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The first convincing evidence of the effect of irradiation of frogs with x-rays wasprovided by L R. Tark- 
hanov [19. 20]. It was later shown that radioactive s~bstances cau~ degenerative changes in the nerve cells and 
fibers of the central nervous system [3]. Other authors [24, 26], howeves, reported that x - r a~  have no effect  on 
nervo~ tissues, which remain intact after irradiation of the orgaatun. 

L IL Tarkhanov's vlews wer,  supported and further developed by M, L Nemenov [161, F. P. Malorov, 
M. Io Nemenov and L. F. Vasileva [13]0 E. L Bakin [1], N. N. Li~shlts [12], IL Ltman, P. Kupalov and W, SchoLr 
[25], D. G. ~efe r  [21], P. F. Mlnaev [14. I5], and others, who found that t~e nervous system is quite sensitive 
to penetrating radiaflcxt. M. L Nemenov [16] definitely e~tzbtf*hed that x-rays ad';ersely affec~ cortical activity. 
D, G. ~'he|er [21] showed diat lrradiaflen caused degenera~ve changes In the ceils of the cerebral c~ tex  and of 
the subcortlcal ganglions. 

The~e divergent views on the sensitivity of the nervous system to the action Of radiant energy ate also 
reflected In the textbooks. V. V. Eftmov [6] classes nervous tissue as belvg the least sen~tlve to radiation of 
all the r.l~sue, and cells of the body. While B. N. Tarumv [18] ~oncedes ~a ~ e  one hand that the centxal nervom 
system is very ~en~ttive to direct irrad!agon, on the other hand he considers that "the tissues of the nervous sys- 
tem are best of all protected against secondary toxic products formed during Irradiation..* 

Of recent times, morphological daT.a have been added to clinical and physiological observations indicative 
of the sensitivity of the nervous system to x-rays. 

V. V. Portugalov et aL [17] have ,hown that irradiation of animals causes damage to the nerve cells of 
different level3 of the brain, and of the sympathetic and spinal ganglion,,, and leads to changes hi nerve fibers 
and receptors. 

A. G. Beglaryan, K. A. Kyandaryan and S. A. ?apoyan [2] came to the conclusion that trradiat2on affects 
receptor nerve fibers - and ceils of spinal ganglions (crenellation, hyperchromato~is, central chromatolysls). They 
also found changes in the lateral horns of the ;pinal cord (kar)~ocytolysis, ghost ceils), and, to a levser degree, In 
the cells 0f the higher levels of the central nervous system. 

The least affected were the cells of the cerebral cortex, which is, in dae opinion of these authors, due to 
differences In uqe functional state of different part* of the central nervous system. 

V. V. Kupriyanov [10, I1] subjected dogs and car* to Irradiation, and found flgnificant changes tn the 
cardiac receptors and in the intramural nerve cells of hhe heart; he observed degenerative changes in the perl- 

cellular formations, 

~rradiatlon restricted to the temporal or frontal lobes of the ixain of apes was followed by acute Inflam- 
matory or necrotic processes in the irradiated parts of the brain, according to the amount of radiation administered 
[22]. Changes in the glia cells of irradiated apes were also observed [23]. 
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A. D. Zurabashvili and B. R. Nanelshvlll [8] examined the condition of certain parts of the brain #.nd the 
~oinal ~-ord of 4 [rradialed 4ogs and 4 irradiated ape,. They came to the eoncludon that the central l~rvous 
~ys~em, ~.~nststing as it does ot highly differentir.gd cell% is senative to k, Tadlation. 

The in:pression gi~en by this ~or t  survey of the literature Is that nervous elements are very sensitive to 
l~tadi~tioil with xTrays. C~e may agree with N. A. Kraevsky's view [9] that the Mleged hasensltlvlty of the 
nervous s~stem to radiant energy wa~ based on superficial mo;ph01oglcal observations, 

The quetdon of the effect of x-rays on the nervous system Is, of course, ~till far from being finally ehml- 
da~ed; ~n particular, virtually no attention },.as been paid to the state of the synaptlc structuses, which are 

abundantly dhh-tbuted around the neurons of the central nervous system. 

