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TR R/7ECYS (F IONIZNG RADIAYIQNS O TIE BIOQHRNISTRY

1. e Rffects

Gerald R, Zins, Ams D. Reymmnd anc David K. Sedde) .

W The inv'lusmos of redioprotective agemts om
tae glutathinoae lev tiscuss of rate and mice. This gtudy costie-
cutes one phase of 2 ce?alled lavestigation of the mecheniom of the toxle
wid radcprotevtive swilme of cammi~al agents.

Imssdiats or vltimats spnlication of thw resuitst e development
of effective tharspsutic or Trophylastie sgonts for radiatios infury would
be facilitated by an uncer-tending of the uode of sctiom of those compownds
which aro koown to axhil.: - .dioprotestive aadivity. HWith this objestive in
wind detatled studise G .0 ande of sotice o amdncetiylisethiovres deriva-
tives and dithicoardewatlcs a'e tndarvay in this ladboratory at tié preeent
tins. A2 a parts of this prosram sssswements of the inflwemce of 2-axino-
stiplisothiourea on tao levals of reduced gletathione in miswl tissuse vare
receutly undertaken snd svidenne wvas obtalued that this eopound camess cope
edderadls decreasss in the reiwoed glutatiione levels of some tisswos. The
presmt eaxpeicinerts wvare wdertakbem to ercsrtain whether varioss other redio-
wrotective azents wobwe alvilar affects. e resulte of the mresrenasnts
bave indicefat that several of the cospaunds decresst the pletatddaae L. sls
of some Yiesues of rato ond mios. At the pressdt tivs 26 suurdt be stated
vhetlher thisg action L8 Levelved 19 ths rediomotective artivity of the gz -
prds s 2hatr taxloity. Tovever, the remlts ssmomstrate that trestamns
of awimels vith virious rsdicrotective arents casuses sous cecresse inm reo-~
duced glutatiuione levels in most cases. It is probable thet this effect 1
_ dus to a direct interaction botwecs glutathione and the pretestive agents in
::t::nmdﬂuthunnmmmmrmmrwthmh

() cases.

'QQOOOQQ.

Mmmmmmc.mmmomzm '
ci'vligotiiourea (AET) inkitdto the astivity of several
(i) nuauuoo-uammmtcnmmuum
thiols and disulfites i1 vitro (2) ssd with proteins in vitre sad in vive
(3-5), 1t osems 1ilkedy "t The iaibition i3 t*s resull of mizmed Haullide
forustion vith essential aﬂm‘;am goups o cusymse. The pese..ility t-i2
mized disulfide rarmstion : involved as & aechanise of redisprotection
tUrough teporesy shieldi.. af sspsatial sulfhydryl growe of cellulwr 2.~
stitusuts bas Leem eets! ' (2] Dut direct evidemee 1n swpperv. of thiy 1ds.
19 laoking fHowever, it seemy likely that thu taxic effects of ET el r»-
latad somprunde sre dus to resctien with esermtial cul'lgdiyl grerw in the
opeeies Wiloh have been statied to date (1).
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T et effat to e ) twrtrer loformaliiza ou tho efvac s 4 AET on
pultnydrri coap~ais sdidt!raal ittdles vars pracsarly condu:ted in this letosra
tawy (8,7 du d ik e ef7ect of (LT on tha glutashione lavela of tiscuer of
rate and K29 wos moasured. The & aults ivcici.ted s zlope sorr.-iecion 'mtwost
the ability of fuT %o decresse the rlutathions levels of several tismes in
the rat and mouss and the relovive tadaeity of the drupg to whage sonocles. A
number of icvestigetars rave mezuured the fres sulfhydryl livels of ‘Lasuer
of rradiatcd wnfzala (11}, Heuaver . moel ~° ‘he mmasirement: wess perf amed
on blood and livar rathor thon readocengiedon tizzuns G50 Uis Methicls eaployad
mgasursd total sullfnyury) .ooups. In ecutrast this s2.ady and ~@ (0%’ ous <
pariments utilizad thr vz lic gayorylese wevhud (103 whicih drasiins nduced
giutathione exolus.ve = 3 = <Ufhydry! compounis. :

3

&

U proviocud s~ 9,7) demonitrated that VT proires @ 4ose-
dependent decrcase in tre . aced plutatidone levels df Lh: liver, idiwy and
erythrocytes of rate and £ - .ler chengeg in ths mlee; ano braiu. & sisdliar
effect wes noted in mouse ‘. rues with the excepticn taat . regra pronunced
decreass was observad in bra‘n. BExposwre of rats to W0 r of whole bedy
xeirradiution caused decre2ses in the recuced glutethione contsat of the red
oells, thysas and intestine (6). In view of the ability nr AST ta decrvase
the leveic of reduced glutathione in animal tissues, 1t <ae 3f interes® tc
moasure the effedts of other compounds capable of protoctirg ugailnst radistion
lethality on the glutatidons levels of the tissues of rats and rdce. The
present roncrt coatains the esults of msasurements of the plutathione levels
of waveral tissues aftes wreatmsut of znimals with various syents which have
bsen shown ¢0 afford protaction against radiation lethalit;. The results cf
thess meisuiexents damonatrsted that several of the compounde cause sipnifi-
ocant decresgsas in the tissue levels of redused plutsthioae.

Faterials and Methocs. Youmg adult, fsmale Sprague Dawley rets an!
Carvorth Tarxn mice were uied fur these exparimants. 7The at eals vere houssd
in adr-cwdivioned rcxis s v='s maintained om Rocklard Liet. Total “~dy
zlorollatdiu ves waministercd with a 3, B, Maximay Therapy Unit. The raedi- -
ation factars were as follows: 250 XVP, 15 ma., 0.2% 1w, Cu and 1 rm, Al
filtrition. The target distarice 7as 75 ow. and the cors rute was ¥ r to
g r par mnute sesocwrcd fu adre, )

Reduzzd 2.tst 1 .0 vae measurad by the method of woodwad (13) warn,,

8 yeist muspenadon j4 . Y/ the prodedire of dlbers a% si (13 . aieotre
Iytie raivetion af ¢hy - t ltrates tu coavart the oxidtzed ;lutathtiu o
4% the relucet fam wa © "1 out by the procedurs of L'otsn ni Weodear [3h). )
& detafled awacripticn . ¢ joesparatlion of various reaccits uwed for the '

sssay have bara presevte! .. reviocus reparts from thic laturatery (6,7;.

xperinental

Effects of variue radioprotective srents r» the :':fu:ed glutathions
levels of ret tlasuse. Tin ¢’iects of varlous radfoprotactiie apecin
Tasus Teve] T of redrond glutatiuone vere measured by tha condueticn of azsays
on erythrecy e, sp.een, liver, thyvme and 1leun f [enale rets, T3 druga
were civen i7 the intremeritonesl routs at dases nsar the maximus toierated
levels as devrrained Y arevious twddeity tasts. GOroups esth contaiving at ‘
isast three o imals wors eeori 'foed at thirty minutss anu r.wres hours after '

———
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T Laan o8 Whe drugle The results of these mewgaremonts sro u*m'.vcri"ed 1'
CLl e e nbeeh Ehe geeracu vallues snd the éversge deviriions foon the
s ¢ wiont ra temathe Wiih the car gant chance in reduced glutathicne .-..x,r-,st

A8 crown Yy tho Jdats in Tabla 1 gaveral of the compounds pre-uced moder-

ate chanpze in the raduced glutatiicné levela o7 one or awe tissues of ravs,
Thus. o axjucpreplopainond ceusad a 39, Jecreasc n the plucsthione concen -
tration of uryh;ro:y‘ 2a in thirty =rutes and <.anpse of a simtlar magnitude
in lives » ilciup 2t hree Lours.  Cyunide caused a 27. decrease and hydroxy-
anci.oni Y“l‘f’ caused & 621 decrans in the roducet ~iurathions contsnt »f thk
V.. wu tiree hours.  Dstanine, cysietne and nydrarylimine cavsed some Te -
anstdon 57 whe 2dutathions icvels of all of the tissume in the rad blood cullns
as ttvor. Re ’u-‘*m of tan ~lutatnloene levaele of 2}l of tne tissues was ob-
aasonn Wl wrenbnd with Yehydrocarypratine with the effect of this drug
bein’ .« .\. rroavaced in ue liver at three nours after adminlstration  AKT,
me-r cuacencl o ae and dimethyYamoniu dimeﬂvu.nn*o:.rbmw also r'roduood
Maskad dieveazey in the plutathiona content of the liver :d .oms decreases in
ot t.is:u.a Lxrosare of rat: to 3 simulatea alticude of 30,00 fest caused
a3 dinerensn ln tae reduced jrlutatizon? aontent of the erytiococytes and a'i
475 deercasz 1 the liveyr. . . :_‘
¥

srLen. of voriens raitop: otw’iv“ m'cnta ot .he reduced glutsthione
levelr o 2 ticruos  1he influence of various recloprotective spents on
T reauced 'Lu..;thfc?no contunt of the «idney, spleen, liver and 1leum of mice
waz vgasntel 1t ome ané throe hours fter intraporiionsal injection af maxima
tolerstal weses of the commouncos. The resuitc of ‘hess measwremente are guwima-
rised ia Tule 2 in which tha average raduced glulsthione contant for groupa
of =ix znirule Zre pruserted topether witn the average Jeviation fron ms meon
angd “hoe per cent change n levels as comod with ncrmal. mimlu :
s 1o 3n Table 2 *-~dxc1v Lhat et oh tat bmpoam.. ﬁpluynd !o.
Lhes nt vy e ne oemrdeinbre affecs on che remized ~lutathicae coutent of
moLer L4 uss bt Lie 253 rcauctien of the norual lavals wore osbaorved
afres ipo- u net 441 JRD, hydeoxracetonitrile, cysteine and hydroxylamine.
b ~-(wﬂc Yo asnene ecatsad 270 reducuian 1n ths sulecu wld 20« reductiom in
rhe Lo, G hue gorrp and Distardne taased elunces of a sirdlar magniivds
o i Ln il T er Tne oarcuaylernuononist selt of Jdimetlyldithktocarbamate
Lleebn e of the prlutathione eamcent 20 tho kidnev and *€7 -a.
A1 epd Selpdroxrtoipteuing canssd & L2s desrawe Ln the
e ot tre 'dduoy TRy regilte of 4hess messuaroomnta indicaied
HINAANTS . w8 rotestive acente have & oronomosd tnflumce oa tho re-
Aurel duttecaer ot Jeerlo of molae tho s Asvious studies in this ldbora- -
tory v ose &% JY) that #EY at (i sam dosace level has more pronounced ef-
fectn on wectidn s fhycryl enzymos than unt re-duced glutathione svd simdlar
resu’ls rro 1ow Heiny vbtained with cimathylimecaium dmathyliihld- rbewte .

Inflisrce of vm ious radioprotective acvits on tha luvels of oxiul: %)
mnd rfdw'sfmu ihione in tho tissuas ol mel: rat:. 1o Lme exwTiaents de” ‘
reritad apevy tho rodveod giu alblons avent of # f.hn tisstas vas Mestcca of |
caus? 1t vas savicipat.d that effects uf the various sruis would be rmore urc].y
to involew cildn<ion or intoraction with reducod .lutathione then wi‘'h the coad-
Hied form, .0 obtair ‘' .Jormation tn conne:ilin with this assumption measure-
ments of “he ~xbiced and total pluvethrone wer~ verformed ua liver, spleen and
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slcum of rate after treatioot Wit cumn of the nrulactive arents. In thess
mspuaents total glutat! fons ccugiet~d of the mmount of reduced glutathione
wdsting {u the tisr'y 1l r:ten after electrrolytic reduction which was carried
ot according to the procedurs of Behan md Woodward (1.). Ths remults of
those mcasguwrensnts @e sumerised iu Table 3 1a whioh the average values for
grovpe contalxing st lsast ti~s mximily are presmted togethes witn the aver-
age deviation from the wesm. Ths resdita of theee deteruinrations democnstrated
that there was no significant iacreass in redr0d glutsthions sontent of ihe
tigeue filtrutes aftor olsetrolyiie reduction and that the protective agents
Bad the sae effcrt ca Uw relused rintathione lavels bafaro amd afver eleciro-
lytic reduction.  Assays conduwate? on red Llocd cells, tiywmis and 1lewm of rais
after sxposure ¢o 800 r of pergy showd thet the same smownt of inhibition oc-
aurred with ar without elaotrolytia pretuction of 2he glutathione.

Nacusyion

The resullts of the pressat fovestigation have shomu thet several
radioprotective epsats csuee decrescos ir the reduced glutathione levels of
the tirsues of rats and mice, lowwer, ia most cases the smount of reduction
axoonted %o laes than 255, mmmmmm&am
levels of liver were ohoe-ved d‘q treatasnt with
cystoine and S-hydrry oo rtawine. All of these compoxads had hu otfaot on

the glutathione oontert ¢ "33 tisswss of mice then wes Murm.
| Previcus stadies im thi. 'atary (1} cn the hﬂm ART o eusyme
\ systema have indicated : 2 _fhydryl eusyres sre affected to an equal or
‘ meuﬁer:'z glntatiices levels, m finding is of cone
sidersblie intarest winoe .o-e attantics bes besn given to the possibility of

msaguring the resctivily of sulfvr-omtainiog rediopeoiactive arents in {ens
cf thedr abllity %0 react with glwtethions. Tha rasults of ‘i present er-
prinents, co w2il @ otser exparimgntz 1o progreas on the »~tions of tha:s
comprunds ¢ pulfloviivl onsy 9. ss indicalling that the roactivity of sulfas-
cwutaining protoctive sgwrts vith other ceilular oconstituents exceeds their
effccts on glutathicne. This finding further indicates the necessiily of ccn-
. ducting tharouvzh surveys on the actions of radisprotective agente on various
bloshadeal eonsiituents to ottain an indication of their mxie of action,

Semery
L - 1. The influcnce of several radioprotective agemts cf various t pes on the .
. e roduced Flutzthione contant of rat tissuse vas stadied, Swll decreanc
IR T in some tlcsuse snowmating tu less than 30K were cbeerved after s'mini-~
' straticn of eyanide, Mstaoe and hydrexylasdne. p-iminepropdonhenone,
hydroxyscetonitrile, Sohydroxytryptasine, <ys‘sine, ALY, mercatostiyl-
. ‘ axine and dissthylasmonius HMssthyldithiccsrbemate caused mimn. . foant ¢ -
. creases in the reduoed glutathione levelo of cus ar mare tissuss.

e Moasureuants cf the redoed slutathione sontent of mowss tlares after ad-

. winigtra®ios of varisus copownds hwmetratrd that a smll refuction tc .
he glutathione leveles of varidws tisswse oscurr-d after trestme:t vith .
the various comocunis. However, the effects ca glutathions were laes pro-
nouncad ihan on 8. - 'liiydry) enmymes studied mreviowsly suggestiang that

—
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the reactivity of eompounds such as mercavioeuhylamine and JET with
glurathione cannot be azserd to parailel thelr reaztlvity with easyse
yratoms.,

Exposurz of rats to 0 » of g ipradlation caused “gf!m:- on of the ve.
duced gl‘-"a*h.lone Jevels oy thymur, s errtarocites end ileam 10 thae ex-
sent, of 6¢.p, 325 and 1% resvectively.
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THS EFYECTS O TONIZING BADIATIONS < THE BICCAMIS™®Y
Of MAMALIAN TISCULS

II. The Effects of Veriong (esdcal % on the iitroge-

Bervard ¥ Ulot'wink, Anh B. Raymund and
tanneth P, DuBois

This r cneernss The abllity of various chasdcul ageats to re-
duce the nitrogen wuotord-Induced changes in ensyme activitiss of tus splsen,
thymus gland and email intestine of rats. Results of survival atudies of
animais pretreated with some ¢f these compounds vefure injection of lethal
doses of a nitrogen mustard are also included. This study uas nerfurmed to
compare the offects of thess radicsdmetic darugs «ith results obtained in our
previous studies on x-irrsdiatad animals.

Immeadiats or ultimate cation of the resultst The niizropgen
mmm%mfu and several
other actions similar t3 those produced by x-irradistion snd are, therefore,
called radiomimetic agents. A number of compounds that have redioprotective
activity also have the ability to entayduise the toxic effects of the nitro-
gen mustards. Both cysteine and Z-mercaptostiylaxine (MEL) have been used
clinically to ceunteract nausea snd vemiting soocomparying x-irradfstion snd
methyl bis(?-chlaretiyl)amine (MN2) Nrdvcehlaride therarg (1,2). A nwmbee

of earlier studies in this labaretary have illustratsd the applicsbility of
sdenosine triphnsphatase messuramnts using splsen and thyss zlande of ir.
radiated and nitrocen mustar4-treatsd rodeats for satimating Jdamej;e caused
to the hematoncietic system. Thls method has uiso been usad to quantita-
tively determine the radioprotectivre eifect provided the henstopoistic

s stem by chemical agents. It has alao been found in this and sthsr labora~
toriss that x-irradiaiion causes a dose-depsndont decreas: in the acetyl-
cholinssterase activity of the small intestine within s fev days after ea~-
posure; however, resulis of similar studies using the nitrogen rmustards have
not been reprcted. The current study consisted of the spplication ~* geme
of thess findings on x-J.1adlated animals to cvaluats the ardlity of various
sherical 4zeats to antagonize the damaging effects of the nitropen nustacis.
Investigation of the effect of HN2 on the cholinesterase sctivivy of the
small intestine wvas also carriesd oui. 7Those experimeuts offered tha posai-
bdlity of obtaining additional information of the mechanimes iuvolved in the
protective action provided by various chexdcal agents sod thus efd in owr
subsonusat ressarch on radiopratective compowidy.

[ A A XA N X R N ]

DaBaie et al. {3) have nhown that the aiwinistrstion of sublot<al wnd
lathal doses of ethyl bis(2-chlorethyl)smine (HM1) nnd metiyl bis(2-chlor-
ethyl)emine (H0I°) produce dose-dependent inaressac in the adencsine triphcs~

-, .
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rhatase activity of (r» » < .tapoistie ilsgues ¢® ..-%s and that these iun-
creases wa maxinal a* 4. ¢ to four days after fnjection sad are reversibla
after sutlethal Zaaes. 7, -esults of those studles indiratod that the
nitrufren suatads ave oo ocively almilar to xerey in tneir akility to in-

cersask Vhe sdestsina iyt - hiatawe activily of hemtopoletic uissuesn.

Studles of Severvan and U Y3 (L) ad our recent experimente (5<9) .uve
illustrated the valus of ace;sosing trirhoephiatase assays on tha snleens. and
thymus glanda of rats, nmtreate” with - arious chemdoal arents befoce radi-
ation, as biolopical indicaters of the radiopru..ctive sf(att of these coa-
pounds. Thus the marked sixilirities butieen the effect of x-irradiztion
and nitrogen mustirds on tho fnucreass in anzyns artivity indicated thet
adanosine triphosphatase aesars mipht alsas be appiicablc sa a means of de-
termining to wha* extent chemical sgents m'otect apainst nitrogsn must.rd-
fnduced dazape to tha hemstoprietis t!ssues. To tast this possibility the
present study wis coacuctad and sevarsl agents known to provide protection
against radiation lethality were tasted far their ability to reduce the in-
crease in adenosire trighosphatzse activity of the splcen and thymus glends

 caused by HN2.

The effeet of nitroges mustarda oo the acstylcholinssterase activity
of the small intastine has not boen studied. However, Lits clinical use
cauges nausaa and vomdtine similar to that resulting from x-irradiation (1,2).
Doull and Swsinga (10,11) have shown that the aoetylcholinesterase activity
of the intestine is markedly decreassd following total body x-rey and the ef-
fect 18 dose-lenendent follewing exnusures as great as 1200 r. Cur recent
rtudies (5-9) have illus'rated that the degree of modification of the de-
crerze in acetylsholinerterage activity of the ssall dcicstine caused by the
satnistration of horfoal e-noounds bafere exposure to radistion 1a a valid
lrcicatlon of the uwrolc~'7.e effect wrovided this Hsave by the compsunds.
Thus, experimants wure .1 - '!-7en to detormine the effect of W2 cu the
cholinesterags retivity o7 ¢ amell intesiine. Rosulte of these studies
dndieate that NN~ canecr - viod decreayes in the cholinusiarase ectivity
of tie emell iutestine wii .1 not srdetly dese donsndent, tut is waximal
4t about thiren Cays and re'.-ny to narmal after sublethal doses. The ability
of some radioprolective eh2iicsl agents to reduce the lli2-induced decrease
in acetylcholinasterase uctivicy of the small futestine is a0 described in
this resort. ' .

Materials and Methods. Adult fsmale Sirague-Davley rats were - d for
thate eXperimonis. The animalr were rrintslisd v adr-conditioned quarters
and were fed Rocklard rat diet snd water s libitum.. The corpounds used in
this study were acninistered as neutral agicous soluticans at approprizie times
befoare injociluon of HA2 hydischloride. The conceantrations of the druge used
in oambinstions were adjusted to permdt intraperitoneal injections of total
voluses nnt exceedinz 1.75 >f the body weight. '

The adenosina triphosphatase sctivity of the splesns and thywus glands
of rats was woarzred accarding te the method of DuSois and Potier (12) uming
0.3+ hogorenates of spleen and 15 howogenates of thyrus glanis, Az3ys were
performed in dupiinate usin; wwo leveis of tissus (0.1 ml. and 0.2 al. ¢
homogenate). “norgunic phosphorus was astermined by the procedure of Fisce
and Subbarow (13) & the enzyme sctivity wes exprvzsed as pga. of phorphorus/
nem. of tissur /15 minutee.
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ibs acetyioh ! . -‘arase sotividy of tie smal) intestice wag de-
termined by the mancr ° isthod of DuBods end Mengir (25}, 4. poctdom of
e jlumm-1leun vas 7o from the mesenteric commective tiuswe and fat
od longitudinelly di:: - <2 4 . pel the osntents. Th: l:ew. ves then
washed tice with dietill.c vater, blotted drey with filter pepar, minoced
nd homogenized with Pinter-ticabonats bulffer. Measwraneuts were come
dusted 1a duplicste using 50 ug~. of tissue ver Warbarg vzisel. The
vessels were yaseed with 55 md 951 ¥y £~ Mve miuutes. Carbon di-
axide evolutis: was recarded five-riuute intervals fa & period of :
‘hirty inutes followving & reeViwduasy ten-minute aqvilitrsticn, Acetyl-
oholinestesnse activity waz wxoressed as ul. of Cp evolved/50 mm. of
tissue/10 mdnutes. E )

Rxperissatal
[be effect of various chemdeal ao
shlorethyl)asdne (FNE 2 -and Petersen (15) have
noed phwosphetase activity of
and thymis glands of rats resched a maximm at tely tires days
after x-irradiation ar ufter W2, Our recent studies (5-9) illustrate that
the sbility of chumicsl compounds to reduce the
of the spleens and thymus
tating the radioprote. tive effect of thees
In order to corpare the affects of varicus
phosphatase activity of hematopoletic tismiss with those obtalped aftor vari-
ous doses of x-ray (S, -oupe of fowr o eight Zemels rats wors gives doses
of N2 ranging from 0.°" =or./gm. 0 1.75 Rgh. md the suys a0tivity
of the spleen and tlyr'c ;lunds was deterat days later. e reuilts
of these tests, which - - ~sgented in Pigure .l srs in greciwat witl: the
findings of DuBods et s7. \3) who showed . ad
twesn the amount of lucroase dn enxyms activity and the dues of HN2. A
doses of HN2 iu excess of 1 nga./kpn. were required to cause s substantis® in-

cresse 1o the ensyms activity of the thymne glends mnd o't
emmm.ummmmmuvemmmmm-
oreases produced by M2 are not as marked as th

posure to x-irradiation. Therefore, it ia more

tate e protective affect of chemical sgeots taxiciry of HN2 in
terms of per cont redusction of the dose than of =-ray (5). Thus
chemdoal protestion against N2 has been a this st.dy as the . bili-
ty of various agents to reduce the Lacres sdencsins triphosphtzze activity.
The eazywme changes were expressed in terms por osd of normal activity.

Several smulfw-containing eompor. - v ohowm Lo preteact rodente
against the lethal effect of x~irradistion mstards (16). 1. sve-
fare, 1t was of intercst tw determine the offoc slfw-comtaivin-
radioprotective campounds om the sdemocsing , wivity of M.
treated rets. The resuits W' thees studies are nlr;m 1. Ia :é.. -
casas the .ompounds under investigation 10 1.5 agn./kzn.

M2, the | Cor rets wder the condi axperimnts. abinigtration
of 1.5 mgr./Com. of " resulted sdenoeine triphosphatase
sctivity of the splem to 100f aund of the thy'ws gland to 20iE of normal iy
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TABLE 1

THE EFFECT OF VARIO:™ CHEMICAL COPONIS O THE
ADSNOSINE TRIPHOSHATAE ACTT/ITY % THE
SPLEER: aMI: THYMUS ALANDS OF
W A

- — -
Mme of , SPleen \TPuse Toowus Gland ATHase

Dese in ;injscwicn - - —

. /xgm. [ etore M. | i

Minutes) | it ‘etivity c:n::ol

b

.- T
7 3=G.¢ i

AT TR 5_ L4,9%0.8
b 32.0%3. 5| 15.0%0.9
L 2T.9%0.M 13.5%82.2

16,550, + 165 ] 13.5%0.1
A L9605 13 1 9.5%0.2
asH 16,983 167 | 11.6%0.8 |

AET u2.0%2.8 i " i15.921,2

27.380.7 3 13.2%1.0
"~)‘1n7 1116‘1.0

Cystalne plue
DFOTIC

158 plus
5pre

treteine nlus
DEDNTC

0sd plus
LeoTe

Cystuine +ius
MEA

Cysteino plus
GSH

Rydraxylmmine ’ Slge . AT 22.93(».’; ERTA
1

Sarotonin ‘ | w2 20 W 220.2 | o4

B e T

29."1“} 7 156:906

29.2%1 .. 2 5000
11.9%82. ) A VTR 11.3%7.4

Moo WS 12.0%0.L

e
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three dis. The ablility of the ditafosash ~utes, which provls aipnificant
raciopreracti-g effacte in ce {17 od rats {4y, 1o comer.ct the texic
ellfects of HU'2 hae pot been weviously recorted, The i1 monfor radt of Ale
sothyldithice. sacnte acid (DITIC) pedused wie fncrerss tu tha s'wnreine (ri-
phosphatase aciivy % e sviesr cansed by B2 tc 1457 of nxe1) bu' fag
no effect ca th) sacyen ectivitr of e tiyms rlamvis. The phosohalase as-
tivity of the snleen and thyr:* glands {ncressesd to 124 snd 1353 o: normal
resnsctively s’tor oretreatmsot with the sodimm salt of ctztiyliitniocarbasis
s=td (DEDTC) piven belare HE2. HNercaptosthylerine (FEA)} and cysteine, vhich
have been used alirdcally to comtrect the adverse effects in HE2 therapy,
reduced the increass in eticyms activity of the opleen to 1654 end 1311 of
control respectively. MEA had a =light benaficial affsact on the thyw.s
glancs and cysieins was the nost elvicacious o the compouncs tested An this
study in reducing the iacrerse in the enxgyme activity of tais tissus. Mo
tucdred mgm. /kgr. of radused rlutatiicng (M) befors HN2 canned protection
similar to that trovided bty €4 irn the ipleen and reduced the increcss in
asdenneine triphosvhatise activity of ihe tymas slerds to 1595 of normel.
This L8 in sgreecont with Therielson (18) vho has shown in mice that OsH
sives roughly the sait: protection agalost HN2 as that provided by ME:.

Inis {nvestigater hax <7-.o found that AET offers alight, altnough signifi-
cant, protection agel~:c i? lethality in mies tut sdencsine Wripnosphistase
sssays < the spleex .7 ~vi8 rlapds of rats do not demongtrate this ef-
fect.

Our jrevious av. *:. (7«9} have demoastrated the adlitive protective
offect ur wiced by certal: “mbinations of clwwdcesl compoudy against the
damaging sffects of x-{craliation, Therefare, several combdinatiocos o com-
Fom's wera toeted for their ablility to reduce the increase ‘n adenceine
triptconh.viss artiviey of <h= mplcan and tnywas zlands of rate traated vith

Hi2 The amiination of cysteine w OSH with DIDIC peodussd additive ber:-
izial 67 "ezts in the splesn aa evidanced 'y the reduction of tiw increare
1n astivity to 1735 of scatsi i in hoth aasss. Thess ecomdf: ation® 344 net
vedune S c 0 0 AP RN o “hig Lhym.d laLds tO & greatar arxtsot than
cyatneine o 7 C v pixiciswers nlone, Combination of cysteine with DEDTC
and 0¥ with 12000 201 not mrevent the increass in adencsine trinhosphatass
aziv .ty in the spleerns to the extewt of TEUTC alome oF in the ¢hy=us ylands
to-che 1iree ohtained with either cysveine or GoH siminisiered singly. Tre
additive jaiiomvotestive offact of cysteine plus M4 has been demongtratad
11 enig Yaic-gtory by Petar siu unld Dubois (). However, thiz omabdination
given Laf re 1 W2 143 not reduc: the increest 1o vaaywa astivities ! s
3 eeiitic Liasuss sladied to tne extert of cysteine al-ns. BSenefiuiel
efle.ts ¢ vssveine plus GOH were ohsarved in the spleen Wt not in the tirmue

 gland of H?2-trested arirals,

tince several slfur-containing rediomwotectivs compounds exhibited tha
121ty to reduze tra diuaring effects of nY¥? o~ *he hosstopoietic tisevas of
sata, 1t vas of 17tur 4% o Jetormine the effscr of & few protectd . arenty
that are not of the #.°Ti-ccntaining type. dydroxylamice and serotonin vais,
theretfore, incluied in ti.- ctudy snd the results indicste that thers camwi: ar'*t
f41l to reduce the cant. ''  (fPentp of HN? on Us spleen ard marheily incveap.
“he cozdc ef"ect of .2 - ‘-e thymus plmds. v both sxperiments o & {\ie
ainnle ddat JAthin e ! irnc~day period thus indicerins sn increassd ‘axicity.
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It was aleo noted that the Nydroxylssins-inducud increass in spleon alse
that was observed in owr redsnt axpaiiments cr radiocprotection was not evi-
dent thrie days after HNZ2.

Ihe efiect of va-ious ohem, 3l campounds oo the Acholinesterase
sotivity of the emall i-tustine of W2 . aarked
zm:r"fw'mnm?mm the adeuoaive trd
phatase activity of the :in"een and thgwae plands, it vas of loterest to de-
tarvine vhathm Urlg sl ) rity wss alov wis.: i the cholinestarase ao-
tivity of the mall irto+tine. Fer this experiment groupe of five animals
were injected vith 0.5 nge./kgm. of M2 md
far cholinesterase astivity at twelve bowrs
vals. Reeults of this study are rresentad in
decrease in the cholinesterase sotivity of the
tvelve hours ans Jut Whe deszeass $p maxinmal 1o two t0 Wres days with the
activity rapidly returuing to narmal within seven days after a
of 0.5 ngn./kam,

It was also of intarest to determine uhether the decreass in cholin-~
estecase activity cauned by HN2 was dose—dependent as it 1is in the case of
x~irradiation. Tius groupe of five rats vere injected with variocus doses of
HN2 ranging from 0,25 sgn./kgm. 0 1.75 mn./kxgn. The animals wers saarificed
thres days later and t}w mall intestines sgsayed for asetylsholissterase ac-
tivity. The data shown 1» Pigure ) tllustrate thet 0.25 mgu./kgm. of HN2 bas
1ittle or no effect ou the scsywe sotivity but that 0.5 mgn./kem. ceuses a
marked decreass similar 0 that observed :dth 40D r of x-ruy. This decrease,
although subjoct tc rather wids variation, is only alightly enhenced Yy larger
doses of HN2. Thus it 1is evident that although HN2, like x-ray, produced s
decrease ia acotylcoholinesterase activity of the mall intestine whichk 1o ye«
veruibls aftar suhieihal dosss, it did oot produce a dose resoutaw cwave thev
. o strictly dose-dependent. Hemoe, 1t vas not nossible to msouwrstely Jatos.uino
“ho cusntitative aiiity of variows ~hemicel agents to antagonise the loxic
affeats of HR2 in the ‘r'- at,.ne but since several agents {Table 2) veduced the
HN2~induced ahanre in acniylc'olinesterase sctivity it was svident that these

compounds dieplay a prot: ' ia offest.

The data im Table 7 ndicate that 1.5 agn./kgn. of N2 ssused a docresse
in the cholinesterase activiiy of the small intestine to Llf of aormal, It to
interesting to note that DiDIC and DEDIC, which ia owr previoes stv+4-g vore
shown to sunhance the damasing effects of x-ray 1o the intestine, alwoet entire-
ly preveanted the marked decreass in choliresterase activity caunsed Ly HNi. A
dose of 200 mgm./kgm. of MEA did not significantly reduce the Mi.-induced de-
oresse in enwyms sctivity. lowewer, ciminictration of cystedas, which has been
used effectively agsinet the namsss md vadting that agoompamy M2 therapy,
prior to the nitroren musterd almost oompletely preveated the decrsase in suxrme
activity as evi enced by cnolinesterase selivity isvels that vers ¢ of uormal.
OLH aod AET failid to alter the smowat of decresse in cholimesmerase aotivi.y
caused ty W2,

Ss.aral ocambinatione of chemioal compornds ware tested far (3oticlian
apaingt the -.soresse i cholinestarass activity rollowing lujeetion of uiwrogen
mustard. In cach ease one md sometimes both of ™he agwmts givea {n combination
showad indi:rtions of »<ried protestion when g'ven alony and, tharefore, the
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Moae 3
The Aceticholinestarsse Aotivity of the Smll

Tctestine of the Rat Three Days ifter
Yarious Doses of BX2

. 1 1 i A I §
0.75 0.5 0.75 1.0 1,25 1.5 1715
Dree in ngm./kgn. :
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AET
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DDTe

NsH plus
D.DTC

Cysteine plus
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Cysteine pius
MEA

Cysteine plus
GSH

dydrorylwdne
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' oveluating the protic.’ - ciTects provided bty chemical agents. The findings

2

efficac,” of these cambinations must be determi;wi by the ability to pourxitl
sxvival after lethal dosss of HWM2,

Rydracylamine ard seroton'n, two of the non-sulfwr-contaiming recdio-
protective oapounts, ncrsased i dameging effects of M2 in the lntsstine
a8 eviderced Wy reduc: c of the asetylcholimesterass astivity to 24 of
cormel. As pointed ocur ' lier im tikds report LGS of the smimals treated
with theve copomds hol~c #42 falled to survive the three-day sasay timc.

