PHYSIOLOGY

REFLEX EFFECTS ON THE HEART FROM THE PROPRIOCEPTORS

ALTERATION CF CONDITIONED REFLEXES FORMED ON A BASIS OF UNCONDITIONED
REFLEX EFFECTS ON THE HEART FROM THE PRCPRICCEFTORS

I. A, Sapoyv
From the Naval Medic:! Academy, Leningrad

(Recelved Junz 5, 1956, Presented by Academlicizn K. M. Bykov)

In earlier ardcles [5, 6], we presented data concerning the speed of the formadon, elimination and restora-
tion of positive condltioned reflexes, the development of which was based on unconditoned feflex effects on the
heart from the proprioceptors, and on the development of a differentiation. This article will present the results
obtainey by changing the signal meaning of the conditioned stimull. This series of experiments was conducted
on five dogs.

We should mention that certaln peculiarities in the reacdons of wo dogs, Ja_k and Treasure, to condidoned
stimuli and to 2n unconditoned stimulus developed before these experiments were conducted. After many uses
of the differentiation stimulus, the negative conditioned stimulus, 3 mewonome of 6u beats per minute (3160)
caused no change in heart activity. The positive conditiened stdmulus, a metonome of 120 beats per ininute
(1£120), after being combined many tmes with a statric physical load, caused no change in heart acuvity either.
There was a fourth phace observed in the reaction of the animals to both the unconditioned stimulus and tw the
unconditdoned and conditioned stimuli combined. Ar s dme, the stimul 2120 and M60, as well as the stade
load, seemed to have no effect on heart activity, The questicn was — wa2s the heart activity of the animals really
unaffected by these stimuliy

The experiments with the alteradon of the conditioned reflexes answered this question. Censiderable
changes occurred in heart activity during reinforcement of the differenziatien stmulus by the uneonditioned; they
were expressed by changes in all elements of the electocardicgram. The negative T wave became isoelecuic or
positive (most pronounced in the dog Treasure), the number of heart conwractions Increased considerably, and
respiratory arrhythmia disappeared (most pronounced in the dog Jack).

The alteration of the conditioned reflexes was virtually perfected duwing Experiment I after 4 combina-
tons in Treasure and after 3 in Jack. On the following day, M60 used alooe in the beginning of the experiment
caused the same changes observed when it was combired with the uncondidoned stimulus, M120, which had been
used twice without reinforcen.ent the preceding day, caused no evident change in heart activity, just az before
the alteration of the conditioned reflexes, We continuad to reinforce the altered conditioned reflexes for 3 more
days in Treasure and for 2 more in Jack. At this time, the earlier differentation stimulus, M60, reproduced the
changes which it caused during its first combinations with the unconditoned stimulus,

The changes which octurred in the alteration process became permanent and were observed without the use
of the stimuli beginning with the second day of conditicned reflex signal meaning alteration in Jack and with the
third day in Treasure. Moreover, the unconditioned simulus caused no change in heart activity, which remained
disturbed to the same extent as before. The new positive stimulus (formerly the differentiation) intensified these
changes, For example, in the dog Jack, only the rhythm of the heart activity changed when M60 was combined
with the static load, while the use of M60 alone caused not only a moré pronouniced thythm acreleraton, but also,



in separate Instances, caused the siwgative T wave of the clecuocarciogra™ to be wansformed Into a posidve
wave, The former positive stimuls, which ceassd to he reluforced »"== condidoned reflex alteradon began,
notmalized the heart actvity, The above Is tllustrated In the graphs of Jzck's heart actvity rhythm (Fig. 1yand
in the elecmocard! grams of Treasure (Fig. 2). After conditiored reflex 2iveration began, Treasure’s outward
behavior was aboaz {?:e same, but Jack showed a general motor resilesscess, pulling away from the bench and
gnawing at the straps. '