For the explanation of the processes of stimulation and inhibition taking place In the central nervous 
system, present-day physiology attaches great importance to the function of the complex synapttc apparatus 
distributed around nerve cells and theis protoplasmic processes (dendrites). B. A. Dolgo-Saburov [4, 5] has, or 
morphological gromnds, advanced the suggestion that the concept of the neuron as a structural and phydologlcal 
element of t~qe reflex arc ghould be extended to Include Its sarrotmdingneuroglfa and blood caplllarlet, it was 
found (4. 5] that these elements are al~o ~upplied with synaptic structures, which appear to be terminations of 
nerve cell dendrites and axons (i.e., of conducting systems). 

E X P E R I M E N T A L  M E T H O D S  

We examined the condition of synoptic structures amend spinal cord cell., of ra~ which had been subjec- 
ted to x-ray irradiation, at a dosage ~f 450-600 r, causing acute radiation sickness. The  spinal cord of ,5 r a u  
killed oa  the 5-1~th day after irradiation was studied in complete serial sections. The sections were im/neg- 
n~ted by D. L Deinek's modification of the Golgi mer2;od. This procedure gives a very clear ptctme of normal 
and pathologically changes sy, naptic structures at nerve cells and their dendrites.. The capillary network is also 
well shown: for greaier contrast we stained the capiUaries with lodoeodn. 

E X P E R I M E N T A L  R E S U L T S  

We compared our observar.ions with L~ose of A. D. Zurabashvili [7] add of B. A. Dolgo-Saburov [4]. which 
describe the structure and distribution of synaptic structures of nerve cells of the sp.inaI cord of normal rat,. The 
terr~inal in~emeuronlc apparatu.ces connecting spinal cord nerve cells of rau - the synapses -- are normally tn 
the forn~ of slender ringlets or loops situated on the body of the cell and on the dendrites [4, 7]. Their number 
is fairly large, and their dimensions vary, but in generai they give the impression of being extraordinarily 
The synoptic ringlets are sometimes supplied by short preterminal segments of afferent nerve fibers, being axom 
of ,~other nerve ceiL Some of the synaptie s~uctares are located between ceils. "ltlese ~-aapse,, which had 
earlier been termed "free ~yr~apses" by Lorente de Nc~, are in facL according to B. A. Dolgo-Saburov [4, fi], 
terminations of nerve fibers at nerve cells and ~ei r  dendrites which had not fallen within the plane of the see- 
don, at neurogtia cells, and, finally, at the walls of the multiplicity of capillaries wh~.ch ramify In this region. 

Many ceU~ are literally covered with hypertrophied synoptic structures (Figs. 1 and 2). Some ef  these 
~rminations lie close to the cell, within the perineural space. Syuaptic terminations, Including those located 
at interdendrirdc bridges between ceils, undergo enlargement. Many synaptlc structures not apparently comae.e- 
ted wi'di celis or t~'~eir processes ( '~ree" synoptic srruc,ures, according 1:o the old terminology) are visible in the 
field of ~Ssion: w,,any of ~ese are also hypertrophied, and are loca~d on the walls of capillaries (see Fig. 3). 
It may be concluded that all type, of ~ynaptic structures are affected: axosomatie, axodendrttie, and axovatal, 
I. e., located at the walls of capillarle~ 

The morphological picture of the reactively rrmdified synoptic terminations h dtstingai,he, d by ltJ lack 
of ~iformtty.  The structures vary from barely perceptible emlargement* and swellings of the s]maptie loops to 
filled-in loops, many times greater than the original ones, and with indistinct contours. There are aho a large 
number of intact r/naptic structures. 

