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The structure of the motor nerve endings in skeletal muscle has been
known for long. In the last thirty years several observations have been pub-
lished concerning the various structural alterations ofthe motor nerve endings
due to different pathological processes as well as under experimental conditions.
In 1934 and 1935, A. G. Fitatova and B. |. Lavrentiev have established
proliferative changes on numerous motor end-plates of the laryngeal muscles
of men died, and proposed these characteristic structures to be termed “ending
neuromas”. These “ending neuromas” are characterized by the expansion of
the growing terminals to the border of the end-plate or, in certain cases, to the
border of the muscle fibre. Similar reactive changes of the motor nerve endings
have recently been observed in various diseases by several authors, [9, 8, 2, 3,
6, 1, 10, 4, 5,etc.]. The changes in question were mostly involving the neuro-
fibrillar component. In certain papers alterations relating to the nucleo-
plasmic component are also mentioned. The latter component, however, has
not been separated into sarcoplasmic and glial parts, and the descriptions
were restricted to the number and characteristics of the nuclei. All these
results of course depend upon the methods applied some of which only allow
detection of the neurofibrillar elements instead of the whole complex structure
of motor nerve endings. According to the data yielded by electron microscopy
and histochemistry, the motor end-plate is composed of three structural com-
ponents: a) the muscular part containing the sarcoplasmic sole with nuclei
and with a specific sarcolemmal structure, the folded postsynaptic membrane
(the subneural apparatus); b) the neurofibrillar region, i.e. the terminal
arborizations of the axon of the motor nerve fibre; and c) the glial part com-
posed of the Schwann cells protoplasm with nuclei enveloping from outside
the synaptic region [16, 18, 13, 15, 11, 17, 12, 14]. Obviously, each part of the
neuromuscular junction has its specific function in the process of transm itting
impulses from nerve to muscle and the various components of the motor nerve
ending owing to their structural and functional differences probably react
differently to pathological influences.
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The aim of the present investigations was to study with certain new
methods the glial part of the motor nerve endings under various pathological
conditions and some observations as to the changes occurring in the sole plasm
of the motor end-plate.

Material and methods

Silver impregnation according to Bielschowsky-Gross completed with phase contrast
microscopy allowed a reliable observation of the structure and changes of each component
in the neuromuscular junction. The first method made it possible to study the neurofibrillar
component and phase contrast microscopy for studying nucleo-plasinic structures. As ma-
terial, various striated muscles of men suffering from cancer, nephritis, leucosis, radiation
injury, etc., and of the cat were used; the muscles were removed either post mortem or at
operation.

Results

The changes could clearly be observed on the neurofibrillar component
and the Schwann glial elements ofthe ending. The glial nucleo-plasmic part,
characterized by the presence of small, dark nuclei of an oval shape, showed
conspicuous changes, especially in the altered motor nerve endings. First
a swelling of the glioplasm takes place and the number of the Schwann nuclei
increases; at the same time the nuclei begin to situate themselves in a cone at
the border of the motor end-plate (Fig. 1). In the nerve endings, showing
progressive changes of the neurofibrillar apparatus, with an increase of the
axon terminal, a further growth with structural changes of the glial part takes
place. A compactstructure is preserved in the centre of the increasing end-plate
only. In the lateral increasing parts the protoplasm is composed of isolated
dark regions of irregular shape; these are united by bundles across light, larger
or smaller spaces (Fig. 2). In perpendicular sections one can observe the topo-
graphy of the increasing glial mass, which, extending along the muscle fibre,
the sarcolemma and the endomysium separates into layers (Fig. 3). Parallel
with the growth of the neurofibrillar mass and its transformation into an end-
ing neuroma a considerable increase of the glial component occurs which is
transformed into a massive nucleo-plasmic body of syncytial structure. All
parts of the neuroma seem to be embedded in glial protoplasm (Fig. 4). The
latter is a necessary structural component of the growing terminals. Even on
the neurofibrillar branches growing out quite far from the end-plate one can
always observe the protoplasmic layer with typical Schwann nuclei closely
enveloping the growing nerve branches (Fig. 5). There are no unmyelinated
terminal branches at the border of the end-plate. The glial origin of the syn-
cytial nucleo-plasmic structures observed in the region of the changed endings
is shown by the direct connection between them and the elements of the
Schwann sheath enveloping the preterminal nerve fibre (Fig. 6). In motor
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Fig. 7. Beginning; changes of the glial nucleoplasmic component in the motor end-plate
of the musculus rectus superior oculi of the cat. Acute radiation injury. — Latent
period. Bielschowsky-Gross impregnation, phase-contrast. x 900

