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The view that the nervous system plays an important part in the rechanfsm of the compensatory process
developing in heart disease was flrst advanced by S. P, Botkin [2], on the basis of his extensive clinical material,
and has been studied experimentally by Tlmofeev [7], working wiih L. P. Paviov [6], Ballint {8], Hulmangyl et
al. [10}, L. Ya. Balonov [1], and others.

Insufficient atiention has, however, been paid to the actual mechanisn.s whereby continuous compensatory
hyperfuncden of the heart, and the timely deployment of extracardiac compensatory factors, are assured In heart
disease.

We have shown in our previous communications [4, 5] that in the stage of stabillzed compensatdon of heurt
defects experimnentally induced in rabbits there was a pronounced weakening of the unconditioned reflex reaction
to stimylation of the upper respiratory passages with ammonia vapor, and consisting of respiratory armest and
bradycardia. The dwation of the unconditoned reflex apnea and the degree of bradycardia are 3-5 dmes smaller
in rabbits with heart defects than in congols. This change is associated with soengthening of sympathetic nerve
sreflexes augmenting the activity of the heart. Thus a specific readjustment of nervous centers takes place, en-
suring uninterruptible hyperfunctioning of the defective heart, and excluding the possibility of reflex inhibiton
of tespiration and cardiac activity.

The present paper describes the results of a study of the effects of cardlac defects on conditioned reflezes
formed on the basis of uncondidoned reaction to exposure of the upper respiratory passages to ammonf.

EXPERIMENTAL METHODS
The animal material consisted of 16 male rabbits, weighing 2-2.5 kg.

Experimental aortc stenosis was produced by the method described in a previous paper. The aortdc cross
section was reduced to a quarter to one sixth by ihe application of a siik ligature, Stenosls was assoclated with
ty characteristic x -ray and morphological changes i1n the heart, In the first group of experiments, on 6 rabbite,
we formed a stereotype of conditioned reflexes, and aortic stenosis was then induced in 4 of them; a lgature was
applied to the aorta of the remaining 2, but was not tightened. The ccnditioned reflexes of all § animals were
then followed during the 10 days after the operation, i. e., up to the stage of stable compensatdon of the defect,
and after the effects of operational wauma and of the initial severe reactions to the stenosls had passed off, In
the second group of experiments we formed conditioned reflexes in 4 rabbits which had been subjected to ex-
perimental aortic stencsis a month earlier, and in 6 control rabbits, which had not been operated on at all, with
the cbject of ascertaining the efiect of a pre-existing heart defect on the proces: of formaton of condidoned
reflexes,
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Al the expertiments were conducted with the animals in the prone position, Respiration was recorded on
an electrokymograph, and cardiac activity by means of an electrocardiograph (EKP-4M), with a fitted electrical
recorder of.stimulations,

Uncondftoned reflex apnea and beadycard{a were caused by irritating the upper respiratory passages with
ammonia. 1In the unoperated rabbits the duraticn of reflex apnea was 15-20 seconds, and bradycardia was mant-
fested by an abrupt fall in the heart rate from 250 to 30-50 beats per minute, returning to normal within 20-30

seconds,

The conditioned reflexes wrre fonned on the basis of the given urconditinned reflex. The conditioning
stimulf were a metronome, frequency 300 beats per minute, and a green light, The differentiating simulus
was a metronome of frequency 3¢ beats per minute, The dusa son of exposuse to the conditiontng stimull was,
10 seconds, Delaying was not at fizst pranticed; the conditioned stimulus was applied immedlately after exposure
o a;nmonia, A delay of 1 second was thea instituted, and this delay was gradually increased, up to 8 seconds.
The conditioned reflcxus anj.cared afier 4-8 combinations, and a constant delay of 8 seconds was reached after

15-20 combinadons,

Until the reflex was formed neither M-300 nor green light had any perceptible effect on the resplratory
and ECG tracings, After its formation the isolated sounding of M-300 caused apnea lasting as long as it was
sounded, with pronounced bradycardia, Invelving retardation of heat rate from 240-260 to 60-80. The light
stimulus caused equally pronouniced reactions, Differentdation (M-30) was formed after 6-10 assoclations, and
was incomplete in about & third of the animals, 1. e,, some retardation of respiration and heart rate was observed,
The conditioned reflexes were of great stability, and could orly be extinguished after 25-30 unreinforced sthinula-

tons,

The respirassry and cardiac colaponents of the conditioned reflexes were of parallel fntensity, and for
convenience we usually assessed the strength of the reflexes from the respiratory component only, The stzength
of the reflescr a3 calculated by deiermining a mean normal value for respirations per minute for each animal,
and then finding the number during a period of 6 seconds,

¥, for example, the respiratory rate was 75 per minute, then there wouid be 7Y, tespirations in 6 seconds,
We then courted the number of breaths shown og the pnewnograms durlng a 6 second perlod of action of the
conditioned sdmulus, If the number of breaths was the same as before stimulaton, e.g., 71/,, it followed that
the «oaditioned stimulus had nz fect on the respiratory rhythm, and the suength of the conditioned reflex was 0,
1, on the oihicr hand, respirssion was anrested with the moment of application of the conditoned sdmulus, and
wa: <Msent during the whole ¢ the 6-second period of stimslation, the strength of the reflex was at a maximum,

and arounted to 160%,
if the respiratory rate was half the normal value during stimulation, the strength of the reflex was 50%.