Since the m.ars?,et in the heart acdvity of these animals becarrs siable 2-3 days after conditloned reflex
alteration was begun, further action of the stimuli was stopped. The oois were allowed to rest, during which
tirme we made periodic elecirocaréiographic observations until the oxiz.nsl indices of heart actvity were = restored,
The animals were placed on the bes chés for 15-20 minutes, and €;~t41!,%‘£‘,0g‘fam5 in the 3 standard leads were
recorded. The ohservations were not conducted in the conditoned re7hey chamber, in which the alteration of the
stimulus stgnal meamng had been dorve, but tn a1 ordinary laborators »oovn. Here, for the first few days, we
noted changes in the animals® heart acdvity identical to those cbserved o the conditloned reflex chamber,
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Fig. 1. Dynamics of the changes in the heart activity Zxv2rm of e dog Jack during

conditoned reflex alteradon,

1y Background; II) during the acton of the stimuli: D) aTer the acdon of the stimuli;
on the ist, 2nd, 3rd, 11th, 12th and 17th days after alrzraziza began; 1) M60 combined
with unconditioned stimalus, but statde load alone on @e day defore alteration and on
the 2nd day aflterward; 2) M120; 3) M60; 4) undetectad =vthm changes; N-—normal
range of thythm.

Periodic electrocardlographic study of the animals.showed heart activity approximated the original level
in the dog Treasure 14 days after alzrazon began (Fig. 2, see Fig. 3, elzcrocardlographic forms I, 1T, I of
this dog before the condittioned reflex experiments), and, in the dog Jack, heart actvity became nogmalized 17
days after the beginning of condidened reflex alteraton (Fig. 1)

After the electrocardiogram indices had renined to the origical i=sel, which was observed in conditioas
of an ordinary laboratory room, the dogs were not used agaln experinenaily for more than three months: Trea-
sure was used after 95 days, Jack after $8. Then observations on them wece continued, When Jack was first wed
in the chamber after the recess, his elecmrocardiogram showed no chaags from the original (normal) toth with-
out the use of the stimuli {3 experiments) and with thelr use (4 experirmenn). However, when Treasure was used
in the conditioned reflex chamber, charges appeared in the electocariizgram which were analogous to those
cauwed by the 2lteration of the conditiened stimuli signal meanings: (er= was some Increase in the number of
heart contractions as compared with the original background, but the prizcipal change was a disturbance In the
end secton of the electocardiogram: a positive T wave was observed izszzsd of the negative normally observed,

, These elecurocardiographic changes were observed In the conditomed reflex chamber without the use of
stimull (4 experiments). As before the recess, M60 Intensified heart acZvity disturbance In this dog, while M120
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almost completely nonnallzed It (5 experiments). Moreover, the electrocardiogram recorded of Treasure during
this perlod in the laboratory room, where the electrocardiographic ohservatons were conducted, immediately
after the conditioned reflex alteration was hardly distingutshable from the normal, This led to the proposal

that changes In heart actvity cavsed by the conditioned reflex alteration were due to the whole complex of ex-
perimental condltions as well as 1o the specific use of the stimult,
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Fig. 2. Electocardiograms showing the changes In the heart acdvity of the dog Treasure
caused by the conditoned reflex alteration (the U leads).

1-7) On the 4th day after alteration began; 1) background; 2) during the actdon of the
unconditioned sdmulus; 3) after the action of the unconditioned stim ulus; 4) during the
actlon of M60; §) after the action of 280; 8) during the acton of M120; 7) after the
action of M120; on the 10th (a), 11th (b), 12th (c), 14th (d) and 17th (e) days after the
beginiing of conditoned reflex alteration,

Specific experlments were conducted to prove this proposal; electrocaxdiograms of the animal were flrst
recorded in the condltioned reflex chamber and then, 15-20 minutes later, in the laboratory room, and then the
process was repeated {nversely, Flgure 3 shows the elecurocardlograms obtalned from Treasure 1atwo such ex-
pertments; they show that the setilng in which the signal meaning of the stmull had been aliered (the conditioned
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reflex chamber) seemed to have become a *pathologic stimulus®, while the removal of the animatl from these
surroungings caused the electrocardiographic indices 1o approximate the original and heart activity to be normal-

ized,

when the Jdog Treasure was placed systematically over a period of a month in the conditioned reflex
chamber for 30-40 manutes a day (22 experimentsy, the ¢ iecauc&rmograms recorded during this time showed the
gradoal rerun w nornal of the heart activity, but slight electrocardiographic changes were ohserved periodically
even after this, Elecuocardiograms recorded from the dog Jack in the laboratory room and in the conditioned
reflex chamber during the same experiment were indisinguishable from each other,
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Fig. 3. Elecwocardiograms recorded from the dog Treasure in different rooms.
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Iy form of the electrocardiogram in leads from the extremities before the formation of
the conditioned reflexes was begun; 1, 2, 3 {a)) elecrocardiograms in the conditioned
reflex chamber, in order—leads L U and II; 4, 5 8 (a)) the same in the 1aboratory
room 15 minurtes later; 1, 2, 3 (b) }elecyw ocardlograms in the laboratory rcom, leads i,
I and I0; 4, 3, 8 (b)) the same 15 minutes later in the conditionad reflex chamber.

