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Technical Papers 
Cyanide Protection against X-Irradiation 
2. M. Bacq, A. Herve, J. Lecomte and P. Fischer 

Laboratoires de Pathologie Ge'ne'rale et de Radiologie, 
University of Lie'ge, Belgium 

The recent report of Pa t t  et al. in Soienoe (15), show-
ing a cysteinc protection against x-irradiation, increases 
the intercst of our observations on a similar protcctian by 
cyanide, rcportcd March 26, 1949 a t  the SociBti? Belge de 
Biologie (5 and 6). 

Recent papers by French and English physical chemists 
showing the prcscnce of hydrogen peroxidc in irradiated 
watcr suggested experi~mntson frog's isolated rectus 
abdominis (7 ,  14). This musclc, irradiated with thcra-
peutic doses of x-rays or dipped in a solution containir~y 
P,,3a in form of phosphate, showed when stimulated witli 
KC1 a contracturc very similar to that obscrved by Racq 
(I ,  3)  aftcr the action of H,O,. 

Dustin and Gompcl (10) injectcd hydrogen peroxide 
intrapcritoneally in mice and showcd that i t  was a radio-
mimetic poison. Thcsc observations wcrc in agreement 
with our gcneral idcas on the actions of oxidizing agcnts 
as  ''thioloprive " substances (3, 4). Frcdcric ( Id)  has 
shown that thc -SH groups disappear in thc skin of the 
guinea pig after x-ray irradiation. 

Two of us (13) succeeded with the seinicarbazone of 
adrcnochrome (Adrbnoxyl Labaz), which increases capil-
lary rcsistance in inhibiting the x-ray purpura in mice; 
but this substance docs not change the mortality. Field 
and Rekcrs (11) with flavonids possessing vitamin P ac-
tion, succecded in dccrcasing x-ray mortality. 

Striking results havc becn obtained with sodium (or 
potassium) cyanide. Our technique was as follows. Micc 
of purc breed ( C  57 black or A.K.A.), weighing about 30 
g and 4 to 6 months old, were irradiated by groups of 
10, using 230 kv, 12 ma, copper filter 0.25 mm, focal dis-
tance 50 cm, ficld 100 cm? mean output 30 r per min. 
The 42 control mice rcceiving 500 r to 600 r all died be-
tween the 4th and the 8th or 9th day. Animals receiving 
0.1 ing NaCN just beforc similar irradiation sho&ed 50% 
to 80% survival. The same dose of NaCN given immcdi-
atcly aftcr irradiation only delayed mortality. When 
thc cyanide was injectcd 15 min after irradiation, the 
mortality curve was exactly the same as that of the con-
trols (Fig. 1 ) .  A statistical analysis docs not seem nec-
essary to show that thesc results arc highly significant. 
Our conclusions arc bascd on the observation of 11groups 
of 10 mice cach. Cyanidc is rapidly detoxicatcd in -8CN 
by an enzymatic system localized in thc livcr, but NaSCN 
either has no effect or shortcns the survival period of 
irradiatcd mice. Thus i t  is the CN- anion that is rcspon-
sible for this protective action. We have not yet collected 
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successful cxperiencc of Pa t t  et al. with cystcine. 
Cyanidc reduces disulfide bonds (-S-S-) to sulfhy-

tlryl groups -SH. We do not belicvc, however, that the 
dose of cyanide injectcd is sufficient to give an effectire 
reducing concentration; maximal tolcratcd ainou~lt of 
BAL (1.7 mg) injected in micc beforc irradiation only 
dclays mortality; there is no permanent surrival. One 
may suspcet that thc interpretation of the results of Pa t t  
c t  al. is not as simple as i t  secins a t  first sight, bccausc 
prelin~inarycxperimcnts have shown in our laboratory 
that the level of reduced glutathione in blood and tissues 
(livcr, kidney, heart, and muscle) of mice is not lowcred 
after lethal irradiation. The failure of cyanide or cys-
tcine to act when givcn after irradiation shows that the 
biochcinical lesion in vivo is not as casily rcversiblc as 
-SH enzyme inactivation in vilro (8,9 ) .  

Cyanide might simply reduce temporarily the metabolic 
activity of the animal. I t  is known that thcre is a cer-
tain parallelism between total mctabolisin and radiosen-
sitivity: an incrcasc of metabolism is associated with in-
creased sensitivity, whcreas rclative rcsistance is obscrvcd 
with anoxic tissues. 

Cyanidc might also inhibit some hcavy metal enzyme 
responsible for thc rapid disposal of H,O,, thus decreas-
ing the ratc of reaction of this peroxidc with some re-
ducing substance in the tissues. Experiments arc in 
progress to test these various possiblc interpretations. 

