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TE W OF SnE(TOMYCIN IN W PRE'VEIQA OF
ACUTE RADIATOZN SIq

[Following is ..translation of an article by L.F.0
Semenov, in AntibiotIli (Antibiotics), Vol VII,
No 10, losco j,-r2, 912-196.]

Institute. of Eemmntal Pathology
and Therapy, Acad Mead Sci USR Sukhium

The reports which have appeared In recent years attest to the
fact that certain antibiotics my have a protective effect upon
their prophylactic use prior to exposure to iomizing radiation in
lethal doses (1-3].

A suggssticm has been advanced that the protective .effect of
antibiotics under these conditions is not connected with their
antibacterial action-but is caused by their intervention as
chemical asents during the initial changs Which haW b&= induced
in tismws by means of radiation. [4,5]. In this commetion, of
special interest is the testing of antibiotics by means of their-
single administration within 5-30 minutes prior to irradiation,
during the period vhen antira4$ation properties of the iuml
chemical protectors are most clearly manifested. In out previous
investigation [6] we indicated that, und these cond itions (five'
minutes prior to i ti of mice with an LDmo X-ry dose),
antibiotics of the penicili group proved to be ineffective,
mhereas protamin-sulfate {ecoolin) exerted a protective, effect,
and incressed the, effect 6f other antiradiation prepations.

In the present work we conducted an investigtion. of strepto-
mycin and. its anIalogues (d&hydrostr~~tv.mrc1n and. a comb~nation.o
strqftcacn a penicilliki) sub.tted by z.V. Termol'y•ev, upon
their isolated use and In combinatton.with certain protective
agents in acute radiation sickness of animals
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Experiments were carried out on 2,738 white mice (male and
female) wei&hing 18-22 grams. The radiation sickness was produced
by means of a single total irradiation with gamna-rays of radio-
active cobalt in a dose of 1050-1100 r LDoO. The animals were

irradiated on an experimental cobalt irradiator with a 400c charge,
dose strength of 85-o10 r/min in the air) in the center of the
chamber. We recorded the death periods, the survival rate of the
animals, and examine& the condition of cells of the peripheral
blood.

Antibiotics were iaJected sibcutaneously in the f6rm of
aqueous solutions in a 0.2-0.4 ml volume of fluid, in the basic
part of the experiments -- within 5 to 10 minutes prior to
irradiation6

In some series the antibiotics were given for comparison
purposes within 24 hours prior to, or repeatedly, thrice, within
24-72 hours after, irradiation.

As standard antiradiation preparations, employed for the
purpose of comparison or for combining with antibiotics, we
selected beta-mercaptoethylamine (in a 150 m" dose), and the
combination of adrenalin (0.6-1 mg/kg) with acetylcholine
(40-50 mg/kg) which, under our conditions, produced survival of
20-30% of mice, while all control animals perished.

In the first series of experiments (370 mice) we tested the
effect of antibiotics of the streptomycin group following their
isolated single use prior to irradiation. Under these conditions,
streptouycin, dihydrostreptomycin, and combiotique (combination
of penicillin with streptcmycin in a 1:1 ratio) had no effect
whatever on the course of radiation sickness. The results of
experiments are shown in Table 1.

In the second series of tests (1,072 animals) we employed
streptomycin combined with antiradiation agents, in order to
increase their protective effect. The conducted experiments
showed that streptomycin, administered simultaneously with beta-
mercaptoethylamine and in combination with adrenalin and acetyl-
choline, not only fails to increase their antiradiation effect;
but even weakens it. Thus, for instance, mhen combined with beta-
mercaptoethylamine, it reduces the survival rate from 17.5 to U1,
and upon addition to adrenalin and acethyloh6line, it reduces the
survival rate from 20 to 13% (Table 2).
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Table 1.
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1. Antibiotic; 2. Preparation dose per mouae (in mg); 3. Time
of injection of the preparation; 4. Number of animals; 5. Survived

toward the 30th day; 6. Percentae of sArvived animals; 7. strap-
to1Min; 8. DIh••rJ •otrpUycinIl 9. Combiotique; 10. Control;

11. Five minutes prior to irradiation,

"Table 2

Effect of Prophylactic Admlnistrat~onx of Straptorqcin on the

Protective Action of Antirdia•tion AgentS (suM-
Irradiation with 3.100 r) )
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1. Preparation; 2. preparation dose per mouse (in mg); 3. Time of
injection of the prepa-ation; .4. Nuber of animals; 5. Survived on

the 30th day; 6. Pereantag of survived an'mLe; 7. Beta-mercapto-
ethylamine; 8. StreptoMain + bseta--marcaptooethylmi;' 9. Adrenalin
+ acetylcholine; 10. St'epto,'• •in+ adrenalin + acetylcholine;
11. Control; 3.2. Five minutes prior to irradiation.



The detected negative effect of streptomcin on the protective
action of antiradiation agents should be taken into account in pre-
paration of the protective "prophylactic mixtures." Obviously, one
should not combine streptomycini with sulfur-containing or amino-
containing agents. At the same time, many investigators pioved
convincingly that streptomycin represents a valuable means for the
treatment of radiation sickn1ess (7-13]. It has been established
that its early use -- &uring the first days of the disease -- is
expedient for the successful effect on the infection phase. In
this connection, the question arises of the compatibility of the
:-•ohylaxis o,' radiation sickness with the therapeutic use of
streptomycin, and of the time interval during which such combination
is possible.

In order to settle this question we conducted a series of
experiments (310 mice) on the testing of the combination of beta-
mercaptoethylaminej used prophylactically, with streptomycin which
had been repeatedly injected subcutaneously following irradiation.