Apart from the forms described, there ar~ also more considerably modified sTaaptte struc~res; these 
have undergone Uansformations into ~wolleno mace-l ike forms (Fig. 4), or into plates of Irregular shapes, The~r 
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syr~apdc terminalSons do not have a uniform s~ructure. They contain vacuoles and granulations, their contours 
are Irregular, and the per!~ynapt~e fibers are split In places (see Figs. 1 and 2). 

Fig. 1. Cervical segment of the spinal cord. Hypcrtrophted 
s)naaptie s~uctu:es on d~e bodtes of nerve celt~ and on thetr 
dendrl~el. 

~4 c~ the "walls of a c~LL!zry. Impregnate~ according to Golgt- 
Deinek. Oil immersion. 

Fig. 2. Lumbar segment of the ~ptnal cord. H)q~ertrophied synaptic 
s~ructures on the body and the p~ces~es of a nerve c e ~  Irnpregn~ted 
according to Golgi-Dei~ek. Oil immersion. 

It  cannot be maintained theft the above changes in s)~aptie structures are specl~e effects of radiation 
d~mage t~ the nervous system. It Is k.sown that the nervous system reacts fairly un~formly to different patholo- 
gically inadequate stimuU, a m i d ,  aI~ough less pronounced, changes in synaptic struct~t~es at nerve cells of 
the ~ha~l cord of cau, following !igaaon of ~ae portal vein, have beea described by B. A. Dolgo-Saburov [5]. 

The ~e~c~vely modified s)~apflc structures represent an adaptive reaction. The nem~u, of couxse, te-  
acu as a u~t  ~o any agea~ acting on it, but the visible structural changes are evidently most readily observed 
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~t iu  mrminatio~s (reoeptors, l>ericeUular apparatuses, .,),naptic formations at celh  of the central nervous 

Fig. 3. Cervical segment of the spinal cord. Hyperuophied 
axovasal termLlat/ons on the wall of a blood capillary. 
Photomicrograph. Impregnated acco:.dgng to Golgi-Pefnek. 
Oil immersion. 

Fig. 4. Cervical s%ment of the spinal cord. Two 
very enlarged synaptic terminat/ons, in ~he form of 
plates (one of them with a pre-s~aaptic fiber), may 
be seen at the upper end of the cell, at its axon root. 
Photomicrograph. Impregnated according to Golgi- 
Deinek. Oil Immersion. 
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Apparently different parts of a neuron vary in their morphophyslologlcal piopettlet. TMs conclusion may 
be drawn from published data [8, 10, 11] and from the resulta of our experiments. The pretence of int,tet 
~naptlc strucvares side by ~tdr with reactively changed ones Is striking evidence of the plasticity of the nervous 
system, which is responsible for maintaining the level of vital processej at the optimum for the given conditions. 

The sigr.ificance of our results Is that they provide further support for the views of those authors who hold 
that the nervous system is highly s6nsitive to penetrating radiation, Apart from chan~es In the nerve cell bodies 
and their procemes (which were observed by us), the great~st int.grest attache.t to our findings on the reacttvi~ of 
synaptie ,tructures, to which there are very few references In the literature. It Is known, for example, that 
irradiation of different part, of the Ccnt~at t~r system causes lmhiblt~on or ~timulatton of their activity, 
according to the dosage given [14]. 

The,r proeemes cannot proceed without the participation of the s),napset, which connect one neu=on wl~ 
another; The changed s)~aptic s~Jetures may possibly interfere with proper functioning of reflex arcs, thus 
earning localized and generalized disturbances. 

SUMMARY 

Various changes were o~erved in syaaptlc structures following irradiation in the dora of 450 to 600 r. 
Th.e*e structures were change d from delicate rings into button-like, mace-Like structures and nodules of large 
flze. All types of synaptlc structme= are s(~bjecred to hypertrophy- axosomaflc, axodendriflc and axovasaL 
However ' there is a considerable number of synapdc structure! which remain intact. This points to the high 
plasticity of the nervous system. Changed s)maptic structures, probably, cause ~lteration of reflexe.s with en- 
suing local and general disturbances. 
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