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The experimental evidence accumulating during recent years from the study of the mechanisms of
action of radioprotective substances has come into conflict with the classical concept of the uniformity
of action of all radioprotective agents at the molecular and cellular levels. The results obtained show
that, unlike the sulfur-containing preparations, giving a protective action both in vivo and in vitro, amine
preparations not containing SH groups, indolylalkylamines, catecholamines, etc.), do not exhibit anti-
radiation properties in experiments on isolated cells and microorganisms [21, 26, 30). This fact is re-
garded by both authors as the result of the "oxygen effect” — the creation of ischemia in radiosensitive
organs following administration of amine preparations capable of producing spasm of the blood vessels
i5, 6, 18, 20, 22].

Tissue hypoxia plays an important role in the mechanism of the protective action of the radiopro-
tective amines. However, some pharmacological agents causing a significant fall in the level of pO, in
radiosensitive tissues do not possess protective properties, and complete correlation does not exist be-
tween the degree of hypoxia and the degree of the protective effect [14, 27].

In the present investigation the action of radioprotective agents was studied on the cornea, in the
epithelium of which the processes of division are extremely radiosensitive [3, 4, 7]. The high level of
innervation and the absence of blood vessels in the cornea make it possible to study the part played by the
nervous and vascular systems separately in the mechanism of the radioprotective action of the preparations.

EXPERIMENTAL METHOD

Experiments were carried out on 90 male albino mice weighing from 18 to 20 g. In the first variant
of the experiment the radioprotective agents were instilied into the conjuctival sac 30 min before irradia-
tion in the maximally tolerated concentration: mexamine — 0.007 M, 8-mercaptoethylamine (BMEA) —

0.02 M. In the second variant of the experiments the preparations to be tested were injected subcutaneously
in doses of: mexamine — 75 mg/kg, BMEA — 150 mg/kg. Irradiation was carried out from a cobalt source
with a discharge of 2 kCi and a dose rate of 75 R/min. The dose of irradiation was 100 R.

The control and experimental mice were sacrificed 3 h after irradiation. Total preparations were
made from the epithelium of the cornea after fixation in Carnoy's fluid and staining with Ehrlich's hema-
toxylin. The degree of protection of the cornea by the radioprotective agent was estimated from the changes
in mitotic activity in the corneal epithelium. In each preparation from 100 to 350 fields of vision were ex-
amined and the stages of cell division recorded. The mitotic index was taken as the number of mitoses in
100 fields of vision. Since the mitotic activity of the corneal epithelium of the right and left eyes in the
same animal, other conditions being equal, is identical [11], the cornea of only one eye was taken for
investigation.

EXPERIMENTAL RESULTS

When applied locally, BMEA was a much more effective preparation than the amino-compound mex-
amine (see the table). The results of the statistical analysis of the material show that the difference be-
tween the values of the mitotic index in the group of animals protected by BMEA, on the one hand, and the
group protected by mexamine, on the other hand, is significant. The difference between the mitotic index
of the group of animals protected by mexamine and the control group (instillation of distilled water) is
also statistically significant.
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Effect of Radioprotective Agent on Mitotic Activity of Corneal Epithelium of Albino Mice Irradiated
in a Dose of 100 R (Mean Value of Mitotic Index with Confidence Limits at P=0.05)

Local action (instilled into Central action (subcutaneous
conjunctival sacs) injection
Preparation No.of j No. of : )
animals Without L. animals Without S
. o Irradiation . . .. Irradiation
irradiation irradiation
Distilled water
(control) 10 57.6+3.6 49+0.6 20 84.1+9.3 10.6+1.08
(49.6-65.6) (3.46-6.34) (63.5~104.7) (8.2-13.0)
Mexamine 10 64931 7.7+1.3 20 62.0£7.3 21.0+£4.2
(58.0-71.8) (5.3-10.1) 45.7-78.3) 11.6-30.4)
B8-Mercapto- 10 64.3+4.0 32.0£29 20 58.5+£4.7 7.3%£21
ethylamine (565.4-73.2) (25.5-38.5) (48.0-69.0) (2.8~12.4)