T'e ofTaot of chexdcal s on the survival of rats after
intesticn 2. several
chesdoal arsnts wore capabls of reducing the degree of HN2-induced snayme
chanses in the humatopoietic tisewes end the intestine of rats. To ascertain
whather c¢his protu live sffact could be related to the altimats survival of
the animals eove of these egents vere adwinistered before injection of dosss
of HA2 ranging from the dose of 1.5 mgu./kgn. to S mgn. The abili-
ty of a comgound to > was then oarrelated with the inorease in the Wy
doss of the nitroges mustard. In preliminary studies 40O mgm./kom.of DMDTC
prevented martaiity of 1008 and 205 of ¢he snimals injected wvith 2.5 mgm./icgm.
and S ngn./kgn. of HE2 respectively. ‘ydroxylamine did mot reduce the HN2-
induced rlterationg in the eugyms activitiss of the tissues studied and pre~
treataent with this compound resulted in 60f wmartality after injection of the
LDgy dose of nitroger mustard. Farther studies are owrently in progress to
nore sxactly determive the abllity of DMDTC to comnterasct the toxleity of HN2
and to correlate the reduciicn in tissue damage provided ty other gulfur-
asontaining compounds with survival after inoreased doses of HN2.

Discuszion -

) The reaalin resented in this repart demounstrate the spplicction ~f
unIyRs assays on ticr.: -  nettive to nitrogen mustard damape as & =2ans of

11lustrate the poosibi 4 - ‘hat certain combinstions of chemical ageuts may
provide adtitive prots. . effeota} however, quantitetive evaluation of the
btaneficlal effects rec’. - survivel data becsnes HN2 4338 not cause strictly

dose-dependent eunsyws c!i:  cs in the thymus glands and intestine. The sulfuwr-
containing campounds saployed in this study that reduced the alterations in
ensyme activity to the greatest extent were o) steine, DMDTC, and ™D,

The merked degres of redustion of the HN2-induced increase in w.xyws
astivity woduced bty cystedne as compared to that caused by MiA may be p.o-

- porticnzl to the relastive toxioity of the two oompounds. Thie cbazrvation

15 in agresmeut with the results obtained bty Salernc and Priedsil (19) whe

found that the mamitude of protection of tiwas campounds sgaivnst the tox-

loity of HN2 wa; directly mopartiomal to thw molar dosage. 0o ~suthal et

. {(16) bave clasrly demonetrsted with 1sbeled 2 that thix nitrogen » iaterd

oonbiues with aysteine in vivo. Moe pretrested uith cysteine before I¥” in.

Jection excreted a rea~ting srodwot of the two vumpounds ia the urine and -
thare vas & oartial reskdoxm of tht ressticm produot of HE? ant cr=tilne Lo
when 4% .es adidigtered Y0 mice. Thercfora, it appears that the motection

in snimale retrested with cysteine aad thea Civan HE2 1 st lesst partially "
due to chem'sal iuuc civation in vivo. These investiyaters also found that .
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sodiux nitrate, which acts in x-rsy motection vicyumably by producing a

mathemoziotinemis, docs not reduce the toxi:ity of HN2. Cue would not ex-

noct agouts guch as Rydroxyisning and sersl.aln to give protoction ageirat

1212 since as stated hy van Bekkw: (20), bicsloglesl ealpes muy exert thedr

v radioprotactive effect by impairms. i of circulaiism «ad subsaguent re-

* : duction in tlasuc niygen tenmdon. luypea tendon iufiuences rediat’.a ine
jury but not ths aciion of HN2 (1€). '

It vas intorestls ‘o nole ‘hat IMDIC awa DEDTC, which have bsen
shown in this laborator - “°) to sohance the damaging affcots of x-frrsdi-
stion in the intestino, -7« n:4 caenletaly raduced the damaging effuot: of R
1.5 mgm. /kem. of HN2 1in il tissue. Recent studies of Therkelssa (18) havs N
suzgested that the wmain caice of dsath 1r micn after admicisdration of & N
lethal dose of HN2 1w nrinarily dus Lo intestinal dumage. Thur the abdlity N
of the dithiocarbamates to reduce the damaging effects of this nitrogen
mustard on the =mall intesiine mey partislly cxplain the protestive effoct
of thuosa compounds apdnet norially lethsl doses of hN2. This investigator
hss also shown that AET provided slight protection agsinst iND-Anducad mor-
tality in mica. Results of this study show, hovever, that ART is not capg~
hle of reducing ths damape cauzed by tits nitrogem mistard in the tiassueas
under irvestice' i when the enzymws assays are used as a meanre of pro-
tection, ’ .

As was poiated out earlier in this mport 1t s difficult te sscertsin . ¢
the beneficinl effects of combinations of chemical ageats agaiast the damaging :
of foctn of HN2, Therefurs, further experiments including 3O-day survivel

studies, ero cwwrantly in progress to wore sccuratoly dsterwmine this officacy
of the troatnent with coridnstions of varisus eulfur-cminiaing ehemical com-

' i

rounds, g
N v o,

. . -
goeey

. Dosce of N2 ruriin: “rom 0.25 mgm./kgs. to 1.75 mgm./kygn. wore adaini-
stered to rate (n’ s snleens and thymus glands of thess animals were

ascayed for adzac:’ . oiphosphatage activity thrce ¢isys later, Rasults
of this study show! + the increase in enzpyme activity of the splaen e
caugcd by HN2 was dor - endent within this dose raige but that the R

© nitropsn mustard cous o oniflcant inereases in the adenosine 4 "shose
paatase activity of t.o t'ymus glands only afisr dosua in avcess of 1
mem, fe e

2. Several chemical compounds and cunvinations of these compounds, knuwn to
protect against the damaging sffeots of x-irradiation, were tested for
their ability to reduce the RM2-inducsd inoreases ir the adenceine tri-
phosrhatase astivity of the spleen and thywus glands. DIDIC, T 707G,
cycteine ancd cerdinations that included thecs agonts were capable of
narkedly roinsing the increase in engyxe activity of the apleen caused
by 2, MSA und GSH were slightly hemefizisl whilc ALY, lylroxylsmine
and seroionin falled te reduce the ‘norease in adenosine triphosphsiusw ;
activity ,rcducsd in the spleen by the nitrogen mustwrd. Cyatuine was ' .
the most effective of the agents studled in raiucing the incroass in ] g’
sdoviosins triphosr™n.e activity of the tiymus glsuds. DiDTC, AET and i
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the oomidnation of cysteios plac DEDTC hed uo bevefictel offects while 5
‘ hydroxylamine snd ssi-ctonin potentisted he effect of H®Z on this tisaua.

3. Moacwremouts of the effect ¢ 0.5 mgn./kgn. of HE2 on the acotyleholin-
osterase sctivity of the mall integtine indicated that this oitrogem
mistaxrd caurad a dearsasm in astivity that was svideat at twelve Fow's
after injection. The enmymes change resched a maximm at two to thres Jaye
and retarned to nxmal after seven days. & dose of 0.25 mgw./kem. did

. aot cause any smsasursble sffect on the intestinal chalinesterass ectivity

B and doses 1n cxcess of 0.5 mpe./kgn. did not prcdwse furthes doss-iependent

decroasss. '

Les Injection of DMDIC, DEDIC, aysteine o oombinations of compounds that in-
oluded theas a.c.ite defore M2 markedly reduced the decresse in cholin-
esterase activity osuvsed by the mitrogen mustard. MEA snpeared to have a
dlight benelioial effect, while GSH, AZT @21 the two nm-gulfuwr-costaining
compomnds, lydroxylamine and sarotonin, did not prevent this dcorease. :

5, NDIC protected 100f and 205 of the animals against the letial effects of
2.5 agm.Apr. and S mgm. /kem. of HN2 respsctively. Nydroxylamine failed B
to alter the effect of the LDgo doss of 1.5 mgn./kgn. of the nitrogen -
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THE EFFECTS (F IONIZINY RADIATIONS OM THE BIOCHEMISIRY
. OF YA& 1AW TISIUES .

JII, Studies on the Toxicity of Rare Rerth and
oe_on Radlation

Burnard E. Hiethrink end Keuneth P. Dubals

Tnls roport oconcerns: A comtinuation of a receutly initiated study to
obtzin incormation on the toxicity of rare earth compounds. 3Ipecial consider~
&ticu h2a been placed upon thoss agents which would be expected to contaminate
the ctmosphers as a result of a reactor ssoidant or a nuclear detonation. Re-
sults of experiments to determine the possible additive ar synsegistic effect

 of similtancous exposure (o rare earth oaxides and ionising rediations e also

included.

Tmuediste or ultimate g%eaum of the results: 7The possible hasards
ascociatad vith an explosrive rsac gonc:ricd considersble intere
est in the actions of ruw'e earth metals., However, until recently the bulk of
the resoarch on rare eartas has been centered on the rsdictaxicity, tissus die-
tribution and rats of excretion of rare earth isotopes., Tasre is ouly limited
irformation sveilable on the chemical toxicity of thsse campownds and the ef-
fcets of simltancous erposure to icnising redistions and rare sarth elements.
Thus, & program vas recontly undsrtalksn to obtain further {afarmation on the
scute taricity of rare exrth compomds and the effacts of exposure of rats to
rare earth cxides plus ionising rsdlaiion, Information of this type msy be of
value in deterininiing the hwalth harards asscolated with industrisl use af the
rave excth netzls sud the peeribls dan~er ariaslag from fisgion prodeot cmtast-
nation resulting from extensive atomis enwrgy developmenis.

LA B XN XK XN/

Variocus approachss to the problem of determining the taxicity and mode
of w.lon of rure earth motals have boen undertalen. In this conrootion Hertrig
et al. (1) have shown that placing yttrium uiarate or lanthenum nitrs*- in

vounds c¢:usd healing to be retarded for severs) wecks. Nelville et al. (2)

raparted 54 1L findings with didymium nitrate. Mexwell and BischofT (3)

found thet yiirim injected iuntrevenously will csuse protrin preeipitetion axd
soversl investigators (1-5) have regortud the formation of largs abscesces
following subcutanocous or intraperitoneal injection of various rere earth salte,
Histopathologle studies bty Steffee (5) have shown that intrsperitoveal adwinis-
tration of the stabls rare earthe insluding cerics, lanthamm, yttri -, wraseo~
dymiua and neodymiua it relatively high dosage levels caused am scute pevitousal
reaction viich developed into a true granulomatous veritonitis amd occasicusly
resulted in focal hepatic necrosis. However, thes avilil.Lls lafarwation on the
acute toxicity of rare earths is liwited. The renent. reports of Cootrer 3¢ al.
(6), Oraca ot al. (L) and of Kyler and Oress (7) ocontain mest of the
xessurenents. Since much of the taxicity work on rore earths is of & prelimi-
nary nature ani did not ‘rilude seversl of ths rare earth mtals, it vas

]

m— e we e
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evident that further rosearch on the tadoity of thase chemical ageats was
needed.

The recent finding (1,2) ¢f mmergistic taxicity reeulting from tiw
sinnltaneous exrosure of rats ¢o &i wium vitrate or ytirim nitrute plus iwdli-
ation indicates the ixportance of cfwoting thorough studise om the possiile
ecombired sctions of other rare sarths and fonixing raciation. In ow previous
study (8) oreliminary experiments were done in which r:is wora givea subletiml
doses of the axides of several rare esrth metal- slus o lethal doge of x-ray.
Fraseolymiun cxide and zadolivium axide shortened the s:wvival time of irradi.
sted animals to soms axtent but the other compounds tiz‘cd had no detectabls
offect on mor.ality or survival tims., Howaver, since a lethal doms of z-irredi-

ation vas smployed it wes difficult to detect ¢ gmergistic effect. Thevefars, j .

sdditional experiments were condusted in which a doss of x-rsy that did not
cause death of all of the mimals vas given after injection of 1000 mgm./kgm. o
of ths rare earth axides. : o '

The present repart contains additional data on the toxieity of the
oxides ard nitrates aof several rare certh metals. The combined effect of rare
earth ast:ls and 775 r of x-irradiation on the mortality and weight changes of
rats e included. .

Matorials and Mithods. Adult femals Sprague-Dawley rats were used in
thepe ati¥is. The animils vere housed in air-conditioved quarters aad fed
Rogiland r2t diot and vater ad libdtum. The axides of rare sarth mstals were
cbtainad cm the St. X1ud Corporation, Cinoinmati, Ohio and the nitrates of
gadoliiu, ytierdtium, didymtum, ssewrium, prassodyxiun ayd neodymivm from the
K md X Loboratosies, Jamaica, New York. The remaining uitrate mits were obe
tritvod from the lLirdszy Cherdesl Campany, West Chicago, Iiliusda. The aitretee
wore ateinistoces intraperitonsally as umovtralised squeous solutioms, 7w
oxtdn; wers suzvended hy honogenisation 1a 0.2% carboywethyloellulose el
given by either the oaral or intraperitonesl route. Aftor injection of “he cox-
pounds tho aatrals wers otasrved far 2 neried of thii'ty lays. The moriolity
datu grassated Lu thls repurt are besed on this obsorv.iion period.

Y-irretation vas aduinistered as a single, uli:le-hody exposure with
a 0.B, Maximar therapy unit employing the followviug raiistion facturss 250
KUP, 15 m», 0.75 rm, Cu snd 1 mu, Al added filtration. The tavgt-amimal
distmnca vas 72 cn, and the doss rate was 37 r ¢0 39 r por minute s measwrsd
40 21ir with a Viztoraen dionizatiom ¢ . .

Exverizental
Acuts intraprritaneal and oral toxicity of racs earth cxides to female
rats, Results of our previcus study (v) @8 (™ ™3 oral tox-

Tolly of ramre carth cxides show that occasionsl deaths occwrred im ueme of
grovpe of aimals receiviug p to 800 mge./kgn. Jutraperitoneslly or 200 wew. /kgm.
of the oxidas arally. Additional experimsnts were, tharefore; undertalten tu ¢ -
termine ix thepe random doeiths were a reflection of tne taxicity of the oxtdes.
Thus female r.ts were given intrapsritansal nd wral dogos of 1000 wgm. pm. of
the rare ~zth axides and observed for a 30=day pari.d. The results o. these
experinents ir-e shom 1= Table 1.
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TABLE 1

MORTALIY OF RATS GIVIN 1000 MM./XOM. OF RARE EARTH
XIIES BY THE (RAL AND IRIRAPERITONEAL ROUTES

—

Compornd e o | Hartalits | § Hortality
Neodydur © r’;?e w/{;ngamitmeal é;g zg
Praseodyrdun :r- : —.‘]a”ﬁmed 8"';; 8
;;ri'm ;—d;—-~ { ;::‘;.Sfupérii.onen‘ g;g 8
Cedclintun axdde gg‘”‘“"‘é YA 2
;tw?bium aide | Ttfaneritonosd | gﬁ :
;:;;_”:31"1_' fas g;x;..i:?.or,‘.-tmcﬂl \ ( g;g g
EUA'cf»!.';m cZiy I‘?f 13‘:""""’“‘:"‘"1. zg . g
Helrfum oxice (I;i;aperitmeul g;é 8
I;;;; :ri—r';’- g.):;amrjif oreal g;g !zg
SUNIPH Py e RS
S — ERR
Terbium oxide . Nl itoneal 352 2g
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In svery case most of the animals wers uble to tolerats 100U mgr./kum.
of the rore esnrth axides and the lDcn values ars, therefare, in excess of this o
dosape level for ull of the compounds. A few asaths did ocour duwring the obsev-

vation puriod. Ome of a group 2f five rats that received neodyniur cxide in- -
tranc-ltoueslly died ss wzs the case after 900 mgn./kmm, but L grouo of thres ' . " ..
antimle given 1600 mem.‘kem. swrvi.2d for thirty daye (8). Martelity of one of N 3
the wnizzls cecrwred seven days aft.r gadolindux oxdde and LOS of t~ pats re-= .
ceiving crdium oxtde intraperitomeally falled to survive, Thus it spnoars that,
with the posuitle ezception of erbium, rats ars able to tolerate intraperits-
neal desey of rare ewrth oxidesa considerably ... excess of 1000 mgm, '

Stuiles vere also undertsken to compare the toxicity o the rare earth
oxddss givcn by the intrareritoneal and oral routes. Previous results showed .
that, rate are able to tolerate 200 mgm./«<ym, of all the compounds ziven orally.
lismes casponsions « © the r-re earth oxdies were given arally at the dosage level
of L0 rgme i, s dose caused the death of one rut in each of the groupe
of arimala ~iv-n ¢ oxile and tarbium oxide., The remainder of il anizals
thar roecived 1000 . fiom, of the oxidos of the varlous rare earth metals
suviied the 30z tezt perinad. It was interesting <o note that oral adminis-
tritin of the oddes ef wrnscodyniu, gadolinium, ec.'tm and terblum appears
to inid it the ~ermnl weignt inecrease. The animals ¢’ rot lose welpht but
ramainrd at a steady leval for approxdmately fiftzon :,;s following the adwinis-
traslon of the oxide, Futher tests will be performe! to mare accurstely de-~
teorlne the el lect of these v:ddes on the weipght gain.

fente frtraparitoneal toxicity of rare carth nitrates to female rats.
bpoli dnery st alcs (B) on six nitrate silts of rare carth motals indicated
that ko LD .4 valueo for neodymium, praseodymium, samarium, priolinium, ytter~
fun, nd dldy-lun were batucen 200 mem.Aom. and LOO mgm./kpm.  Thizefore,
alitticil Yoxicity atudies to obtain a roro exact estimats of ihe Ilgy valves
of hrre aant: wore perforred. The data swmarized in Table 2 show tha ragzults
¢7 Ahr s ersarirents.  Recently vwe sbtatnad the nitrate saits of four oths rare
eveil 1 shls,  The reaults of fndtia! toxicity tcats on thier of these compuads, -
fomet o 2eh s, 1olmium, and ersuim. nitrates, are also shown in Tahle 2, The
detes 2o lion o Lhe LW3zq of the fmrth rare sarth, terbius nitrate, {s current-
Yy 40 rrovaae, : .

Tr:12 ¢t stn indlcate that ths nitrate asits of neodymiun, praaee:tyutﬁ.

gonel .  cefs daiem, ytiorblum sad dldymiam exhibit similar to.icities. The 1 :.
3n 0£ 1Y thaae rrents is acnrodotely 275 wgn.gm.  This simids~*ty {a vo.e ; A
ie:by 35 in rrreement with ctudies doue by draca ot sl. (L) who found that wiw: .y

143¢ vé *a ~lven dntrepucitoneal injactions of cerlum chlorida, prase ua
cllico and nood/mi ' ctlordde, LDgy valnas af 353, 158 and U8 mgm.kpgm. wore
otrwdred., Triilal ctw. l:s inddcadzs"trat owoplum nitrate and erbiux ;itrate
wo rire trwie ainc. thize corpounds caused death of 00J of the anirals given
a Jasc of 250 mm./kime A sirilar dose of holmium niirate produced mortelity -
o t.15 of & ¢roup of five rats sugresting thet 2ts LD 48 al3o nn~ 275 wem./
ko Farther stulies to obtzin a more accurste estin i of the Lign values of
etopliny, holr!un and erbium nitrates are curreatiy i: yrorruss.

— ——

. —— —

Influenco of rarc earih oxides on the evrviva® ti-n -ni weijht changeys
in rats Gopowd 5 WI5 F ol x»x-.gg1 In"our InItlal e+; 0. -imcats (B) on *he in-
Famie ¢f riro sarti: oxides on the degree of racistion injury, anim'le were

N s =




TABLE 2

ACUTE INTRAPE“ITOI AL TOXICITY OF RARE EARTH
NITRATES TO FEMAYE RATS - '

Comrouni

——— . ———t—— . -

- Neodyaium mitr.ate

" Doss
(mem. /cem. )

Fartulity

% liortality

400
300
250

/s
3/5
2/s

100
' 60
\‘,'\'n

Prascodymium nitrote

300
250

i

8o
20

Sararium nitrate

300
250

3/5
s

60
20

Caceliri o gitrate

300
250

e ——

7

o
Lo

e+

Yitorblun nitrate

300
250

‘

L/5
/s

80
Lo

Dicniom nitrate

300
250

Y

|

80
Lo

© Buroni'mm nitrete

w's

80

Hol v um ntirate

ho

srolun e

— a———— -+

L/s

80
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gn §oiraperiton:el doscs of &0 non.fkrm. of the compound 10 to 1S sdnutes
soloer o ardlaarily leiinl arount of x-drredlation. Sincs a leth:zl dose of
2-ras wes employed, it wos 217ficult to determine whitinr the orides produced
& sruerrletic offect with ratia“don as vas found whr fovmium nitrate ¢
vitortlom aitrats uery iajested L Tore x-ray (1,2). it ..us, taercfore, of
latcrogt to detormine the ei’fcet of rare certh oxides oa the survivel tice
and 1elght changes in rats ex.used to dosss of x-ray tiar diu not produco
1007 noartelity. For this study groups of five mimals werc given {ntraperi-
toneal injactions of 1000 mem./igm. of the ro-~ earth m:ldes fiftecn minutes
nrior 40 775 r of x~irradiazion. As showm in Tabdle 1 this dcse of rare earth
oxlde produced only an occasional death of an anieal. Two of tie ter control
rats exmoded to 775 v surrived ine 3C-day teat neriod.

Fipws 1 ahowa that the axides of neodymimm and rracsaxdymium did not
anrreclably affect Jho awrviial time or mortality of rats exposed to 775 r.
Carariun onlde shows evidences of uroducing a slight degree of radiopcotsciion
£3 =.llonced by the increaced S. ; and survival of 40f of tle animals. The
dute in PMjure 2 show thot padolinium and dysproeium had no influctize on the
siwid al of irr=?istad rats. However, yttarbium cxide permitted survival of
two of the fivas mimrls piven 775 r. As shown in Figure 3 euwropium oxide de-
gr3a-cd th? sw- ival tine alipghtly and cansed death of the Iive rats «nosed
tc 775 r. i0Yum oxice and erbium oxide caused martality of tun of the five
gulm e o Teay tha conpiundc without radiation (Table 1) and whon piven togsther
A vatt Ular 607 moluality resultad, Cerium sxdde did unot fafluence the swre
ERRN t'. ¢ .0 wertddity of iz-:adiated rats but tertdun slgnificantly increased
LN Seog and o wrdttod LOS curvival (Figure 4).

e ror: 2arth 9ddos did ‘not arocuce & significant effest o the
oot loce of n"wla J1loadAng x-Loradiation. In no case was the loss of
L Aght g .vi4h raedlotion plus the rare eart.: U’an with radlating
1 L HowErel, 1?, 35 r.o%.d in cases vhere thew e '5 or graater suridtvel’
ath L Yebty dus -\1“ wxery, thet the fnitial decre. '~ AL y.oll~.r'~\p i g
ot et Wit voee carth o .63 was aot as 'urked as tx radiat*on alona,
’"m.s «rfest e chowm in Mpure 5 wure it may Le econ thet the oxides of
purwiun, hol.lua end terbim, which provided 605, 4Cs ~01 10) survival ro-
g otleely, £ibotanttally reducnd the initial weight lnss uermally asaociated
1740 whole bod xeirradiation., This effect as uvident at tre third day and
amtinuss until avoit the fourtesnth day. The later effcsis saowm in Flgwre S
c-nanl e definitely attrituted to the metsls bocanse after denth off mart of

the +2irzls 47 ¢ emcll 7ccup the avesage welight of the remaloiug anumule hu_
e 3z simificance.

Dlscusston

ihe crucent {nvastipatlion consinted of azi.itiomal exverimerts to ascer-

taln b9 cb.dcel toxicity of rare exrth motals, ihe possidle hzzards sasct -

ated vith the irdusatrial use of thoso caupouade and tls influence of wimnli-raeous
exaorire to reco earth metals and ioniging radlatica, Reestlte of Suxiolty sis “las
incicotel thnt 1Dg valuer «f {im raro ewrth okides are in evcocs »f JUOT ypem , oem,
when thogs o .nuvgﬂ- 1re adminisiercd by the incoaperitomesl o oral routrs. ik
Litg, wolvar of nost ol thoe vataresoluble rare s.rth ultcates undar {avestipation
A5 wra 20 L i perexdately 275 mpm. kom. althougn initial resulis indicste that
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owunian ond carhium ndtrate x'a more toxds than otheir “nczluded in this tn-
weatisition,

Tioci's lLas been a limdted awunt of research coicoimed writh the wzde
of action of tra rare earth salts. Cocwran et al. (6) in tiis lshorstary hauve
shoum by in vitre siudies that potassium colunbate and the chloride salts of
colusbium, IAntnanan, strontiwr. ytiriim and strconium inhidited ti.e sleno-
aine triphocphutase activity of mouse liver. Tiese investizators zlso found
that lanthanw chloride vas abls to replece elurinum and that strontium
chloride was partially effective in roplacing tais ion in the succinic de-
nydrozenase aystem. Other studies have shown that 955 of injected holmium
rereins unadbsorbed at tre site of injection four days following adminiatratia:.
Hescrer, when this eloment was administercd as the citrate complex only 5 re-
mein-d unchsorbod,  Thus, tha otudies of Graca ot al. (L) show that the citrate
€27 1x eshances 4Ry aheartion and toxicity of the rare earth motals in mice
arg julace vire.

cr pmtir’é,n.-,ry exnerizents indicate that the toxicity of rare earth
oxides 45 "% g mrexinbly affected by x-irraciation when these compounds are

atrinlae - Ia'vuperiteneally at a dose lovel of 1000 mpm./kem. fifteen minutes

before 777 5. siudlies fons by dartwig et al. (1) and by lelville et al. {2)
hive =homn that tie mb]ec*:m of rats recslving intraperitoneal injections of
gl nitratc or di77Awn nitrate to lonizing radiation results in a sta-
tlatin ily @-piTicant facrease in nortality as compared with enimals given
eithn rati-tios or intriperitonecsl injections of thase compounds alons. In
vicr ef tha limltod rescarch on the rare earth metals, the increasing impor-

tenre of t?mse ~ucnnunts in industry and the realization cf the possible dangers -

az-iedated wAth poolor ~eridents these corpounds s.0:1” Le cubjected to awide
sparuen of torts and dbeis potontdal hazwed more ¢4 ily ovaluateds

ls Tosdeity ct:lizs have been condusted on the oxides of nesdyniun, prasess’
gy Luny asoorlany gadelindum, yttoridum, dysorosiun, europiur, holmium,
artdac, ecarfvn and terbium, The results of thece arperimonts lnoicltOd
that t"c I ;0 values for tiesc rare carth crijes exczeus 1000 men.
vEom thoy a:~~ givan or-lly or intraperituneslly to rate.

“ho Ngo values of tho nitrates of neodyrdwm. mras~ | iuna,

fe o im, mdo’.ﬁ nium, ytrerblum and Mdvminm have been datorined, The

1c R Yis Tor all of these comounds sre between 250 and 00 mem./kmm.

Prili=inary toricity stwites indicato that holrdus nitrate will have a

a. 4371 LDgn valua wnile ewropium ultrate and erbium nitrate sopear to
more t.»;?c componds.

lleasor-anta of the influence of 1000 mgm./kim. of various rare -arth
orides 1 the mortality and survival time of rats given 775 r of x-ray
sim:lt -nonsly indlcated that only eurovdum oride decressed survival t
The toiicity of the othar oxides terted di4 not aproar to do slyniﬂcantly
incronsed »y x-irradlation. The oxldes of srnarionm, holwium and teritl:y
decreased vhe initial radiation-induced loss of buly weight ia rots ax-
posed to 7Y =,
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. LGRY
OF CATYDLIAN TI35IES

_I.‘f.. Bfte st of Desd \rg*_v_as of Dithiasarbamis 4cid on the
(M.Jm o sivha-Rero nelds

Ecrneta P Dabols, Aw B. fagnaund eat Devid . Selzl

.uu raprty consiriar At studies o the rchaniem pesaensinle
for Lhe FARU UL LT F5hion mad e mnlisn toxicity o caclvatives of dithle-
c'»r.».ni 2 a:'.s. T fe3ert 2y Bag been ¢oncevuod with tha jahdtitory action
P dithiocarbiteien o0 ity ..ulx"'~~';.r:,'1 anxma tystew vhich catalyse the ol
d".i.i':n of yrastty sad alvi-atainturaty.

Indlads w A _aontication of ihe re'th). A conalderghle
crpvat ol A AL i BRI e e studics dn The "o*e of setion of radio- .
profecitve o, nde S tLEAC Vloabner Surdie the st v yearr.  The objective
of this rr';r. ot vk 'nwh‘.qm of tho rasuer in which certain chemicals
et bo reduce ten in; ubruy elfecty o fonlatny rodlations, It s anticlpated
teat roocoveh of this tyva 1Y ald s i dov clu ent o' aev rretective sgenta
and dn the acpdaitten of Twiner fofomation ca the reavanla. of radlatten in-
Jueys dogrect ol oof dniicest has boon oxhiblited in ths noseibllity that the
Intoreriden of rofurecontilring rulicsrotect] e ersnts with sulflydiryl enzymas
wolva ! fu tae reofectdve u‘dO‘i uz theso covpouzds throuch the formation
-,i'e tizad dlguliide lirkecen., e t_me of techaiirm could oper:te to

¢ mrotne oof enrrwm ol cnules feen the oslldizinge radicels formed
by c::. crusn ¢f g to Lovdz’ng vailrdtona,  Tois exnlanation esynarg thae
vadiatden fnasticcios sulligrgeyt eavyser i4 uira, then fay ‘w..uur, seneluatey
dety im gunrort o0 FLY gurerdion 4 1adiRy ars Siediaw eluding ey, thotee
fore, nenl Dt ow Y"““‘I 4 I A ix Laect-of e meghuniun of redistion ine
Juasre Yoo el t ah b.-: g effecte of tie cddihilocwboovtrg (re the

e o .

: ayl meors, Sirce the reidapsteciive
I "“""hm,“ sonotrla Ao Hirite? gy their toxicity,
noer thy urenandon 07 il Losde actlons de nzodad. T7
o atagvio watleddy of thegs sevooundn favaloes ths rue
L :-' eleor P o nmress inowediepeotestive nelliii o be
an n..nc by radesien ef Lerdader, 0eds ra ol Wparieny brescict arobiem vo
e e 2T exscavinaaa b serdbd dn thin report cogs contriteto dnfor-

LR SR R

Within »ocent nentas awidices vero under .oten (1.2) 11 thie lacoratary
to olsadn fanforatica oa tha nlecherdal clfecls of derdvativesr of Wuricesr.
batlc acld on enmyme rysiens of namalian iasir,  2ar ateenti-n war atirasts?
to this grevw of cormoundsi Foruvie ther spocased S liave sope 3dvanig g ove-
the thivronive <2 lvatives for recranlsr ciudies. The Jatver group of proe
tectiva avert- uncarpe a numder of chemdeal che s uith the rasultant fuvantion
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of various metaboliic dorivativee. Thus the biclogical activity of the
thiuroniua derivatives on in vitro svsteas might differ rathse nromdnently
from tho effeocts that coour iu Lho letsrt endmci. The dthicomrbauatss are
simpler compounds whoso in vitro aci. my might be erpscted to more dlosaly
approximate in vivo effects and, inascd tie resuits cbtaiued ia cur s*niies
to date have suEst-ntiated this suprositios.

The rsdioprotective sctivity of derivati..c of dithiocardesdc soid
has been well-established by the nrevious studies of Bscq et al. (3,4), van
Belicum (5) and van Beikkum and Cohen (6). Sows posedbic oxplanations for the
radioprotective action of those compounds (7) have been published but the
ideas were not tested oxperimentally. Pibl and Kldjarn (8) havo recently ad-
vanced the interasting theary that protsciive spgonts containing sulfhydryl
groups form mixed disuliides with cellular constituents and therchy termpo-
rarily shield cellular sulfly#ryl groups. Previous studies in this labara-
tory (9) on the mode of sction of amdnocethyliscthdourcs (AET) demcastrated
that this radioprotective apent reaots with several sulfhydryl cugynee end
somd proliminary experiments (10) on dithiocarbamates demousirated that they
also Lave the capability of ragcting with sulfhydryl groups of some enzymd

+« In view of these praliminary findinge a systemitic study of the
acticns of derivatives of dltiiocarbanic acid ssemed worthwhils.

The initial phase of our study on ths mechanisa of ths taxic snd
readiop-otective effects of dithiocarbamic acid derivatives consisted of
ncasurcmont of the bdblood lovels of injected dithiccarbamates., This was
accomplished by modification of a method ariginslly developed for coppar
analysis (11) which depends upon the ability of dithiocarbamatss to form a
colared complex with ccpper. lMeasursments of the blood lavels of injected
dithdocarbamates showed thot those compounds wevs rapddly absorbed as evis
denced by the occurrence of the highest hiood lavals st five mduoutss afbter
intraperitoneal injection, At wne how after lniruperivoneal sdrdnistretica
nearly all of the drup hud d¢isapreared froa the dluvod. However, since the
inhibitory acticn of these compounds on various enxymes (1,2) persiats for
several hours, it is cleer that at loast that fractiomm of the total dose
which combines with tissue ccnetituents remains in the tisaves considerably
lonper than would ba guggostod by the blood levels.

