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The search for some agent which will pro- 
tect man and animals against, or alleviate 
them from, the effects of accidental or over- 
exposure of ionizing radiations has been the 
incentive for many investigations. The most 
promising of the many chemical compounds 
used has been Z-cysteine hydrochloride. Patt 
and his coworkers( 1) found that if mice were 
injected with cysteine before exposure to x- 
irradiations, their tolerance would be greatly 
increased and many would survive doses which 
would normally prove fatal to 100% of the 
untreated controls. This led others to investi- 
gate the amines, particularly those containing 
the -SH radical because of the suggestion 
that an extra supply of this radical might tem- 
porarily neutralize certain enzymes with re- 
spect to their normally high radiosensitiv- 
ity(2). Recently, Bacq and his coworkers in 
Belgium investigated many such compounds. 
One of these was related to Patt’s cysteine, 
namely cysteinamine or P-mercaptoethyl- 
amine. By injecting this compound into C57 
black mice, they raised the minimum 100% 
lethal dose of x-rays from 700 r to 1300 r (3) .  
They also found that this compound gave 
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complete protection to mice exposed to 100% 
lethal dose of x-rays. In this paper the term 
“cysteinamine” is used instead of /3-mercapto- 
ethylamine in order to emphasize its similarity 
to cysteine which has been so effective in 
radiation protection studies. 

The reasons for the present further inves- 
tigation of cysteinamine as a protective agent 
against ionizing radiations are: (a) Variations 
in sensitivity make it impossible to interpolate 
results with C57 mice for the mice more com- 
monly used in this country, namely the Swiss 
albino and CF1 strains, and (b) Radiation 
studies using male mice exclusively are more 
reliable than those using females, or both 
sexes. 

Materials and method. The Swiss albino 
mice were raised in our laboratories and were 
6 months of age. The CF1 were 2 months of 
age when purchased from the Carworth 
Farms. They were brought to a uniform 
weight of approximately 25 g a t  the time of 
irradiation. Some 659 mice were used in all. 
The cysteinamine was acquired in ampoules, 
labelled 1573 L and produced by the Labaz 
Laboratory in Belgium. Each ampoule con- 
sisted of 10. cc of a 10% solution. This was 
refrigerated until opened, and was used within 
a few minutes after dilution with physiological 
saline. The dilution was such that each cubic 
centimeter contained 3 mg of cysteinamine. 
Several parallel experiments were run with 
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I-cysteine. This was made up so that each 
cubic centimeter contained 12.5 mg, and was 
neutralized to pH 7.25 with NaOH. The 
treatment consisted of intraperitoneal injec- 
tions of 1 cc of either cysteinamine or cysteine. 
In most cases the injection was made within 
5 minutes before x-irradiation, but, as noted 
below, in a few experiments single or multiple 
injections were made after irradiation. The 
mice were x-irradiated 5 at a time in a per- 
forated and circular plastic cage measuring 
14 cm in inside diameter and 4 cm in inside 
height. The calibration of the x-irradiation 
was made with the ionization chamber in the 
center of the closed cage. The distance from 
the target to the center of the mouse’s body 
was 30 cm. Constant movement of the mice 
within the cage tended to balance out any very 
small difference that might exist between the 
center and the periphery of the cage. The 
physical constants of x-irradiation were: 
Westinghouse Quadrocondex constant-poten- 
tial x-ray machine run at 2.0 KV, 15 MA, 
filtration (4.25 Cu and 0.5.0 Al, and a dase 
rate of 274 r/minute in air. The exposure was 
for 2’ 42” for each group of mice. After 
x-irradiation the mice were returned to the 
animal room where they received the usual 
care, with food and water ad libitum. A daily 
record of deaths was taken for the experi- 

mental period of 30 days. 
Experimental data. The injected dose of 

cysteinamine or cysteine was not varied. 
However, in some experiments the mice were 
injected prior to x-irradiation (pre-cystein- 
mine series) and in some they were injected 
just after x-irradiation (post-cysteinamine 
series). The data are presented in Fig. 1 and 
2, which include all groups of animals, con- 
trol as well as treated, with the survival values 
expressed as percentages. 

Discussion. According to Bacq and Herve 
(3,5), and Bacq, Fischer, and Pirotte(6), 
cysteinamine is very quickly metabolized, 
disappearing from rabbit plasma within 15 
minutes after injection and appearing in the 
urine within half an hour. It was estimated 
that about 1/3 of it is eliminated during the 
first half hour following injection, and mice 
x-irradiated one hour following injection re- 
ceived no protection thereby. This substance 
is relatively non-toxic to mice. The median 
lethal dose for lC5, black mice has been deter- 
mined as 0.35 mg/g of body weight and the 
minimum lethal dose for all animals studied 
was 0.5 mg/g of body weight(4). Mice re- 
ceiving the dose of 3 mg I.P., used in these 
experiments, showed no ill effects whatsoever. 