Thus, we may conclude that cyanide, but not thiocy-
anatc, protects a significant percentage of mice irradiated 
by a lethal dosc of x-rays, that this poison is incffectivc 
when given aftcr irradiation, and that marly more expcri-
inents arc needed in order to be ablc to give a correct 
interpretation of these facts. 
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Serological Relationships between Nucleus, 
Cytoplasm, and Cytoplasmic Products 
and the Concept of 
Complementary Molecules 
A. Mandel Schechtman and Toshiko Nishihara 

Department of Zoology, University of  California, 
Los Angeles, California 

The concept of antibodies as  units complementary t o  
their antigens was originated by Rreinl and EIaurowitz 
(2). Pauling (10) has developed the idea of antibody 
specificity as  resulting from the folding of initially 
stretched-out polypeptide chains over limited regions of 
the antigen. The molecules thus folded illto specific con- 
figur:rtions become stabilized by bonds acting between 
their folds, and thereafter ( 'fit" the specific regions of 
the antigen. Such complementsry molecnles (antibodies) 
can subsequently combine with their antigens, since the 
configurations permit the very close juxtal~osition of com- 
bining groups necessary for  bonding. The hypothesis 
does not neglect the role of chernical composition i ~ i  
specificity, for  the nature and arrangement of the residues 
will determine the type of folding possible a t  various 
points along the polypeptide chain. Nevertheless, chem- 
ical co~nposition provides only the potentialities fo r  spec- 
ificity or a limited degree of specificity, the maxin~ei 
degree being achieved by the folding process. 

The possibility of applying the concept of comple-
mentariness to the more general problem of specificity 
in biological synthesis has been broached in  several recent 
discussions (4, 11,13). As Tyler (13,p. 13) has stated, 

Any of tlre rrracromolecular constituents synthesized in a 
ct.11 wonld he complementary to the substances comprinir~g 
tlre sites of synthesis. Since growth consists prirrrarily in 
the formation of such substances that comprise the integritl 
structure of the ccll, we may regard the mech:inisn~ of the 
process of' growth to be essentially analogous to that mani- 
fested in antihotly formation. 

The liver offers favorable material for  the testing of 
this hypothesis, since the three broad elements in the 
chain of synthesis (nucleus, cytoplasm, cytoplasmic prod- 
ucts) are readily available. I f  (1)  nuclear constituents 
are the prime determiners of cytoplasmic activity, a s  
ample evidence from classical and biochemical genetics 

hepatic origin. Omitting from consideration many ob-
vious complicating factors (intermediate products, me-
tabolic modifications, etc.), we should expect the serum 
products to  have configurations resembling, although not 
perhaps exactly duplicating, the original nuclear tem-
plates. Furthermore, if antibodies contain configurations 
complementary to lirlmited xegions of the antigens, we may 
expect the general antibody-antigen relationships shown 
in Fig. 1. As indicated by the arrows, antinuclear bodies 
should react maximally wfth nuclear material and serum, 
while antiserum bodies should react maximally with 
nuclear and serum conf+tituents. This is  not what would 
be predicted on the basis of chemical composition; cyto- 
plasm and serum certainly show a greater over-all chem- 
ical resemblance to one another than do nucleus and 
serum. 

Rat  liver nuclei and cytoplasm were separated by the 
Dounce method ( S ) ,  using ~ / 4 7 5citric acid i n  the first 
step and distilled water a t  p H  5-7 thereafter. The in- 
jection of whole nuclei into rabbits indicated a low degree 
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FIG.1. Schema showing postulated complementary con-
figurations of rnacromoleculcs of nucleus (NI) ,  cytoplasm 
( C j ) ,  and cgto[~l:ls~nic prodncts (PI). Portions of molecular 
chain represcnt(vl by coiled lines. The arrows indicate ex- 
pected maximal cross rcadions hetween antibodies and an-
tigens. 
of antigenicity; hence the nuclei were treated wit11 10% 
NaC1 solution to extract the nucleohistone (9) aad  make 
i t  available to the antibody-forming mechanism. All steps 
in the isolation and extraction procedures were carried 
out in the cold (6" C or below). The wl~ole nuclei in 
10% NaCl, alone or mixed with swine serum a s  adjuvant, 
were dialyzed first against water and then against physio- 
logical saline to remove excess salt and recombine the 
nucleic acid and histone. The products were injected 
intranluscularly and intraperitoneally into New Hamp-
shire and White Leghorn fowl, and showed clear anki-