A study of the reactivity of dithiocarbamatas with enxymes of ‘“ter-
modiary carbohydrate metabolism was initiatcd by mcasuremsnts of their 29fiuw
ence on the oxidstion of ovyruvate end fumarate Ly tissue homogenates. Whai
thie combination of substrates is used the entire citric acid cyols 1s opera-
tive. If no inhibition 4s ohserved cunsiceralion of the individusl ena;es in
ths cycle is unuecessary but inkibdtion of this oystem fudicates that fizihar
studies should bs conducted to locate the site of thw inhidMdtery effect. The
sodium and dimethylmamzonium salts of dithlocariar’s acid inhiblted ~-zom coue.
suaption, pyravate utilisation and citrate myn*hesis by tissus houcgenates wkm
ryruvate plus fumarate wee ussd as substratss. However, his{dimsthyldithie-
carbamyl) disulfide vas equsl to the dimethylarmoniua 0-lt of dimethyldithlow
carbamate in ite inhibitory notency iun vitro although it bas no protecti~e
activity ageinsi radiation lethality. Yiose in vitro rsssurements wers
followed by a studry or the effects of various dosss w the dimethylamunaium
salt of dimetlyldithioc~rhuaste on the axidatiorn of pyruvate nlus fsarate by
rat liver and "luney. The animals ware sacrificed at variocua times after
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sdiduistration of sevaral doses of the compound. The results of thers ctudies
clearly deconstrated that doses of dimstiylarroniun dinathyldithiocaroasate
ranging from 166 to 1,000 mym./kgn. cavced marks 4 irkdbition of pyruvaty utild-
sation anu citrala formation %y tha livers of ratu when the animale vere sacri-
ficed thiity minutes after injeci:on of the Sompound.  Oxypen coneumption by
the liver vas unsffected. The kidoays of thase animals ermibitatt marind di-
mesgdon of oxyren consumption, pyr.;ats utilization and citrate farmatiua.

! of the duration of the Zakibitory action of this compouwr” revealed
that rapid reversal of the indtdtery affect ocours. Within five hours after
doses as high as 500 and 750 . /g, of the dimethylemcaiua sxlt of dnetiyl-
dithiocarbamic acid, the activity of the onayuau < the efteie acid cycle had
retuned to normal, Moasuraments of the influence of bia(dimothyldithincarbanyl )
disulfide cn axygen consumntion, pyruvate utilization and ol trate sthcsis
demonstrated that the neorimo: toler.ced dose of thig corpound had no sproreciable
effect in vivo 4n contrast to tts strong inhititory action in vitro. This find-
iy was of varidcular igter-at bocause tris compound has no radloprotective ac-
tivity. . : ]

The presont investipation consisted of mewsurcasnts of the effects of
dinethylammonium dimethyldithiocarbsmete and bis(dinethylditid ocarbanyl) disul- ,
fide on the cxtgation of alpha-keto scide. The oxidation of alpha-ketoglutarate
to ruccinate and thas oxidation of oyruvate in the yresence of melonats were
stuaied. Both of these reacticns are catal zed bty sulfhydryl ensymas. The re-
sulia cf -theso studles demongtrated that the diretaylewonium salt of dithio-

in vitro and in vive. B:s(dimethyldithi'ocarbn.wl) disulfide slso inhibited the
roactions but to a lesser axtoot than the dithiocarbamic acid salts.

Yaterials and Methods. Yowy adult, male rcts (200 %o 250 grams), adult
male Carwortli mice s youig male guinea pigs (150 to 300 grams) were used for

-theee expariments, Dimethylamontum dimethyldl thiocarbamnte was dissolved in

0.1 1 phugphate buffar (pd 7.L) aud {ajestec dntrzperitoneally. Ths low sola-
bility of ble{dimethyldithioeasbamyl) disulfide netassitated tha use of prop,lene
glycel polutions, ‘ . .

] The exddatics of pyruvate was measurod using the test aystem of Pardee
and Fotter (12) wAth a final concentration of 0.0035 M pyruvate. Malonate was
added to this zystem at a final concentration of C.00k !, Tler these o~ .
ditious the two-carbon fragment resulting from the decarboxylation of pruvate
by Liver condenses uith anotker two-carbon frazment resulting in quantitative
formation of acatoacstate (13). Thua the cxiJatior of two moles of ~- ‘wvaia by
Uver in this system results in the consusmiion of one mole of axygen apd ths
farmation of one mole of acetoacotate. The oxddation of &lpha-ketoglutarace
was moasured by the procedurs of Ackermann (1), Measurements of cxygen con- !
sunriion and the ‘utilization of aiphu-¢=to aclds were made, Fyruvats aud alphs--
ketopluterate were analysed oy the mrocedurs of Friedamann and’ Haugen (15).

+ Eperimental
: Inhibi_f% effect of derivatives of dithSocurbazic ecid ca the oxidatic o
ta:i' alpha- sc2ds o0 vitro, “In the 1aitial studies on the rodo 67 solicy oF !
thl ccarbanl

of
¢ ucid derivatives in this laboratary (1) in vitro experiments were :
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coodusted to ascertain the influence oi‘ theae compounds on the otoadx: o
oyeuvads plus famarate by rai liver ant Kidnoy havoenates. It was fovad thae
ths zeddvn, dlothylumoniua oad dicet)yleroniu: celts of HiMwcacbanic acid
and bis(dt ethyluithic»m baryl) ':a.mﬂ.i‘i adi gauscd 504 intdbition of the wxde
antion of these m.batretLa by liver howjemates ab Sinal comeentruilons voging
from 1l = 107440 § x 107 Il on {he “asis of oxypen cmsuwption. On the Yaais
of chermical analysis of the amcunt o pyruvata whiliged tte contenir+tions ro-
quired to produce 5Cs inhivitica af the clirio acid cycls wero cssentlally tho
same excapt that bls(dimethyldithiocarbamyl) disulfide O_g-oduccd 507 inhibition
of pyruvate utidzaiicn at a corcontratiam of M S x 1 Analysis of the
anount of citrate synthesized by this system es a basis foe estimating the in--
hibitory potency of the compounde 3lso shoved that the inhibitary votency of
the daulfide wos more oronovnced than that of the selta of dlthiocarbamle acicd
anz the direthylariionium selt had prealer potency than the other salts es an
inhibitor in vitro. Kidney homogenates sicre more susceptibls te inhibition by
these compounds fhin wua liver. Thus, cn tho bagis of inhibtitian of cxypen
conswmtion, the sodium and dieghﬂuaﬁonium salts produced 50: inhibition at
conciuwrations of about & x 1072 M, The dimethyl vmonium salt and the disul-
fide ucre more :zctive inhiti%ors us eidenced by 50% inhibdition of axygen con-
sunntion, nyruvate utilization and citrate synthasis with concentratious about
10 to 20 times lower than were required with ths diet‘zylamouium and the sodium
n2its.

In the rresent invesiipation the in vitro effects of tho sodiuu, a1
etilemmoniw, 2ol dhnein luuionium selts of dithlocartamie acid and bis(dimethyl-
divhicobay ) Mendfiae ra alpha-ketozlutarate oxidation wers studied mrior to .
thoe zonduetion of assaye oa tlscucs of animals treated with the compounds. The
in vitro stwiics vare condusied by the addition of several comcentrations of
Fe coroaunds Lo tho alolie-Yetogluterate oxidase system. Whem the per cent ine
hl’)lflo‘l w3 plecizd cpadvnst tha legaritim of the druy concentration, a straignt
live rel.tions: ﬁ p resuited rfrom widlch the ,onccntmtion tiat would nroduce S04

intibiticn of Liv onuzyme activity was obtedned. Cxygen evnewmtion was meec.wed
at vell ag the s« iownt of a'l vha~1 toglutacats <t! Mued durdig tim veactlon pu-ioo.
ine sesiatg of Hm’e N et o9 sunrngrizea in Table Y. The results of
tiicas neoazwrenents .e*mv‘-tr “cd tha? the diiethylarnoniym, dlethylawmnoniws and
nsodium salts of Aithiocarbailc 1cid as ell as bia{direthylditniocarbaryl) di-
gulfide arc al? oflecilve inndbitors of slphnu-ketoglutarste avidation by rat
liver. leasuwreneite of the aucunt of alphe-ketoplutarate utilized and the
anount of ouwypen ccasured sheuso? ac3entlally the smme amounts cf ‘nldbition by
the cuy wnds and SG, dnhibition of the reactlon wia obtained vltn crosntrations
whdeh saoged froin l »x 107 -l M oto 1 ox 1672 1 Cur the varieus CEPOUNJs,

The cffoct of tho Jimetiyylermonium salt of dithiocarbasde ascid on the
addation of pyrurate b, Mo Ggeantes J movgs and ret liver in vitrs was also
studicd. Halerat: was added &0 the test system. Thir rosulls In the quantita-
tive fornation of acetonaratate fron pyruvate by preventing the two-carbon frag-
monts (erived fron myruvate rom ealaring ths citvlic acid eyeli, U~
rcgults of ticse aeagurerentn cerensitratad Lhat the pugcantiblilit; of this re-
actlon to inhib.tion hy dinetrsLemamiun dimethyldl thincarhanrts is esventiny
tha gaad on tro sureantibdlid- of the alpha<ketorlul ~rets ssrtoa. The utiu-
zation of iyruvste dn thiz o, ouun by cek nd mouse liver homorsmates wax LU
fnadbited by 7.% % 1072 1 pnd 2.0 x 10°° | dimathylamrcniim dimethyldithio-
aarimnto ropsretivel s, On the hasie of oxyren cun<w.otion the reaction was

———
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BY RAT LIVER 7 VITRO

Melar Concentrztion fer 505 Intdbition

Diethylurmonium dle
cthyldithisearbanic
ecid

“Seddawn dint,hyidithio-

carbarde acid

Mo(cirettyldithio-
corbeayl) disulfide’

T5x 17°%

1.2 x 10°b

1.2 x 1079

Compound .
) ; ~ket
txygen Censumntion uphsuﬁfgézn”'“
- DAmothylermonium di-- . 5
nathylétthiocarbende 5.0 x 10 2.6 x 165
acid .

0.0 3 1075

8. x 1079

2.0 x 1075
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Y. innitited dn rouze Liver by 1.5 » 1377 M incdeztdar sesd ademeal belveen
tig cesully obirined Yy rosgurenents of oxyges toucawtion snd pyruvate utili-
zaticn, ' - '

The in vivo effect of dimeti. ~lammonfium dimothyiAs thiocabwiaie on the
oxidation of alnrs-lizfoplularate by ‘e livers of rats, meo and ;ﬂ}r:a riga.
Following the conduction of the in vitro exneriments 1ted abovz, assays
vere pe~formed on the livera of Tats, mice snd guinss oigs to asceriain the
exient and Adecation of tho inkititory effect or “isetiylsssonium dimethyldi-
tniocarbamate on the oxidatior. of alnha-ketoglutarate. A dosc of SO0 mgm./ikm.
of the comounds was choren for the initial studies beciuse 1t spnroxdisztas ths
maximun toicrated dose and is in tne vicinity of the dorze lcvel usually es-~
nloyed to cbindn raxinel ralioprotective effccts in rats. For this exnoriment
grours cach containing at loast four rats were ercrified 4t (05, I, 2 and 3
hours afier intrazeciviuenl inj2etion of the commound for mencurements of sipha-
ketoslutarate cxilege activiiy. The amount of inhibitdoa was e:limated by
reusdee ent of oxygen consunrtion and chemicsl anelysis af the azount of alpha-~
wetorluterate utilized. Tnz results obtained by the conduction of assnys on
the lvers of rata at intervels sdthin the first three hsurs afior adminis~
tration of 200 mon.fome of dimothylamoniun dimethylditidocarbemats are shown
in Table 2 in which the avarage end rauge of vulues for meouns of for rats are
mecentod.

The rosults of th:3> experlrents cetonsuwrated tiat the dimethylammondier

salt of diratiyldithiccervarate 19 a poteat intdbitor of the oxtdztion of alpha~

teteslutarate oxicase of cat liver in vive., learly coplete inhibition of the
enzyso £ystor wac obzerved et 0.5 ard 1 nour aftar fitesparitoseal indection of
tihe enrcunds Paviicl reovoranl of the inhibitlon was wpparent in two hovrs and

‘nee Y eopleie rersnl Wez roted in tiréo hors.

9 azeestain the of Juet of dirathglancniuwa dimethyldithiocarbaate o
the rosabebazletacety oxddase meldvity of fne livers of rdce S35 pem. fipme oF
the comzound wag stron inirsne, Ltoneally ard groups exch comtaining fowe 4nimels
wero sacoiflicsd ot Antiovals [o tive hours afier drug trestwent. The resulta
of ¢lear rrgvercate are gurnenrized in Table 3 whers it may ba ccer: that marked
fahiuition of the casyme activity was obdserved at n.5 iairs :fier irjection of
the commoumd,  £% one howre the cizyme system was ar~roxiwately 5935 inhibitcd,
Nearly covmlete reverga’ of Lle inhibitiom accurred within tuo licwe and norm=l
activily wvas chser.ed mt throe 2131 Pive hourg after drug teeatment.

Barther dn*orx:ticn on the resronse of “arious specles ¢c a piven aosa
o) dlrativlamoniuy dlethyldithiocarbangta :ax obtained by the couduction of
alpho-cetoglutursio acaavs o2 e vz of Jlasa plgs after intraperiiunexl
injection of 5X mm./iirn. of tho sompcund. Groups of fear eairmale wvers sacri-
ficed at 0.5, ) and 2 hows after treatment with the coaprmund, The resultz of
Lheae mearurements a=o shown in Teblo 4. Tho ;rectest fibibdtery off .3t was
observed it 0.3 Lhuurs after adsinisiration of the comsound as vas "z ccse wiva
mice and rata. VPovever, the +:xdimm awount of inhiditiom of tis enzyms aciav) &y
in this erocles was l3gs then thil obzerved with the sao dose in rats end nice
Rapid reversibility of the ...t.tion osvemrred a3 evidenced bty activily op-
reoaching norral in ¢ hours aftem: injoction of the ervaomd, The remity of
thene iezuray nic cencuatrated thad dimethylammomiem g Tditniocairrtemate
cpuses mrried ‘rathiticn of -Qphe-%ctoglutarate nxidese at a sudlethal dossge




TACLE 2

EXTENT AND DURSTIGN OF THE TWHTBITCRY L™M7CT GF 500 KGN./XGHM.
OF DRMETHYLAMIONTUM DIFMET{/LDITHICO:MBAMATE N THE
QXIDATICN OF ALJDHA-KETCCTTIANATY RY THE

TIVERS (i KATS

.
! Alpha-ketoglutarats
Oxygen Consimotior :
iours After ’ i Utilization
. Prug T
injecidcn Average i ~ Avorage “
cotdviy® ) oinntlitton . aotivity® Inbibitdon
- - r
Coitrol - b3 ! . i lo.0 o
{3.640.9) l ! {9,2-10.9)
|
9. 6.7 | & i 1.3 87
(2.5-0.7) | ; 1.2-2.4)
1.6 L0.8 ‘ £1 W S
: o (oer 20} fo{lsa16)
{ \ : i
2.0 D22 b S TS R
D (1,h-b.5) ! | (2.33.3) |
|
3.0 { b1 5 ! 7.8 22
: 1

a . .
Aniiity expreseed o gl ol oxyeen aonmmd or alpha<keto-
glatarate oxicdlzed pov SO mpn. ot Litoiwe por U0 muutes,




TADLE 3

EXTENT AHD DUFATION CF THE L{{INITORY EFFECT OF 500 HGM./XOH.
OF CI'ETHYLAITIONTUN DTHETHYLDITHIOCARBAITR ON THE
QIDATION OF ALIZIL-KETOCLUTARATE BY THE
. LIVEES CF MICE

[T

Cxynon Consumption Alphg-ak;it:ﬁgz:ram ' j:-f';
Howrs After
Injection Averago “ Averago 4
: : Activity3 | Inhibition Activity® Inhibition
Sontrol 6." l oo 1340 .o ’ . k
. (5.'44‘--9) (1009‘13-9) ' ' ( ( .
005 104. 83 i .ZQB 78
(005"]“,‘) (108'30,‘) s -
1.0 j.ﬁ 148 6.0 84
(1e6-L.5) (3039942}
2.0 5.5 I . 3Xa0
(502’0.3) (1003"12.?)
3.0 6.2 3 11.6 n
(5.6-6.8) (11.0.22.%)
5.0 606 . 0 1202 6
(50’4'707) N [ (1001"413.5)

.Achi\rlty expresaed as ;AI-I of xyxsa consumed or sipha-keto~
glutarate oxidizod per 50 men. of tissus per L0 ximries.
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~=l. Rats and rgce VoS gimiles in thel, viiceptibility ang auiea pie
VIS C omsuhat mope rertanang,

Lffect of bia(dimet.r“ldithioearba.m 1) disulfide on the oxidation wf
arns-o¥orTutarats !T‘Fé't'ﬁ'-.. <~ in vitro experinents {Tshle
That 's«tarai;::cs;ﬂmxﬁ;a&hwﬁ 15Ul e the abiifty to 1:'ibit tha oxi-
dation of alnha-ketoglut. r..ze by rat liver horagenates and thus resembled galts
of dbnethyldithiocarbanic acid in inhibs tory votency, txporimoats wars, there.
“ovn, undertaien Lo ascertzin the cffect o Lie maxdimun tolerated dose {150
men Mepm) of this forpound on alpha-ketoglutarate oxidation in vivo. Nor this
experineata onns gnek ¢mtdning four rats “ere syerificed At Intavals
TEdcing Sren 0.8 2 X8 niig aiter injection of the campound fap alpha-
kotoslutarnte orddagn Acsays on the liver. The rasults of thase
4re SWwarized in Tudla 5. Some inh.bitlon of the ehgme activity occurred
alter adatnduten, Loy of tods compound with the maximum effect being observed at
tuelve hours, Tha vesw) ta of these assays demonatrated tha: a naxismum tolerated
“e.e of bu(u‘incthyldithlocuz-bnryl) disulfid ve than dimethyl.
swenium dirathyldy thiocarbanate
katorlutarate sy iha tire of ong
case with the sales of dlthlocarhamis aeid,

Tnflucnsc oi dimetin lamonium qimet 1dithiccarbusate oa the thesis
of acetoace¥ito fron pyruvato: Ince the snayme system wich catalyzes the de-
carbos Tatten ol F WRE3 15 simdlar to the alpha-ketoglutarate cxidase system,
1t was entieipated ihae G dinethyl ameonium salt of disethyidithiocarbamte
acld would fuidbit FCravate osidation, This nossibility
be the cage oy in vitro
tests wo-e conductod with +
8ults in quantitative Roaversion to acot
Lvva nyravata, Following the 1p vitro e
livers of rats ard rdca given ST mam,
cartarets.  froups opel comtaluing four &% lutor. U
Wltin tie Dirgt zeven NS aftar injection of ihe campound.  Hoth cxygen con-
sumpidon and nyotvane ubdis zation vore neasupad. The results of thewe measura-
met o ira swrinlted 4n Mol 6 Thego agsays daronsurated that 500 rgm. /e,
of cimetiny Y qoiond iom r-‘i,v.t.hg,'ldif,?-iocar:mmte exarty a natad inhibaitory affect
G2 tha weliat oy oo eyt Thy nwdmsl amount of inbieition vecursod in
LR RIS I PRSI injer'ton -0 the somnoend An both rats ang mice. Iu Lath
Srervereal of Lig ipbiid- jop iy within tyo hours arlter * ‘el of
ha e ang, v e R UR LT on pyruva .o caidatfon ne 2seontially v,
T B Ace ene rat: ALy Mot Lot snount of inmtition, the timy ol o
B B S o Lrereil.

Discurston

* The wreansent st dy .ax a contiguativy of experiments wnich “ere ressntly
undertacen in this laboratory (1,2) in en oflart ¢a ubtain information on )i«
nechanisn resnonsihle sopr tae redioprobective no.ivily gd TOxILity of dith: -
carbamnic meid derivet. .., Gl biu(dimtiuldithimarbuvl) cladlfige. o {pay].
ous exverime. ¢ indieated that the selts of dithicnsrbraie aedd ape *a(dimethy].
dithiocart. my]) disulide inhilie 03¢ or more rescrions of the tric-rboxylte
acid eycl- 10 vitro, T™ig inhibitory effect was delected by msasuring the
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THE INAIBITQRY FFFLCT G 500 MOM. /KQiH. OF DIETHYLAIGIONIUM
DIMETINT DITHIOCAARANATS Ohi THE CAIDATIGN CF FYRUVATE
BY MGda. AND RAT LIVER

lHoars Aftar

Injoction

Oxyoost Congumotion

Pyruvate Utilization

Aveorage
activity®

4

-
Inhibition

Avsrage
Activiy2

Rata

Control

0.5

1.0

2.0

3.0

540

v - et s dn

1.7
(0.9-2.1)

0.2
{0-0.4)

0.3
(0-2,8)

v.?
(0. ”-1.2)

0.8
(0.4-2.L)

1.0
(0.2-1.k)

v

88
78
s9
53

il

k.o
(2.4-5.2)
005
(ov 3’0‘7)
1.2
(0. 9"106)
2.0
(1.6~2.5)

2,0 .
(1.5-3.0)

2'6
(7.1-3.2)

Conirol

0.5

l'.n

2.0

5.0

7.0

201
(1.3-2.8)

0,3
(0-0.9)
(/c)

(0-0.€"
0.2

(0-0.3)
0.9

(0.3-1.1)

1.8
(Ou9~2-0)

|

57

"9

5
(1.7"3v2)

3.1 2
(209"5‘ 1)

“Yutivity m~v.0s0d as pM
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oxidation ¢f pyravit. pled fumasets by homogmuat o of Mvar and kicdaey, witaa
this combjnation of snbs?rates 44 -z2ed the entiro clirle acid eycle i» opera-
tive. Following Lits obsorveiior eapsurenents of ‘he in vivy af"-cte of
dimethylazm:onfva yals of dimethyl?. nidrnsrbamade ewnd bITlareshyl ihlucn-bwyl)
disulfide on tho activity o citric acid grcls engynsa wos atudied. The rosults
of these massurements indicated Last doses of dimethyloammoslia dimethiyldithio-
carbamate ranying from 165 to 1,009 mgn./kgm. caused murkeu ishibition of pyru~
vate utilization and citrate synthesis by the Yiwsr 3nd kidnay cr' rats when the
animals wers sacrificed at thirty minutes after ths intraperitsneal injection
of the compo:md. Repid revcrsal of the inhibitory eli'==t was nsted as evidenced
by return of the activity to noyaul lewels within five lLiours afler injectaion ol
the compound, -

In contract 1. @& in iitro effects of bis{(dimathylditnicserbanyl) di- .
sulfide, maxinum tolerated doses ol this compound hzd no effect on the oxidation
of pyruvate plus fumsrcte in vivo. This finding vas interesting because this
compound does not exhihit ridicprotective activity. The results obtainad in
our provions atudios 71,2) Inaicated that exwrnination of the ections of dithise.
carbanic acid derivatives on tha {ndividu.i snzymes of the tricarbosxylic acid
cycle would bs worthvhile., In view of the high suneccptibility of aiphe-keto
acid oxidases to irhibitisn LY A'T, as wa3 deronstrated pravioualy ia this
laboratory (9%, it wus 2f intereat to investigsie thy influence of dithio-
carbanztes on tha oxdcat.on of alphe~ketoglutaric eaid «nd pyruvate. In vitrs
meazurenaris showed that the -aclum, discthylarroniwe and diot;wlnmnrm PYVE? ]
of dithiocartanic actd a=o effecilve inhibitors of the oxidation of alphi-keto-
glutarate. Bis{dimethyldithiocarbamyl) disulfide was aiso an offective inhibitsr
of this rzection in vitro. Followinz these oLrervations tho sublethal dose of
500 mgn. Mg, 22 tha clrethylameoniun 2alt of dithiocarbanis ccid was given to
rats, ruines vigs aad wies» vnd tho aninals vere sacrificed at varlous intorvaie
for alpha-ketoglatarets oudidone z33eys on the ilver, Hoirled inhibiiion of ‘be
eniyme aciivity cronrred Lo the Yivecs of all wmefcn.  The wUfesi wag 108 i
nouncoed at 0.5 hours ufter in,2e.ion and roversal of tie inhibition begea witnin
two hours, Dis{uivsthyldithiocarberyl) disulsids also cauaed inhibition uf the
resctlion but the c¢ficet was less mronounced «nd the time of onzet of maximgl in-
hibition vas d rlayad as comparcd with the sults of dithiccarbanic acid.

The sxidation of pyruvate by the liver of rats was ulso varkedly ine
hitit-d Ly dimevhyl.mmonivz dimethyldithiocsrhiamats in vitro. Mogauvrements of
the in vivo ofiects of SO0 mgm./kgm. ¢f tho 2OMNO.Nd ON PYTUVG Ul UAius Ol GRMOY
stratid merked {nhibitirn of the reaction ia e livers of mice wnd rots. ™ie
smcunt of ialiibition and the durstion of tho effect closuly resu led the effoct
on alpha-ketoplviaric acld »xidese, Ty rcerlte of thede gtudlca hoave shown uhat
dithinrarbamic ccid derivativen inhioit two svifnydryl enrymes involved in carto-
hydrate metabolism. Purther studies are in rrogress to agcertain the effocts of
thene radioprotective agents on other cnzyae sy A,

Sumz

1. Measurement. of the in vitro effecis of threa saltr > divhiocaiismic acid
and bis(cmethylcihTocarbamyl) Cisuliide o She .ali:tion of aliia-ketoe
glutarats by rat liver chowed that all of ¥hece camramngds cause S50% ibitien
of the 1vaciion at wciar concontrations buimon 3 x 108 M and 1 x 205 M.




ne dxidetdien 28 rvvovets By rat and moven 1iver was 507 iuhlbiind Ly ec-.-
Sorleetions ef T L x AT Hand 2ohox 1077 A Wnetaglonmoniun dimethyicie

il rtirate.

Tae in vive erfacta of dinet:vliaumonium dinethyldithiccarbaiats on dhe oxi-
daisonu of alph. -ketoglutaric &.id was studied by the intraperitonesl aiminis-
tration of 500 mgn. fkgm. of the coancund to rats, mice and guinea pigs.
Assaya coucuct~d on the livera at variovs intervals shared that marked inhie
bition 1 the reccuion ocrrred within thirty minutes after injection and
revergal of the tnhibitory elf:cts began within two hours. Bils(dimethyldie
tafccarbaryl) disulsics (350 men. /kgm.) aleo inhibited this reaction but the
eirect wag 1ee2 rronotnned 2.:¢ more delayed thean in the czse of the salt of
dlthieearbonic actd.

[he frtosperdioncal ainsnistratics of S5O0 mga.flm, of dinethylammoniua di-
cetiylaithiosare ot eiveed marked inhibition nf tha oxidction of pyruvate
by ot ond czue Llver vniz weo similur to the smourt of fnidhition of
CTaa e lutas s iitage systen. ' -
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PHARMACOLOGICAL AND TOXICOLOGICAL CQHPOUNDS AS FROTECTIVE (B
THERAPEUTIC AGENTS AGAINST RADIATION INJURY IN
EXPERIMNTAL ANIMALS

1. The Influence 22 Various Chemical on
Hadlatlon Yethellty In Wice

Vivian Plsak, Staniey Brois and Jon Doull

This report concerns: The survival time and martality of CP; male
mice wraated with various chemical compounds Limediately mrior to the ad-
maistration of a 1a*hal dose of whole body x-irradiatiom.

Immediata or ultimate application of the results: To find chemical
compounds capable of redusing injury or preventing mortality in x-irradiated
animals. This study constitutes one phase of a soreening program in vhich
various chemicals, drugs and toxic agents are being testod azainst radiation
lathslity in an effart to find methods of modifying radtation injury. The
detection of ¢ ompounds capable of reducing radiation injury and ths eluci.
dation of their structure-activity relationships should be of valus in under-
standing the basic mechwmiams of radiation damage in animals.

L K K I 3 B N

Forty-seven compounds have besn tostod for prophylactic effectiveness
sgainst radiation lethality in mice during the past tires months av s part of
the radiation screening program of this laboratory. Three of these compow:ds
chowed significent protective effects in that they enabled mdce to surviv: the
30-dsy nost irradiation period which would otherwise have resulted in s 1047
martglity. In additivn, a n ber of che tested compounds increased the STgp
{median swrvivel tinme) of mice. The chemicals included a veriety of groups
of ocompounds, most of which were related to previously tested agenis, modiffed
in such a manner to enable us to obtain, if possible, a better understanding
of the nrotective action from the standpoint of siructuwre-activity relation-
ships. :

Meterials and Methods. Adult male Carworth Farms Hice (CFy/ wwighing
between 20 and 25 prams were employed for these studies. 1he animals wer:
housed in air-conditioned rooms (75° F. to 80° F.) and were mrovided with fcod
(Rookland louse Pallets) and water ad lihatum, All of the snimals were kept
under observation for at le.st one week orior to their use during which time
those mice which failed %0 ruin weight normally or which appeared to be un-
healthy were removed and saorificed. Both thi crrnirol and experimestal mice
were selected at random from a single shipment of animals in order taat thai.
age and weight would be comparable.

To evsluate the rat’iproveciive astivity of thess sompounds, they .cre
{ajected intranc-itoneally into groupe o ten mics uhich wars exposed to 80C r
of whole bod” x-irrsdiation 10 to 15 minutes latcr. Zach compoumnd w.s tested

5
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for radioprotective activity at two ~» mare dosape levels, one of whicn wag

near the maximum toleratsd dosage level for the porticular coapound. g .
tilled valcr was used a8 ihe vehicle wheasver pousibie and the concontration g
of solutc to solveat was adjusted in each case s« that a mexdrnm of 2; ~* the .
body weight was injocted. ithen recessary eithar wilute rydrechilardc actd or

sodiun nydraxide ware used in arde. to adjust the inja:rim selution to & pi

of sonroximately 7.0. Compounds iacolubls in water ws dissolved Y= mropylens
glycol, a mixture of propylene glycol and water, ar suspendsd in s 0.5+ so-

lution of carboxymethyl cellulose. The comtrol mics wers injected with com-

parabls mmounts of the particular vehicla useu s cach inctance and they were

then simultaneously irradiated with taie treated anirals. Obgservations om the
mortality c¢2 both tho control and treatei groups werea made dally for & poried

of thirty dsys after the radiatica cxnosure or untid all of the mice in the

treatod group wers dead.

The x-ray exposurs vas given as a single whole body exposure of 250 XU®,
i 15 ma. z-ray by means of & 2.B. liaximar Therapy unit. The doce rate was de-
7 termined mrior to each irradiation pertod by means of a Victoreon Ionigation
i Chamber (100 r thimble) and was found to be between 4O and L2 & per minute.

: The added filtration consisted of 0.25 mi. of copoer and 1.0 ma, of sluminum ..
and the terget-skin distance was 75 cx. The animals were irradiated individusl- "
1y in plastic tubes (50 cc. centrifuge tubus provided with nwmerous air holes) i ‘
which were nlaced radially on a rotating trrntable so that each animal received
an equal dose of x~-irradiation.

The compounds designaied hir the code letter B ware synthesized in thds
laboratory. The USAF c.do letter dealpgnastion and tne source of the other com- .
nounds 15 1listed in Table 1. No at*empt wes rmade to veriiy the chemical
structure of any of these compcunds and they vers not subjected to further
purification nrior to their uss in the soreening etudies.

RIS 1 S B

RIS : SOURCE AND USA? CODE HUMBER OF COZOUNDS
& INCLUDED IN REPORT NO. 35

SAF ' .
Deaimation ‘ Sourcs of Compound _’ .
cs Dr. E. B . ilodge, Comiercial Solvents Corp., Terra Haute, Ind. i
DO De. As Y. Hari, Dow Chericsl Cudpany, Midland, Mchigen
X Dr. Gilbert Thlessen, Koppers Company. Inc., Pittsturgh 19, Pa.
Exverimental

Prelimivary toxicity studies. Pricr to testi:y: esch of the comounds
for radioprovestive activi{y, I¥ vas necsssary to (:termine the maximm amount

-—m—— -
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ol wach of the compounds which could be administered to mize . ttiuout nausing
martality due to chesdeal toxdeity, Prsliminary toxicity studies were, thore-
fore, conducted in which small groups of mice itevs injected invraperitsieally
with inc.oensing dosage lavels of cach compourd sad the resulting mortality
recorded during a period of one week. The aprraximate LDcg (7-day) thus ob-

tained vas used as the basis for selectin; the dosage levels employed for Lhs
radiation screening tests.

It can be seen in Table 2 that some of the compounds included in this
series vare tested far radioprotective activity at dossge levels less than the
maxumum tolarated dozage levals suspestod by '~ toxicity studias. Where com-
pounds cause a severe depression, this affect combined with the fact that the
mica are confined in rather close fitting tubes durin; the radiation sxposure,
is apt to cause excessive mmtality. Hence, in these instances it was neces-
sary to uss a lower dose of drug. Rouently we have constructed a temperature
contrclled box into which the mice are placed during the radiation exposure. -
By muintaining a tempuratwre of appraxdimately 76° F. to 78% F. during the radi-
ation exposura period the overheating previoualy encountcred has bseu reduced
and whis permits tho use of dosage levels nearer the xaxinmus toclerated dose
frr each of the corpounds. .