The results of the experiments (Table 3) attest to the fact
that the therapeutic use of streptomycin, starting within 24 hours
following irradiation, did not hamper the realization of the pro-
tective effect of beta-mercaptoethylamine.

Under given experimental conditions, in the grave form of
radiation sickness (LD100), a single therapeutic administration of
streptomycin did not lead to the survival of irradiated animals.
However, when combined with prophylaxis, the additional streptomycin
therapy somewhat intensifies the beneficial effect of the protective
agent and increases the survival rate of mice.

Comparison of obtained data with the few available works on
the prophylactic use of streptomycin (14,15] points to a certain
discrepancy in the results. Whereas in these reports a positive
effect of streptomycin had been established, in our experiments
the prophylactice administration of streptomycin proved to be
ineffective and, when combined with other protective agents, it
even weakened their effect.

In addition to differences in the object of observation
(ascitic cells, leucocytes, or rats) and radiation doses (a higher
dose in this work), special attention should be given to the dura-
tion of the prophylactic use of streptomycin. In the published
reports streptomycin was used repeatedly or at a single dose, but
its administration was terminated within 24 hours prior to the use
of radiation. In the present work, we studied the effect of strep-
tomycin injected only directly before irradiation (within 5 minutes).
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S......Table 3

Combinantion of Prophy~ladi by Means of Beta-Mercaptoethylamine
With the Therapeutic Use of Streptcnain (1050 r Oamna-

Irradiation)

~ flytieumn
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1. Pro aUmi ;. 7. Beta-.aemptoethylaminel
2. r&qeAtiMu 0e. Per o MOuse 8. BeVta-M4McpWttylaMne.+

(in zg)J ettwonyin (repeatedly);
3. Tim of injeation of the 9. Straptonycinprparations 10. Ccntrol;
4. Nambez of amlm8j3 11. Five minutes prior to
5. Smoived an tVO 3Mt day; irradiation;
6. P o of aivw& 12. 240, 48, 73 hour= follow-

animisla ing irradiation.

In order to verify our assumption in regard to the irportance of
the periods of prophylactic administration of streptomycin, we
carried out special teests oy combining streptoenain, injected
within 24 hours prior to irradiation, with protective as
employed d.rectly before irradiation. In these taste (180 mice)
the ocombination of str-koc.ein (24 hours prior to irradiation)
and betaserca ee (five minutes prior to irradiation)
produced a somewhat better effect (31% of survivals ), than beta-
mercaptoettYlamine only (23% of sumvivals). bs, the negative
effect of streptoin is apparently manifested only under con-
ditions of its wee malately prior to irradaticn. %he
effect of possible weakening of the action of antiradiation
agents by strelptoo~in should be taken into consideration in
clinical practice. The inclusion of streptcoiein in the cor-

rtplex prophylactic proscription. a neosly with different
-rotective substan es is obviously undesirable.e As regards the-



mechanism of the unfavorable effect of streptomycin on the protective
action of antiradiation agents, it is probably based on the physio-
logical antagonism between streptomycin on the one hand, and the
sulfur-containing agents and certain amines, on the other. Thus,
for instance, it has been established by investigators [16,17]
that beta-mercaptoethylanine prevented toxic-degenerative changes
in the nervous cells of ifbbits following dihydrostreptomycin
poisoning. The same piparation protected mice from acute strep-
tomycin poisoning. These observations found confirmation in our
supplementary experiments (tests on 120 mice).

Streptomycin intoxication abated following the preliminary
use of beta-mercaptoethylamine, or combination of adrenalin with
acetylcholine. Subsequent tests showed that the protective effect
in this combination against the toxic effect of streptomycin depends
on adrenalin. A different staging of the experiments (tests on
466 mice), namely the use of small streptomycin doses and toxic
doses of sulfur-containing agents, or adrenalin, also confirmed
their antagonism. In these tests, streptomycin protected against
intoxication with beta-mercaptoethylamine and adrenalin. Fig. 1
shows the results of a preliminary use of streptomycin following
intoxication of animals with adrenalin. At doses of 0.2-0.4 mg
of adrenalin, streptomycin increases twice as much the survival
rate of poisoned animals. In a separate series of experiments,
it has been established that streptomycin reduces the toxic pulmonary
edema which develops following the administration of large doses of
adrenalin (observations on 220 animals) (Fig. 2). Thus, the
unquestionable presence of antagonistic effects of streptcomycin
and antiradiation agents, observed in these experiments, probably
determines its negative effect under conditions of the prophylaxis
of radiation sickness.

Conclusions

1. A single prophylactic administration of streptomycin,
dihydrostreptomycin, and a mixture of streptomycin with penicillin,
immediately prior to irradiation exerts no protective effect.

2. Simultaneous combination in the prophylaxis of radiation
sickness of sulfur-containing or amino-containing agents with
streptomycin reduces their protective antiradiation effect.

3. Therapeutic administration of streptomycin, starting on
the 2nd day following irradiation exerts a positive effect and
increases the effect of prophylactic protective agents.
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poisoning (survival rate of mice).

I - adrenalin; 2 - streptomycin ÷ adrenal'in.

a - survival ratio; b -adrenalin doses in mg/mouse.

IV
49

Fig. 2. Effect of streptomycin on the development
of adienalin edema of the lungs in mice ()eight

ahangc-s i-rthin an hour., following administration
of the preparation.

I - control; 2 - adrenalin;, .1 mg; 3 - streptomycin
2000 units+ d •renalin e .1 ma .
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