Fig. 2. Progressive proliferative reaction of the neurofibrillar and glial components of the
motor end-plate, from the musculus thyreoarytaenoideus of the cat. The glioplasm
has a syncytial structure in the peripheral regions of the ending. Acute radiation
injury in the period of agony. Bielschowsky-Gross impregnation, phase-contrast. X 900

nerve endings with a neurofibrillar apparatus showing signs of advanced
degeneration, the nucleo-plasmic component exhibits still more expressed
changes. The site of the original normal end-plate cannot be defected. The
whole plasmic mass consists of dark regions of various shape and size con-
nected with each other by numerous bundles and light spaces. The number
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Fig. 3. Extension of the overgrowing glial component of the motor nerve ending between
the endoinysiuin and the sarcolemma of the muscle fibre, Man, musculus thyreo-
arytaenoideus internus. Cancer of larynx. Surgical material. Bielschowsky-Gross
impregnation, phase-contrast. X 900

Fig. 4. Ending neuroma in the musculus thyreoarytaenoideus internus. Man. Overgrowing
terminal branches enveloped by glial nucleo-plasmic mass of syncytial structure.
Cancer of the larynx. Surgical material. Bielschowsky-Gross impregnation, phase-
contrast. X 900

Fig. 5. Growing terminal of a changed motor end-plate covered in its whole length with a
layer of glial protoplasm containing Schwann cell nuclei. Musculus thyreoarytaenoi-
deus internus. Man, Cancer of larynx. Postmortem material. Bielschowsky-Gross
impregnation, phase-contrast. X 900

of the nuclei in such a sole is many times that in a normal end-plate.
Morphologically they are closely similar to the Schwann glial nuclei
(Fig. 7).

The changes of the sarcoplasmic part of the nerve ending are less ex-
pressed. In the beginning stages of the reactive changes, the size of the nuclei
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Total destruction of the neurofibrillar apparatus of the motor end-plate. One can
well see the connection between the syncytial glial component and the sheath of the
preterminal motor nerve fiber. Musculus thyreoarytaenoideus internus of the man.
Cancer of the stomach. Nécrotomie material. Method: Bielschowsky-Gross: phase-
contrast. X 900

Considerably increased nucleo-plasmic mass with numerous Schwann cell nuclei
on the site of a destructed motor nerve ending. Musculus thyreoarytaenoideus in-
terims of the cat. Acute ray-disease. Acmic period. Method impregnation Biel-
schowsky-Gross impregnation, phase-contrast. X 900

in the sole plasm increases significantly. Subsequently they disappear and only
Schwann cell nuclei can usually be observed in the substance of the neuroma.
The sarcoplasm of the sole of intensively changed nerve endings obtains
a granular character. No signs could be found of syncytial structures being
former in the region in question.

Discussion

The described changes of the Schwann nucleo-plasmic component of the
motor nerve ending have been observed by us in various diseases (cancer,
nephritis, leucosis, acute experimental radiation injury). Similarly to the2

2 Acta Morphologies X11/4.
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changes of the neurofibrillar part, they cannot be regarded as specific for any
disease. An analysis of our data, however, has allowed to recognize certain
characteristics in the development of changes in various parts of the motor
nerve endings. First of all, there exists a doubtless correspondence between the
reactions of the neurofibrillar and the glial component. In all our cases the
growth of the terminal was followed by the growth of the glia. The ending
neuromas were hitherto regarded as unmyelinated overgrowths of the irregular-
ly interlacing terminals bearing varicose widenings and bulbs, situated freely
at the border of the end-plate sole and the muscle fibre. We, however, did find
such neuromas without glial elements. However large the neuroma has grown,
it always remained embedded in a nucleo-plasmic mass. Even single terminal
branches overgrowing far the borders of the ending were enveloped by a proto-
plasmic layer with nuclei. Consequently, there exists a well-expressed parallel-
ism between the character of reaction of the neurofibrillar apparatus and the
glial part of the neuromuscular junction. Proliferative-reactive changes of the
former structure are always followed by the same alterations of the latter.
Each increase in the neurofibrillar apparatus of the motor nerve ending under
changed conditions must evidently lead to a mass growth and a structural
transformation of the glial component. This speaks for the existence of an
interconnection and functional interdependence of these two structures of the
neuromuscular synapse. The formation of a syncytial structure in the over-
growing glial part of the ending can also be regarded as a regular phenomenon.
The reactive proliferation of the motor nerve endings induced by various
diseases always contains nucleo-plasmic masses of syncytial structure, connect-
ed with the Schwann sheath of the motor nerve fibre. It is remarkable that the
destruction of the neurofibrillar component of the motor nerve ending does
not lead to the death and destruction of the glial part. After having trans-
formed its structure into a syncytium, the glial part continues to live at the
site of the former motor ending.

