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Diphtheritic polyneuritis, accompanied by pareses and paralyses is one of the severe complications of diph-
theria,

The morphological substrate of diphtheritic paralyses has heen for a long time the object of investigations,
but the question is still unsolved. The firmly rooted conviction that diphtheritic paralyses{2,10,13] are caused by parenchy-
matous neuritis does not fully satisfy the clinicians, as it fails to explain the peculiar clinical picture of the motor
disorders in question[1, 7, 8, 9, 15, 18],

Changes in the nerves can be observed in all cases of diphtheria; these changes, however, are not always ac-
companied by motor disorders [6]. Besides, it is hard to understand why the clinical manifestations of motor disor-
ders appear only 25-35 days after the onset of the illness, whereas the typical picture of neuritis develops between
the 10th and 14th day,

The existence of these unsolved questions, concerning the pathogenesis of diphtheritic paralyses, is possibly
connected with the gaps in our knowledge regarding the state of the innervating apparatus, and in particular the neu-
romuscular synapsis, in cases of diphtheria,

On the basis of physiological and pharmacological studies it is,at present, generally accepted that the functional
state of the nervous system is to a certain degree determined by the state of the synaptic apparatus,

All these facts show that it is impossible to study the pathogenesis of motor disorders without adequate investi-
gation of the neuromuscular synapsis,

In the present paper we set ourselves the task of following up the state of the neuromuscular synapsis at various
stages of diphtheritic intoxication in guinea pigs.
METHODS

Guinea pigs weighing between 250 and 300 g were given injections of diphtheria toxin in normal saline under
the skin of the right foreleg, in doses which caused the animals® death on the 25th - 35th day, Between the 21st
and 25th day paralyses and pareses of the right foreleg and of both hindlegs developed in the guinea pigs. In time,
the paralysis spread further: respiratory disorders developed and the animals’ voices became hoarse. The animals
lost up to 1/3 of their original weight and perished under symptoms of marked adynamia,

Ninety-four guinea pigs were given injections of toxin; in 80 of them paralyses developed. In the remaining
animals no respiratory disorders could be observed.

The control animals (38 guinea pigs) were given injections of normal saline.
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Dynamics of changes in motor plate at different times during diphtheria
intoxication in guinea pigs, 1) Control. No changes in neural apparatus;
2) control. Protoplasm of underside homogeneous; 3) control, Reaction
to proteins very mild; 4) control, Appearance of specific cholinesterase;
most intense hiydrolysis in the outer portions of the subneural apparatus;

5) 3rd day of intoxication. Decrease in activity of non-specific cholin-
esterase in motor plates, Top — control, bottom — experiment; 6) 3rd
day of intoxication, Increase in specific cholinesterase activity with
diffuse distribution in subneural apparatus; 7) 32nd day of intoxication,
High specific cholinesterase activity, outlines of subneural apparatus
blurred, appearance of enzyme in muscle fiber (taken with a comparative
microscope); a) experiment; b) control; 8} 35th day of intoxication. Ap-
pearance of specific cholinesterase in parts of muscle fiber adjoining
plate; 9) 35th day of intoxication, Considerable proliferation of plate's
nuclei; 10) 32nd day of intoxication. Motor plate, nuclei dead and proto-
plasm of underside destroyed; 11) 34th day of intoxication., Brashe's re-
action, pyroninophilia of protoplasm of plate’s underside, formation of
two nucleoli in nucleus.
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The crural muscles of the hindlegs and the intercostal muscles were investigated at different periods after the
injection of toxin: on the 3-Tth, 14~21st day and later, in step with the progression of the intoxication and the para-
lysis, until the 45th day.

Tissue sections fixed in formalin, in Carnoy's liquid, and also freshly frozen unfixed cryostat sections were in-
vestigated.

