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The change in heart activity caused by muscular work has been observed In numcrous research works.
-Individual experimenters[1,4,6,9,10,13], through short experlments, have established proprioceptive influences
on the heart, realized through the mechanfsm of unconditioned reflexes. Recent works have shown the possibilit
-of forming conditloned proprioceptive reflexes on the heart in animals and man {2,3,5,7,8,12,18 19)

We have not, however, found in the literaturc any systematic dcscriptlon of the propertics of the condition
ed reflexes whose formatlon. is ba';cd on unconditioned proprioceptive reflex Influences on the heart.

Therefore, the first task in our study lnvestigating proprioceptive influeces on the cardio- vascular.sysgem
was to determine the propertics of these condioned reflexes.

EXPERIMENTAL

The work was done on five male dogs. The experimental method was as. follows. We used a physical
(statlc) load as an unconditloncd proprloccptive stimulus, placing the load on the back of a benched dog. . The
load wcighcd 80% of the ‘animal's weight,” Heart activity was'recorded with an clec[rocardiogxaph electro-
catdiograms in the three standard Icads wete recorded from the extremities. We used a metronome of 120 bcats
per miriute (M 120) as a positive condnoncd stimulus and a metronome of 60 beats per minute (M60) as a nega-
tve. The experlments were done in an ordinary laboratory room and in a conditioned rcﬂcx chamber.

Earlier [14], we found that a stable clcctmcardlogram is established for a given position of a dog's body
after the reflexes to environment are extlnguished When no stimuli were used, the dogs' electrocardiogramns
remained esscntlally unch:mgcd for over two years after thelr stabilization. In spite of this, in evaluating vari-
ous influcnces on an animal's body, we started with the electrocardiographic background for that day rather
than with the already established background elcctrocardiogxams. so-that, each time, the experiments began
and often concluded with an electrocardiographic recording made without the influcnce of stimulf. This showed
" us'that, In the dogs, there were respiratory arthythmia and stight fluctuations in the thythm, voltage, systolic
'lndex and other elements of the electrocardiogram.

In most cases, we uscd one reinforcement the day of the experiment, occasionally two, and in rare cases,
‘more. ' - '

Aftet recording the background- electrocardlogram. we tested the effect of the conditioned stimulus alone,
then that of the ‘inconditioned stimulus alone, and finally at the end of the experiment, obscrved the effect of
a combinatlon or combinations of the conditioned and uncond {tioned stimuld,” Sometimcs. the effect of thc con-
ditioned stimulus alone was tested at the end of the experiment. The reinforcemcnt was not used when testing
the Isolated effect of the posittve conditioned stimulus on the animals,

The acting time of the unconditioned stimulus was 4 mlnutcs and, in certain’ scries of observatlons. 30 -
scconds and 1-2 minutes, The acting timc aliotted to thc posi!lve. conditioned stimulus was, in most cases, the
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samae as that of the unconditloned stimutus.

We observed changes in the antmal hicart activity during the tmposition of the static load and for 3-4
minutes after removal of the load, Having estabtished this fact, we recorded clectrocardiograms 30 seconds,
1, 2 and etc. minutes after the sthmulating actfon had begun and 30 seconds, 1, 2, 3 and 4 minutes after the
action of the stimulf had ccased, In order to trace the dynamics of heart activity change. Thercfore, the usc
of the next stimulus was only possible 5 minutes after the actfon of the preceding one had ceased.

EXPERIMENTAL RESULTS

Aftet having established stable clcctfocmdlogmms for the dogs, we developed conditioned reflexes based
on the proprioceptive unconditioncd reflexcs on the heart.

_ Under conditions of an ordinary laboratory room, a positive conditoned reflex on the heart was formed
after 6-10 combinations of the coudithncd and unconditioned stimull (Fig. 1), while fewcr combinations of the
stimulf were needed to form the conditioned reflex under conditions of a conditioned reflex chaniber.