Radiation screening studies. The x-ray dose used for these studies
(800 r) consistently produces a 100, mori~lity within a period of about two
weaks in untrcated CFy male mice under ow experimental conditions. Radiation
deaths usually first appear on the fifth to sixtn day after radiation exposure,

and the median survival time (STgg) far the control animals is 9 % 2 days. A

conpound ir considerad te exiiidbif significant radioprotective activity if it
increases the STy by rore than live days or if it permits any of the troated
aninmals to survive for thirty dayz after the lethal exposwre, 7Tha regulis ui
the radiation screeninz gstudies are presented in Tablz 2. Included in this
table are the name and structural formula of each of the compounda, the vehicle
used for both the toxicity and the radioprotective atudies, the results ot the
arelimiunary taxicity studies, the dessge lovels amidoyed for the radiomrotostive
studics, the increase or dscreass (in days) in thc‘.iT;o of vl trested mice in
cemparison with that of the simultaneously irradiated control amimals and the
mortality of the traated animals at thirty daye after the x-ray cxposure.

ive new isothiouronium derivatives were included = the mresent study.
Of these only one, X -phenyl- {J, F-dimethyl aminoethyliscthiowronium sulfate
{B-12L)}, shoued any beueficiasl effects as a radioprotective arent. When ad-
ministcred at a dose of S mgm./kmm., 10% of the mice given this comr'nd swr-
vived the 30-day post irradiation period. Increxsing the dose to iU gm./Xgm.
alininated the protoctive affect. It 1s of intercst that this particular de-
rivative of the well known AET basic structure was congideradbly .iore {o.ic
than most of the othar cowpounds prcvlcasly uynthesized. Also of intovest
was the fact that the l-isupropyl-2-(2-mercaptoethylamine)-li,l-dimetisl
irddazoliniun sulfate derivative (B-127), which was one of the least toxic
of this group, was of no valuo as a radioproiective agent. This c/nound
wag already rearranred to a guanidinoetbiiassitiol (68T) Zarz im cuairast o e
othar salts wnich preswiably roarrange to that fam in the tady when adrda! -«
tored in either a neutral or slightly alkaline medivm  Figura 1 depicte
mraphically the percentage sucvival cwrves of R-12h as the two dnsa;e “cvais
employed.
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TOXICITY AND RADIO-ROTFCTIVE ACTIVITY OF VARICZ
CHEMICAL COM'CUNDS T

S , Toxicity - Radistion Stwdies

" L Compound
B (Name, Codo Numbcr, Vehicle, { Change in |
- - and Formsla) App. LDgq | Dose in | gye, 4n {Mortallty
. : mgn. fiign. | mgm. /kem. 3,,. 3 Days
& o -Iheryl arinostiyliso- !
dduwroniwa sulfate i '.‘»
B-123 (M0 plus heat)
, -2 w1 10/10
L 25-50 , 13 .3 mﬁ)
Kilp-CHpC-S~C *H,80), : 3
\lmg -
o~Fhenyl~ B, B-dimcthyl anino-
ethylisothiuronium suifate
B-12h (Hy0 plus heat)
- 10 0 | 20755
CH. H 205 3 pa g;‘i; !

t 2 ]
NHZ- C e Co5uCoNH
]

*HaS: ' ‘ - o
Gy G -

Fitiure ofs ! J

a-rethyl (3-proryl:ninosthyl- .
icothisurarninm sylfate, and '

{~tropyl~ § -methylorinsethyl. _ :
izothisvronium sulfste : 2

o B-125 (H,0)

10/10
0 10/10

‘A
S
+

[

, s 50~100 5
NHa-CH CH-5-C *HyS0), ‘ ">

Gionny CHy W
VIR
Wip-gil = Gh =560 "eitz0)
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desContinizd

Toxicity Radiation Studing
Compound
{Xama, Code Number, Vehicle, Change iu
and Formula) App. LDgp | Dose 1n | 37wy 4n | Mortality
ngs./Kgh. | nga./«gm. 5%. 30 Pays
o-Propyl- 8, @ -dimethyl amino-
ethylisothiwonium sulfate
B-126 (H50) ¥ 10 -1 10/10
¢ . 10-25 5 i 10/10
] ?H3 q /ﬂﬂz- .
nhz-g-. ——5C S %
Hy CHoCHCHy
1.Isopro, 1-2--(2amercapwe§u1~ :
andno )k, h-dimsthyl imidezo- U
liniwm sulfate o
B-127 (H,0) '
1m0 -2 10/10
CHy 1000 500 -2 10/10
CH;
AN CH(CH;)p
N~CHpUaSH
3,k S-Trinethylisoxnacle
CS-13L0 (Hy0)
cH 500 0 10/10
N O 21000 20 -k 10/10
| ;n.cu..
O C :’_ ’
CH3
2-Chloro=2~nitro-3-nonanol
€3-1295 (PO) % 0 108
/s
Ko, 50-102 25 ) 10A0
[
3gHy 3=CHOH-C-CHy
Cc1
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TABLE 2-<Continued

Coxpound
(Name, Code Number, Vehicls,
and Formuls)

Toxicity Radistion Studiee

Appe 1D, Dose in
lﬂ-/kg? {mgm/xgm.

5%¢s 1in - Mortality

e | X Dars
L-Ethyl-3,5-heptanedione dicxime
€S=503 (Fa) ' o0
200 0 10/10
fofs 2€0-300 100 +1 110/10
CoHg=C — CH — C-C,Hg
NOH NoH
Propionohydroxamic acid '

- 300 -3 19/10
0s-502 (Hp0) 5% 200 -2 10/10
CoHgCO-NHOH
1-Phenyl-l,i-dinethylinidasols-

dine
€S-1752 {1g) .
' . - 100 L 3 L beszw

fﬂe""ffc"a)z 1025200 1 g5 -3 16710
i
§
H
1-Isopropylel,L-dimethyl~

imidazolidine
€3.1751 (H»0)

— 300 +2 10/10
Cliz— C(CH,), 300-500 200 -2 10/1¢

(cH 3 )ZCH-H ~e /l~5

]
%

'sw:uu incomplete.
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TABLE 2--Continued

Toxdeity fdiatica Studies
Campound
{¥ame, Coda Tumber, Vehicle | Change 1+
and Formula) App. Wgo | Does in | s1¢, 1, | Mortality
m3n. kgn. (mgm.fkgm. | fays 30 Zaye
2-Chloro~2-nitro-l-butano}
€s5.257 (PG)
- - 200 o 10/10
61 ¢u0- 300 100 2 10/10
04 ,CH € CH 0
NOy
2 Bremo 2 nitro-l—phenyl»r.
1.ethanol
€3..1201 (#3) .
{1 -9 10/20
3 25450 10 .1 10/10
Br \VJ
MO., .6 ~— C-0H
< !
H H
Tris(2-chlero-z-nitr:. .
1-batyllohcaphate
cs..26 {rQ) y
. 1 .2 9/10
NO, 100-200 50 ¢l 10/10
7 ,
(Colig-C—Ciy-) PO,
& '
2-Nitrow-Zammithyl- -
- trimethylens sulfite
3$.-399 (PG) ' 200 .1 10/10
! 300-500 20 -2 | 1ve

CH »CHy0
B\C ‘\s
NOo 7N CHp" d

W ——
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TADIE 2--Lontdnued

I Taxicity Radiation Studies
Compcund i -
(Namo, Code Humber, Vehicle, | Change in , :
ana Formuls) App. Wep | Cose in | s7. 4n |Mortality
ngn./kghe |mgn.fign. | faye 30 Daye -
Tris (propionoxymetyl )~

nitromethans

' 200 ‘0 10/10
cs-17Ll (Pa) 300 100 .2 10/10
(C;HgCO0CHZ-) 3C-N0p
H1e{t=-Butyl=C-methyl=

1,2-propznediamine
CS«A745 (H,0) 100 - b 10/10

" 200 % 9 10/10
3 CRy
CigeG — cu.‘,.:a_u.é ~CHy

tily Hy
3-Bromopropionitrile
5 50 +2 1516
w01 (m)‘ $0-.100 2¢ .3 1010
Bir-Clip-CHyCN
2,2t «(itethylinino) diethanol ‘ .

23 (Ha0) €ON1’ 50C -1 10/1¢
DC-52 (Hp) so100 | 3% H A
HOH,CHy- §eCHCHo M

3
N,N!-Dibenzylethylene dirmine
D0-53 (FO) 50 0 10/10
50125 28 0 9/26

@-cpzuu.cnzcﬂz.mcﬂa.{\,"»
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TABLE 2-.Contdnued

N

1 .
‘ Toxicity adiation Studiss
(Sams, Code Number, Vshicie, | 'Change i '
and Formulas) i Apps W5 | Dose in  gp., 1y ! Mortality
agn. kg, agn./kegn. s 30 Days
‘i. L-Methylbenzophenone
Do-5k (Pa) |
& 250 -2 10/10
23 ¢ !«"‘1 250-500 100 0 | 10/10
T ileny
Indnodiacetic acid
. 250 ] 10/10
DO~59 (H20 plus heat) 250-500 100 .2 10/10

uooc—cuz.un.cnz -CWH

2-Ysthylalenine

DO-56 {H,0) !
L . 1000 .1 . 10/10
y 7 1000 "5 .2 10/10
CHB-C — COOd . . . .
Ha : ' -
' . .
DL-2+Methyl leucine
DO-57 {11,0)
: 750 +1 1010
LN g“s . 750-100 ¢ goq MEY 10720
cH.” gy = cooH
3 NH,
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TABLE 2--Continued

Compound
(Mame, Code Kuxbsr, Vehicle,

Toxiclty

Radistion Studies

App. 1050

Changs in

125250

and Formla) Dose tn | 3T o in iLrtality
agn./\:en. | ngn. /kgn. 3;. 3 Days

Fienothiasine-S-oxida ‘
Do-58  (Pa)

H ./
:@ 500 +1 10/10

% /
3-Phenylsalicylic acid
po-59 (FQ) -4
O p e o] -2 /10

“y-O0H
£ Go0H

[ D]

10/10

2-Caleray~il, 6-dini Lrophenol

D060 {F3)
1 25 -3 10/10
125-250 10 .2 105‘110
NO, on
02
Bis- (p-bromopi.eny).)ether
DO-61 (PG)
100 -l 10/10
125-25¢ 50 .2 T

o ) 0@-51' |

P
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Cl/‘
Cl4

_ N,5'-Ethylensdiinino
di(o-cresol)

Do-63 (ra)

c@@-nmngx@-cg
0 _ ‘

H . oE

Dl~-Isovaline

DOWSY {K;0 plus beat)
CH, H
V3

cu3.c e G COOH

b,

Hexachloro-2, S-cyclohexadion-
1l-o0e

Do-65 (o)

123 cl
c1 c1
(1) B ) §




62

© TABLE 2--Continusu

Compourd
{Mame, Cods Numbew, Vehicls,
end Pormula)

. Toxicity

Radiatlon Studies

App~ g
=gn. kg,

Dose in
“Jh.fugm,

Casnge in

S’f&:n

Mortallty
X Days

Do~66 (5!20 plus heat)

AP

10/10
10/10

Hydantoie acid
D0-67 (Ezo plus heat)
wz.ﬁ.m;.caz.t.:-o

0 OH

3;5-Dichlorosslicylic azid
na68 (Pa)

c1
'//‘\“' o%
v CoOH

¢1-

4,4 '-Biphenyldicarboxylic asid
£0-59 (320 and Nam03)

nooc/ \ COOH
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TABLE Zv-Continved

Toxicity Rediation Studies

(Nawe, Cods lluba‘[ Yeniole, B
’ d P ]r ) 0% Change in

| Appe 1Dy | Doew 1n noctality

ST ta |7
wen./kgn. |ngn./kgn. 3o | 2 Days

1-(n-Butyl)-2-thio-l,l, 5« tri-
umw‘l&m

K-1339 (P0)
calc i i’gﬁg
¢’

Cﬂscg\n/é‘-.sn

CHyCHCR TRy

1- (m=Hydroxyphenyl) =2-th..0~
b, 4,6~trinethyl dihydro-
pyrinidine

K-1345 (FG)
iy s

_rc\

¢’ B
on 2. c-sH
\u”

Cle

1-{p~(Phenylazo jphenyl]-2-thic-
s kel 2-
pyrimidisne

K-1354 (FG)

0“3\ o/m3
c” n

ad, o

50

*tudies not complete.
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TAEBLY 2--§_9- ‘tinued

}, Toxicity Bzdlution stadies .

]
Coroowid — i
(Name, Cede Humbor, Vanjcle I Change in
snd Formula) - i kppo Wsg | lose in | gy gn | Hortality .
’ mgu‘/kgmi e, fizem | Lays 30 Deya
1-12,5.Micdoropr enyl }-2 ihic. —l ’
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SN S 5 10000 o .2 10/10
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@tl:‘..rm-ﬁ-xu A (o),
~"9o s

Poxiclty . fadietion Studias
Coaparad. : i
(Name, Code Number, ¥ohilcle, Chango ia
and Formula) T App. Wigo( Doge in | sp o in Mortaliyy
- ngm. /g, | mgn./kgn. e 30 Lays
3-Benzoyl-le( ﬂ «naphthyl)-
2-thiourea ' :
K-1k75 (P3) : 200 -1 10/10
200-30 | o0 0 10/10
=\ cotHoC-Ry ~ ' J
5™
s & P
3-Bansoyl-l-{p~tolyl)~
2-thiourea
K-1470 {PG) ) 100 -3 10/10
" » 10¢-200 50 0 10/10
-CHH-C-NH-/ \ouH:
@ i L
3-Benzoyl.l--{o-bicyclohaxyl)-
~ 2-thiowwa
K-1i68 (F6)
\ 100 -1 10/10
g 100200 50 0 10/10
~CuHI-Ctidt
T d
3«Eanzoyl- 1~ (p=dinaihyle
sninophenyl)~2«ithlowca
K-1L67 (PO) 0 «l w1
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Figure 1 )
Effect of ‘ﬂ:-msnyl- 8, B ~dimathyl aninoethyl isothiuroniis £
sulfate (3-124) on Survival of Mice Irradicted with '
800 r of Whole Pody X-irraaiation Ny
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# miscellancous group of alipnatic and i~cuutic alcohols end anilnes,
with or without nitro snd chlore substituents, had been previously included
in our screening progran (1). Since some of these compounds exhinited <.ipht
‘o moderste radioprotective activitv, a nucher of compounds of cimilar structure
T wers incivded in this etudy. However, only tris{2-chloro~2-nitro-1-butyl )
R phosphate {C35-26) and N, N'-dib:gylethylens dimine (D0-53) shewed wiy radio-
‘ protective effects. CS-26 permittod LUZ cf the mice to swrvive forr thirty days
after irradiation vhen adminisiered at 1,000 a4, /kga. and D0=53 did likew:se
st 25 mgn./kgn. With the forser compownd a reduced dose elimtnated the pro-
' tective effect while in the lotter case it was the lowest dose of the two tested
vhich protected. Pigure 2 shows =ho aforementioned results graphically.

Mgure 2

Effact of Tris(2-chloro-2-nitro-1-butyl)phosphate
(CS-26)} and N,N¢-Divenzylethylone dismine
(D0-53) on Survival of Mice Irrediated
with 800 r of Whole Body
L-iyradiation

Y
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E g ¢ o Cobian e g
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Swmary

Forty-seven chemical oompounds havs bear: tected in the present. study
for evidence of protective activity againet rudiation lethality 4n nice,
these significunt radioprotectivc effeots wer: shtoined with -pheryl- (3,8
dinoﬂvldmoﬂ?luomumim suifate (B-124), 1~ 3{Rechloro~2ens tro-] ~butyl )
phosphate (C3-26) and with N, 2. didensyl ethylens dirmins (DC-E3}. ine radig-
protective effect cf the isothiurcniwm derivative is muck ‘less than that of
the pareat campou-d aminoethylisothiuronium (A°T) but it is of interest since
only & few of the AET derivatives tested ‘n this program have sxhibited pro-
tective effects. Neither of the two other compounds which exhibited protective
activity contain sulfur. One of these compounds (CS-26) 1s of particular in-
torest since it represents the first phosphate derivative which we have tested

‘that exhibits radioprotective sctivity., It 4z plamned to invostigate additionel

coapounds of this ty»e.

Reference

1. Doull, J., Pisak, V., and Brois, 3. J., USAP Radistion Laborstory Screening
Program Status Revort No. 1, Pebruary 1, 1959.
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PHARMACQLOGICAL AND TOXICOL"GICAL COMPOUNDS A5 TRCTECTIVE OR
THERAPEUTIC AGENTS AUGPINST RADIATION INJIRY IN

II. Further studles on the Mechanisw -f the Radioprotoctive
Astion ¢f Serotonin

Be Jo Tricou and J. Doull

This repert concsrne: The survival timas, mortality ard weight loss
of mice treated with sarotonin prior to the administratiomn of varying doses
of whole budy x-irrsdiation and the influence o the time of administration
of the sercionin, environmental temperature during irradiation and edminise
tration of serotonin antagonists on the radioprotective activity of serotouin
against radiation lsthailty in mdece.

Ixnodiats or ultimnte sonlication of the results: These atudies were
conducted to obtain irfoawmation on tiw mechanlsm({s) by which serotonin pro-
tects mice against thé injuricus actions of whole body x-irradiation. A
better understanding of the radioprotective effsct of this compound would be
of congiderable value in the selaction of related compounds for synthesis and
testing as radioprotactivs spenta. Such information should also provide in-
creased ingizht into the nature of radiation iojury itself.

HRERREEERS

In mroviove atudies (1,2) we demonstrated thut serstonin ig & highiy
affective radioprotective ¢ eund in aiza thua confirming a rrsviovs repart ol
protective activity in thie species (3). Dosage levels cf 75 to 100 mgm./kgm.
of the serctonin creatinine sulfate somplex (ASP-1) peramitted 70% to 80% of
the mretreatad animals to suwrvive a lethal dose of whole body x-irradistiom
(800 r) fuorr at least thirty daye. In further studies (1) we were also able
to demonstrate that the radiomrotective effect of this compound can be sub~-
stantinlly reduced by subjecting the mice to five atmospheres of axyeen
wessure during the radiation exposure. imiles results have bécu svported
in rats by Van den Brenk (5) who aloc oblained sams reversal of the radicrro-
tective effecte of serotonin in rats by the use of serotonin an‘agomists. It
was of intecest to deterrine shethe~ the radiopretective activity of aserotonin
in mice could be reversed ty kncwn serotonin antagonista. Four such antago-
nists have been obtainud and the present study contains the results of measw-e-
ments of the effects of these ccapounds on ihe redioprotective actlivity of
serotonin in mice.

a has been reported to exert reiiomrotective offncts in
animals {6) snd since it 25 pussille that the radioprotective aztivity of
serotonin may he related to its hypolhermic activity, we have investigated
the effect >C seroionin administration on the ract.l tamperature of mice ex-
posed to incvreased and dacreased envirommeutal tumperatures before «nd during
radiaticy expcsure.
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Ia previous studies (2) it sas observad that tha abiitty of serotonin
to prevent the radiatiom-induced incresse in the wienocsine triphosphatese ac-
tivity of the spleens of x-rayed mice was mwre pronotmecd:-whou Low doces
(100 to 300 rep) of radiation were employed. It appsavss from thaee s tailes
that the redioprotective sctivi. ’ of serotonin 1s relsted ts.t%we radiatios
dose administered. To furthar luvestigate this effet studiss wis carisd
out in vhich the radioproteciive activity of this compomnd waz sicagured
throughout a range of x-ray exposurcs. Probdt nortality dats from these

. studies has beon malysed ststistically and 3 presentsd in this report.

We have previously demonstrated (2) that the cptimsl tims to edminis-
tar serotonin to obtain maximai radioprotective activity uaa immediavely prior

to the radiaticn exposure. 3ince it required about twenty minutes to adainis-

ter the radiation dose in these studias, it is difficult to evaluate the in-
fluence of the Auvsiion of the pharmacologic effect of surotonin in relation-
ship to the time of administration, It was felt that more precise information
could be obtaincd by administering the radiatica dose in as shart a time as
possible and in the present study we have investigated the influshce of the
time of administration of the serotonin when the radistica exposure is given
in a very short time  (spproximately oue minte). '

Materials and Msthods. Adult male and femals Carwwth Faums mice
(CPy) weighing between 20 and 25 grams ware employsd far these studies. The
aninals were housed in s air-couditioned room (75% F. to 80° F.) sand were
provided with food (Rookland lHouse Pellets) and water ad libitum. Aquecus 20~
lutions of the seroto-in creatinine sulfate (ASP-1) and of the other druge
were adwinistered iutraperitoneally 5 to 10 minutes price to the radiation
axposure except as otherwise specified. .

All of the x-ray exposures were givem ap pingls wlwie body irradi- -
ations by means of & G.E. X-ray Unit (250 KVP, 15 ma.) at & target distance
of 75 cm. and a doge rate of 39 to Ml r per muwie. Tihs dasc rate ves du-
terminad priar to each irreuisclon experimes? ty acans of a 100 r Viotaresn
Ionization Thimbhle in air. The added filtration consisted of 0.25 mm, of
copper plus 1.0 ma. of aluminum, In the high dose rate studies the target
okdn distance was about 20 cm. and the dose rate wvas S70 - per minute. There
was no added filtration present in these studies. Daily observation of the
mortality aud weight changes wers mzde in all of the control and experimental

groups.

Rectal temperatures wers measursd by means of a thermistar (Veco ‘fvpe
32A11) connected to an appropriate bridgs circuit, The esnaitivity of thio
apparatus ic about 0.2° F. and the 1 ecvonsc time is less than two secunds.
The environmental tmnmofth-mhahmmnm_nzé°c. during
the radiastion exposurs by means of an insulated temperature contralled box.

In those experiments in which-higher and lover svirommental tamp” Jtures
vere tested, the temperatwre within this 8‘“ was controlled thermoctatically
during the radiation expogurs to either L° C. ar 38° C. and the mice were ;- e-
chilled ar pre-warmed for twenty minutes prinr to il irradiatics exposury.

«The sawple of serotonin crestinine sulfate (i5P-1) sud the. sntaponist
(SA=97) used for these studiss wvas supplied by Dr. X. Schoek, Abbott Labars-

. tories, North Chicago. Tilinois. The d-lymevgic soid diethylamide (LSD=25)

a)-mthyle)'=(4chlorcbenthydryl)~1,L-diasacyclooctase.
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and d-bromlysergic acid disthylamide (BOL-14E) were provided vy Dr. R.
Bircher. Sendos Inc., Hanover, New Jursey and “he :ample of methergine was
obtained commercially. .

Expsrimental

Erfect of tims of adwinistration of serotonin in relation to lethal
dosas of whola body Irradiation on the survival time of wice. 1n previous
studles (2] It vas Tound that the anximum eIlactiveness of asrotonin against

" lethality in wize expesed to 8CO r of whole buly x-irradiation occurred whern
. the drug was injected within ten =inutes prior to the radiation exposure.

siuce the radiation axposure ocourred over a 20-minute perind, it was desira-
ble to deternmins the optimal period of activity of the drug more precisely

by reducing *he tim. =f the frradistion exposure. A dose of 646 r was found

to be adequate to just kill all contrals and allow the manifestation of vary-
ing dogrees of the protective action of serotonia when the radiation was given
at a dose rate of 57C y/minute. This doce vas sdminiztered in a period of 68
seconds. Male CF; mice wers injected intraperitoneally with an agueous so~
lution of serotonin creatinine sulfate at a dose lavel of 9G mgm./kgm. at 10,
20, 4S5 and 60 minutes pria- to the irradistion. The rectal temperature of
these mics was measured Just prior to the 4rradiation and et intervals alier
the racdiation exposure. At least sixteen animals wero used in each groun.-
The results can be sec:: in Figure 1. The maximal 30-day survival was ob-
tained vhen the drug was adainistored at 10 to 20 minutes prioe to irradi-
a*ion, although the ma<imum decrease in tody temperature occurred at 60°
minutes after the serotonin {njection. Another group of animals was given
scrotonin immediastely sfter the radiation axposure was completed and these
mice showed no difference in survival tins or mortality asz compared with
enimals receiviag no drag. :

Influencs of savironmenial temmeraturs on radioproteetive effect o
saxrotmlin. an arde® to inv stigate the efiect al the hypothurmie propevtdsa - - - - i
of scrotouin ou the mechanism of ite radionrotective activity, %em groups of - :
aixtecn CPy male mice were irradiated ab thrze lemperatures. Contrel mice
and mice injected intraperitoneally with 90 mpm./kgm, of serctonin were ir-
radiated at room temperature (25° C.), at 4° C., at 4° C. sfter a 20-minute
preriod of ohilling. at 33° C. and at 389 C. afier & 20-minute period of -
varning. Hectal temperatures were measured immediately priar to and Smeedt. %,
ately after the exposurs to 3CO r of whole body x~-irradiation at s  se rate
o 40 r/minuts. The results can be sea: in Floures 2 and 3 znd in Table 1.

I can be seen that the temperaturs duwring and prior to irrasdistion hsd no

e fect on tim mortality or weight lass of sontral mice and of those mice

treated with serotonin. 77 mice kept at snd irradiated at room temperature .

showed 754 survival at the end of thirty days, whercas thoss snimals which

wers chilled and attuined a vectal temperature ¢ 5% to 10° C. luwer than

the controls exhibited only 5C{ to 53% survival at thirty days. ~..e mics

widch were warmed and irradiated in a wara atmosphere showed a high degree

of initial drug toxdoity. Of the survivors fro: the initial offeets of i

radiation, gurvival at tM ~y luyc was intercediste between tho.e animails

irradiated st room temperature nnd thode which were chjled. It wmay, thacs- o
fore, be concluded that in these ranges the radioprotective effect =" meroto- ! .
nin is not due to the lowering of bedy temperaturs in wice. . ’ A2

F i
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Pigure 1

Rectel Tempsrature (Pra-irradiation) and 30-Day Survivel
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Figure 2. Influence of E.irounentel Temporature During Srradiastion
Upon Survival and Werght Less of CFy itwdc Mice Exposad to
100 V\* - 800 r of whole Body X~irradiation
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Figure 3. Influence of Environmontal Temperature Dwinyz Irradlation
on the Radioprotective Effezis of Seroionin Against Lethality
and Weignt Loss in CFy Males Aftar 800 r of X-ray
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TARL )

RECTAL TEMPERATURE C7 MICK EXPOSID TO VARYING ERVIRONMENTAL
TEMPERATCUES BEVGEE ASD DAING A LETHAL

S, © EXPOSURE
Pprisemmental | merstie |1 Zicriving steo | onetn
During X-ray I-::yw at 30 Daye | (Dafa) Temper-ature
IR 259 ¢. 0 9.0 | 36.7° C.
; 40 c. 10° c. 0 10.3 | 3¢.8°c.
Controls 25° ¢. 25° c. 0 15.0 | 38.1°¢c.
38° c. 2;‘5 c. 0 9.0 | 39.1%¢C,
38° ¢. 38% c. 0 9.0 | 39.3% ¢,
4° c. 25° ¢c. 50 ceee | 32.4% C.
1° ¢. 1c° ¢. 53 e | 214%cC,
Serotomin-| 25°c. 25° c. 75 cees | 36.9% C.
389 ¢, 25° ¢, 0 eeee | 39.0° ¢,
36° ¢, , 38% ¢, n ceve | 38.6° ¢,

Effect of administration of gerotonin antagonists on tho radioprotective
effecta of scrotonin in w.ce. IF has leen renoried That 15D, SOT-IL7 san BAS
phenol admiristered rrior te anpcionin Lluck the radiopsotuctive eP¢act of t53
latter compound in rats {;). In viev of the cwmicluaion 1wcplicss in these io-
cults the’ tho radioprotective offact is reluted to ths pharmzecologic iifect
of serotonin, it was desirable to study theus cammrunds and cot.uers in relation
to the ractoprotective elfcot of s.roiomiu la ndces LSD, BOL-1L3, Mathergive
(methy) argonovine), ind an exporimenial serotunin antagonist SA-¥7 were se-
lectad for study. Male CFy mice in gruips of ten smimals were injected with
the antagimists at two dose leveles after thirtiy minutes half thv . yrouve ra-
ceived serotonin end all of the gronps were then expoved wo @7 X-ray dose of
800 r ot a doss rate of LO r/minute. The results msy be gsen in Figurzs
through 7. In no caso did the antegonists show pro:active affects alons, & %
in the cagn of BAL-1bb, av inast, there wes mame hastening of morta)ity;. TL.)-
25 and BUL-1LU coupletely obliteratec the radicprotretive ef. sct of secotonin
at tre hiracr dose level and sigmificantly depressed Lt at dosages of 5 mgm./
kg, of smtagonigt, .97 diminished the eioprotictivs effect of surotorin
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Figars 5, Effect of dv&-an Lyaﬁrgic' Aty ethylam j
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| Ny Flgure 6. Effect of the Serotonin dntagonist SA-97 n the Radio.
AR mrotective Activity of Serotons: “reatinine sulrate
e 100 <& eiaiais (ASP-1) in #ice
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Figure 7. Effect of Mathyl Er;onovine (Methergine) on vhe Radis-
protective sctivity of Servioain Cre.iinine Sulfate (ASP-1)
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at a dose of 50 mgm./kgm. but not at tho lover doss of
ergoouvine decressed the 30-day swvivers fraw 87 in the ssrotonin-trasted
aminals t0 approximstely 208 at a dose of either 2 v &
joity of the ergot derivative ;wavented the testing of higher doses.

re

vedght sosu in mics exposec to 800 r of whale body x~irrsdistion, ittle
information is avaiiable concarning the magnituds of the protective sffect

of this compound at other radiation dossge levels. It was of juterest, thare-
fare, to obtain inCarmation on the dose-response relstionships of x-rayed

mioce treated with serotonin pricr to the radiation sxposure. For these studies
mals and female mine wero axposed to doses of whole body x-irradiation rarging
trom 5C r to 1300 r and comparable groups of mice treated with 90 mgm./kg .

o serotonin wers sxposed to single whole body x-ray doses of 750 r to 1300 r.
OQroups of eight mice were ircadiated at each of ths dosage levels investigated
snd tho studies ware roplicated eo that a total of 32 or 64 snimals were avail-
able af esch of the dossge levels. Martality and weight change observations
were msde deily until g1l of the mice in esch of the groupe werc desd. The
martality at thirty days after ths
the groups in Table 2, Using the metdad or Litchfield and Wile 6)
nowtality regrassion Yinos wers obtaived and are shown in Pigure 8, It
evident that the regression line far ths sarotonin-treated mice is parslilsl
with that of tho control animals (slope 1.13 as compared with 1.12) and that
the serotonin administration reduces the effective readiation dosage by

38% throughout the range tested. The LDgg of the serotonin-treated mice was
880 » in contrast %o & valus of 542 r fof the LDgy of the untreated animsls.

£
8
g g
&
g
l
a

Iv addition to compmring ths IDgg valusa for the control and secoimin-
treated xico, the median survival time srmxo animals receiving ths
various dosss of x-~irvodiat on was also de « The method of Litchfield
(7) was used for estimating the STgp and an example of the probability survival
plot for one of the radiation doses is shown in Figure 9. 3Similar plots vere
made for the animals given each of the radiation dosage l+vels and the ST
values obtained in this manner were then graphed against the log of the radi-
stion dose aduinistersd. The results of these studies are showu in Figure 10.
it can be zeen that ths respouss is linear vithin the dosage range ~ “loyed
far botn the control and serotunine-treated groups but that the mrotestiva ef-
Zect ig greater when the lower dosage levoia are employed. At a dosage level
of about 2300 r of x-irradietion, the madian swvival time of the sarotonir.
froated mice 1is not significantly different from that of the controi irradiated
animals. : ‘

Discussion

The results of the prs-eat study, wirich dexonoirais tia the protecti. .
effecte of serotonin against rrilation injury in adce can be merikedly i cduced
by the adwinistration of ssvaral serotsin antagunists, togather with ~heilsr
findings in rats (5) suggest that the radiorrotuotivs ativity of this compound
is related to one of its several pharmacological sctivitiss. Our previous
finding that tae redic . -cvoctive activity of sorotonin csn be eliminated or
markedly reduzcd in sdce by high axygen nressure during irradiation exposurs

.?ﬂ
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TABLE 2 !

_ EFF' CT OF SEROTONIN O THE HOKTALITY OF MICE : _

- EXPOSED 70 SINGLE DOSES OF WHCLE BufY ‘ ‘ :

. X-LRRADIATION o ’ S

Nuiber Surviving | Per Cent Surviving

at 30 Days at 30 Days K

Doss (r) :

Males | Females Maleg | Females

Controls .;j
450 1616 | ..., 00 | ....

500 13/16 | 11016 81.3 | 68.8 o

550 /32 | 19/32 ol | 59.4 P

6C0 1/32; 10/32 3.1} 31.2 «
650 0/32 2/16 0 12.5 . B8
© 700 o32| 2/32 o | 6.2 | B

750 o/32| of32 | 0 0 .

. § 1 1,.
Serotontr "

i . i ‘.
Ay _ 750 25/29 | 12/ 8.2 | 85.8 .
8o 31/55 | 146 86.5 | 68.8 -
; 30 i5/281 2a/71 53.5 | 67.8 ' y
900 11/291 21/31 3.0} 67.8 .
350 L/ik] 146 20,51 6.2 ' .

1050 L 0f32) o/32 G 0 ‘ '

- " I

y t
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, ‘ Figure 8
v BN : Etfect of Serotonin on the Mortality (30-Day) of Mice
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PMgure 10
Bffect of Pre-trestmet with Serotonin on the Median
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. and the fact that a similar fiading n  been oshaized in rats (5) further
B ‘ 1ndicato thet tis pharmucologic effsct .apensible for the protective activi-
ty nay be asgoclated with anoxie. Cater and Welss (8) have demonstratel a
reducticn in tha oxygen tension of the spleen, bony marrow and teetds of
mice during hypotherada and have eugpested that the snoxia thus prodused
sy bs responsible for the ratioprotective effects of chilling. Siuwce
serctonin produces a marked hypotherwia, it was of interecst to determine
A wisther this effect could be correlated with the radioprotective activity.
3 The results of the present studiac demonstrate that even though the rectal
. tsupsrature of serotonin-treated mice can be reducad by chilling, there is
11¢tle Hfference in the 30-day mrvival of mice kept at reduced or eisvated
environneutal temperatures rrior to and during the irradiation exposure.
Since prior chilling did oot enhance the radicorotective effect in wiw
sarotoain-treatsd o~imala md since warming the mice did not preveat the
radioprotective activity of serotcnin, it would apnear that the ability of
garotonin to produce hypothermia is not a primary factor in its radiopro-
tective activity. Supperting cvidence far this conclusion was obtained in
the atudies deaigned to determine the most effective time for administering
. th~ serotonin to oobtaln maxima). radioprotective activity. MNeaswenmsats of
. o the rectal tempuratures in these mice irdicated that the maximal protective
: .eftect of serotonin occwred congiderably befcre the period of maximum lvpo~
.-§ thermia.

Seroconin has beea shown to exhibit bronchoconstrictor effects and
alec vasoconstrictor effects in tho pulmonary circulation of dogs, cats and
n3a plss at docags lovals n the order of those szployed faor these studi
? These puimonary effects can be antagonized by lysergic acid ddsthyl-
amde derivatives. Adthough these pulmcnary effects might contribute tc the
gzpotonin produced mioxia, 1v does not erzear likely that thesy would consti-
tutz en adequste means of producing eufficisnt anoxda for radioprctective ace
tivily. If serotoenin esvacs rédioprotective effects throush the production
o anoris, it would apposr ' we likely thav this is due to vasoconstrictar
erfects in specifie radioscnsitive ticsues or to the production of a cellular
anoxia ticcough interierence with intermcdisry metsbolism, Serotonin has a
- ‘ wide varizty of preszor and depressor effects in different apecies ard many
- . of these can oo influencad by the use of serotonin antagonists (9). The
. ) posaibillty that serotonin produces its radicprotictive effect by an acticun
e on 1nt«mdim' metaboliom has reasived sdie stuprort in the work of Sernhoin
S ot al, (10) isio heve snown that serctonin is a rowerful inbiiter - J:e for-
- QA:A:maEIon of linid peroxides in vitro which “hey feel may be iavolved in in
! produciiou of radiation efTests ia vivo (11). Thus, although it is cvi.don‘
‘ ' ‘ that the role of anoxia in the radiorrctoctive activity of serotonin needs
clarification, the rogults of the rresent studies support the hypothesis that
snoxda is involved in the rrotective action of this campoind and further
studies are in progress to obtain moare detuiled !afarmation on the precise
mechanism involved.