The subcutaneous injection of BMEA had no protective action on the corneal epithelium of the albino
mice. In contrast to BMEA, mexamine, when injected subcutaneously, caused a statistically significant
increase in the mitotic index in the irradiated animals by comparison with the controls receiving distilled
water instead of the protective preparation. Bearing in mind the absence of a vascular system in the
cornea and the impossibility of the tested agents having any direct action on the nerve centers because
of the small doses of the preparations absorbedifrom the conjunctival sacs, the result of the experiments
of series I can be interpreted as due strictly to the local action of the protective agents on the carneal
epithelium. This conclusion is in agreement with data in the literature concerning the manifestation of
the protective properties of radioprotective agents containing SH groups in experiments in vitro {2, 10, 16,
17, 21, 23, 25, 29]. The absence of a protective effect from the local application of mexamine may be ex-
plained by two largely opposite assumptions. On the one hand, the reason may be the exclusion of the vaso-
constrictor action of mexamine in the tissue containing no blood vessels, and hence, the impossibility of
the development of hypoxic conditions in it. On the other hand, it may be assumed that mexamine, having
no effect on the nerve centers in this variant of the experiment (because of the insufficient dose of the
substance absorbed), does not bring about the corresponding reorganization of the physiological processes
in the animal body including in the corneal tissue, capable of playing an important role in reducing the
severity of the radiation injury.

To test these hypotheses, the experiments of series II were carried out., Subcutaneous injection of
mexamine and BMEA created the essential conditions for the central action of these preparations. It has
been shown that BMEA passes readily through the blood-brain barrier [1], while the indolylalkylamines
substituted in position 5 of the indole ring (which includes mexamine), when given parenterally, in compara-
tively small doses (15 mg/kg) cause marked depression of the cortical electrical activity of animals [6].

Analysis of the results obtained in the experiments with BMEA showed that this agent, the leading
preparation from the class of sulfur-containing radioprotective substances, had no central effect in the
experimental conditions described: the subcutaneous injection of the sulfhydryl compound did not protect
the processes of cell division in the richly innervated corneal epithelium against the harmful action of
ionizing radiation. However, it must be emphasized that in this variant of the experiment the humoral
component of the possible central action of BMEA, which is mentioned in the literature [13], was not taken
into account. This question requires special examination.

In contrast to BMEA, the indolylalkylamine mexamine (5-methoxytryptamine), when injected sub-
cutaneously (providing conditions for development of the central action of this preparation) had a protective
action on the corneal epithelium of the albino mice. The results obtained confirm existing suggestions [9,
10, 15, 24] that the nervous system may play the decisive role in the development of the protective proper-
ties of the radioprotective amines. In fact, it is difficult to imagine that in this variant of the experiment
an "oxygen effect" was present, and that the protection obtained following the subcutaneous injection of
mexamine was associated with the creation of hypoxia in the cornea. Even the spasm of the blood vessels
carrying blood enriched with oxygen to the eye could not significantly change the ievel of pO, in the corneal
epithelium, because in this case the constant concentration of oxygen in the surrounding air maintains its
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concentration in the epithelium also. Proof of the absence of a hypoxic state of the corneal epithelium in
this experiment was given by the fact that the creation of hypoxia in cells causes a sharp and prolonged
depression of mitotic activity [12], which was not observed in these experiments following injection of
mexamine without irradiation. Further confirmation of this hypothesis is provided by clinical evidence
showing that prolonged (for more than 5-6 h) wearing of contact lenses, which prevent the access of oxygen
from the external environment to the cornea (but do not prevent excretion of oxygen from the body) leads
to the development of a Sattler's veil in the corneal epithelium [19, 28].

It may thus be concluded from these results that, besides a vasoconstrictor component, causing
hypoxia in radiosensitive organs, a specific nervous component may also be present in the mechanism of
action of the radioprotective amino-compound mexamine.

In the variant of the experiments carried out, no evidence was obtained of the presence of a nervous
component in the mechanism of action of the sulfur-containing radioprotective agent §-mercaptoethylamine.
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