- The clearest index of the heart activity changes caused by the static load was the change in rhythm; the
number of cardiac contractions per unit of time incrcascd considerably, and the respiratory arthythmia usually
* disappeared. Other electrocardiogram clements also changed: the volia_gc of the positive waves (P and R) first
decreased, then fncreased (at the moment when the conditioned stimulus fully reproduced the cffect of the -
physical load); the volt:_\gk; of the negatlve-waves (Q and T) decreased; the widih of the P wave first Incrcased,
but returned to {tsoriginal size as soon as the conditioned reflex was fixed; the size of the scctor P-Q now in-
creased, now decreased, finally becoming shorter; the complex QRS became broader and the interval R-T shorter;
the electric ventricular systole decrcased by 0.04-0.05 scconds (from 0.22 to 0.17-0.18 seconds), and the sys-
tolic index grew due to the reduction of the distance R-R. Al the eléctrocardiograms changes caused by the
actlon of the unconditfoned stimulus were almost completely reproduced by the action of the conditioned stimul-
us, with slight differences ih different dogs. '
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Fig. 1. Formation (a) and extinction (b) of proprioceptive conditioned
reflcx on heart in the dog Jack.

Along the horizontal — background and ordinal numbers of reinforce-
ments or non-reinforcements of conditioned stimulus by unconditioned.
shaded strip ~ normal range of rhythm; 1) greatest thythm changes
under the influence of the physical load in the given experiment; 2)
corresponding rhythm clmngc,-'cau,scdvby the action of the conditloned
stimulus alone. '
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_Fig. 2, Conditioned stimulus reproduction of the effect of the uncon-
ditfoned stimulus. - In the dog Treasure (a), in the dog Jack (b).
Arrow down — beginning of stimulus actfon; Arrow up — cessation of
stimulus action; 1) uxicd_ndltldncd reflex; - 2) conditloned reflex.

The graphs Included showing the thythim changes in heart actfvity caused by the action of the unconditioned
and conditioned sthmull were made from experiments on the dog Treasure after 20 combinations and on the dog
Jack after 16 comblnations of the stimuli (Fig. 2). They show that the conditioned stimulus ¢ffected exactly the
same type of change in the heart activity as did the physical load. This applics to all the elements of the elec-
trocardiogram. With the use of the static load, the maximal changes occurred during the perlod immediately
after the action of the unconditionced stimulus had stopped, but, with the use of the conditioned stinmlus, they
occurred during the Tast minute of the stimmlus action. However, this only characterized the glven phase of the
anlmal's mantfestation of a reaction to the unconditioned and condlitioned stimuli, and was not lnvarlably ob-

served, ®

The fixed pmprkx,(,ptivc condhloncd reflexes on the heart remained In the animals for a tony thme after
, the concluslon of the experiments. We twice lnturupt(,d the experfriients after the fixation of the conditioned
reflexes In two animals: the flrst lmuruption was 70 days for the dog Treasure and 85-days for the dog Jack;

the setond tuterryption was 135 days for both animats, Testlug the cffcct of the condittoned stimulus after such
interruptions showed that this sthmulus canscd the same changes in heare activity as before the expertments were
fnrerrupted,” We niost mention that the cxpulm(,mal set-up had a most marked effect on heart activity in these
experiments. Notlmablc chanpu in the animals® electroc ardlograrus made after the interruption were obscrved
after the Influcnce of the former cxperimentat conditions atone, without the use of the positive conditioned
stimulus. Consequently, the whole complex of the experimental conditions served as a conditioned sthnulus to
the anlmals, as well as the M120, cven though reflexes to the surrounding had been eliminated before the work
was begun, and changes In the anfmal heart activity had not been effected by the exputimental set-tip before
the Interruption of the work.

Although the fixed conditloned reflexcs on the hoart rematned for scveral months after the dog's removal
from the work, thelr active ellmination was quickly accomplished, We found that it sufficed to place the animal
a few times in the conditions of thc earlicr experiments and use the conditioned sttmulus without relnforcement.
'In order to elfminate the propriogeptive condlitioned reflexcs, we put the animals on a bench for 16-20 minutes
in the same room whero the conditioned reflexes had been formed, and, once a day, used M120 without the rein-
forcement of the static Joad, After this had been repeated 3-4 times, the heart activity of the dog Jack roturned
to the original level dnder thesc conditions (see Fig. 1). The conditloned reflex was eliminated just as quickly -
n the other dogs.

The extinguished proprioceptive conditioned reflexes on the heart could be restored In. the dogs after 1-2 -
combinations of the conditioned and unconditioned stimult,

* See Sapov,1.A., Byull. Eksptl, Biol. { Med., 1957, Vol. 43, Nol. 1, p. 14,

1044



An Inhibirory conditioned reflex was formed In the anhmals after 1-4 uses of the differentiation stimisdns.
The flrst use of M60 on the dog Treasure retarded the rate of heart activity and prolonged the electrie systole
of the heart, as shown by the expansion of the complex QRS.

Figurc 3 shows the changes In the thythm of heart actlvity caused by the action of the positive and nega--
- tlve conditioned stimuld, -

_ The é;cc_ond use of M60 (in the following experiment) cansed no change in the anfmat®s heart activity.
Later, In all of the experiments, M60, used once, appeared firmly fixed as a differentfation. The third group
.of graphs (Fig. 3) shows the changes tn heart activity occurring after many uses of the stimull,

‘These then were the results of some of the ex-
pcifnlctlts conducted in‘arder to examine certafn proper-

50 4 tics of proprloceptive condltioned reflexes on the heart.

' They indicate the importance of influcnccs fronr the:
o proprloceptors fn the adaptation of the heart activity to
137 the ever chzmgmg condltious of natural existence and,
possibly, the leading role played by proprioceptive fn-
fluences in the regulation of heart activity. '

" -
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_ Proprioceptive conditioned reflexes on the heart
as - arc quickly formed; the effect of the unconditioned

stimulus s corupletely reproduced by the condftioned

er of heart conmactions per minute

7%
stimulus; these reflexes perstst for a long time after the
7 ‘reritoval of the andmal from the experimentat surround-
. Ings, but can be quickdy climinated as well as quickly
/"” : restored; a differentiation is forined after several uses
of a nontcinforced stimutus -~ atl these are-propertics of
k: 84 natural conditioned reflexes. The anhinal encounters
h, 73 daily many stimull which fuvariably cause motor re-
” R _ _actions, which, n tarn, specify changes in the activity
';——‘7«/; ‘;7 //r_/;‘/'~/,”;* of the heart.” A great many natural (:onditimmd“rcﬂcxca
a h e _ean be formaed on the basis of imeonditioned propriocep-
o o _ tive reflex effects on the heart, By the fonnation of
Fig. 1. Differentiation formation In the dog, Tred- One OF tWo artificlal proprioceptive reflexes, we add
sure. . - ' “hut lttle to the great quantity of natural proprioceptive
T) background; 1f) during the sthuulus action; IMI) conditioned reflexes. However, by this wethod, onc
afier the sthmulus action. 1) positive conditioned can detorining certain of their characteristics’and, there-
stimulus (M120); 2) negative slhnulus'(M(;n). ‘n) ) fore, 'h(:;;hl’ to understind the rqmnrlmhly varfed changes
aftor onc combination of M120 with the static lowl in heart activity which dre observed both with the in-
during the restoratlon of the conditioned reflex; the flucnce of stimuli diiuctly cansing a wmoltor reaction
first use of M60; b) aftir 6 cotnbinations of M120,- and with the action on the body of all the environsnen-
the sccond use of MG0; ) after 69 combinations of tal conditions mder which the action of the stinmH
M120, the 15th use of MG6O, occurs or occurred.

SUMMARY

Proprioceptive condijoned reflexes on the heart were stcdied i H dogs with the aid of clectrocardiogra-
phy, These refloxes are formed afier 6-10 combinations of conditioned and-unconditioned stimulations and

arc preserved for a long time In the intervals between experiments, Thedr frequency-is actively increased, (f
not relnforced, 354 thimes and” are restored after 1-2 combinations,

. DIfférentiation takes. place. after 1-4 stimulations. These propertics show the leading role of proprin-
«ceptive condftioned refloxes in adaptation of the heart activity to the changing conditions of the body.
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