Ll ) Srrary

1. Pre-irradiation sdminictration of serotonir cresiinine sulfate 4s nost
: effective ir. proventing raediation lsthality and weight loss when the drug
is giveu at 10 to .. ninutes mrior to ihe cadistion exposure. Maximal

|
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tenperature lovering followluy tae adninlutraticn of serouimin
oteure later (cne howe or mora).

Povteirradiation administration of wverotonin lg ineffective in vroventing
radiation lethelity or welpht loss iu x-drradiated mice.
The abliity of serotoniun te lowsr the rectal temperature of nlce axposed
to n donreased emvironmental 4emperature dsez not apponr o be involved
in the radioprotective cifect of thiz commound. It was not possidle to
revarne tno radioprotectiva activity of uwerotonin by increasing the en-
vironmental teuperature of the x-drradiated wnimels aeither during or
prior to the rediatien expoenre. - :

»
The radloprotective activity of serobtonin apainst lethality and weipght
less in x-rared micoe can be meirkedly reduced by the prior administration
of zarotoain antapgonlists ench as the lvesrgic acid diothylamide derive-
tives, methrl crgonovine and an experlaentel antagonist SA-97.

Calenlation of the dose responso relationships between the 30-day sw,vival
and the radiation dosape revenled thet the gerotonin adminiatratioun reduced
the effective radiation expssure by anout LOJ within the duvsage range of

400 = to 100 r of whols body x x-irrediation,

Probit mortalit.y-plot.s of the rodien survival time of serotonin-treated
and centrol irradlated animele demenstiated that the radioprotective ef-
fart of %hle cempownd 1z mers oroneunced whnen lower doses of radiation

gre arployed and that at = dosege level of about 1300 r, there 18 no sig-
m“i;ant differenco in thc STgo of *he gercionin-treated and coutrol groups
CJ. ALY,
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FHASMACTLOGICAL AND TOXICOLOGICAL COMPOWMDS AS FROTECTIVE (R Ry
THERAFEUTIC AGENTS . JAINST RADIATION INJURY IN ;
EXFERTAENTAL ANDLS

o III. Acid-catalysed Haactions of Asirdines with Tniourea
N : and Ita Derivative.
- Stanley J. Brois and Gerhard L. Closs

This rerort concernss Further studies on the kinetlc and synthetlc
asrects of the acid--catalysed reactions of aziridines with thiourea and ite
analogs.

2.

Imnediate or nltimate application of the results: The role of sitsric
and olectronic factors on the reactivity ol £,2,3-trinethylaziridine has
baen elucidated employing s spectraphotometric technique. The succesaful
application of our new aziridine synthesis to 2 spectrm of proto-type tetra-
substituted olefins, both aliphatic and alicyclic, has demonstrated the general
utility of this preparative mathod fox procuring 2,2,3,3-tetrsalkylasiridines
in very good yields. ?Prolisinury synthetic work encompassing the base~catalysed
reaction of M-chloro-t-butylamine indicates that the Stieglits rearrangement
also occurs in a purely aliphatic systam.

HHHRREANEN

Conaistant wlth the second order kinetics proviously observed (1) in . ;
ths reactions of aziridinea, ths przaent rale study on the ring opening o? -
2,2, Jotrinethyieziridine with thiourer similarly points to an SK2 mechaden . -
for this process. It is noteworthy that on a statistical basis, the tirimethyl
analog undergoes ring cleavage about twice as fast as trans-2,3-dimethylasiri-
dine and half as fast as the cls-2,3-dimethylasziridine isomer. The intermedi-
ate reactivity of trimethyl-subztituted iaine could be intespreted as a cuu-
rroaise between two opposing tactors, namely, an accelerating fsotor arising I i
rm a steric interaction between the cis.orientad methyl groups (eclipaing ' T
effect) and a dacelsrating factor resuiting irum ‘he ring stabilizii . ffect '

ol the three methyl groupa (Thorpe-Ingold cifect). The ex~»llert straight |
1lines obiatnad vhen the pressni rate data irero plotted in accordance with -
second-order laws indicate that the concurrent methanolysis reaction is in- ,‘ ’
'
|

significantly slow.

‘” In a previovs report (1}, we had deacribed a new synthesis of 2,2,3,3-

) tetranethylaziridine. This novel synthetic noth.d consisted of the ..aloro.-
nitrosation of tetramethylethylene, the SnCl,:concentrated HCl reduction of thw
nitroso chlorlde to the chlorvamine, and cyclization of the latter to the is_ae,

ring closwee being effected with alikali. In order iw demonstrate the general . “
applicability of this novel aud convenient synthstic route to tetrealikyiaziri- . :
dinsa, a series cf fivs fully substituted olefins, boik aliphatic and s‘deyclie, ! -
ver3 preparcd snd processed in the manner describes asove, In all cares, excel- i b
lent recults vere obtai=~, : .
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In exploring the posalbility or genersatl g 2 invermadiszte univiient
nitrogen spacigy, whlch night undergu an adcition resction with olafins, a
paries of base-catalyzied rzactions of N. chloro-‘~but;lamine vers investipnted.
In preliminary work, we huve obsarved thet the potanelun t-brtaxide~catalyued
reaction of N-cnlorc-t-buiylnmine . 10, 35 aud 55° in tha prescace of an inw
ert solvent, diinet afford an insertion product, 3., 2,2-dimethyle~iridine,
nor sn addition produst when cyclohsxene wes smpioyed s svlvant. The 1so-
lation of methylamins (as ths picrate derivative) in 31f yieid reveals the
intrusion of a Stlegliiz rearrangenment (2} in t..ls reaction. In contrast with
the monochlorcanine, N,li-dichlorsst-butylsmine uade:r the saas reaction con-

. ditions afrforded isobutylene as the only detsctudble rsaction praduct.

Methuds cnd Materiasls. The followingz siarting msterials were auployed
in the synthiesis describsd In the Expscinental zection of ihe report: 2.methyl-
cycl.ohexanone, 2vauothy’.cyc7.opentanono, acetoas, Z-bromobutane, 2-bromopentane,
methyl bromicde, mspgnesium, 1,?-dimethylcyclohexene, ),2.dixethyicyclopentens,
2,3-dimethyl-2-rentens, 2 ) 2-dimethyl-2.hexane, t- b..tau.al t-butylamine, po-
tusciws wetsl, and sodium hypochlorite solution ("f‘lorox‘)-

Kinetic mcasuremsnts. The Bccman ultraviolet spectrophotometsr, model
DU, was employed Yo investigate the kinctics of tha 842 rcacucn of thiorrec
vith series of substitutes nzirldines.

¥elting pointe. Melting polnts ware deterained with a Fisher-Johns
apparatus ar 3 are not ecorected.

Absorption_srcetre. The infrured spectra wire istermined with a Perkin.
Ilmer Molel LE racorirg irourired opo-irosiotometer. Sauple compounds we.
yraerslly ciarzeld as oure 1ouide inog 0,005 me. abzorption cell.

‘ Nuelzar woanetto vonerones (1377 opectra, The spectra were run at mom
tropcralare e LA z 30T ."’T ¢r” “I'r. “usolution Iperctirometa. opei-
.r'n(' at L0 megoeysles per accon ! sytnning § . pyrex glazs ref'ercnce tube

with 8 coaxially, ,recisiur-In t.tcri santle trbe (7‘.mm “nen twe) was utilized in
»ffecting shitt n: hsuw.ents, diznlacerents baing determined by the "side band"
tzchalgius with . calibeuated He wlest-Fackaed 200 pudlo oceiljator. All measure-
nente of prax pozitions in cpa ave roiative to the external saular benzane
roi'2ranco,  Avre ldgetd sarnles ware veed dn @3, cosud,

-de

Yapor phsss chromatography (VRC) ersivsiy. Droduct mulyedin was 30com
plished T momns of VA using & csium. of &+ icrcayl photp!nts on firebrick with
Ielium ges as the eluting szent, In thie vork, 2 Fisner-O8if Partiiioner, Model

300 equipped with & Juif current thermisicr.typs thormal conauctivity csli aad
autonatic integrator system wea umployad.

Experimental

Synthasis of olefins. The four tetra-2liyl.vubsudtuted owsing emloyed
in tha presgent study were prepared by the elaeoics) mrthod of Shavaone (), I
conzists essentialiy of the condensation of 3 suitedle T:izsard reagent s ketone,
ed e1ccessive denydration with an appropriaie doxyn*eting raazent, uemally iodine.
This procedu« wul be 7* pibed in fulJ. detall in the prepersiion of 2.3-dimethyvi-
2.peniene. In {43 other cazes, orly woscifl: dst.ils «ill B: srecented.
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2,3-Dimethyl-2-pentene, To a sclution of the Orignard rougent (under
s nitrogen atrwaphsrs] preperec from 7.3 moles of Z-Lromobutane and 7.3 aoles
(377 g.) of asgnestium metal ir 2 liters of anhydwous sther containc: in a
S-liter tWrae-nechisd Fluwk fitted with reflux condsnser, dropping fammel =ad
precision stirrsr, was sdded with vi arous stirring, 550 ml. of dry scetans in
an equal volume of ether. During the course of the additim, naximvm reflux
vas maintained. Aftar complate widition of the acetons, reflux was Suutirmed
for two hours and the nixtu.e was then dscomposed by the camttour addition of a
saturated smcnium chloride solution. The ether loyer was separated, washed
with water and dried over sodim sulfate. Two distillztions gave a product in
37% yield, b.p. 128-131° (L). The resulting tertiary >lconol ves subsoquently
dehydrated with a catalytic axunt o iodine., At 100° dehydration begsu sand
the temperature was adjusted so that ths olafin and water distilled over slowly.
The olefin was washed with a sodiuw thiosulfaie colution to remove any free
iodine end dried over caicium cnloride. After refluxing ths oclefin with sodium
metal for a half hour, the alkene was tsice distilled through ¢ 2" Podbielniak
colum. The purificd olefin, obtained in 57% yield, beiled at 93-95° (S). The
VFC analysis of this derivative through s 12! coluan conteining 30% tricresyl
phosphate on firebrick at 62° and a He flow rave of 95 al./minvte indicated a
purity of 83%. E

2,3Dimethyl-2-hexene, In similar fashion the Orignard reagunt of
2-bromopeniane {Jj.3 mole) was prepared in 1 liter of aniydrous ether in a
nitrogen atmosphere. Aficr addition of 3.] mcles of scetms under maximum re-
flux conditions, the reaction mixtuwe wes decomposed with concentrated smmonivm
chloride solution. Praciionation of the dried ether extract afforded a 40S
yield of the carbinol, which wes not isolated but directly processed with iodine.
Distillation of the dehydration product over sodiua metal %ircugh a 24" Podbielniuk
~olmm gavs a frection, b.op. 115-119° (S) in S35 yleld. The VFC analysis of inis
olefin through & 12' column contedning 30% tricresyl phoapliete on firebrick ad
829 snd a te low rate of Y5 ml./mirute indireted a puxiiy of 89%. .

2-Dine! clopeat_ae. (ne mols of 2-methylcyclopentanone, b.p.
140.1429%, was converted to the corresponding carbinol by the actiun of the
mathyl Grignard raagent. The.diied, fractionated product balled at £0-66° (6)
at 20 mn, Ths olefin was procured in 85% yleld by rerluxing the alcohol with
a trace of iodine for two hours and collecting the produycts by distillation,
The fraction of cyclcalkens boiling at 103«105° (5) was collected and subjected
4o VPC analysis which indicated that the olefin vas 1% pure.

1,?.Dimethyleyclohazons, The methyl Srignard reageat was prepared in
the usual manner and reacted with 6.3 mcles of 2-methyl-cyclohexewions in two
liters of ether, The resulting carbin>i, nbtsined in 89% yield, was distilled,
b.p. 106-109° (100 ma.), and then dehydrated with a catalytic mownt of iodine.
Dahydration began at 100° and the temperature was so adjusted that the olefin
distillod over graduslly. After washing the oycicuilkens with thiovulfate so-
lution and drying with magnesium sulfate, it was rofluxed with eodiue sets) ».p
an hour. Distillotion affcrded 503 grams (72.5% yield) of produst Luiliye at
135-137° (5) at 755 ma. The purity of the 1,2-dimsthylcyclohexens vas asss:.e?
bv VPC anslyeis snd found v bs 50%. :
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Three-Step Aziridine Synthesls

1. Chloronitrozation. ‘The following peneral procedurs for the ad-

2Llon of nitronyl chlorlde to olefins sppearsd most suitatle. A well.stirred
solution of 0.1 mole of tho olefin in 200 m). of abanlute nethannl cceled in

a dry ice-acetone bath, wan graduall, saturated with the ptoichiometric quanti.
ty of nitrosyl chleride ges. n the coursc of the addition. ~he calc.lesa re-
action mixture became intensely blun and the nitroso chlor.ds derivative par-
1ially separated from colution. After tha additfon of the gzieous nitrosyl
chloride wss complete, the cooling Lath was removed and the mixturo was rapidly
stirvsd for one hour. Cautisusly, the desp-blue colnred solution was poured
into 500 ml. of ice water. The nitraso chloride immedintely separated s @
blua s0lid which was wsehed twice with vater, filtered, and air.dried. Quantl-
tative yields wers obtained in all cases. For illustration, the nitroso chloride
of 1,2-dimethylcyclohrxena; m,p. 78-79°; was cheracterized. Anal. alcd. for
CgH,)NOCL1C1, 20.19%. Founds C1, 20.29%,

2. MReduction by SnCloiHC) combination. Aster conducting the reduction
reaction under a variety ol experimental conditions, the following procedure
appeared to give the best results. A solution of 90 grams (0.4 mole) of
stannons ‘chloride dihydrate (Reagont grads, JFisher certified, ACS) in 120 ml.
of concentrated hydrochloric acid (L2 N) in a 500 ml, Erlenmeyer flask was ue.
chanically stirrad in an ice Lath until a temperature of 5% was obtained. At
this point, the ice bath wes removed and a 0.1 mole of the nitromo chloride
derivativa waa added in oie nortion (dddition in ssveral portions produces lcwer
yields). In gencral, the reactien temmeratuvre roge to 50-70° in the courase of
ar. hour, accompanied by the gradual disanprarance of the blue nitroso cllorida.
Within tvo hours the tenperature bopgon to decrease and the clear solutien was
allowed to coool to room temperatare.

3. Cyolization. Tha coolad remction mixture derived from the zhove
reduction was carsafully odded in a dropwira mammsr to & rapldly stirred leo.
zooled solution of 2 molea of -odiun hr-droxide in a litver of waters The baesi.
fied mixturs was ¢ransferved into a Jliter threse-necked flsak equipped vith
thermemeter; stirver, and condensar set for dovmward distillation into sn ize-
cooled receiver containing a lew podiun hydroxide pellets. Steam distillatien
of the ruaction mixture was continued until the diwstillate indicated no basie
reaction to litmus. The strongly bozsified distillate wns extracted twice with
othor and the resnlting ethere’l nodution was dried over sodium. Aftier strip;ing
of{ tha ethar, ‘he imine dorivativs wis roflured with sodium mets) €¢,  n hour
and oubsequently twice cistilled throvgh & #L" Podbielniek o2lumn. The yledds,
physical censtanls, end elemental analynin for the aziridine anzlons synthesized
are presented in Tables 1 and 2.

Charsstarization of 9-chlorv-lO.decalinamine. The elsvental cnalysis
of the 9-chloro~iO-decalinamine RCL derived iram the hydrochloric acld-catalyzed
ring opening of the allegsd 9,10-.imirodscalin tarilsr reported (1) 1.:.ds suppi.t
to the propossd imine strusture for this sompoeunds Anal. caled. for CgllyoNOL;-
Cl, 3.63%., Pounds C1l., A.22%. N duplicate experimenv to prepare the 9,10
ininodecalin frou the corrsspondinge alefin, 9,1Mcutaiin, wae vnderdeken in
thiy present rascarsh, Digtillation of «ve allegsd ardridins aflord=»a 1l¢.2
grame of a Iractinn boiling at 01«850 at & ume ‘Yho infrerud spectra of ‘his
prodact dimclieand 2 band st 3245 om=) as observed pruvisugly, and mey Le ascribed

—aye= s
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TABLE 1
2,2, 3, 3-TETRAALKYLAZIRIDINES
Starting Material Product new® | B.P. (mm,) 20
Olefin Imine < o % by
Ms Me ¥e Me ' ‘g
Ne==¢” )c < 44 1@1’10!:.—5 (7hh) | 1.k220
Mo Nia S N\y
H
¥o - Me Me Me :
Ne=cf ':c\ ( 71 |129-129.5 (751) | 1.L312
e St Mo’ 1‘/ Et
H
Ha_ - Ma Ne MNe
Ne=¢” c—c{ Sk |150.150.5 (747) | *.L335
M» Npr He” g/ Pr :
H
e bzl g H,@_H, 73 | 13-135 (752) | 1.u550
N
]
¥a ‘e
0 e (}“‘“ 76 | 185-165.5 (750) | 1.L665
300]

A
Vields ars calculated on the Lasis o’ pure oleﬁn euployed ‘n s
0.1 moly resction.
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TADIE 2

ELEMENTAL ANATYSIS OF 2,2, 3, 2-TEIRAALIYL.
AZIRIDIARE

Cale'd, Found .

Compound

s o o

2,243, 2=Tetrannthyl.-
aniridine 72.66 13.2) 72.96 1347

2,2, 3--i‘rﬁae‘&l~.y1--
Senthylaziricine “Tha27 13.35 Th.47 13.35

252, 3Trinethyl-
l-propylaziridins 15.52 13,47 75.46 | 13.67

1,2-Dixethyleyclo
hoxeniming P76 73 17,07 76,52 1187

1,2-Dimsthyleyvelo- ]
nenteninine 75.61 | 11,78 75,31 | 13.7
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to the N-H stretch frequency. The apecti'al and analytical data presen® con-
vincing srguments in favor of the pronosed strmrtice for this Qarivatize.

Freparation of Nechloro~ and N,N-dichloroe lamine, An adaptation
of tho procedure reported by Klages !7, was mﬁ %cr The gynthesis o “oth
chlorcamines., To & solution of 73.. grams (1 mole) of t-butylamine in 200 ml.
of ice water contained in a S-liter lask equippad with stirrer, theruometer,
and dropping funrel, and cooied in an ice-bath was added in & dropuise manner
1.L42 kgn. of 5.25¢ sodium hyporhlorite solution ("Clorex*) ut such a rate w
to maintain the tempcrature below 30°. After ..c addition was complete, the
ice bath was removed and the reaction mixturs was stirred for one hour. After
axtracting the latter with three 100 ml. aliquots of ether, the combined all.
quots were dried over ecalcium chloride. The ether was stripped off, ad dis~
tillation of the residue at 70 mm. afforded a colorleas liquid (63% yield)
boiling at 39-L0°, Tha momochlorcamine is extremely lacyimatory and posseszes
a stifling odor. The synthesis of the N,N-dichlorot<butylamine is accomplished
in the exact same manner except that two equivalents of tho sodium hypochlorite.
sre employed. The characteriz=tion of the N,N-dichlcro snslogis pending.

Synthesis of potassium t-butoxids. The procsdure used is essentinlly o
that reports von Doering and Ho (8)« The resction of potasaium metal, ‘ {
1.5 moles, and 2 liters of anhydrous t~butanol was carried out in a 3-liter f
three-necked flask equipved with reflux condenser (uounted with a drying tube)
with rapid stirring at reflux temperature, When all of the potassimm metal had
reacted, the stirred solution was concentrated by distillation and finully vacuum
dried at 160° for ive hours, The dry potassium t-butoxide was assayed uilth
standard hydrochlorie acid (1 H) and ctored in a desiceator. '

Tha Basa-catalyzad Resction of
m'oro‘-'t-'b'm';[i_mo_" -

1. Beaction in n-pe~tane ai 35°%. To a mixture of 22,5 grams 0.2 wcles, ‘
of KOCHeq in 50 i, ol n-pentans in & 500 ml, three-nscked flask fitted uith ;
thermomeler, reflux condsnser (mounted with a drying tube), and dropping funnel, j
was added in a dropwise manner, 10.8 grams (0.1 mole) of the N-chlorocamine in ?
25 ml. of n-~pentane at such a rate as to maintairn miid refluxing, After the ade i
dition was complete, stirring was continusd for tiftsen minutes. The condanser '
vas set for downward digctillation and the volaiile products aund solvent were dis-
tilled cut of the reaction flsck and subsequently fractiomated throw~“ a 24"
tantalum spiral colwm. Five fractions, hi.p. 322350 (5,2 g.), 35=309 (9.5 .),
384540 (3.2 g.), 69-819 (3.3 g.), and 81-U3° (L3 g.) were collected, labelled
and submitted for infrared analysis. For comparison purposes, tue spectra Jor
t-butanol, t~butylamaine, axd 2,2-.dimsiiylauiridine were also taken,

2. Reaction in n-octsne at 52. Tn the same msmer as desoribed above;
the reaction of 0.2 mole of t-butoxide with 0.1 aols of Nechloroar:-e uas cerried
out at 559 in ostanc. The snhydrous reaction mixture wee fractlonaved end five
frlotimb b-p. h]..’djo (208 ‘o)’ 68-720 (2«75 'O)n 73’” (505 "). 79'81‘, (“e 80))
and 81-83° (3.5 g.) were obtained, and spectrally crnalysad.

3. In cyclohexens at 10° snd 359, In an snalagows fashion, the reaction
¢f 0.8 mole of t-butoxide o5 Mmolss of Nechlovvamine was conducted in 123
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grama of cyolchexens at L0° and 35°, In thuse eiporiments cur inverests vere
fucused on the addition product bHetwsen the olefin end an dntenediar)y /2i0-N:
spendes. Th2 Net-butyl azirldine anilog, 34 peogent, wovld sppeur in the higher
Prolling fraction namely, sbove 10C°, Distillation of the reaction miziurs did
not afford any fractions bolling ehove 91°. ~ .

L. In vontans =t 10°, The rzaction of 0,22 mole off t-buioxi<z with
the N-cnlorcaminc (N,1 mole) in 50 ml. of pentanc was carried oud as ceocilbed
chove, except that the rozction mixtuwre was hydrolyzed with an excecs of 2 N
nydrochloric acid, The orgenic lzyer was driew, Jracticonated, cind spectrally
analyzed. The agquoovs luyer wes fracticnated (lower boiling cuis wore zpectrels
1y mnelyzed) and the residve was subsequontly cvaporated to dryassa ou = Rines
evaporatur, Ia tho evant the N-chlerc..it-butylamine hzd umdorgone a Stieglitsz
rearrangenent to Nelsopropyiidene meihylomine, Wia mcthylsmine produced under
the acid hydrolysis conditions would b« contained in the residue as the hydro-~
chleride galt, With thde In mind, the residue was trested with concentrated
alkali solution in a flassk connected to a 24" tantslum apiral disiilling column,
In this erperimental design, only the voiatile metiylamine, b.p. =6°, would be
stle to bypass the condenser at the head of the column. The volatile product
was directed into an ether solution of picric acid contained in the receiver
flask, A gignificant quantity cf yellow precipitate formed in the course of
the reaction. After the evolution of the gus ceased, the product was filtered,
air.dried, and weighed. The methyleminz picrate derivative (31% yield) indie
cated a mepe of 213-221:° after two recrystallizations from athanol. The m.p.
reported for the mothylsmine picrate is 215° (9). Additionul work on this
probler i3 in progressa. '

Preparstion of Rancy nickel cataiyst. The rrocedure reported by Mozingo
(10) was employed 3n tne following synthesis. A solution of 30 grams of ‘odium
hydrexids in 1.5 liters of digtilled water contained in a Loliter beaker eenipper.
with an efficient stirrer vas cooled in an ice bath to 10° and 2 kgm. of NiAlg:
alloy was added et such a rate as to maintain the resction temmerature velaw 269.
When all of ihe ulloy was added, stirring waas ceascd and the contents were sl
lowed to coma to room temperaturc. After hydrogen evolntion subsided, the re-
action mixture was sllowed to remain on the ptean bath unti) hydrogen ewnlution
ceased. The liquid was decanted, fresh distilled vater was added and the nickel
weg suspendzd in the aqueous solvtion. Once the nickel petiied, the solution was
again decanted and the residue is {iransforred o a 2=liter heaker. A solution
of 50 groms of MaOH in S00 ml. of distilled water is added end the catulyst 3u
suspended, allowed to settle end the alkeld golution is decanted. ™. iekel i3
vashed in this manner about tairty times (witil the washinge ave neutrsl %o
litmus) 2nd subscquently siored under distilled water.

tnetics

Rea;,cnts. Methanol (Bakmr and Adamson sbsolute methanol) wr amployss

as solvent in all caces. Reagent grude chemizcals which includsd thimrea

. (Matheson Company, m.p. 176~173°) snd sulfurlc acld wers employed without tv. .ase
purdfication, The AET salt.:X , B, Betrimathyl ATT 50, was recyyatellimed thre

timos from squeous ethenolia sulfuric nelid. The 2,2, 3utrimsthylasiridliug wua

synthesized via the Werker mothod, drind over soddum matal and distilled immedie

ately vafore r. gories of kinetic runas.

g



yi

Speetrochotemetric nrocedurs in kinstic rins. All spraratus and glaus-
ware uved in Lhe prepsration of solutions emplojed in the rate cxpariments vere
treated with cleaning sclution rinsed several times with tap weter znd aix times
with distilled water and finslly dried in an oven maintzined =+ 110°%.

Spectrophotometric measursuenis wore made with a Beckman sjpectrophoto-
neter, model DU, equippad with a water-civled hydrogen source. Tie absorbancs
readings for thiourea ws:i'e talen at the maximus sensitivity retiung for ths
instrumen.. i S

Methanolic sclutions of rthicurea wares prepared {n the following manacr:
the requirsd amcunt ¢f cvhiourea was weighed out and transferred to a cleon, dry
25 ml. volumatric £lask. About 10 ml. of methensl were added to the flask which
Wrs then immersed 4~ i ice bath., To the cooled sclution war added very gradually
¢ aeasured volume of concentrated sulfuric¢ acid. The flask contents wern diluted
t the mark. The mothanciic solutions of the inine were prepared by udding &
slight excess of e acgiridine with a calibrateu ayringe to a tared 10 ml. wolu-
metric flask. Evaporaticn of the slight excess of imine was sccomplished by per-
mitting a mild jet of dry nitrogen to flow over the orifics of the {lask. Within
a few minutes, tlie exict weight of the imine was obtained and flask contents were
imuediately diluled with methanol to the mark.

A 100 ml. velusatrdie 1lsek containing xethanol war equilibreted in a
water thermostat meinizined at 2L.55% 2 .04°. The solvent volume was adjuated
to the mark and thoen on aporopriate volums of methansl was withdrawn with 8
trensfer pipotte mainteined at rescticn tesmerature. The thiowres solution vas
adritwed into the flask in the pame manner. Allowlag tan minutes for temperature
equilibration, the roaction was initinted by corefully pipetting ths imine so.
lation into the flask contalning the thicuice fo give a final volume of 170 wlo
The half-way tive of the imine delivery was considered as the starting time for
the rsaction. UThe time required for thorough mixing of the flagk contanis wxr
avout 10 ssconds. Aliquots Y the r.oaction mixture were quickly withdrawn ut
predatermined times. A calibrated transfer pipette was brouvght quickly to the
mork and ropidly discherged into a volumeiric flagk contsining methanol at 20°,
In all coses the dilvtion range used was effective in quenching the rezction as
indiccted by e fact tist the absorbance of the dilutnd semple remained constant
over a Lehour period. The ¢lapsed iime for carpling was Jess than Jiftesn seconds.
A =mall wolume <f the quenched soluzion was transferred into a clean silica =a1%
which was rinsad about 8.10 tizes with the quenched solutic~ znd ;. ., ously or-.
rected against a reference cell. The conrentration of ths guendhed sointinn way
predetarminad in order to effect mrasurements in the most Cavorrhle transm!*tancy
range. ‘The samole cell and the refere~nce cell contsining aclvent were carelully
oriented in the cell holder and then ingerted into the cell compartment of the
DU gpectroprotoacter., The temperature of the cell compartment was maintained at
20° by circulating water from a thermostated bat: through thertoapasers arvangsed
on each side of the ceil compwrtment. Absoruan:e readings were gi..:rally ta.en
&t 10-15 minute intervels until S0¥ completion of resction.

Ultraviolet absorn®im charecteristics of a, l}, .A-tt:i__r@c._’_!x} AET &9 .
mrirlicatc i veriments to deteraine tre MOLAT aw Grotivity ef o, s ~trimzidiyl
2ET SQ; ( E « 1300), revesled that this ALT deriwats~e <onformed st:ilccly to
Esep's Yo fur tire range of coacentrations emplouyud in these axperimenta (ca.
10°J9 to 37" {), the &...rption at 2kl o being employed. Oraphical treat@snt
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of absorbance vs. concentratium Cor ids AET s*)* i= depleted in Flgur» 1. |
Absorbance vo. coucentration vlote iidicata no interactior Satwewn product ecd
reactant and thst tite absorbencies of ihicurec aid ita S-alkylated atlsg wre
strictly additive. In observing the disaprearznce of thiourea with time, the
apnareat absocbace was convertzd ‘o the true absovihiance by e urrvecting for the
contribution to the optical deasity by the AET nalt.

Kinetics of the thiourea.imine reacticn. The resuivs of the kinntie
vorg have hoon trealsd -rith ths assimptien thul Jhe imino-thionrea interzetion
was mscond order in character. -When the rate data ohtalned frem the speciro-
photoustiic measurements weres plotted as a functinn of

Bquations 1 and 2 L (reb) o 108,{&_% (a=b)

aguinst time t, whiero 2 iz the molar councentratiun ol thiourea, b 1s the mdlar
concentration of the imine, and x is the number of noles of thiocurea that ise
reacted in time t, straight linus were obtain in all instences indieative of
atrict secoud order kinetics. The specific rate conatents were determined
graphically and by the appropriate bimolecular equations from the dain covering
abovt S0f reaction, PFigare 2 and Tabls 3 illustrate the kinstic analysis of
the reaction of 2,2,3-‘rimethylasiridine with thicures. In general, =04t rate
constants wers estimated with a very good degrase of prsciaton with tle averags
damt;on being in the order of {-3¥ for ths mean and reproducible w the axtent
of l.2%. N ’

Uiscussion -

Earlier work on our new aziridine synthesis culminated in the preparstine
of the hitheric unknown 2,2,3,3-tetrmetiylaziridine. In this present rezsivch
we attempled o Zemonstrate vhe general application of this synthetic procedure
to both aliphatic and alicyclic tetre-substituted viefins. Por this pwrpose, s
series of proto.typn ali:cnes, 2,3-dimsthyle2-pentene, 2,3«dimsthyle2-hexane,
1,2-dincthylcyclopmtene and 1,2-dimethylcycichexsne wers .cepared via the classi-
cal method of Chavaine ss described in the Experimental section of this i anert.
Good results werc oStainad ia ths synthesis of the intermedimy carbinols dsilived
from Zemethyleyclchexancne and 2-netiylcyclopentonone end the methw™ “-iwvnard re.
agent, On the other hand, the condensation of acetone with 2-hromobutane and
2-bromopentunz Orignard reagents gave poor yislds of the desired carbinols. The
latter results could be ascribed to a siguificontly competitive reduction re-
action and 1llustraies the desirability uf employing the nethyl Grignaid reageat
vhen opcional synthetic pathwzys exist. The dehydration of the aiocohols was
sccomplished with s cotelytic amount of iodine and the resulting oiafing were
dried, refluxsd with sodiua metal, and fractionsied. Vapor phase - ..omstoss. Ny
(VFC) was employed to assay the purity of the distilled alkenes. Ir general, the
VFC analysis indicated thatv ihe olefins wers 70-S1$ pure (ses Exparimental).

The chloronitrosetion of the slkemcs proceeded amoothly ond im gupatiine
tive ylelds at acetons-dry ice tamperstures. From provious experience the ree
dustion of tns nitroso chlorides was best effected by the addition of tae nitroso
chlorides i cae porti~ {0 an excess of stanncus chloride:concentrated 301

. - - - — e - —
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KINETIC DATA® Fri
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IABLE 3

THE REACTION OF THIOUREA-WITH
2,2, TRDETHLAZIRIDIN G I0N I
METHANOL AT 24.55° ¢,

e f:?z”gﬁgc%x) S DS AL eyt
0 1.25 0.C00 | 0.500
20 1.1 L050 | .hso 007l
60 1.25 .0%0 | Jae .0073
90 0.97 JA25 | L3715 0074
120 0.$0 A15¢ | .38 +0075
¥ean 007k 2 0001

E"'ho meen value for X

(t‘ziourea) = 0,5 M and (unines 0 0,6 435
-, Tac f..al meau valus for ky computed form the

eole-l min-

avor‘qo valuoa Jn five experimantal runs is

wole*

obtained from kinetic ‘data when
078 L ,0002 liter

is .0075 £ ,0002 liter

t’(::) denotes the number of moles of thiourea in esch
liter reacting in the intorval of time t.
is the mean dorived from four kinati'. runs &t the concentrs*’
range specified.

For these data (x)
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solution maintaining the resction tewserature 8: 50-70° {uwenducting the re-
duction at ice-bath tomperatures tendsd to diminish the yleid of She Ainiusxe).
The base-catalyzed cycilsation resction was ostrsightforvard. ibte ssirddizes
analogs. which were obtained in 7:1-8L% yielda (ses Table 1) basa? on the amount
of pure alkene employed, wers dried cver sodium metal, and twice distilled.

