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T E C H N I C A L  P A P E R S  


Cysteine Protection against X Irradiation 
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Argonfte National Laboratory, 'Chicago 

I t  is gcncrally considcrcd that  many of the biological 
cffccts of radiation call bc attributed to the activated ma- 
ter reactions which result from thc irradiation. Inhibi-
tion or inactivation of enzymes and other materials by 
thc actions of thc deeornposition products of watcr (011, 
l i20, ,  O,II, 11) :rnd thc prcvcntion or reversal of thesc 
efiects undcr certain conditions have been rcportcd hy a 
numhcr of invcstigntors. Barron ( 1 )  has found tha t  
srrlfhydryl-containing enzymes are readily oxidized hy r:r- 
illation and that  i t  is  possible to reactivate such enzymes 
aftcr moderate radiation doses (100-200 I )  on addition 
of a reducing agent such as  glutathionc. Reducing amino 
acids, glutathionc, and ascorhic acid have bccn rcportcd 
by ICphmti (2) to  protect tctanus toxin against the cf-  
fects of X-rays, whcrcas oxidizing substances arc without 
crfect. The finding by Evmis ( 3 )  that  thc toxicity of ir-  
radiated water to Arbecie sperm is reduced by catalase 
nlso supports the concept of indirect action by the decom- 
position products of watcr. Although othcr related ob- 
senations arc cited in the literaturg (4),thc extent to 
which oxidizing a i d  rcducing substances contribute to 
iadiation d:rmage in vavo has rcccivcd little, if any, con- 
sideration. Wc should liltc a t  this time to communicate 
son~c of our obscrvations concerning thc influence of 
cystcine, the a ~ r ~ i n oacid-containing - SEI, and rystine, 
its oxidized counterpart, on the radioscnsitivity of rats. 

Sincc, in our experience, thc product (toxicity, survival 
time, hematologic change) of radiation dose rate timcs 
duration of cxposurc appears to bc a constant over a 
f:rirly wide range, we have cir~ployed brief cxposurcs to 
fairly intcasc radiation on thc assumption that  a potcn- 
tially protective material should hc prcscnt in thc blood 
and body fluids in high titcr during thd entire exposure. 
Thc radiation factors wcre: 250 kv, 15 ma, 0.5-mm Cu 
:ri~d 3.0-mm Raltclite filters, 27.5 cin target distance, mld 
210 r/min d o ~ c  ratc. Malc and fcmalc ra ts  (Sprague-
Dawley) mcighing 150-250 g rcccived 800 r total-body 
X radiation in a single cxposu~c. Animals of the same 
sex wcrc irradiated in pairs, one serving as a control, thc 
othcr as a trcatcd animal. 

Cysteine was injcctcd into a tai l  vein either 1hr bcfore, 

5 mi11 bcforc, or 5 min aftcr exposure. Neutralized 

( p H  7) as  well as  unncutralizcd (pH 1 )  cysteinc-IIC1 

solutions were compared. Four different doses wcrc cm- 

ployed (175, 350, 575, and 875 mg as  cgstcinc pcr kg  

hodg weight). A 20% cysteinc-HCl solution was used 

to decrease thc voluinc of injcctcd fluid. Since rapid in- 


jection of this concentrated solution, cspcciallg with the 
higher doses, may ~ e s u l t  in acutc pulmonary edema and 
death (nlso true with 20% NaCl), the cysteineSwas ill- 
jtacttad slowly over a period of several minutes. Occa-
sional sloughing of the tai l  was seen a t  thc injection sitc. 
It is  of intcrcst tha t  this reaction can be prcvcntcd b~ 
anesthetizing thc ra t  bcfore injection. Cgstjnc is  rcla- 
tivelg ii~soluble a t  pI I  7, and only an  acid solution of this 
inaterial was used (G.GGO/o, 1111 1, 280 mg/ltg bod7 
weight). Irradiated controls for  the neutralized cgstcinc- 
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% Survival 
c aftcr irradiation 

tn t -. ~ 

Control-i. 20 100 33 25 20 20 

Cystcinc 17.7 20 93 80 80 75 73 

Control 22 80 32 27 27 27 

Cystcinc S.70 19 100 9: 89 89 89 

Control 22 95 27 10 10 10 

Cystcinc 575 17 94 82 82 82 82 


- - -~ . - . 

