
AD-A275 147 ATIN PAGE Form Approved
_________147_______PAGEOMB No. 0704-0188

"409to W 1 nut gwo fewMeinwagM Sfc•b O or wato tnforwe-nms Oprut."s , b eeoo 1215 Jefts 8 C
Ra "'I burd" missCea. or any Otasw as of .

1.~~ ~ AGENCY~m USE ONLY (Lav blnk ft'" tOW 1704160) W86"naw". DC 20503

1. AGENCY USE ONLY(,Leaveblanh 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

4 TITLE AND SUBTITLE 5. FUNDING NUMBERS

(see title on reprint) PE: NWED QAXM

___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __ WUJ: 04630

6. AUTHOR(S)

Steel-Goodwin et al.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Armed Forces Radiobiology Research Institute

8901 Wisconsin Ave. SR93-32
Bethesda, MD) 20889-5603

12a DISTRIBUTION/AVAILABIUTY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13 ABSTRACT (Mez,mum 200 wordsj Accesion For
NTIS CRA&I

DTIC TAB
Unannounced- fi

SJustificatior

__By ... ........ -..........

Availability Codes

DTI1xC " Avail and I or
Dist Special

ECT TERMS 1S. NUMBER OF PAGES
9

16. PRICE CODE

17. SECURITY CLASSIFICATION 18 SECURITY CLASSIFICATION 19 SECURITY CLASSIFICATION 20. LIMITATION OF
OF REPORT OF THIS PAGE OF ABSTRACT ABSTRACT

UNCLASSIFIED UNCLASSIFIED

NSN 7S0-01 -201tnar Form 298 IRv. 2B9)

94 1 19 053 oAM- 3I



sEcuRITY CcLASS0F4CATO OF TS PAGE

CLASSIFIED BY:

DECLASSIFY ON:

SECURITY cIASUgFICAT1ON OF Tho PAGE



X\NN...,( OF (C.INI\CAL ANID LA)HIA I'OlTY SC IENCE. \%', 23. No h ARMED FORCES RADIOSIOLOGY

-- ( p.rlight V IPIHl. lntitute hir Ciihual Science. |Ilc. RESEARCH INSTTTUTE

SCIENTWIC REPORT

SR93-32

Comparative Intestinal and Testes Toxicity
of Four Aminothiols in Irradiated and
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ABSTRACT

Intestinal and testicular toxicity in groups of nonirradiated and irradiated
mice were investigated after intraperitoneal injection of aminothiol com-
pounds or saline. Four aminothiols were studied. Three were prodrugs:
WR-2721, WR-3689, and WR-151327 and one was the active form of
WR-2721: WR-1065. Thirty minutes after injection, the mice were sham-
irradiated or bilaterally exposed (whole body) to r°Co -y-irradiation at a dose
rate of I Gy per min to a total dose of 15 Gy. Four days after injection, mice
were euthanised, and the intestines and testes were removed and histologi-
cally examined. The intestinal crypt cell number was increased in all the
irradiated mice given WR-compounds compared to controls (P < 0.05).
Interestingly, the crypt cell number in nonirradiated mice given WR-1065
was also greater than control or WR-2721 (P < 0.05) treated mice. Germinal
cell numbers from testes of mice administered aminothiols prior to radia-
tion decreased or did not change. Some swelling of the seminiferous
tubules was also observed. The germinal cell numbers in sham-irradiated
mice were also less than the controls. Thus, aminothiol addition can pro-
vide limited protection to intestinal crypt cells but not to germinal cells of
the testes in response to y-irradiation. There is also evidence that axninothi-
ols are toxic to the germinal cell layer of the seminiferous tubules when
given to shani-irradiated mice.