RNA was demonstrated by the method of Brachet, DNA by the method of Feulgen. Proteins containing the
amino-acids: thyrosine, histidine and tryptophan were demonstrated by the method of Danielli and sulfhydryl groups
of protein nature with p-nitrobromoacetophenone by the method of Yakovlev-Nistratova; specific and unspecific cho-
linesterase by the method of Koelle. Neurofibrillary structures were demonstrated by the method of Bielschowsky-
Gross. Hematoxylin-eosin, picrofuchsin and thionin were used as general stains,

RESULTS

In the animals of the control group the terminal ramifications of the motor nerves showed a satisfactory degree
of impregnation., The zone of the terminal ramifications contained elongated Schwann nuclei, rich in chromatin;
the latter was densely packed and gave an intensive staining reaction for DNA, In the deeper layers the nuclei were
of more spheroid shape and the chromatin was distributed more evenly in the form of fine lumps which gave a weak
DNA reaction, The number of nuclei in the end-plates varied between 6 and 10 (See Fig. 1, and 2).

The protoplasm of the motor end-plates is of homogeneous or finely granular structure, stains weakly with
thionin, contains RNA and is difficult to discriminate from sarcoplasm, as it has an equal degree of pyroninophilia.
The sarcoplasm of the muscle fibers gives a strongly positive reaction for protein and for the sulfhydryl groups of
proteins. This reaction is much weaker in the protoplasm of the motor end-plate and in sections looked at from the
side, the end-plate appears as a light hillock with darker stained nuclei (See Fig. 3).

A high specific cholinesterase activity was found in the cytoplasm of the motor end-plates; it was mainly local-
ized in the external layers of the end-plate, which in the sections seemed to be well-defined (See Fig. 4).

On the third day after the injection of the toxin an increase in the specific cholinesterase activity conld be
clearly seen; this became manifest in a more intensive reaction, producing greater quantities of precipitate; but no
changes in the distribution of the precipitate could be observed within the sole of the end-plate (See Fig. 6). The
unspecific cholinesterase activity, conversely, decreased (See Fig. 7).

At this stage the usual histological methods failed to reveal any differences compared to the control sections.

In the subsequent period until the 14th day, the specific cholinesterase activity remained on a high level,
whereas the unspecific cholinesterase activity gradually decreased during that time,

On the 14th day the number of nuclei in the motor end~-plates showed a marked increase and reached in a
number of cases 15-20 (See Fig. 9). The end-plates increased in size. The pyroninophilic character of the cytoplasm
in the sole of the end-plate increased. This stain disappeared after treatment of the sections with ribonuclease,

Many nuclei within the end-plates contained several nucleoli, rich in RNA (See fig. 11). The structure of the cyto-
plasm in the sole of the end-plate remained homogeneous or finely granular, The tetrazonium reaction and the
reaction for sulfhydryl groups was of the same intensity as in the control sections, The terminal nerve fibers appeared
to be strongly argyrophilic and coarser than usual.

On the 21st day after the injection of the toxin the specific cholinesterase activity still persisted on a higher
level than in the control animals; but the distribution of the enzyme within the motor end-plate showed certain
changes: the higher activity in the peripheral parts was now replaced by a more diffuse distribution in all parts of
the end-plate and in consequence the outlines of the end-plate became less distinct (See Fig. 7a); besides,the enzyme
could be demonstrated in parts of the muscle fibers, adjacent to the synapsis, where, formerly, no enzyme had been
found (See Fig. 8),

At this stage,only traces of unspecific cholinesterase activity could be found in the zone of the nenromuscular
synapsis.

In addition to the proliferation of the nuclei within the end-plates destruction of the nuclei could be observed.
Nuclear detritus could be seen in the zone of the motor end-plates. The cytoplasm of the end-plates was of strongly
pyroninophilic character and contained coarse lumps of a basophilic substance (See Fig, 10), which substance disap-

1082



peared after treatment with ribonuclease. The more deeply situated nuclei in the end-plates, which contained less
chromatin and gave a weaker DNA reaction,were swollen and had indistinct outlines; their nucleoli, however, pre-
served their pyroninophilic character.

Between the 21st and the 45th day the degenerative processes in the motor end-plates became more intensive,
keeping in step with the progression of the paralyses. The specific cholinesterase activity decreased in some parts
of the end-plates in almost all synapses, This was apparently caused by the focal development of necrobiotic proces-
ses within the end-plates,

Specific cholinesterase activity could be demonstrated at a considerable distance from the end-plates in the
sarcoplasm of those muscle fibers in which the synaptic apparatus had undergone changes.

