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INTRODUCTION

This collection is dedicated to Academician A. D. Speranskiy on
his 65th birthdey. The eminent Soviet scientists A, D. Speranekly
student of I. P. Pavlov, is widely known to the scientific and med-
ical world as a very great pathophysiologist -- experimenter and
theoreticisn. His meny years of fruitful investigation hawe, to a
great extént, made possible the success of the recomstruction of. Sov~
iet madical science on the basis of the principles of Pavlovien nerv-
sim /nervizm/.

A boundless belief in +the strength of progressive science, the
depth and definitiveness of his theoreticsl constructioms, irrecon-
cilebility to set-patterns end routines in scientific investigations,
dsring and skill in the construction of his experiments, a kesn power
of observation -- these ere the things which primexrily draw atten-
tion to the crestive meke~up of A. D, Speranskiy. As a real innova-
tor, he has always sought and continues to seeck out unknown pethweys
in science, opportunities for new generalizations, original approaches
to the anelysis of the very complex phenomens in the realm of patho-
logy and medicine.

Af{ar beginning his independent scientific activity more then a
quarter of a century ego, A. D, Spersnskiy created his own defini-
tive trend in pathology. The small laboratory originally under his
leadership wes, after several ysars, converted into a large department
of the All-Union Institute of Experimental Medicine imeni A. M. Gor'-
kiy. On the base of this department, the Institute of General and
Experimental Pathology of the Academy of Medical Sciences USSR (bow,
the Institute of Pathological and Exparimental Therspy) was created
in 194kh; A, D. Speranskiy continues to be its director to this day.

Hundreds of systematically performed investigetions devoted to the
study of neural mechenisms of disease, recover and therapy, & series
of monographs by A. D. Speranskiyhimself, which have exerted an im-
portance influence on the development of Soviet medical science, a
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series of new effective therapeutic methods, tens of masters' and doc-
torate theses -~ this is a brief summary of the investigative work of
the scientific body headed by A. D. Speranskiy. It should be added
that the criticism of methodologically erroneous theories in medical
science developed under the guldance of A. D. Sperxanskiy, is to his
credit.

The authors of the articles published in the present collection,
the numerocus students and co-workers of A, D. Speranskiy along with
the entire scientific medical body heartily wish dear Aleksey Dmitri-
yevich health and new, great successes in his highly useful work
for the benefit of Soviet medical science on the occasion of his 65th

birthday.

This collsction, which includes chiefly the work of co-workers of
the Institute of Genersl and Experimental Pathology of the Academy of
Medical Sciences USSR, gives a fairly complete conception of the chare
acter and volume of the investigations being conducted in the Insti-
tute at the present time, and of the changes which have been mede
here following the Joint Session of the Academy of Sciences USSR and
the Academy of Medical Scilences USSR Dedicated to the Problems of the
Physiglogical Teaching of I. P. Pavlov,

As is well known, certain errors committed in the past by A. D.
Speranskiy end his students were subjected to criticism at this ses- -
sion. They consisted, specifically, of a certain underestimation of
the role of the higher centers of the brain in the development and
elimination of pathological processes and in the inadequate analysis
of the concrete physiologieal mechenisms through which the picture
of disease is mediated and by which recovery is achieved. It may be
gsserted that both the group headed by A. D, Speranskiy and he him-
self aeccepted this criticism properly and have done much to surmount
the shortcomings in his work, The Ninth Session of the Science Coun-
cil on the Problems of the Physiologicel Teeching of I. P. Pavliov
noted in 1ts resoclution the successful course of reconstruction of
the work of the Institute of Genersl and Experimental Pathology.

The meterial presented in the present collection confirxms, it seems
to us, the correctness of this evalustion of the activity of the In-
stitute. In contrast to the other publications of similaxr type,
vhich combine articles that are eniirely different in their tepies
and sre in no vay connected with one another, the present collection
is topical. All the articles are dedicated to a single topic -~ the
problem of reactivity in pathology. The scientific session of the
Institute of Genersl and Experimental Pathology which was held at
the beginning of 1953, and which evoked the lively interest of the
sclentific was also dedicated to this problem. A lsrge portion of
the material presented at that session has been included in the pre-
sent collection.
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I+ is well known that tha temm “rapetivity” introduced about 50
years ago has obtained an wnusually extensive distribution in patho-
logy end medicine.

Tt is revesling, in connection with this, that while in physiology
the development of the teaching about reactivity was indisruptibly
comectad with the intense study of the reactivity of the nervous
system (of neural tracts, centers and the nervous system os o whole),
in patholozy reactivity was for o long time considered to be some~
thing irdependant, by means of which it was possible to explain
readily everything which had praeviously not bsen wdarstood. It
becams cleaxr only ¢ tively recently that the analysis of the
phenamens belonging in the £ield ofpathology by means of the concept
"resctivity” does not transcend the bounds of phanomenology and is
purely formal in essence. The questlon arose as to the machanisns
of reactivity of the complex organism, vhich is varied and changes
during the course of the diseane.

At the present time, hardly anyone will dispute the neural nature
of thegse mechanisms. Nevertheless, such coneapts, even very recent-
1y, were frequently considared to be unfounded in pathology end open~
1y hostile reactions were not uncommonly encountered., His consis-
tent and decisive defense of the ides of the neurel origin of re-
actions determining the reactivity of the complex organism are to
the great credit of A. D, Speronskiy. Everything on which the group
led by him has worked in the past 25 years heg in one wey or another
beer commaected with this cardinal question of pathology and medicine.

Speeking of the neural mechandsms of reactivity, it should pri-
marily be kept in mind that the frultful study of this problem is
possible only on the basis of the Pevlovian reflex principle. The
occurence of disease, the severity and charncteristics of the disease
procass in the final anslysis ave determined by 4the choracter and
fata of the intermadiate resctions daveloped in the body under the
influencas of a specific stimilus (the cause of the disease) and the
acecoupanying, preceding or subsequent, additional non-gpecific stim-
vli. Hore, it should be kept in mind that any direct influance on
a tissue is never limited to a purely jocaleffect. It should be add~
ed to this that the lavel of reactivity of the body, vhich is de-
termined by the interaction of & very large number of reflex raac~
tiong, can be markedly eltered through a disturbance of the develop-
moentel conditions of any one of them.

The difficulties of physicloglcal analysis of the noural mechan-
isms of reactivity, therefore, are vary grest. The dscisive role here
should maturally belong to experimental pathology. BY cnonsceloualy
simplifying the relationships, chenging the condition of the body in
a desived digection, utilizing the rich arsenzl of physlologicadl end
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other spacinl mathods, it /experimental pathology/ is even today in
o position to do much for the understanding of +he mechanisms of re-
activity end of the means of regulating it. The investigations of
1. P, Paviov ave examples of this kind of work.

This collection, which is being brought to the attention of resd-
ers, is of interest spocifically from this point of view. Despite
the differences in the objects undexr observation and the methods used,
the investigations, the raesults of vhich have been presented in this
collection, supplement one another in a menmer of speaking. In some
of them the chief attention is glven to o study of the role of the
§ffarent portion of the nervous system in the development of the
pathological processes and in the creation of immmnity. Other work
has bacn devoted to en analysis of the gignificance of the central
narvous structures in diseese and vesistence. Tinally, the changes
are snalyzed vhich occur during the course of the disease ond recovery
in the effector orgsns., Thus, all the 1links of the reflex arcs, along
which the reactions proceed which create immnity, disease and re-
covery, end which detommine the level and chavacteristics of reacti~
vity of the body, axe brought into the sphere of the investigations.
Tn these investipations, gquestions of the interaction of the basic
pathological (specific) and the supplementary (non-specific) stimull
end of the significanca of the time factor in the effect of each of
them occupy important plsces.

As the reader can see, the material which is included in this col-
jection has been obtained as a result of investigations performed with
the use of the most varled methods =~- physiological, histological, blo-
chemical, serological, and others. Hovwever, it ic not their variety
which is most important here. It is significent thet the majority of
the works werasccamplished on the basis of a complex of different
mathods, and that the method of physiologleal analysis is the main
one in 21l the investigations., It ehould be.noted particularly that
in comparison with previous investigations of the Tastitute, sigai-
fleently greater sttention has been 'ven to the study of the part
of the higher centers of the narvous aystem, end particularly of the
cerebral cortex, in the cccurrence, development and outcome of patho-
logical processes, end in the resction of the body to the effect of
extraondinery stizuli. This quastion nes been decided by different
means and by different methodological approaches. The most important
of them is the classic method of conditioned raeflexes. Methods of
extirpation, oscillography, drug effeci;s, histological and bilochem-
{eal investigations of brain tissue were glso used.

As a result, the physiclogical analysis of the processes undaer
study has undoubtedly become mch more profound and precise. An
importent index of this is the fact that in many works the investiga~
tions have baen brought to the stega where the resulis of them even
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at the present time can be directly useful for the practice of pub-
lic heslth,

It goes without saying there are still shortcomings in the acti-
vity of the Imstitute. The work presented in the present collection
is not devold of them either, naturally. The suthors of the works
hers end the entire scientific body of ths Imstitute are very much
interested in the development of a principled working criticism of
the investigations carried out in the Institute. All comments on
this subject will be studied snd considersd sttentively.

In recent years, the Institute hes considerably extended end
strengthened its comngctions with scientific-research and teaching
medicel institutions of the periphery. Therefore, we felt it was
possible to publish in this collection a serles of works which
have been carried out outside of the walls of the Institute but
which are similar in their character to those which are being cax-
ried on in the lsboretories directed by A. D. Sperenskiy.

D. F. Pletsityy,
Doctor of Biologicael Sciances
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SM3 OF ACTI
RO

A. Ya. Alymov and D. F. Fletsityy

Isboratory of the Physiology of Immunity (Heed -~ Professor A.
Yei. ?1ymov, Corresponding Menber of the Academy of Medical Sciences
USSR

The problem of immunity to infectious diseases occuples cna of
the central pleces in pathophysiology. The guastion of the mechan-
isms by means of which the state of immmity is attoined is, in its
turn, most important here, because a profound penetration into its
inner essence is the most relieble approsch to the regulation of
Lmmunity.

Undoubtedly, smong the reactions which assure the creation of im-
munity, the chief significence belongs to those which alter the sen-
sitivity of the body itself. These reactions ere frequently not con~
nected with any changes in the indices of the po-called enti~-infecti-
ous immunity (phagocytosis, antibodies) and consist of the rapid
functional reconstruction of the body which returms it to the state
of equilibrium with the disruptive conditions of -the environment.
These protective rsactions of the body to the entigen ere essenti-
ally no different from reactions to other stimuli and rather repre-
sent a category of procexses characterizing the normal activity of
the body, bacause reasons for their occurence and development are
constantly encountered. As far ss the nature of these reactions is
concerned, no doubt exists; there is herdly anyone at this time who
would dispute their neural origin.

The study of the meural machanisms of immunity, begwn by Academic~
ien A. D. Speranskly sbout 285 years ago, is proceeding successfully,
aspeciaily in recent years, by virtue of the complete victory of Pav-
lovien teasching in Soviet physiology and medicine. However, the num~
ber of works devoted to this subject are still not so great as might
be expected. The attempt of investigators to understend the eveluate
the part of cortical mechanisms in the development of non-specific
imminity (vhich cannot be connected with the activity of special antl-
infectious sdaptations) is perticularly valusble.

Indisputably, real progress in immumology is possible specific-
ally elong this line -- the branch of knowledge concerned with the
machenisms of the adeptative reactions of ths complex organism to
existence under conditions of prolonged or brief coutact with the
causal organioms of infactious disecses.

Up to the present time, a larger part of the investigations has

pp—
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baen devoted to o more specific problem -~ specific prophylexis of
infections by means of so-called active immunization.

As is well known, the study of vaccination was begun at the tims
of the excellent discoveries of Jenner and Pasteur. Later, work
was conducted basicelly in the direction of the widest application
of this method of prophylaxis end of increasing its effectiveness by
" means of obtaining purifidd entigens and sirplifying the method of
immunizetion. Progress hare has been considersble., We need mention
only the fact that, thenks to the use of active immunization, the in-
cidence and mortality rate of smallpox, diphtheria, tetanus and a
number of other infections have dropped sharply.

At the same time, it should be noted thet the development of the
theory of active lmmunization for a long times proceeded almost ex-
¢ lusively accoxding to the plan of the simplified conceptions of
Vircbow and Ehrlich.

Ths mechanism of active imminizetion has been sumarized as being
simply an accwmilation of specific antibodies and an incresse of the
phagocytic activity of elements of the reticulo-endothelial system.
The effect of the antibodies, particularly of the antitoxins, was, in
its'turn, considered to be most elemantary: their role was reduced
to the neutralization of the microbial toxins, in the same wey that
base neutralizeé acid in the test-tube.

I. I. Mechnikov was the first who came out decisively against
this vicious systemof views. He Justifiably asserted that immumity
which is created as a result of active immunization is a very comp~
lex phenomenon, and he pointed to the importance of e change in the
sensitivity of the body in this process.

In accordence wilth the state of the theory, a set pattern and rou-
tine prevailed in glving the incculations. This was noted, for exam-
ple, in a completely identicsl epproach to the development of methods
of immunization against different infectious disdases,

Nevertheless, this empirical work of many yesrs' duration msds
possible the damonstretion d; & numbar of specific wxules and regula~
tions and the accumulation of a large number of facts which were of
assential significance for the slucidation of the mechenisms of ac-
tive immunity. Only relatively recently has a departure come about,
among the mejority of immmnologists, from ths traditional but extreme~
ly exrronsous schemate of Virchow and Ehrlich by virtue of the dsvelop-
ment of ciiticism of Virchovien idess in pathology and the gradual
assertion of the basic principles of the teaching of I, P. Pavlov.

An attempb wes evidenced among Soviet investigators, as P. F. Zdrod-
ovakly said, to séd a reflection of the generzal rules and regula-
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tions of nervous system activity established by I. P, Pavlov, N. Ye.
Vvedsnskiy and A. A. Ukhtomskiy in the special rules end regulations
of immunogenesis.

Tt would be incorrect, however, not to mention that there vere in-
vestigators among the Soviet Pathophysiologists and immunologists
who, in their creative research in the fisld of immunology, had been
guided by the basic postulates of the teach of I. P. Pavlov long be-
fore the combined session of the two academies [Ece.den\y of Sciences
and Academy of Medical Sciences/. Aside from A. D. Speranskiy and
his students, G. V. Bygodchikov, A. D. Ado, N. V. Puchkov, A. N.
Gordiyenko and others should be named here.

It must ba granted that although the great majority of investiga-
tors who are devoting themselves to the study of the problem of active
imeunization now have the proper methodological attitudes, neverthe-
less, in the avaluation of a number of questions of principle there
is still no unanimity of opinions, and a certain theroretical dis-
persion is occurring. HNumerous cases still exist where the suthors
heve limited themselves to & purely declarative acceptance of the
teaching of I. P. Pavlov. '

The present communication is davoted to certain theoretical gener-
elizetions and Pactusl deta on the problem of active impunization
which have been obtained in the Iaboratory of Physiology of Immunity
of the Institute of Geneial and Experimental Pathology of the Acad-
emy of Medical Sciences USSR.

'me\o‘xpdrimntal material was obtained by D. F. Pletsityy, L. L.
Aver'yanova, R. Ya. Zel'menovich, V. D. Kucherenko.

As is well known, ths prototype of immnity creeted under the in-
fluence of artificisl active imeunikltion is post-infectious immm-
ity, which is different in intensity and duretion for verious dis-
eases. This circumstance is often forgotten, although it serves as
the starting point for very important conclusions. As 8 matter of
fact, the specific mechanisms of development of individual infecti-
ous disecses ars different, and, accordingly, the immundty ocourring
in these diseases is also different.

A physiological study of the mechaniem of the immunizing effect o
individuel autigens is unthinkable axcept on the basis of o thorough
imowledge of the machenisms of the development of the corresponding
infectious diseases. The particuler rules and regulations of immm-
ogenesis after the injection of various antigens differ from one
snother to the same degree as do the pathogenesas of thé correspond-
ing diseases, It seems indubitable, for example, thet inadequate
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progress in the matter of the specific propfylexis of typhoid and dy=-
sentery ars explained primerily by the lag in the study of pathogen~
esls of these diseases.

Trua, & small-scals reproduction of the specific disease picture
(for example, in snti-smellpox vaccination) occurs in & number of
ceses in the course of ummwogenesis after immmizations with live
vaccines. However, even here, a knowledge of the fine mechenisms of
development of the pathological progress would undoubtedly make pos~
sible an improvement in the methods of immmization.

The investigation of the pathogenesis of individual diseases, like
the study of the mechenisms of immmogenesis, can be effective only
under the conditions of physiological analysis of these processes.
The theoretical basis for such an analysis should be the principle of
nervism, the Pavliovian reflex theory. A study of the time factor and
of the role of the site of spplication of the entigen are, in their
tums, of quite considereble interest in the system of investigetione
of the mechanisms of developmen$ of disease and {mmnogenesis on the
basis of the physiological teaching of I. P. Pavlov.

It is well known that one and the same stimulus produces reactions
which are different in intensity and in form depending on the placa
where it is ecting in the body. This difference 1s maintained even
when the stimulus acts & long time and even where, in time, it en~
ters the general circuletion. Therefore, the process which arises
at the very beginning of action of the stimulus is particularly im-
portant and exerts a long and strong effect on the suhsequent gtate
of the body.

A. M. Bezredks was the first investigator who gave speciel atten~
tion to the role of the site of application of the antigenic stimulus
in the davelopment of active immunity. His ingenious experiments in
this direction are widely known. However, the error of the theoret~
ical starting points of A. M, Bezredka, which are ‘basad on concepts
of tissws, cellular reception of antigens, finally brought his inves-
tigations into a blind alley. .

A. D. Sperasuskiy propounded 2 new idea with regard to this question,
espousing the belief of the naural reception of antigens in the com-
plex organism. The accuracy and fruitfulness of this aepproech cen
hardly be disputed.

" our investigations, which are davoted to the study of the role of
the site of application of the antigenic stimulus, axe connected with
the study of tetanus. .

In experiments on rabbits it has been established that a necessary
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condition for tetanus is the action of threshold doses of tetanus tox~
in on the neuroreceptor structures of skeletal muscles. In those
cases where there are no such conditions, for example, after the in-
jection of a lethal dose of tetanus toxin subcuteneously in the upper
part of the ear or imto a-skin flap, tetanus does not occur.

The neuroreceptor apperatus of skeletal muscles is, thus, & speci-
fic system, in its own wey, with respect to tetanus toxin,

On the basis of these data it might be expected thet the stimula-
tion produced by tetenus toxoid would also be most effective after
intremuscular injection.

Experiments were done on rabbits. The animals of the control group
were immumnized by means of the subcutaneous injection of tetanus tox-
oid; the toxoid was injected into the experimental rabbits intramusc-
wlarly. For the rest, the experimental conditions were gimilar fox
both groups of animels.

Trsunization was accomplished according to the follcwing outline.
First, the rabbits were injected with two cubic centimeters of toxoid
eachs then, after three weeks, s second injJection of the toxoid in a
volume of one cubic centimeter was given. After 45 days, the animals
were vevaccinated by means of the injection of one cubic centimeter
of toxoid.

The dynsmics of the immunity wers eveluated according to the aanti-
toxin level in the blood of the animels. Blood for determining the
antitoxin titer was taken at the following timas: before the onset
of the experiment, 21 deys after the first injection of the toxoid
(directly befors the second inoculation), 14 deys efter the second
toxoid injection, before revaccination and 1% days after it. The an-
titoxin content in the blood serum was csloulated according to the
usually accepted method.

The results of the experiment showed significantly higher con-
tents of antitoxin in the blood of the sxperimental animels (which
had been injected intremuscularly with toxoid) than in the controls
(vhich hed been immmized subcutanecusly). The titer of toxoid in
the blood of the experimentsl snimals after the first imenization
wes five to ten times higher than in the control animals; after re-
vaceination, on the averags, twice as high.

Similar experiments wers recently performed by us on monkeys,
These experiments confirmad the results described sbove. The gquastion
of the intramuscular imwunization of people ® tetanus comes,up, be-
couse the methods of immunization accepted at the present time cannot
be considered theorstically well grounded or meximally effactive.
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Simdlar work on the review of imewunization methods which are firm-
1y included in anti-epidemic practice (with an accowmt of the charac-
teristics of the pathogenesis of the infactions) is slso beine con~
ducted by cther authors, Thus, the date of N. A, Khsel 'chenck de-
serve attention, namely, that in experiments oi rebbits the injection
of diphtheritie taxoid into the aerea of the lymphoid pharyngeal ring
of Pirogov [Waldeyer's ring] shows e distinct adventegs over the sub-
cutansous route. These data have found confirmation in the therapy
of people (N. A. Kimel'chenok).

il

et

Indirsct proof of the accuracy of this roint of view concerning
the correlation of specific rules and regulations of immunogenesis with
the machanisms of development of corrasponding diseases has been fure
nished by our experiments on the study of the characterictics of the
reactions of immunity et Aifferent ages. .

D e e R e I

En e 2 S

> Here also the principle of the investigations is connected with
‘the experimental material obtained in the analysis of the pathogenas-
is of tetanus. Mice and rabbits which are born with insdequately de-
veloped nervous systems do not show the clinical picture of tetanus
in the early stages of postnatsl ontogenesis, Tha typical reaction
to the effect of tetanus toxin 1s established in thenm with the deve-
lopment of the nexrvous system - the inclusion of afferent systems »
the astablishment of reciprocal relationships in the central nervous
system and the development of complex forms of reflex activity., In
enimals born with relatively well developed nervous systems » those
capable of independent life begimning with the first few days (guinea

pigs), the typical menifestations of tetanus cen be found immediately
after birth.

s 3 B i By,

It turned out that the immme reactions of the animals undergo
exactly the same evolution in the course of ontoganssis. New born
rabblts, for example, are coeplately insrt in the immnological sense.
Ne significant acewmlation of antitoxin oceurs in the blood of these
animels following the effact of perenteral injections of tetanus tox-
oid, and no immunological reconstruction of the body ccmes about.
With age, as the nexvous system is developsd, perallsl with the dave-
lopment of the capacity for reproduction of the specific reaction to
the edministration of tetanus toxin, the immunological reactivity of
these animals is incressed end et the end of the first month of life
attains adult levels. Guines Plgs, right from the first few days of
life, are no differsnt from adults in the immunological senss,

As has been ceen, even in ontogenesis the development of the mech-
enisms of disemse and immnity proceed in parallel, which once agein
emphesizes the capacity of mutual conditioning of these processes,

'
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Investigators working in the field of Practical immmnology have
long noted the tremendous importance of the time factor in the de-
velopment of active immunity.

The essence of the matter here consists in the fact that even a
single antigenic stimulation leaves a stable trace in the body, which
is cometimes maintained for life. The duration of this residusl re-
action undisputably points to the fact that the keeper of 1t 1s the
nervous system. Frequently, a second immunizing stimilus not only
completely restores the reaction vwhich had been extinguished with time
but also notably incressas it, sometimes by wany times. Thersfore, ve
are desling here with g purely physiological vhenomenon, which has re-
ceived the name summation. The result of the interaction of the two
iwmunizing stimulations is dependant primarily on the duration of the
intervel betveen them. Caraful study of this subjact by P. F. Zdrod-
ovskiy has given appreciably practical results. The so-called law of
intervals was formulated which to a certain degrae has made possible
the elimination of empiricism in immnization.

It is impossible to avoid seelng reflections of general laws of
dynamics of neural excitation, which were established by N. Ye. Vwede
enskly, in these rules snd vegulations of imminology: in both pleces,
the reactions to simmlations are determined primarily by the proper-
ties of the preceding stimulation and by the periocd whichies elapsed
since the time of ite epplication, With such an approach, the reacti-
vity of the body cessas to appear as a mechanism which has been set
once end for all, but appsars rather to be in a shifting category
which 18 continuously changsd throughout 1ife.

However, for a long time cne circumstancs mede 1t possible for
opponents of the physiologienl trend in immunology to object to the
ideas of I. P. Pavlov, N. Ye, Vvadenskiy and A. A. Ukhtomskiy in
the analysis of the rules and regulations of sctivs immunity. The
objection consisted in the fact thet the usual physiclogical ‘resc.
tions progress vary rapidly, while imemmological resctions ¥equirae
long intervals of time for their acconplishment.

The lack of a sound besis Por these objections is obvious, It is
well known that meny physiological Processes, for example, the forme-
tion and reinforcement of the conditioned reflexas; are also dsvelop-
ed over long periods of time. However, it seems most improbable that
the developmant of immmological reactions could not be recorded in
short periods of time (with which physiology usually desls).

We also occupied ourselvas with the elucidation of the dynamics
of immmity several years ago. At the same time we set before our-
selves the task of Progressing toward the uwnderstanding of those in-
terrvelationships which are constructsd in the process ¢ elaboration
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of active immnity between immunity proper and antibody-formation.

Our first investigations were devoted to the enslysis of the
physiological essence of the so-called negetive phase of immunity,
the presance of which has long been noted by a number of authors in
the early stages of dsvelopment of sctive immunity. We performed
two series of experimants here. .

Tn the first of them, mice served as the experimental animals.
The dyhemics of enti-tetenus immunity was 4rvestigated in them fol-
lowing & single and a repested (at interval of 10 dgys) immunizetion
with tetanus toxoid.

The degree of immuity was evaluated on the basis of the surviva-
bility of the enimals following the injection of e single lethal dose
of tetanus toxin after a single immmizatiod, or of two single lethal
doses following a double imeunization. In eddition, eccount was tek-
on of the times of onset of the disease, its duration, and also the
intensity of the menifestations of tetenus. The obpervations were
conductaed for a pefiod of 10 days after the first and second injec-
tions of toxoid, Evary day, cona group of mice wes investigated; so
that the possibility exioted of cbserving the devalopment of 1mpaumity
day after day for 10 deys aftar the first and second inoculations.

These expariments showed that the response of the body to the im-
munizing stimulns is of a complex phasic character. The level of im-
munity created fluctuates periodicelly: the phases of definite in-
munity are replaced by periods jmmmological deprassion ("negative
phese™). It turned out that the curves deplcting the dynamics of im-
mmity following single and double immunizaticus, of the enimals were
pasiecally unitypicel, aven though they proceededi on different levels.,

Tn evaluating these deta from the point of view of physiological
concapts, the phasic charscter of the development of immunity should
apparently be regarded as a manifestationd the dynamics of the spec~
ific nsural process. the negative phese, ceases to
eppear as an accidently and peradoxicsl phenomenon but ip seesn 88 &
regularly repeated stage of development of the state of immmnity.

Analogous experiments have bean done on rats with the diffarencs,
however, that investigations were also conducted of thé antitoxdc pro-
pertiee of their blood in parallel with direct daterminations of the
immityotthaanimlsatvaﬂmtiusattersingleanddmxbh in~
jections of the toxoid.

fn the first of these experiments, which wes parformed on 600 rats,
account was token of the dynamics of fmminity to a lathal doss of
tatanus toxin and of antibody~formation in the animals on the first,
tenth, twelfth and fifteenith days after the administration of one
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cubic centimeter of tetanus toxoid, In the second experiment, in
which 600 rats were also utilized the dynemics of immunity to the
two lethal doses of tetsnus toxin were studied at the same intervals
efter the second injection (10 days) of toxtid (twice, using 0.5
cublic centimeters each time).

Tt was shown that the survival rate of animels following injec~-
tions of one end of two lethal doses of tetanus toxin in singly end
doubly immunized snimals is effected in the some way as in the ex-
periments on mice. Hare 8lso, the periods of increase in immunity
were ragularly replaced by periods of decreesa of it, although after
a second injection of the toxoid the general level of resistance is
increased.

The second experiment showed a definite lack of correletion be-
twean the degree of immunity of the animals and the content of tetan-
us antitoxin in the blood. The titer of antitoxin in the blood of
the animels 18, for & certain period of time, directly dependent on
the time which has elapsed since the day of immunlzetion. No such
correlstion could be found with respect to resistance (immnity pro-
per). For exampls, on the fifth dayafter the second injection of
toxold, the content of entitoxin in the blood ves equal to 1/300 anti~
toxin units, while the survivel rate of the rats after the injection
of two lethal doses of toxin was 76 percent. On the seventh day, with
the seme entitoxin titer only 42 percent of the rats survived, On
the 10th dsy the emowst of antitoxin in the sexum resched 1/100 enti-
toxin units, whereas the survivel rate dropped to 62 percent compared
with the f£ifth dsy.

On the besis of these deta which estsblishe the wave-form course
of the process of development of active fmmunity, it might ‘bé possible
to anticipate the presence of phasic changes of lmmunity at smell in-
tervals of time, messureble in hours, minutes snd seconds. The ex-
periment was performed on 600 rats, The animels vere lmmunized twice
with tetanus toxoid according to the same plen as was used in the
praceding experiment. Later, the animals of each group wera inject-
ad with two lethal doses of tetenus toxin directly efter the second
injaction of toxoid &t one, five, 12, 16 hours end, finally, after one
day. Before sach injaction of toxin the antitoxin content in the
blood was determined in addition to keeping a record of the survival
rate of the animals.

As the results of this experiment showed, the immunity of the ani-
mals increases sharply immedistely after the application of the sec-
ond imsmizing stimuilus, becoming much greater than in the control
rats, which had been immnized once.
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After en hour, however, g notable decrease ‘of the intensity of
the immnity occurs, and efter £ive hours it becomes almost two times
weaker then in the first minute after the gecond injection of toxoid.
At 12 hours, the rasistance veaches the initial level, becoming equal
to the immunity otouce-imunized animals. Sixteen hours after the
sacond {muunizetion, & small decrease is egain noted in the degree

of immunity, which at the end of the day is replaced by en increase

in it.

As might have been expected,
the immmity of the animals in
by chenges of the figuves of antitoxic activity of
entitoxin titers of the blood sere of the animals remain
for the entire experiment and vere equal to 1/300 entitoxin unit.

e P T T L

on which should be dravm from the re-
jmmunity of animels cen be
e of an immmizing sti-

On the basis of the experiments presented sbove, the following
econclusion may Jus L e condition of {mmmnity which
is developed through the effect of {mmunizing stimuli (active {mmuni-
ty) is the result of a specific raconstruction of the entire body,
the final expression of which ig the creation of a new, 86 & whole
higher, leveldd resistance and of immunologicel reactivity. The ac-
cunmulation of specific antibodies is only ome of the menifestations
of this reconstruction thereby, even in the event we axre dealing
with the speciel form of immmity which hes received the nsme anti~
goxic immmity. Therefore, the nonespecific (not associated with
phagocytosis and sntibodies) camponent of jmmunity is, as has long
ago beed stated by A. D. sperenskiy, predominent in the mechanism

of the so~called active srtificlal 1rndity.

e e e SW PRI

In counection with the ragults of these expeximents which show
¢het the reactivity end the immmity of the body can be altered in
very shoxt tlme intervals, we set about developing mathods of active
immunization, nevw in principle.

T£ immundity and the veactions of imsunity can be altered in very
ime through the {nfluence of & spacific {mwunizing
thet it can also be changed in the desired dirsc-

the seme periods of time.