"Supported by the Armed Forces Radiobiology Research Institute, Defense Nuclear Agency, under
work unit 04630. Views presented in this paper are those of the authors; no endorsement by the Defense
Nuclear Agency has been given or shoull be inferred. Research was conducted according to the principles
enunciated in the Guide for the Care and Use of Laboratory Animals prepared by the Institute of Labo-
ratory Animal Resources, National Research Council.

t Address reprint requests to Dr. Linda Steel-Goodwin, Radiation Biophysics Department, Armed
Forces Radiobiology Research Institute, Bethesda, MD 20889-5603.
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Introduction llovev'er, like all drugis. chemical
raidioprotectants are themtselves toxic at

TIhe search for (4iefuicitl radiopfrotec- slifiieinfiV high concentrations. 1) For
tors for use by5 physicianis and wsorkers in somne radioprotective agents there is at
higth radiation areas has b~een ongzoingr narrow concentration ranlge between pro-
eveni since ion iziigr radiation was 1(011111( tectioii and~ toxicity.0 Ii ist ats certain cells
to 1be dalamai img to cell s. 11wl( Nat ionial in the I mdv, are more radiosensitive than
CancILer Injstitutte Radioprotectant Screen- others. it is probable that some cells may
ing Program f'ound that aminioth iol s be more sensitive to chemical radiopro-
such ats VR- 1.51327. WVR-3fi89 and tectants. Since crypt cells of the intestine
\VR-272 I are thle most effe~ctivc radio- MLid~ the germinial cells of' the testis arc
protective agents. I knownm to bme very radiosensitive, these

hlydroxvl radicals ( 011I), superoxide cells were studied for sensitivity to
(0"'), liv(Iroige n per ox id(e (IIM,(), -chemical radioprotectiants.
hydratedl electrons ( e ,d andl lhydroueii Aniinothiols such ats W11-15 1327.
atomls (1I) are gejieral lv conisidlered fthe W\1-:3689J, aiid WR-272 1 are well estal)-
active Species followingl cell ('xlosmire to i ished ats intestinal radioprotectors 11-1i

ionitziiw radiationi. These species suibse- bt)it mayt" be chemical toxinis of, thle tes-
(luently react with cell constituents gen- tis. -ý'.)i For example, the literature
crating varili s f'ree radlical pathissays reports radioprotection and cvtotoxicity
which can (laiiagre D)NA and essential ()I thle t es ti s by vt he ainli n th iol
enzymes ats well its cauise thle release of' WR-272 1.7 11 WR- 151:327, WR-272 1,
Iproteolytic enzymes. Th'ese miechmanismis W11-106i5, and W11-3689 were examined
uiltimately lead to cell death. Altertia- and their effets on intestinal and testes
tively, free radicals cnbe beneficial by toxicity werecoprdThcytcel
destroying invading, microorganisms and of the intestine and germinal cells of' the
cancer cells, I1v assisting in reproduction testis were measured histometrically,,
(spermi maturation, sperm transportation fouir days post-injection in nonirradiated
and fertilization), and initiatiing -votnd *ild irradiated mice.
healing processes. Free radicals are also
Involved in iicmrotransnuiss ion. iodlin- Materials and Methods
ation of' thyroid hormones and calcium
mobilization of hone.' 'File amninothiols tested, figure 1, wvere

The exact mechanism of' action of' obtained fromn two sonrces.*
radioprotectors is yet to be defined. It is Male mice CD2F1 eight to 10 weeks
possible that radioprotectors act ats free old were also obtained4t Mice were
radical scavengers or terminate free radi- allowed food and water ad libitum. They
cal propagation by hydrogen transfer were divided into two groups: nonirradi-
mechanisms. There is evidence that ated and irradliatedl. Each group was
chemical protectors act as scavengers of' divided into five subgroups. Each sub-
hdec lreasicag s fre ue oxgnlvl group had eight mice. All drugs were dis-

deceasng reeradical formation, and solved in sterile saline and injected i.p.
chelate with histones onl (eoxvribonii- Th'le radioprotectants w,%ere added at the
cleic acid (DNA) and ribonucleic acid
(RNA) shielding them fr'om free radical _____

attack.5 Recent sttidlics uising Electron IDriiig `5~ndit-s'is LN (icimiiti% B~ranich, iXct'lop-
Spin Resonance (ESH) techniqutes have menotal Therapeutics Program, Division of Cancer
shown that the raclioprotector WVR-1065 Treatment. National Cancer Institute, Bethesda.
can induce the production of' the free tU.S. Biosciences, Cockenham, PA.
radical nitric oxide, NO. 14 tNational Cancer Institute, Frederick. NID.
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CHEMICAL STRUCTURES OF AMINOTHIOLS TESTED

WR-2721
H 2 N-(CH 2 ) 3 -NH-(CH2) 2 -S-PO3 H2  FIG.URE I. wR-2721.