Therefore, in the fourth phase of waining to the static load, the alteration of the proprioceptive condi-
tioned reflexes on the heart was quickly accomplished. Three to four combinadons of the “lifferentiadon stimulus
with the wnconditioned stmulus sufficed. However, higher nervous activity in the animals was disrupted due to
the alieration of the propricceptive condidoned reflexes. This neurotic condidon was expressed in heart actvity
disturbances which differed as w character and duration depending on the dog. This would seemn to be primarily
connectzd with the experimental conditions and with the type of higher nervous activity in the arimals, as well
as with their age., When the signal meaning of the sdmuli was altered, only a persistent change in the rate of
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the heart contractions eccurred in the younyg dog, Jack fa7ad about 5 years). Only 17 days after alteration of the
signal meaning of the stimuli was begun did the heart chysm return to nonnal and the aniinal finally einerge
from the neurotic condition. In the old dog, Treasure fabout 9 years old), the neurotic condition was character-
szed by a distorted form of stimulation stoppage in the venwicular myocardium or by a disturhbance of the restora-
tien processes in the cardlac muscle {1,°2, 3, 4 and others’, as well as by change In the heart activity rate. When
this animal was removed from the serting in which the ~onditioned reflexes had been altered, heart activity was
normalized; the entire coniplex of experimemal concitiass had become a "pathologic™ stimulus which could
cause 2 neurotic condition even 5 noathe afier the beginaing of stmuli signal meaning alteration.

One must again emphasize that although the use of the new pos'uw stimulus (formerly the differentiation)
azgravated the heart activity distirbances throughout the neurotic period, the use of the former positive stimules
row the differendadon) actually caussed a temporary, aim ost complete restoration of heart actyvity to the
or:gmal indices. Here the action of the uncunditioned sri-rulus had almost no effect on the altered operation of
t5e heart. This indicates that, in such conditions, the iz “lsences on the heart which are realized through the

cerehralcortex are expressed 10 3 greater degree,
The question of whether collagie of the animal’s kizher nervous activity is unavoidable under the condi-

e deseribed needs further study. We propose that, in ©e majority of animals, it is unavoidable in such ex-
perimental conditions,  The reason for this seems o be e *petrifacdon” of the previously developed stereotype.

The factual raterial obuained in the experiments ::'se,sc:ibed above shows the complexity of explaining
the reasons for functional disturbances 0?’3‘ art acm.lty. ictually, considerable disturbances in cardiac activity
can ’t;e caused by factors which are seemingly usual and without effect on this activity, but which become
"rathologic™ stmull when their «igna 3 eaning is changed, as well as by those factors which are known to change
efore, that the environmental factors which have acquired a new

?*—.g.a:z activity without fz2il. It {s possibiz, ther

siznal meaning but which previously seerred 1o have no effect on the given activity could be regarded as usual
and habitual and not comsidered in the search for the reawms underlying the functonal disturbance of the body,
They may escape atiention, althoush a Jeailed study of changes in the meaning of the environmental factors

alty affecting the bodycouldhelp dsclose a "pathologic® simulus among them,

SUMMARY

Alterations of conditionéd reflzres which we studizd takes place in dogs after 3-4 combinations, In the

neuro:is which appears, the stimulus, »hich was formerly differential, enhances the disorder of the heart actvity

litie the one that was formerly positiv normalizes it

Newrosis is maintained only for 14-17 days if the 2 imals are removed from the soom where expenmems

of alwradon of reflexes were conducted, One3- year-ok éog completely recovered from newrosis in a fortnighe,

The environment in which alie n of reflexes 1ok place mainuained disturbances of the heart actvity

for 5 monihs In a 9 year old dog, m:.‘,fcvzt administration of additional stimulation,
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