At this stage no more unspecific cholinesterase activity could be demonstrated.

Our findings thus showed that, during the development of diphtheritic intoxication changes take place in the
specific and unspecific cholinesterase activity, i.g. in the activity of those enzymes which play an important part in
the transmission of stimuli from the nerve to the muscle. These changes develop in the initial stages of the intoxica-
tion, at a time when the usual histological methods fail to reveal any structural change.

At later stages proliferative processes accompanied by a further increase in the specific cholinesterase activity
develop in the motor end-plates. Simultaneously the RNA-content in the cytoplasm, and in the nucleoli,and the DNA-
content in the nuclei of the end~plate increase, By the time the motor disorders in the form of pareses and paralyses
are fully developed, the changes inthe cholinesterase activity have reached their maximum, At the same time de-
structive processes develop in the motor end-plates, affecting both the nuclei and the cytoplasm.

The specific cholinesterase activity shows a particularly marked increase between the 21st and 25th day, i.e.
at the time when the proliferative processes in the motor end-plates are most intensive and when the first clinical
symptoms of motor disorders begin to appear.

Later, the enzyme distribution changes and the activity decreases in some parts of the end-plates simultaneously
with the development of degenerative processes in the nuclei and the cytoplasm in the sole of the end-plate,

This period is characterized, above all, by the presence of a demonstrable specific cholinesterase activity in a
considerable stretch of the muscle fibers,

Experiments in which sections from sick and healthy animals were simultaneously incubated, showed that the
presence of specific cholinesterase activity in the muscle fibers was no artefact, In all experiments of that type we
invariably obtained identical results: in healthy animals specific cholinesterase was present in the motor end-plates
only, whereas in animals at the stage of pareses and paralyses the enzyme was distributed diffusely over both the
motor end-plates and the muscle fibers.

In our opinion this phenomenon can be explained either with the diffusion of products of hydrolysis of acetyl-
choline due to changes in the physicochemical properties of the muscle fiber, caused by the diphtheritic toxin, or —
what seems to be more probable — with changes in the pH optimum for cholinesterase in the muscle fibers, which
optimum is normally different from the pH optimum for cholinesterase in the motor end-plates {19]; consequently,in
cases of intoxication the cholinesterase activity in the muscle fibers can be demonstrated by Koelle’s method simul-
taneously with the cholinesterase activity in the nerve endings.

It could also be assumed that due to disorders in the innervating mechanism the muscle fibers acquire tonic
properties in the course of diphtheritic intoxication, as it has been shown by A. G. Ginetsinskii and co-workers [2, 17]
in experiments concerning the denervation of skeletal muscles,

Our investigations showed that in cases of diphtheritic intoxication, metabolic disorders develop in the initial
stages of the process in the region of the neuromuscular synapses,

Later proliferative changes develop against a background of biochemical disorders, changes which become
manifest in an increase in the number of nuclei in the Schwann glia of the motor end-plates.

By the time the motor disorders are fully developed the nuclei and the cytoplasm in the sole of the motor end-
plates suffer progressive necrobiotic changes in addition to the metabolic disorders; certain changes can also be ob-
served in the muscle fibers innervated by the end~-plates in question,
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Our findings warrant the assumption that functional disorders in the neuromuscular synapses play an important
part in the development of motor disorders in cases of diphtheritic intoxication,

SUMMARY

Polyneuritis was induced in guinea pigs by subcutaneous administration of diphtheria toxin. By the 25th~35th
day there appeared a typical picture of diphtheria paralyses, followed by the death of the animals. The muscles of
the shin (posterior extremities) were examined at various periods after the toxin administration, Evidence is present-
ed to the effect that diphtheria intoxication provoked metabolic disturbances in the area of the neuro-muscular
synapses with the change of the cholinesterasic activity; later, there occurred proliferation of the Schwann nuclei in
the motor nodes. The changes became especially marked by the time the development of motor disturbances had
become evident. The data obtained lead to a suggestion of an important role played in diphtheria intoxication by
the functional derangement of the neuro-muscular synapsis.
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