Controlj: 1 4 5 7 7 7 7 7 

Cysteine 330 15 100 87 47 47 47 

Control 6 4 7 0 0 0 

Cystcinc 575 95 06 47 47 47 

Control 27 70 19 7 7 7 

Cystcine 873 25 92 92 84 80 80 

. .--- -- .~ . -~ ~ 

Control? 27 52 22 15 15 15 

Cystine 2 80 22 08 18 18 18 1 s  

... - -.. .~ -

* 2\11 injections intravenously 5 min bcfore irradiation. 
t Controls recc.ivcsd cquivalcnt volumc of 0.9% NaCl (1111 

1 )  I.V. 
i: Controls rcccived cqnivalent vohmc of 5 %  NaCl (111% 

7 )  1.V. 

IiCl groups werc injectcd iiitravenously with an  equiva- 

lent volumc of a 5% solution of NaCl. A11 other controls 
received I.V. injections of 0.9% NaCl adjusted to  the 
pII  of the test solutions. All rats were fcd Dcrwood 
Cheekei s and watcr ad  lib. 

Our findings rcvcal that  pretreatment with cgsteine 
marltedly reduced toxicity from total-body X irradiation 
(82% survival, cystcine [pII  I ]  pretreated; 19% sur-
vival, irradiated controls). Wc have obtained similar 
results in mice ( 5 ) .  On thc other hand, the -.isulfide, 
cystinc, did not influence survival. Cysteine-IICl adminis- 
tcrcd a t  pH 1seemed equally effcctivc a t  each dose level. 
IIowevcr, with the neutralized preparation, grcatcst pro- 
tection was afforded when the highest dose (875 mg) was 
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used. This may ~>(~hhibly by the fairly rapid be e ~ l ~ l u i l ~ e d  
oxidatiou of cysteinc to cystine in a aentral o~udiu~rt  bc: 
fore its admillistration. A similar ruduction in mortality 
w:ts observed whcu cyhtcinc \+us given either 5 mill or 

111 1)cforc S ilradiutioa. Significantly, injcctio~tof 
cysteille innnedintcly after l11c: cxl~osurc wss ineff'cctnal. 

-
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Irurr.rimr'a ow ~ l n ; ~op IN .~~GI 'T IONOF O N  cultzcreCYSTEINE ST~RVIVAI .  
AFTER S IRR.4DIATIoY \\'IT11 800 ROYNTGMNS* 

Treatment 
grolll~ 

Control 
Cysteine 
C'onlrol 
Cqstcinc 
Control 
Cystcinc 

% Snrvi\:~lTime of irijrc- aL1e1, trr,l~ii;~l iontior~rrlnlivv Nlcrr~hcr -
to X I - 01 rats 

(lialiori 

-

5 niin I~zlorc 35 
5 1 1 i r 1 l 1 o '  16 
I hr before 15 
1 hr before 15 
5 niin :lltvr 1 G  
B rniri after 15 

I st 21111 3rd 4tl1 
\ \ ~ v ~ l <  \v~vli wccli meek 

73 30 13 1.3 
$7 h7 1.;7 1.;7 
1.;  20 2n 20 

100 57 SO 80 
SS I!) 1:< ti 
ti0 20 I :: 1:: 