The yields, physical constante; ani elemental analysie are illustrated in
Tables 1 and 2, 1hs infrored specirs of thy aliphatic iminen, 2,2,3,3-tetra-
methyle, 2,2,3«irimethyl=3-etlyl~, and 2,2, 3~trinsthylel-propylasiridine wcre
characterized by an adbsorption peuk at 32060 em”* arising from the N-H stretche
ing frequency. 1Tn the caso of the bicyclic imines, 1,2.dimethyicyclopentenimine
(1,5-dimethyl-é~azabicycle (3.1.0) hexane) and 1,2~-dimethyleoyolohsxeniming (1,5
dimethyl-7-azsbicyelo (k.1,0) hop’cane{ the N-H stretching bhand wes slightly
shifted to higher freauoncy (3225 cm~ 5 vhich mizht bs anticipated on the dbasias
of the larger intfern:! strain inhersnt in these bicyclic systems, In edditdon,
the spectra for these bicyclic analogs are strikingly similar to the infrarsd
spactra reported by Fanta (11) for the lower homologs, nsmely cyciohexeniains
and cyclopsntenimine, which slso exhibit an N-H band at 3225 cx~l, Ths MR
spectra of tetramethylaziridine reveals a single resonsnce peak at 217 cps
(relative to benzene an the external reference at LO wmegacybles) nicely 1llve
strating the anticipated equivalizicy of the four methyl groups on the aziridine
ring. Ths NMR spectra for the other aliphatic and bicyclic imines wre cone
sistent with expectatiors. The five imines prepared will be converted to ths
corresponding AET anaiogs in conjupetimwith the kineti: and radioprotession
studies being pursued in thie lsboratoery.

Recently, intersst hos been stirmlated in developirg a gsnore) synthetic
aprroach to asiridines involving the facile addition of a univaisat niirogen
spacies ("nitrene”) to an olefin snalozuus to the reaction of cerboiaes with
alkcnes. For this purpose, we chose to explors as s wrrking model tha Muw-ivs
mojcty waich wa attempted to gemerate from this baze-catuiyzed Feaction of N~
chloro-t-tutylamine, Inlight of the inserticn rensction of s related Mosti-uil:
spocies which afrords 1,1-diy thrlcycucpropane, and the rearrangment of dimstuyl~
nhenylmethyl monochloroamine, HQ#?-NHOI, to Neigopropylidene aniline (Stieglits
rearrangegent), ve initially investigated the resction of N-chloro-t-butylmmine
with potassium t-butoxide in an inert aclvent at various temperatures in _he ebe
sence of en olafin. In thess experiments, which vere carried out in eithsr
pentane or octane, an exothermic rsacticn occurred vhen the Nechloroamine wis
carefully added to a rapidly stirred oxcess of t~butoxide. The infrared spscise
of the fractionated resction mixture disclosed thu presence ¢l tebulysenine,
t-butyl alcohol and solvent (identification vas effected by a couparison vwiih
reference spectra) md also an absorption bemd at 1665 om=l (6.01 u) which o -
pears to be characteristic for the -CeN ;iretch trequency observed for iminua.
}'h:la finding suggested that a rearrangessat had cocurred and may be jepictel as

ollows: :

s
) He, "'] Hes Ha0 Ke G0
il ”’U&‘q”"’”* T ey

B~ H
B = potassiun t-butwside

In a subseguait experir~ ¢, the hydrolyzed reaciion mixturs was carefully pro-
cesped (see Dxperimental) and metlylamine was iculated as the picrate derivative
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'+ p- 113-3%) 1n 31K yleld, Specirsi analyais of the fractionated organl:
and aquocus whases cevealed obeorption bends at 1665 en™' (imins) and 1710 e
(zetone). Thess Jutsh uppear o provide = tomrineing argument ir favor of the
formation of a Sticg\' it: resarrengeswnt prodacts. Conficmatsiv werk is now w

prograss.

In two subsequent experiments the t-butoxidsecatalyszsd resction of the
N-vhloro-i-butylamine was conductad in cyclohexens st 10° and 55° in order to
test tho possibility or an addition renction. Lareful fractionation of the re-
zction mixture giva no evidencs of an addition produs® in either instencs. Itis
vezction will be repsated in order 4o de.ermine whather adiition could ve ef-
f2ctod with a wors rucleophilic elkenc as tetramathylsihylens., It is interest.-
ing to note thet the base-catalyzed resction of the dichlorcosaine, ,N-dichloro-
t-butylanmine, in ccni-o:t to the monochlorocaminae which reasrranged under these
conditions, pursued a different course. Fractionation of tha reaction mixturs
cfforded a low boiling fraction which dimclosed absorption vends at 3050 and
1650 ca-} characteristic for an olefin. VPG analysis of this product revealed
the presence of a compound having the same retsntion timc as icobuiylens.

The kinotic data compiied in the present {nveatigation demonstrates
that the dnetics of ths reactlon of thisurea with 2,2, 3-trimethylariridine are
ol the sacond order. It is noteworthy that the ring opening in the cass of the
trimethyl analog procecd.: twice as fast ap trans-2, 3-dimethyleziridine and half
as fast ss ths corresponiing cis.2,3-dimethyl isomer on a statistical basis. It
apprars that the rate of SN2 attark on the secvndary carbon atom in this instance
is governed by two factors, namsly an cccélerating ons arising from oteric inter-
action betwaen the eclipsed methyl groups and a decelerating Ysctor caused by
the stebilizing effect of the three methyl grouns. 7The intermadlats reactiivity
of the trinmcthyl imine covld be interpretsd as a resultant of thesé oppocisy
faeyors.  The straight lines wbtained when the rate date wevs plotted accordirg
%o the conventionsl x‘.-n:o 1laws fimly establisnes that the enpavvrrent wethuno intsn
reschion of the 2,2, 2-trimsth loriridisium ion is wery olow.

Suamary

Rate mzesurements cffected spectrophotonetrically {ndicate that tie re-
action of thisurca with tho vasywneiricel imire, 2,2, Butviuzhylaziridme is
aceond order fu: character. Tha elestrophilic bchnv:.or nf 2 ,,c Latmis . Aaglirie
dine rslative to the cis and trans 2,3-dimetiylazirtdine analogs ave dtocusmel
in terams of steric factors. The applicauon of our new saziridine synthosis t»
8 sories of five stereo-type tetraalkyl. suhstifuted olefins, both aliphatic ~rd
alicyciic, illustrates the versatility of this preparative route to 2,2,3,3.
tetraalkylaziridines in good ylelds. Prel:lninury studies on the buo-catnlyzed
reactions of N.chloro-tebutylamine and N,Nedishlor-.t-buiylamine ars reportad.
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THERAPSUTIS AGEN M AGALMST RADIATICN INSUBY I
© TEPSIINENTAL ANIMALS

IV, Detoxification of Z-Aminosthylisot-isroniua Jiehlorids (AET)
in Mice

H. D. Lancill and Audrew T. Raserws

This ropart i z2ena: Ta vive deterdlisation of “ET in acrmal end
hepatectamizad mice. :

Iimredd ity o ';I{i.atggs:_ aprlication of rosults: To chtain information

ou the detaxiiicotion Fate of 8 radlatitm arctoctive coicound and the vole of
the liver in this fuicwdoa.

Ho# o6 KR

A melhod 1o precented for eotdmacion ef Lhe dstadficatdor rate of
2-zairoethylieothluroniun dichlortde (ART), A study of the detewification of
ihie drug requiros relatively Jev enlmals nd uakes 4t pocaibls to obtsin re-
suite without delzy. Tle mrocahwues can be apnliod where the death endpoint
is fairly sbript and there tie tive cunstanis of the dvuy actiocn are within
8 sultable ranse o values. The term detorification 48 used here to include
excreticn and conversian Lo 9 less toxle cunpoimd.

In she ceso of ALY, tho acemsilated torde dres wag aettwsted by A -
Jecting 100 mgm.Agm. (LF he s veirht of a solution contalning 10 men. /ml.)
ot time zerc and zgain at seven rinutes. A% Tiftosn minutes mand at each
lo-minute irterval tnersaZter an amound corresponcing to SO mgm./ign. was
injected (0.5Z bady woi; ht). The endpoint recorded was the extersion o*
botn hind liabe In convulsive novements. Ueath otcwrred within & few minates
thereaftor with rare excepticmis. The acawrildated lethal dose tire ealculsted
by the sowewhat arbiiwrary assumption that the toxlc matarisl is entering
Hacarly, the procces bsing complete in the 10-winuta dntar--1. 2h | i
animal couvulsing five mimates after receiving a dose of 53 mpm. /kems world
be mssigned ar sccurmilated lethal J9se eounl to the cum of the o ounts 1a.-
Jected excluciva of the last one plus €< of tue last injoction coss.

In order to esiimate a detuxification rate, other mice were glven 250
agn. fegme snd sllovoed to remain at 30% C, for u "*xed period of tiwe befara
being tesied fer an sccwmlated latiaal dogsm. Although no nomal m.ue o fole
mice died within throe hours from a single dose of 250 mgm./gm. (2.77 of the
body weight), death of partially hapatectomized animels given this dose cec.ow
Hence throughout this reasrs tv+ 263 mgn Aga. dowo wag given 1u riftaen
rndnates just as the firat 250 ngn.fumr. were given to obtein the s:cumuiaterd
todc doge. Io obteining tihe accumulated toxis Jdose =t 1 fixed time a”icr the
conditioniuy cosej the injection procadure wes nadified by giving ¢ second
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100 mgm. g, i two half dores at fivo and van ndundes insteud of o minglo
dosy et saven minutas afier sharting, For the P-Lwv.  nd l.day poot partial
hopetectomy the fivat doss was eut in helf, The n # of these varioetions
wes to insuro that fow if any dcaths wonld oceur untas the %ite that the ta-
Jootions wero cpaced ton minwiss ~navt,

Injecticna ad up tn trise the rate (e.g., S-rdnuts intervele instead
of 10-minuto intorvale) incrcases the accwslatod lethal dase by a negligihle
around. Using 20-atuute instond of L0-nimate tintervals only slightly imvieases
the valua. Using dosos of SC oym./igm. cvery 7.5 minutes throughout also gave
ashout the namo accwnulatcd lethal dose. Furthermers, the dose obtained from
a frashly neutrelizod seoluticn vz not ghignlficantly larger than that obtained
vsing wmautralized colutionn. Doubling the concentrations hed little ar no
efect. Water solvilons a day old were apparently the same as freshly xade
solutions vheraas noutzallzed solutichs left over nipht wers uearly twice as
tuxice As will ve dizcusaed lator ihe temporaturae ab vhich the mico are kept
durine the detoxificatlion peried is {mportunt. FHovever, for female mice there
was no differencs vhen the mice were kept 2v 20, 25 cr 36° C, uhile the in-
Jections were being nads o cotain the accumulated toxle dose.

In order to ascortain the role of the Liver in the dotoxdfication
procens female mice were pactiolly hepatcetondued end sutsequontly treated
after allowing various tiies far rejonerstvlion. The earliest Hime interval
used waa two hewra, Pior to that time {he surgical wund wes not sufficient-
Iy healed %o prevamt laaiap: of the drug, The rasuvlis are piven in Table 1.
Included also =re values for wet liver welrhta. No difforences were found
botween liver welghts with and without tho conditioninz dose., Velrves stter
the ¥ sipus are estimotes of the sbaudsrd deviation of the populstion. Since
an occasionel aninel will dle very carly or very iate, tue highest and lowcst
valuza vere omitied before obtaining an averege for vach growp ip the favies.
The numbers ir perenthasis sre Zho mmber of mice vsed to obiazin the valiae,
showt. 2 the zccumidated Zothal daser..

Pror the date 1% can bz gaen thet the amount of deloification is lews
at'vex hepszloctony but tho docroase is not sigelficani. Thus the remofning
1lnbar ean hendle the coupound almost as welld asz ths intact liver. MNote, how-
evar, ihat the awaumt detoxified In thrse bours is notu larpe and o longer time
migit revonl dlifevevces. The above repulis arc consietent witi: a mode) in
wileh the Ilven ge%s ay e reservolr for tho substance, or 4ts toxfc weodurt,
L0 the exleat of sbout 257 of ihe injected dose, MNobte thai ot vue asy the
Lvor walght Zz vp bub thet there hes beer 20 approciable ineresse in dwer
cecllis by 4iis o,

Malo mdec, ~bout 80 duys old, wore used, oix in a group, to follow
detasifiecation with time, Two out of oight aninmals dled in the 3-howr partial-
Yy nepatectoized growp. The resuitn of thess criviiments mre shown in Table 2.
It can be seun that detoxificstion is much morz rapid in males, detaxification
belng cssentiolly complete in three hours whuroas not mush more than 200 =2
curred in females diring the same intervsl., O than other hend, thers 25 vo
sex difforance in the toxda Ymr<la (400 cr femalss versus 420 oo ralee), X4
can also be veon that the partiully hopatectomized male ric? showai e mexked
doorease in detordifination rate for both the 2- and < Z-hmr inter.ald. Hut
vhure 48 no apnreciable sex difference in %hs taxiu lavwsl far the warelally
hensteotondrcd man, :

. . e g o e o e e
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TABLE 1

ASCURULATED LETUAL DOSr AND THREDNMOOR DETOXI;ICATION
OF AET DICHL.ORIDE PO HUBMAL 2ED HuDATCTOHIZED

YENLLE MICE

Pliuge:ator = mortality within three hours after 250 mgm./kgm., |

Cositrel | 2 Hrs. | 1 Day 3 D:ﬁa 1 Yeek | 2 Wenks
 Witnout uos2s2® | auol7s | amlel | 3267 | 370%56 | tarles
conditioning {13) {n 6) (n (8) (8)
dose ‘ )
Aftar dose of | 24e51® | 1657k0 [ 1us%3s | 2uot78 | 223%h | 27L%63
250 mgm./kgn. (¢)] 6) (6) (8) (o) (10)
Detoxified a
(msm, fiegm, ) 89 70 é1 no 103 107
in 3 hours
" Mortality Y2 Y 6/ B | o
$(L1V§r veight |6.032.22 12,142,211 3,702, 39{1.68%.61(5.665.91]6.432 .61
wat
Bigm. fegm:

dencidinator = numbor of animgls used.

CIncludes animala from 1 to 5 hours alft:r hepsteciuuy.

- e v .
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: . 0 .
Four malo mico ware civen 250 man, Seam . ~nd kept. at 3197 G, for ihres

houra.

™o aveorap
mgepm. (Tadle 2) for male mice kept ot 30

7 ¢,

s coowmlated tedc dosa was ©79 ngm. kg, instend of 428
The ivmortence of orvivom-

mental tewperature {1y indicated by ¢ coamprrisan beiwsen these ralwde.

ACERATED

T en

P Y

TABIL 2

(F ART DICHLOUY® T M.LR iTICE

WAL DOST (M, /%GE Y D PETWIFICATION

2 Mowr 2 Hows 3 Hougs
Direct ‘Aftor ACtar; . After
250 mem. ficgm., l 250 mgm.fkepm. | 250 mgm, fcpm.
Rorma) Mice
Accwmlated 2508 |
lothal dose + ,
* 170%21 220N 30449 1128827
Ltoxlfierntion
in state2 sos S0 1345 258
Hepatoctomized (2 Hours)
~Aeccuuulatod 250
lethal dese +
126263 fevens 190258 23570
Detoxificntion coo “seoee 459 100

Smgn. fkegn.

[ oenerkmepat

A method for estimating thes in vivo detocification of AET is yre-

sented.

crease in th? toxic Jevel for male and female xirc.

A moriked sex differenco was found sith m2le animals heing able to
detoxd.fy AET more rapidly.

Partial hepctecton roduced about the .:mo de-

Whereas the dacioaso in

dotoxification was not signifloent for females, tnere wves a asrked docrears
in detaxification in male mico {ollowing oartisd hoepatzctony.

St AN




PHARMACOLOGICAL AND TOX'CQLOGIGAL COMPOURDS AS FROTECTIVE @R
THERAPEUTIC AGRNY. AUGATNYT RADTATION DNJIRY L¥
KXFERLDSHTAL ANDMALS

V. Effect of Sams Prsteotive 3 o) Subou‘mu ad
Inuwwnoal“ugmﬁ_& T ol Hale liice

H. D. Landabl

This report concerns: Polnron'spm.c masurements of subcutaneous and
intveperltones]l saFges lLebsion foliowing asdministration of came compourds which
protect against radiation lethality.

R Immeciste or ultinate apnlication of tha resulte:s To provide infar-
i mation on the mechanisa of scilon of compounds which protect against tim effocts

e of ionizing radiations.
P I N O

. . An avtempt has toan made to estimate the changes in tisaue axygen tersion
Lt of xice following injection of p-amincyropionhucns, serctaonis, glycoaiticile,

‘ malonitrile, 2-smincethrlisothiwroniva dichlwide and msrcaptoothylerine lydrow
chloride. The cdoses injected carrespond te the values ured for wrotoction agd.mt
lethality 1,2). The meamrexsats vers xestly wads st sbout teeniy wirvutes
following injection since thie isx aprraxinately the tims which elapsed froa *he
time of injection af the drug to the uld-pdudnt of the x-irradiatio doee.

’ Engrislsd platinum wire was thresded through nypodermic needles {2k cr

. 25 gauge) which wers thot f1i.ed with resin whils hot. After testing to olimi-

- nates the possibility of clectrical contact betweon wirs snd needlo, the needles
were balad at abcut 130° C. overnight.

Two eich needles were inserted under the skin of the lower back cf a
noi1ge otrapped to & thin plate held oo a ring stand. Small weights of about
S~ 20 grams ilei to suture tiread were fastenud to erch foot with a ali- “not viila
rL “he mouse waa hald in the left hand. The xouse uas placed on the plats =o thav

: the waipht g over the side thus holding the lags spart. A amall strip o
. 7 alucinut foniing an arch in its middle and held tightly on ocne en! was lifted
. up at the othur end vhile the head of :iic rouse was
. . strip was then pressed back to the board with the
.. in position with a clip, The front feet wers pulled forward over ‘he strip
L being held by the weights. 7Tvwo calomel Lalf cells were each
ad one wt vick vas placed over each hind foot wnd held over the font bty a
.- ol'p with light oresswre.

A nodification of tiw siteruatine ourrent wethod (1) ras roliowsd to
messure the oxygen tension. The oyole time of 15 seccnds was divided irto four
: gqmmmwnmdncmw. During the firec peried the pasitive
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curreat (.6 volt auzply) flousd [ron vie pletine Lirough ths tionuc ¢to Ump
caloral helf ocll withont prasing throwel: tho galvoncreier. Durdn the ancond
“nd fourth nhsses no cwrraut, floued. Cevine the thivd phace thn woltere w14
vrovernes (0.6 vi. During the firet nard (1/3) of toir rniae 29 raluycoo.nor
vap wirrioen aad dieting Ao remaindd of. the phese iha galeonoscl:ir was in
sordes.  Tho mesxi=mse cdollcction wizraad, It was about 1.32 4ixes thu valwo
2t tha MWrock Wiiea the Wided paasg caded.  Hzace $he reading represoniod the
value of the cizrant.near the end af thw dhird mhese, althouzh tie actual veliue
dooendy on o eodstted-nvmepn af -tav otirbent frow tho Wos tho ot opened and
the time of the e deftlnetdiw, - TR SRR WY e Viry reprogucible snc
cowld To veed Yo o hnlf par cendt, CJUseeyer, becaucs ol nungtous fectare ihls
maeision could not he ubdli=cd, wWhen the electrodes wer2 in place in & mousme
most succossive readingz Aiffaved Y loag than 24, However, alow drifts fre-
quently occurred which sccacienally smrinted to o3 much as 05, There also
oacmrred oceasional ucarly Aiscontinncua ehanges of the gawe magnitude. Hove-
nsat of the mouse Just alier n recding often hed ne effsct on ¢hs next raeding,
often chenged 1t by a few per ¢omi and lees often changed 1t by substsntial
onounta. If the animal woved within a f ew seconds before the galvonometer
reach2d its maxdiwe, the resding would be substanilally inercssed. These
values were not racorded or if recarded were subsequently ignored. If the
animal, struggled foi mors then about five <cconds, the subsequent readings
were genorally lower, except perhaps the first reading. If pure oxygen was
spnlied for sevaral minutes whan a readinz was low, the reading rerely de-
creased, usuelly rose glightly and occasionglly rose substantially. If the
reading was hizh befare ahministration of the oxygen, the readins usvally in-
creased avpreciably and .ccacionally increased very markedly. These generali-
zations wonld indicato that the circulation in the immediate vicinity of the
electrode veries ag 3s to te expected. For this reason two electrodes were
used in parallel. j

Since terperature mndifies the resmonge of the electrodes and since
the drugs rezult in losp of temcratura covirol, the animals were kept warz
vhile fastened to the plute. uuring long runs 4he rectal temperature was oo-
gerved continually., In moct fnsisnces a mouse was obgerved far about six
minutes with the results during tha first three rdnutes being discarded. The
mouse was injocted with the drug (15 of body welght) and plazad in 2 bax warm
enough t0 rreveat sppreciable losc of tenperature., Mifteen minutes after ine
Jestion the polarsgraphic measwrementa were sgnin zade, Rocts) tesperatures
waro igken hefore and after and nccasiconglly durin- this period.

The reenlis of meanineriants of oxypsn teusions in the sabeutaneous
reglons of the back of the male mouss are shown in Table 1 in microzmparas.
The values in tho £3fth eolum of the talle wi'e the ratles of values frua
treated animale o the control values, Ia the last column the ratlos are
corrocted for the decroase in the reading occurring upon the additioca of the
drug to Tyrode's solution in an amount suw’ficient Yo muke the concen . ation
the rame as the dose in the second columm. If the drugs were wfomly dis-
tributed and the effect on the electrode is the sane in vivo a3 in vitro taey
the Pcorrected ratio” of the nevt to the last eolumn SF ias tabie ~=uld be
sporopriate.  The corregtions me lnear ‘interpoletions between the erdect: ss
0% oxygen end air at 26° C, assuming thai the desired Cuctor is for a valus
of about & oxszeu, In the cese of p-aminoproplophenone a substantial purct
of the polooning cffect ~ ‘he elactrode is duc %0 the propylene glycol used
as the solvent. Only short tern offects are congidered here. Thers sre lons
tevm electrode ~olsoning effocts which could also canse difficulty.
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rrodete sclation withaut glucors ab 7% C, and saturated ab atmoe-
pheris pressura pave sa average reading of 0.66 microamperes, In nitrogen
the crreapending value waz 0.15 giviag m everage sensitivity of 0.25 ja
for & incrermt of 17 in oxypon i“vhouvtaneons tisaue finid eonci=tration,
T4 should bs not:d that ¢ifferent salts havs differant effucts md thare may
be substances which Wsigon the . lrotroda. For example, addiiion of idver
honcgenates chous a congiderahble sffect, On the ather hernd, 0,1 M neutral
btuf?er markedly lu.reases the reading especial’y in tho ebaence of oxygen.

’ If wo azsume that thers 1is no affect on the ~urrent due to tissue
fiuid substances, then we obtain firom ths above considerstioas a vulue of
sbout 6% oxygen tension wihich is'a pisusibloe value, however, this mey cccur
dus to the compensation of two factoras (a) the tendsacy of small movemonts
dus to regpiration z:d hcart haat to increase the current and (b) the mresence
of substances in the tissus fluids that decresse the current,

The values iv the lest colum of che table were obteined assuming that
the censitivity to oxygen in the tissuc fluld wag tho sare, after correctioa
of the drug eflect, as in Tyrode's golution, provided that the reucdings were
normalized to the average noymal current of 0.31 microamperee. Thus the factor
in the lcat colum ( A P/P,), tha relative chauge in the oxygen pressure dve to
the drug ar trectment, is eciinated from the following formulas

In

5= (In - 1)
—— n " - -Q..I; s 5 ’ )l anp
Py 2 &P o # cayger
or
N . .
...‘.%.'.’.. - % "'onl‘ .‘.“Tn...z. - 21x (corrected rstion),

waere (I, - I)/In i3 tho corrzcted ratio, S the panzitivity in < rodo's so-
lution, 'I’n the normal current, I tho curren! after aiministration of ‘ha Arug,
P, and P the oxyzon tansicng in per ccat oxypen iwfeore and arter injection of

o drug. lere S = 0.025, I, = 0,32 and b, 19 taken to e 6 which 48 & v.luz
one obtaing on equilitwrating air .or nitrogsn bubbles under the si.in of the .acks
of rats for vour hours. It should be umpha:ized that the caleuiaticn represcats
an attempt to eliminate soma of the factors involved and is no better than the
assumotions made. : ) ’ : .

From the standard deviation of the unocrrecied ratic far PAFP it cat be
caloulated that the retio is not quite siguificantly rdffevent from wnity, When
the correction is made the differonce is not simifio-nt tut it 4s of interes+
to calculite the coarrespouiing relaiive desrease in ovygen teaston., The value
of 0.20 lies in a f4dunial range of 2C:’y from a 1elative increase of 0,12 to a
gcc:;:.a:r ef 2,5. The poinis out the difffculty in :stimating the cusnges duo

o Uy .
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R The values of the change after cdministratios of 55 or 10 ux:gen wore
Lo nore constant since the changes were measured diring such a-sha. i Luw. When
. the anima’ wae quiet and constant readings wers »riug recorded, the rxiiomd

oxygen mirture was administered without disturbing the animal for a pering of
s i . about wree minutes. Most of the change vas within the first wmirute, Ths
R readings for two minutes just befor and for two minutes followlnyg three
; minutes of air were sveraged to obtuin a refarence fa the third minuts read-
ings wvith reduced axygen. Iun tim cese of reduced oxygen culy three uice were
used for sanh axygen tensim, thesa beiag 12 and 17 geparais abservetions for
the 5% and the 109 oxyzen .mision raspectively. It can.be sesn that ths drop
from 218 to 10{ Oy reduces tho subcuteneous tension by about the same factor
as does ths roductiou from 10% to 5§ Oy, In this couiection it may be pointed
out that it renuires a substentia:i reduction in oxygen tension to produce any
appreciable protection.

A few obsorvaicus were made on the intraperitonsal oxygen teusicn,
The control values were not scbstantially different from the suhcutansous
values nor was there any evident change yroduced after serotonin or g]yco-
aitrile had becn given. .

A fow animals vhich had been given p-aminoproplophencae 15 to 35
miutes praeviously were given 1007 oxygen for thres miuutes to nbserve changes -
in the polarographic readings. The results of fouwr resdings wers O, 8, 10 and
33% increases in the resdings obtained dus to administratiom of the axygoen.
These values zre erratic as in the case of narmal sximals mentioned above, The
incrauses are, on the average, about sufficient to cancel tio decresse dus t¢
the drug but, in view of the variability in both valuss, nut much cax be con- ’
cluded from this finding. ‘

Although the substances mentioned absve produca some ;I.nhdmtiu@ o tact
\ oa the piatinum clectrode, the effect is quickly ruversed. Haouever, with « -
A nusber of sulfhydiyl compounds the pcisoning effect is not only large but mwy
bs very glowly roversed. In order to estimate the coypen tenosion followlug
s ‘injection, it is neceasery tc astimate the concentration of the drug near the
S electrode and then know that the factor to be applied is not modified Yy cther
U substances which are in the subcutansous fluid. In the case of the drugs listed
: ‘ above the factor was not too large and, therefore, the sscurptions made in using
the correctioa fector are not too restrictive. Ir the case of the sulfhydryl
compounds tested this 15 unfortunately not trus. The vstimated vsluss for the
e oxypen tension ore very doubiful. with these quulincauona the results of &
" fow ohiecvatious are given. Usiog Tyrode's solution at 37° C. tha ivuwstion
o factors for AST (225 mg»./vam.) and MRA {200 wugm./«ga.) were respectively 04O
and 0.i5 in nitropen but were 0.31 and 0.33 in aerated solutions. These valves
- are not, very sensitive to concentratisn. A Vinear interpolation for 6% oxyyen
glves ratios 0,37 and O.43. The average oxygen tensiocn current readings ten
minutes aftor injection of AET ar MFA wers 0.42 and 0.32 respectively relative
to the ccntrol valve, Thus for AET the reducilon in vive 1s about the ssms as
that in vitro while for !EA the in vivo factor {3 somswhat smeller ian that
obtrined In vitro. In view of the uwacertainties discussed sbove one camod
conclude That Thero is any chanre in oxygen tensior followinz adminimtration
- ' of these d>ugs,
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A fow obgervalicns on the time course of ihe polaropravhic rendings
folicwing iniraperitonesl injecticn of AET ghowed a rathcr ranid drop in the
iirgt fov rinutes, there being relatively little change from 1S 5 30 wduntos
but & very siow inoresse tharss’tar Ths veadivie nada inareperi wneslly at
tuenty minutes were avout ths ssme cr pechaps hisher than the carresponding
subcutaneous valuss. Wuen 70 %7a. Sigm. were given intravencvaly over a 30.-
socond interval, ths subcutaneoug rosdings were dowm by the 23d of the in-

Jection, continued to rall rapidly for sbout a sinnte, then slowly foar sevaral
minutes thereaftar.

Folarographic -ssuwrenrnts failed to show that serotonin, glyconitrile
or ralanoniirile reduce tha oxygen tension of tissues. p-Aminopropicphsnone
snoved a rrobabls dcorease. For various rearons jt was not possible t7 elimi-
nete the possibility that PAFF way reduce the tension rather markedly. It was
not possible to draw any ccnclusions rerarding the effect nf 2-aminoethyliso-
thiuronium dichloride or morcaptoethylamine hydrochloride on the cxygen tension
of tiasuos becaune the poissouing effect on the alectrodes in vivo 1s comparabls

to that in vitro.
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PHARMACOLOGICAL AND TOXICOLOGICAL COUPOMRDS 3 FROTEGTIVE (R
THERAPEUTIC AUENTS ~ AINST RADIATIC: THJURS IN
EXPPRIMTAL ANDMALS

VI. On the Role of Temrerature in Radicgensitivity and
‘Ratioprotection in H'~a

4, D. Landahl and A. T. H&ae‘{ﬁ'ﬁ'f

This report concernss The effect of starvation on tamperature control,
the eltect of boiy tusuerilwe of starved mice on sengitivity tc radiation, the
effect of radioprotective comnounds on temperature regulation end the effect of
tempacature on the toxleity of come radioprotective sompounds.

Im:ncdiate or uitimate spplication of the remults: To provide infor-
mation on the role of environmental and body temperature in radiosensitivity
and in tho toxic effects of scme radiation protecting corpcunds with a posdblo
rosuliing increase in the therapeutic index for protection.

LA 28 BB 2R 3 2 2K

Environumental tewperaturs plevs & relatively small role in survival
af¢ar radistion of normal rats (1), Normal mice, however, maintsin their
temparature fzirly well over a wide range of enviroamental tarpersiurss. .
Starved rmice, on tze other hsnd, lose the ability to repulate {lemparaturs.
Purtheaors,, most radioprotective compounds seriously interfers vith tempsrs~
ture eantrol. As a result the body temperature at the time of trradistion ~an
be variad ovy* & wide ranpa. The protectirze powsr &f 4 drig casr thus be
measar-d fur verious valusae . nady teuperature. The vaiue of the body temp-
eraturo whicn 18 malntained nay determine the masirnm level of the effcetive
subctanse #8 well as the dursticn of its effect (3). This latter statement
implies that, in genoral, tho tuxic effect will also depend upon temperature.
Since *ho tori¢ coanenent of drugs may well be different from the protective
component, tha tino course of the body temperatwre ma; affect the toxlcity
and th: rrot-:cti.a acilon differently, Thne it may be possible to marimive
the thorapextin raclo for protecction by proper chxice ¢f the Leapor ws pattera
for tho body gorperaturs.

Eflcct of ydrrodi:ilon snd storuatfon on recval temperiture of mice
kopt. at Toom Tomperature (22° to 267 (,). Female mice were exnosed o various
levels of x-irraciation rnd their roctal temperaturs uss followed in the mornings
snd afternoons. All exposed mice were starve! [vilowing irradiatior. The re-
sults of meusurerents on groups sach containing wight mise are ahown In PMgw'e )
where it may be szecn that unexpoged, strived adce lose tempor.ture control. "his
is cspecially marked when measur:meus are made in the morningy., Care muLt oo
exercised +o avoid stimlet’ (¢ “Lic nuice oo much in handlinp sinec this rer re
sult in a substantial temperatura incrcas3. It ic aiso to be noted that ¢he
irradiasted rc~e {800 r or greatar doses) show only a .u1ll loss in t.pernture.
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A repotition of the marning meagurements as made using Cour mals and
four fama)e wdoe in cach gronp. Tyo additional grours given 600 r were in-
cluded. The Jesults wers more variable dug to ths small numbers of anim.le
ussd but the gemeral rezultc were *“e game exoept that the starved ceutrol
msle mice showed lesy tamperature Avccease the first day. The readings for
the 600 r groups wers lower this the values for any other dose with wne ex-

. ception. Tho sverage of the results frca the four mals and four fecale mice
at 600 r have besn added to the data of the firit expariment and are inclutsd

in nm 1.
Bffect of x-irradiation sid starvation on rectal % ature of mice
ed To hcat erd cold. e o8, group, wire ax-
pos cold alter withdraval of food. The rectal tewperatures were

recordsd every hslf i.or far 2.5 hours. The results are shoum in Figwre 2.
The results far males and females are shown separately and i) may be seen
that Uiere was liitls sex diffarence. The unstarved animals showed a de-
crease in the first half hour and then only a slight decrease thereafter.

In other control groups these treuds d- not show up. The immediate drop de-
pends upon handling to soms extent. If the unstarved mice are handled, their
temperatures are slightly increased and this inorease rapidly disappears. The
effect of handling also shows up in the next days. Theee mice were handlad
for other purposss and lence their temperatures were up imitially. After cus
or two days without foou the temperature dropred substantialiy.

Female mice in gvoups of four wore given variows doses of X-rays and
subgeotently exposed to heat or cold. The rasults of these measurements at the
third dsy after x-ray are shown in Figure 3. All groups behaved essentinlly
the samo whon axvosed to heat except that some of the 10,000 r animals died
within a2 howr after exmcsure to heat. The reaction to exposure to cold wis
sibstantially independenit of dose excspt tliat agein soms of the irradisten
animals died within threso howrs after the start of exvommre 9 cold.

It should be emphasised that the temperature shanges depend on the ex-
tent of handling when the temperatures are taken, the nmber of mice in each
group, the matsrials from which tha ceges are made, the presence or atasnce ¢
drafts and other gimilar factors. Thess factors vill not be considered hore.

