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The first convincing evidence of the effect of frradiation of frogs with x-rays was provided by L R. Tark-
hanov {19, 20]. It was later shown that radioactive substances cause degenerative changes {n the nerve cells and
fibers of tie cenwual nervous system [3], Other authors [24, 26}, however, reported that x-rays have no effect on
nervous tissues, which remain intact afier irradiation of the organism,

1. R Tarkhanov's views wers supported and further developed by M. 1. Nemenov [1€], F. P. Malorov,
M. I, Remenov and L. F, Vastleva [13], E. L Bakin (1], N. N, Lifshits {12], R, Liman, P. Kupalov and W. Scholz
[25], D. G. Shefer [21), P. F. Minaev {14, 15}, and others, who found that the nervous system 1s quite sendddve
to penetrating radlation, M, L Nemenov [16] definitely established that x-rays adversely affect cortical acdvity.
D, G. Shefer [21] showed that lrradiation caused degenerative changes In the ceils of the cerebral cortex and of
the subcortical ganglions.

These divergent views on the sensitivity of the nervous system to the action of radlant energy are also
reflected in the textbooks, ¥, V. Efimov [6] classes nervous tssue as belrg the least sensitive to radladon of
all the tissuet and cells of the body, While B, N, Tarusov [18] toncedes oa the one hand that the central nervous
system {s very sensitive to direct irradiation, on the other hand be considers that “the tissues of the nervous sys-
tem are best of all protected against secondary toxlc products formed during irradiavion,®

Of recent times, morphological data have been added to clinical and physiological observatons indicative
of the sensitivity of the nervous system to x-1ays,

V. V. Portugalov et al, [17] have shown that frradladon of animals causes damage to the nerve cells of
different levels of the brain, and of the sympathetic and spinal ganglions, and leads to changes in nerve fibers
and receptors,

A. G. Beglaryan, K. A. Kyandaryan and S, A, Papoyan [2] came to the conclusion that irradlation affects
receptor nerve fibers-and cells of spinal ganglions (crenellation, hyperchromatosis, central chromatolysis), They
also found changes in the lateral horns of the spinal cord (karyocytolysis, ghost cells), and, o a lesser degree, in
the cells of the higher levels of the central nervous system,

The least affected were the cells of the cerebral cortex, which is, in the opinion of these authors, due to
differences in the functional state of different parws of the central nervous system,

V. V. Kupriyanov [10, 11) subjected dogs and cats to irradiadon, and found significant changes In the
cardiac receptors and in the intramural nerve cells of the heart; he observed degeneradve changes in the peri-
cellular formatons,,

Irradiation restricted to the temporal o frontal lobes of the braln of apes was followed by acute inflam-
matory or necrotic processes in the irradiated parts of the brain, according to the amount of radiation adrministered
[22). Changes in the glia cells of irradiated apes were also observed (23},
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A. D, Zurabashvill and B. R. Nanefshvili {8} examined the condition of certain parts of the brain 2nd the
spinal cord of 4 frradiated dogs and 4 frradlated apes. They came 10 the conclusion that the central nervous
systein, conusting as it does of highly differentizind celle, {s sensitive to irradiadon,

The inipression given by this short survey of the lterature {s that nervous elements are very sensitive to
frradiation with x-rays. One may agree with N, A, Kraevsky's view [9] that the alieged Insensitivity of the
nervous sysi2m 0 radiant energy was based on superflcial mosphological observations,

The queston of the effect of x-rays on the nervous system i3, of course, still far from being finally eluci-
dated; In particular, virtwally no attention has been paid w the state of the synaptic structuzes, which are
abundanty distributed around the neurons of the central nervous system,

For the explanation of the processes of stimulation and inhibidon taking place in the central nervous
system, present-day physiology attaches great imporiance to the functon of the complex synaptic appatatus
distributed around nerve cells and their protoplasmic pracesses (dendrites), B. A, Dolgo-Saburov [4, 5] has, on
morphelogical grounds, advanced the suggestion that the concept of the neuron as a structural and physiological
element of the reflex arc should be extended to Jnclude its surrounding neuroglia and blood capillaries, it was
found 4, 5] that these elements are also supplied with synaptic swuctures, which appear to be terminations of
nerve cell deadrites and axons (i.e., of coaducting systems),

EXPERIMENTAL METHODS

We examined the condition of synaptic structures around spinal cord celle of rats which had been subjec-
ted 1o x-ray trradiation, at a dosage of 450-600 r, causing acute radiation sickness, The spinal cord of 5rats
killed on the 5-12th day after irradiation was studied in complete serial sections, The sections were impreg-
nated by D. L. Deinek's modification of the Golgi method, This procedure gives a very clear picture of normal
and pathologically changes synaptic structures at nerve cells and thelr dendrites, The capillary network s also
well shown: for greater contrast we stained the capillaries with iodoeosin,