T11e W ~ O ~ - C ~ C I I I C I I ~hygrostat illiistrnlecl in Fig. 1 ~ v a s  
devised by Torgeson for  use in an  experimeutal lulllhrr 
dry kilu ut the (1. 8. Forest Products I~:rboi-at,ory, Maili- 
SOTI, Wisconsin. I-:ecansc o f i ls  simplicity and sturdir~css 
i t  later was iilstslled in cacli of two 600-en-ft roolrts used 
a t  t11c laboratory for nccc1cr;ltc:d testing of the rcsist;lnec 
of \vood and wpod products to  tlecay by pure cultnres 
of wood-destroying fungi. As set, 11113 hygrostst, in con- 
jnnctioll with tlle ImmidiGcr illustrated in P'ig. 2, n~a in -  
tains a relative lruii~idily of 70% with deviations of :tt)ont 
2 2%. Tht: tt:mnper:rttirc of the rooms is tl~ermostatically 
lcept a t  80" F'. 0rc:r sc:veral years, no adjustnlcnt in sct-
t ing oil account of clinngcs in c11ar:tcteristics of the liy- 
grostat has becrr needed. 'I'l~e reliablo performance and 
sirnpli t:it,y of this 11umiilifics.tion systorn sl~ould inal~e it 
useful in rns.ny coilnecliorrs recll~iring humidity control 
within a rrloderutely narrow range and a t  a level grcatcr 
than tha t  prerailidg ootfiide the space to l)e conditioned. 
T t  is  :~l+eady being used for  biological work a t  :t nuinher 
of o t l~er  Iaboratorieu. 

TOP V i f l  

The novel 1cntul.es of tlre llygrostat consist of the ~vood 
element and a microtype switch tha t  i s  sensitive to  a 
very slight inovement of the clement. The wood sllould 
be free of defects and havc as  fiat a grain as  possible, 
for  the flatter the grain the greeter will be thc dimcn- 
siorlal change length\visc+ of the clcmcnt wil,h a given 
ellilnge in relative humidity, a.nd thus a correspondingly 
greater opereting sensitivity of the liygrostat will be 

.-- -

*C)xlcirte 876 mfi/kg I.V., pT1 7 ;  corl(rol8 recei\cil 
eq~u\alcnt volnme of 5% NaCl I.V. 

These results arc smnlmrizecl in T:tbles 1 snil 3. I f  all 
rats receiving cysteine a t  either p H  1 or 7 hefore tlleir 
irradiation a lc  ronsitlrreci as  a singlc group, their urr 
92 survivors of 126 cystrinr-treated aniinals (73%) as  
cornp:trecl with 18 survivo~s of 134 irradiated controls 
(13%). 'I'licse findings are l ~ i g l ~ l ysignificsut statisti-
c:111y ( p  << .OOl ). 

Cllsl~ge in body wcigllt was followrd in :r small group 
of rstt: pretreated with cystcinr. Body xveiyllt is  a fair  
progllostic sigm of ultimalc: toxicity in the irradiated rat. 
Altllough the initial decrcascs mas silrli1:tr in the cyxteinc 
pretreated and iu lllr control alrirrrsls, I>octy weight recov- 
ered rapidly in  Ule fonner. 

We ulay conclnde that  eysteine, hut no1 rystille, act-
ininistered to rals prior to X irra~list ion iu the nearly 
cornpletcly lethal mnge, greatly diminisl~cs toxiail y. This 
ameliorating influence may rrcside in  the protection of  
forded certain critical cellular constituents a g a ~ n s t  o ~ i -  
dation by the presence of cyst(3ine or all iutermediate 01 
cysteine. A study of the protect,ive irllluence of cysteine 
when administc~red a t  longer jntervals beforo irradiatiou 
and by different routes as  well as  of ot,l~er substances, 
suc.11 ex glutatl~ione, inethionine, trypt,ophanr, :and ascor-
bic acid, is in progress. Tlle inetabolism of injected cys- 
teine in  the irradiated animal and i t s  effect on the liema- 
tologic aud E~istologic changes induced 1)y radiation will 
lte rc.1)ortt.d in detail in a subsequent cornmunic:rt,ion. 
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