The dsta of our expariments give evidence to the effect thet with
the proper intervals between inoculations end & dsfinite number of
inoculations the entire immunization cycle cen be 14mited to several

hours.
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The immumity of rats and rabbits immnized by -this acceleratad
method did not lag behind the registence of control enimels which had
been vaccinated according to plans adopted in immunization of groups
of people using many-day intervels batween antigen injections.

Racently, we made the same chservations on monkeys. Just es in
the experiments on rats, 80 in the case of mounkeys we ptudied the im-
minity to tetanus which was attainad by immunization of the animals
with tetenus toxoid. Shuijar results were obtained racently also
during the utilization of ths method of accglsrated immunization for
the c):raation of active immmity against dysentery (experiments on rab-
bits).

On the basis of the orientation experiments, it iy be thought
that the use of the plan of accelerated immmization daveloped by us
might ba effactive also in those cases where they ara carried out on
a background of sn infectious process which has alresdy begun. We
have used these methods successfully some tims aefter injecting eni~
mals with ons or two lethal doses of tetanus toxin.

A single injection of tetenus toxold does not exert any affect on
the developwent of totanus “intoxicetion, wherees the fractional ad-
ministration of this dose according to a definite plan often gives pos-
jtive effects. This permits us to hope for the possibility of utiliz~
ing tetanus toxoid as an agent for the specific therspy of tetanus.

It peams to ue that the mopt important task confronting immmmology
today is & concentration of efforts for the future development o
pid end reliable methods of immuization vwhich do not require many-
day intervals between inoculations. The data presented Bhowipromlae
for. investigative: réséarch in thisdirection.

Do m— - -
classified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



D ee— . ™
eclassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

A S P T TR TR

THE ROLE OF NERVE-REFLEX MECHANISMS IN THE FORMATION OoF
ANTTBODIES

Professor G. V. Peshkovekiy

e Molotov Scientific-Research Institute of Vaccines and Sera

I, I. Mechnikov emphasized the importance of humoral factors in the
formation of acquired {mmunity. (I. I. Mechnikov, Immunity in Infec~
tious Disenses, Medgiz, 194T, P 309).

. Humoral phenomens in acquired immmnity are expressed as the appears
ance of specific antibodies in the blood serum. The antibodies are
not the chief nor the only ceuse of acquired immumity, and the mech~
enism of their acticn connot be reduced to the antigen-antibody re~
action, However, the prophylactic end therapeutic significance of
immmae sera camnot be and, therefore, the stdy of the phys-
iological machanisms of their formation and the pasxrch for me
increasing their effectivenaess ramain important problems of immmo-
logy.

The stuly of the physiology of acquired immmity in the portion of
it which is associated with the formation of antibodies hes, in owr
opinion, three basic aspects; first, the investigation of the inti-
mate biochemical essence of the processes of interaction of the anti-
gen and the fermentative systems of the cellular elements of the mac~
eophage system es a yasult of which the protein complaxes axe formed
which play the part of the antibodies: secondly, the investigation
of the physiclogleal trigger mechanisms of the formation of antibodies
end, finally, the physiological mechanism of their preventive and
therapeutic affects.

Until recently, the investigation of thess problems was made from
the standpoint of the cellular pathology of yixchow}. while the forme-
tion of antibodies was regarded only as the result of the purely as-
rect contact of the antigens with the cellulsr elements. Ehrlich's
ingenious hypothesis of gide-chains" reigned in immwiology, and the
mechanism of action of preparsd antibodias injected into the body
was regarded from the point of view of the antigen-antibody reaction.

Navertheless, the penetration of the infective nidus into the body,
or the administration of antigen with the aim of creating artificial
immunity leads to the development of a geries of complex reflex re-
actions in the body.

However, watil very recently the reflex mechatism of the reactions

D ' . _ e ’ :
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to the antigenic stimulus wes stubbornly ignored, although it is hard
to understand how the stimulus can miss the nexvous system, which re~
acts most quickly and precisely to any stimulation and produces the
corresponding effect. In 1937, A. D. Sperenskly wrote, "It is dread-
ful to contemplate what would have become of physiology if nerve in-
P£luences hed been excluded from the processes which it studies so
persistently as they have been excluded from pathology until recent
years," (A. D. Speranckiy, Elementy postroyeniya taorili meditsiny
Elements of Construction of & Theory of Medicine shad by VIEM
T1l-Union Institute of Experimental Medicine/, 1937, p 328). The
role of nerve veflex mechanisms in the pethogenesis of infection and
in immunogenesis have been extensively shown by fects cbtained in
the laboratory of A. D. Speranskiy.

Despite this, the conception of the leading role of the nervous
system in immunogenesis has st111l not found universal accepianee.

In the present work dataae being presented of complex investiga-
tions which were dsvoted to three subjects: 1)} the influence of cor-
tical regulation on the formation of serum entibodies, 2) the role
of the nerve reflex component and the receptor zons of the primary
application of the antigen in the formation of asntibodies, and 3)
the elsboration of entibodies under the influence of chemical fac~-
tors of nevve excltation.

The works of co-workers of A, D. Spernaskiy's lsboratory (. P.
Pobkov and A. L. Fenelonov A. L. Fenelonov, A. V. Fonomersv, 5. I.
Iebedinskaya, 0., Ya, Ostryy, A. Ya. Alymov, D. F. Pletoityy) showed
the influence of the primery site of application of the entigenic
stimilus on the charscter of development of the infectious disease
and the formation of immunity. Based on the work of the euthors
nemed, we investigated this subjJect through the examples of the
cregtion of immmity following vaccinations sgainst rabies, tetanus,
and dysentery.

In ‘the experiments of Ye. I, Kurbatova with anti-rabies vaccina-
tion the pravious data of Akker were confirmed, to the effect that
the intrecutaneous administration of sntirsbies vaccine in the Fermy
method produces the strongest immunity, which sets in after shorter
periods than with subcutaneous vaccination, Experiments wers per-
formed on & large number of rabbits, It faumed out, therein, that
as early as 10 days after tha conclusion of the intracutensous vacci-
nation the rabbits survived subdural infections with 10 lethal doses
of fixed virus. The rabbits which had bean given the vaccine sub-
cutaneously withstood no more than two to five minimel lethal doses,
even 30 days after the conclusion of the {mmunization. It is very
interesting that inoculations of Philips' vaccine by the intracut-
anacus mathod did not give better results than were obtained by sub-
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cutaneous injections. The strength of the immunity and the periods

of its development ware in this case no different from the results

of the subcutansous inoculetions given according to the Fermy method.
Tt was not possible to raise the degree of jmmunity by an additional
intracuteneous injection of phenol in the copacity of sn additional
stimilus. The axperiments of A. K. Volchikhina with enti-tetanus vac-
cination gave analogous results,

In the experiments of A. K. Volchikhine, enother law was shown
cleaxly. It appeaved that with very large doses of toxoid (up to 13
cubic centimeters) end short intervals between the injections the
dlfferences betwean raceptive zones levelled off, and the creation
of antitoxin decrmssed significantly.

These data coincide with the data of the investigations of P. P.
Zdrodovaskiy's lsboretory; P.F. Zdvodovekly showed the significance
of summetion of the immunogenic stimuli and the phenomena of the 8o«
called worst suppression of immunogenasis efter subcutaneous imenni -
gation. It must be supposed that an optimum fraquency end strength
of the imsunogenic stimulus exists for each recepfor zone, which is
determined by the physiological lability of the given sense organ
and its relationship to the effector organs of immunogenesis.

With imounizations by corpuscular vaccines, the optimel receptor
zones maintaln their significance, but heras they ere different.
Thus, in tha experiments of E. V. Konovalov and T. A, Solov'yeva, who
used single immunizations of rabbits with heat~killed dysentery vac-
cine prepersd from the Flexner dysentery strain No oh2 (W), it was
established that the highest titers of sgglutinins are seen after the
injection of the vaceine intravenously, somewhat smaller onss after
injections intothe eepsule of the knee joint, considexsbly lower ti-
tors ofter subcutanecus injections, snd the lowest, after intraperit-
onedl injections.

At thé seme time, in the still unfinished experiments of T. A,

. Kukhereva the best effect in:immmnizing ageinst gas gengrens was ob-
itedped with vaccination intd the joint, end the poorest, with intra-
venous sdministration. HNeturelly, the question arosae: to what extent
dces this diffevence depend on the properties of the receptor zons
specifically end the chorecteristics of the reflex mechanism in each
individual cese? With the aim of deciding this quastion, E. V. Kono-
valov and' T. A. Solov'ysve performed experiments on the study of the
dynamics of immunity after vaccinations in a denervated joint and in
a joint with em intact innervation.

Densrvation of the joint wes accomplished by meons of trensection
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of the sciatic and fesoral nerves and smearing the blood vessels with
ammonia.

For the purpose of exéluding the effect of the cperstion itself on
immmogenesis, the denarvations of the Joints were performed in all
the experimente] and control rebbits. The vaccination was performed
in the experimental rsbbits in the denervated jJoint, and in the Jjoint
of the opposite extremity in the controls (this Joint had also been
denarvated in thecontrol rabbits). -

The' agglutinin titers after a single vaccination into the denerva-
ted Joint were considerably less than after the injection of the
antigen into the Joint with the innarvation intact. Ravaccinetions
of the control rabbite in the denervated Joints did not increase the
antibody titers. Raveccinations of the rabbits in the joints with
ionervetions intact, those which had been vaccinsted in the denerv-
ated joint cepsules, sharply increassd the aggiutinin titers, Tt
does not appear possible to explein these results by an slteration of
the rate of resorption from the denervated joint, because special exe
periments in which the resorption rates of Becilli prodigiosum from
denervated & d normel.joints were determined showed that they were the
seme.

The same rules and regulations apply in principle to the antsric
Lmmmizetions of animels with impaired innervations of the gastro-
intsstinal tracts. ‘Tus, in the experiments of Ye. Ya, Kostromina
with the enteric administretion of dysentery veccine to rabbits in
which the vegus nerves had been transected under the disphragms » the
meximal agglutinin titers barely reached the minimsl titers for the
control animals, which had not been subjected to vagotomies.

Thus, on the basis of the experiments presented and slso the data
in the literaturs (A, Ya. Alymov end D. F..Pletsityy) we should con=
clude that the intensity of immmogenesis depands on the freguency
end strength of the immmogenic stimulus, on the primary site (ree
ceptor zone) of application of the antigen and on the physiological
condition of the periphersl end of the sense organ,

In any method of immunization, howavar, not only the condition of
the peripheral end of the sensory organ and the primery site (re-
ceptor zoue) of application of the antigenic stimulus but also the
state of excitability of the other sensory orgsns is of primary sig~
nificence to the intensity of immunogenesis. 'Thus, it has been as~
tablished by the experiments of L. A. Pervushina that when the ex-
citability of the nervous system is increased by strychnine, and dy-
sentery vaccine is administered intraperitoneally, immunogenesis is
increased markedly.
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M. -Ye. Sargoyeve, after incraasing the excitability of the nervous
system, elso obtained an increased Pormation of agglutinins {vy
three to four times, compared with controls) as a result of enteric
vaccination with dysentexry vaceine.

In the stats of chlorel-hydrate snesthesia, however, the formetion
of agglutinins wes morkedly decressed. It should be noted that narco-
tic inhibition of immmogenesis is most intense when the narcosis is
used in the first stages of vageination and very slight when the nar-
cosis is used only during the period of reveceination, which also de~
finitely spaaks for the veflex machenism of the first phase of im-
munogenesis. These rules and regulations were established by numer-
ous expariments of our colleagues N. P. Yefimova and L. V. Kelyglna
during the study of the affect of narcosis on the intensity of for-
mation of antitoxin after immmization of rabbits with diphtherie
toxoid. These data completely coincide with snalogous data of oth~-
er suthors, particularly with the data of P. F. Zdrodovskiy's 1ab-~
oratory.

The decrease in jmaunogenesis in the state of anesthesie is also
connected with a dacyiease in the absorptive fumetion of the macro-
phage (reticulo-endothelial) gystem of I. I. Mechnikov. In our ex-
periments, performad in conjunetion with L. I. Paykher and A. F.
Kobyl'skiy, and in the experiments of A. P. Kobyl'skiy it was es~
tablished that in the state of anesthesia e delay in the removal of
Baeilll prodiglosue microbes #rom the blood stream occurs, and para-
1lel with this, the intensity of formation of agglutinins also de~
creases. For purposes of excluding any individual paculiarities of
the rabbits, the control and the basic experiments were alvays per-
foxrmed on one and the same animals et intarvels of seven to 14 days.
Tt turned out, by so doing, that the injection of on emulsion of a
culture of Bacillus prodiglosus during enesthesia was always accom-
panied by a delsy in its diseppearence from the blood stream compared
with the initiel injection, wihich was given without anesthesia, and
i¢ did not produce bny incresse in the titer of agglutinins. At the
seme time, the injectiond® Pecillus prodigiosus without anesthasia
slways led to & marked incresse of the agglutinin titexr and to a
mors rapid removal of thsse microbes from the blood streom compared
with the inttial injection during enesthesia. The microbes were re-~
moved most vigorously at the time of the second injection made with-
out enesthesia. This is explained by the fact that the original in-
jaction of the microbes, when the snimals are in a stzte of anesthes~
ia, does not leave any rasidual state of increassd antigenicity fol-
lowing it.

In the regulation of the formation of antibodies 2 significant
role must be played also by the chemical factors of nerve excitation,
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vhich represent, sccording %o A. , "the chemical tail"” of
the process of excitation, prolonging the action of the nerve stimul-
us end preparing the substrate for the reception of subsequant nerve
impulses at its new Jevel of physiologicel 1ability. A study of the
influence of the chemicel factors of nerve excitation on immunogen-
esis is peagticulnrly important in view of the fact that ths immune
reactions occur at lengthy 4ntervals which far excead the periods of
time during which the nerve stimuli begin and end.

Qur co-workers have studled the effect of the chemicel factors of
nervéd excitation on the formation of antibodies during tumunization.

N¥. P. Yefimove end L. V. Kelugina showed in experiments on rebbits
that against the beckpgrownd effect of physostignine, acetylcholine
injecteddaily in the intervals between ilmmunizations leads to a very
merked incresse of the antitoxic titer of diphtheritic antiserum.

- Using the same method of administration, adrenalin veduces the forma-
tion of antijoxins by several times, This effect of the mediators
i intimetely related to the condition of cortical metivity. Al-
though acetylcholine stimilates immnogenesis, even on the background
of anesthetic exclusion of cortical regulation, even though to e les~
ger degree than without anesthesia, adrenalin, on & background of
anesthesia, completely suppresses the formation of entitoxins.

M. D. Poptsove showed that even with the enteric route of vecina~-
+ion of rebbits by liquid dysentery vaceine, perentersl injection of
acetylcholine chloride increasss the formation of agglutinins by two
to four times. It 1s important to note thet under the influance of

glutinins are maintained even

ination, where-

as in control robbits & sharp drop in the titer occurs by this time
-- almost to the initial level. This stimuleting effect of acetyl-
choline chloride occurs only in the presence of a definite dose of the
madiator. An increase of the doses of the acetylcholine chloride proves
to be ineffective and produces & fapter drop in the agglutinin titers
efter the conclusion of the vaccination.

In principle, the same results were obteined by D. V. Berszhnykh
with the perenteral method of sdministering dysentery veccins, Para-
1lel with an increass in the agglutinin titer under the influsnce of
acetylcholine chloride, using perentersl vaccination against dysent-
ery, the intensity of the phagocytic reaction vas also increased. In-
tensification of the phagocytic reaction in rebbite which have re-
celved ecetylcholine chloride ves less than the increase in the agg-
lutinin titers. The phagocytic nwsber of the index of intensity of
phagocytosis in the experimental animals only slightly excesded those
{n the control enimals, which had been injected with physiological
saline solution instead of acetylcholine chloride.
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In the experiments of D. V. PBerezhnykh the vaccinetions were per-
formed three times at intervals of seven days, and the determination
of the agglutinin titer wes malle, as in the experiments of other
workers, before the second end third injections of the vaccine and at
10, 20, 30 and 70 days after the third vaccination. In the intervals
between the veccine injsctions the rebbits of the control group were
injected every other day with physiological saline solution, while
the rebbits of the experimental group were injected with acetylcholine

The experiments were paxrformed on 2l yabbits. Seventy
days after the conclusion of the vaccination and 91 days after the
begimning of the experiment, at which time the sgglutinin titers of
six rebbits (two controls end four experimntal) hod dropped marked-
1y and squalled from 1:20 to 1:80, the control rabbits wers injected
with physiologicel seline solntion only, while the experimental rab-
bits were injscted with acatylcholine chloride in the usual dosage.
Atter 8 days, the agglutinin titers had not incressed in the control
animels, while in three out of four experimental rabbits receiving
acetylcholine chlorids it reached 1:160, 1:240 end 1:320. (Analo-
gous results were obtained in P. ¥. Zdrodovskiy's 1gborstory by A. A.
Klimentove (1948) end I. Ya. Uchitel' (1949). It should be noted thet
thege authors did not inject the mediators in the process of vaccine-
tion proper). In this experiment of D. V. Barezhnykh apperently a
conditioned reflex restoration of immunogenesis wes seen. It should
be emphasized especially that the conditioned reflex rastoration of
agglutinin formation was produced by acetylcholine chloride but not
by physiological saline soludion. It is probeble that not Just any
stimus coinciding in time with the action of the unconditioned-re-
flex immunogenic stimulation is suiteble for the conditioned-reflex
vastorstion of egglutinin formation but rather only en adequate sti-
milus which constently accompenies neural regulation of the complex
biochemicel processes of entibody formation.  Apperently, only sich
a conditionsd-reflex stimdus cen renev the entire complex resction
chedn underlying antipody formetion. This is, perhaps, Just the key
to the resolution of those contrdictions which ocour in thé investi-
gation of the question of the part of the conditioned-raflex mechan~
ism in the formation of antibodies.

The entire complex of our investigations of the neursl regulation
of antibody formation end of data existing in the litarature moke
it possible for us to express the supposition that entibody forma-
tion occurs in a biphasic form. In the first phase, it is accomp-
1{shed according to a reflex mecheniem with s definite receptor
sone determining the original intensity of immmogsnesis, and in
the second phase it is continued through the direct contact of the
antigen with the effectors. Neuro-humoral regulation, which assures
‘the prolongation of actionm of nerve stimuli, plays an esmential part
here. The regulatory role of the centrsl nervous system in the sec~
ond phase of entibody formetion completely corresponds to I. P. Pav-

A
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lov's conception of the fuction "...of trophic nerves, vhich deter-
mines, inthe interest of the body a8 & whole, the precise measure of
the definitive utilization of this materiel by each organ. v (1. P.

Pavlov, Polnoye sobroniye gochineni; [_TA' Complete Collection of His
Work37: 1%1, Vol I, P '158'2'."7' ey

It should be emphasized that the machanism of immnity can in no
way be reduced nerely to the formation of antivodies. Antibodies are
only one of the 1inks in the complex chain of ectivity of the body's
protective devices. Tt must be supposed further, that the therapsut-
ic and prophylactic effect of immune serg cannot be reduced simply
to the neutralization yeaction of the antigen by the entibody. In
g1l probability, antibodies which are injected from without or which
are formed in the lves the stimuli of definite sense
orgens, and they reflexly inhibit pathological reactions which oceur
under the noxious influeuce of infectious egents. Thus, for example,
tetanus antiserum probably inhibits the generalization of excitation
produced in the motor center by the effect of the tetanus toxin, The
experiments of M. D. Spersnskiy, completely confirmed by the axperi-
ments of our co-worker, R. A. Kbhpustalevae, showed that tetanus anti-
cerum vhen injected into the body with. some delpy after the injection
of tetanus toxin, prevents the development of tetenus only on & back-
ground of incrassed excitebility in the nervous gystem of the ani~
mels from the effect of strychnine. These experiments parmit us to
meke the assertion gbove. mis fact, which would appear to bs pexa-
doxlcal at first glence, can e understood correctly in the light of
the teeching of I. P. Peviov and A. A. Ukhtomskiy on the interrela~
tionship of excitation end inhibition.

Here is what A.A. Ukhtomskly wrote on this subject in his time.
"our sehool sees in them (in inhibition and excitation «- G.P.) the
result of a_conflict of excitations in the neural elements, and it
[Fre schoolf is inclined to copact the decline in impressibility by
& stimulus, which is noted in the Weber-Flexmer 1aw, with inhibition.

pee the phenomens O ! e sre also connected
with the latter, the pridge between the cancepts of nerual and hunor-
2l inhibition is outlined. v A, A. Ukhtomskiy writes furthexr: "For
our part, we have become convinced that physiclogical science is,
indeed, progressing in its entirety as a common 2ront. The resesxch
of the humoralists end that of the neurologlsts are intertwined to &
much grester extent thet appears at first glance, and they will mutu-
ally contribute ideas to another until a réally general theory is con~
structed which regards the verious forms of stimulation and excita~
tion as perticular snstences.” (A. A. Ukhtamskly, A Collsction of His
Works, published by the Ieningrad State University, 1950, Vol I, p 324).
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ONTEEROLEOPMKBRVOUSSYS?EMAHDITSHIGHERCEMERSINTHE
MECHANISMS OF REACTIVITY CHANGES IN TOXIC~IRFECTIOUS PROCESGES
AND IN IMMUNITY

0., Ya. stryy

Ieboratory of Infectious~Disease Pathology (Head «- O, Ye. Ostryy,
Doctor of Madical Sciences).

SR

AR

A. D. Speranskiy and his co-workers have accumilated facts for the
Past 25 years from the various Pields of pethology, ineluding also
that of infectious diseasas, These facts have shown that the reacte
ivity of the body may be altered to a significant degree by various
types of opesrations on the nervous system. A series of facts vag
established, demonstrating the role of nerve-reflex mechanisms in

the processes of reactivity changes of animals to various toxic-in-
factious stimuli. ’

ks

Ao

32

The study of the action of extraordinary stimuli on the Periphaeral
ends of the sensory organs in the mechanisms of compensation and pro-
taction occupied en important place in our work.

I. P. Pavlov pointed out that "once the normal, or specific, sti-
muli are established for the appropriate organ, the rhysiological pro-
blem comes wp of analyzing the mechanisms of action of these stimuli
or of determining on what specificelly they act and where the point
of their application is located,"” | P. Pavlov, Complete Collection
of His Works, 1946, Vol II, p k6s).

1t 2 Mt TN S

A3 is well known, 1t has also been shown in our combined investi-
gations with A, Ya. Alymov that s certain doge of streptoccocei when
injected intravenously into the ears of rabbits led to their deaths
from septicemia in 80 percent of the cases.
robes injected into the famoral vein brought on
an insignificant number of animals (3% percent).

Thus, not only the character of the pathological process but also
nimultaneously, the charecter and degree of the compensatory capaci-
ties of the body were determined by the site of injaction of the mi-
crobes. If the reactivity of the neural

G. N. Kryzhanovskiy and X. S, Delitsina established the fact that

: - 0100014-6
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one and the same doss of tetenus toxin, which is incapeble of causing
disease whem injected intracutaneously, subcutaneously, into e tendon,
spinal cord, brain or sven into the subarachnoid space, causes di-
seasa even with a fatal outcome vhen it is injected intramusculerly.

A perticularly striking effact is obtalned, as N. S. Delitsina
has shown, when this dose of toxin is injJected into the masticatory
muscles of rebbits. These muscles, as is known, in rodants are in a
state of increesed excitability of a dominant type. Under these ex-
perimental conditions, all the snimale died in the next few days with
signs of marked trismus and opisthotonus.

Analogous facts were obtained in the experiments of 2. I. Sobiyevae
in the study of tha disease mechanisms of anaercbic infections.

A dose of microbial cutlture which did not produce the disease
when injected intracutanecusly proved to be entirely adequate to
cause a fatal disease when injected intramuscularly.

The gsame kind af rules and regulations were noted also in our ex-
periments with M. D. Speranskiy in the study of the pathogenesis of
diphtheria.

In order to demonstrate the importance of pathological stimulation
of appropriate nexrve apparatus in disease mechanisms, special experi-
ments were performed.

G. N. Kryzhenovskiy established the fact that if the nerve branches
leading to the isolatad muscie of a skin-muscle preparation are adsqua~
tely transected the injection of tetanus toxin, under these conditions,
did not cause the disease.

T™e significance of pathological forms of stimuletion of nerve
apparatus in muscles in the disease mechanisms of anserobic infec-
tions was ravealed by the investigations of Z. I. Slbiyeva. It was
shown that under the conditions of transection of the posterior roots
of the spinal cord, that is, with a disruption of the afferent por-
tion of the reflex arc, the davelopment of anaerobic infection is
markedly inhibited if the microbe is injected into a muscle of the
deafferentated extremity. An especially marked decrease in the mor-
tality rates of animals is shown when they are infected 30 days af-
ter the operation indicated, wheraas almost sll the control animels
infacted by the same dose die in the firast few days after the infec-
tion.

The same effect was seen with the simultaneous disruption of affer-
ent and efferent links of the "reflex arc" by means of transections
of the three basic mixed nerves of the posterior extremity (sciatic,
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femoral, obdurator).

Thus, by sparing the body to some degres from excessive pathogenic
s8ti,ulation, we can meka possible its equilibrium with the environ-
ment, gven when there ars virulent disease organisms or active toxins
in its internsl milieu.

Basing ourselves on the law established, we can approech the
search for planned methods of scting on the body for purpose of pro-
phylaxis and therapy. In other words, based on the mechanism of newr-
al activity determining the reactivity of the body to environmental
factors, it is possible to help the body surmount extraordinary sti-
mulations even under corditions which under pther circumstances would
inevitsbly cause disease or even the death of the animal.

'In the experiments of G. N. Kryzhenovskiy and Z., I. Sobiyava data
ware obtained which showed the possibility of preventing the develop-
ment of tetanus and gas gengrene by injecting the enimals withtstanus
toxin or anserobic microbes in novocaine solution (one to 10 percent).

The experiments of G. N. Kryzhanovskiy with the injection of tet-
anus toxin mixed with novocaine led to results which extended the
earlier data obtained by S. I. Lsbedinskays in this connection. At
the same time, G. N. Kryzhanovskiy showed that for inhibiting the
development of tetanus the injection of novocaine does not have to
be made exactly at the seme place where thae toxin is injected, Under
conditions where tetanus develops from the injection of toxin into
one of the posterior extremities, an elimination of the muscular ri-
gidity can be attained temporarily by injecting novocaine ints the
opposite extremity or into e muscle of one of the anterior extremi-
ties. In doing this, as has baen shown by electrophysiological ana-
lysis, the increased electricel activity in the nerves of the ex-
tremity involved by tetanus disappears.

The same law was revealed in our experiments performed in conjunc~
tion with M. D. Speranskéya. The injections into guinea pigs of ab-
golutely lethal doses of diphtheria toxin following the preliminary
injsctions of two parcent novocaine solution into the same sites do
not produce the disease in meny animals.

Ehus, the facts presented again confirmed the very important role
of reflex machanisms in the processes of disease and resistance of
animals to toxlic-infectious stimuli. The important role here belongs
to functional alteration of the threshold of reactivity of the nerve
apparatus.

It has been shown in our previous experiments that one and the
some dose of tetanus antiserum can exert different prophylactic and

VR RN ORI O R, TIRIY W e s
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therapeutic effescts depending on the site of injection of the sdrum
and of the toxin,

It has been established in the experiments of G. N. Kryzhenovskiy
that the best effect from the use of tetanus antiserum for prpphyl-
actic purposes has been obtained from the intramuscular injection of
it. .

Precisely the mame law was established in the work of Z. I. Sobi~
yeva: ges gangrene antiserum axerted the greatest prophylactic and
therapeutic effects when injected intramuscularly.

Thus, the data obtained in the study of the role of non-specific
stimuli in the mechanisms of resctivity changes with respsct to toxic-
infectious agents have been developed in a new way in experiments us~
ing specific stimuli,

If so-called "passive" immunity is connected with the site of in-
Jection of the serum, as the developmant of the disesse is connacted
with the site of injection of the toxin, then it is important to elu-
cidate the significence of the same correlation in the development of
active immunity.

It vwas established in the experiments of L. N. Fontalin that one
end the same dose of tetanus toxold when injscted intravenously, in-
tramusculsrly or into the splesn stimulated the elaboration of anti
bodies in different woys. Whereas no signs of entitiodies were seen
on the 30th day of immunization when the toxoid was injected in cer-
tain doses intravenously and intresplenically, a distinct increase of
the antibody titer was observed when the same dosage of toxoid was in-
Jected intramusculerly,

In order to elucidate the role of the nerve apparatus of muscles
in the processas of active immunization, L. N. Fontalin performed
the following experiment.

A group of enimals (21 rebbits) was imwunized with precipitated
tetanus toxoid inpo muscles which had their innervetions disrupted.

Simulta.neouslyi 22 control rabbits wers imsunized by the same meth-
od but using normal miscles, As a result, on the 30th day of immu-
nizetion the antibody titers wers thres times lower in -animsls of the
experimental group than in the control animals in which the toxoid
had besen injected into normally innervated muscles.

Even more striking date were obtained by L. N. Fontalin by immmun-
izing rabbits under the same conditions but with unchanged tetanus
toxoid. Here, the diffarences in antibody titers on the 30th day
after immunizetion were aven greatar: the antibody titers of animals
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of the experimental group were 18 times lower than the antibody ti-
ters of the control animels.

Thus, it follows from the material presented thotthe mechenisms of
disease and of protection cannot be dissociatsd from one another,
and that the reflex functioning of the nervous syl?tam underlies these
mechanisus.

The meterial prasented, as is seen, showed that the most react-
ive innervation zones with respact to a certain pethogenic agent are
the zones through which 1t is assiest to cause the protective reac-.
tion of the body with respect to this pathogenic stimulus.

Our work, therefors, completely confirmed the statement by I. P.
Pavlov that "extreordinary stimuli scting in the capacity of patho-
genic agents represen the specific stimuli of those protective de-
vices of the body which are intended to fight ageinst the correspond-
ing pathogenic agents."” (1. P. Paviov, Complete Collection of His
Works, 1946, Vol II, P 350).

Wa ascribe tremendous importance to the study of the effect of the
functional condition of the higher central nervous gystem cénters --
the cerabrel cortex -~ in increasing the resiastence of the body to
the toxic-infactious stimuli and in the stimulation of the {mmunolo-
gieal processes of defenss.

We established in investigations of previous years +that non~spec~
ific stimulation of the nerve-receptor apparatus of the lung reflex-
1y increases the resistance of the body to tuberculosis. Further |
study of the processes which belong in this category, conducted by
N. A. Xryshova and her co~-vworkers in the Institute of Physiology of
the Acadsmy of Sciences USSR, showed thet protective inhibition oc-
curring in the cerebral cortex is of great importance in the thera-
peutic effect of the method propossd by our Institute of treating
extrapulmonsry forms of tuberculosis and certain other diseases of
non~tubsrculous etiologies by intravenous injections of bismeth car-
bonate suspensions.