WR-1065 and WR-3689

WR-1065 were obtained from the
National Cancer Insta-H 2 N-(CH 2) 3 -NH-(CH 2) 2 SH iit,. IBethesda MD. ,and
WH-151327 was obtained

WR-3689 from US Biosciences.

CH 3 -HN-(CH 2 ) 3 -NH-(CH 2) 2 -S-PO 3 H 2  Cockenham. PA.

WR-151327
CH 3 -HN-(CH 2) 3 -NH-(CH 2 ) 3 -S-P0 3 H 2

Ininiinutlin d(ose requl iredI for mice surv'ival mijaniner. [lhe i nicroscope slides were
:3( days post-irradiation. The aminothiol (lecodeed into experimental groups and
pirod ri'ugs WVR-2721. W1V-3(i89., ai the raw data was statistically analysed
WR-15327 were administered at a con- using the Kruskal-Wallis Test. Post hoc
('entrationl of 200 nig per kgr body weight evaluations were made using Dunn's
(BW) and the active drug \V!- 1065 at a rest at the five percent significance
concentration of 80 mg per kg BW. The level.

m(oitrol tgroup was injected with saline.
The irradiation procedu| re was the

same as previously described.1 . Mice Results
were placed in plastic containers approxi-
mately 15 minutes before total-body irra- In figure 2A is shown the appearance
diation. They were irradiated in a bilat- ofthe intestine of a mouse four days after
eral N"Co -y-rav field at a dose rate of 1.0 injection i.p. with saline. The villi are
(y per min, receiving a total close of 15 intact and there are cells visible in the
(;v. 'he nonirradiated mice were treated crypts of Lieberkuhn. Four days after i.p.
identically except for the actual irradia- injection, the aminothiols caused no his-
tion. Four (lays later the mice were tological rlamnage to the intestine. The
euthanised by lethal inhalation of' appearance of the intestine of a mouse
methoxyllurane.§ Testes and jejunum injected i.p. with the aminothiol,
(-1 cm long), taken 5 cm from the liga- WR-3689 (200 mg per kg BW) is shown in
ment of Trietz, were immediately figure 2B. The villi are intact and crypt
removed and fixed in saline formalin fix- cells are visible. Four days following 15
ative. The tissues were embedded in par- Gy whole-body irradiation, the intestine
affin wax, cut at four microns and stained gave the typical pictorial image shown in
with hematoxylin and eosin. A Bioquant figure 2C. The villi have become blunted
Hipad Digitiser attached to a light micro- and crypt cells cannot easily be detected.
scope was u1sed to measure the circum- When mice were injected with an ami-
ference and the number of crypt cells in nothiol 30 min prior to radiation, the
the intestine. The circumference and intestine appears as shown for WR-3689
muinber of' ('ells in the verminal cell laver ini figure 2D. The villi are intact, cells can
of the testes were measured in a similar be identified in the crypts of Lieberkuhn,

and there is new cell growth identi-
fied by more densely populated and

4 Trademark: \letolane. Pitman-Moore. USA. darker staining cells along the villi and
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III the cry pt s. Si miilar re 5 iiits were teredl was equiivaienit to tile concentration
ob~tainetd with WH-27 2 1, WH- 1063. (of W1127,21 required for radio protec-
.111(1 W11-1.51:327. tion. There was no significant change