Effect of (liﬂ%'ﬂfﬂl'. chango inducad bty starvation on survival aftes
x-irradiaticn. ] Co Wers s € or Two 78 R EIE <XDCITU  wu vir?ous
Icvels of x-Irradiation while either warmed to normal body iemperature oar ~ncled
to low body temperatures. One group of mice was kept uarm before and duriny exe
posure to x-rays. They were oxposed in perforated, plastic cartoms in a coustaat
temperature box at 30° C. At the end of exposmrs their teperstwes ware measured.
The mean vaiues far the aubgroups exvosed to 520 r, 600 r, 700 r and 800 r wers
37.6, 37.7, 37.7 and 36.5° C, respectively. Thurinyh s uror, the hox teapers.
ture of the 800 r group dropped to 26° C. at the end of the expesne. Mice Lu a
socond group wers placed in psrfarated plastic tubes amd kapt in a cunstart
{emperature box at sbout 52 C. for a half hour aad then mmoged to x-rays whil-
in the cold bux. Reotal to-pcruatwrc was nieasured at the end of tbs expoms 4.
x-irradiation. The mean values for tha 320 r to 300 r groups were 22.0, 2k.5,
26.7 and 27.29 C. recpectively. The survival curves are shown in H,wes 4 and
S Thers were twelve mice in each gromp exvevt for the 820 p group 1a vhich
there werc osight wmice.
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LEure 3

Effoct of X-irradinticn and Starvation Sn the Rectal .
Temperature of Female Mice Exvonred to Heut or
Cold Tivrea Lays After Irradistion
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Figure S

Effec. of Rectal Termperature During Exposure
4o Irradiation on Survival of Starved
Hale Mice
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Urord wan conaddaeabla verdohlen La tho peckal tesmeraltea jetuecn

Indlvioned sdue,  Tu lavee revt thla wan dun bo Shn ateugeling e tne plastic
wber.  Thoan mlas whieh rirusaded Yang b chowed e glownst dron in ey
terporeture, Foaneo thw rdee wors magesd o dotorming 2 prosihle corrslation

stwear survivel and Clned voetal damnerature,  The reculiiz were i.-conclurr‘.'.ze.
Thore van only & swrpestden chow Lhene mleo uith kody temperatwers arourd 232 C.
did the Loal.

A aommmelseon botwton the abews rasullte on sbarved mige md other data
from thie leboratery obinined ab about tha gime time Ladicate that the starved
mice which are kept ware ara mere suraitive o0 raciation than normal mice. The
animals which received 600 r died eorlier than normal czitrols wihleh have sn
STgg of about nine dayc, Aboat cue-hzlf of the 520 » rormal animalc would bLie
expncted Yo survive while a fev of thome recolving 800 » wonld be expected %o
survive, - :

Temperature chanyres following adrdniatration of cuhlethal doses of
radiomratactive 2ad 1elated non-orotcetive camnounds. Since the body tempers-
twes ryy ploy o role dn protechicd and since Lne extent and duration of the
body temporatwre reflects tha In vivo inaetivation of an adninisiered drug or
its producto, it scemed desirabia fo follow the tiie cowrse of body temperature
folloving acdministration of o numher of dieugs which protect. A tempsrature of
24° C. weg chosen as tho envirenmental temperature for animals following :ntra-
peritonea’ administraticn of %ho various drugs. The results, using three female
mice [or cach rug, are zi.own in Figures 6, 7 and 8, Tie uumbers afier the name
of the drug in the figurez are the doser in milliprems per kilogram used. These
valuey ara those used in the sarcering program (2,3). The ratios following the
dose level are nmortnlity ratios for protected male mice given 800 r. It can be
scen Irom the figures that tho compourds which srotect all produce a rather
narlzed loos in temperatiwre couirel when the dose 48 in the ranve whish shows
protection. It may be 2dded that reduced oryy-en tension alco resulis in loss
of #eueeratwa contynl, Chlovpromazine, which has no apmrecisble protective
vslue, oroZuses a marked loss in temperature, althonrh mave elevly then the
athorn,

Recovery from 1069 in tompovsives can be hastened by stimulation.
Hence i% rdeht hivo buen batter to hava introduced a low level, periodic
stimlaticn ¢o reduce the time lag btatuwecn the obsarved temrerature and the
intrinsic factors involved in the temperstwre control. Since s number of cdruzs
were injorted cieor a period of Lime and the aninals were 2131 kept in the spare
container. the disturbances resuliing from maasuriny rectad tewporalin L wire
hardly rendom. Hence there muy have resuliei sn appreciable amcunt of system-
atic error iu addition to random arror. An ides of the latter vard Wilddy S0
indicatad from the averope gtandard devintion for the one~howr readings which
wa3 1,59 ¢, or a standaxtd errtr of U,9¢ . for the averuge point at one hour.

Effoct of % temperaturo ot time of trdan stion on protcctamn. A faw
peelirdnery observatlaong nave ‘alicd o tnow Thab “he BOAy temperatine at the
time of radlation has much offect cn protection in onntraat to the effect 3r
stmrrid arimels, Roswlts Zrem gdxteon mies givgﬁ 228 mom, femn. of ART teenty
rdnutes befora n rapid oxpnen-c 49 xeray (750 r){snm;cd no cifferengz 'n mrr.
vival brtucen thoga kept et about 259 C. v preveni loos in bory tamperaturs
and thacr porr’ tted to drop abmut G derrsrs 'nci':}‘r. helis evroged,  Sin'ler
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treawent with eizht mice per gre, uwing propviecte plysa (i3 bady weight)
failed tn show any differcace beturen tzope kept near 37° C. and these chilled
80 that thelr temperatutres dropped as~ut 69 €. In the case of male mice pre-
treated (20 minute:) with PASP and then glven 840 r ths -dey survival
for the warm (36 C.) an tha e2'2 {akout 319 C.) were both 6/32. In “os case
of famales the carresconding xurvivals were 2/12 ad 6/12 zygesting & slight
benaficlal effect of cold in thiz case. Another syrerinent vsing 70C r gave
6/8 and 8/8 surviving tar thosz at 370 C. and 31% G. respectively. Nota bz
elsevhere in this repart resulbs with ssrotoain fail o srow that decrease in
body temperalure at the time of raii:iien increases protection., 14 sholld be
empilasized that theze wreliminary results are ifpzdeqvate to deaw oy conclue
sions.

Effeszt of ervirormental temperature on toxdcity of AET and iEA. The
therascuule ravio con be increased altarr by incressing the pratective vown
of the drug or by decressing the taxicity. The following cheervatiors mey
contribute townrds the litier geal. Scaue mrelinminary excerimsets om the «ffact
of ecvirenmental temperature on the Loxicity of AET and MEA are glwvem in
Tabls 1. The eninala given AET at 30° C. were kept in e constint tempersture
bax foar three hours or lenger, then carefully transferced te ecages which wese
kept falrly cluce tc 30° C, Zar a week. Mast deatas occwred witddn the thrse-
hour period, there beiny almcgt nc deaths after the first dey. The animals
given AET at 19° C. were kept at this temper-tire for L bows in metal cages,
with cue ar “wo animals to the cayge. Ther vere then tracsferrsd t3 the ealosl
quarters (20 to 269 C.). A% the nighest dose most deaths ocourred sm the firwvt
day while at the lou2st doee moal cdeaths cecirred on the third dey. In txis
latter cise o =nimuls lost Lemperature smd those failing te recover tuvpers-
ture contiol ty ke senond dzy were lixely ta dis scon eftor being pleesd 3~
groups in a sli-iily warmer plece. The lata indicate that the LDg, et 32° C.
is about L20 mgm./kgm. whdle at 199 C. tne valie is ahowt 330 wem./kgm. Iu
the former crue the enimals ¢. . 09t b Zondled to oy extant or they wiil
convulse. Thare are some irdfza*ions that oy keaping tiem ceal at firss thoy
ean be handled with lese risk.,

In tue case of tho datz on XA the animals were treated tie same as
these piven AET excen® that they vers vent at 309 2. iz the eonciant tampera-
ture tax for 2 minfzm of twelve hectra. The animalg piven “FX at 220 ¢ wers
“opt @t tals teunerature for sbowt four hours ther left in 2 ==m o' | . _ Leiners-
ture ravmiue from 2C to °5° C. The datz in Table 1 indiesic that the Llyc at
300 C. 13 abeut 380 mpm./eom. while at 220 C. it is about 530 mgm Apm.  The
valus at 22 demraes is nol necessarily +oc miniaum valum, taousn wesumubly o4
substmtially lower tesmperatires the taxicity is {ncreassd.

The sbove resclty inidcate the imparesst o~le that envircoowertal terper -
ture emn nlay im the toxizity of Umee druge. Hote that both mraduc. prouvcizedd
loss of tempeitare control which may accemkunto the effect of encirc.semial.
teaperatwre.

[
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TABLE 1
EFITCT €7 ENVIRONMENTAL TRMPENATURES (O .
TOXICITY OF MEA AND AET
HEI (m»ks‘o) 300 350 hOO 5(!) m s sas s soe Joes o0
Mortality | At 22%. § 0/18....}0/6 lo/8 qu11 JUTRY UURY U DU DTS N
rmo ‘t 3000. 1/1022/10 7/10 see Mt s sve ave ene e o
g
R T
AET (mgm./kgm.) 225 $250 |275 {300 | 325 |96 | 375] koo ju2s 450} LTS
Ce)
o wartadity | A 1996, 1 1/6 |3/3001 /005 vee | corel ene e e docu b ee t e
- o ratdo [, 3% ... |....]0/6 o6 | s8] 2/9] 2791 3/9 | sr9 | 679 st
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Starved animals kept at normal body temper:sture aro more sensitive b
x-rays than are those which are allowed to0 lose hody temperature. Tms
effect i3 soon at exposures fram 520 to BOO 1.

Animals gdvea protoctive doses of a number of protecting drugs all sheted
loss of temperature control. Iinet of the druge indicented a ctart towaru
vrecovery of lost temperature at Lwd houra.

Environmental temperature has a pronouncod effect on thn 1oy:Lc‘+,; of AET
and MEA. Changing the envircnmental temperatvre from 19 to 30° C. in-
creases the LDgy for ART by abwui 60%. Cannging the environmental tempera-
ture fyam 30 tg 2"° C. inorsacas the ungo for ME. 2y about u5%-

Roferences

Haseprawa, A., and Doull, J«; USAF Radiation Lab. erterly Progress Report
N3 15, Aml 15, 1955’ P 75;

Dodll, J., Fleak, V., and Brois, S. J., USAP Radiation Lab, Screening
Program Status Report Yo. 1, February, 1959.

Tricon, B. J., and Doull, J., USAF Radiatdon Lab. Quarterly Progress He-
pord Wo. 3k, January 15, 1950,
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TS INFLOENCE OF £XPUGURE TO LW LEVZLS OF GAMMA AND FAST
NREUTRON ITRADIATION (M THE LIFE SPAN CP MICE

1. Studies on ths Use of DauLy Radiation tc Death ae & Means of

luiuqﬁ the Fffects of fracticnatlon Protraciion and
: cprotective Agents on tis ﬁ?. ﬁm of
Irradia Mce

. Neble, v, Doull. V. Plsak, M. Root and ¢. Cowsn

This renort cnncerns: Preliminavy siudies to determine the median
survival time of mice given radiation exposures under verylag conditions and
subsequently exposed toduily gamme irradiation st a dose rate of 225 rep/
veeak. . . )

Imeediste or ultimats applicatior of the resulta: It is anticlpated
thzt the techniques deascribed in this report vwiii permit & more ropid evala-
aticn of ths effecta of fractionation, protraction and redioprotuictive agents
on the residusl injury follcwing reifetion exposure. Since fewe: animsls and
considerably less time are crsguired in this procedure for obtaining life span
data, the svaluation of the various parsmetsars infiuencing chronic irradistion
studies nay be facilitated.

* *wEhrRAe

Previous svaudies in this leborstory (1,2} heve domonstcated that dally
radiztion te death at the rate of 4O »/day (vhols body x-irradistion) veginning
three to four weeks of ier a primery or tesat exvosure can be wsed to Jutein
couparative daia on the 1lif- epan & 2rtening vrocuced by the primary radiation
expusure. This procedure ie similar to the split.dose technique except that
the second dose of radiatich 1s replaced by daily radiation to death. The
residual injury is estimated on the banis of the shortening of the medisn sur~
vival time rather than by determining the shift in the IDgg of the irradisted
animals lUsing this technique, {t wes fouad that x-ray doses of 100 r to 40O r
produced & decrease in the SI‘59 £ 152 to J7f and that the eifect was related
to the test iose administered [1), Furthsr stuiles demonstrated +* * the pro-
traction of the teat dose through twenty davs raduced tha affect on the 31'50
by nearly 35% and that the efiest of protiraction was independant of the sie
of the test dose within the range emploed (2). SYince these studies Indicate !
that 1ife epan shortening nsy be inrestigated Ly this procedure and uhast mod?
Tication of the test dose can be detected and quantitated, it was of interest
to investigate the effacts of soms of the radinnrotective agents on 1ife spa.
shortening. For these studiec mice were exposcd to rediation doe . which w aud
be expected to produce minimal acute radistior mortailty and the S'P;O of the
treated onimals was compsred with that of untrested contrel groups.” Since tae

cobalt 60 feeility of this lahnwatory 4s moie suizab.e Ior studiss of this t o,

all of these studies huve beer conavcied using gmema rather thar x-1:,aaiailer . ;
Tn addition, studies sre in progreas to compare the cffect of 10-day, <U-day,

iO-day wt G0O.day protraction of the rodiation cise on the STgg of qamma i
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irradiated wice. Since considereble information on the effccts of dose pro-
traction han been obralned in this lxtoratcsy ani i others, the valldity of
the rrasent technique cen be veritied rom these mtudiss. Thic wovld bLe
facilitated, howsver, if information on the LD5y for protracted radiation ex-
posures under our experimental conditions weive avsilable. The present reper
contains tho resu)ts of ceveral preiciinary siudies o obtun tais infor-
mation.

Materials and Methods. Adult male gnd feanla CFy mice were amployed
for these studies. The animals werc a1l approxuately sixty days of age st
the time of the firet radintion exposwre (primary dese). Bath the control
and experimental. groups were scleatsd from single shipments of mice in ovder
ts minimize varistion in age, waight and general phyeical condition. The
animals were housed in stainless steel mesh bottom cages and provided with
food (Rockland Mouss Pallets) and water ad libitum throughout the study.
Each group contained originally sixteen animals divided into two groups each
of which was housed separateiy-

The radiation exposurs:; were aduninistered in the cobalt irradiation
rag&lity of this laboratory (3) and the distsnce of the mice from the 10 curie
Co®Y source was adjusted no that the doily irradiation was given at the rate
of 5.3 rep/minute. Since the mice were exposed for seven minutes each day,
six dsys a week, the totsl weokly irradiation dosage was 225 rep of whole body
gamna irradirtion., The mice vers irradiated 4ia individual plastic tubee which
were placed a a circle having tha source as its center, Dosimetry measurements
were made at 2ach animal expounrz position using & 25 r Victoreen lonization
Tnimele provided with a8 2.5 mm. lucite cover znd 1t was found that there was
no eignificant variation in the dosage rate recoived at any of the irradiation
positions. Thedvuration of cach daily sxposure was controlled by means of an
interval timer which actvated the elevating mechanism for the source and in-
sured the accuracy of the radistion expossure period to less than one second.
The environments) temperszture of the irradintion facility was maintaincid tee
tween 759 F. and BO° F, and t-¢ same ‘emperaiuce was malntained within the
anime) rooms where the nmice were kept between racdlation exposurea.

To deternine the effect of pretreating the animala with radloprotective
agents, groupc of eixteer male nize were given th: following comoounds ten %o
fifteen minutes prior to the adniaistrition of the test radiation cose: 2-aminc-
ethyligothiuroniuw (225 mpm./kgm. of d'ehloridis salt), p~-aminosropiophenone
(30 mgm. /kgm. ). seratonin (10 mos,/vem. of 4he cueatinine sulfats o~ ‘lax) and
hydroxyscetonitrile {(5.C mgm./kgm.). The mice were then sxnosed to the test
radiztion doses of 100 rsp through 1,100 12p of vhole body gemma Irradizticn.
Contrsl ‘mice (injected witn the vaehicle only) Were simultanzously exscced to
radiztion dosss of 107 rep to 600 rep snd the trested and control grow.s of
mice were then permitted to recover four four weeks follewing which time both
groups were exposed daily to 37.8 rep of gamns rsdiation six daya a week until
death. Mortality observstior:c urre mads 2aliy &id orobit mortalliy .lots wern
consiructed to determine the Tgy for each of the control and treated grouvs,

To inwrestigate ths effects of protractinz uii <hie rzsidus) iajury and
recovery rate, groups of .tuelve fenales mice wera piven rodiation expotives of
107 rep, 21 rep, 322 rep, LZ9 rep end 536 rep adminiciered (1) as a wingle
raaiation expcacre, (2) over a period of ten days, und (3) over peri--is of

R R e
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forty ar? (L) eighty days. Iiie aice in esch ¢’ these four groups were al-
lowed > mecover for four weeks rollowing their last raiistion erxposurs and
vers then »iwen dnily radfstion vo dearr 12 the same manner as Zdsscribd
above. A uiiditivmal control gre < of mice which rscelved no iiat dose of
Tadiation was alszo lncluded in thess studies. The medion survival ae for
sach of these groups was then .omputed using probit aor:tslity plots. Sta-
tistical malysis of the survival dsta wvas then carried oul accosding to
methods previously Jescribed (1.2). .

axperimental

Use of the daily irradistfon to desth technigus to svaluate the resi-
dual ;Eniu In wice s.poged Lo various doses ol whole %? guans_irradistion

ﬁmout the m';or adminlstration of verlous radioprotsctivs agents.
For iLiese s tudlea groupa of mice (cach of whlch sontained sixteen animsis)
wvers given rrotective doses of 2.akindethylisothiuroniua (AET), p-aminopro-
piophsncne (PAPP), hydroxyacetoritrile (HAH) and serotonin (S~-HT) immediately
prior to the adminiatration of single whalo-body gmuma exppsures of 100 r to
1000 r and after a delay (recovery period) of four wseks were irrsdiated dauy
until death. A similar group of sixtesn mice were injected with the suspend-
ing vehicle for aach o! the protective agents and irradisted simultaneously
with the treated mice. The control group of mice for these s tudies received
no nrimary dose of irradiation but were startsd in the irradiution to death
¢ycle at the same time 18 tne trazted and i:radisted groups. Unfortunately it -
has boen necessary to repeat the irradiation to death in the control group (O0r)
due to the accidentsl loss 5f mice from several of theae groups and hence the
resulte of ths repeat axcesiment are not yet complets smd the survival data on
these aanimals fo not included in the graphs. The resulty of the stedles in tro
rensining zroup ars zhawn in Pigures 1 throvgh 5. .

In Figure 1 is shcowi. ths eftect of 1ncreuing doses of gemma irradi-
ation on the survival of mice exposed to daily gsmma irradiation to desth. Half
of the mice exposed to 500 r and 700 r of gwema irradiation died within the
L~week recovery period. With the lower doses of primary pamma irradiation
there was a shortening of the median survival tise which was related to the
magnitude of the pnrimary radiation dose. A probsbility plod of the number sur-
viving against the days of succossive daily irradiation nrovided an 3Tgp of
1l.3 weeks for the mice given 100 r in the prinay dosz, 12.5 weens .or the
20N r group, 12.% weeks for the 300 r group and 11.0 weeks for the 400 r .Toup.

In Flgure 2 1is shewvn the surtval dita cbtained in mice which were given
6.0 mgn. Agr. of hydroxyacetonitrile prior to the administration of the primary
dose of gamma irradiatiun. The ability of this comvornd to protect ageluat the
acute lethality of whols body x-irradiation is ~v.dent in that the snimals e
posed to S0 rand 700 r exhibited a mortslity of 12%and 19% respestively
whereas the control mice givsn these doses of y»ma irradizt ion cxporien:ed [
mortality of nearly 50f. The ringe of radiation cosape l:=vels employed Jor
these stuvdies is not suffi.ienciy iarge to permii the calculaticin of dnez re~
duction fectors based on the V-day rwriality bul i might Le estimated frea
the availabls data that the HAN adminisiration sedn.sd the radiatioc.. unsege by
about half »n terms of ths acute lethality. Subassguent exposure of these animsls : '
to daily gewma irradia:ion to death, however, doss not provide any evidence for
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protective nffecto ageingt Lile zpan uhovrtaniaz. Probit sortulfty plots o’
tho data included in this groph dndiested that the “Tgp for ths uice glven
100 r of gwma drradistion wae apnroximately 9.8 weath, thut of tha alce ex
posed 0 00 r was 9,0 weoka, nd thet the $Tgy of the mice expesed to [
md 700 r of gemas irradistion wae 0.5 ond 6.0 wenko respratively. Thus the
nadian survival time of mice treaten silth hydroxyncelonit-lle prior to the
administration of various primary rsujation cxnomures is shertaned in come
parison to that of animnls given tha naua redintion cosos without the pro-
tective treatzent. Thesa etudies would sugpent that a) though HAN i3 ef-
feotive in reducing thre 3 O-day mortility of wiwie pody -adlotion exposure,
1t does not prevent the chrenic irrsdictdon uffects of radiation exposure
(at least in so far as 1ife span :hrriening is indicative of such effects).

In Figure 3 18 sesn the resultis of ginilar exucriments carried out to
evaluate the sbility ~f p—sminopropiophanone to provide protection against the
shoztening of the life spon by whole body radiation. The ability of PAPP 20
partislly protect against the ncute lethslity of «hole body irradiation is evi-
dent vhen the mortelity of the PAlP.trested oninals is compared at thirty doye
with that of the controls given the some radiation doses. However; the STgo
of the PAPP-treated mice csubjected to the dally irradiation to death technique
was not as long 38 that ol the control animals given comparable doses of radi-
ation within the protsctive treatment. Thus, the STyp ol the mice exposed to
a primary dose of 100 r ¢ftar the PAP? treatment wms 12.) weels snd the PATP-
treated mice which receivred a primary dose of 200 v exhibited & medien survival
time of 10.0 wseks. STgp values of 7.0 and 9.2 weeks were obtained in the mice
vhich were treated with PAPP aid then glven primary radiation doses of 300 r
ard 500 r. It 18 evident from thesc results that PAPP 1s capabls of protecting
irradiated nice sgainst some ol the acute lethal effects of radiation exposure
but that it does not prevent the lile spen shortening associated with radiation
exposire.

Radi-ticn dosage levels of 100 r, 200 r, 500 r, 700 », 200 r and 1007 =
were used to investigete the ~“ility ol AET to prevent life spen shortening in
irrediated idce, The rosulis of these studies sre showm in Figure L. The marked
radioprotective sctivity of this compound sgainat the acute lethal effects of
redizt.ion exnosurs 18 evident when the mortality of the AET.trezted mice is
comprred with thet of the control 4irradizted gronps at thirty doys after the
irradiation exposurc. From the results presented in Figures 1 ead | 4t can be
estiznied that the AZT administration reduced the effective radiation dosz by
about 50f. .lthough the survival data ave still incemplets, 3% anpcss. :hat
the A7 administration alvo ceugsed some orolancation of the midian survival
tine vhen th animals vere given daily irruclation to death. In the animals
which vere treated with AET prior to a neinary raulation exposure of 100 =
the ST;O wvas 15.2 daye. Tossze lcvels ol ¢00 r, 500 » and 70C r of garma ir-
‘radiation resulizd in STgp velues of 1L.9 weeks, 13.0 weeks and 12.3 weeka in
the AET-treated animals. The effective dose rednntian factor present wnder
these experirmontal conditions cannt be determinea st present sirce .usuffi.
cient moriality dsta has been accumilated.

All of the groups of mice which wers trusted wuin sersatonin prior tn
the orimary radiation exposurs exhibited sarly morisliiy dus tc the chemical
toxicity of the drug ad 1t will be necessery to repest these studles vsiang a
1eans dossge 1nval of merotonin. It can be seen, huuever, from the res.ilts
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presentied in Pigure S that the STge =i the sarctanin-trestad mice gives o
prissry radiation exposure of 100" v vas ahout thisteson wesks and the’ the
wedian swvival time of the mice exposed tu e JOO » wrimery radiaticn dose
was about twelve weeks. Thus it would sppser ca the basin of these s tudies
that serotonin administration does not prevant the 1ife spen shortening
following raistion exposure in miue.

The results of the studiss included ir this report are preliminary
and additions) studies sre in rrogress in which a wider range of dnsage
levels are being tesied. Analysis of the life .zan shortsning dsta from
thees studies md the additional etudies in progreas must swailt the sccuma-
lation of mortality data from the 0 r contrl grouwps. It ie posaible, hows
over, to cbtain some indication of the effects of theae protective agents by
plotting the median survivel time of the treated and control groups againet
the orimary irradiation dossge level. In Pigure 5 is shown the results ob-
tained with the protective agents PAPP, HAN and AET. It can be geen that the
dose response curves are wpproximastely linear. It is 2o evident that the
treataent with AET prolongs ths 1life span of the irradiated mice at all of
the dosage levels empioyed (primsry irradiation) while treatment with elther .
PAPP or HAN shorten the median 1ife svan of the irrsdiatad animals.

Rffect of protraction of the prim radistion o “the redian
survival tire of ﬁﬁu{- . ee scries of

were inc in o8 contained five groupe of
twelve feasle mice wvhi:h were given total primary radistion exposuras of 107
rep, 214 rep, 322 rep, L29 rep and $36 rep of vhole body gawms irradistion.
3eriss A received these doses in 2 period of tea daye, ssries 2 received the
same doses over a period 2f forty days, and seriss C were given these redi-
ation exposures in a oeriod of wlghty deye. Four waaks sf'ter the lest radi.
avion mxvosure all of s animals ware atarted ca the deily radiaticn to deasls
program at & dose rate of 37.5 rep/day for six cays a week giving a w0isl waek-
1y radiation dose of 225 rep. At the present time these snimsls have dcmwa-
lated about ten weeks of dai’y radis*ion sad mortality is beginning tc appesr
in the groups vhich wsre given the largest primary radiation exposures. 3inoe
there 1s 1ittle difference currently between the 10- and LO-day protraction
serles, 1t 13 upparent thst any evalustion of the protraction effedts are pre-
maturs. The statisticel analysis of the mortalily data {:za thesc studies ’
vill appear in subsequent reports from this laboratory. i

In sidition to investizating the efiects of protraction by = s of
the daily redistion to desth procedure, studies have slsc besn initiatad to
determine the LD5p for protracted gema radistion exposures in the hope .uat
this informstion can be used to evaluste the validity of the rsatstion to
death technique as & means for messiring residusl tnjury in chronicelly ir.
rediated snimals. For these otuliee groupe of ssle snd femsle mice, eech of
vhich consisted of 16 or 32 animaly vers exposed to daily doses of 90 rep,

100 rep, 120 rep, 130 rep, 140 rep, 150 rep, 1&5 rep and 180 rep »* gams
irradiation for a veriod of ten days and the mortality pecorded during the
sutsequent 30-day period. The results of these stuiies are showm in Pigurt 7
in which the per cent mortslitv (in probits) st thiry days 18 plotted againe
the log of the total rediation dose ad-inisterei. The 0 ander thess eaperi.
mentsl conditions was found to be 1350 rep. A sweend series of five proupe of
uioe has be.n given d ot ly redistion doses of S0 rep %0 100 rep for a period of
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Figure 6

Iffect of Various Radioprotacuive Agents on thu Median
Survival Tiwe 3£ Mice Exnosed <o Tarying Doses of
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Pigure 7
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forvy d=ys 3nd the subsecuent mortailiiy within thie pgroup deten.insd during
the 0 2ay pericd rellov.ng the last radiation exposure. ‘fuam ths radistion
wa3 protracted over . . ° of forty days, the LDgn dose wap rourd Lo be in.
creasad to zbout 2 ‘ " w.'vd series 1s cwrently in pregress in which
the pretraction pericd . AW cxys. Previous s tudies have irdicsated that
the LDgg for single dosws of whoie body pamma irradistion under similar ox.
nerimental conditions is sbout 750 rep. It is apperent, ‘herefore. thet the
effoct of the protraction of the radiation c~rvsure can be auantitated in
teras of the protraction interval and that these results can be wed to de-
tarmine whether the protraction e#ffects resulting .rom the daily radiation
to death procedure are simtiliar ’ ‘

Discussion

It is generally concluded that foliowing exposure to either acuve or
chronic radiction injury in masmals, there is a residue of injury whiczh ia
indsvencent of time and versists throughout the subsecuent life of the anima.s
resulting in e different mean physiologicsl state in the irradiated than in
tl.e control animals. Since mortality can be considered to be an expression
of the mean physiological state (L.5), then any function whir™ provides a
lirear expression of populaticn survival should be displaced by a dose-
dependent amount whic:: would be squivalent tw the irreparable damage from ths
redirtion exposure. It must be sssumed in applying this theory that every in.
crement produces an e’fect thal is independent of other increments no that in-
Jury from mor: than ons exvosure is expressed by the sum ¢f the residusl injury
frcm each irdividual expceurs. When the exposures are glven sufficlently close
together, the response will be dependent on all of ths dome increswnts and on
the time intervala between increments. Shortening of tne mean 1ife span &5 s
late effect of radiation exposure to dosage levels walch fail to cavee a.:ta
mortality ie vidsly used as a means for evaluatiig e residual damape I'rom
buth acute and chroniz rad.aticn. Such studies are time -consuming, however,
because of the icng latent period between the radiation exvosure and the do-
velopment c!f the late effects. The spiit dose tachnique provides a method
for estimating the residual damage withcut waiting for the davelopment of tne
late sffects- As generally used this prccedure attespts to evaluste the resi.
dusl damage by measuring the amownt of additionsl radiation recuired at varicus
intervaioc «lics the originel radiation uxposure to produce mortalite (s-ute
death), This technique hss been used vy several investigawors (6,¢,5,9) w .
tain information on restdual injury from single and fractionated radiati:a sx
posurs and to cdlculate recovery rates. In this type of study the measur..aent
of the additlonal radiatisn requires for ssute death 1s ofien maca tr ds-
teraining the LD5o of the irradiated animals during the latent period. Since
this requirvs rather large groups of snimals for precise estimstion, it appeared
to us that the same scrt of information couid ‘= obtained with fewmr mice t,
giving the animals daily redistion to death rather than single radiation asmes
snd using the median survival tizme as the resmonse rather +han the Wsgg vrives,
Preliminury studies (1,2) demonstrated that the datly deae poncedusre can e w0
to evaliate the life elic. .e.:ing eifect of various doses of radiation i tha.
the method i3 sensitive enough to provide inforaation on the effects of fractio...
ation and :irotraction of the radiation exposurs.

Ii war cf inverent, thercfors, to determine whether this technique wou.d
alsd be use .l in providing inrormation on the ility ¢ radioprotective agents



U2

to nrevent the late effacts of ~rdiation exposure (saguming thot life

shortening is indicative of such effects). The reuults of thzee astudies indi-

cated that thz rudioprotcctive ageats » p~aminepropiophenone and hydroxyac<tn-

nitrils, not only lailed 1o prevent ue life ‘shortening in "‘wronically irradi- .
ated animals but nctunn,v increaned tueir mortality rate. Zz-Aminosthviisc- |
thiuronius appeared, on the cther hund, to prolong scmewhet the survival time '
of the mice under simiiar exnerinentsl conditions. HRadicprotective effects . l
sgainst acute radiation injury (s cvaluated by ine 30-day mortslity following l
the single or primary exposure) were evident with all three of thesa sgents. !
I should be emphasized that theme 2tudies are proliminesy 'in nature. Ade !
ditional groupe of mice are currently in prosresa which i)l provide infor. i
mation over a wider range of orimary radlation dosage levels and at several ' ,{
of tho intermediate J:.=ngec levels not teuted in thia gtudy. Seversal eddition- ;
al control groups have also been sddec. to the study uo that cslculation of

the psr cent reductien in medisn survival time can be msde znd vsed a8 the

basis for evaluating the radicpiotective effects. On: additional control

group of mice which hos bsen oadded oa the result of the present study cone i
siste of mice given the proiective agents but no primary rsdistion dosage. |
The resulits of the present atudy suggest that the protective agents may be ‘
exerting somz e:'fects independent of thode influencing the primary raziation

exnosure. If the addit’onal stwiies in progrecs sunport this obcervation,

this would jndicate the radisprotective egents msy exert chronic or delayed

scn"ds us - #2211 as acubz affects and would be of considerzble prectical and

&
Ml o.u.C 1 iﬁ‘ T80V,

Suwnmary
1. Studies have been initlatzd to determine vhether the mere common radioce
aeotective cpents are cepalle of protecing animals ageinst the leng teim
elloats 35 radiation axy swre (1°7e svan eluriening) by moans of a Mod..-
fization of the uplit dose technique.

2. Siagle wimle-bady raciaticn exnosure in the range of 100 to 7CO rep of
gamnd drradiation produce a inear chortening in the m:diam curvival time
02 mice given daily rediation to decth st a dose rate of 225 rep/week .,

3, The administrsilion of p-smd ﬁcpropiorhgnme prior to the primary »+ test
do3e of zammo irradintion doen nct mrolent Liae Lreeted mice sgoinst the
life ghortering procduced by & avtseruent period of daily wediation to
U("lt‘n

i+ Thare wzs nc indicavion that the pre-irradiation cdministrstion of hydm:v.y-
ac.a.t.cnit*ile was cspable or preventing the 14fe shars sendng effcel of radi-
“lor exposure al‘onou;‘h siznificent protactive zctivity againe™ $he acut.
radiztion lethality (30.day) wse evident,

5, Thars waiz a suall out ~fowt Ndeant nralongstion i the survivel tlme of
mtce trested with e-minoe*hynaot"’m-oruu.v erior to primary redintis. ax.
vognres of 100 through 707 rep and rubsequently ziven :dsily irradiation i
f1th.  Addational sindles whish avo cnrrertl?: -n progreas will be reouived
throanniuate the wooadtude of thia effect. '

.




2.

3.