7. I. Sobiyeva studied the effect of inhibition of the higher
canters of the brain on the compensgtory procésses of the body. By
injecting enimals repsatedly with certain doses of bromides and leb-
ar infecting them with ansercbic micyobes, she noted that under
these conditions the duration of life of the infected animels was in-
creased by more then three times compared with the controls. The
seme picture wes seen when animals wers infected on a background of
anesthesia produced by amytal.
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If sn intensification of the processes of cortical inhibition
(from the effect of bromide or amytal) leads to an increase in the
resistance to microbes, then it is important to clarify how the
reactivity of the body is altered when the enimals are infected on
a background of inereased ocrtical excitability brought about by the
action of phenamin. The experiments of Z. I. Sobiyeva showed that
after repeated injections of phenamin into rats their resistance is
decreased, and such rats die in larger numbears from gas gengrene
than do the controls,

The role of the central nervous system in the compensatory mech-
anisms in tetanus vas notad in the experiments of N. G. Kryzhankovskiy.
The removal of one hemisphere of the brain and the injection of min-
imally pathogenic dosaes of tetanus toxin into the muscles of the cor-
vesponding anferior sxtremiiy produce and considerably aggravate the
the disease compared withunoperated animels, This is expressed in
& shortening of the incubation psriod and in a lengthening of the
duration of the diseasa.

The data of L. N. Fontalin are in complete accord with thess ex-
pariments; they showed that af'ter the removal of one hemisphere and
the injection of tetanus toxoid into the muscles of & posterior ex-
tremity (on the side corresponding to the removed hemisphers) & de-
crease in immunogenesis occurs. On the 21st day after immunirzation,
the antitoxin titer in the blood of such animals was, on the average,
2,5 times less than in the control animals. Thus, the result of re-
moval of one hemisphers was, on the one hand, an aggravation of tet-
anus, and, on the other, a disturbance of the procass of creating
dmmunity to tetanus... This means that the disesse processes and the
processss of immunological defanse are most inteimetely connected
with the functionslstate of the higher centers of ths central ner-
vous system.

v

At present, we are ubtilizing the method of functional change of
the resctivity of the body by means of cooling the head for purposes
of intensification of the processes of inhibition. Our experiments
performed in conjunction with M. D. Speranskaya showed that in whits
rats in wheih the head-cooling was performed for ons and half hours
thers was an increase noted in the resistance to anasrobic infection.

When the cooling is pexformed before the infection of the animals,
the morbidity rete and the mortality rate of the latter are signi-
ficantly decreased. If the cooling is performed after the infaction,
it does not exert any prophylactic of therapeutic effect, and the ani-
mals dle in the same numbers as the controls.

The analysis of the physiological mechanisms underlying this fact
is being continuad at this time,
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We also established (in the preliminary experiments) the fact
that folloving repested head-coolings a condition is created wherein
the application of & beg with sand at room temperature to the head
of the animal instead of ice gives the same effect as was obtained
with the preliminsry cooling, nemely, the resistance of the body to
anaeroblic infection is increased. ‘

Out of 18 such animals infected with lethal dosas of anasrobic
microbas none of them died from gas gengrene, wheress in the control
group of 18 rats 14 died from this diseass.

The question of sltering the reactivity of the body to anaerobic
infections by the conditionsfl-reflex method is & subject for our fu~
ture investigations.

Therefore, it has been possible to observe rules and regulations
in the processes of infactious-diseass pathology and iwmmnity, which
were aestablished by the stuldy of the physiology of nervous activity,
particularly of the physiology of the cerabrum.

Under conditions of altered reactivity of the higher centers of the
cantral nervous system an inactive etimulus mey become an active ons,
and, contrariwise, extraordinary stimuli mey lose this property.

I. P. Pavlov mentioned that the pathologic procass "... can also be
well znalyzed, that is, reduced to known physiological processss and
their various fluctuations..." (I. P. Pavlov, Twenty Years of Ex-
perience in the Objective Study of Higher Nervous Activity (Behavior)
of Animels, 1938, pp 738-739).

In his time, I. P. Pavlov proposed a different viewpoint from con~
cepts that immunity is manifested only in leucocytosis and reactions
of the "antigen-cell-antibody" type without consideration of the very
important role which the nervous system plays in the processes of im-
mnity.

He welcomed new facts which disclosed the power of the nervous
system and its capacity to regulate the defense immunological reac-
tions leading to an equilibrium of the body with the microbial nmed-
dum.

I. P. Pavlov pointed out that at present conditioned-reflex changss
of immunity are known which pewtain to the first signal system.

Of late, more and more facta are bsing accurmleted which show the
correctness of the conclusion drawn by I. P, Pavlov in his time.
Here should be mentioned not only the work accomwplished under the
leadership of A. D. Spersnskiy but also the greet numbsr of investi-
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gations performed in the ieboratories of K. M. Bykov, A. G. Ivanove-
Smolenskiy, V. N. Chernigovskiy, A. O. Dolin, P. F. Zdrodovskiy,

A. D. Mo, V. S. Galkin, A. N. Gordiyenko, G. V. Vygodchikov, N. V.
Puchkov, G. V. Pashkovekiy and many other Sovist scientiats.

On the basis of evarything which has been presented, the conclusion
may be dravn that the veactivity of the body, that is, iis relation~
ship to the environment, no: as well as in pethology, is dster-
mined by the analyzer systems Zcmisting mostly of sensory organ
wnitg/, which play & most important role in the formation of the body's
rasponse reactions produced by the effect of various snvironmental
stimuli on it., Reactivity and its changes are expressions of the
degree of quantitative snd qualitative reactions which underly tha!
equilibriuwn and maintenance of the unity of the body with the condi-
tions of its existence.

e reactivity of the peripheral nerve apperatus snd that of their
higher representatives to gtimli of the anvironment increaseé pre-
cipitously on sscending the avolutionary ladder, which increases the
dsfensive functions of the body. I. P. Pavliov wrote thet in the
higher animals “The neural appératus....vas made reactive to the
highest degree, that ia, 1t was mode accassibla to the most varied
phenomena of the externsl world." (I. P. Pavlov, Twenty years of Exe
pezi;nce in the Objective Study of Higher Nervous Activity, 1938,

p 67).
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MATERTAL ON THE QUESTION OF THE ROLE OF THE CEREBRAL
CORTEX IN RECIBTANCE TO TETANUS

D. F. Pletsityy

Iaboratory of the Physiology of Immmity (Head -~ Professor
A. V. Alymov, Corresponding Membher of the Academy of Medical Seci-
ences USSR)

In recent years, much factual material has been accumulsted which
sheds light on the importance of the condition of the nervous system
as a whole and of certain individuel links of it in the process of
the disease, tetanus.

It has been shown that the injection of tetanus toxin into an
ares with various periphersl nerve receptor apparatus and also a dis-
turbence of the centrsl nerve connections con produce a redical in-
version of the process in connection with clinical manifestations of
the digesse and the complets development of the disease., Claude Bexr-
nard showed that the dsvelopment of tatanus can be eliminated by
acting on the sffector structures (intoxication of ths myoneurel end-
plate with curare).

Therefore, inteferences with the pathologicel process in tetanus
at the afferent, central and effector parts of the reflex arc can be
equally effective in affecting the outcome of /the disease,

The elucidation of the role of the cerebral cortex in the devel~
opment of the tetanus djsease process and in the rasistance to tetan-
us is of particuler interest.

The role of the cerebral cortex in the dsvelopment of tetanus, as
in the mejority of pathological processes gensrelly, apparently con-
sists chiefly of the compensation of disorders produced by the disr
turbance of normel activity of lower neural gtructures.

The method of putting animals into a drug-induced sleep may be
used to advantags for studying the functions of the cerebral cortex
in the development of tetanus end of the resistance to tetanus, ajong
with other metbods of investigation.

This method has been extensively utilized in recent years not
only in experimental pathophysiological investigations but also cli-
plcelly in the treatment of & number of diseases.

Sleap therapy is based on the work of I. P. Pavlov, which was de~
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voted to the experimental studyvof the pathogenesis and therspy of
cartain disordars of higher nervous sctivity, chiefly of neuroses.
Based on concepts of the protective role of inhibition in the cere-
brel cortex, I. P. Pavlov proposed utilizing prolonged sleep in the
capacity of a therapeutic measurs in certain mental ilinesses. This
kind of therapy has at the present time obtained vary wide-spread
distribution and recognition in a number of mental illnesses.

Iater, the usa of prolonged sleep was proposed also for the ther-
apy of internal diseages (F. A. Andreyev). Considersble clinical
sxperience which has Ppean sccumulated in this direction shows that
the given mathod is very.effective in certain intsrnal diseases (hy-
partension snd peptic ulcer),

In hypertension, peptic ulcer, and other diseages, where the
primery and leading pethogenetic link is apperently the presence of
cortical-disorders, the effasctivensss of this method can be evalus-
ted within the plan of I. F. Pavliov's conceptions of protective
cortical inhibltion.

The understanding of the mechanism of the therapsutic effect of
prolonged sleep in other internal disesses, in the dsvelopment of
which the chief roles do not belong to cortical digorders, is much
mors complax.

In tetenus, the combined administration of narcotic agents and
of tetanus antiserum has been used with relative success for a long
+ime now. Howaver, expsrimentally, the effect of narcosis and pro-
longed slsep on the course of tetanus intoxication has been entire-
1y inadequately invastigeted. Thers is very little refarence to
this subject in the literature.

Recently, appropriate investigations were conducted in the labor-
atory of V. S. Celkin (work of V. A. Koslov). It vwas shown on exper-
{pents on mice end rats that under the influence of prolonged (Last-
ing for tens of hours) cyclonal anesthesie an inhibition occurs of
the development of tetauus during the sntire duration of the anes-
thesia in the animals, The same effsct has glso been noted in cases
vhere animals dlrsady sick were placed under anesthasia. It should
he noted that the expariments mentioned werc conducted under condi-
tions of injecting the animals with very large dosaes of the tetanus
toxin (100 to 1000 MLD).

Brief periods of anesthesia according to V. A. Kozlov's data, did
not affect the langth of life of animels inoculated with tetanus.
Bilyard in axperiments on guinea pigs and N. V. Golikov in experi-
ments on rabbits note that in doing this the course of tetenus is, on
the other hand, mede mors severs. Thus, N. V. Golikov, after anes-
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thetizing rabbits which were in states of local tetanus, observed
that immadiately after coming out of fhe anesthesia, signs of ganeral
tatanus developed in the animals for e short time. Anesthesia,
tharefore, mads possible the demonstration of the process.

The present investigations do not help much in the elucidation of
the role of the carebral cortex in the developmant of thepathologic
process and of resistance in tetanus. As a matter of fact, in all
the quotad works anesthesia was achieved Dy means of compounds which
act not only on the cortex but simultanecusly also on gubcortical
centars, However arbitrary the division of anesthetics into "eor-
tical" and "basal” might bae, nevertheless, within certein limits
gselectivity of their actions on various perts of the central nervous
system actually does occur.

For solving the problem posad it was necessary, naturally, to
make use of an anesthetic agent which would act primarily on the
carebral cortex. As is well known, chloral hydrate is such an ag-
ent.

Qur observations were mode on rabbits.

The preliminary axperiments showed. that it is most convenisent to
give the chloxal hydrate tothe animels by mouth. After being diluted
in distilled water which had been haated to 25~30° C, the enesthetic
wes introduced directly into the stomachs of the rabbits Ly means of
a thin rubber stomach tubs, to the and of which was attached & smell
funnel.

Tt was established that 15 cubic centimeters of 20 percent aquacus
solution of chlorel hydrete introduced into the stomaech represents
the highest dose that a rabbit can tolerate. Under the influsnce of
this quentity of the substance the enimals fall into a deep sleep,
which lasted 15-27 hours.

A dose aegual to 10 cubic centimaters of 10 percent agueous golu~-
tion of chloral hydrate produced only a light aleep in the animals
which lasted four to eight hours.

The expariment was performed on 30 rabbits weighing two to two end
a half kilograms -- 15 experimantal rabbits and 15 controls. Rab-
vits of each group were given one MLD of tetenus toxin (30 mouse MLD
per kilogram of weight) under the skin of the outer surface of the
left thigh. Ten to twenty minutes after the injection of the toxin
the experimental animels were givan chlorel hydrete snesthesia.

The rabbits were injected with 15 cubic centimeters of 20 percent

D e . _ age '
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aqueous solution of chloral hydrate. Aftsr several minutas, thsy be-
ceme sluggish and did not move much, end after 10-15 minutes they be~
gen to fell asleep. After 20-30 minutes they were usually in a deep
sleep. The rebbits for the most part.lay on their sides. The depth
of the anesthesia gredually increased, and the meximum was reached
seven to ten hours after the production of snesthesia. 'The raspira-
tion of the animalsibacame superficiel, often hardly noticeable, the
body tsmperature decreassd by paveral degrees, the cornsal reflex
disappesred. A week raflex puscular reasction could be noted only
through the effect of strong pain stimuli (prick, pinch).

At the end of 12-14 hours; occasionally earlier, the first period
of awakening occurs in the animals. The rabbits get up, take food:
for a certain time (30-50 minutes) .they are in e stafe of partiel
wakefulhess, and then they fall asleep again, This sleep comes upon
them unexpectedly: in & number of cases it was possible to find
sleeping rabbits with thelr heads burried in their troughs.

The second phase of slesp laate aix to eight hours. Sleep at this
time is considerably more superficisl: the animals raspond even to
weak stimulations and can easily ba aroused.

Then, the second psriod of awekening and wekefulness follows, dur~
ing which the rsbbits get up, eat, move about (unsteady geit).

The last stege is the phess of interrupted sleep. In this, the
rabbits wake up periodically -- every 30 to 60 minutes. Gradually,
the waking pariod becomes more prolonged, and the periods of sleep
become shorter end shortsr. Sleep bacomes supsrficial; in the last
few hours, the rabbits sleep sitting up. The existing state of in-
hibition of the centrel nexrvous system,spacifically of the carebral
cortex, can bs judged only by the immobility of tha animals and by the
closaed eyes.

Tyom the short charscterization pressnted of the hypnotic effect
of the dose of. chloral hydrete used, it is ssen that the inhibition
of the central nervous system developing under the influence of the
anesthetic agent is not the same during different pariods of slesp.

On the basis of the observations presented, the following concept
may ba constructed of the dynamics of this inhibition.

In the very first phase, ‘chloral hydrate undoubtedly acts chiefly
on the cerebral cortex. Howavex afterwards, its action diffuses to
jower structures of the brein and spinal cord. At the peak of the
first period of sleep s deep inhibition of the entire central ner-
vous system is seen which is so considersble that it is more accurate

-36-
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to spesk here not of sleep but rather of anesthesias. Rscovery of

the active states of various central nervous system centers occurs in
reverse ordar, as ths animals emerge from the condition of narcosis:
first, the spinal centers are released from inhibition, later, the
brain stem and subcortical ganglis, and, finally, the cortex. In

the last period of action of chloral hydrats, gleap 1s achisved, there-
fore, spperently exclusively on account of the inhibition of the cor-
tex.

Later, the rabblte were injected daily with 10 cublc centimeters
of 10 percent aqueous solution of chloral hydrate. Uander the influ~
ence of this dose an unusual sleep state developed in the animals,
which was not accompanied by 2 diffusion of inhibition to the sub-
cortical arsa of the brain or to the spinsl cord.

Ths animals became adynamic, and 20-30 minutes after the injection
of chloral hydrate, a light slesp came upon them. The rabbits re-
meined in the sitting positions, lowered their heads and closed their
eyes. On the rirst day, they remained in this condition for 10-12
hours, and on the second to third day, for six to eight hours. Under
the influence of strong stimuli (prick, 3olt), the animals awoke for
a short time. Sound stimuli also brought the animals out of the
state of sleep: the rabbits opened their eyes, wmoved their heads,
sometimes moved sbout, but fell asleep again right away. The effect
of the chloral hydrats continued for seversl hours aftar the con-
clusion of the period of the distinetly evidenced samolent state,
which expressed itself in general inhibition and lack of mobility of
the animels,

The picture described above was notably changed with the develop~
ment of tetanus intoxication in the animels. On the second to third
dayafter injecting the rabbits with tetanus toxin, the hypaotic dose
of chloral hydrate mentioned produced a progressively diminishing
affect. In the period of the expressed general tetanus it was al-
most inactive and did not exert any notabla hypnotic effect.

The development of tetanus in the experimental animwels vas charag-
terized by the following peculiarities.

The first injection of the chloral hydrate, which produccd pro-
found anesthesia, inhibited the appearance of the signs of tetanus.
While in the majority of comntrol animals, distinct phencwena of loc-
gl tetanus . could be noted 36 hours after the injection of toxin,
there were no pethological @isorders in the experimental animals at
that time. However, later (k8-52 hours after the injectiom of tie
toxin), the picture of tetanus in both groups of animals became the
gsame, 'The temporarily inhibited pathological process thus developed
in an accelerated fashion wben the animals came out of the anesthesia.
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Iater, vith the generalisation of the process, a more rapid de-
velopment of tetanus wes found in the experimental sutmals. their
moccurnainthn-dorityntmu sooner than in the control

ts, A pratocol of one of the experiments is pressnted belowv.

" Babbit No ﬂ. Weight 2,700 grame mbbi.tA_No. 1701, Weight 2,200 grems
Experimental Control

9 Januvery 11:00 o'clock

One MLD of tetanus toxin (30 mouse MLD per kilogrsmaf weight)
was injected subcutaneously into the external surfaces of the left
thighs of both rabbits. Fifteen cubic centimsters of 20 paroceat
chlorel hydrats solution were introduced into the stomach of the ex-
perimental rabbit (Mo 2904) 15 minutes sfter the injection of the to-
xin.

9 Jamuary 12:00 ofelosk

Babbit sleeping with even dacp Rabbit completely heelthy;
pleap, lying on side, Withdraws no abnormlities in bebavior.
extremity vhen paw is pricked with
s needls or pinched. Cornesl re-
flex maintained. Doss not react
to sound stimull.

9 January 5:00 pa.me

Superficial, haxdly detect- £amc as above.
able respiration. Tempereature
35.5° €« Mo comeal reflex.
Does not resct to painful sti-
w.

9 Janvary Ti00 pea.
fHanc
10 Janwmry 8:30 a.m,

Mabbit sleeping. Iies om sb- An incipient predosinence
domen with snout buried in feed- of tonmus of the sxtansor musc les
ing trough. Part of the food is of the left posterior sxtremity
eaten. Respiration is deep and is notad. When thrown on the
stertorous. In response to a floor fxrom & height of 20 to 50
strong sound stimulus, the yabbit centissters, the rabbit, ou a«
opens syes, raises head, but then lighting, sxtends the hind paw.
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- Babbit Mo ,» Welght 2
cont'd ]

falls asleey again. Reacts to
painful stimuli. Temperature 36.2°
C.

The rabbit awoke, went for his
feeding trough. Gait unsteady.
Eats. Tonus of the left hind paw
is normal,

Rabbit site motionless with
closed eyes -~ light slesp. Wakes
up in respomse to slight sound or
tactile stimuldi.

The rabbit does not sleep, is
ahrt' has normal mt. No siw
of tetanus. Ten cubic centimet-
ars of 10 percent chloral hydrate
introduced through gastric tube.

The rabbit sits motionless with

On stimulation, opens dyes, moves
head, but then immedistely fells
aslesD again. No signs of tetanus.

cubic centimeters of 10 percent
chloral hydrate introduced through
gastric tube.

Rabbit sleeps lying on sids.

closed eyas, with the head drewn in,

The rabbit does not sleep. Mark-
od locel tetanus. At 10:15 a.m., 10

Rebbit No 1701, Weight 2,200
cont'd

10 January 10:20 a.m.

During locomotion of the ani-
mal, an extensor rigidity of
the left hind paw 1s noted.

10 January 1:00 p.nm.

fSaxe as above.

10 January 4:00 p.nm.

Distinct local tetanus

10 January T:00 p.m.

Same as above

11 January 9:30 a.m.

Evident local mtanus

11 Janvary 11:00 a.m.

Same as above
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Mascles of the left hind paw are
weak.

AT ety T

11 January 11:U45 e.n.

As soon as it
appesred

Rabbit woke up.
stood up, local tetanus
again in full measure.

Sems a8 sbove

11 January 1:00 peme

Rebb;
on stimulation,
moves about,
+0 dors. The 8 X
not dissppear during £leap.

v

13
Rebbit is not sleeping. Marked
looal tetenus. When placed on the
1aft side with a rapid movemant,
the rebbit goas into & condition
of general tetanus.

Febbit is not slesping. Mark-
ed local teteanus. Tonic contrac-
tion of the muscles of the trumk
and anterior extremities 1s seen.
On strong painful stimulation,
brief convulsive attacks
in the animel. Given 10 cubic cen=
timetars of 10 percent chloral hy-
drate.

Rabbit sits
closed eyes.
extended

motionless, with

e left hind paw 1s
, and the muscles

of the trunk are contracted. Is

aroused by sound stimulation,

but then falls back into a som-

mlent state.
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Marked locel tetanus

i 11 Jenuaxy 5:00 p.ms

Marked local tetanus. When
placed on the ieft side with &
repid mevement, the rebbit eas~
ily returms to its original pos~
1tion.

12 Januery 9:30 a.nm.

Marked Jocal tetanus. A cer-
tain tonic contraction of the
muscles of the trunk and anters
ior extremities.

12 Jenuary 1:00 p.m.

Marked local tetanus. When
placed on the laft side with &
rapid motion the rabbit goes
into a state of generalized tet~
anus.
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12 Jenuvary 1:40 p.m.

Under the influence of sound Sane as above
stimuletion (door was slammed) the
rabbit awoke, made several steps
and went into an attack of general-
ized tetanus. The attack lasted
for thres minutes.

12 January 4:30 p.m,

The rabbit shows marked con- Same as above
tractions of the muscles of the
trunk and all the extremities,
When stimulated, it goes into a
state of generalized tetanus.

12 January 9:00 a.m.

Habbit is in state of general- When stimulsted, rabbit de-
ized tetanus. Immobile. Muscles velops brief attacks of gsneral-
of trunk and extremities gre mark- ized tatanus. Capacity for lo-
edly contracted. The head is comotion is preserved.
thrown slightly backward. Ten
cuble centimoters of ten percent
chloral hydrate solution glven.

13 January 10:15 s.m.

Rabbit is not sleeping. Con- Same as above
dition of the snimel is serious.
Extrexities extended, head thrown
back, tail reised. Trismus.

13 Jsnuexy 4:30 p.m.

Rabbit in very severe condi- Rabbit lies immobile. Mark~
tion, Muscles contracted to their od contraction of the trunk and
limdts, Opisthotonus, trismus. extremity muscles, twitchirg of
Raspiration 1s superficiai. It was front pavs.
not possible to admintster chloral
hydrate,

1k January 8:30 a.m.

Rabbit in agonal state. Im- Rabbit in state of genersl~
Possibls to administer chloral ized tetanus.
hydrate,

ke
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1% Jonuary 11:10 a.m.
Pabbit dfed. Same as above.
14 Jonuary 4330 p.m.
Sams as sbove.
15 January 12:00 noon
Same as above.
16 January 9:00 a.m.
Rabbit in very severa con== -
dtion, Does not respond to
stimulation. Raspiration hard-
1y detkotable.
16 January 3:30 p.m.
Rabbit died.

As seen from the protocal presentsd, the course of tetanus in the
experimental rabbit was more severe than in the control. This found
its reflection in the earlier gsneralization of the process and the
significantly smaller totel dwration of lifs in the experimental ani-
sl (vhich died 50 hours sooner than the control).

The experimental rebbits {afected with tetanus died soomner than
did the control animsls (see Table).

The Effect of Chloxal Hydrate Ansuihesia on the -Length of Life
of febbits Infected vith Tetanus Toodn

Designation No of {Averange length [Mortallty rete of rabbits according to
of rabbits jof life of rsb~)days after the injection of the toxin
group bits after in-
o Jection of tox- 5&64’(

, u:’fm%m 10i11 m%xsglkilstbs;sﬁh
in in days. AR RN

]
6.38 1i{2 Til 2

9.07
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Note. Two experimental rabbits which died following the first ad-
ministration of chloral hydrate are excludsd from the recoxd; two
control rabbits which became sick but which Aid not die are also ex-
cluded.

The totel duration of snesthetic sleep in the experimental animals,
vhich was established orientatively, was 25-45 hours.

Thusg, the inhibition of the higher centers of the brein which de=
velops under the influence of chloral hydrate is not only incapeble
of eliminating the pathological process in tetanus, but even notably
decreages the protective, compensatory capacities of the sick body.

This conclusion is not mc‘ixpected. The effect of chloral hydrate
on animals infected with tetanus can be expleained in the following
way: undsr normal conditions of body activity the cerebrel cortex
exerts an inhibitory influence on the functional activity of the low-
or centers of the central nervous system, Under pathological condi-
tions, as are being cbserved here, perticulorly in tetenus, such in-
hibitory influsnces on the part of the cortex acquire particularly
great importance, because the strength of the bodily resistance to
the developing diseass process is to a considersble dagree datermined
by them. Naturally, the substitution of an active condition of the
cortex by an inhibitory one leads to the cessatlaon of action of this
Dbrotactive mechaniem and, therefore, to an increase of the petholo-
gleal process developing in the subcortical structures of the central
nervous system.

Evidently, the generally accepted evaluation which has recently
been made of drug~induced sleep as a kind of umiverscl therapeutic
agent and the consideration of its mechanism of action on a plan with
the idea of I. P. Pavlov of protective cortical inhibition are dis-
putable. It might even be said that these views not uncommonly con-
tradict the Pavlovian conception of the leading roles of the cerabral
cortex in the activities of higher anlmels forms.

As a matter of fact, doss it not appear strange that, at a time
when a question of the body's life or death is at stake, the cutting
out or weakening of the functions of the cerebral cortex, the organ
which accomplishes the supreme control of the noral course of the
vital processes, should be a useful measure? Is it right to spsak of
the protective role of cortical inhibition in thene cases?

It must be supposed that an active, alert condition of the cers-~
bral cortex, not an inhibited one, is a most importent condition for
the successPul resistance of the body to the development of disease.
Not only the shorter langth of life of experimental animels but also
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the increase of functional activity of the cerebral cortex in rabbits
in the process of development of tetanus speak specifically for such
a point of view.,

If the dose of chlorel hydrate which produces sleep in health
animals is inactive at the pesk iritensity of the manifestations of
tetanus, then this fact should, evidently, be understood s meaning
that the body 1tself actively counteracts the development of an in-
hibitory state in the cerebrel cortex, What considerstions can be
adduced to the effact that this countereffect muat be blocked rather
than supported?

In connsction with what has been atated, 1t is fitting here to pre-
sent the very interesting observations of V. N. Popov, which, unfor-
tunately, have not been published. !

Several cats were inoculated with lethal doses of tetanus toxin.
During the period of generalized tetanus they were divided into two
groups -- experimental and control. The experimentsl animals daily
begen to be subjected to adequate biologlcel stimulation ofimsany
hours! duration (direct proximity of mice). As's result of such &
prolonged excitation, three cats, which were in states of generalized
totanus, recovered. Vv

Howevar, sbundant clinical and experimental material nevertheless
mentions definitely the effactiveness of the method of drug-induced
sleep therapy in meny disesses, perticularly in certain infectious
diseases. It epparently should be considerad that an irradiation of
inhibition occurs thereby to a significant depth, leading to a gener=
al diminution of reactivity of the central nervous system. Facts
showing that under conditions of drug-induced sleap inhidbition of a
nuwrbar of defense reactions also occurs speak for such a conception
of the therspeutic effeat mechanism of drug-induced sleep.
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‘THE ROLE OF THF PERTPHERAL NERVE AFPARATUS IN THE
MEC OF ACTION OF TETANUS ANTIL 1

T V. Miting

The department of pethologlcal physiology (Head -~ Professor
I. I. Fedorov) of the U'vov Medicel Institute and The Laboratory of
the Physiology of Immmnity (Head -~ Professor A. Ye. Alymov, Correse
ponding Member of the Acadenyy of Medical Sciences USSR) of the Inst-
tute of General and Experimentsl Pathology

It has besen shown through the work of Soviet sclentlsts, mainly
that of A. D. Speranskiy and his co-workers, that the so~called passe
ive immunity cannot be reduced to a simple neutralization of toxims
vhich are circuleting in the blood.

Imnune serwn is a stimulus of sensory apparstus which pley an ime
portant role in the davelopment of "passive” immunity.

The response reesction to stimulation depends on the time of ac-
tion of the new stimulus and the functionel state of the receptors.

The administration of specific serum to the body produces differe-
ent effects depending on which nerve epperatus the serum acts on
first. Thus, the so~called pessive immunity is, as a matter of fact,
active; it is dependent on the general physiologicel rules and reg-
ulations to the same degree es allifie other processes which occur in
the complex organism.

The fact that immme sérs act on the nerve endings has been estab-
listed not only in physiologicel experiments but elso confirmed by the
histological investigations of Ye. A. Kirillov (1949), who showed
that as early as 15 minutes efter the subcutansous and intramuscular
administrations of sers there could be seen, in sddition to the gen~
eral tissus reaction, & reaction on the pert of the peripheral nexrve
ous system.

By acting on the sensory nerve apparatus in a definite way, condi-
tions may be prapared for the more effactive action of tetanus anti-
serum,

This thoughtalso undsrlay our experimental investigation.

We used the stimlation of sensory apparatus by glucose solution
for intensifying the effect of the serum. The choice of Jlucose as
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a stimulant was dictated by the fect that a stimulating effact of
glucose on sensory nerve endings in blood-vessel walls was demon-
strated in the laboratory of I. I. Fedorov.

The experiments were done on 164 guinea pigs. The exparimental
animals, which had besn infected with tetanus toxin, were injected
with five cubic centimeters of 20 percent glucose solution and the
corresponding antitoxic serum in such a smell dose that it in it-
self would not prevent the development of intoxication.

Control animals were injected with the serum end the toxin omly.
The injections ware always given intramuscularly in the aren of the
upper third of the right thigh.

The mixture of tetanus toxin, antitoxin and glucose was prepared
ex tempors.

First we used a dose of serum squal to one antitoxin uait. The
axperiment was performed in the following way. All the animals were
divided into three groups. The animals of the first group (four
guinea pigs) were given only tetanus toxin in am amount equal to one
MLD., All these guinea pigs became 11l with tetanus and died on the
fourth day after the injaction of toxin. The second group (six gui-
nea pigs) were injected with tetemus toxin in an amoumt equal to oune
MID in a mixture with one antitoxin unit of tetanus antiserum. Mark-
ed local tetanus developed in all the animals of this group. Finally,
guines pigs of the third growp (also of six animals) were inlected
with toxin in a mixture with tetanus antiserum and five cuble centi~
maters of 20 percent glucose solution. In all the animals of this
group the manifestations of tetanus developed later than in the gui-
nea pigs of the control groups, proceeded in an appreciebly milder
fashion, and recovery occurred quicker.

As seen from the results of this experiment, glucose solution
made possible an intensification of the therspeutic effect of the ser-
un.

In another experiment we used a swaller dose of antitoxin, namely,
0.1 antitoxin unit. The animels were also divided into three groups.
The guines pigs of the first group were injJected with toxin alone in
an amount of three MLD, as & result of which all four guinea pigs quick-
1y died with signs of generalized tetanus. The animals of ths second
group (six guinea pigs) were injected with a mixture of three MLD
of toxin and 0.1 antitoxin unit of antitoxin. In this case, the serum
proved to be entirely inaffective, and all the guinea pigs died with
signs of generalized tetanus. The animsls of the third group (10
guinea pigs) wers injected with three MLD of tetanus toxin, 0.1 anti-
toxin unit of tetanus antitcxin and five cubic centimeters af 20 per-
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cent glucose solution. None of these 10 guines pigs became sick with
tetanus.

The intensifying action of glucose was particularly well demon-
strated in this experiment: the dose of serum vhich had been com~
pletely ineffective by 1tself proved to be effactive when injected
in conjunction with glucose.

later, we injected a still smaller quantity of sntitoxin -- 0.01
antitoxin unit; toxin wes also injected in ths same dose as previous=
ly =~ three MLD. The enimals of the first group, which had been in-
Jected with three MLD of tetanus toxin, became sick with tetanus,
and they all died with signs of generalized tetanus. The animals of
the second group (12 guinea pigs) received mixtures of three MLD of
toxin and 0.01 antitoxin unit of antitoxin; here, the two guinea
plgs died with signs of generalized tetanus, while the remaining 10
marked locsl tetanus occurred, The animals of the third group (16
guinea pigs) received thres MLD of tetanus toxin,; 0.0l antitoxin
wnit of antitoxin and five cubic centimeters of 20 percent glucose
gsolution. No tetanus infaction was produced under these conditions.
On the third day after the injection of the nmixture mentioned,
slight disturcences in motion were observed in seven gulnea pigs of
this group. These disappearsd after two days.

As seen from the results, tha intensifying effect of glucose man~
ifested 1tself very distinctly in this experiment also.

In the next experiment we used a still smaller dose of tetanus -
sntitoxin, namely, 0.004 antitoxin units, Two groups of animals
were subjected to the experiment. The animels of the first group
(16 guinea pigs)were injected with the dose of antitoxin mentioned
and cne MLD of tetanus toxin. Well expressed local signs of tetanus
developed in all the guinea pigs. The animals of the second group
(also 16 guinea pigs were injected with mixtures of one MLD of toxin,
0.00% m/atitoxin units of antitoxin and five cubic centimeters of 20
percent’ glucose solutionj of this group, four guines plgs did not
develop tetanus; the incubation period was increased in five puines
pigs; the disease in ome guinea pig vas limited to agymmetry of the
extremity. In the mejority of the guinea pigs, rapidly progressive
lceal menifestations of tetanus developed.

It follows from the data presented that in this case also glucose
intensified the effect of the antitoxin.

in the next experiments, we used the same dose of antitoxin (0.00k
antitoxin units) but with a significantly smaller quantity of téoddn
(three MLD}. :
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In one of these experiments, the control group of guines pigs
(eight animals) received a mixture of antitoxin and tetanus toxin;
one guinea pig of this group died from generalized tetanus; in five
guinea pigs, local menifestaticns of tetanus daveloped; in two, the
process was limited to sn asymmetry of the postirior extremities.
Eight experimental animals were injected with & mixture of anti-
toxin, tetanus toxin and five cubic centimeters of 20 percent glu-
cose solution; in five animels, no tetanus daveloped; in the
other three, signs of asymmetry of the extremities were sesn.

The intensifying effect of glucose was demonstrated quite dis-
tinetly in the given experiment also.

Aftexwards, we used entirely smell doses of the antitoxin
(0.0004 antitoxin units) end quite considersble quantities of the tox-
in (three MLD).

Four control guinea pige which were injJected wlith antitoxin and
tetanus toxin in the doses mentionsd died on the third day with signs
of genaralized tetanus. Out of five exparimental guinea pigs which
raceived, in addition to antitoxin and tetenus toxin, five cubic
centimetaers of 20 percent glucose solution. two died with signs of
generalized tetanus, one 4id not become sick, local Zetanus develope
in cne and signs of asymmetry of the extremities were seen.

The result of this experiment slso demonstrates the capacity of
glucose to intensify the effect of tetanus antissrum.

In the last experiment, we utilized a negligible dose of serum
(0.00004 antitoxin wmits) end three MLD of tetanus toxin. This
dose of serum when injected in & mixture with glucose 4id not pre-
vent the development of tetanus, but death of the experimental ani-
mals occurred two dsyslatear than in the countrol animels which had re-
ceived the indicated mixture of antitoxin and toxin without glucose.

fith the use of an injection of 0.000004 entitoxin units end
three MLD of tetanus toxin, the control and experimentsal animals
died at the same time.

From the data presented, it follows that the administration of
glucose in 20 percent golution simultsnecusly with tetanus antiserum
increases the effect of the latter.

Without excluding the role of glucose as & nutritional agent in-
tansifying the metabolism at the site of injection and also exerting
a detoxifying effect (V. V. Vasiliysva, 1941), a speciel distinction
should be given to the property of glucose of stimulating the sen-
sory neural apparatus.
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The results of our preceding investigation estsblishing the cap-
acity of glucose to slter the course of experimental tetanus intox-
jeation after subcutenecus and intracardiag ocdministretion of it are
slso in complete accord with the data presented in the present re-
port (T. V. Mitina, The Effect of Stimulation of the Sensory Nerve
Appexetus of the Heart om the Course of Experimental Tetenus Intoxi-
cation. In the bock: On the Mechanisms of Disease and Racovery,
Livov, 1951).

The mechenism of action of glucose on the nerve-recaptor appara-
tus consists, apparently, of increasing their exeitability, which
then induces the rapld development of defense reactions even with
small quantities of the specific serum.

1
The effect of glucoss on the sensory apparatus wes also confimmed
in our next experiment.

Guinesa pigs wers injected with a mixture of antigoxin, tetanus
toxin, and glucose simultaneously with a one percent novocaine solu-
tinn. Tt twmed out that the injection of this mixture did notpe-
vent the development of tetanus or the deaths of the animels. Thus,
after the injection of.a mixture of four cubic centimeters of ona
percent novocsine solution, five cubic centimeters of 20 percent glu-
cose solution, 0.1 anid toxin Jolts of entitoxin and three MLD of
tatanus toxin, ll the seven experimental animals becams ill with
tetanus and died from it. At the same time, in 10 guinesa pigs which
were given the same mixture without novocaine, mo signs of tetanus
developed. It may be supposed, thus, thet glucose, by acting om the
sensory herve endings, chsnges their initial states, increases thelir
excitebilities and, by the same token, preperes an appropriate back-
ground for the action of the serum.

The results of our experiments coincide completely with the data
of M. D. Speranskayn, who observed a significant incxease of the
effect of tetanus sntiserum experimentally ca rabbits after it was
injectad on a backgrowd of strychunine intoxication of the animals.
Strychnine, in the opimion of M. D. Speranskaya, inereasaes the ex-
citability of the peripheral nerve sensory endings.
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THE EFFECT OF A DISRUPTION OF HIGHER NERVOUS ACTIVITY ON THE DEVEL~-
[© OF DIPHTHERITIC INTOXICATION AND OF ARTIFICIAL IMMUNITY TO
DIPETHERIA

N. M. Shtyrova and N. V. Stankevich

Department of pethologicalphysiology of the Irkutsk Medical Insti-
tute (Head ~- Professor N. M. Shtyrova)

Recently, many investigations have been mede, devoted to the study
of the role of the functionml state of the higher central nervous
system centers in the development of infectious diseases and the
development of immunity. In this group afe primarily the numerous
and quite contradictory experiments on the study of the effect of
enesthesia on the processes of infection and immumity.

Investigations on the effect of disruption of higher nervous act-
viity on the course of bacterial intoxications are of great interest
(L. I. Kotlyarevskiy, L. S. Gorsheleve and L. Ye. Khozak).

However, the datz obtained in these experiments are still far toc
inadequate to permit one to consider that the question of the effect
of the functional state of the higher centers of the central nervous
system on immunogenesis and the development of disease is conclusive-
1y solved.

This also stimulated us to perform experiments on animals for the
study of the developwent of diphtheritic intoxication and immunity
to this disease in various functional conditions of the cerebral .cor-
tex.

The experiments were performed on guinea pigs, in which the change
of the functional state of the cerebral eortex, under the given ex-
perimental conditions, produced the elsboration of a conditioned-de-
fense reaction, leading to a disruption of higher nervous activity.

Mn electric current served as the unconditioned stimulus. A bell
was used in the capacity of a2 conditioning stimilus for one group of
animals; for the other group, the light of an electric light was
used.

}
The elaboration of a conditioned~defense reflex was accomplished
in & special chamber of the Ye. A. Vladimirova type which hed been
modified somewhat by us.

The chamber consists of two different~-size boxes with glass side-
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walls connected by a corridor. The floor of the larger box can be
Pulled out; it contains transversely-situated holes. In the areas
between the holes there are exposed electric wires which connect up
with a source of electric current (the city lighting circuit).

On the roof of the larger box there is a recess for an electric
light bulb with an external switch; the button of the bell is also
located here.

The guinea plgs were placed one by one into the large box of the
chamber. After a certain time, the bell was rung (conditioning sti~
mulus) with a subsequent (after a second) switching on of the elect-
ric current (unconditioned stimulus).

In doing this, a voltage was selected, with the ald of & transforme
er, to which the animals responded with motor defense reactions.
Usually, it was 90 volts.

After two to three combinations of the bell and current, a condi-
tloned defense reflex was elaborsted by the guinea pigs. To the
cambination of the light and the current the reflex was elaborated af-
tar five or six experimental sessions.

Aftervards, s single ring of the bell or flash of the electric
1light was adequate to put the enimals into a state of marked exei-
tation and to make them run squeaking into the opened door of the
corridor, through which they entered the chamber of the other box.
The sound conditioning stimulus theraby produced a more marked exci-
tation of the guines plge than did the light,

The experiments were conducted daily at one and the same time over
the course of a month. in the experimental animals there was fre~
quently noted a disorder of the intestinal function (dlarrhea), ul-
cerative keratitis developed, and a loss of weight was observed (the
welght dropped by 40-100 grams). Two guinea pigs died with the signs
described above. One guinea pig with the same signs recovered three
days after the experiments were concluded. A scar and a circumscrib-
ed corneal opacity remained on its affected ays. It is very interest-
ing that following injectifn of 1t with 30 MLD of diphtheris toxin,
1t again developed an ulcer st the same spot on the cornea ("second
blow", according to A. D, Speranskiy).

The experiments were performed on 40 guinea pigs.
In the first series of experiments, the conditioned-defense reaction

was elaborated in experimental guinea rigs welghing 400 grams by
means of daily experiments for a month. After this, they were all in-
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Jected with 1.5 MLD of diphtherie toxin. At the sams time, the '
same dose of diphtheria toxin was injected also into control gui-
nea pigs of the same weight which hed not been subjected to the
effects of any additionsl stimili.

In the group of animals where the bell served as the condition~-
ing stimulus, all the experimental guinea pigs (fivein number) died
eight to seventeen hours after they had been injected with diph-
theria toxin. Of the five control guinea pigs, only two died; here,-
the deaths of the animsls did not occur immediately after the injec~
tion of the toxin, as was the case in the group of experimental gui-
nea pigs, but rather on the third day. "

In another group of e:@erimeu;bs, where the electric light was
used in the cepacity of a conditioning stimulus, all the experiment-
al animals died 18-24 hours after they had been injected with diph-
theria toxin; of five control guinea pigs one survived; the others
died on the third day.

In the second serles of experiments the experimental guinea pigs,
welighing 350 grams, were immnized with a single injection of diph-
theris toxold, after which the conditioned defensé reaction was
elaborated in them.

Control animals of the same weight were immunized et the seme
time as the experimental animels and were not subjected to any ad~
ditional procedures.

Thirty days after the immmization, all the guines pigs (experi-
mental as well as controls) werainjected with 30 MLD of diphtherie
toxin each.

All five experimental animels of the first group (the conditioming
stimiluswas the bell) died 16-33 hours after the injection of thé
toxin. Of the five control guinea pigs of this group two died on
the third day after the injection of the toxin; the remaining three
survived.

In the second group (the flashing of an electric light was used as
the conditioning stimulus) » 81l five experimental guines pigs died
1824 hours after the injection of toxin. Of the five control ani-
mals, one guinea pig survived, while four died on the third dey.

The investigations which were performed show thet for the elsbore
ation of the conditioned defense reaction the strongest conditioning
stimilus is the sound stimulus (bell). N. A. Podkopayev also men-
tions this.
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e conditioned defense reflex was elaborated more quickly in the
animels to the combinetion of thé sound stimulus with the uncondi-
tioned stimulus (current) than to the combination of light with the
seme unconditioned stimulus. The conditioned defense reflex which
was eleborated in the guines pigs to the use of the sound stimulus
was accompanied by quite an appreciable excitation and marked somatic
disorders. The latter also serve as indicators of the fact that a
disruption of higher nervous activity occurs in the animels in the
elaboration of the conditioned defense reflex to an electriec current.
N, A. Podkopayev refers this stimulus to the group of disruptive
Bt.i!nuli.

The experiments performed by us show, therefores that a disruption
of higher nervous activity aggravates the course of diphtheritic in-
toxication and inhibits the development of antitoxic immunity from
the vaccination of animals with diphtheria toxold.
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ON THE QUESTION OF THE MECHANISM OF ACTION OF DIPHTHERIA ANTISERUM
0. Ya, Ostryy and M. D. Speranskays

Iaboretory of Infectious Diseass Pathology (Heed -- O. Ya. Ostryy,
Doctor of Medical Sciences)

In our preceding investigations the significance of the patholo-
gical forms of stimulations of individuel sensory zomes of the tongue
was shown with respect to the disease mecha isms of diphtheria.

The tasks confronted us of elucidating the role of these zones in
the mechanism of the body's increase in resistance to the given dis~
ease.

With this aim in view, an experiment was performed on 123 guinee
plas weighing 240~250 grems, which were divided into four groups.
The first control group was injaected intravenously with oms MLD of
" aiphtheria toxin. )7

The second group of animals was injected intravenously with one
MLD of diphtheria toxin and, immediately after this, with 0.001 anti-
toxin units of diphtheria antiserum also intravenously.

The third group of animels was injected intravenously with one MLD
of diphtharia toxin and, immediately after this, with 0.001 antitoxin
units of diphtheria antiserum into the root of the tongue.

The results of this experimant are presented in the Table.

Site of in-{ Dose of
Jection of toxin ! Jection of
diphtheria diphtheria
toxin antiserum

Vein
Vein
"

"
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As seen from the Table presented, 87.8 percent of the animals in
the control group died, The intravenous administbation of 0.00L
antitoxin units of diphtheria antiserum, just like the injection of
it into the tip of the kongue, dacreases the mortality rate of the
animale (to 58.6-57.1 percent) but to an apprecisbly smaller degree
than the injection of the same dose of serum into the root of the
tongue (33.3 percent).

Thus, one and the same dose of seium exerted different effects de~
pending on the site of injection of it. This difference cannot be
explained, under the conditions of our experiment, by an unequel re-
sorption of the serum into the blood. In injecting the serum into
the blood its effact was the same as when it was injectsd into the
tip of the tongus, although in the latier case the absorption time
of the serum was lengthened. Moreover, the same dose of serum, when
injected into the root of the tongue, where the resoy*tive capeci~
ties do not differ essentially from those which are in effect after
the injection of the serum into the tip of the tongue, showed a
significantly greater effect, increasing the survival rxate of the
animals by 25 percent compered with the two preceding groups.

The facts obtained give us cause to consider diphtheria antiserun
not only as an agent which neutralizes the toxin but glso as a spec-
ific stimulus of the censory nerve apparatus. This stimulation is
the primary link of the reflex process which alters the reasctivity
of the body to a yathological stimulus. ’

Such a cooception finds its confirmation in those experiments
where novocaine was injected inte the rcot of the tongue. Under
these conditions also, it was possible to prevent the deaths of the
animels from diphtheria in a significant percsntage of the cases,
aven though a letha, dose of diphtheris toxin had been injected in-
to the novocainized zone of the tongus. [0. Ya. Ostryy and M. D.
Sperenskeya, On the Role of Pathological Stimulations of the Sen~
sory Nerve Apparatus in the Disease Mschanisms of Diphtheria in Ex~
periment (published in this eollsction)).

These data speak for the fact that it is possible to increase
the resistance of the body to diphtherie by nonspecific and spacific
stimuli (novocaine, diphtheria antiserum) 1f they are injected into
& definite sepsory zone, Ry the same token, the question comes up
agein as to the evaluation of the mechenisms of action of serum pro-
phylexis and therapy in a number of toxic-infactious processes.

From the experimental data presented it follows also that the
site which proved to be most reactive with respect to diphtheria tox-
in simultansously was also the most effective for the action of spec-
ific serum.
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tline new
rules and regulations noted make it possible to ow
porzctivu in the research for effective forms of expsrimental
therapy of this disease.
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ANATOMICAL INVESTIGATIONS OF THE NERVOUS SYSTEMS OF ANIMALS INFECTED
WITH _ANAEROBIC 0 0 5 BILY -
2w

Ye. A. &virskﬂya

Laboratory of Histopathology of the Nervous System (Head -~ Pro-
fessor M. L. Borovskiy).

The problem of our investigation was the anatomical study of the
nervous system reactions in the pathological process which develops
in animals after they ars infected with anssrcbic infections.

According to the data in the literaturs, many infectious diseases
are accompanied by extensive anatomical changes in the nsrvous system.
They have been noted in tuberculosis, typhus, gepticemia, leprosy,
pneunoniss, etc, (B. I. Lavrent'yev, M.L., Borovekiy, 8.S., Vayl',
L.I. Falin, V.F. Lashkov and others).

Tn the literature devoted to the study of gas gangrens, data have
been presentad chiefly concerning the anatomicol changes of the pari-
pheral tissues and of the nervous system directly at the site of
involvement. There are only individual indications of changes of
neurel elements sbove the forus of involvement (A. N. Chistovich,

A. A. Polyantsev).

Different data have been obtained concerning the changes in the
central nervous system in gss gangrene. A. A. Arapov did not find
any anatomical changes in the central mefvous syatem specific for gas
gongrens. A, V. Swol'yamnikov found characteristic nervous system
changes and came to the conclusion that they are of dascisive sigonif~
jcance in the cause of death of experimental animals from gas gang-
rene.

In selecting the methods of investigation we were gulded by the
dnta of the development of neural dystrophic processes obtained in
A. D. Speranskiy's laboratories.

By using the method of an additicnal influence on the body, we
attenpted to change the anatomical reactions of the nervous system
and of the organs to the infectious agent, and by means of anatomi ¢
al snd electrophysiological study of the various central and peri-
phexal nervous system centars to reveel the natuxe of these changes
and coma to an understanding of their significance for the course and
outcome of the disease.
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Guinea pigs weighing 300 grems were infacted with gas gangrene (The
{nfection was accomplished by R. Ya. 76l 'menovich), by the injection
of a bacterial suspension of B, perfringens in a mixture with 0.1 cu-
bic centimater of 4O percent ealcium chlorids into the right gastyo-
cnemius muscls. The right tibial nerve on j
was transacted befors or sfter infecting the animals.
aexperiments, aiffarent veriants of this operetion weras used, namely:
a) transsction of the naexva, b) trensection of the nerve end injec~
tica of 0.95 cubi¢ centimeters of T0 percent alcohol into its peri~
pharel segoent, c) trensection of the nerve, injection of one to two
drops of vitemin BL into its peripheral. sigment and subgequent sutur-
ing of tha nerve ends,

In the experiments where the opsration was performed ou the nexrve
after the infection, the timas of the operaticn were varied: irmedi-
ately after the infectlon, one hour after the infectiom, three hours
after the infection, and six hours after the infectlon.

Guinea plgs sérved as controls. They were divided into three
groups, nomely, those in which: 1) only nerve trawme was ,
2) only calcium chloride was injected into the muscle, and 3) troume
of the nerve was produced snd caleium chloride was injected into the
mascle. In addition, & saries of expefiments wes performed for de-
termining the rhecbase and chronsxde of the tibial nerves in the
{nfacted guinea pigs end guinea which had simply been injected with
caloium chloride intremuscularly.

The following were subjected to anatomical investigation:
cnemius muscles, skin of the thighs and feet and their neural struc-
turas; sciatic nexves, {ntervertsbral gangiia on the side of the in-
fection and on the opposite side, the lumdsacrsl and somotimes elso
the carvicothorecic sagments of the spinaﬂ. coxrd and in a pert of the
animels, the anterior two Pifths of the cexebral coriex.

The preparations were stained by the Nusl; Bi1tshovekiy or Canpod,
1i1'shovskiy~Gross in the Iovrenttyev modificetion or Mark modifice-
tion methods, and for fat. .

Tn.the first stage of the work the problem was reduced to esteblish-
ing tha nature of tha nervous system changes in the fatal and non~
of this nmumber, sav-

the nervous :ystmandalnootﬂm’cinthcmc
animmls which died and of those which survived, the following was es-
4ablished. In all of the animals which died after being infected
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with anasrobic infections changes were found in all the peripheral
nervous system sections studied by us and in the spinal cord both on
the side of the infection and on the opposite side (Mg. 1).

yi7! .

Fig. 1. Decomposition of nerve fibers in fasciculi of the left
gastrocnemius muscla of guinea pig which died a day after being
infected without nerve traume (staining by the Bil'shovskiy-
Gross-Lavrent'yev mathod).

In the animals which died, severe necrotic and inflammatory pro-
casses predominated. It should be noted here that sévere, often ir-
reversible nerve cell changes were found in the spinal cords of the
guinea pigs which died. Rarefaction and dissolution of the Nissl
substance, coerse vacwolization, shrivelling of cells, deformetion
of their nucleoli, deposition of glis around the ganglion cells,
nesuronophagia, and also ghost cells were seen.

In the guinea pigs which died two days after being infected with-
out additional nerve traume, the changes in the carvical and thoracice
segments of the spinal cord were expressed to » greater extent than
in the lumbosecral area. In all the animals which died after that,
more severe changes were seen in the sensory cells of the posterior
horns and in the internumcial nsurons than in the motor cells of the
anterior horns. .

The involvements of the motor cells ¢f the spinal cords in animals
whigh died at short intarvals after being infected have the character
of so-called reversible changss and are expressed to a greater extent
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on the side of the involvement than on the opposite side; in guinea
pigs which are sick for a long period of time, the changes 8re severe,
irreversible and are expressed approximately to the same degree on
both sides. Inflsmmatory focl were seen in the area of, the poster-

ior horns in certain guinea pigs. -

Tn animels which died following the infection, where the latter
had been preceded by traume of the tibia} nerve, in contrast to the
cases where infection was caused without accompanying trauma, Waller-
ian degeneration (Fig. 2) rether than necrosis was found in the right
tibial nerve below the site of the transection. Various anatomical

Fig. 2. Walleriah degeneration of nerve the right tibial
gerve in & guines pig which died .three days after being infacted;
the infection was preceding by tisnsectionol this nerve and alcoh-
olization if its periphersl segment. The alcbhol-tr,iate,d nerve fi-

. w.,borsaa;)'ue:pres_erved (staining by the Pi1'shovekiy=Gross~Lavrent'yev
mathod).

changes, including also signs of irritation, occurred in the contra~-
lcterial neursl structures of the spinal cords of thesé animals,
anatomical changes in the contralateral intervertebral ganglia and
gseiatic nerve were somtimes axpressed to & greater degree than on
the gide of the invobvement. ,

i
Microscopic study of the nervous systems of the surviving experi~
mental animals, which vers then killed six and a half months after
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being infected, revealed milder anatomical changes in the peripheral
pystem -- intervertebral ganglia, sciatic nerves, texminal neural
apparstus of the gastrocnemius muscles -- than in the guinea pigs in
the same saries of experiments which had died, There were no changes
in the spinal cords of thess animals.

The presence of & neurome at the site of transection of the right
+1bial nerve and also neurotization of the periphersl segment of
this nerve and of the right gastrocnemius muscle in the surviving
animels permit us to draw the conclusion that regeneration of the
periphersl nerve is possible under the conditions of gas gangrene.

T¢ should be noted that the, severity and character of the anatomic-
al changes at the periphery are associated with the severity of the
involvement of the nervg" cells of the spinal cord and probably depend
on the state of the latier and of the higher centers of the central
nervous system;

A guinea pig vhich died after 40 days and also the surviving gui-
nea pigs may serve as examples of such an association. In the for-
mer, severe degenerative changes and merked signs of irritation of
the nsural structures or, the contralateral muscle (Fig. 3) were seen,
vwhich coincided with the severe inflammatory process in the inter-
vertsbral ganglia and with severs disease of the penglion cells in
these ganglia and in both balves of the spinal cord; the motor nuclel
were also involved here.

In the surviving guinea pigs the changes in the peripheral ner-
vous system were expressed to a much wéaker degree than in those which
diad; the signs of irritation of the neural structures of the contra-
lateral muscle could be characterized as quiescent; the microscopic
picture of the intervertebral gangliv also attests to the former exis-
‘tence in them, aspparently, of a noe quiescent pathological process.

In those -guinea pigs, there ware no changes in the nerve cells or in
the stroms of the spinal dord.

Study of the skin of these 10 infected guinen pigs showed that its
neurel structures are better impregnated with silver than the normal.
This attests to the presence of some kind of physiological condition
of the cuteneous neuxral structures different from the normel, and ep-
perently reflecting the latered reactivity of the body as a whole.

We have elso observed appreziable pathological changes of thesa
nerve structures in the skin of degenerative and reactive character,
on the side of the infection &s well as on the opposite side. In the
narve fibers there wers saen an inequality of the calibers, vari-
cosity, separation of the fibers, edems, vacuolization, cork-screw
shaped convolutions and fragmentation of the axis cylindexs, Along

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

JFasei
e

s A R

P

i

with these changes of the axis cylinders there were noted periaxonal
changes which wers expressed wmequally in different animels; they con-
sisted in an increase of the dimensions of the nuclel of the neuro-
Jemma, near which reticulated structures were found. The latter
sometimes were of oval or cylindrical forms. Within them or along-
side them, the axis cylinder could be found; it meintained its in-
tegrity. It may be supposed that these reticulasted structures arose
from the myslin sheath and the neurolemma.

gt

Ao

In the neursl apparatus of the encspsulated and non-encapsulated
terminal corpuscles changes of the axone calibers and signs of vari-
cosity wers found; no degenerative changes wers observed. It could
be notad thersby that the character and intensity of the changes of
the neural structures of the skin depend on the duration and sesver-
ity of the pathological process developing in the body and on the
outcoms of this process. With a brief course of the disease and a
fatal outcome, degenerative changes of tha cutaneous neural struc-
tures predominate, and these are expressed to a greater extant on
the side of the infection. With a prolonged course of the disease
and & fatal outcome, the signs of irritation of the axones predomin-
ate; these are expressed both on the side of the infection and on the
opposite side. In the surviving animals the changes of the neursl
structures of the skin were expressed to an appreciably milder de-
gree, are encountered less often than in the animels which died, and
havé the character of signs of irritation on the side of the infec-
tion as well as on the opposite side.

1 S P o7 g 35T AT ST b BT

Figs 3+ - m,'om o!' motor mrva ending of 1ett gpatrocnemius mz.s le \
of guinee pig which dled 40 days after being infected, which was
pracednly a transection of the-right tibial nerve and alcoholetreote °
ment of its peripheral ssguent (staining by the Bil'shovekiy-Grosse
lavrent'yev method).
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The next stegae of our work was conditioned by the need for differ-
entiating the nervous system changed produced by the microbial fac-
tor from the changes produced by supplementary procedures -- nerve
traume, injection of calcium chloride into the muscle and the combina-
tion of nerve trauma with the injection of caloium chloride into the
muscle. In all, 18 guinea pigs were investigated, of which 12 guinea
pigs were infected; soms were subjented to additional nerve and
some were not. Six guinea pigs were subjected only to the supplement-
ary procedures without being infected. The guinea pigs wers killed
seven and 21 days after these procsdures,

In the presence of nexve trauma alcune, only dsgenerative and regen-
erative processes ocour in the traumatized nerve; no changes wers
found in the central nervous system. Changes of the neural structuras
of the muscle on the opposite side were also absent. The solution of
caleium chloride, in the same concentration which we used for injec-
tion into the muscle, produces not only necrosis of the muscle tissus
but also degeneration of the neural structures of this muscle, degen-
eration of the nerve innervating it, so-called reversidle and irre-
versible changes in the intervertebral ganglia and signs of primary
irritatitn of the motor nerve cells of the spinal cord (Fig. 4). The

"( .
Fig. 4. Degenaration of the right tibiel nerve after the injec-
tion of calcium chloride into the right gastrocnemius muscle
(staining by the Bil'shovskiy-Gross-Livrent'yev method).

combination of the two procedures mentioned led to an intensification
of the signs of primary irritation of the nerve cells of the spinal
coxd,
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Pathological changes of the nervous system of the infected gui- !
nea pigs differed from those which had not been infected, but which
had been subjected tnthe effect of calcium chloride. Thus, in the i
guines pigs which had been infacted without additional nerve traume, |
an inflammatory process was found in the pia mater and in the cére- . ’
bral cortex, expressed to a greater extent on the left than on the

right (Fig. 5).

Fig. 5. Inflammatory changes of the pia meter of the cerebrum i
of & gulnea pig which had bemn infected without narve txraume ]
(tissl stain). i

Signs of primary irritation in the interveiiebral ganglia occur i
soonor in the infected gulnea pigs than in the guinea pigs in which "
- perve traume had been produced by the injection of calcium chloride ‘;
into the muscle. The inflammetory process in membranes of the in- }
tervertebral ganglia and also the so-called reversible and irrever- b
sible changes in the nerve cells of these ganglia were sometimes ex~
pressed to a greater axtant on the so-called healthy side than on the
side of theintervention in the cases of the guinea pigs which had
been infected without supplemantsry influences as wéll as in the gul-
nes. pigs which had been simply injected intrsmuscularly with calcivm
chloride. The regeneration of the traumatirxed nerve was delayed in
) the infected animals in comgarison with those which had not been in-
! fected. .

i Signs of frritation in the opposite gastrocnemius muscles of in- i
: facted guinea pigs with severe involvements of the infected paws were
expressed to & much greater extent than in the remeining animels. )

~64-
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Certain observations point to the role of the time factor in the
development of the pathologlcel process in the experimental guinea
pigs.

Thus, in guinea pigs which had been operated six: hours after the
infection, neurotization of the nerve and muscle were expressed
better than in the other infected animals end approximately the same
as in guinea pigs which had been subjected simply to an operation on
the nerve, Hence, the conclusion mey be drawn that under certain
conditions of infection, regeneration of the treumetized nerve is
possible. With an operation on the nerve after the infection (es-
pecially after six hours) a lessening of the anatomical chenges 1s seen
in the intervertebral ganglis and improvement of the process of rsgen=-
sration of the traumetized nerve compared with what occurs in other
animals investigated.