Quiantitative anialysis of' thle 1numbers of in thle circumf~erenices of' the intestines
crypts showed that i.p. injection of'any of ( 1P > 0.0.5).
thle aminothiols tested :30 minuttes prior ..Xn example of' at transverse section of
to 15 G 'v w hole-body irradiation restiltedl ,everal seminif'erouts tubtiles of the testis
in at significant increase (l) < 0.05) in the from mice injected with saline i.p. and
nlumb~er of crypt cells when compared to etuthanised fouir days later is shown in fig-
the intestines of' mice receiving irradia- iire 4A. Each seminif~erous tubule is sur-
tion alone. The mnean cell iituimber of' rounded by an outer compact connective
crypt cells in irradiated intestines = stanl- tissue and an inner b~asement membrane.
dlard error of' the mean (SEMI of' eight Enclosed iii the b~asement membrane are
itnice wais 1 -_ 0.4. 'rthe results f*Or the the specialized germinal epithelium and
intestines of'eigrht mice per group griven Sertoli's cells. 'rthe distinctive Sertoli's
'Liiniuothiulls -3( nu iju1tes prior to i rradia- cv~l I nucleuis is, ovouid or angular in shape.
tion are show.n in figuire :313. 'rthe crypt 1'ýtcilitatinir its (liscrimi nation from the
cell numbniers mSELt were 24 3 Wi- sperinatogenic cell that divides mitoti-
2721). 22 -± 6 (WR- 1065), 30 ±:3 (WVR- callv to produce several generations of
3689), and 13 ± 3 (WR- 131327). Measure- cells. lutraperitoneal injection of 200 mg
inejit of' thle circum~ferenuce of' these p~er kgr B\VXVR-3689 caused degeneration
intestines showed no significant differ- of* the germinal cell layer. In figure 4B is
cilces betweeni gyroups P1 > 0.03). When shown the transverse section of the semi-
mice' were* iveyn the aimfiiothiols withouit iiifirous tubules from at mouse treated
Irradiation the mean cell numnblers f'ront with WR-:3689. G;ermnali~ cells are nor-
thle intestines of' mice given WR-2721. mialiy intermixed with Sertoli's cells
W11-3689. and W11-131327 showed no( aliong the basement membrane. In this
significant changre compared to control (P case, there are occasional detachments of

-0.05). figure 3A. I lowever. there was at these cells. Also notedI are small amounts
significant increase in crypt cell counts of' proteinaceous material within the

1)P 0.03) in mnice griven W11- 1063. thle hinien~i of'the seminifeCrous tubules.
active (IC1) i s p Ioryviate d f'orm of' An examp~le of'ii transverse section of'
NVR-2721. W11-1065 is highly toxic, but the semninif'erous tubules from mice
the concentration of' VR- 1063 adminis- administered saline i~p. and irradiated 30

NONIRRADIATED INTESTINE

IO-A FIGURE 3. The num-
160 -hers of crypt cells in
140 intestines 4t (A) nonirra-
120 diated and (B) irradiated
s~o m iice. Mfice were injected

'1P i~p. with saline as control
J or with WR-272 1.

*40 WH-1065. \VR-3689, or
~ 0 \VR-151327. Each group

U 0 is the mean t SEM
of citzht mice. All da~ta

S60 LB IRRADIATED INTESTINE (15 GY) %%AS ~allaksed bv analv. is
20 o('variance.

control WR.2721 WA-IOSS WR4M6 WR-151327
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ini litter with 15 Gv is sl~own lin figure the dlecrease of 19 percent wais significanti
4C. This photomicrogyraph indicated at for WR-2721 when compared to the con-
reduction of, cells ill thle s~erininal Liver trol and W11- 1.51327 (W < 0.05). The semi-
andI absence of' spermiatozoa. T[le cells iuiferotis ttiilules of' thle irradiated mice
present had necrosis characterisedl by given WR-2721 and WR-3689 were swol-
cvtoplasmiic swelling aind vacwdioization. loin compare to the control mice and
r estes of' mice injectedI with W1-:3689 those given WVR-1065 and WR-151327 (P
and 30 min latter exposed to 13 Gv whole- -0.05).
b~ody irradiation showv \isib~le dlepletionl
of, the germinll Cell layver four days latter., Discussion
figure 4D. The results fo(r WR-2721.
WA- 1065, and WA- 151:327 were similar These experiments showed that all the
to \VR-3689. aminothiols tested were protective to the

F~our days after injection with ami- initotic crypt cells in the irradiated intes-
iuoth iol s, nonitirradliatel iniice had Iless tine. Fouir dlays after injection of WR-2721.
(cells presenit lii the igerminal cell layer \R- 10(i3. WRI-3(89. and \VR-15 1327.
figrure 5). Thle pe~rcentage dtecrease coni- there were significantly miore crypt cells

pared to the control group of eight mnice lii tile intestines of* mice treated with
Wats 34 percent wvith \VR-2721, 38 percent these aminothiols compared to the intes-
wvith W11- 106.5. 24 percent with WR-3689, tines of tintreatedl irradiated control mice
and IS percentt with WH- 151:327. The (P) < 0.05). Experiments by other investi-
(lecrease inl germiinal (el-f inumber was igators have also shown protection of the
statistical lv sign ificaint for W B1-272 1, iintestine by. these aininiiothiols.1- .1 The
\VR- 1065. aind \VR-:3689 (P < 0J.05). Sta- present study compared the four ami-
tistically, there was no significant difler- inothiols simultaneously in the same
ence in the circtumfeCrence of the semninif' groups of* animials and uinder the same
erous tubulies of these mice (P > 0.05). radiation and exp~erimental conditions.

F~ollowing irradiation, there was at Review of' radiation p)rotectors indi-
(decrease in thle number of'cells present cates that more than one mechanism may
in the germinal cell layer compared to be involved in protection in biological
noni rradiated mini.t P -. 0.05), figzure 5. ',vstenis. ' Of' importance are the mechat-
There was also ;I decrease in) thle germi- n isms of interaction of' the aminothiol
nal cell numnber from irradiated mice, radioprotectors with f'ree radicals, since
pretreatedi with WR-2721, WR-1065, and radiation-induced f'ree radical production
%VR-3689 wvheni compared to the nutmber is at major cause of' damage following
of these cells in irradiated controls. This exposure of biological systems to ioniz-
(decrease in germinal cells wats 19 p)ercent ing radiation. Recent stud~ies have shown
for WR-2721. 18 percent for WR-1065, that the free radical nitric oxide (NO )
and 15 percent for W11-3689 (figure 5B). readily interacts with and is stabilized by
hlowever, the results in figure 513 show thiols.1 In the intestine, it has been
that comparedl to irradiated controls, shown that WR-1065 induces the produc-
there is at seven percent increase in the tion of' NO."m WR-2721 has also been
Iuimnlwr)V of germinal cells in i rradliatedl showni to induce NO in the intestine.
mice pretreated with WR-151327. Only however, the eflect of" this drug is time

FIGURE 4. (A) The testis ftronita mouse injec~tedf with saline i~p. andl euthanized 4 (lays later. (B) The
testis (if a moseinhic IltedC~ i(p. with %VR-3689 (2(X) nit per kit MV) anti emithanised four (lays later. (C) The
tesiis oi a miouise hni r day's After 15 (C v w hole-la olv i rradiat iion) froi "ii 'Co -Y*ray sotit ce. (D)) The testis front
.a nio10ise four dlays after W11-3689 (2(X) nig per kg BV' ip.) 301 minutes prior to whole-body exposure to
'y-radf atmon front it "Co souircet.
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180 NONIRRADIATED TESTES
160
140
120
100 - FIGURE .5. [he noun-
100 Iwr ot zcrminal cells in

60I the sn1nimierous tubiules
Z 60 ,it the trstes of (A) nonr-U 40 ridiiated and (B) irradi-
M_ 20 .it(d once. Mice were
E Injected i.p. with saline as

control or with WR-2721,

IRRADIATED TESTES (15 Gy) WR-3689 or
80 •\%'-131327.
60
40
20

Control WR-2721 WR-1065 WR-3689 WR-151327

dependeit, o(cctlriilgs as the \'1-272'1 is ale locatC(l ill tile basal compartmlenlt
dephosphorvlated to W1i-1065. Further- (external to the barrier), and these are the
more, the involvemnent of N() in the cot- cells which after several initotic divisions
servation of gastric nucosal integritv has move across the barrier to the luminal
also been reported. ,7 compartment to differentiate into prelep-

In the present study, our ex.perimnents totene spermocytes.
show WR-1065 increased the numl)er of' The chelating properties of WR-2721,
crypt cells (P < 0.05), but injectin of the \VR-1065, WR-:3689. and WR-151327

phosphorylated aminothiols had no sig- nriake it probable that they bind to met-
nificant change in crypt cell numbers inl als and interfere with the synthesis of
nonirradiated intestine. Therefore. it is nuicleoproteins by reducing the availabil-
possible that in the intestine the ity of suilfhydrvl (donors uniquely
observed aminothiol/NO relationship required by germ ceils. The germ cells of
contributes to the observed radioplrotec- the sen-initerotis tubuiles contain not only
tive effects of aninothiols in this organ. variants of histones found in somatic tis-