The sarcoplasmic part, in contrast to the glial and neurofibrillar parts,
reacts in a different manner on the trophic changes caused by different
diseases. After a short reacting period characterized by a significant increase
of the nuclei, the elements show degenerative changes which later cannot be
seen. This part is evidently less resistant and less reactive.

As to the functional importance of the described changes of the Schwann
glial elements of the neuromuscular synapses and as to their causes, the prob-
lem remains open until there will be satisfactory data in this connection.

Summary

The changes of the Schwann glial cells of the motor nerve endings in striated muscles
of the cat and of humans suffering from grave diseases (cancer, nephritis, leucosis, acute
radiation injury) have been investigated by silver impregnation and phase-contrast microscopy.
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The latter method allowed to reveal all components of the neuromuscular synapse, namely
the terminal branches of the motor axons, the Schwann glial elements, as well as the sarco-
plasmic sole with the nuclei. The occurrence of proliferative changes of the glial elements in
some end-plates was observed. First, the number of the glial nuclei increased, later an increase
of the protoplasmic mass and a change of its structure took place. The protoplasm looking like
a symplast in normal neuromuscular synapses became syncytial in the changed ones. In such
synapses it has a form of irregularly shaped plates containing dark oval nuclei connected by
protoplasmic bands. The increasing mass of the syncytial Schwann protoplasm with its nuclei
was situated on the surface of the muscle fibres lying between the sarcolemma and the endomy-
siuin. The increase of the Schwann elements was always simultaneous with the proliferative
changes of the motor axon terminals. No naked terminals were found in the proliferating neuro-
muscular synapses, all the growing and newly formed terminal branches were covered with
a layer of the Schwann protoplasm containing oval dark nuclei. While the neurofibrillar com-
ponent of certain changed neuromuscular synapses was completely destroyed, the syncytial
glial structure remained intact and did not lose its connection with the Schwann elements
of the sheaths of the destroyed motor nerve fibres.
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BEOBACHTUNGEN UBER DIE SCHWANNSCHEN NEUROGLIA-ELEMENTE
BEI DER VERANDERUNG DER NEUROMUSKULAREN SYNAPSEN

G. A. POLIKARPOVA, L. G. SVATKO und G. N. SHMELEVA

Es wurden im Laufe verschiedener schwerer Krankheiten (Krebs, Nephritis, Leukose,
akute Strahlenschéddigung) die Veranderungen der in den motorischen Nervenendigungen der
quergestreiften Muskel befindlichen Schwannschen Zellen bei Menschen und Katzen unter-
sucht. Die neuromuskulédren Synapsen wurden nach Bielschowsky-Gross mit Silber imprag-
niert und phasenkontrastmikroskopisch untersucht. Diese Methode ermdéglichte die Beobach-
tung aller Elemente der neuromuskuldren Synapsen, d. h. der Endzweige der motorischen
Nerven, der Schwannschen Glia-Eleinente, sowie des Sarkoplasmas und dessen Kerne. In den
Glia-Elementen einzelner Endplatten waren Zeichen von Proliferation sichtbar. Erst nahm
die Zahl der Neuroglia-Kerne zu, dann wuchs die Masse des Protoplasmas und seine Struktur
verdnderte sich. In normalen neuromuskuldren Synapsen ist das Protoplasma dem Symplast
dhnlich, nach der Verdnderung zeigte dieses eine syncytiale Struktur. In den verdnderten
Synapsen wies das Protoplasma unregelméBige Lamellen auf, die dunkle ovale Nukleolen
enthielten und untereinander mit protoplasmatischen Bé&ndern verbunden waren. Die wach-
sende Masse des syncytialen Schwann-Protoplasmas und dessen Kerne befindet sich auf der
Oberflache der Muskelfasern zwischen Sarkolemm und Endomysium. Die Zunahme der Masse
der Schwannschen Elemente ging mit proliferativen Verédnderungen in den Axonenden der
motorischen Nerven einher. In den verdnderten neuromuskuldren Synapsen waren keine
bloBe Endigungen zu beobachten. Alle wachsende und neugebildete Nervenendigungen waren
von einer Schwannschen Protoplasmaschicht bedeckt, in der dunkle ovale Nukleolen sichtbhar
werden. Obwohl der neurofibrillire Komponent einzelner neuromuskuldrer Synapsen voll-
kommen zugrunde gegangen ist, blieb die syncytiale Gliastruktur unverandert und ihre Ver-
bindung mit den Schwannschen Zellen der Scheide der degenerierten motorischen Nervenfasern
blieb erhalten.