The suength of the conditloned reflex was fonnd to vary from 60 w0 1009 during a given experiment, in a
group of & control rabbis,

The stréngm of the teactions 1o the auditory and visual stimu'l bore 2 constant reladonship. The magni-
i of the reflex 10 M-300 was 70-100%, and of the reflex to green light 27-50%,

EXPERIMENTAL RESULTS

The ;reviously described weakening of unconditioned reflexes was observed 10 days after constriction of
the aorta of all 4 rabbits of the {irst group, in ‘which conditioned reflexes had been formed before the operation;
the duration of unconditioned reflex apnea was reduced fron: 15-20 to 71/,-12!/, seconds, and the degree of
bradycardizi from 30-50 10 100-120 beats per minute, The swength of the conditioned reflexes fell correspond-
ingly. The swrength of the auditory conditioned reflexes to M-300 feil from 100-80 to 40-27%, and of the con-
ditioned reflex to light to 0, The corresponding conditioned reflex bradycardia fell from 30-50 beats per minute
10 120-200 heats per minute, and was alt ogexher absent in some experimems (Figs, 1 and 2), There was no
change in the reaction to the discriminating stimulus, The extent of weakening of conditioned reflexes varied
for different animals, parallel 1o the weakening of unconditioned reflexes in the given rabbit.
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Applicaton of 8 ligature to the aorta, without causing stenosls, caused a certaln retardation of heart rate,
and led to prolongadon of unconditioned reflex apnea, No significant changes were observed in the swength of
conditioned reflexes {n these two antmals,

Fig. 1, Conditioned reflexes in a normal rabbit (a), and fn the same animal a menth after
constriction of the aorta (b). '

Explanaden of curves (from above down): respiration, unconditioned stimulus, coudidoncd
stimulus, tirne marker.

Fig. 2. Condidoned reflex bradycardia in 2 normasl rabbit (a); in a ;abbit which had beea
subjected 1o aortic ¢tenosts @ month eartier (b) — bradycardia is absent,
The upper tracing shows tme and duration of the audftory sdmulus,

In the second group of experiments the formation of conditioned reflexes in response 1© “e M-300 anditoy
sthmulus in animals with pre-existing aortlc stenosis was, nawrally, more difficult, in vizw of the weakenirg of
the uncondidoned reflex. The first appearance of the conditdoned reflex was observed after 3-7 assoclationy, in
both groups of animals, with or without aortic stenosis, The two groups diverged widely thereafter, however,
Whereas the swength of the condidoned reflex varied {n the control group from 60 o 100% after 15 associadons,
it razely exceeded 35-40% in the group with aord« stencsis, even afier 35 assoctations, Apart from this, the
operaied group differed from the conuol {n that stabllizadon of the reflexes did not ¢ cur — fatlure to respond
occurred perlodleaily,

The weakness and the instability of the conditioned reflexes in rabbits suffering from heart defects wx
hindrance to formation of delayed reflexes, Whereas a delay of 6 seconds was achieved in the control group
after 13-15 associatons, this was not possible in the operated group even after 35 assoclations,
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SUMMARY

A teducnn. of the uaconditioned reflex, which caused apnea and bradycardia was noted in animals with
zumpoiiteu vapednental soots stenosis. The sound and lght conditoned reflexes which were formed on its
bars wes, wuewise, reduced. The process of formadon of the new condltioned reflexes on the base of the above
vacoiuitunig ivF2x became more difficult, These experfmental data were evaluated 1n view of L. P, Pavlov's
conce puiun of the closure of the condltioned assoclation between the cortical represeatation of unconditioned
reflex and the cortical representation of the cersesponding coiididoned simulant. It may be suggested that the
reduction of the above unconditioned reflex in heart defect causes decreared excitability of {ts cortical represen-
tation, As a result of this the power of the process of excltation s decreased, the existing temporary associations
are disturbed 10 a certain degree aid the formation of new temporary assoclations becornes more difficult, The
adaptive significance of reduction of unconditioned and conditioned reflexes, which inlifbit the heart activity
consists (in conditon of heart defect) in the fact that it more or less guarantees the vitally important contnuity
of the compensatory hyperfunction «f the heart,
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