For studying the functional state of the nerve imnervating the in~
Pected muscle and that of the corresponding nerve of the opposite
side, the rheobase and chronaxie of this nerve were detarmined in
guinea pigs which bad simply been injected intramiscularly with cal-~
cium chloride (control).

Determinations of the rhecbese and of chronaxie were made after
three and six hours, then at one, three and five days after the pro-
cedure. These determinations showed a decrease and then a loss of ex~
eitability of the nerve innervating the involved muscle, in the ex-
periment as well as in the control; the excitability was not restored
for the entire period oi;’ the observation.

1

In the opposite nerve, & decrease of the axcitability was noted dur-
ing the first few days in the experiment as well as in the control.
However; in contrast tol the experimental snimels, in the controls the
magnitudes of the rhecbase and chronaxie were afterwvards restored al-
most to normal.

These facts indicate the fact that infection of the body produces
more constent reflected changes than does the injection of calcium
chloride intramusculsrlys

As seen from the data obtained by us, calcium chloride, when inject-
ed in certain concentrations into the muscle produces pathology not
only in the muscle tissue but also of the nervous system, which appar-
ently alters the reactivity of the body. Such an alteration of the
reactivity of the body facilitates the development of disease under
conditions of introduction of ansercbic infections.

Certain agents used by us, however, exerted favorable effects on
the outcome of the disease.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

By additional procedures it was, therefoks, possible to alter the
reactivity of the body, under some conditions, in the direction of
intensifying its "physiological messures" against disease, end under
other conditions, contrariwise, in the direction of weskening these
"measures"”.

As has been indicatad abova, in guinea pigs sick with anaerobic in-
fections, the cutaneous nerual structufes vwere demonstrable with much
grester prominence then in the healthy animals. Meking use of this,
we menaged to obtain a better conception of the structure and distri-
bution of tme newrsl spparetus of the skin of the taigh and foobt in
gul ea pigs and to construct an outline of their invervationm.

While we do not have the opportunity to present the data obiained
in detail, we shall discuss only certain, wa believe, new facts in
this connection.

It was shown that the innervation of each section of skin 1a char-
actarized not only by & certain nuber and structure of the nsural
formations but also by a definite linkage of them. Ve observed the
gmuping of certain ngural spperatus and also the linkage of the en-

capmﬂ.ated corpuscles with the free terminel branches., In all the
investigated areas and in all the layers of the skin small non-
capsulated balls were found, which vere formed along the courses of
bundles of nerve fibars by concentric rings of the nerve fibers
which made up these bundles. Ue hava not found any descriptions of
newral structures like thase amell balls in the litersture avail~
able to us.

The following hypothasis way be expressed concerning the function
of thesa balls. They serve, possidbly, Just like other neural struc-
tures, for the transformetion of newral excitation ox slse for its
intensification. If this hypothesis is correct, then, in addition to
the peripheral nerve structures which transform an external stimu-
lation into neurel excitation, it is possible to eccept the existence
also of structures which transform the newral excitetion which is
already progressing along the neural pethways of the skin.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified i - iti
ied in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100!
: - - 014-6

BIOCHEMICAL CHANGES IN THE CENTRAL NERVOUS SYSTEM FROM VARIOUS TOXIC-
TNFECTLOUS PROCESSES

M. Sh. Promyslov

b

digease and recovery

tantially more profound by including in +the analysis

those blochemical changes which occur, thereby, in the central ner-
vous system.

at the present time the nuiber of investigations
which might disclose the biochemical essence of ths change in react-
ivity of the body in the toxic-infectious procasses is still inade-
quate.

At the same time, it is hard to imagine that the profound changes
which occur in these processes are without pertinence to the trophic
function of the nexvous system, or that they do not produce sppraci-
able biochemical changes in the body.

I. P. Pavlov sscribed great importence to phyeico-chemica.l invest~
igation for obtaining knowledge of the essence of the processes which
occur in nerve tissue. "It can hardly be disputed, * pe wrote, "that
an sccurate theory of a1l neural phenomens will be obtained by us on-

f the p!vaico-che;nical process which occurs in
> : knowledge of its phases will give us & complete ex-
planation of sll the external manifestations of nerve sctivity, their
sequence and sgsociations.” (I. P. Pavlov, Collection of His Works,
1949; Vol IIIs P 346).

We studied the changes of the nltrogenous substences of the brain
and spinal cord after the actions of various soxins on the animal
body. The experiments were performed on rabbits.

Chenges of the nitrogen metabollsm of the brain usually are
identified with changes of protein metabolism. However, such an
jdentiftication is not Justified, especially in the investigation of
nerve tissus, Nerve tissue, ppecifically brain tissus, contains
paycent lipids; the spinal cord, 70 percent. The nitrogesn of all
the lipids comprises 14 to 15 percent of the totel nitrogen of the
brein and 23 to 2k percent of the total nitrogen of the spinal cord.
Therefore, we studied three separate fractions of the brain tissus:
a trichloracetic extract, protein nitrogen and 1lipid nitrogen. It
wags astablished thereby that the chenges produced by the toxins in the
brain and spinel cord are distinguished by specific qualitative end
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quantitative characteristics in the presence of a developing patho~
logleal process.

In contrast to the action of diphtheria toxin, which produces a
diminution of the proteins in the brain as well as in the spinal
cord, the action of tetanus and gas gangrene toxins lead to diminue-
tlon of the nitrogenous lipids only in the brein. With generalized
tetanus and gas gangrene, no distuvbances of the metabolism of nitroe
genous substances are seen in the spinel cord. It should be noted alw
80 that in local tetanus we did not find any changes in the nitrogen
balance either in the brain or in the spinal cord. In eddition, a
lethal dose of tetanus toxin produces wnitypical qualitative changss
in the brain, regsrdless of the site of injection and of the clinical
Pleturs of tetanus., At the same time, the quantitative relation-
ships, which are expressed in observable changes, are varied.

Bscause ‘the basic nitrogenous lipids of nerve tissus are phospho-
lipids and cersbrosides, we decided to clarify the question as to
vhich of these compounds is diminished in general tetanus and which,
in gss gangrens.

With this-aim in view, ve determined the phosphorus and nitrogen
of all the lipids of the brain and for purposes of characierizing
them we took the relationship of phosphorus to nitrogen in normal
rabbits and in rabbits which hed been injected with lethal dosas of'
tetanus toxin end B, perfringens toxin., It was found, in doing this,
that the quantity of phosphorus of the cerebral phospholipids does
not change in the axperimental animals comperied with the normals;
the relationship of phosphorus to nitrogen, however, increases signi-
ficantly. This mede it possible for us to draw the preliminary con-
clusion that in generalized tatanus and gas gangrene & dacrsase oc-
curs in the cerebrosides of the brain.

In order to convince ourselves of the accuracy of this conclusion
we worked out a method of determining the biain cerebrosides. Sep-
aration of the brain tissue lipids was accomplished by successive sime-
hour extractions with ether, acetone, and a 1l:1 mixturs of chloro-
Torm with methyl slechcl, respectively. 'Then, the solvent was dis-
tilled off, and the 1ipids were subjected to hyerolysis. After this,
the galactose was determined guentitatively by the colorimetric math-
od. The determination was carried out by means of anthrone, with
which galactose gives a blue coloration in concentrated sulfuric acid.
The auentity of galactoses found multiplied by 4.6 (the conversion fac-
tor) gave the quantity of cerebrosides of the byain.

These determinations confirmed our preliminary conclusions. In
sffect, in generalized tetonus and gas gangrene a decrease ocours in
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the cerebrosides of the brains of rabbits.;

It 1s interesting that the latter investigations showed the pre-
sence of a larger quentity of edrebrosides in the spinal cords of
yabbits than in their brain; nevertheless, the quantiiy of cere-
brosides in the spinal cord did not undergo any changes in either
tetanus or gas gangrens.

The estsblished fact is of interést also with respect to the fact
that the biological role the cerebrosides has still not bee clari-
fied in the processes of metabolism in nerve tissue.

Uatil recently, investigations wers 1imited simply to noting
the fact thet cersbrosides are contained in nerve tissus in large
anounts.

Thus, two lines of metabolic disturbance of nitrogencus com-
pounds were established by us: 1) in diphtheria -- where a dscrease
in the cetabral protein nitrogen is sesu, and 2) in tetanus and ges
gengrene -~ where decrense is seen of the nitrogen of the cerebral
cerebrosides.

Tt seems to us that consideration of these facts aids in estab-
1ishing the fact that diphtherie,tetanus and gas gengrene axe dis-
enses in which the developments of the pathological processes are in
esch case specific and clesrly dafinable involvements of the brain.

Howaever, these involvements in tetanus and gns gangrene ars qual-
{tativaly unitypical in thelr biochemical expressions.

Evidently, the generality observed here characterizes only the
type of functional and orgenic change in the central nervous system
which veflacts the unity of the reactlve changes connecting the vari-
ous nosologic forms according to the charactexistics of their dys-
trophic processes; thase procesaes have been shown hexre to be inde-
pendent of the characteristics of the causal agent itself, In other
words, we have before us a growp reaction, not ap individuelly spec-
ific reaction.

Only the finding of a basic 1ink in all the varied biochemical
processes occurring in the centraiinarvous system can bring us closer
to an understanding of all the mechanisms vhich underlie diseass
and recovery. The finding of this iink will 'aid us in solving the
problem indicated here.
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S. T. Fraonkshteyn

Iabc)>ratory of Comparative Pathology (Heed -- Professor.S. I. Frank-
shteyn

"The more perfect the nervous system of sn animal and the more
centralized it is, the more its highest center is a director and dis-
tributor of the entire activity of the body, despite the fact that
this does not come out clearly and openly." (I. P, Pavlov, Completé
Collection of His Works, 1951, Vol III, p 409).

Thig statement by I. P. Pavlov contains 2 broad program of comper-
ative-avolutionary investigations. It should, howevdr, be recognized
that ths role of the higher centers of the nervous system in regula-
ting the functions of the body has been investigeted very systemmat.
ically only with respsct to the motor functiocn, where the signific-
ance of these centers is manifested in particularly distinet form.

The removal of the carebrus in fish, amphibians (frongs), and rep-
tiles (turtles) doss not produce any constant chenges in the motor
function: decerebrate Tish continue to swim, frongs continue to
swim and jump, and turtles continue to crawl.

Beginning with the birds, compensation of the motor fumction dis-
orders produced by the removal of the cerebrum becomes quite dif-
ficult. In pigeons and yoostars, for exsmple, the removal of the
fore-brain produces distinet disturbances of motor function: de~
cerebrate birds move sbout very slowly, lose their abilities to take
wing by themselves, alight awkwardly when thrown up into the air.

Removal of the cexebral cortex in mammals is compensated with
st111 greater difficulty. In dogs, decortication produces meaxked
disorders of motor function. Coordination is notably affected
thereby; the animels walk by throwing their pews forward at a high
lavel, loss their equilibrie when pushed, cemnot rum, permanantly
lose their capacities or differentiated movements of the front pews
-- the abllity to dig holes, hold bones, stc.

Disorders of motor function produced by the removal of the cere-
bral cortex in monkeys is even more poorly compensated.

Thus, in the process of svolution, by virtua of the ever greatsr
centralization of the nervous system, the possibility of replacing
functions of some of its parts by those of cthers becomes more and more

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

Hmited.

The capacity of the higher centers of the nervous system to regu-
late the entire activity of the body, and not just the functions of
movement and those of the higher sense organs, is suggested by a stu-
dy of the role of these centers in the process of evolution and in the
regulation of the so~called vegatative functions: cardiac activity,
respiration, digesticn, urinsry excretion, etc, Thess questions have
‘been subjects of investigation in the growp directed by us for the
period of the past few years.

The investigations mentioned hers have been carried on in two di-
yections. On the one hand, we studied the compensation of the func~
ticnal disorders produced by the operation of decerebration itself;
end on the other, the capacity of decersbrate animels to compensate
for functional disturbences produced by the affect of extraoxrdinary
stimuli on the body.

For the investigation of the mechanisms of compensation we util-
{zed the method of conditioned reflexes, along with the method of
decerebration.

In approaching the comparative investigation of/ the role of the
higher centers of the nexvous system in the processes of compensa-
tion it is important to take into account the characterlstics of the
brain structurs st various stages of evolution.

In fish, amphibie, reptiles and birds, the fore-brain is repres-
ented chiefly by the subcortical nuclei, which gradually become more
and more prominent, attaining very large dimensions in bvirds. The
layer which covers these nuclei is represanted in fish by epithelisl
cells; in amphibisns, by a thin layer of nerve cells. In the rep-~
tiles, this layer is increased in size, but in birds 1% again under-
goss a certain reduction with a simultanecus increase in size of the

subcortical nuclei.

Only in the mammals, especially in the highly developed enimels,
is this layer represetned by & very well developed cortex, which pre-
dominstes over the other parts of the brain.

Therefore, by removing the fore-brain in fish, smphibia, reptiles
and birds we are removing & homologous structure repregented chiefly
by the subcortical nuclel. In memmals, complste removal of the
fore-brain (that is, of the cortex and subcortical nuclei) is im-
possible, because this operation lsads to the rapid dsaths of the
aniwels. In the process of decortica¥ion the subcortical muclel are
to some degree injursd and aftervards undergo partial Acgeneration,
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but this, to be sure, is not eguivalent to their complete withdrawal
as in removal of the fore-brain in animals of the lower classes.

Taking this circumstance into account; it is impossible to identi-
fy the conse;mnccs of decortication in with consequences
of removal O 3 fore- n in representatives of other classes.

In the comperative invastigations of the role of tha hi gher cen-‘
ters of the nervous system in the regulation of cardiec activity we
made use of the method of electrocaxrdiography, vhich medé it possible
to judge objectively the activity of the heart, although this is not
2 completely exheustive functional charecterization of it.

If the fore-brain of a fish is removed (the expsriments were done
on crucians), no ‘changes of the rhythm nor any qualitative character
istics can be noted in the electrocardiogram.

Investigations of the electrocardiograms of frogs beforq and after
vemoval of the fors-brain showed that after brief (over the course of
several minutes) periods of slowing, snd sometimes of increased fre-
quency, of the cardiac ac{;ivity, sinue arrhythmia occurred.

Tn addition, sniincrease in the size of the electrocardiographic
waves, and, in & numbar of experiments, splitting of the P wave, is
noted, which give evidence of the lack of simultaneous involvement
of both atrie by the excitation process, The changes mentioned are
brief and disappear on the second day. . 7

More merked disturbances of cardiac activity, up to conplete cess-
etion of the heart, occur crly when the brain is transected et the
lavel of the optic lobas, which was shown by I. M, Sechenov.

Flectrocardiographic exeminations before and after decerebration
in reptiles -- swamp turtles and lizards (agomas and monitors) —-
showed that a very brief retardation or scceleration of cardiac
activity and an increase in the size of the waves occur in them.
Howaver, these disturbances are quite qilckly compansated inthese
capes also.

Very distinet and. constant cardiec activity changes occur be-
gloning with the claes Aves. )

Elactrocardiographic investigations showed that the removal of
the cerebral hemispheres in pigeons and roosters produces a marked
retardation of cardisc activity, in individual experiments going
down to 80-100 beats per minute (instead of the normal 300-350)»
Tan to fifteen days efter the opsration, the bredycerdia becomes
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somevhat less definite, but is meintained throughout the entire life
of the decerebrate animal.

An snslogous regular increese in the part played by the higher
centars of the nervous system is also noted with respect to the reg-
ulation of respiration.

After the removal of the hemispheres in frogs, their respiratory
movements slow up for several minutes; sometimes, they accelerate.
In some experiments, periodic respiration can be seen on the second
day after the operation, but then the respiration returns to normal.
The phylogenetically older respiratory movements of the submaxillary
muscle of the frog are altered to a lesser degree, after this opera-
tion, than pulmonary respiretion.

Removal of the hemispherss of reptiles (especially, turtles), as
our experiments showed, produces very brief, rapidly compensated
changes of the raspiratory movements.

Here again, Just as in the case of the cardiac functions, perman-
ent respiratory disturbances following removal of the hemispheres
develop only in birds. Observations existing in the literature
(0. P. Molchanova, B. I. Beyendurov and Pegel' and others), which
bave also been confirmed by our experiments, show that removal of
the hemispheres of birds produces permanent retardation of the res-
piratory movements and a decresse in metabolic rate, which continues
until the animelk die.

In general, the same rules and regulations have been established
by us also with respect to the function of digestion. Roentgeno-
seopic examinations of the evacuatory function of the gastro-intest~
inal tract and a study of the rate of digestion showed that distur-
bances of these functions are also brief following decerebration of
the frog, but are expressed to a greater éxtant than are disordérs
of respiration and of cardisc activity. However, aftér ome to two
days, these disturbances are also eliminated.

In birds, following the removal of ‘the cerebral hemispheres the
functions of the gastrointegtinel tract are inhibited markedly and
for & long time, as are also the functions of the heart and respir-
ation. Roentgenographic investigations showed that the inhibition
of the motor function extends not only to the crop (as has been
noted previously in the litersture) but also to the entire gastro-
intestinal tract and continues until the animal dies.

Finally, e have obtainedmalogous data in the stuly of diuresis.
After the decersbration of frogs, the output of urine is only slight-
1y altered; in birds after the same operation, the urine output is
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decreaced by two to three times.

Thus, the investigation of the condition of certain vegetative
functions in representatives of various classes of vertebrates
showed that the disturbances of activity of the internal organs pro-
duced by the remova}) of the hemispheres in fish, amphibians and rep-
tiles are very brief and are easily compensated. Distinct and per-
menent changes ere ssen only starting with the class of birds.

Birds, in contrast to all the preceding classes, are warm-blooded.
Tn order to understand the tremendous significance of this fact in
the process of evolution, it is sufficient to remember that 95 yer-
cent of the energy obtained from food, in the case of the warm-blood-
ed animel in a resting state, goes into the maintenance of a con-
stant body temperature, and only five percent of the enargy is spent
for the maintenance ef the work of the heart, gestrointestinal tract
and other systems of the body. This explains the sbility of the low-
er classes, which do not have constant body temperetures (fish, am-
phibvia and reptiles), to survive without food for months, and some-
timas even longer.

A constant body temperature is a tremendoiis step foxward in the
adaptation of the body to changing environmental conditions.

For purposes of heat output, in addition to certain adaptations
of the integument (featbers, wool, sweat glands, etc.), systems
which vers bullt up at earlier times (respirstiom, circulation) con-
tinue to be utilized. Thus, for the occurence of homosothermism the
functions- of the body had to be made, to 2 greatar degree, subserv-
ant to the central nexvous system.

This, 1t seems to us, has also made possible the fact that, be-
glnning with the class of birds, the importence of the higher ner-
vous system centers as directors and distributors of the entire body
activity is menifested in particularly distinct fashion.

The more the nexvous system regulates the activity of the organs
at the periphery, the more it {tself must be under the influsnce of
impulses from the periphexy, because only with the fulfillment of
this condition is central regulation of the activity of the body pos~
sible.

I. M. Sechenov directed attention to the "dark semsation" which
is conditiocned by impulses from the muscles. The possibility of the
passage of impulses from the internal organs to the highest centers
of the centrel narvous system has been shown by the experiments of
I. P Pavlov, K. M, Bykov and. others. Our experiments permit us to
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assert that in the process of avolution this stream of impulses
should show itself most distinctly beginning with the class of birds.
From this point of view, we cannot help but express wonder at the
fact that to date only the role of exteroceptive stimulations is be-
ing taken into account in the evolution of the brain. Thus, the de-
velopment of the fore-brain is made dependent on the olfactory organ;
of the mid-brain, on the visual organ; and of the hind-brain, on the
auwditory and vestibular organs. Our data permit us to assert that,
in any case, beginning with the class of birds the interoceptors
assume great importance in the avolution of the brain, and particul-
arly of its anterior segments.

Experiments on the investigation of the state of the vegetative
functions after the removal of the fore-brain have been conducted by
us mainly with the aim of further study of the reactions of decers-
brate animels to axcessive stimulations.

However, as has besn shown, these experiments are independently
interesting, because they demonstrate graphically the ever increas-
ing fmportance of the higher centers of the nervous gystem in the
regulation of the vegstative functions. This also is at the basis
of the different degrees of recovery of those functional distur-
bances which are caused by the operation of decerebration itself.

The reactivity to excessive pathological stimulations is altered
in accordance with the role asswsed by the fore-byain, as our exper-
iments have shown.

The choice of the form of the excessive stimulation requires spec-
ial discussion., the utilization of biological and chemical stimula-
tions in comparative-svolutionary investigstions is made difficult
because of the varied spries sensitivities to these stimuli. Mhis is
why:we used localized tissue inuury, that i{s, the method which %as
widely used in his investigations by the founder of comperative
pathology, I. I. Mechnikov, This form of stimulation was-&lsc used
by Y. M. Sechenov, I. P. Paviov and N, Ye. Vvadenskiy for the invest-
igaticn of the mechanisms of pathologicel reactions,

/

- In our investigations, we used, aloag with localized thermel in.
Jury of the tissuss, diphtheria and tetanus toxins, intoxications of
the unimals with mercuric chlortde, injections of turpeantine into
the tissues and disruptions of the coronary circulation of the heart.

The most marked difference in the reactions of tie normel and de-
cerebrate animals to exeessive stimulation -1s seen in the class of
birds. It 1s menifemted chiefly in the fact that the functional re-
actions of decersbrate birds to excessive stimulation are, as a ruls,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

\
*,
oo

R j; tz‘;;-;é‘:__ﬁf‘i;; 1

more weakly expressed and rapidly cease.

Thus, the acceleration of cardisc activity after various myocardi-
el injuries, which in the noymal Pigeon continues for several days,

is expressed more weakly in the decerebrate pigeon and lasts a total
of several hours.

v
0

Lung injuries, which in norwal birds Produce increases in the res-
piratory rates and of metabolic rates, can in decerebrete birds, on

the other hand, produce a ratardation of respiration and a decrease
in matabolic rate.

ol

%y

.
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The injection of turpentine into the tissues, which in normel
birds produces a distinct increase in the ‘emperature, increase in
frequency of cardiac activity and respiration, evokes weakesned and
rapidly abating reactions in decerebrate birds, Functional disowd-
ers after mercuric chloride intoxication are expressed to a milder
degres in decerebrate birds than in normal bixds.

”
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The fact attracts special attention that waskening of the function-

al reactions iz accompenied by s generel diminution of resistance to
excessive stimulations.i

Using the same strengths of excessive stinulations, normal birds,
which respond with marked functional reactions, remein alive, while
dacersbrate birds, in which these reactions are weakened, not uncom-
monly perish.

From these experiments it follows clearly thet functional reac-
tions can have protective natures, and that their accurrences depend
an the higher centers of the nervous system.

In comection with tha dL.ta obtained by us, the work of P. A,
Baratynskiy is interesting; this work vas carried out at the end of
Past century according to the suggestion and under the direction of
I. P. Pavlov. The auﬂjor studied the effect of narcotic agents on
decerebrate fr@gs and pigeons. He shoved that these sgents equally
affect frogs from which ths cerebral hemispheres have baen removed
and normael frogs. In deceérebrate birds, however, the functional re-
actions vere weakensd (specifically, no stage of excitation occured
after the narcotic agents), and the resistance to narcotic agents de~
creased markedly. Therefors, our data coincide with those of the

; investigation presented.’ i..

We have already mentioned that in memmals only the removal of the
cortex is possible under conditions of the chrouic experiment, be-
cause complete removal of the fore-brain, that 1s, of the subcortical
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nuclei also, rapidly causes the deaths of the animals., This fact in
itsle is clear-cut proof of the high degree of centralization which
is present in the nervous system in this stage of evolution and of
the importance which it assumes for the reguletion of the entire ac-
tivity of the body.

Praeservation of the subcorticelnuclei in the process of decortica-
tion of mammaels permits them to adapt themselves Detter to the defect
than can birds in which the fore-brain is removedss a whole., This is
why in mammals in which the cortices have been removed, disturbances
of the vegetative functions are expressed more mildly than in de-
carebrate bixds.

As I. P, Pavlov has shown in hisslivary gland experiment, in ani-
mels in which the cortex has been removed the conditioned reflex re-
gulstion of vegetative functiocus is impaired. Unconditioned regula-
tion is preserved: food atimulation of the oral cavity continues to
produce salivary excretion reflexly. It was shown by the experiments
of Zelenly that six to seven months after dacortication the excre-
tion of gastric Juice in response to a mock feeding is restored. In
time, the evacuatory function of the stomach is restored, as is also
tha periodicity of hungar. Thus, in mammals in which the cerebral
cortex has been removed there is no permanent inhibitionof the evacuw
atory function which is seen in birds after complete removal of the
cerebral hemispheres. After the removal of the cortex in dogs, the
noxmal rates of cardiac activity and respiration are recovered in
the first few days.

Investigations which have been conductad in our laboratory have
shown that in rats, rabbits snd cats removal of the cortex does not
produce any distinet elsctrocardiographic changes. In dogs, a cex-
tain lebility of the waves is noted. However, this, apparently, de-
pends on the changes of position of the disphragm following the remov-
al of the cortex. More distinct changes of the electrocardiograms
appeer after the removel not only of the superficial but also of the
basal perts of the cortex; here, the function of the hypothalamic
area 1s distrubed to some degree.

AR iDe

o

Our investigations showed that in dogs in which the cerebral cor-
tex had been removed the metabolic rates not only did not decrease
but they even increased somswhat, which may be associatad with their
increased motor activity, The amount of urine excreted, its composi~
tion and specific gravity showad no deviations rran the normal in
dogs in which the cortices had bsen removed.

HEAEY

Therefore, with respect to the functions of the heart, respiration
and diuresis of dogs in which the cortices had been removed, the per-
manent inhibition characteristic of biids in which the hemtapheres
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have been remaved was not found.

With the eim of a comparative study of the reflex reactions of nor-
mal dogs and dogs in which the cortices had been removed, we under~
took the investigation of their olfactory reactions to painful stimu-
lations of the skin by electric currents.

The latter produces a stormy motor reaction, shortness of breath,
defecation and urination in opersted dogs. Thess unéonditioned ref-
lex reactions are expresssed to a somewhat greater extent in them than
in normal dogs. After turmning off the current, the dog jJerked its
head and trunk for some time; shortness of breath lasted somewhat
longer in it than in the normel, and there was greater inhibition of
hunger periodtcity. .

Thy difference in the remction of the decorticate dog to electro-
cutansous peinful stimulation depends élso on the absence of its high-
ermalyzers. The normal dog tries to rip off the electrodes, gnaw
through the electric wire, %ear itself away from its straps. A dog
which has been deprived of its cortex is not able to find the plase
where the painful stimulation is being applied; it turms its muzzle
in the opposite direction, gets hold of one of its front paws (the

electrodss are attached to the hind extremities) end begins to bite
it, sometimes drawing blood.

In the normel dog, 88 is well known, even after the second or thixd
application of the peinful stimulation, a conditioned reflex reac-
tion is elaborated to the situstion, to the experimenter's touching
the induction coil, ete., In strength, the conditioned clfactory re~
action, motor as well as vegatative (shortness of breath, anuria,
etc.), does not lag behind the unconditicned reaction.

Quite neturally, in the decorticate dog no conditioned olfactory
reaction occurs.

A clear picture should be obtained of the correlation of the con~
ditionsd and wnconditioned reflex regulations of memmals for analyz-
ing their reactions to excessive stimulation and for analyzing the
role of the cersbral cortex in the compensation for distrubance of
functions,

Removal of the cortex in dogs disturbs the conditioned reflex re-
action, perticularly, coordination. Against this background, addi-
tional injuries of the nervous system or of the motor apparatus can
altogether deprive the animal of the capacity of stending or walking
(E. A. Asratyan). Uhconditioned reflex reactioms (for example, ol-
factory reactions to electrocutansous stimulation) in decorticate
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dogs, on the other hand, are not only preserved but can even be in-
tensified by virtus of the elimination of cortical inhibition. The
same thing is seen with respect to the reactions of decorticate ani-~
mals to other excessive stimulations also.

In response to localized injury of the stomach mucosa in dogs de-
prived of the cerebral cortex, vomiting and incessant contractions of
the hunger type sppear, vwhioch are seen also in normal dogs when the
game procedure is performed. As our preliminary data whow, these
disorders apperently my be protracted in dogs in which the cortex
has been removed.

Circumscribed myocardial injury in decorticate dogs produces bas-
ically the same functional cardiac changes as in normal dogs. How-
aver, during the period when these disorders are completely compen-
sated in the normel dog, they can reappear in decorticate animals, -
Thus; & convulsive attack produced by an electric current in a de-
corticate dog provokes dimsosders of cardiac activity but does not
cause them in the normal animals which, in the pest, suffered from
the same myocurdiel injury.

Our investigations showed that fever produced by turpentine in
a decorticate dog is expressed to a greater degree than in normal
énimels., These data correspond completely with the results obtained
by P. N. Veselkin.

In decorticate mammals, the reactions to excessive stimulation, as
& ruls, are not only maintained, but can evén be axpressed more vig-
orously, which is evidencel by a series of investigations which have
been carried out in various laboratories.

In summarizing everything which has been said, the conclusion mey
be drawn that.the cerebral cortex plays a great pert in equilibrat-
ing the reactions of the body with excessive stimili acting on it.
Removal of the cortex, as a rule, produces protractad-course reac- ‘
tions, whereby a disturbance ‘of the compensatory capecity of the
operstad animels is most often seen.

A attempt to establish the significance and show the specific
characteristics of various centars of the central narvous system,
perticularly the cerebral cortex and subcortical structures s In the
defense reactions of the body presents considersble difficulties, in
view of the profound intsrcomnections shich exist betwsen the indi-
vidual divisions of the nervous system. These attempts, naturelly,
come up against both contradictions and exceptions. However, the need
for establishing some kind of genersl orientativa rulss and regula-
tions is increasing every day as the investigmtion devalops.

{
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Comperative investigations of the reactions to wnitypical stimula-
tions in animels with varying degrees of davélopment of various cen-
tars of the central nervous system can prove to be very fruitful for
the establishment of such rules and régulations. To be sure, it is
essential to take into account ecological and other characteristics
of various species of animals -~ problems which require particular
elucidation.
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ON THE ROLES OF DIFFERENT BRAIN CENTERS IN THE REGULATION OF
E _GASEOUS EXCHANGE

E. S. Mailysn

Iaboratory of Comperative Pathology (Head -~ Professore S. I.
Frankshteyn)

In birds, as is well known, the subcortical nuclel reech meximal
sizes. In connection with this cepacious development of them, the
rudimentary cortex in birxds is expressed to en even smeller degree
than in animels of the precading class -- the reptiles; and is al-
most completely sbsent anatomically. In birds, uwder conditiocns of
the chronic experiment, the hemispheres may be completely removed,
vheress in mammels only the removal of the cortex is possible. Re-
moval of the cortex together with the subcorticel nuclel leeds to
the rapid death of the animals, and attempts at isolated removal of
the subcorticel nuclei inevitagly are associated with the simultan-
eous involvement df the cortex.