3

Studies are alsc in progre=ss to investigaio the effects of frarodonaticen
anc prutracticu on the 1ife span of irracizied anii.ais using he Satly
radiation to death technique. P
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THE INFLUENCE OF EXPOSURY 170 LOW4 LUVELS OF GAMMA AND FAST
NEUTRON IRRADIATION X THE LIPE SPAK OF MICE

II. Preliminary His tholo%cn Examination of the Tissues of
Hco !Eré o Enr@ a n tTon

o,

D. Vesselincviteh, P, W Fitch, u. W, Wigsler
and Jo Douldl

This report rotncerns: Hutopathologicni findings in the tissues of
@aie LAF) mice exposed to chronle fractionated doses of fast neutron irradi.
stion at dossge levels of i3 rep to 737 rep.

Impediate or ultimsie application of the resulta: To provide com=
perative iniosrmation concerning &o relative blological effects resulting
fros chronis exposure to fractionated gamms and fast.nsutrod irradiation.
Inforvation of this type should be of valve in establishing tp actual and

relative bioclogical hazard associated with time-limitad exposure to different
types of donizing radistion.

* R RPERBE

In initiating the gamma-fast neutron irradiation program of this
lsboratory ths primary purpose was 2 cbtain inforkation on the ocomparative
effects of these wio types of radiation on the iife spen nf znimals, Thue
only those tests which Jdid not injure the animuls were carried out, The re-
salt= of thase sivdies have heen gsummerized in previous reports (1,2,3),
During the course of these o'':dies, raimaly which died were mtapuod wnen-
ever poasible and the tissues prepared for histological examination.

The prasent report contains the results of our preliminary exsni-
nations of tho tissues from the mice whish were exposed to various doses of
fractionatsd fapt-neutron irradiation. In subsequent etudies, similar exsni.
nations will be mads on the tissues of the mice wvhich were exposod to com--
purahle doses uf gamma irrsdiation. It is anticipated that thesc s~ ‘ez
will pesmit s to evaluate the relative bislogicsl effectiveness (RBE) 14
the twe typss ol r&duuon upome ir. relation to the pathological changes
prodnced and that the }BZ valuwes thus obtained will suppleament the previous
RBE values determined in rouuonlhip © dmlopent- of cataracta and ihe
shortening of the life span of the animals.

Materials snd Methods. Detailed descriptions of the geauma .:d fast
neutron Irradiation Iacilities together with information concerning the cali.
bration techniques have sppeared in pravious reports (L,5). The experiment::
design of the irrsdistion o-ogrm snd the vasisus patverns at' ]xuctionauon
end protraction employed have also been described (6).

Over 1,200 male .A!l nice were o-ploy'd fe: the fast mutmn irradi.
ation studins, Tigsumo. “rom sbout 10% of thesu animals have been examined in

Uk

N E—— e B e e e a——— =

-




15

the present study. Mice repregentin;; e.ch oi the seven experimental groups
(vadiation doses of O rep to 737 rep) were ircimied. In Tuble i is shoim the -
radiation dosags received by each of the grovps, the rumber of animals ex- '
amined from sach group and the aumber of days aftar irradistion at which:

desth occurred or in the case of *he control group at wiiich tha animals were
sacrificed. The age of the individual animals st the time of death and the
distribution of the majer paiiology cen be found in Appencdix T of this report.
The radiation exposures to which the nice in this study were subjected were
given at dosage rates of 1/15 rep, 1/5 rep ¢ 1S rep per hour and the animals
wore irradiated for periods of 1712, 1/h and ¥4 of each of the rasdiation
cycles which cunsisied of l-day, 3edsy snd 9-day intcrvals, The radiation ex-
posures were protrected over touai periods of 18 days, 5l days or 162 days.

Dy using a latir square experimental dasign for the radiation program, it wae
possible to combine seversl of the groeups in créar to investigate in greater
detail the effects o0 variatlion in dose rate, fractionation, protraction and
total dosage. In the present study we have lixited the comparisons to the
totsl dose sinc: this provides the best first &proximation of the radiaticn
effects. It is anticipated thut some additionsl information may be obtained
in further studies regerding the effacts of fractionation, protrastion and
dose rate, particula:ly in ths gama-irradiated groups since there is a much
larger population of gamma irradiated mice, :

TABLE 1

RADIATION DNSE, NUMBSR AND AGE OF ANIMALS AND GROUP
NUMBER OF MICE EXAMINED IN THIS STWDY

. . f

Growp | Total Fasy | NUUST of | tue wt ehe Time of
Nunber .| Neutren Doee Examined {Days)
b Centrol 17 140-736
11 19 rep 13 E2.7%4
111 S7 rep 15 . 294580
w 170 rep 3 26-571
v 510 rep 25 147-572
V1 737 rep s 153-31l
VI To death K 154323

(700 to 1,324) .

The following organs vers removed, weighed and prepared for histo-
pathological examination: brain, eye, hasrt, Jug, liver, spleen. ‘ymph nod »
(cervical and mesenteric), kidneys, adrensls, thymus, testis, urinary bladasr,
stomach, duodenum, ilevm, cclon, submaxillary sslivary glans and bone mayicw
from the gternum and from the femur. Not al) of thase tinsucs were obtaned
from each of the animala,; M thyuwus, for example, was taken ratlies i=<r:.
quently in the 1rradhtod.‘hq1uln.

Neutrsl bufrered formalin vas used routinely s the fixative for the
tissuesr xh.ch vere then imbedded in peraffin ard stained vith hemitoxylin and
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Histopathological Findings in
Differert Orgmns

A . Heart. Leukcaic infiltrs..nn vas observed in the broun fat in the
o vicinity o the heart of one animal.

‘Lung. Leuksaia vas observed in the lungs of five euimsls. Atelewssis
S o of the lurg vas present in five arimals. Two wiimals had snthracosis and three
N animais had hypereais.

. : Liver. In the liver leukenic infiltrates wers observed in nine animals.
¢+ A Moderate proliferation of inflsmmatory cells in pesiportai region was present
in two animals. Variation in sise wid shape of nuclei was observed in one

o5 S animal. These nuclei appeared also pale and vacuolar. Eight animals had
e . emyloidosis of varying degree. In most of tuem the periportal regicn was irne
R volved but in & few st least half of the liver uissus has been replaced by -
e azyloid dus ts spreading of amyloid deposition from subendothellal ragion in
IOTS the portal vein anu along the hepatic sinusoides, caucing atrophy of liver
" cells. : ‘

: Spleen. Hemosiderosis and axtraxmedullary hematopolesis were present
i in the spleoens of thres nice., Seven mice had leukemia. Amyloid was present
. in the splesn of six aninals. The sites of prefersnce usem to be perifsliicu-
2 U lar venous sinusea. somatimes surrounding fcllicles voupletely, or entirely re-
. placing rad pulp. In one case nearly the whole splssn tissue was replaced,
leaving only small nests of leukemic cells.

>

ot ' Lymph nods. Leukemia was cbserved in one lymph node.

Xidney. Lymphoid leukemic infiltrotes wers present in ths kiuneya ~7

» seven animals. Perivasculsr infiltr-tion of lyxphoid tissue was observed i

2 Iive other mice. Dilatation of renal tubules £211:ld with albumincus fluid was

;- : observed in four animals, one of which had actusl cyst formation in the cortex

. of the kidney. Amyloidosis was obsarved in osne animal involving mostly glomeruli
(giving a2 soruwhat nodular appearance) and the walls of tue renil blood vessel.
Ty There as also slight d=rosit in the interstitial tissue,

Can Adronsls.  Adronals were another reyion where mmyloid waz - ssived.
. It wac seen In four animals) one of them had neariy the whole gland replaced
by amylold. Ont gnimai hed spotty distridution of amyloid involving medulla
7 - ) : and the othcr tw» had only cortax involved (particularly sona reticuleris).
} L S The animal vith mosi pronovnced amyloidosis had also slight leukemic infil-
LT tration, X

a

Testes. Slight atrophic changes vere coserved in seminilc wus tubulse
Ce ] of two alce. They appesred disorgsnised and there vas dissppssrance: of germiral
s : eni theliun, ,

Thyrus. Only two thymic samples irere svailable, Ors wniral hed 8lignt
depesition of amyloid in the thymus and in the other animsl the thymur appeared
very stropintc. .

— v —

"' Urircry bladder. Slight dnfiltration :2 lymphoid tissue in perivescu-
lar region '/r3 observed in the urinary bladdor of one mouse.
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Gastrointsstinal tract. Hyperplasia of mucozal epitheliva wiih alight
irregulerd @y of height and width of the villi wee found in six siimals.
lymphons Las oboerved only in the stomush end Auxconte of ons animal. Laeming
vropria ard suvbmucoaa of dvodenws and 1lsus contained amyloid deposition in
e mouse, :

Bome marrus. Three waizals ohowed leukonic changes in the bore marrow.
Bone marrov of the femmr in oze scizsl hed eesllvlarity {n motephvsis ad two
had much vascvlarity in the epiptjels. .

Tmmors. Gna of the animels had tws tumors in ths shdominal cavity Lboth
in vieinlSy of the Lidneys. Histrmethological exanfnstilon revesled that they
were lyuphomas. )

Orowp ITI, 57 rep, Hurs [AFy Mice

This group had fifteen snimals for histop:thological exaninations vary-
ing from 294 to 580 days.

Histopathological Findings in
Different Organs ,

L + Lymrhoma was observed in five animals. In one cise it sppeared
that sseondary infection with geangrenous necrosis waa superimposed on the
lavremis, five wico had periorenchiul proliferation of Lyzphold Lissve,

. Atejectasis wms observed in aix animals. Anthracozds wss sesn ir two anlmals.
Hyperemia apraired in ons of theee 4wo wice. Hypernlasia of brorshial epiihice
1ivm was preaent 4n two snimals.

Liver. The most prorounced change observed in the liver was derostilon
of arvlold. Mirnz of fiftewn animnls had 1%, replacing in the najority =f ceses
tito-thirds of the liver tiasuu. Deposition originsted moat frequently in perie.
portal reglon extending throngh sinuesids and reaching the central vein., In
8ozme andmals the amylold had & crystalloid aspect. Leukemia was observed in
five animals. Two mice had extramedullsry hematopoioesia, roreloid in nature.
Eosinonhiiic intranuclear inclusion bodies were s2en in one animal. In zaven
aninals irreyularity in size and shape of the ruclei was peen. 1~ one anizmal
accuulation of inflarmatory cells was observnd in the portal region.

Splean, A frequant {inding in this organ also was develosment of
cnzyloidosgs. It wes present in ten animalr. The site of greates. involveme:...
vas the perifolliculsr venois siuuses, It six spleens the red pulp was entirely
replaced by myloid. ionkemia vas present in.seven animale, Edght animals had
extramedullary hesstopoiesis, Yemosiderosis was seen in five aniuels.

node. In ons animal the cervical snd mesenteric 1lyiph nodes were
hemorrhagic snd amyloidowis ir. the form of 1ittla nodules was preasent in masc e
teric lymph nodes.

K. v Leukenia vas present in tour animals. Perivascudlar inf{ltration
of ‘yuphold ticsuz was observed in aix maimels, Thrae enimals had amyloid
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depestifon in tae wall of rencl blood vessels. In this group eight animals

had dilatstion of renal tubules snd cyst formation. The dilated tubules snd

cysts contained albuminous fluid in lesser or larger amounis, )

Adrenais. Depositsion of amyloid was cbwerved in nine snima’ . The
gona retIculcsio or curiax in general uppeared to be most involvad but in tao
cnimale the medulla was slso invclved., In one mouse smyloid was diffusely
distributea leaving cnly sms)l pstchos of cortwcal and medullar tissue intact.
Vecuolisstion of the cella nf the cortex was observed in ons mimal. Sligav
leukemic infiltration was present In one moase. Hyperplastic adrenal glands
were observed iu one mouse,

Testis. In ~ne mouse a few seminifercus tubules did not have visible
spernatogencals. ‘

Thymus. Leukemis was zeen in one of the two thymus glands sampled in
this group.

Oastrointestinal tract. In seven animals hyperplasia of mucosal epithe-.
1iuwa was observaed in the small intestine. One eni=al had a slight increase of
lymphoid tissue in the lamins propria. Axyloidoaie in the lamina propria was
seen in two mics. ’

Bonc marrow., Leukemis of the bone murrow was observed in six animals.

EZys. Iridocyelitls and reiinitis was observed in the eys of ore nouse.

Group IV, 170 rep, Male LAF; Mice

In this group there re thir.y-five animsls with their age varying
from 26 t5 571 Cays.

Histonatholegrcsl Findings in
Diffapent Orgass

Lung. The nost cormon finding was ztelentasis obsearved 1. = uty
enima’2, thirtecn of which had concurrent thicliening of ths plveolar wsll
characteriied by swelling of cuboidal cells, Leukemia was present in eleven ——
saimals. Peribionchial accumulation of lymbhold tissue was seen in nine mice. i
In one of them 1ywmphold tissue nodules were found. . rronounc:d hypercria
was nresent in three arimals. Three pulsonsry adencmas were also seen. Proe
1iferation and twelling of cellc of alveolar linings together witi: hyperemia.
One anlmal had interstitisl pneuwmonia.

liver. In this group nineteen animals had deposition of amyloid. n
moat of them one-third of #%m Yiver tissue vas replaced by it &nu in two mice
uiily a smell part of the liver tissue wne sparel. n eighteen aniaals iesukenila
was oh:gerved. Two mice had slight leukemic infiltration, Ancther frejuent
finding was irregularity in sise and shape of nuctei. In s few animils giant.
oize mic)al ere obee:...is Four mice had intranuclesr inclusion bodies und in
oo of that cvtoplasmi: incluation bodies were puesent too. Fooal nuclear
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Prperchromatiaa was obzerved in & few mhmh, Vecuolisaiton »f the cyto-
;’*xm ard nnclaus vas seen v three zniwals. ‘%0 nimals had coagulation

Yoos o it one of them o toacess vas also seen, Perivescular scommlation
m 1. /Lammatory oells was prasant in four snimals.

Spleen. Most frequent finsngs in the qlr,m vas deposition of
sayloid. waz semn in tron'r.-Go ani~alas. Amyleid, ar 45 previcus groups,
was mostly seen in the porifollirclsr region ar in 30rs ¢-828 replasaing the’
red pulp couplately, In one wovge patchy nadalar distributica was observed.
lsukenia vas observed in eizhieen eniruis. Haoaidsroeis was precent in
seventas and avt.x'mrcmnary hasatopolesis in. Ywelrs snimals. : )

Xidnsys. Louxmxu was preyent in cx@z asinsls, Four snimsis had
ayloidosls most fraquently cbserved in glomeruli, blood vessel walls snd
soms times in the irt-r3titima. Dilstation of t.ho tubules and cyst formation
was 3cen in twelve animsls, Mostly thoas rpaces wers {illed with albuminous
fluid, vhich varied from alightly o mavkedly sosircphilic. Abscesses were
seen in two anlasls and ons anical had pus in the tubules. Thirteen enimsls

‘had lymphoms.

5@ node. In two animsls leukemia wau ovserved. Hemosiderosis was
observed in one animal together with slight lewkeaic infiltration. Cne lymph
node had amyloid deposition together with {ibrosis.

Adrenzls. In seven mice axylcidosis wms observad. The siie of pre-
dtlecticn seen o be the rortex, bad in twu anisals both cortex and medulla
were involved lesring only & narrow strip of adrsnel tigeus in the cortex.
Patchy distriouticn of smylold was seea in ona of *hs 'niee. :

Teciis. The ceminiferous tubdles moud focal at\rophy in #ix umula.
Tn %o sAlmale siniferous tubules were filled with oosinophiuc material.
One nouse had e few tubuies distorted, dilated sn? “111ed wiilh blood. Oue
testin had a tumorcug hemor: #z's wa.3 replacing most of the tentu.

Grovr ¥, 510 rggL'hIe TAPy Mice

In this group there wWere twenty-fivs animale between U7 to 572 daye
old. . ‘ - -

Histcpatholnrzical Findings in
Variovs Orgens

Heart. In one rruse soms infiwsmatory cell infiltration was present.

Lung. Atslectssis was observed in nine animals. Leukemia sus present
in six nice. One mouse had mstastatic hepatums in lung together witn lenkariv
inflltration. One wnimsl had & pulnonary adenoma. Bronchnpnrumonia was prezs 4
in three animals. A prom~meod hyperemis wus cbeerved in two tiiece. One
miulu hed enthracosis. Slight hyperrlusia of Lronchial epttheliuvs vas odsarved

thiee mica,




15

Yiver., Levioain wus provent in six @nilelt. Hopatoms was olmarved

10 40 sallals #nd aderoemeinse 4R o mowse. Arylsid diposition was present
in ni,.c snfasly. Neorories in th: liver probably dus to infection wes ohserved
in six aninals, In come o1 then ¢4 appearud to be chronic. The amount ol
connective tise:~ vis ingreane, tre levkocytic inflammatory sesponse was
lees wnd the are~itsctuie wea 2i3%%ted in the periportsl region. Tigenera.

ive chgrs wity vacuclizallan of cytoplsim were present 1n jour animals,
fcorulatian of dnTlonrator, c©olle 11 the nortel rasgion was observsd in foir
aghmalae . Taree mise hed 4-ttaawc)asy inclecion vodiee. Twu mice hed extra-
mednllscy hmzatonoizsis of wyeloid origine A frequent iinding in this organ
was irvszulardty in cizo and olune of nuclel accoapanied sometimes with bi-
2ei 10 hepatic cella, OUne mouse had cholangitis,

Spleen. FRrra~idorosis was present ia thirteen snimals. Extramedullary
" heaatopoitsls was ohserved in nine mice, One mouse had alight fibrosis, Six
anincls had leuxmmia. lyperstia was observed in one animal., Amyloid deposit
was present in tan animaly, in few of them replacing hslf and more of splenic
tissue.

: Lysoh nods. 7Two mice had leukemia and in the other two hyperemia vas
observed, - .

Kidieys Arylc’dosis in the glomeruli wi3 seen in seven inimals. Leu-
kemia was riresent in twe and slight leukemic infiltration in two other mice,
Pyelonephritis was obaerved in two animsls uith superimposed necrosis, lLeukemic
infiltration was seon in iour snimals. Focal vacwles parsnchymstous degenere
ation was otserved in one mouss.

‘drcnel, Three animals had amylold deposition located moatly in scna
re~iculosis, Foimatiou of small cyst-like speces in zons fasciculata was obe
servel, Onc adrenal had leuksmic infiltrete. Hemorrhege was proseni ir coe
gland. hc gland waas hyner Gaetlc,

Thy:us. Three plands ocut of four sampled hed leukemic irvolvement.

" Testis. In sixteen animals slight to moderate deycnerativue changes of
seadniferovs tululey wers ohserved, In one mouso amrloid deposit was picsent
in lutessiatiul tleuue ani in the wall of soas bLlood vessels,

Usinary bladder. Uesquamation snd nrolifscstion ~f '.runaibuonal PAvin: -
14w wvun heerved ia five animals. .

Oastrointestinal tract. In une of the animsls ulcerstion of the storach
vas observed, FNypeipieala of mucosal epithelium was present in cne antmsl in
the stmach and duodenum, Amyloidosis in lesin» propria was see” in one wonie,
Irreglarity in width snd height of villi 4 tne duodenum was ob: . red in focav
aninsls.

Bone martow. In tun = Lwlu the bouy .umi wpeared viry active,
throe of tham iU was somevhat hypoce'i-lar snd vasculur,
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Qroup Y. 737 rep, Msle LAF, Nioe

In fiie group there are five antmals. Iheir sge varies between 193
to L days. ,

Metopetholuical Pindings ia
Yarious Organs .

Brain. Disspnsaraice of seversl Puriringi sells wis cbearved in ome
NOVES .

o Pxliferation of bronahilei epiihgliivm ws present in three
aimals. 1y leukeric infiitrstion in peribioachial rsgion was ssen in
thres mice, Hemorrisiges ware observed in tw milnals. One snimal appeared
to hzve viral pneumonia which was cherscterised by an inflasssatory reaction
localisdd within the walle of ths alvecii., Besides edmma there wis mono-
nuclear inflamstory cell infilirstion in the alvecisr septs. Awyloid de-
position in the blood vesesl wall was cbeerved in cne aouse. :

liver. Lenkemic infiltratiov vas present in thres mice. Amyloidoeis
waz observed in threz animals. Pstchy nccrosis was seen in two aninals, in
one being quite rrominant. The oytoplasm of hepetic calls showed sligr’
vecuolisation in two m.ce, Eoainnphiiic intranuclesr inclusion bodies were
observed in one mouse,

Soles.. Zatremedullary haastopcissiu and nemosidercais vaa cbservod
in five an ~ Amyloid devosition was prasent in threo animals inwolving

partly red puip, Loukealc 1afslirstion wez present in three saulnsls.

. Eldnoy. In two mice lenkesio infiltration vas observed. Rypercs!lu-
lerity of giomeruli vas seen in one mouse. Ons foza)l granuloma vas prese.
in another animal, '

. Adrenals. in adsnoma a3 obrerved in one of the animels. Asyloidosis
vas preaont In threo animals mostly involving the rortax, tut in one mouse the
medulla was involved too. Vacuolisation of the sytloplasw of medullary cells
was observed in one eouss. .

Testis, In five soimsls degenerative clionges of ei.inifec.vus tubules
were sbesrved. In thrae cases only Sertoli oslls were lert, sometimes this
appeared in more than half of the semini’fercus tubules.

OGestrointestinal treot., In one mouse exyloid devosit was obeerved in
the duodenas giving ‘0 the villi e "club-liks" appearance. Irregularity in
sive aad shape of the villi wasy obeerved ‘n iwo admsle. Mild proliferation
of epithelim of mucosa in the colon was cbaerved in twn mioce.

kne marrov. In tao animels apparent noosllvlari®y together witi: in-
srease vescularily vas dbi.rvede 1wo mice had hyperplastic msrrov with wrele
blastis elements prominemt.
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U droup V1L, g death, Nals [AP; Mice

in this group there oré yewsn miwels, Their ags vartes from 17 to
323 dm. :"f

. ¢
s .
.

Histopsthalngic:l Fndings in
Various Oygeuns ey

Brain, Ulasspiesrance o ceveral Purkindl colls was observed in one
arimal, ’ ’

Lung. One enimal hed palmowiary adenoms. Proliferation of bronchial
eritheliuz was present in tlree snim:ls. Atelectasis wes seen in two animals.
Kezorrhages in the alveslsr wall and space was observed in one animal. The
lungs of one movse hed aniiicecosls, and thres animsls had carly leunkeaic ine
filvration. ’ .

Liver, Irregulrrity in size md shape of nuclel was cbserved in three
animals.” Vacnolization of nucloi was seen im one mouse. Leukemis was present
in one animal. 7The nuclei of one mouse had seainophilic inclasion bodies,
Aryloid deposition was coaerved in one animal and proliferstion of Kupffer cells
i gnother.

Spleen. Hcduderoau wae present in six animales. Leukemis was obe
served i three animals. Extrasdullary hemstopolesis of the myeloid type
wis presont in two simals. Cne systeu had its red pulp replaced by syloid.

p& node. Leukomia waw observed in one anizal. This was the only
Lyssch nods sauplad 4n this group. o ‘

Aidner, In ono anir-1 leukeric {nfiltraiion was preseat.

Adrenal. Two edenonias of the adrenal cortex were seen. One of them
had alicfit Teukenie infiltration. One mouse had amyloid depositcd in the
medulls end z-am reticulrris of the cortex.

Testis. Atrophy of geminiferous tubuics wae observed ir Iive snimrla.
The depree of ctrophy vaided 1o some of them. inwolving only » fevr s A erous
tulnlas, in othars the whole testes had wdergonu nacrasie or only "ghostelike”
tabulsy were lelt,

S g Qaptrointestinal trict. Ulceration was present {n the stomach of one
Co ) xouse, In seven «nima)s #1ight hyperplasia of mucosal epithelium was present
. in the smsll intestine- Irregulerity of the vil)! was observed i: fowr anims’s,
Slight incresse of moncnucicer (nflasmatory <slis was observed ir * v stomach
of tme md the duodenum of ons animal.

Dune warrow. Increased vascularity w.i pr..euw. in one arieal,

Tamor. One sniral had a tumor in lumbosscral ragion. It apne-red to
LUe squamoul ~ell carcinoma.
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The histrputholepioel staervallons praceated in thia report repre-
sent a prolimine:y effar: g ryiivate the zazattwde of rodist lcn injury re~
sulting frox chrsate exyorure Lo ~pe:irnsted fa3® necua irmudistion tn
uice. When similar 1n:‘or-~'s.'— L stietaed o gexca irr deted aicen vnder
siullar experinmenial caiel'iias cf ¢t rote, feactionation and protrection,
4t showld be nosxible Lo comparu the type And cevasity of uistologic injwry
produoed hy the two types ol rodtiitor.

it is apparent fiuk the stufisy uresentad in ‘his rencrt that
Iracticnated fast-neutron irraczation (s sssociated with an incressed inci.
denoce of smyloidosis and of lsukemia acd other neopissma. In general, the
frequency of these conditions s greater with lacreasing vadiation dosage
although a linear dosz-responss relutioaship ves not cbtainea. A nore do-
tailed analysis of the frequency data in temms of tha ags af the anlmals,
the radiation paremeters and the type of histol-3ic2l change muy lmprove the
dose-response relationships and studics of thir typs arc now in prograss.
These studies will bs facilitatsd in the anslysiz of tho dats from tha gams-
irradiated mice bacause of the much lerger population in each of the various
radistion parameters. }

Lenkemis a8 & late effect of rsdiation expcswre i a wellesstabilahed
finding in radiobislogy. Information iz needed, nowever, on. the effects of
fractionation snd protrestion of the radiation exposure on ths incidence, time
of onset and rate of p.ogression of this condition. The incidence of lsukamia
and other neoplasms observed in the present etudics im sumearised in Table 2.
Hers it can te asen that leukenia was tis wost frecuent finding in both ths
contrel and experimentsl groups, The highest inotdence was obsarved in mice
which recetved a total radiation 2osa of 737 rep of Zast reuwtron icradiation.
There wiis a grrates ivcidence of levkemis in the irradiated groups thin tn the .
contrel snimals althcugh nezarly half of the coutrol mice exnibited léuliemba -
Lung aaenoras were found in uhree of the irradiated groups and were also presert
in the control mice (6%). Two of the irradiated mice had hepatosas and irradi-
ated snimals vith testicular tumors and s squamous cell carocinoma were roted.
None of thesc twmors were detected in the control animals =3 though it must be
recognised thati the nusber of animals involved 1s small., 1la Table 3 iz showm
the incidence of multiple primary neoplasre in these animale sl it is apperent
that only & few of the animals dsveloped tvn jrimary neoplaams. Noo~ of the
nice examinea in these studies developed t'ree .1 more primsry tumors. The
organ distribution of leukemia is of interest in that leukexis vas detecicd
only in the liver, spleen and lungs of the control mice vhereas the irradi.
sted group alao exhibited this disesc: in ¢)l¢ kidneys, lymph noces, gostro-
intestinal tract and occasionally in othsr organs. :

The second most frequent pathologlo finting in the tissuss ~f these
wice was amyloicoels. Although sbout £% of the coatrol mice ad:ibited this
condition, the incidencs was greatly increased (over 50%) in a1l of the irr:die
sted groups. Thus in the mice which received the iew=si totel redlation ex.
posure (19 rep) ten out o thi-teen animals had chese changes iu one o= Z.aw
organs. Only one animal in the ¢ ontrul group exhidited myioidosis md the
1rtent pericd 4n this snimal wes nearly six hundred days. In the irrecistad
nice the lrtet pariod wes reduced and many of the irradisted mice exhibited
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TABLE 3

INCIDENCE OF TWO MULYIPLE PRINMARY
NEOPLASN T§ TNDIVINTAL MICE

) Nuzber :st‘ Mice
Group Tatal vith o
Womber of Mie® | 7vo Primsry Neoplesas
1 17 ] ’
I 13 1
m 15 1
™ s é
v 25 3
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vIr - N [
- ’ >\ ‘




157

the disease within %o hundred days after the i.aitiz} radlation exposure,

Tho organ wost frequenily involved wza ithe aplzen and the incidencs decreused
in tha following order: 1liver, adrcnal glsnds, srall intestine. kidney.

lyoph nodea, thywus and lungz., Ti-ng {1} has sugpesied thzt eeniliyy in wica
causes gmyloidosias in all orgsns with the spleen znd 1ivar teing the least in-
volved in old animals. The azlz+n snd liver are common sitas 2f amyloidasis
induced experimentally in mlice and it rmay te Lhat tie rodialion exposure is
acting more as a satrcazing facinr than by causs == prexcture ageing in these
studien, ‘Tnece roaulis sre swmarized in Table L. T4 i3 of intercst to nctie
that organ involvenment by ayloidosis in neutron irralisfed snimels waus very
mch the gamo &5 fouwnd by Ting-Yz Wung et al, (1) in their sindy with Tween 80
and mathylcholantiwrone.

Variation in L3 shupe and size of the nuclel and celle as wella sb~
normal mitosis viere seen in the livers of the irradiated nice., This was par-
ticularly marked in <he animels in groupa II, TII, IV snd VI, The size of the
hepatic nuclel In theso animals varied widely within the same section and the
giant nuclei were frequently hyperchromatic. sbnormal shaped nuclei (dumbell
ghaped, polycyclic borders, etc.) may have becn due to virus infection since
there vwere sosinophilic intrenuclear inclustion bodies present in the livers of
the animale of groups IV and VI and possibly in the other groups. The possi-
bility axista, of course, thet this viral infection was easier aztablished by
the toxic effect on the Iiver cells which sltered in some manner the suscepti.
bility of the mice to the viruz, There was also an increase in the connective
tissue in the portsl region of the liver of the irradiuted mice. Infiltration
ol inflsmmatory cells, elteration of liver urchitecture and slight necrosis was
frequently scen in irradisted animals., These offects vere more provalent in
the livers of the youngor sge groups within the irradiated animals and were not
noted in the livers of the control animals in the ssme age group.

Hypsrplacia of the mucosal epithelium and iliispulority of the v2114
were cortconly ceen in the smal - iatestine of the irradiated mice and is assumed
 be due to the regeneration of the radiation damaged mucoza of these animals.
Those changes were not prasent in the intestines of the ccntroi mice.

The nice in groups V, VI and VII exhibited atrcply and other patholngie
cel changes in the testicular %ubules 2lthoush thern was considersble variatien
in th2 severiity of the changes. Mary of thz wice exhibited disorgani~»r+ion and
ddsappearance of the gemiinal epithelium of iio testis withoui spparent injury
of the sertolli cells, Primary spermatocyics and intsct sperm were observeu in

s the tubules in some of these animals, A fe7 of the mice exhibited only shrmsen
tubules conslis*ing of a zingle row of »~1l3 of indefinits nature filled with
eosinophilic amcvphous materiasl, This probsbly represented a mixture of de-

- pencrated cells and syncitiwm nf the Sertoll cells, OSimilar rindings have been
reported by Ely et ai. (3) in neutron-irradieted -a:us. The testicule- changes
observed in the Irradisted anirals apnearad 1o be correlated to some degrec
with the totul radiation exposure.

Extremedullary hemats clusis was fruquontly observed in the srleen i@
var common in the liver of the irradiated and convrol wice. In the spleen,
from 25 to 1.C0% o the animals had this finding zud it dic not seem 4o “¢ core
sistently covinlated with the radiation dese. Since this represents a variable

«?
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{imding :.en in the contrsl anlinals, no pathel gic significsnce can be ascribed
s the o~currence of this cradition in the irradisted animale at present.

Mgy of tha pathslogle Jii *ings described 1n thiu repnri zre consistent
with the ypaihesis that radistion ~ccelerates egeing. The increased incidence
of amyleicdosis, theo inducticn uf a variety of neoplamms aud the progressive
innatrment of the reproductive zrgans, for exsaple, lond support to this cone
cepts Tha organ uistridution of the changes ;- ilcularly smyloidosis and ihe
type of ncoplasms detected e not in complste sccord with the ageing concept,
It 19 apparcnt iat additional studies vill be requiccd to provide greater ine
sight into this question and it is hoped that the examlnation of the tissues
fron the gamma<irraitated mice may be helpful in thie raspect.

Sumnary

1. Histopathologic examination of the tissues of LAF} male mice chroni ally
exposed to fractionated fast neutron irrsdiation at dosuge levels of 19 rep
to 737 rep have been carried out using a total of one hundrnd irradiated
nice and geventeen non-irrsdiated control animuls, ‘

2. Leukemia was the mcst frequent pathelogic finding 4n both the control and
irradiatad nice avd over half of the animals usxamined exhivitsd this diseese.
The gumber of organa involved and the incidence of the disease was greater
in the fasi-neutror irradiatad mice and wma tn some sxtent related to the
total dose of radiation administered. ‘

3. Amyloidosis wog oroesent in about 6% of the contiol snimale and wes merimdly
increased at all of the radiaticn dosage lewsls smployed, The latent period
for tne uevolopment of this rondition 'sas shortewed irn the lrradiated >ice

T L (e danad

and ths sciority of the dizesge was move murbcl Lo e ioszdiated animalu,

4. Lung adenomzp wure found in three of the irradiated mice. Hepatomas were
present in {0 animnals and mice with testicular tumors and a squamous cell
carcinora were detccted among the irradiated groupe. Cne lung adenoms was
ouserved in the tissues of the control aninsls.

5. The fast nentron irradiated mice exhibited degencrative changes in the
tubules of the testis which wers charecterinsd by atropiy snd aisappearsnc:
of germinal epithelium. Spermatogenstis was present in tho testis o «oue
ol the irrsdiated arimals.

6. Casnges in the sise end shape of the liver cells were observed in the irradi-
sted mice which wers suggestive of » viral infection. These changes were
not preaent in the liver of the oontrol anurusa, however, which would rug -
geot that the rauiation exposure in soae manner altered tho susceptibility
of the mice to the vir2l Infection. v

7. Hyperplasia of the mucisul epitieliva and irregularity of the 111 weie ¢
served in tho omall intestinus of tha irredisted mica end are attriduicd to
rogenais.ior of the radiation injured micosa since chese effecty cad not
occur in *he control ~nimals.
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APPENDIY I

-

In Appenaiz I incidence of amylcidosis ard Jeukemise in mice chronil-
¢1lly exposed io fractioneted, fast-ncutron 4rradiation is given. Besides
dosagae of irrediation cxpressed in rep, age of animals alfter initial irradi-
ation expoawre, orgens jnvolved and total number of animals in each group
ara also presontcd.
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