typical drug metabolism changes beforc or after excrting their
protecctive activity. thon we altercd the activity of theso
cnzymes the protcctive activity of the drugs was frequently

altered.

L small fraction of the cfforts of this program decalt with
confirning reports from other lahoratorics on protoctive activity
of chcmical compounds. During this study a rcport by Falconi
et al (11) camc to our attention. These investigators rcported
That they obtained radicprotection when they gave dithiothreitol
beforc or after radiation and in eithor the oxidized or reduced
forms. 'k did obscrve that the roduced form of dithiothroitol
piveu boefore radintion exposuiv provided some protective effect,

Toxdcity studies with the WRAIR compounds revoaled that they
are ol relatively low toxicity to mice, but that rats are about
twice as susceptible. Combination of the WRAIR compounds with
both MEA and PAPP markedly reduced the amount of VRAIR compound
thet could be tolerated by mice. Combinations of the WRAIR com-
with MEA alone gave evidence of littlo additive toxicity. The
protection that could be obtained with 2 of the WRAIR compcunds
(2721 and 638) in combination with MEA was greater than with
elthor agent alone,
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