In connection with this, the study of the after-effects of remov~
al of the hemispheres in birds and decortication of mormels are,
undoubtedly, of interest in the study of the interrelationship of
the cortical and subcorticel structures in the regulation of the
activity of the body., It goes without seying, here, that 1t should
be taken into account that this comperative method has sexious
shortcomings, because the subcortical structures of birds cannot be
regaided as being completely indentical with the subcortical struc~
tures of mammals. However, by virtue of the fact that the uniform-
ity of functions of the corresponding centers of the ecentral ner-
vous system bas been clearly shown in various species of animels by
comparative-physiological investigations, the use of the comparative-
physiologtcal method in solving the problem of the interrelstionship
of the cortical and subcortical structures can be considered justi-
fied.

The present investigation is davoted to the study of the changes
of the gaseous exchange in birds in which the hemispheres have been
removed and in decorticate dogs.

Date in the literature on this subject are limited, In investie
gations conducted by B. I. Beyandurov and his co-workers (F. G. Popov,
Kudryavtsey) a marked drop in the quantity of excreted carbon di=
oxide was found in pigeons aftiér the removel of both hemispherss
(gasecus exchange was determined by the Pashutin method). A certain
time after the operation, an increased excretion of carbon dioxide
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occurred, but at the same time the weight of the animal also in-
creased., In calculating the excreted carbon dioxide per unit of
weight a long-lasting decrease in its quantity was noted; the res-
piratory quotient was unchanged thereby.

The investligations of 0. P. Moichanove in this direction, which,
however, were conducted under other methodological conditions (gase-
ous exchange was determined by the Regnaud method), showed the same
rules and regulations: +the gaseous exchange in pigeons which had
been deprived of both brain hemispheresws often decreased; the res-
piratory quotient was unchanged.

Along with the decrease in the gaseous exchange in birds aftar
decerebration the rate of the respiratory movements is also slowed.
In dogs following decortication, as was shown in the old observations
of Danilevskiy, the rate of the respiratory movements is retwrned to
normal.

The methods of removal of the hemispheres in birds and of decorti-
cation in dogs used by us did not differ: from the generally-accepted
methods. The investigation of the gaseous exchange in dogs was ac-
complished by mesns of a special mask supplied with respiratory
valves. Preliminarily, for one to two months the dogs were trained
to breathe in the mask. The expired air, after passing through the
expiratory valve, entered gas meters which mede it possible to de-
termine the pulmonary ventilation. After certain time intervals (20~
30 minutes), tests of the exhaled air were taken, which were analyzed
in a Holden apparatus. On:- th: bases of the ventilation data snd the
qualitative composition of the exhaled air, the oxygen consumption and
the carbon dioxide excretion were determined per unlt of time, and
the respiratory quotient was celculated. )

i

The investigations were conducted in the moraing hours, fasting,
over a period of from ome to two hours,.

The decorticate dogs were investigated under the same experimental

conditions. Application of the respirétory mesk caused, et first, a
motor excitation in them, which quieted down after a certain time
{different times for different dogs -~ from five to 45 minutes).
The gaseous exchange was determined when the animal appeared to be
in a completely rolaxed state. Investigations of gaseous exchange
in decorticate dogs were made at various periods after the opera-
tion -~ a month or more.

In investigating the gaseous exchange in birds, we utilized gas
meters, in contrast to preceding authors, which made possible the
simltaneous determination of the pulmonary ventilation as well as
e more detailed analysis of the gaseous exchange. Becsuse the use
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of the respiratory mesk in birds is technically almoet impossible to
accomplish, we had to resort to tracheotomy, which wes conducted wnd~
er local snesthesie and under ageptic conditions. The upper outlet
of the tracheotomy tube was connacted with s respiratory valve,
which substituted for the mask. Tracheotomy itself, as is well
¥nown, produces & decrease in pul onary véntilation, but because
both decerebrate end normel birds were studied under the same con-
ditions in our experiments this factor wes equalized out.

We set sbout the investigationof the gesoous exchangs in decere-
brate roostérs 12-1k4 days after the operation, st which time the
aftep-effects connected with the operative procedure itself had been
eliminated.

The experiments were performed on five adult voosters (1% to two
years of age) of approXimately the ssme weight (1% to two kilograms).
The data obtained are presented in Table 1 and Teble 2.

Table 1

GASEOUS EXCHANGE IN BIRDS BEFORE REMOVAL OF CEREBRAL HEMISPHERES

o of ventilationiIn expired air T utilize~{0p consump-iC0p ex~. spiratory

rooster in cc. tion of Opjtion per cretion guotient

minute }

21.29
19.31
20.25
20.79
24,09
29.76
24,75
26.09
34.85
35.72
33.3
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Table 2

GASEOUS EXCHANGE IN BIRDS AFTER REMOVAL OF CEREBRAL HEMISPHERES

o of |Ventilationf{in expired air}% utiliza- {Op consutrp~iCOp excre~:iRespira-
Rooster in cec. tion of Op [tion per tion per
% COp } % 02 minute minute

1

13.73
14.05
4.5
15.0

15.93
1%.9

14.83
17.78
14.48
14,15
14.93
14,48
1k.15

200
200
220
230
210
290
190
130
10
160

13.82
14.68
15.36
1#095
12.51
14.53
11.78
8.07
80&
10.58
13.11
11.96
12.45
17.5

13.86
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From the Tables it is seen that the removal of the hemispheres in
roostars does not produce any particular changes in the composition
of the expired air. The percentage of oxygen utilizatiom, that is,
the quantity of oxygen sbsorbed from 100 cubic centimeters of ventila-
ted air is no different in decexebrate roosters from that in normal
roosters, but the totel consumption of oxygen per unit time is de-
creased considerably. While the normal rooster consumes an aversge
of about 20-25 cublc centimetors of oxygen per minute (minimel quan-
tity in the experiments was 18.7 cubic centimeters of oxygen), the
dacerebrate roosters, under the same conditicms, use a total of only
10-15 cubic centimeters. Such a decrease in the oxygen conswsption
per wilt tims was ceused by e decrease in pulmonary ventilation of
the operated birds (from 300 cuble centimeters to 200 cubic centimet-
ers and less). The carbon dioxide excretion is significantly de-
creased in exactly the sawe way with no change in the respiratory
gquotient. Such a decrease of oxygen consumption end carbon dioxide
excretion attests to a decrease in the itensity of the metebolic
processes in the bodies of the birds follofing the removal of both
hemispheres of the brain.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

Different results were obtained in the study of the gaseous ex-
change in dogs after the removal of the cerebral cortex (the inves-
tigations were performed on three dogs two months to a ysar after the
decortication operation).

In dogs with intact nervous systems the oxygen consumption per
kilogram of weight ranges, on the average, from five to ssven centi-
meters per minute. The oxygen consumption in decorticate dogs
ranges approximately within the seme limits. In two decorticate dogs
the oxygen consumption per kilogram of weight was egual to 4.95-T.2
cubic centimeters of oxygen; in the third, somewhat higher -- up to
8.5 cubic centimeters (possibly this wes counected with the frequent-
1y observed motor excitation resulting from the development of the
post-operative scar). ALl the other indices of gaseous metabolism
(oxygen content and COp coutent in the expived air, the percentage
of oxygen utilizatiom, ventilation of the lungs) were practically un-
changed after the removal of the cerebral cortex.

Thage preliminary data indicate that the intensity of the oxidative
processes in decorticate dogs 1s not decreased. As our further in-
vestigations showed, the significance of the carabral cortex in the
regulation of the geseous exchange is manifested particularly dis-
4inctly when there are additional influences acting on the decortd-
cate dogs, particularly pathological changes of the lungs. Evident-
1y, the cerebral cortex plays e part chiefly in the adaptation of
respiration to the coustantly changing conditions of the environment,
whereas autometic regulation of respiration (maintenance of it at
the level vhich is average and usual for the glven animal), as our
experiments on birds also showed, can be accomplished by the sub-
cortical structures.
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THE INFLUENCE OF THE FORMATION OF DEFENSIVE CONDITIONED REFLEXES
OF DIS. ONS OF HI RERVOUS TY ON STATE RE-
ACTIVITY IN RABBITS

L. A. Pronin
Iaboratory of Age Physiology (Head -~ Professor I. A, Arshavskiy)

Studies devoted to dlsruptions of higher nervous activity which
have baen accowplished in I. P. Pavlov's laboratory, especially the
work of M. K. Petrova, show the tremendous influence of disturbe
ances of the activity of the cerebral cortex in altering the phy-
siological functions of the intact body.

Studies carried out previously heve shown theeffact of various
experimental forms of the pethology of pregnancy in snimels on the
development of the fatus and on the physiological condition of the
nevborn (I. A. Arshavskly, 1950, 1951; I. A. Axrghavskiy and L. S.
Galeyeva, 1951; L. S. Galeyeva, 1950, 1951).

The purpose of the present work consisted of studying the effect
of the formation of conditioned reflexes and disruptions of ner-
vous activity on naturel physioclogicel immumity in radbits.

The method of work awrabbits usingc onditioned refliexes has not
baen adequately worked out; in the literature, we ware sble to find
only s few studies on this subjeet (N. A. Golubev, 1926; A. N.
Bregadze, 1929-~1935; V. I. Kiimova, 1948; 0. V. Malinovskiy, 1952;
A. A.Volokhov, 1952). A pert of the studies mentioned were devoted
to the study of the motor food conditioned reflexes; snother part,
to the study of the defensive conditioned reflexes. V. I. Klimova
used pin pricks of the rabbit's paw as the unconditioned stimulus.
A. N. Bregadze used an electric current, placing the elactrodez on
the hind pew; however, the details of his method are not known.

We found no date in the literature concerning disrmptions of
higher nervous activity in rebbits. Therefors, we shell discuss in
gragter detail the method of oparation with the motor defensive con-
ditioned reflexes and the method of creating disruptions [of the
nervous activity/ in rabbits.

e conditioned reflexas in rabbits were olaborated in a spec~
ially comstructed chasber measuring 70 x 45 x 60 centimeters (for
this purpose we used the method accepted in the laboratory of A. A.
Volokhov). On the fromt side of the chamber there is a glass,
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dauble~-wing door, through which the experimental rabbits ere observed.,
The chamber walls are double and are made of plywood; several layers
of asbastos ave placed between them for the purpose of better sound-
proofing. A bell, rattle, given and two light bulbs are built into
tha roof of the chamber. One light bulb of 25 candlepower served

for constant 1llumination; the seeond, of 60 candlepower, was used
for elaborating conditioned reflexes. A metronome vas placed by the
side of the chember.

First, the rabbit was permltted.' 46 become accustomad to ites new
sitvroundings, for which it was simply placed in the conditioned-ref-
lex chamber for 20-30 minutes on the first day; on the second day, it
was ogain placed in the chamber for £20~30 minutes, and thd electrode
was put on its ear; only on the third -dey was the elaboration of con-
ditioned reflexes begun. The conditioned reflexes vere elaborated
to the effects of sound and visual stimili. The experiment consisted
of six to 10 associations (per day); there were one to three-minute
interruptions between the aasociations. 'The various intervals between
the associations were hephazard in order to avold a condi tioned re-
flax for time, which might interfere with subsequent work on condi-
tioned reflexes, Differentiations and inhibitory conditioned reflexes
were slso created in the rabbits. The unconditioned stimilus was an
induction current of a strength adequate to obtain e threshold re-
action. The reinforcement lasted a second following five to eight
seconds of the isolated action of the conditlioning stimdus, In or-
der to avoid the sound of the induction coil, we used, the altermating
current from the clty cireult, the potential difference of which was
decrensed to five volts by & transformer. The alternating current
doas not need & breaker, and therefore, the induction coll works
noiselassly.

The base of the rebbit's eayr was stimileted by the current, for
which purpose special electrodes were asgembled in the foxm of a clarmp.
The lntter hung free on the ear and did not fall off vhen the rabbit
moved or shook its ears.

e resction was considered positive vhen the rabbit s_héok its eax,
tapped with 1ts hind paws, moved or edducted its ears, Usually, sev-
arol components of the reaction could be seen which wers eccomplished
ssparately or together in various combinatims.

Disruption of the higher narvous activity was produced by the "con~
Pusion” of the negative and the positive stimuii (the positive stim-
wlus was given immediately after the negative conditioning stimulus)
or by & "double exchanga" of the negative conditiondng stimulus for
the positive one and of the positive conditioning stimulus for the
negative one, and also by an overstrain of the nervous system by high-

-87-
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powered stimuli{ -~ an automobile siren for a strong induction current.
In the latter case, the electrodes were pleced on the hind paw of the
rabbit and somatimes on the car. The stimulus acted from three to
fiftesn minutes. If no disruption was obtained the first time, and
there were no changes of conditioned-reflex activity on another day,
then the:experiments were repeated the next day. Some times, the
stimulus was used several days straight; howaver, despits this, in
some rabbits no disruption could be obtained.

The character of the disturbance of the cortical activity from the
areation of nervous system disruptions wes cavaluated by the change
in the positive conditioned reflexes and differentiations.

For evaluating the change in the reactivity state we selacted the
determinations of one of the indices of natursl physiological im-
mmity, namely, the complemant titer. The complement titer was de-
termined in the following way. Three to five cubic centimeters of
blood were taken from the marginael vein of the rabbit's ear and
placed in a thermostat at 37° ¢ for 30 minutes. Then, dilutions of
the ssrum to be examined wers piapared (0.25, 0.12, 0.06, 0.05, 0.0,
0.03, 0.02, 0.01 cubic centimeters) in 0.5 cubic centimeters of phy-
siologiéel solution. One cubic centimeter of the hemolytic system
was added to each test-tube, and then, one cubic centimeter of the
physiological solution (the yhysiolcgical solution was prepered us-
ing thoroughly boiled distilled water). Thus, the total volume of
1iquid in which the reaction occurred was 2.5 cublc centimeters.

The mixture was shaken up carefully, after which the tesi-tubes were
placed in the thermostat for an hour. Complete hemolysis was de-
signated by three plus-signs; incomplete by two, and herdly notice-
able -~ by one plus. The smallest quantity of serum which gave
visible hemolysis was taken as the complement titer. The experi-
ments were performed cn 63 rebbits; 30 of them were gravid.

The motor defensive conditioned reflexes were eleaborated in the
rabbits to differvent degrees; in some of them, they were practically
not formed at all.

We noted that conditionad reflexes are formed much mors wapidly
to & bell and a rattle than to the beat of the metronome; as a rule,
there was no orientative reflex to the metronome. We comnect this
with the fact that & tap is a customary sound o rabbits, because
they often tap with theix hind legs when they are troubled. However,
despite the sbsence of an orientative reflex conditioned reflexes
are, navertheless, formad to the metronome.

Conditioned reflexes to the bell and the rattle are aometimes
elaborated after the first one or two combinations. The conditioned
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refloxes thereby bagin to menifest themselves, as a rule, on the
first day, and on the third to fourth day they bacome parmenent. Cou~
ditioned reflexes to the tap of the metronome appear only on the sec-
ond to third day, and become permenent still later.

Differentiation /discrimination/ in rabbits is elaborated well and
is very stable. It is alaborated best and quickest to different fre-
quencies of the metronome. It should be noted thaet there wes no Xes-
ponse reaction to the conditioning stimulus in the first different-
iating combinations. It appears the differsntiation has occurred sud~
danly, but after several combinations the same response reaction begins
to appear to the differsntiating stimulus #s to the positive condi-
tioning stimulus, and only aftar ssveral combinations does the reac-
tion to the differentiating stimulus again disaprear, this time for
the last time. These data correspond with the data of A. N. Bred-
adze (1929), who first noted this fact. The glsboration of differ-
entiation in different rabbits occurs at difforent times. In some
rabbits it is impossible to obtain complete differentiatiomn.

We sre not in agreement with the opinion of A. N. Bregadze (1935)
that in motor defensive conditioned reflexss ito an electric current
the differcuntiations are poorly formed and readily destroyed. Our ex-
periments on 48 rabbits (A. N. Bregadze performed them en two rebbits)
showed that differentiations are rapidly obteined end, as e rule, are
pormanant.

Rabbits, 1ike dogs, can be divided according to nervous system
types. In our experiments,\three groups of rabbits could be distinct-
1y outlined. The first group cousisted of those in which both posi-
tive and negative conditioned reflexss (differentintions)were well
e¢lsborated. The majority of rebbits belong to this group; they cor-
respond to Pavliov's strong well-balanced type.

The second geoup of rabbits corresponds to the strong unbalanced
type of nervous system. Positive conditioned roflexes are elaborated
well in them, but differentiations aré obtained with great difficulty
and are often lost., Rabbits of this group are more sensitive to the
current; tharefore, for reinforcement they should be given weaker
current. After disruption of higher nervous sctivity, their differ-
e ntintions ars most often lost.

The third group is made up of rebbits in which conditioned re-
flaxes are formed with great difficulty or are not formed altogether.
Sometimes, signs of "exhaustion" of the nervous system are seen in
them, as in higher nervous activity disruptions, where the first coe
or two combinations give good conditioned reflaxas, and then the con-
ditioned reflex activity is completsly absent for o long period of
time. Differentiations are obtained well and repidly in this growp
of rebbits; they are permenent and are slaborated beginning with the
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firpt combination without being chenged afterwards. Usually, these

rabbits reactpoorly to reinforcement by current; thervefore, the cur-
rent hes to be intensified. Disruptions of the higher nervous act-

ivity in them most often occur with inhibition -~ the positive con-

ditioned reflexes disappzar.

We f£irst produced higher nervous activity disruptions by a strong
induced current, but the disruptions were obtained rarely by this
method, and cases werc even obsérved whare the conditioned reflex
activity became better expressed. We bélieve thet the intensifica-
tion of the conditiomed reflex activity and the difficulbty of obtain-
ing disruptions from o strong induced current in owr experiments de=-
pend on the fact that we also used the induced current in the capaci~
ty of an wconditioned reflex, that is, reinforcement. It might be
supposed that in the case of food conditioned reflexes the strong
induced. current would produce disruptions of higher nervous activity
were better, but not always obtained to the sutchobile siven, Usu~
ally, immediately after the stimulation with the sixen positive con-
ditioned reflexms disappear; sometimes, paradoxical phases are seen.
However, oa 8 different day, the conditioned-reflex activity may be
restored, and in certain rebbits is even better expressed than before
the disruption. If the disruption is not obtained the first time,
then 1t is sometimes obtained sfter repezted daily® sppiications of
the siren.

Sometimes, the disorders of the conditioned-reflex activity occure
red when we procecded with the elaboration of differentiation and
used, right away, a largs number of differentieting conditioning sti~
mli (more than the mmber of positive conditioning stimuli).

Disruptions of higher nexvous activity exe cbtained slso with
"eonfusion” of the negative snd positive conditlioning stimuli or with
a "double exchange." We created the "confusion"” in the following wey:
& negative conditioning stimulus was used, afier which immediately,
without interruption, s positive conditioning stimulus ves adminigt-
ered end & reinforcement with the current. Three such combinations
were made, one after the other, "Double exchanga™ -« 1is the rein-
forcement of a negative conditioning stimulus and no reinforcement of
the pesitive one: this was doe thres times in a row, vheraby posi~
tive end negative conditioning stinull were alternated.

fhe disruption of highex nexvous activity were obtained bast with
combinations of "eonfusion’, "flouble exchange” und the action of &
high-powered stimulus {in thesé cmses, the automobile siren was used).
Usually we begen with "confusions®; if there were no signs of condie~
tioned~reflex activity distirbances on the second day, "double ex-
change™ was used. On the third day, in case of necessity, the siren
was used. Under these conditions, as & rule, a single siren stimda-
4ion for three minutes was adeguate.
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Forty three rabbits with disruptions of the higher nexvous act-
ivity vere observed by us. In the presence of disturbances of cere-
bral corticel activity we found parsdoxicel pheses, inhibition of
the conditioned reflexes, and, much less often, loss of different-
{ations. The behavior of the rabbiis is markedly altered during the
disruptions. Some animsls becomes more excitable: they are in con-
stant movement, shake thair ears, tap with their feet, gmaw the cage,
throw the celmp with the electrodes off their cars (although they
never did this before the dtsruption), gnaw through the electric wires
from the electrodes, and often show shortuness of breath. Other rab-
bits, on the other hand, become quist, hide in some cormer (edways
in the same one), usnally far from the place where the conditioning
stimli are locatad, and they assume strained positioms. Inhibition
of the positive conditioned reflexés is usually noted in such rab-
bits., The wmconditioned stimulus also acts with less effect; the cur-
vent has to be intensified. TFrom time to time, marked changes in be-
havior occur in these animals. They begin to move, to shake their
ears slmost continuously, to tap with the feet, etc., like the rab-
bits of the preceding group. Such a state sametimas occurs after re-
inforcement with a strong current and Sometimes even without obvicus
causes. The conditioned reflexes mey be restored thereby, and, on
the other hand, differentiations mey be lost. The threshold for cur~
rent stimulation is reduced. Such an excitation stata can last for
severel minutes or for several days and is again replaced by an in-
hibited state.

The complement titer was determined in 12 rabbits Pirst before
working with conditioned reflexes, and then at the time of the ela-
boration of the conditioned reflexes, and in seven rebbits after
the disruption of higher nervous activity had occurred (see Table,

page 93).

First of all, we diracted attention to the fect that the elabora-
tion of conditionad reflexes in itself, which is usuelly of protec~
tive significence to the body, is a factor which increases its react-
ivity.

In the normel; control rabbits the complement titer renges from
0.0k to 0.05 cublc centimsters of serum. Because of the elabora-
tion of conditioned reflexes to the action of the stimulus which
produced a protective, dafensive reaction in the body (in our ex-
periments, the sheking reflex in response to sti:gxﬂ.atim by an in-
duced cwrrent), the complement titer was incressed in nine out of
twaelve rabbits. The increasse.was particularly well merked at the
tims of elsboration of the conditioned reflexss, at that time reach-
ing 0.03 cubic centimeters of serum. In three rabbiis the comple-~
ment titer did not changs in response to the elsboretion of the con-
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ditioned feflexes.

It may be supposed that this fact discovérad by us is of essential
importance in +the understanding of the mechsnism of protective re-
actions of the body to the effects of various environmental stimull.

Participation of the bwain, perticularly in. the formation of the
conditioned refleoxes to the effects of stimuli which produce defens-
ive reflexes in the body, induces, so to speak, a mobilizetion of the
adaptative protectiive cmpecitias of the body as a whole with respect
to its various indices.

As a metter of fact, the ear-shaking reaction of the rabbits in re-
sponse to stimulation by an induced current would seem in ftself to
be adequate for the accomplishment of the necessary protection;
nevertheless, we see that as time associations are formed to this re-
flex, the body mobilizes alsoc its other protective capecities, which
is expressed spscifically in an increase of the natural immunity,

With the disruption of the higher nervous activity a fall in com-
plement titer was seen, whereby in four rabbiis it fell below the
initial level. On the average, the complement titer dropped to 0.06

cublic centimeters of sexum, that is, it wes determined in an eight-
fold dilution.

Disruptions of conditioned-reflex activity affect markedly not only
the condition of the natural immmity but also the state of the en-
tire body. If the disruption is long maintained, dystrophic distur~
bances are noted in some rsbbits: +the fur loses its previous lustre,
becomas dishevelled, and tufts of hair fall out in placesy In one
rabbit with e disorder of conditioned-réflex sctivity, trophic ul-
cers developed on the anterior extremities, and the nails fell out.
The ulcers parsisted for several months and crippled the paws to such
en extent thet the rebbit could not use them for locomotion (Fig. 1.).
It hed also chronic rhinitis, which alsc reysisted for several month.
The nervous system disyvuption was produced in this »gbbit at the be~
ginning of May 1952; the ulcer developed after a momth, first on one
paw, and then on the other. Soon afterwards, the rhinitis wes added
to the picture. The ulcer and the rhinitis persisted for six months;
thaere was no tendency to recovery shown (for this reason the rabbit
was killed).
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¥ig. 1. Trophic Ulcers on the Front Paws of a Rabbit as &
Rasult of a Disruption of Higher Nervous Activity.
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In the majority of rabbits, the development of various pethologicel
processes were observed as a rvesult of the disruptions of higher ner-
vous activity; tropic ulcers of the extremity, rhinitides, pneumon-
ies, -skin sbscesses, otc. (Fig. 2).

-y 3 7§

LA QN a0 by o g ]

Fig. 2. Chronic Runitis in the Rebbit as a Result of o Dis-
ruption of Higher Nervous Activity.
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The dats obtained stimulated us to perform specisl experiments in
which the resistance of the rabbits was detormined to the subcutane-
ous sdministration of staphylococcus toxin in connection with the
alaboration of conditioned defense reflexes in them, and also in the
presence of disruptions of higher nervous activity.

If en adult rabbit is given a lathal dose of toxin subcutaneous-
1y, o typicel inflammatory reaction océurs thereby which cowmnteracts
the action of the toxin and prevents the death of the animal. The
adult rabbit does not die even when two, and in individual cases even
tghree)s, lethal doses are given to it subcutaneously (I. A. Arshavskiy,
194T). :

Conditioned reflexss wore alaborated in three rapbits. In the
procesg of elsboration of the conditioned reflsxes each of them was -
given staphylococcus toxin subcutaneously in the eax in equal doses.
A well expressed inflammetory veaction was seen in all the rabbits
at the site of injection of the foxin; this reaction was expressed to
s more merked axtent than the reaction in.the control rabbits. Of
the three rabbits, only one died, on the second day. In four reb~
bits, conditioned reflexss vere elaborated, after vhich a disruption
of nervous activity was produced. Against the background of the
disruption, each of them was given staphylocoscus toxin in equel
doses under the skin of the ear. The animals of $his group respond-
od with less definite signs of inflamatory reaction at the sits of
injection of the toxin compered with the controls, Three of these
rabbits dled at one, five and saven days, respectively, after the in-
Jaction of the toxing one rabbit survived.

The date obtained permit us to conclude that the cerebral cortex
plays the leading pert in the mechanisms which determine the con-
ditions of reactivity and resistance of the body to the effects of
varicus pathogenic stimlations of the environment. Individual sti-
muli, which act on the body, cannot produce disense~type reactions
in cases of well-belanced nexrvous systems.

M. K. Patrova (1945) writes: '"Pathogenic mdcxcbes slweys and
everyvwhere surround us, but pathology occurs only when the nervous sys-
tem, its physiological and physico-chemical processes, are altered;
this occurs sometimes so unnoticeably that often, accoiding to the
stotement of I. P. Paviov, ‘it is difficult to say where physiology
ends and pethology begins'", (M. K. Petrova, On the Role of the
Functionally Weakened Cerebral Cortex in the Occuxrrence of Verious
Pathological Processes in the Body, Medglz, 1945).

We have found that dinnxptioﬁs of higher nsrvous activity of grev~
13 femele rebbits retard the growth and development of the fetus.
The corresponding matarial is being presented in another special work.
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In conclusion, we belleve it essential to nota certein advant-
ages of rabbits as experimental enimels in connection with the re-
solution of problems comnected with various subjects of physiology
and pathology of higher nexvous activity. The robbits are more
sasily Xept under laboratory conditions, and less time is spent per
rabbit (using our method) in working with conditioned réflexes than
on the dog when working with food conditioned reflexss. This per-
mits the performance of experimaents on several rabbits during the
course of the day. We believe that in pathology, where a largs num-
bor of animals is often required for the axperimental resolution of
certein pathophysiologicel problems of highar nervous ectivity, rebe
bits are very suitsble es experimental animals.
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ON THE ROLE OF REFLEX MECHANISMS IN THE PROCESS OF CARBOHYDRATE
METABOLLSM DURING A DISTURBANCE OF LIVER ON

I. P. Texeshchenko

Iaboratory of Experimentsal (Pathology (Head of the Laboratories -~
Professor S. I. Lebedinskays)

A stuly of the role of the nervous asystem in the metsbolic process in
the body is one of the essential links in the investigation of the problem of
nerve trophism.

Normal existance of the body is possible only when its metabolic processes
corraspond to the functional state of the body. This is why the study of
nerve trophism and of its disturbahces of of first~rank significance for ﬁthe
understending of many concrete mechanisms of adaptation of the body to thé
conditions of itz existence.

In the numereus works of I. P. Pavlov end his students it has been show
that reflex and conditioned-reflex stimulations can become the sources of al-
terstion of various metsbolic processes. Patticularly abundent data have been
obtained in this comnection in the lsboratories of K. M, Bykov and A.D.
Speranskiy. -

The present work is devoted to a clarification of the significence of
reflox mechanisms in cerbohydrate metabolism during a disturbance of liver
finction, The dynamics of the blood sugar were studled as one of the indices
of carbohydrate metabolism.

The liver function disturbence was produced by thermal stimulation of &

localized section of the yver, which was achiéved by the injection of three
cubic centimetérs of water at e temperaturs of 80-900C into the hepatic tissue.

This procedurs has undoubted advantages over the other fomss of stimulation
(infectious or chemical) for the study of reflex mechenisms of coumpensation for
e disturbed liver fimctions. With this method, the liver as a whole is
‘not excluded, and other systems yerticipation in the carbohydrate matabolism
are not injured.

<Ta Sugar content in the blood was determined, in the majority of experi~
ments, st five, 15, and 30 minutes, and also at one and two hours,

In the first series of experiments, 14 rabbits wexe used. Seveicof ‘them
wape subjected to liver demmge; as & control, the remaining snimals were ine
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Jected with three cubic centimeters of hot water subcutanecusly each in the
ares. of the lsft hypochondrium.

Hyperglycemiea was seen in all the experimental rabbits after the injury
to tha liver; this was determined es early as five minutes after the injury
and most often was best expressed after 30 minutes. The dagree of hyper-
glycemia thereby reached 78 milligrams percent in some cases; on the average
it equaled 4 milligrems percent, end only in one cage was 1t less than 25
milligrams percent.

At the end of two hours after the liver injury the level of thesugar
content in the blood approached normel in the majority of enimels (Fig. 1).
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Fig. 1. Blood Sugar Content with Inuury to Liver of a Normel Rebbit.

In a portion of the control rabbits (five snimals) en increase in the
gugar content in the blobd was also seen; howaver, it did not inh any case
schieve the same degree as in the experimental rabbitas.

For purposes of studying the mechanisms of this hyperglycemia, the blood
sugar content in the next saries of experiments wag investigated after injury.:. -
to the liver following the demervation of it (meximal disruption of innerve=
tion). Denervation of the liver was attained by means of the transection of
tha hepatogastric ligament and also, as much as poseible, of the hepatodud~
denal 1igement, The hepatic artery, portal vein and also the common bile
duct pessing through the hepatoduodensl ligament were carefully dissected
out, freed from the surrowding tissuss and treatsd with 96 percent alcohpl.

In sddition, the suspensory ligement and the triangular ligement were trense
ectedv

Eight rabbits were subjected to the experiment, The 1liver injury wes pro-
duced one to eight days after the disruption of the liver Ynnervation.
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Tt should be noted that in itself the disruption of the liver innervation
in a number of cases led to hyperglycemia, which continued for several
days. N, B. Medvedeva also observed hyperglycemia in such cases.

Of the eight experimental rabbits of this serles, the blood sugar content
4n six rabbits was normal at the time of injury to the liver; in two rabbits,

1t was increased (157 and 166 milligrams percent) .