EXPERIMENTAL RESULTS

We compared our observations with those of A. D, Zurabashvili {7) and of B. A. Dolgo-Saburov [4], which
describe the structure and distriburion of synaptic structures of nerve cells of the spinal cord of normal rats, The
terminal interneuronic apparatuses connecting spinal cord nerve ceils of rats — the synapses — are normally ia
the forns of slender ringlets or loops situated on the body of the cell and on the dendrites {4, 7). Thefr number
is fairly large, and their dimensions vary, but in generai they give the impression of belng extraordinarily thin,
The synaptic ringlets are sometimies supplied by short preterminal segmenis of afferent nerve fibers, being axons
of another nerve cell, Some of the synaptic stuctures are located between cells, These synapses, which had
earlier been termed *free synapses™ by Lorente de No, are in fact, according to B, A, Dolgo-Saburov [4, 5],
terminations of serve fibers at nerve cells and their dendrites which had not fallen within the plane of the sec-
tion, at neuroglia cells, and, finally, at the walls of the multplicity of capillaries which ramify in this reglon,

Many cells are litcrally covered with hyperwophied synaptic structures (Figs, 1 and 2), Some of these
terminations lie close to the cell, within the perineural space, Synaptic terminatons, including tiose located
at interdendritic bridges between cells, underge enlargement, Many synaptic structures not apparently conbecs
ted with cells or their processes ("lree”® synaptic structures, according to the old terminology) are visible in tie
field of vision; many of these are also hyperuophied, and are located on the walls of capillaries (see Fig. 3}

It may be concluded that all types of synaptic structures are affected; axosomatic, axodendritle, and axovasal,
i. 2., Iocated at the walls of capillaries,

Thz morphological picture of the reacdvely modified synaptc terminations is distinguished by it lack
of wniformity. The structures vary from barely perceptble enlargements and swellings of the synaptic loops to
filied-in loops, many times greater than the original ones, and with indistnect contours, There are also a large
nurnber of Intact synaptic structures,

Apart from the forms described, there are also more considerably modified synapdc structures; these
have undergone transformations into swollen, mace-like forms (Fig. 4), or into plates of irregular shapes, These
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synaptic terminadons do not have a uniform sucture, They contain vacuoles and granuladons, thelr contours
are trregular, and the perlsynaptic fibers are split in places (see Figs. 1 and 2),

Fig. 1. Cervical segment of the spinal cord, Hyperwophied
synaptic swuctures on the bodies of nerve cells and on thelr
dendries,

The synapiic seuchuse seen o the left of the drawing are loca-
ted oo the walls of a capillary, Impregoated according to Golgl-
Deinek. Ofl immersion,
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Fig. 2. Lumbar segment of the spinal cord. Hyperwophied synaptic
swuctures on the body and the processes of a nerve cell, Impregnated
according to Golgi-Deinek, Oil immersion,

It capnot he maintained that the above changes in synaptic structures are speciflc effects of radiaton
damage ®© the nervous system, It is known that the pervous system reacts falrly uniformly o different patholo-
gically inadequate stiouli, Similar, although less pronounced, changes in synaptic suctures at nerve cells of
the spinal cerd of caus, following ligation of the portal veln, have been described by B. A. Dolgo-Saburov [5],

The reacdvely modified synaptic structures represent an adaptive reacton. The neuron, of course, re-
acts as a unit to any agents acting on t, but the visible structural changes are evidently most readily observed
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at its eerminadons (receptors, pericellular apparatuses, synaptic formations at cells of the centsal nervous

system),
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Fig. 3, Cervical segment of the spinal cord, Hypertrophied
axovasal terminations on the wall of a blood capillary,
Photomicrograph., Impregnated according to Golgi-Deinek,
Oil immersion,

Fig. 4. Cervical s gment of the spinal cord, Two
very enlarged synaptic terminations, in the form of
plates (one of them with a pre-synaptic fiber), may
be seen at the upper end of the cell, at its axon root,
Photomicrograph, Impregnated according to Golgi-
Deinek. Oil immersion,



Apparently different parts of a neuron vary in their morphophysiological pioperies, This conclusion may
be drawn {rom published dat [8, 10, 11] and {rom the results of our experiments, The presence of Intact
synaptlc structures side by side with reactively changed ones is suiking evidence of the plasticity of the nervous
system, which is responsible for maintaining the level of vital processes at the optimum for the given conditdons,

The sigrificance of our results {s that they provide further support for the views of those authors who hold
that the nervous system fs highly sensitive to penetrating radfation, Apart from changes In the nerve cell bodies
and their processes (which were observed by us), the greatest interest attaches to our findings on the reactivity of
synaptc structures, 10 which there are very few references in the literamure, It s known, for example, that
irradiation of different parts of the central uervous system causes inhibitlon or stimuladon of their activity,
according to the dosage glven [14),

These processes cannot proceed without the participation of the synapses, which connect one newon with
another, The changed synaptic structures may possibly interfere with proper functoning of reflex arcs, thus
causing localized and generalized disturbances,

SUMMARY

Various changes were observed in synapdc structures following frradlation in the dose of 450 to 600 2,
These structures were changed from delicate rings into button-like, mace-like swuctures and nodules of Jarge
size, All types of synaptic structuwes are subjecred 1 hyperophy — axosomade, axodendritic and axovasal,
However, there s a considerable number of synaptc structwes which remain intact, This points to the high
plasticity of the nervous system, Changed synaptic structures, probably, cause alteration of reflexes with en-
suing lccal and general disturbances,
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