HABNMHOLJEHNA HAL WBAHHOBCKUMWN TNVNANBbHBIMW 3SJIEMEHTAMU
B MUSMEHEHHbIX MMNOHEBPAJIbHbIX CUHAIMCAX

NMONNKAPMNOBA I'. A, CBATKO N. I v WMENEBA T. H.

B HacToslLeM MCCMefoBaHMM U3yuanocb COCTOSIHME FNMabHON sAepHOMIa3MaTNyecKol
YyacTu [ABMraTelbHOT0 HEPBHOIO OKOHYAHMSI MPU Pa3NUHbIX MATOMOrMUYeCKMX MpoLeccax B
opraHusme (pak, HegpuT, sKCreprMeHTalbHas ocTpasi flydeBas 60/e3Hb, Nelikos u ap.). Marte-
pvan o6pa6aToBasicsl MMnNperHauveir cepe6poMm no metody BunbluoBckoro—I poc, npena-
patbl M3yyanucb Npu MOMOLLM (ha30BOro-KOHTPACTHOrO YCTPOMCTBA. VI3MeHeHWs1, HabntogaemMble
B MUOHEBPa/IbHbIX CMHAMNcax, KacalTcs Kak HelipombpunnsipHOro KOMMOHEHTA OKOHUYaHWiA,
Tak N UX SepPHO-NMa3MeHHbIX 06pa3oBaHUii, B 0CO6EHHOCTU TNa/IbHBIX LIBAHHOBCKUX 3/1EMEH-
TOB. B OKOHYAHWSIX C MPOrPEeCCUPYIOLLMMM PEAKTUBHBLIMMA M3MEHEHWSIMM CO CTOPOHbI Hepo-
(hMBPUNNSPHOro annapaTa, B BMAe paspacTaHMs TepMUHasneil 0CeBOro LMAMHAPA, HabnoaaeTcs
TaK-Xe YBe/MUeHVe FNUanbHOW YacTy, KoTopas Hapsagy C YBeNMyeHMeM MacChbl HauvHaeT-
MEHSITb CBOK CTPYKTYpy. PacTylive OTAenbl FAvoNIasMbl NPUHAMAOT CUHLMTUAIbHOE CTpOe-
HUe, KONMMYECTBO SAep BO MHOMO pas yBeNMuYMBaeTcsl. Bce YacTy pas3pocLuerocst TepMUHa/IbHOTO
annapaTta Bcerja MorpyxeHbl B rNuaibHyl0 NpPoTONaasmy, Kotopas siBNSeTCs Heo6Xxoaumol
COCTABHOI YacTbl0 PaCTyLUMX TepMuHaneil. TakuM 06pa3oM CyLLECTBYET Mapasiiennam Mexiy
XapakTepoM peakLmy HermpopubpMNNsSPHOro annapaTa W rAManbHOM YacTbio MUOHEBPAbHOIO
cuHanca.

G. A. PoLikarRPOVA
L. G. Svatko
G. N. Shmeleva

KasaHb, Kadegpa ructoronormm MeguunHcKuin MHctu-
TyT, CCCP



	4. szám��������������
	Morphologia Normalis et Experimentalis���������������������������������������������
	Polikarpova G. A.– Svatko L. G.–Shmeleva G. N.: Schwann Glial Elements in the Changes of Neuromuscular Junctions�����������������������������������������������������������������������������������������������������������������������


	Oldalszámok������������������
	379����������
	380����������
	381����������
	382����������
	383����������
	384����������
	385����������
	386����������


