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The view that the nervous system plays an important part in the E,echanism of the compensatory process 
developing in heart disea~ wa, first advanced by S. P. Botkin [2], on the basis of his extensive clinical material. 
and has been studied experimentally by Tlmofeev ['/], working with I. P. Pavlov [6], Ballint [8]. Hulmangyi et 
al. [10]. L. Ya. Balonov [I], and others. 

Insufficient attention has, ho',~ever, been paid to the acvaal mechanlsn.~ whereby continuous compensatory 
hyperfunc~on of the heart, and the timely deplo]~Tnent of ex~acardtac compensatory factors, are a~,med in heart 
disease. 

We have shown in our previous communications [4, ~] ~-.~t in the stage of staMltzed compensation of hed,rt 
defec~ experimentally induced in rabbi~ L~lere was a pronounced weakening of the unconditioned reflex reactlo~t 
to .~timulation of the upper respiratory pas~ges with ammonia vapor, and consisting of respiratory arrest and 
b;adycardia. The dmation of the unconditioned reflex apnea and the degree of bradycardta are 3-5 times ~ a l l e r  
in rabbit~ with heart defect~ than in controls. This change is associated with strengthening of sympathetic nerve 
refiexea ~ugmenting the activity of the heart. Thus a specific readjustment of nervous centers ta~es place, en- 
suring ~intertuptible hyperfunctfoning of the defective heart, and excluding the possibility of reflex inhlbidou 
of ~espiration and cardiac activity. 

The pre.~;t paper describes the result, of a study of the effects of cardiac defec~ on conditioned reflexes 
formed on the basis of unconditioned reaction to exposure of the upper respiratory pas.tages lo ammonia.. 

EXPERIMENTAL METHODS 

The animal material consisted of 16 male rabbiu, weighing 2-2.fi kg. 

E• aortic stenosis was produced by the method described in a previous paper. The aortic cross 
section was redttced to a quarter to one sixth by d~e application of a silk ligature. Stenosis was associated with 
th- characteristic x-ray and morphological changes in the heart. In fl~e first group of experiments, on 6 rabbit~, 
we formed a stereotype of conditioned reflexes, and aortic stencils was then induced in 4 of them; a llgatme was 
applied to the aorla of the remaining 2, but was not tightened. The cc.nditioned reflexes of all 6 animal, were 
~en followed during the I0 day, after the operation, i. e...up to the sMge of stable compensation of ~e  defect, 
and after the effects of operational trauma and of the initial severe reactions to the stenosis had pa~ed off. In 
�9 e second group of experiments we formed conditioned reflexe, in 4 rabbits which had been subjected to ex- 
perimental aortic sten~sis a m~nth earlier, and in 6 control rabbit*, which had not been operated on ~t all, with 
the object of ascertaining the ,fleet of a pre-existing heart defect on the procest of |orm.ation of conditioned 
retXexes. 
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All the experimentl were conducted with the an imah  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 o f  stimulations. 

Unconditioned reflex apnea and bt~dycardia were cauved by irritating the upper respiratory passages with 
ammos.in. In tl~e tmoperated rabbits ~he duradcn of  reflex apnea was lfi-20 seconds, and bradycardia wa~ mani-  
fested by an abrupt fail in the heart ram fnam 2.50 to 30-30 beats per m tnute, returning to normal within 20-30 
seconds. 

The conditioned reflexe~ wc:e  font~ed on the basis of the given uPconditioncd reflex. The conditioning 
,timult were a metronome, frequency 300  beats per minute, and a green light. The differentiating stimulus 
was a metronome of frequency 30 beats oer minute. Tb.  ,ul , ,  ton of exposure to the conditioning stimuli was 
I0 seconds. Delaying was no~ at fl:~t pr3ctlced; the conditioned stimuhtt was applied immediately after exposure 
to ammonia. A delay of 1 second wa~ ~hea instituted, and this delay was gradually increased, up to 6 seconds. 
The Conditioned rePcx~s a3i.e~red a|ter 4-8 combinations, and a constant delay of  6 seconds was reached after 
15-20 combinations. 

Until the reflex was formed neither M-300 nor green light had an), Perceptible effect on the respiratory 
and ECG tracings. After its formation the isolated sounding of M-300 caused apnea lasting as long as it was 
sounded, with pronounced hradycatdia, involving retardation of heat rate from 240-260 to 60-80. The light 
stimulus caused equally r~r.,:ouuced reactions. Differentiation (M- 30) was formed after 6-10 associations, and 
was incomplete in about a third of  the anhT, al~, I. e.,  some retardation of  respiration and heart rate was observed. 
The conditioned reflexes were of great stability, and could te l ) '  be extinguished after 2.5-30 unreinfotced stimula- 
tions. 

The respira~r,-jr and cardiac componen~ of  the conditioned reflexes were of parallel intensity, and for 
convenience ~e usually asse,~ed the strength of ~ e  reflexes from the respirator)' component c~,l)'. The st;ength 
of  the refle~e, as calculated b), dezermining a mean normal value for respirations per minute for each animal, 
and r)~en finding the number dining a period of  6 seconds. 

if. for example, the respiratory rate wa, 78 per minute,  ~hen there would be 7~tt respirations in 6 seconds. 
~ e  then eoue,~d the ntwober of breaths .~hown on th.--pneu.mograms during a 6 second period of action of  the 
conditioned stimuluL I f  t~e number of  brea~.s was the same as before stimulation, e.g., 7ill, it  followed ~ a t  
the condhioned stimulus had nc z ' rec t  on the respiratory r h ~ m o  and the str.ength of the conditioned reflex was 0. 
IL o~ t ~  c,~hcr ban~. resv'.r.~don was arrested w . ~  the moment  of application of the conditioned stimulus, and 
~a: J- ;ent  during ~e  ~hole c7 the 6-second period of zfim,flation0 the strength of the reflex was at a maximum, 
and a~ounted to 100~  

If the respiratory rate w~s half the normal value during ~timulatfon, the strength of the reflex was ~05k 

The s~rength of the conditioned reflex was fo,.qd to vary from 60 to 100qo during a given experiment, In a 
group of 8 control rabbits. 

The strength of the reactions to the at~ditory and visual st imuq bore a constant relationship. The magnl-  
tu0,~ of ~ e  reflex to M-300 was 70 -100~  and ef  the reflex to green light 27-50op~. 

E X P E R I M E N T A L  R E S U L T S  

The : revlously de,~cribed weakening of unconditioned reflexe., was observed 10 days after constriction of  
the aorta of all 4 rabbits of the first group, inwhich  conditioned reflexes had been formed before the operation; 
the duration of unconditioned reflex apnea was reduced fron~ 15-20 to 7t/2-I '21] z seconds, arld the degree of 
brad).cardia from 30-50 to 100-!.9.0 ~.eats per minute. The strength of the condidoned reflexes fell correspond- 
ingly. The strength of the auditory conditioned reflexes to M-300 fell from 100-60 to 40-27*]0, and of the con-  
ditioned reflex to light to 0. The corresponding conditioned reflex bradycardia fell from 30-50 beats per manure 
[o 120-200 t~eats pet min~m, and was ahogether absent in som* experiment, (Figs. 1 and 2). There was no 
change in the r~action to the dlsct,~minating*dmulus. Tlie extent of weakening of conditioned reflexes varied 
for different animals, parallel to the weakening of  unconditioned reflexes in the given rabbiL 
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Application of a ltgatme to the aorta, without caudng ttenosls, causr a certain retardation of heart rate, 
and led to [xol,,mgatton of unconditioned reflex apnea. No sigrdflcant changes were observed in the ltzengtb of  
condittone~ reflexes in these two an.finals. 

Fig. !. Conditioned reflexes in a normal rabbit (a). and in the same animal a month after 
cons~,Iction of the aorta (b). 

Explanation of curves (from above down): respiration, unconditioned stimulus, conditioned 
stimulus, tlme marker. 

Fig. 2. Conditioned reflex bradycardia in a normal rabbit (a); in a ,abb!t which had been 
subjected to aortic *.tenosls a month earlle.r (b) - bradycardia is absent. 

The upper t~acing shows tame and duration of the auditory stimulus. 

In the secon0 group of experiments the formation of conditioned reflexes in response to "e M-300 aadltm 1 
sttmulm in animals with pre-existing aortic stenosfs was, naturally, more difficult, in ~i,w of the weakenllg of 
the unconditioned reflex, The first appearance of the conditioned reflex was observed after 3-'/assoclation:,., in 
both ~-oupt of animals, with or Without aortic stenosis. The two groups diverged widely thereafter, however. 
Whereas the strength of the conditioned reflex varied in the control group from 60 to 100~ after 15 assoclationg 
it rarely exceeded 35-40~ in the group with nor:If stenosis, even after 35 aswmaations. Apart from thin, the 
operated group differed from the control in that stabilization of the. reflexes did not c-cur - failure to respond 
occarred perlodlcally. 

The weakness and the instability of the conditioned reflexes in rabbits suffering from heart defects ~:~: a 
hindrance to formation of delayed reflexes. Whereas a delay of 6 seconds was achieved in the control group 
after I3-15 associations, this was not pos:lble in the operated group even after 35 associatiom. 
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SUMMARY 

A rcdu.--n,~.: of the uncond{tloned reflex, which casscd apnea and bradycardla was noted in enimals with 
~.~mp~::.~t.eu ~ e a , n e n t a l  :~c:~t:. stenosis. The sound and!lght conditioned reflexes which were formed on ltl 
k,a~r we;~., ;~te~i~e0 reduced. Tt~, process of formation of the new conditioned reflexes on the base of the above 
u=lco~uid,.;~ ;-.ve.x became more difficult. These experimental data. were evaluated tn view of !. P. Pavlov't 
concr t.f the closure of the conditioned a.~oelatior, betw,=en the cerdcal r of unconditioned 
reflex and the cortica ! representation of the ccv:2spondlng coi~$ldoned stimulant. It may be suggested that the 
reduction of the above unconditioned reflex in heart defect causes decrea.,ed excitability of its cortical represen- 
tation. As a result of this the vower of ~e  process of excitation 1= decreased, the existing temporary associations 
are disturbed to a ce.*tain degree a;,d the formation of new temporary associations becomes more difficult. Tile 
adaptive significance of reduction Of unconditioned and conditioned reflexes, which inhibit  ~e  heart activity 
consists (in condition of heart defect) in the fact that it more or lets guarantees the vitally important continuity 
of the compensatory hyperfunctio~ " i  the heart. 
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