Bacq and his coworkers have found that 
the dose of x-irradiation required to kill all 
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of the control C57 black mice within 8 days 
was 700 r whole body exposure, but that mice 
receiving prior injection of 3 mg of cystein- 
amine could tolerate as much as 1300 r or as 
well as did the controls a t  7W r. Further, 
those receiving the cysteinamine and 700 r 
showed complete survival to the termination 
of the experiment in 24 days. The most 
plausible theory with regard to the mechanism 
of protection relates to the possibility that 
some -SH compounds partially or completely 
inhibit the deleterious action of free radicals, 
normally found in x-irradiated tissue, or they 
may even modify their nature in such a man- 
ner as to render them less harmful (see discus- 
sions of the possible protective mechanism of 
these compounds) (4,7-12). It is also thought 
possible that the effective -SH carrying 
compounds may combine temporarily with 
some radiosensitive enzymes, making them 
radioresistant (4). Cysteinamine is reported 
to be a powerful anti-mitotic agent in concen- 
trations abuve 1W in tissue cultures(3,S). In  
cats and dogs it is reported to produce no 
change in arterial pressure and respiration 
(3,5). In rabbits it does show anti-inflam- 
matory properties( 13). Some physiological 
and cancericidal studies have been made in 
humans( 14). 

The experiments reported here indicate that 

cysteinamine is very effective in protection 
against the radiation syndrome when injected 
prior to exposure. Although the percentage 
of survival was not as striking as that reported 
by Bacq and his coworkers, we have observed 
that some 32% of the Swiss albino and some 
67% of the CFl male mice exposed to the 
lethal dose of 700 r survived beyond the ex- 
perimental per id  of 30 days. In  fact, 97% 
of these have survived 45 days. Cysteinamine, 
if given after x-irradiation not only is ineffec- 
tual, but also increases the mortality rate, Le., 
the mice thus treated died more quickly as 
compared with the controls. 

Over 100” male CF1 survivors of 700 r 
x-rays, pre-treated with cysteinamine, are cur- 
rently being tested for fertility. A godly 
number have already proven to be fertile in 
spite of the high level of exposure. A com- 
plete blood analysis is being made and histo- 
pathological changes are being investigated. 
The results of these studies, to be reported in 
full a t  a later date, should cast more light on 
the mechanism of protection by cysteinamine. 
With the increasing use of ionizing radiations, 
both in therapy and diagnosis, the imperative 
aspect of standardizing the protective pro- 
cedures is obvious. 

Summary and conclusions. Some 32% of 
the Swiss albino and 67% of the C’F1 male 
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mice injected intraperitoneally with p-mer- 
captoethylamine (i.e., cysteinamine) prior to 
a lethal exposure of 700 r whole body x-irra- 
diation survived the 30-day observation per- 
iod. Some 97% of these are still alive 60 days 
after irradiation. The CF1 mice, exposed to 
the higher dose of 800 r after injection, showed 
58% survival while the controls, receiving 
only 700 r, all died within 20 days. Thus 
prior injection of this compound definitely 
affords radiation protection to mice. Injection 
after x-irradiation, whether single or multiple, 
had an adverse effect on survival. 
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In previous experiments reported from this 
laboratory, Seitz filters were used for the 
filtration of Ak leukemic extracts; the results, 
however, did not appear to be entirely satis- 
factory, since only a comparatively small 
number of C3H mice developed leukemia fol- 
lowing inoculation with such filtered extracts 
(1). The possibility had to be considered 
that much of the leukemic agent might have 
been absorbed, and thus retained, by the 
asbestos pads used in Seitz filters. For that 
reason a series of experiments has been carried 
out in which, instead of Seitz. the Selast micro- 
porous porcelain filter candles have been used 
for filtration of leukemic extracts. Since the 
leukemic extracts became more active follow- 
ing centrifugation at  7000 s g(2). such cen- 
trifugation was carried out, in this study, prior 
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to filtration of the extracts. Newborn (less 
than 16 hours old) C3H or C3H(f) mice were 
inoculated with such filtered extracts, and 
were then observed for development of leu- 
kemia. The results were surprising. Some of 
the inoculated mice developed typical general- 
ized leukemia. Others, however, developed 
bilateral carcinomas in the cervical region, 
arising probably in the salivary glands. 

Materials and methods. Leukemic extracts. 
Mice of the Ak line that developed leukemia 
either spontaneously, or as a result of trans- 
plantation of Ak leukemic cells, were sacri- 
ficed by ether inhalation; the livers, spleens, 
mesenteric tumors and peripheral lymph 
glands were removed aseptically, and ground 
for 2 to 3 minutes in a porcelain mortar, 
chilled (+4OC) physiological solution of so- 
dium chloride added in sufficient quantity 
to obtain cell suspensions of 20% concentra- 
tion. These leukemic cell suspensions were 