Unlike the intestine, there was t nue bilt have at least five basic proteins
decrease in the number of cells counted rich in sutilhydrvl containing amino acids
in the germinal cell layer of the nonirra- unique to the germ cells. s
diated testis, and this was significantly W'R-151327 has been tbund to be less
different fur WR-2721, \VR-1065, and destrucive to the germinal cell layer
WR-3689 (P < 0.05). The serniniftrouis than WR-3689, which was less than
tubtules of the testes contain two kinds of \VR-2721, with W1-1065 being the most
cells, germ cells and Sertoli cells (figure 4). destructive (figure 5). Cytotoxicity of the

The germ cell group represent the testes has been reported in nonirradiated
reproductive cells fronm the spermatogo- in i c g i ven I I 7R-721' and
nial stem cells to spermatozoa. All but the \VR- 15 1 3 2 7 ,'5ib but our literature search
spermatogonia are emeshed in the cyto- revealed no studies carried out with
plasm and are sustained structurally and W11-1065 or WR-:3689.
nourished by the Sertoli cells,'` figure 4. At four days post-irradiation, none of
The specialized jiuictions which attach the antinothiols injected protected the
the Sertoli cells in the seminiferous testes from radiation damage. There was
tubules constitute a blood-testis barrier no significant change P1) > 0.05) in cell
against exoglenous substances." Sper- number when WR-15 132,7, WR-3689, and
matogonia have free access to blood- FVR-1065 were injected and a significant
borne nutrients and xenobiotics as they decrease (P < 0.05) in the cell numbers
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fromt the irradliated conItrol grotip~ when tefli. Ini: Fui~ctionail En.doclrinle Pathology, vol

WVR-2721 I was injected 30 min prior to 2. Kovacs K. and Asa, S. L., eds. St. Louis.
irraiatin. ur rsult C~l WR2721are lackwell Scientific Publications. 1991, chap-

suipported by Meistrich et al," and our NIEIST~ticii. NM. L., FINCH, M. V., HUNTER. N.,
differences with other projects 179canll be And .MILAS. L.. rtcino semtgna

survival and testicular fuinction by WR-2721
explained by the experimental c011di aigainst high and low (loses of'radiation. Int. J.
tions, the concentration of' aminothiol Rad. ()ucol. Biol. P~hvs. 10:2099--2107, 1984.
administered, and how "protection" of' 8- \1EISTRI(II, M. L., FINCH, MI., HUNTER. N..

Mn MILAS. L.: CN totoxic effects of'WR-2721 on
the testis is assessed. \VR- 151327 mouse testicular cells, ltit. J. Rad. Oncol. Biol.
decreased the number of'cells measuired Phlis. 10:1551-15534, 1984.

in thle germinal cell layer in irradiated 9). MILAS. L., HUNTER, N.. and REID, B. 0.: Pro-
tective effects of %VR-2721 against radiation-

mice after 10 Gy irradiation and mea- induced injury of* murmne gut, testis, lung and
sured 10 days later;`1 however, our lung tumnor no'dules. lot. J. Oncol. biol. Phys.
experiments' showed no significant 8:535-538, 1982.

0.MONIG, HI., MESSERSCHMIDT, 0., and STREF-
change (P > 0.05), suggesting that the -FER. C.: Chemical radioprotection in mammals
(lamag~e to thle testes increases with time. Aind man. Ini: Radiation E~xposure and Occu pa-

In cnclsion ou exprimnts how tional Rlisks. Scherer E.. Streffer C., and Trott,
In cnclsion ou exprimnts how K-R. edns. New York. Springer-Verlag, 1990.

that atninothiol addition can provide Iinii- chapter .5. pp. 97-14.3.
ited protection to intestinal crypt cells 11. MIURRAY. D., M iL4s, L., and M EYN. R. E.: Radio-
but not to germinal cells of' the testes in protection of mouse jejunum by WR-2721 and

WR-106-5: Effects on DNA strand-break induc-
response to -y-irradiation. Furthermore, tion and rejoining. Had. Res. 114:268-280, 1988.
thtee is also evidence that aminothiols 12. M1.UnRAY, NI. L., ALTSCI(ULER, E. M., HUNTER,

are toxic to the germinal cell laver of the N., FmINC. M. V.. and MILAS. L.; Protection by
sernnifeous ubtles hen give to WR-3689 against -f-ray induced intestinal dam-
semiifeous ubues hen ive to age: Comparative effect on clonic cell survival,

nonirradiated mice. miouse survival and DNA damage. Rad. Res.
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