Injury of the liver under conditions of maximal disruption of innervation
produced only a brief increase of the blood sugar, which was replaced by
hyperglycemia after 15-30 minutes (Fig 2). The decrease in blood sugar
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Fig. 2. Blood Suger Content with Injury to Denervated Liver Lobule.,

attained considersble magnitudes in this processj on the average, the
quantity of sugar dropped to 57 milligrams percent and, in one case, even

by 89 milligrams percente

In this series, only one rabbit was an exception; in it, hyperglycemia
was seen, possibly in consequence of the less complete disruption of inner-
vation than in all the other rabbits of this series.

Thus, the results obtained in this serles of experiments speak for a
reflex mechanism of the hyperglycemla which was observed in the first series
of experiments after injury to the 1iver under normal conditions, because when
the injury to the liver was accomplished in the presence of a disrupted
imnervation, the blood sugar curve assumed a completely different appearance.
The hyperglycemia which occurs here may be associated with stimulation of the
parasympathetic nerve plexi found in the liver tlssie.

It might be supposed that stimilation of the sympathetic division of the
nervous system might have definite importance in the mechanism of hyperglycemia
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which was observed following liver injury. As is well know, there are many
indications of this in the literature.

Experiments with the use of ergotamine were performed for purposes of
experimental verification of this theory.

The ergotamine was injected intravenously in a dose of one milligram per
kilogram of weight. Injury to the liver section was produced by the usual
means at 4O, 45, 60 and 70 minutes after the injection of the ergotamine.

The investigation of the blood sugar content showed that in the presence
of liver damage L0 and 15 minutes after the ergotamine injection hyper-
glycemia 1s still seen in the rabbits, which reaches approximately the same
level which was seen in the animals of the first series of experiments.

In the presence of liver injury, 60-70 minutes after the injection of
ergotamine hyperglycemia is no longer observed (Fig 3) which may be explained
by the action of ergotamine on the sympathetic nervous system,.
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Fig. 3. Blood Sugar Content with Injury to Lobule of ILiver of Normal
Rabbit under conditions of the Use of Ergotamine

Thus, the data of this experiment indicate that the changes of the con-
dition of the sympathetic division of the nervous system can influence the
blood sugar content after liver injury.

However, the date of modern physiology do not permit us to regard the
changes of blood sugar content observed as the results of the isolated effect
of the sympathetic nervous system on the processes of carbohydrate metabolism,
The sympathetic nervous system itself is under the regulating and correct-
ing influence of the higher centers of the nervous system--the cerebral cortex.

The next serles of experiments was devoted to the study of the role of the
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cerebral cortex in the accomplishment of the compensatory mechanisms under
conditions of a disturbed carbohydrate metabolism.

Twelve animals were subjected to experiment. The liver injury was pro-
duced at various intervals following the bilateral removal of the cerebral
cortex. It should be noted that in connection with the methodological
difficulties of operation in removing the cortex its basal sections were
preserved. In all these cases, it was noted that the operation itself
leads to an increase of the blood sugar, reaching, sometimes, 180 milligrams
percents.

Injury to the liver one to three days after the removal of the cortex
in four out of six rabbits led to a further increase of the blood sugar
level (which in one ratbit reachéd 296 milligrams percent), and in two rab=-
bits, to decreases of 3L and L5 milligrams percent, respectively.

Tn view of the fact that the treatment of the data obtained was made
difficult by the presence of a high blood sugar after decortigation, we
afterwards injured the liver at later periods.

It turned out that six days after the decortication the blood sugar con-
tent in all six rabbits exceeded the normal, reaching 161 milligrams percent.
The liver injury led to an increase in the blood sugar content by 102 milli-
grams percent. Three hours after this, the sugar content had still not returned
to the initial level.

In later experiments, we used liver injuries performed three weeks after
the removal of the cortex. At this time, the blood sugar content had be-
come normal.

Tn all five rabbits following the localized injury of the liver, hyper-
glycemla was observed which reached ruch higher degrées than it did with
liver injuries in normal animals (Fig 4). Here, in individual cases, the
blood sugar increased by 151 milligrams percentj on the average, the blood
sugar content increased by 119 milligrams percent.
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Tig. 4. Blood Sugexr Comtent with Injury of ILiver of Decorticate
Rabbit and in Rabblt with an Intect Cerebrel Cortex.

decofticate mbbit:
wmmmereanunes=  rabbit with intact cortex.

Iet us recall that with liver injuries in normel rabbits the blood su~
gar content never ross more than 78 milligrsms percent, and on the
average 1t increased by W4 rllligrams percent.

It should be noted also that in animals with intact cerebral cor-
tices, two hours after the Iiver injury the blood sugar content had
already returned to normel; in decorticate animels, the quantity of
sugar in the blood at this time never returned to the initial level.

Thus, in decorticate rabbits the disturbence of carbohydrate meta«
boliam from localized liver injuries resched higher levels then in
normal. rabbits.

This permits us to draw the conclusion that the cercbral cortex

is important in the compensation for disturbed carbohydrate meta~-
bollanm.

_ It should be yemembered that, aside from the liver other systems
of the body also participete in the metabolic Procesges; the funce-
tions of these systems aye also regulated by the higher centears of the
nervous system. Disturbencesin the regulation of thase systems un-
conditionally also £ind their reflsctions in mors profound blood su-
gar content changes which were observaed in our experimonts.

The material obtaired in the present vork attests to the import-
ance of reflex mechanisms in the processes of carbohydrata metabolism -
and of the important rols of the cerebmal cortex in compensating for
the disturbences of this metabolism.
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ON THE MECHANISM OF ACTYON OF PENICIIIIN ON ASEPTIC TNFLAMMATION

A. Y. Chernukh

laboratory of Specific Pathophysiology end Expsrimental Therapy
(Hasd ~ A. M, Chernukh).

Until now, the mechenism of the therapeutic action of penicillin
in various diseases heg been studied without teking into account ithe
date of Pavlovian physiology. Theréfore, the opinion has been offeox-
ad that antiblotics effect only the functional states of the microbes
up to the destruction of thelr structurss. This opinion is based on
various experimants vhich heve bean performed in vitro. Fhysiolog~
{eal reactions occurring in the complex intact animals body in re-
sponse to the injections of entibiotics have as yet not been studied.
It is believed that the antibiotics "ean in principle disturd also
the processes which oceur in the host organigm” (M. D. Mashkovskiy).
The so-called side-effaects of the antibiotics comes to attention
here.

e clarification of the problem of the effect of penicillin en
nonemicrobial, aseptic inflaemetion assumes greater importance.

The dats in the litereture are inadequate on this subJect. Only
the work of N. V. lazerev anl L. S. Selyamon and the artieles of M.
P. Yermolayeva have been mbklished ou the study of the effects of
sulfonamides end penfeillin on aseptic inflammetion.

The experiments of L. S. Salysmon show thet aseptic inflammation
of the aural conchae of rabbits produced by burning, fresging, smear~
ing with croton oll and allexgic inflammations cen be markedly weaks
ened or even completely suppressed by means of treeting the animals
with sulfonemddes. Penicillin therapy did not lesd to any positive
therapeutic results.

Tt should be noted +hat the cxiterie of the course of the in-
flammetory reeations in the given cage were ouly the temparature of
the aural conche and edems of the ear, No histological examinations
wera performed. The animels were observed mly 72-96 hours.

Al) thisstimulated us to undertoke the study of the mechanism of
action of penicillin under such methodologlicel conditions which
would permit us to observe the animels for a long time and to per-
form not only a clinical but also a histologlcal amalysis of the in-
flammatory focus. The experiments were performed on 51 whits rats
weighing 150~180 grems, With the aim of producing the eseptic in-
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flamatory focus, 0.3 cubic centimeter of turpentine was injected in
the muscles of the right shin.

Aftex three days (not coumting the dny of injection of the turpen-
tine) and following the formetion of local inflammatory infiltrate,
all tha animels vers divided into five groups.

First group -- the control (11 rats). The enimals were not subject-
sd to any procedures,

Sscond (10 ratz). The animals were injectod with penicillin
{sodium ; % hysiolog:‘.cal solution into the mumscles of the left
Bhank.

Thixd group (10 rats). The animels were injected with physiologe
ical solution only into the muscles of the loft shank,

TFourth (10 rets). The animels were injectad with penicillin
diluted wi «5 percent novocaine solution in the mmscles of the
left shank.

Fifth (10 rats). The enimals were injected with 0.5 percent
novecaine solution into the muscles of the left shank.

™e animals of the second, third, fourth and fifth groups received
the injections on the rifth, sixth, seventh, eighth and ninth dsys of
the disesase,

The bicod count was invaestigated in the animsls before and after
treatment, Systemstic obasarvations were performed on the inflammetory
focus and the function of the extremity.

On the 10th, 2lst, 32ud and 42nd days, the ailing rats were kill-
ed according to the calculation that at each of these times several
snipals of sach of the various groups were killed.

At autopsy, the muscles of the right and lef't shanks ware taken
for histological exmminatiom, Staining of the preperations was ace
combplished by the Van Giisson and hematoxylin-sosin methods.

The control animels (11 xwts) were injectad with 0.3 cubic centi-
metars of turpentine into thé depth of the ri@t gastrocnemius
mscls.

On the second day after the injection of fmrpentine, the r.tght
hind paw wes soméwhat swollen, hyperemia of the skin appeared, and
on the third day, a tender thickening was felt in the depth of the
gostrocnemius msucle of the right hind pew g~ the inflammatory in-
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filtrate. In commaction with this, & limitation of active and pass-
ive movements of this sxtremity was noted (in consequence of the
formation of en inflammtory contracturd of the muscle). On the 10th
day, the thickening of the muscles reached fram one to two centi~
meters in diameter. Threo days after the turpentine injection a
significant change in the blood commt was noted -~ an increase in
the percentage of trensitional forms and of moncnuclear cells (from
the normel 2-5 parcent to 20~25 percent).

An sutopsy of the rets at various periods of the disease, inflam-
metory changes, extensive infilirates and alsc abscesses (from one
to two centimeters in diameter) were found in the ares of the muscles
of the right shank with scar formation in the surrounding tissue and
the formation of a capsule.

In the rats of the second group, the state and fur tion of the
right hind pew during the firvst five days after the injection of tur~
pentine corresponded to that described in the contxol group of ani-~
mals, Edeme, an infiltrate, and limitation of movements (active and
pessive) appeared in eonnection with the appearsnce of an inflamme-
tory contracture of ihe muscles. Changes of the blood counts in
these animals were no diffarent from those which obteined in the cone
trols.

Baginning with the fifth day, this groupiof rats wes injected in-
tramuscularly with the sodiun salt of penicillin which had been di=~
Juted in physiologleal solution (1,200,000 wmits per each injection)
three times a day (at 9 s.m., 12 noon and 5 p.m.). The penicillin
ves injected into the muscles of the left hind extvemity which cor-
responded to the inflemmetory focus /on the right sida/ in 0.6 cub~
ic centimeter volumes.

After & day, & cértain decrease in the infiltrate was noted and a
definite increase in the yenge of movements of the right paw.

The pencillin injections were given for five days. As the total
course of therapy each rat received 18,000,000 wnits of penicillin,

As 8 result, active and pessive movaments of the extremities wexe
recovered by seven rats on the 10th day of the diseese. A signifi-
cant decreasa wes notsd in the size of the thickening (on the aver-
age, it decressed to 0.5 centimeter in diamater).

Autopsies of rats killed on the 10th day showed a considersple
hyperplasie of scar tissue. An extensive capsule was noted, within
which there was a small (comparad with the control) asmomt of granu-
lar pus.
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APterwards, on the 2ist day; only a smell hard thickening could
ve pelpated in the depthiof the muscles. If there had been an ab-
scass, it usually was walled off by e strong connective-tissue cap-
sule,

Simulteneously with the recovery of the function of the extremitys
and os early es at 14 days, noymelization of the blood plcture wes
seen.

Rats of the third group, beginning with the fifth day after the
turpentine injection, were injected intremuscularly for five days
with 0.6 cubic centimeter each of physiologlicel solution. The fur-
there clinicel course of the focal inflammetion did not differ from
that described in the control group of animals. Under the conditions
of this experiment, the focl of inflammation were even aistinguished
vy somewhat larger sizes, while the functionel disturbance of the
axtremity was prolonged.

Five days after the turpentine injections, the animals of the
fourth group were injected i{ntramuscularly with the sollfuwas salt of
penicillin in 0.5 percent novoceine solution in a volume of 0.6 cubic
centimeter (each dose containing 1,200,000 anits three times a day).
The course of treatment, as in the other groups of animels, lasted
five days. In this time, each rat received 18,000,000 #nits of pen~
eillin. v

Tt should be noted that this form of tresiment brought about the
elimination of the muscular contrectures with particular repidity.
They disappeared completely in six rats as early as one to two days
after the onset of therapy; the inflemmatory infiltrates were also
decreased. The figures of the blood count rapidly became normal.

On the 10th day, three rats were killed. In these animals, ouly
cleatricial chenges of the muscles could be noted in the area where
turpentine hed been injactad, and less of'ten, thare were smell ab-
seesses (0.3 to 0.5 centimgters in dismetar) with well-developed cep~
sules and cicatricial changes of the gsurrounding muscles.

The ssme plcture was found also at later periods.

The last, the fifth grolip, of animels was injected (three times &
day) with 0.5 percent novocaine solution five deys after the injec-
4ion of turpentine.

As early as the second day of treatment. the contractures of the
muscles disappearsd in the mejority of enimals, and free movements of
the axtremities were recovered, although the inflammatory infiltrates
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decreagsed in size in only three rats.

Autopsies of the enimels showed that under these conditions the re-~
covery of the inflammetory focus profiresses better and quicker then
in the control group of rats, but not so well as in the second and,
aspecially, the fourth group.

The results of our exparinents give evidence of the influance of
peniciliin on aseptic focal inflsmmation, which effects o certain de~
creasé of the inflmmmatory phenomena, dacreass in the inflamatory
contractures and particularly the stimulation of hyperplasiz of the
connective tissus around the abscess formead.

I¢ is particularly important to nots the good therspeutic effact
in animals wvhich were injected with penicillin diluted in 0.5 percent
novocaine solution. This coincides with the cbservations of A. R.
vishmevskiy and his co-workars., However, our dsate give evidance to
the effect that the combination of penicillin with novocsine is ef-
fective not only because the penicillin acts etiotropieally on mic-
robas and because novonsine acts pethogenoticelly in the inflammetory
process (as.A. A. Vishnavskiy bélieves)., Apparently, the action of
pencillin for a normeiization of the neural trophism of the tissues
of the inflamatory focus is also important here.

Oux experiments give us the basis to belleve that in suppurative
processes, penicillin intensified the proliferation of connective tis-
sue, and consequently also the encepsulation of the suppurative focus,
which can lead to the formation of latent suppurative foci. Thase
date are confirmed by the axperiences of surglcal clinies (Shlapo~-
berskiy and others) end axe still the only basis for the use of the
combination,of peniciliin therapy with the obligatory incision and
drainags of & suppurative focus.

Cartainly, here, account should be taken of the fact that, depend-
ing on the dosage, penicillin can stimulate or suppress the prolifer-
ation of connective tissue. The 1satter has beén shown by Ye. A. Tim-

ulture conditions. The data of M. P. Yer-
moleyeva can also be explained by this; by using ordinary penicillin,
she showed its suppressive affact on connective tissuve during the
formation of a capsuls sromd a foreign body which had been injected
4nto the tissues of & white rat.
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ON THE ROLE OF THE NERVOUS SYSTEM IN THE AUTOTRANSPLANTATION
OF THE THYROLD AND AD G

I. M Shnpiro

The Tole end significance of hormones, vitamins and other humoral
foctors of body activity oxe being at present avaluated from two
points of view which are diffarent in principle.

Oona of them is ‘bagad on the principles of the cellular pathology

of Virchow and the cellulaXr physiology of Fervorn [~

Falrborne?/, according to whom the effects of verl

are the result of the direct contacts of the giv

tissus substrates. The glands of {nternal secretion are looked upon
as o kind of iadlated system independent of the influence of the en-

vironment and of neursl influances.

Another point of view is based on the teaching of I. M. Sechemov
and I. P. Pavlov on the integrity of the complex organiom and +thé
leading significauce of the narvous syste ip its activity.

mhis makes it possible to analyze ahd. avaluate the affacts of verl-
ous factors of the external and internal milieux as the results of
their indirect actions through a number of narve 1inks. The téaching
of I. P. Paviov regards &ll processes occurring in the complex oxrgan~
isms of the higher animals snd men from the point of view of reflex
pervous activity.

Tnvestigations, begun in his time, in the 1sboratory of A. D. Sper-
enckiy deelt with the role of the nervous system in the endocrine
reguletions of the bodily functions.

Numerous dats which heve been accumulated at the prasert:time per-
mit us to belleve that no gland of internal gecration is autoncmic in
its physiological Functions in the body and, thet they ere all undar
the divect regulating inflvence of the nervous sysiei:

has been nqﬁéd that hormopal factors cal ex-

apparetus. e established that the survivel and
functional integrity of an autotransplant depend primarily on the
sits of its txansplantation. '

The thyroid and adrensl glands gerved ss the objectsfor ouwr transe

Declassified in Part - Saniti
- n -
itized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-0
: - -01043R002300100014-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/23 : CIA-RDP81-01043R002300100014-6

plantations; these wers selected for the following reasons. The con~
ditions of survival and regeneration of autotransplanis of the thyroid
gland in various parts of the body have been studied most. Howvever,
in the experimental investigations and in clinical practice, the re-
sults of thyroid gland transplentation in the cases of 1ts functional
abortion or inadequacy have been but little studied.

In our experiments, we also used as o starting point certain facts
of clinical endocrinology pertaining to the interaction of the func-
tions of variousglands of internal secretion in the body. Such a
connaction has been repenteadly esteblished batween the thyroid end
adrenal glands.

Survival of the adrenal gland under conditions of autotyensplent-
ation with prolonged maintenance of its functions has not been obtain-
ed by anyone.

After the removal of both adrenal glands, enimsls die quickly, as
2 ruls., This permits us to determine more easily the functional inte-
geity of the grafted transplant, and, besed on this, to evaluate more
readily the conditions of this ™taking-Toot process™.

To accomplish as complete as possible an adaptation of the grafted
gland to its new circumstences, we had to review the technical meth~
ods used and to perfact several of them.

In the present report, we ave presenting experiments demonstrating
the results of the graftings mentioned in connection with an dklered
body veactivity.

We performed one series of experiments with the sinmmltaneous remov
al of both adrenal glands and the autotransplentation of them into
the ares of the lower poles of the kidneys and two control series of
axpariments.

From our own obsarvations and from the data in the literature we
imow that lerge grafted pleces of the cortical and medullary layers
of the adrensl gland often undérgo necrosis.

Teking this into account, ir all the series of experiments on
rabbits we transplanted the entire adrenal gland mass in its finely
divided form. The finely divided adrsnal gland was collected on a
tongue depressor, applied in an evan layar to the aree selected, and
1ightly rubbed intoc it. The Yemoval of both adrenal glands end the
autotransplantation into the lower poles of the kidneys at the edge
of the vena cava were performed simultaneocusiy.
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Special attention was dirdcted to the post-opsrative pariod. Im-
maediately sfter the oparation the rabbits were pleced in a special
cags with an air temperature of 21-220 C. ‘The food of the animals
during ths first 10 days afiter the operstion consisted of fresh cab-
bage, carrots cut in thin slices, beets and hay or clover.

In all, 27 rabbits were opereted in this saries of experiments;
22 of them survived and were killed at various time intervals after
the grafting, while five rabbits died seven to thirteecn dsys after
the transplantation.

Our observations show thet signs of wenkness were not marked in the
first few days after the operation; the body temperature increased
slightly and after four days 1t came back to normel. Réfusal of food
was noted only for the first three days, although a complete diet was
not taken until the tenth day. The all in body welght continped un~
t11 the 21st day after the similtansous removal of both adrenal
glands and the autotransplantation of them.

At the ‘sutopsies of the rabbits, adrensl) transplants were found of
different forms and sizes. Thus, for example, in the first three
dsys after the grafting the transplant had the appearance of indiv-
4dual pieces which wers not connescted with one another. Thirty deys
after the grafiing, the transplant was found in the form of a lumpy
layer, which after one and a half to two months presented an almost
smooth surface of yellow-plnk color, After threo months, lumpiness
appeared again on ths transplant, which graduslly increased and fused
into a common mess. At eight months to one yeaxr aftexr the grafting,
we found transplants at autopsy which had the form of the normal ad-
renal (Fig. lv)

PE;

Fig, 1. Development of the Adrenal Gland Transpjsant after its
Grafting into the Afea of tho Lower Poles of the Kidneys (Diagram).

a - at 1-3 days; b - ot 30 days; ¢ - at 3 months; d -~ at 5
months; e «~ at 7-8 months; £ - at a ysar

On histological exaumination of these adrenal tranaplants it was
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Pound that degeneration of the cells of the cortical and medullery
isyers of the adrenal gland ure seen beginning with the first day
after the grafting. The medullary leyer is seen, three to seven
days after the grafting, in the form ofpoorly staining cellular ele-
ments, and decomposition of thom imseen, Bundles of "old" nerve fi-
bors of different calibers are seen here as wall as individusl frag-
ments of these fibers, which are encountered most often near the
vessels among the tissue detritus of the medullaxy layer even 21.-30
days after the operation. Aress of cortical-layer cells, more or
less intect, are found in the first seven to ten days after the
grefting. A notable regenerstion of themis seen 1} days after the
grafting. At this time, cells of the cortical layar are seen in
cartain sections of the transplant, which are radially disposed a-
long the courses of the blood vessels and which bhave cytoplasms and
miclei of normal structures.

Twenty one days after the grafting, bundles of "old" nerve fibers
of medium and large calibers in the cortex are markedly and wnequal-~
ly stained. The fine nwural Fibers are, fof the most part, not not-
ebly changed.

Thres months after the autotreansplantation, a significant portion
of the cells of the cortex of the transplant are disiinctly seen. In
the layers of comnective tissue vhich connect the individual sections
of the trensplant, bundles of nerve fibers are found, directed toward
the cortiecal layar.

A year after the grafting, the trensplant has an oval shape equel
to two thirds of the normal adrensl gland and consists of cortical
¢calls having nommal structures and disposed haphazardly in the cen-
tral pert of the trami?hnt (Pigs. 2, 3 and &),

2 d EY]

3y

, I & L
Fig. 2. Transplant of Adrenal Gland at 3 Months after Transplant-
ation into the Area of the lower Pole of the Right Kidney. Regen~
eration of Cells uor the Cortical Iayer. HNemotoxylin-Eosin Stain.
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Autotransplentation into the Area of the Iower Pole of the Right
Kidney. Hemetoxylin-Eosin Stain.

Fig, 4., Transplant of Advenal Gland at 8 Months After the
Trﬁnsplantation in the Area of the Iower Pole of the Right
Kidnay. Bundles of Nerve Fibers im the Cortical Iaysr of the
Transplant. Stain by the Bil'shovikiy-Gross Hathod.
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As a control, experiments were performad on raebbits with the sim-
ulteneous removal of both adrenal glande without trensplanting them.

Thirty rabbits underwent the operation. They all died 24-63 hours
after the operetion with signs of coma.

In oxder to clarify the role of the adrenal transplants, experi-
ments were performed on 20 rebbits with the removal of the adrenal
transplants at different tima intervals following their simidtane-
ous removal and trensplantation into the areas of the lower poles of
the kidnays. All the animals died 20-30 hours afiter the removal of
the trensplants.

In the rebbits of this series, the same clinical symptoms of
adrenal insufficiency wsre found as in the rabblts in whitch both ad-
renels had been removed without trensplanting them, but these symp-
tomg eppearsd sooner.

A yeor and two months after the transplantation, in addition to the
dafinite cortical cells, a narrow strlp of cells was found in one
section of the adrensl transplant going from the periphery to the
center, Their cytoplasme were stained (fixation in the Vizel' meth~
od, staining with hemetosylin-eosin) & chestnut brown color, the
boxders of these cells were not distinguishable, while the nuclei
vere larger than the cortical cell nuclel, and thereytoplesms did not
stain so well (Fig. 5).

Figs 5. Transplant of Adrenal Gland at 1 Year and 2 Months

after the Transplantation in the Ares of the lower Pole of the

Right Kidney. Strip of Medullary Substance., Fixation in the
Vizel! Method, Hemetoxylin-Eosin Stain.
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1t was of great interest to elucidats how the operation performed
(vemovel and autotransplentation of the adrensl glend) veflected it~
self on certain important functions of the body.

Tor the resolution of this problem expsriments were performed on
the study of thé physiologieal and biochemical indices of the blood
under these conditiocus (sugar content, adrenalin content and content
of adrenalin-like substances).

We shall not present the numerous investigations on this subject
Let us note only that the most vavied opinions exist -- from
a compleote negation of the role of adrenalin in the activity of the
body (Gray, 1930; Stewert and Rogoff, 1917-~1920) to the evaluation of
it ma a factor which determines practicelly a1l human bshavior (Can-
non, 1929-1932).

K. M. Bykov (1O4T) writes, ". . .We are, for exanple, well informed
on the effect which adrenalin exerts on the blood pressurs, heart
rate, sugar content in the blood, development of fatizue in the iso-
1sted muscle, movements of isolated intestines, etc. These data were
obteined after the injection of adrenalin into the blood or by studye~
ing its effect on isclated organs. However, we know vory Jittle
sbout the actusl significance of the eloboration of adrenalin in the
adrenal glands for the activity of the entire body." (K. M. Bykov,
5&128 (éirebml Cortex snd the Internal Organs, Moscow, Medglz, 1947,

P s -

We made determinations of the blood adrenalin content of rabbits
on isolated frogs' heerts. Uslug parfusions of Ringer's solution
and efter the caxdiac coutractiouns had ascquired a stsble character
with yespect to rate ond amplitude; ve injected thrse drops of nore
mal rebbit's blood into the cannula.

e Force of the cerdiec controctions then incredned somevwhat com-
pared with the initial contrections (Mg, 6)+ On the background of
the original, established contractions; the blood of a rabbit from
which both adrenal glands had been removed without transplanting them
was injected into the camnula. In these caset, the strength and fre-
guency of the cardiec contractions decreased, considerably (Fig: T).

e ‘

g

’ rg Kn N
Fig. 6. Action of Noxmal Rabbit's Flood on the Isolated Frog's
wrt.

Arbitrery desigoations: ¥ - Ringer's solution injected;
Xr - blood of normal rebbit injected.

11k
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Fig. 7. Contraction of Isolated Frog's Hesxt during the Injection
of the Blood of & Rabbit from which Both Adrenal Galnds were
s{multanecusly Removed Ouns Doy beforé the Expsrimant.

Arbitrary designations: T - Ringer's solution injected;
kr - blood of rebbit, from which adrenal gland was removed,

injected.

If then, after perfusion of the heart, bloed of & rabbit from which
both adrenels had been removed and an autotransplaxtation of them pep-
formed is injacted into it, the strength and perticularly the frequen-
¢y of ‘the cardiac contractions increased markedly. The positive
chronotropic and inotropic effects therefrom were considerably bet-
tar exprofsed than the cffects Prom blood teken from the normel rab-

1B

s K Kn

Tg. 8. Contraction of Isolated Heart of Frog during the Injec~
tion of the Blood of a Rabbit from which Both Adrenal. Glands were
Similtaneously Removed One Day before the Experiment and a Trens-
plantation of them Performed in the Ares of the Love® Poles of

+the Kidneys.

y ~ Ringer's solution injected; kr - blood of
rabbit injected from which adrenal glands were removed but in
which transplantation of this tdssue was performed.

In subsequent experiments the content of the adrenslin in the blood
of rebbits was investigated stwrious periods of ‘time following the
ramoval of both adrensl glands and transplantation of them.

It was established thet the strength of the cardiac contractions
(efter injection of blood from the rebbit five and gaven days after
the operation) compared with the original curves is aither ihe saze
or even a littleipareased. )
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Fourtecn and twenty one days affer the removal sud ‘rensplanta-
tion of both adrensls, the strength of the contractions continues to
be & little incremsed compered with the reaction of the heart to the
blood of the normal rebbit.

Positive chronotropic and inotropic effacts on the isolnted frog's
heaxt also occur after the injection of blood taken from a rebbit i1
dayae.furthamovalofbothadrmlglands from 4t and autotransplant~
ation of tham.

It must be supposedtbatadayattertheremvalo&bothadreml
glmﬂsmtw]yadimppeamceottheadrenalinfrmthebloodoc»
curs, but appersatly also an accumilation of acetylcholina-like sub-
stancen which avidantly slsc glve incrensed chronotropic and inotro-
plc effects on the frog!'sheart.

We slso need to dlscuss the following guastiom.

The rabbit dies a day after the removael of both adrenal glands.
As our experimants have showny deaths of the rabbits can be avertsd
in the majority of cases if, st the same time as the oparation of re-
moving the adrenal glands an autotransplantation of them is at the
same time performed in o definite avea. As the material of our ana-
tomlcal investigations show, before the rooting adrensl glands estab-
iish a connection with thé uervous system, & progressive destruction
of tha medullary substences end the cortical layer occurs in them.

Onlythadataobhaimdadayafterthemvalofbothadreml
glands end transplantation of them night explain the destruction of
the medullary layers of the trensplants of the adrenal ¥lands and
the essoclatad excesgive excretion of adremalin ianto tha blood from
thase adrenal glands.

How can we axplain the fact that as early as several days after
the cparation a content of adrenalin and sdrvenalin~like substances is
established in the blood of the rabbits oparated on by the method
describad sbove, which content spproachés normal and evan frequently
exceeds 1t?

Tt would be natursl to believe that the compensation for the func~
tion lost by the adrenal glands, particularly by their nmedullary
layers, is achieved by an intensification of the function of the
chromaffin system which remains.

However, &3 follows from our data, this compensetion occurs only
in the event that following the removal of the ajrenal glands they
ars transplanted in & certain spot only (in the ares of the lower
poles of the kidneys), It must simply be granted here that caupen-
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sation can oceur quickly, because the transplanted adrensl gland cone
tinues, for a certain time, to secrste its hormones.

In the literature, there is mention of the fact that ab autopsy
samatimes various pethalogical changes of the chromaffin cells ave
sccldentally foind in the medullary layer of the adrenal glands,
which goes es far as the complate loss of the chromeffin reaction by
thage cells.

It is characteristic that scme of those who die with this plcture
never suffered from Addison’s disease during life nor from any other
symptoms of advenal insufficiency which ordinarily accompany dsstruc-
tione of the adrenal gleands. In such cases, refarence is usually made
to the compensatory hypertrophy of the chromeffin tissue in the resi-
dual healthy pareganglis of the chromeffin system.

If the residual chromeffin system compensates for the adrenal
function whichlas been lost by the adrenal glands, then vwhy do the
animels still die after the removal of thess organs?

From the investigations of the I. P. Pavlov school it follows that
the newrel regulation of the activity of the various systems of or-
gens is accomplishad through the direct control of the cerebral cor-
tex and the adjacent subcortex. The function of the adrensl or
chromaffin system con hardly be an exception.

In the further coufse of the investigation the problem was posed
to establish in what way e change of function. of the cevebral cortex,
produced by means of phaxmacologle agents, affects the adrenalin con-
‘tont and the content of ndrenalin-like sgents in the blood of normal
and, experimental rabbits. !

Suppression of the activity of the cerebrel cortex and of the ad~
Jacent subcortex was achieved by us by means of chloral hydrate. We
attemptad to produce incresses of the cersbral Bortical activity by
means of caffeine and bromides. Control experiments for the determin-
ation of the effect of chloral hydrate, bromides and caffeine were
carried on vith the addition of these agents to & samplé of bdlood ale-
raady taken or to Ringer's solution.

Chlorel hydrate, by suppressing the activity of the cérebral cortex
by the same token decreases its effect on the chromaffin system. As
& rasult, a decrease is seen in the adrenalin ccivtent and in the cone
tent of adrenalin-like agents 1n the blood, which was shown by a hio~
Joglcsl test.

At the same time, caffeine and bromides, when injected in a define
ite dosa into the body, increase the activity of the cersbral cortex,
thanks to which, possibly, the stimulant effect on the chromaffin Sys=
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tem ie also increased. As & result, the content of advenalin and of
adrenslin-like agents in the blood is increased.

Any different trsatment of these results would be simply incom-
prehensible, because the stimuli used by us in themselves exert & weak
or even on opposite effect on the 45o0lated frog's heart compared with
+heir effects in the body.

Therefore, it is seen from the experiments that in the vast major-
ity of cases when both sdrensl glands are ramoved from rebbits with-
out their trensplantation, compensation for their loal function does
not occur. This is confirmed by a decrease in the content of adren-
alin in the blood, by an increase in the bhypoglycemis, emeciation,
P21l in temperature, end high mortality rate of the snimals.

After the removel of both adwensl glands and autotrensplantetions
of them into the areas of the lower poles of the kidneys (along the
border of the vena cava) ths normal content of adrenalin and adren-
alin-like agents is rapidly established in the blood of the experi-
mantal rabblts.

It may be granted that during the first one to two days after the
removal of both adrensl glands end transplantation of them, the con-
tinuing excretion of the sdrenalin into the blood might be expleined
by an excess content of it in the tissuas of the adrenal glands.
Howavar, this explanation is not very probable. As & matter of fact,
injecticns of edrenalin into animals from which the adrenal glands
have been removed do not protect them from death at definite inter~
vals. Furthermore, transplantation of the adrenals in various other
sitas rarely gives any success, despite the fadt that the destrue~
tion and resorption of the medullary layer of the adrenal gland in
both places proceeds almost equally. The idea arises involuntarily
that at the basis of all this lies a spacific neural excitation which
is conditioned by the site of the trensplantation.

The decreasé in the blood sugar content is also. raferable to the
ciinical symptoms of removel of the adrensl glsnds. In cats, gulnee
pigs @nd rabbitg the concentration of sugar in “the blood decreases
by half, N

We heve not come Across any obseérvatlons dealing with the state
of tha blood sugar in rabbits -following the simultanecus removal of
both adrensl glands and autotransplantation of them.

Our experiments on the datermination ofghlood sugor wers performed
on 22 rabbits; five of them were controls with the simiitaneous re~
movel of both adrenal glands, and 1T were experimantal with the simul-
4emeous removal of both adrenal glands and autotrensplantation of them

N

.
v
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into the area of the lower poles of the kidneys. The examination of
of the blood was meda by the Hagedorn~-Jensen method.

The blood sugaer content the blood of rabbits with simultaneous
removal of both adwvénal without transplantation of them falls
to less than half on the day following operation. In the experiment-
al rsbbits o dey after the simultaneous removal of both adrenal
glands and sutotranspiantation of them into the nrea of the lower
polss of tha kidneys, the change of the blood sugexr content was ex~
pressed to a smaller extent than in the control rebbits (Pig. 9).

In the next three days, 2 smell riss is seen in ths'axperimental ani-
mels, and then & fall in the blood sugar content, which is continued
for seven to ten days. Beginning with the 215t day the blood sugar
content begins to incresse appreciably and reaches the initial level
three months after the operatipn,

J § 7 09 4 2 30 6 0
Jhu nocne 05epauud

Deys after operation

Tig. 9» Sugar Content in Blood of Rabbits After Simultaneous
Romovel of both Adrenal Glands and Autotransplantation of them
in the Aren of the Lower Poles of the Kidneys.

Designations:  experiment; - ~ = ~ - control (sim-
ultaneous removal of boih edrenal glands).

Thus, the adrenal transplants during the first one to two days after
the operation create in the body the ecnditions of a smaller dagree
of drop in blood sugar thsn in the control rabbits in vwhich the ad-
renal glands were removed without sutotransplentation.

One csmnot help but direct attention to the fact that the begin-
ning of the sigaificant increase in blood sugar contont coincides in
tima (2lst day after the operstion) with the cessation of weight loss
by the animals and the ingrowth of neurel structures into the trens-
plant capsule from the surrounding tissues.

A e T
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Observations shov that the restoration of th
e blood s to
initiel level occurs three months after the trmsp]antn.t:‘ixf:.rof tﬁ:s
adrenul. glands, that is, at the times of formntion of the new neural
apparatus and of regeneration of the cortical layer of the transplant.
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THE OCCURRENCE AND DEVELOPMENT OF INDUCED TUMORS UNDER
CONDLTIONS OF BODILY REAGTLIVITY WHICHDAS BEEN ALTRRED
BY ACCESSORY STIMULL

S. I. Iebedinskaya

laboratory of Experimental Pathology (Heed -- Professor S. I.
Isbedinskaya).

For the past fev years the problem of our investigations has been
the elucidation of t1e significance of neré reflex mechanisms in the
occuxrence and davelopment of melignant tumors.

The application of accessory stimilations served as the method of
anelysis in our investigetions, which, by chenging the reactivity of
the body, exert influences on the formation of tumors experimentally.
By this xoute it is possidble to set about the elucidoticn of the rules
and regulations of the occury nce and development of malignant tumors.,

The slucidation of these rules and regulations can in thelr turn
indicete the routes of the most effective methodsef influencing the
tunor process.

Certain foreign scientists (Berenblum end bis co-workers), who have
been engaged in investigations of the action of acecasory stimuli on
earcinogenssis, regaxd the actions of these sbimuli as exclusively di-
rect ones, associating them with their permanent properties of in-
tensification or inhibition of tumor development, and of exerting
“so-carcinogenic” or'buti-cercinogenic" effects, Thus, the fiéstion
of the significance of the reactivity of the body in the tumor pro-
coss has been completely ignored by these authors.

Our f£irst investigations, however, (A. A.Solov'yev; 8. I. Lebedin-
skaya and A.A. Solov’yev), conducted in the lsboratories of A. D.
Speranskiy, showed that the effect of accessory stimuli on the de-
velopment of tumors is not only connected with their qualities dbut
also depends on the comditions of their use.

The experiments showaed that one and the same stirmius can, de-
pending on the site of gpplicatliony either intensify or inhibit tumor
development.

These data, along with othews, permitted us to exprass & hypo-
thesis concerning the nerve-reflex mehcenism of action of the access-
ory stimili, which alter the functional state of the nervous system
and which thersfore affect the tumor process.

S
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Such a hypothesis is in accordance with data obtained by I. P.
Pavlov and his students in the study of higher nervouvs activity on
the offect of external stimuli on the conditicned-reflex activity of
enimals end also with the experimental materisl of the lsborstories
of A, D. Speranskiy on the effect of asccessory stimull en various
pathological processes.

TFrom the very beginning of the work on conditioned reflexes in the
laboratoriés of I, P. Paviov it was noted that an extrancous (access-
ory) stimulus can, uader certain conditions, disrupt the reacticn,
and under other conditions, contrariwise, intensify this reaction.
The cbserved phenomenon can be explained, based cn the teaching of
I, P. Pavlov, by the interrelationships between the excitatory and
inhititory processes which make up the activity of the body wnder
various concrete conditions.

A. D. Speranskiy end his co-workers showed with thsuse of extensive
experimental moterial that various accessory stimulations can also inw
fluence the pathological process, intensifying it under certain conw
ditions and inhibiting it undex okher conditions, Stimulations pro-
duced by means of the use of accessory stimuli received the spacial
name of "comter-stimdotions’. This conception has as its purpose
the emphesis of “Me collision of the two processes which occur sime-
ulteneously in the nervous system.

In the present report, our nev materinl is being presented om the
study of the effect of asccessory stimuli, under verious conditions of
using them, on the oeccurvence of induced tumors.

It was noted ih-our previous experiments on rats that with repeated
application of accessory stimilntions to the gkin, the Intensifying
or weakéning effect of these stimulations on the tumor process is man-
ifested moximelly at o definite time after the injectiom of carcince
genic stimdus, nemely, between the 16th snd 22nd weeks after the
start of the experiment,

It connection with these data, naturally, the necessity arose of
performing a new serfes of experiments purporting to stuly the effects
of accessory stimulstions under conditions of their baing applied at
various times after the time of the subecutancous injection of the sub-
stance which induces the tumor.

The experiments were performed on 150 white femala~rats welghing
115-130 grems each. In this series of experiments as well as in the
subsequent ones the tumor was produced by the svbeutaneocus injection
of 0.5 milligrams of 9,10-dimethyl-l,2-benzanthracena in 0.2 céubic cene
timeters of apricot oil into ons of the hind extremities, Cantharidin,
which had been tested by us previously was used in the capacity of an
accessory stimulus; as in preceding experiments, it wag applied once a
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waek to the skin of the opposite extremity.

The animals wera divided into five equal groups. In the first and
second groups the acessory stimulus was applied for elght weeks be~
fore the injection of the 9,10-dimethyl-l,2-benzanthracene, after
whink the suweering was stopped in the first group but continued in the
second group wntil the end of the experiment, throughout the next
eight months of the observatioch. In the third group, the gpplication
of the sccassory stimulus was begun after eight weeks; in the fourth
group, 16 weeks after the subcutansous administration of a carcinogen-
ic stimilus. The fifth group of animals served as controls. In each
group there were 30 rats, which were kept in the sxperiment until the
and of the observations.

Thae results of the experiment showed that umder the conditions mem-
+ioned the application of an accessory stimulatlion exerts sn intensi-
fying effect on tumor growth regardless of the time of its application;
this effect is dintinguikhked only by the time of its appeerence.

In the first three groups of experimental animels the tumors appear-
ad one month and seven days earlier than in the control rats. In the
Pourth group (Where usa of the accessory stimulus was begun later),

its intensifying effect could be determined beglmuning with 5% months,
at which time the numbar of tumors in this group was two times great-
er than in the control group (Fig. 1).
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Fig. 1, The Davelopmant of Tumors in Rats with the Repeated
Application of an Accessory Stimulus (Cantharidin) at Various
Periods after the Subcuteneous Injection of G,10-dimethyle~l,P-
benzanthracena.

—emamema g preliminary use of cantharidin;

asvemmnmmmme W88 Of cantharidin befors and after the
injection of the carcinogenie agent;

sevsssesnee use of cantharidin ei@t waeks after the

injection of the carcinogenic agant;

memesweenee s Of cantharidin 16 waeks after the injection
of the carcinogenic agent;

control.
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Results obtained in animals of the first group of this series of
experiments are of spacial interest. They indicate that the inten~
gifying effect of the accessory stimulation maintains itseffect for
& long time after it has stopped being used./

This brings up the question as to whether the prolonged effect of
the accessory stimulaetiondn this case might not be assoclated with the
occurrence of o stable focus of excitation in the central nervous sys-
tem.

The residusl effect of the accessory stimuletion which has been
eotabliphed by us has given us the idea that under conditions of ab-
breviated time intervals betvean the individunl applications of the
accassory stimulations the presence of residua of preceding stimula~
tlons cen manifest itself in various effeccts on the tumor.

In connection with this, the :t‘ollawinémseries of experiments was
pexformed by us in which an accessory stimdation wes used with dif-
forent Irequencies.

One hundred end twenty femnle rats weighing 115-120 groms esach
vere used in the experiment. All the rats wexe injsctod with 9,10~
dimethyl-l,2-benzanthracene subcutaneously in oae of the hind extrem~
ities. The amimels were divided into four equal groups, with 30
rats in each group.

In the three experimental groups cantheridin was uged in the capa-
city of an accessory stimiius bveglnningfrom the time of the carcino-
genic agent; cantharidin was appiied to the skin of the opposite ex-
tremity at unequal freguennies in the differant groups of rats, name-
1y, one, two and three times & wekk, respectively. The Fourth group
of animals served as controls.

At the end of the observation, of the experimental animals 29 rats
remained in the first group, 30 rats in the second, 28, in the third;
and 28 rats in the control group.

The rasults of this experiment showed that one and the same stimu-
1lus when applied to the skin of the opposite extremity exerts differ-
ent effects on the development of the induced sarcoms, as the coursc
of the experiment progresses, depending on the +ime intervals be~
twaen its separate applications.

Whereas & single weskly szcessory stimulation exarted an intensi-
fying effect on the tumor development, mowe frequent applications of
the stimulation retarded this process (Figs. 2 aud 3). This may be

seen particularly clesxly in the experimental group of animsls in
which the accessory stimulus was applied three times 2 H’&%ﬂ- Ag:lzer
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Tig. 2. Development of Tumors Tig. 3. The Development of Tumors
4n Rats with the Subcutansous in Rats with the Subcutansous Injec-
Injection of 9,10-Dimathyl-1,2~ tion of 9,10~Mmethyl-1,2-Benzan«~
Benzanthracene and the Weekly thracene and the Application of Can-
single Application of Cantha- tharidin to the Skin of the Opposite
ridin to the Skin of the Oppo~ Extremity Three Timss a Week.

site Bxtremity.

Arbitrary designaetions: Arbitrary designntions:
broken line - the experiment; broken line - the experiment;
solid line =~ the combrol. solid line =~ the comirol.

elght months of observation, the number of rats with hmorsmé, in
this group, half of that in the group of control animels.

The group of experimentel wis in which the accessory stimulation
wao given twice a week cocupled & middle position between the first
aund third experimental groups with respect to the rate of formation
of the tumors.

e serles of experiments presented, therefore, in eccordanee with
our data previously published also spesk for the reflex action of ac-
cessory stimuli.

In search of more direct proof of the reflex mechanism of action
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of the accessory stimuli used by us, experiments were undertaken with
deafferentation of the extremity, to the skin of which the accessory
stimlus was applied.

The experiment was performed on 63 rats, weight 170~270 grams, males
and females. In half of the animals (31 rats) doafferantation of the
left hind extremity was produced by means of the trensection of the
corresponding six posterior roots of the spinal cord. After a month,
these and the other 32 rats werc injected with one and the same dose
of 9,10-dimethyl~1,2~benzanthracene subcutansously in the right poste
erior extremity.

All the animals were divided into four groups salected respective-
ly according to sex and weighte

In the Pirst group there were 16 rats, in vhich no procedures were
parformed aside from the subcutaneous injection of 9,10-dimethyl-1,2-
benzanthracene,

Beginning vith the next day after the injgétion of the carcinogenic
stimlus, rats of the second group (16 animaels) received one drop of
cantharidin weekly throughout the entire subseaquent observation on
the skin of the copposite normel extremity.

The third group consisted of 16 rats in which daafferentaticn had
first been performed. Ome drop of cantharidin wes applied to the skin
of the opposite, deafforented extremity weekly throughout the entire
reriod of observation of these rats beginning with the day after the
subcutaneous injection of the carcinogenic stimulus.

The remaining 15 rates with deafferented extromities constituted the
fourth group. No procaduren were performed in these rats after the
subcutaneous injeetion of 9,10-dimethyl-1l,2-benzanthracens.

The observation lasted six mouths after the administration of the
carcinopenic stimglus. At the end of the experiment, 16 rats remain-
€0 alive in the first group; 1k, in the second, 1% in the thimd, end
nine rats in the fourth.

Ab the end of the experiment, in the first group, in which no edd~-
itional procedures hed been performed, . there were four rats with tum-~
ors; in the second group, in which the accessory stimulus hed been ap-
plied to fhe skin of the normal extremity, there weres seven rats with
tumors; in the third group, whore accessoxry stimulation had besen ap-
plied to the skin of the deafersmted extremity, there ware a total of
‘two rats; and, finally, in the Tourth group, with deafferentation of
the extremity without the- application of the accessory stimulation,
there werd also two mats with twmors (Toble 1).
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Conditions of injection |9,10-dimethylel,2- g, 10-0imethyl-1,2-benzanthracene in-
of carcinogenic agent andjbenzenthracene in-|Jjected under the skin of the right
of application of the ac-|jected under the extremity
cessory stimalus skin of the right {application of canthari-;deafferenta~
extrenity din to the skin N tion of left
of normal . of deaffer- extremity
left extrem-.ented left
ity | extremity

Number of rats with ;
tumors after six
monthe, ¢ « s = o »

Thus, when an accessory stimulus is applied to the skin of an ax~
tyemity whichbas been deprived of sensitivity, the intensifying affect
of the simulus, which is manifested under the conditions of normal
sfferentation, is removed.

The results of this experiment may serve as'dtreét prooré of the
raflex mechanism of action of the accessory stimulus on tumor develop~
ment.

Tn these experiments, the fact draws attention that deefferenta-
tion of the extremity not only rémoves the intensifying effect of the
accessory stimulus but also diminishes the "yield" of tumors compared
with the control.

fack of the necessery deta permit us to glve culy o suppositional
explanation of thsi phenowenon. Pertinent to this, the widely known
factsony be adduced which show that after traume to neurel apperatus
in one extremity reflectad changes of functional and anatomical char-
acters occur also in the opposite extremity (A, 5. Vishnevskiy, M. L.
Borovskiy and others).

It mey be supposed that these changes exert dsfinite effects on
the development of théd induced tumor.

Wg have performed expariments, the puxpose of which was to clarify
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the possibility of a reflex action of 9,10-dimethyl-l,2-benzanthracene,
when it is used in the capecity of an accessory stimlus.

, Intorest in the use of tumor-inducing agents in the capacity of
accassory stimuli is intensifised by the fact that according to data
in the U terature such agents con exert therapsutic effects on human
malignent skin tumors.

Experiments were performed in the following way: 100 female rats,

welghing 135-180 grams, were injected under the skin of the lsft

~«pdatorior extremity with the deose of 9,10-dimethyl-l,2-benzanthracene
adopted by us (0.5 milligrems in 0,2 cubic centimster of apricot oil).
The animals were divided into four equal groups with 25 rats in each.
Bopinning with the firat dsy of the experiment and for the eight
months of the subseauent observation 0.l percent solution of 9,10~
dlaetlyl~1,2-benzanthracens in benzol was applied dropwise to the ex~
perimentsl rets twice a week; in one group, on the gkin of the oppo-
site extremity (from the site of the subcutanaous injection of the
carcinogen); in the othor group, on the skin of the same extremity.
Benzol was spplied, correspondingly, to the skin of the same or op-
posite extremity in the two control groups.

The rasults of the experiment showed thet the epplication of 9,10~
dimathyl~l,2-benzanthracens to the skin of rats over the course of =
long period of time, regardless of vhether the skin of the same ex-~

| tremity was smeared as was injected with this substsnce or the skin

! of the opposite extremity, did not exert any assential effect on

' the development of the induced sarcomas. The developmont of tumors
in the experimentsal groups of rats and the corresponding contro}
groups begaa approximately at the same times in the course of the ob-
servation (Fig. 4). In connection with the results of these experi-

' Tuber of
’ rats with
tumors
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Pig. 4. Devélopment of Tumors in Rats with the Injection of 9,10-
! Dimathyl~l,2-Banzanthracens wnder the Skin of an Extremity and the
Repeated Application of 9,10~Dimethyl-l,2-Benzenthracene to the
Skin of the Opposite (Miagram on Iaft) or of the Sams (Diagram on
the Right) Extremity.

Key: light colums - experiment; dark columis - control.
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ments, the question arose: are not the negative results of these ex-
periments the consequences of poor sensitivity of the skin of the rats
to the given carcinogenic stimulus? IExperiments which have bean per-
formed under the sames conditions on mice might aid in the resolution
of this problem, on tha one hand; on the other, they might possibly
explain the differences in skin reactions of mice ond rats to the cer
cinogenic stimulus when applied to the skin; this differance has, up
to now, not been cléar. It is nown that the occurrence of skin can-
cer in rats under the influence of a carcinogsnic stimilus is of ex-
ceptional rarity, whereas in mice under the same conditions the can-
cor occurs readily.

These ccﬁéidemtions led us to the perforimance of appropriate ex-
periments on mice.

The experiment was performed on 45 mice of the CC57 line of brown
females and males weighing 20-22 grams. All the mice were injected
simultaneously with 0.1 milligrams of 9,10-dimathyl-l,2-benzanthracene
in 0.2 cubic centimeter of apricot oil under the skin of the left hind
axtremities. The animals were divided into two groups, selected ras-
pectively according to sex and weight. Twenty threse mice of the ex-
perimental group (six females and 17 m.l.es% receivad, dropwise, 0.05
percent solution of 9,10-dimethyl-l,2-benzan ene in benzo)l twice
a week, which was applied to the skin of the opposite extremities.
Tyenty two mice of the coutrol group (six females and 16 males) were
given applications of benzol twice a week.

The tumors in the mice of ths experimental group appeared three
weeks earlier that in the mice of the control group, For the Qura-
tion of the entire observatiom the number of twmors in the group of
experimental mice considersbly exceeded the number of tumors in the
control group. After 6} months of observetion, 20 mice in the exper-
imental group had tumors; in the control group, seven mice (Fig. 5).
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Fig. 5. Development of Tumors in Mice with Subcutaneous Injection of
Extremity with 9,10-dimethyl-l,2-benzanthracene and Repeated Applica-
tion of It to skin of Opposite Extremity. Key: Seme ags for Fik. k.
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The data presented illustrate the definite difference in the results
of the experiments on mice and on rats.

In experiments on mice, the use of 9,10-dimethyl-1,2-benzanthracene
in the capacity of an accessory stimulus exerted an intensifying ef-
fect on the formation of sarcomas induced by the same agent.

These experimentélresul'bs, without eliminating the necessity for
further study of this question, reinforce the hypothesls expressed by
us to the effect that the carcinogenic effect obtained from smearing
the skin with this stimulus may be determined by the varying degrees
of sensitivity of the skin raceptors to it.

Therefore, the results of our lnvestigations cbtained previously
as well as those presented in the present report show that the pro-
cess of tumor-formation,1ike other pathological processes, depends on
the state of reactivity of the body, depending on which the process
of tumor-formation cen be intensified or inhibited.

In our investigations the chenge of reactivity was achieved reflex-
1y, by meens of the application of an accessory stimulation to various
gkin areas., Here, the various effects of stimulation were shown to
be dependent not ocnly on the quelity of the stimulus and the site of
its application but also on the varying frequencies of its applica-
tion (the intervals between separate applications).

The siganificance of the asfter-effect of an accessory stimulus was
also shown; it influences the process of tumor-formation for a long
time.

The reflex mechanism of sction of accessory stimulation has obtsine
ed direct proof in experiments with transection of sensory roots,
which eliminated the effect of the accessory stimdstion.

The fact appears promising that sn influence on the reactivity of
the body, and, by the same token, on tumor formation, can be shown by
the skin, which is an exceptionally extensive and heterogeneous re-
ceptor field in the quelitative sense.

As 1s well known, I. P. Pavliov has made direct references to the
significance of the reflex actions of the skin on diséase processes.

In the study of the reflex nature of the affect of accessory stim.
uli we obtaingd facts which can show the significance of the sensi-
tivity of the cutaneous receptors to carcinogenic stimuli in the patho=-
genesis of experimental skin cancer.
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In conclusion, we should like to note the importance
of the tumor process and its dependence on the reactiviworo;h :h:tbugy
in the forms of experiments in which the stinulus pi‘odmu the ap-
bearance of tumors in only a certain percentage of animals, that is
with smell doses of carcinogenic stimuld. Only such an ex;)orj.mntai
g;r:‘:g: l;ringtga cloger, in some degree, to the natural conditions
ormation an
iy facilitate the search for methods of influ-

Methods which alter the appropriate form of i
Occupy an important place in this research. body remctivity should
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THE PROBLEM OF THE SIGNIFICANCE OF FUNCTIONAL CHANGES OF THE HIGH-

OR
FR CENTERS OF THE CENTRAL NERVOUS SYSTEM IN THE PROCESS OF METASTASIS
OF THE TRANSPLANTED TOMDR 1N THE RABBIT

T. P. Tersshchenko

Lakoratory of Experimental Pathology (Head -~ Professor S. T, Leb~
edinskeya)

In the lsboratories dlrected by A. D. Speranskiy, investigatious
have baeen conducted for a number of years devoted to the elucidation
of the significance of newrotrophic disturbences in the process of
metastasis (S. I. Lebedinsksya, A. S. Solov'lyev, O. Ya. Ostryy, Ve Ne
Popov, I. P Tereshchenko) .

This investigational trend is in accord with the view of I. P.
who placed tumor growth in relationship with the trophic dis-
the tumor in the tissues around it. It is en~

the development of the primery tunor can,

compensatory function of the nexvous system is aisturbed, produce
trophic changes in the organs and tissues at a digtance from the tumor
snd in this way exert an effect on the developmant of netastases from
the twmor cells transported by the lymph and blood stream currents.

In previous investigetions of the A. D. Speranckiy laboratories,
spacial attention was glven to the study of the metestatic process
umdey conditions of different kinds of influences on the peripherel
segmehts of the nervous system. In this work, systematlic investiga-
tions were first earried out on the study of the rules and regulations
of motastiais uander various experimental conditions, and a number of
important facts were obtained which established the possibility of af-
fecting the metastatic proceas by means of certain procedures perform-
ed on the nexrvous systeml.

It is quite evident, however, that the decipherment of ‘the mechsn-
{ems wnderlying metastesis cammot be carried out fully without study-
ing the role of the higher ne¥vous system centers in this process.

Recently, & number of investigations have been mode which ettest
to tha importmce of the state of the higher centers of the nervous
pysten in the process of metestasis. Thus, expariments have been caY-
rled out by us (I. P. Tereshchenko, 1951) on the study of the process
of metastesis of & transplanted tumor, where the grafiing of the tu~
mor onto the testicle of & rabbit was carried out while the rabbit
was in a state of deep drug-induced sleep. It was found thereby that
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inhibition of the higher centers of the central nervous system leads
to an intensification of the metastatic process.

N. M. Turkevich and X. P. Belitskiy described the increase in the
rate of metastasis undexr the conditions of intensification of the ine
hibitory processes in the cerebral cortex, and comversely, atslowing
of the rate of metastesis with intensification of the processes of
excitation in the cerebral cortex (pharmacologic agents were used for
choanging the functional state of the cortex).

In the present investigation a study has also been made of the sig~-
nificance of the functional state of the highexr centers of the nervous
system in the process of metastasis,

The experiments were performed with a transplanted rabbit tumor.
The chenge of the functionsl state of the higher centers of the ner~
vous system was produced by mesns of the exclusion of the three dis-
tance receptors -- awditory, visunl and olfactory.

This method of investigation was first proposed by A. D, Speranskiy,
(vork of V. S. Balkin) in the study of pethological processes. As is
well known, I. P, Pavlov hed a high opinion of this form of experi-
ment end considered the observations made by the use of it very impor-
tant.

Iater, special investigations of higher nervous activity using the
exclusion of distance receptors (K. S. Abuladze) were undertaken in
I. P. Pavlov's lsboratory.

In our experiments the exclusion of the receptors was carried out
simultaneously at various time intervals bafore the grafting of the
tuzor. The investigation was carfied out on 27 rabbits.

The exclusion of the three distance receptors was accomplished in
one group of animals (14 rabbits) two to 32 daye before the grafting
of the tumor. The remaining 13 rabbits served as controls. A sus-
pension of tumor cells (25 percent) was injected into the left tes-
ticles of experimental and control rabbits in 0.6 cubic centimeter
quantities. All the animels vors killed 21 days after the grafting
of the tumor.

The degree of metastasis wag Judged atcording to three indices:
the number of metastases in the involved organs, the relative sizes
of the metastases and the totel nwmber of organs Involved. (For more
details on the determination of the degree of metastasis see the sre-
ticle of I. P. Tereshchenko published in the collection Disease, Ra-
covery and Therapy, Works of the Acsdemy of Medical Sclences USSR,
Moscow, 1952),
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As = result of the operaetion, & greater dagres of involvement by
metastages was seen in the group of experimental robbits in comparis-
on with the control growp (Fig. 1). It wss established by this that
the intensification of the matastasis occurred chiefly on account of
an increase in the mumber and sizes of metastases 4n the organs in-
volved. Thus, while in the control group of animals
number of metasteses was seen in one rebbit and only in the lungs in

Fg. 1. Correlation of the Degree of Total Tnvolvement of internal
Organs by Matastases in Experimental and Control Groups.

Iight colwm - exparimental group;
shaded column - control group.

thig one; in four animals of the experimental growp there vere & con-
aiderable nuber of metagsteses. In these cases there were metastases
in several orgens, pamely: lungs, liver and kidneys.

No less distinct reasults vere obtedined in comparing the sizes of
the matastases. Whereas in the control group, the larger metsstases,
reaching the size of peas, existed in only one rabbit, and thereby
only in the liver, appreciable sizes of the metastases wero notsd in
five rabbits of the experimental group, and they existed in the Tungs,
1iver and kidneys.

In FMegure 2 18 presented the comparison of matastasis by individual
organs in the experimental and control groups.
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Fig, 2. Correlation of the Dogree of Involvement of Individual
Organg by Metastases in the Experimental and Control Groups.

1 - kidneys; 2 - edrensl gland; 3 - lungs; 4 - liver.
Light colums -~ experimental group;
shaded colums -- control group.

Therefore, the data presented fllustrate with adequate clarity the
intensification of metestasis in theexperimental group on account of
the increase in the nuwboer of metastases and the sizes of the metas~
tatic nodes. The increase in the total number of orgens involved by
metestases in the experimental group was insignificant.

The data obtained indicnte the’ the intensification of metagtasis
which was observed in tha experimental group of snlimals wazs the ree
sul: of the acceleration of the development of metastases. This may
be associated, on the one hand, with en eceriier onset of occurrence
of the process of metastasis, and, op the other hand, with an increas-
ed xafe of growth of the individual metastasesq,

Frocseding with the explanation of the mechanism of intensifica-
tion of metastasis it whould be noted that, acco;  to the observa~
tions of I. P. Pavlov (experiments of K. S. Abuladze » in the ani-~
mals, after exclusion of the three distance recaptors, a dimfnution
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occurs in the tonus oé the cersbral cortex vhich is associated with
theinhibition which is daveloped under these conditions.

In accordance with these observations the intonsification of
metastesis in animels in which the distance rveceptors have been ex-
cluded can be locked upon a5 & consequence of the fact that under
the conditions of decreased cortical activity the cortical com~
ponsation machanisms are aisturbed more quickly then usual. This
also finds its expression in our experiments in the shortening of
the pre-motastatic period end the more intense grovth of metastases.
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