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The change tn heart .activity caused by muscular work has been observed In numerous research works. 
.Individual experimenters [1,4,6,9,10,13], I through short experiments, have establishe d proprtoceptlve Influences 
on the heart, realized through the mechanism of Unconditioned reflexes. Recent works have shown the Posslbllit 
.of forming conditioned proprloceFtlve reflexes on the heart In animals arid man [2,3,5,1,8,12,18,19]. 

We. have not, however, f0tmd In the literature any systematic description of the properties of the condltlo~ 
ed reflexes Whose formatlon:Is ba~cd on unconditioned pr0prloeeptlverefle x Influences on the heart. 

Therefor e, the first task In our study Investigating proprtocepttve Influe~es on tl~e cardlo-vascular.sys/~m 
was to determine the prot2ertles of d~ese condfoned reflexes. 

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

The �9 was done on five maie dogs. The experimental.method was as.follows. W~ used a physica ! 
(static) load a~ an unconditioned proprloccptlve stimulus, placing the load On the back of a benched dog. The 
load weighed 80%Qf the ~anlmal's Weight. Heart activity wasrecorded with an dlectrocardlograph; electro- 
cardiograms In the three standard leads were recorded from the extremities. W e  Used a metronome of 120 beats 
per minut e (M 120) a sa  positivccr)ndioucd stimulus and a metronome of g0 beats per minute (M60) as a nega- 
ave.. The.experiments were done in an ordinary labor~itory room and in a conditioned reflex chamber. 

EarlierJ14], we found that a stable electrocardiogram ts established for a given position of a dog's b.ody 
after the reflexes tO envkonmcnt are extinguished. When no stimuli were used, the dogs' electrocardiograms 
remained essentlaliy unchanged for over two years after their stabilization. In Spite of this, in evaluating varl ~ 
ous Influences on an anhnal's body, We startedwith tile electrocardiographic background for that day rather 
.lhan with the already established background electrocardi0~ams,so thatj each time, .the experiments began 
and often concluded with ari electlocardlographlc recording made without the Influence of stimuli. This showed 
us'that,ln the dogs,there were respiratory arrhythmta and slight flUctuations tn the rhythm, voltage, systolic 
lnde x and other elements of the electro'cardlogram~ 

In most cases, we usco one reinforcement the day of the experiment, occasionally two, and In rare eases, 
more. 

After reco~lng the background electrocardiogram, we tested the effect of the conditioned stlmu!us alOne0 
then that elf the "unconditioned stimulus alone, andfinally at the end Of the experiment, observed the e f fec t0 f  
a combination or combinations o:f the conditioned and Unconditioned sthmd !. 'Sometimes, the effect of the con- 
ditioned stimulus alone was. tested at the end of  the experiment, The reinforcement was not used when testing 
dad Isolated effect of the positive conditioned stimulus On the animals. 

The" acthig time of the unconditione d stimulus was 4 mintiteS and , in certain:series of  observations, 3 0  
seconds and 1-2 minutes. The acting tittle allotted to tho positive conditioned stimulus was, In most cases, f i le  
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Ilhle aS that of the Utlconditloncd stlmuhls. 

We obmrved -changc.~ In the anfmal heart activity during ihe Imposition of the static load and for 3-4 
minutes after removal of ttle load. llavlng established Iht~ fact, we recorded electrocardiograms 30 seconds, 

1 ,  2 and etc. minutes after the stimulating action hM begun and 30 second~, 1, 2. ,'! and 4 minutes after the 
teflon of the stimuli had ceased, In order to trace the dynamics of heart activity change. Therefore, the use 
of the next stimulus Was only possible 5 minutes after the action of the preceding one had ceased. 

E X P E R I M E N T A L  RESULTS 

After having established stable electrocardiograms for die dogs, we developed conditioned re flexes based 
on the proprioccptlvc unconditioned rcflcxes oil the heart. 

Under conditions of an ordinary laboratory room, a positive condltoned reflex On the heart Was formed 
after t]-10 combinations of the conditioned and unconditioned stimuli (Fig. 1), while fewer combinatlon's of the 
stimuli 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 O? cardiac contractions per unit Of time Increased considerably, and tt!c respiratory arrhythmla usually 
disappeared. Odler electrocardlo~am eletnents also changed: the voltagc of the positive waves (P and R)first 
decreased, then Increased (at the moment- when the conditioned stimulus fully reproduced the effect of the 
physical load); file voltage Of the negative Waves (Q and T)dccreased; the width of the P wave first Increased, 
but returned to its original size as.soon as the cond:ltioned reflex was fixed; the size of the sector P~Q now ln- 
crea~ed, now decreased, ,finally hecomtng shorter; the complex QRS became broader and the Interval R-T shorter 
the electric ventrlcular systole decreased by 0.04-0.05 seconds (from 0 . ~  to 0.17-0.18 seconds); and the sys- 
tolic Index grew due tothe reduction of the distance R-R, All the electrocardiograms changes caused by the 
action Of the unconditioned stimulus were almost completely reproduced by the ,action of the conditioned stlmut- 
us, with slight differences kifdlfferent dogs. 
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Fig. 1. Formation (a) and extinction (b) of proprloceptlve conditioned 
reflex on heart In the dog lack. 
Along the horizontal L background and ordinal numbers of reinforce- 
men-ts or non-reinforcements of conditioned stimulus by unconditioned. 
Shaded strip L normal range of rhythm; -1)greatest rhythm changes 
under the Influence of tile p!wslcal 10ad tn ttle given experiment; 2) 
corresponding rhyflml ctlauge eausedby the action of the conditioned 
Stimulus alone. 
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�9 F ig .  2 ,  Conditioned stimulus reproduction of file effect o f  the uncon- 

ditioned stimulus. In the dog Treasure (at, In the dog Jack (b). 
Arrow down--beginning of  stimulus action; Arrow up - cessation o f  
stimulus action; 1) une0ndltl0ned re f lex ;  2) Condltlotied reflex. 

The graphs Includcd showing the rhythm changes hi heart activity caumd by the action o f  the unconditioned 
and conditioned stimuli were made froth expcrhncnts on the dog Treasure after 20 combinations and on the dog 
lack after 16 Conlblnatlons o f  the stlmltll (Fig. 2). They Show that the condltfoncd silrnulus e fleeted exactly the 
same type o f  change In tile heart activity as did tile physical load. This applies to ,all tile elements o f  tile c lcc-  
t roc~dlogram.  With the use o f  tile static load. the maxima! changes occurred during the period immediately  
after thc actfon of  the unconditioned stimulus had .qtopped, but, with the use o f  file conditioned stlmtthts, they 
occurred during the last minute of  tilt: stlm~llus action, tlowever, tills only charactcrized the given phase o f  tile 
anlmai 's  manifestation of  a reaction to the unconditioned alld conditfolted stilv,ttll, mid was tlOt Invariably ob- 
served." 

The fixcd proprloceptlve coudltlovled rellcxes on the hc,'trt rctnafncd In tile animals for a long ttme after 
the  eonchtslott of  the vxperilncnts. We twice interrupted tile experiments after the fixation of  tile c0ndhlovved 
reflexes In two  animals: the first Interruption was '70 days for tile dog. Treasurc aixd 85 days for t i l t :  dog Jack; 
the sea:end Interruption was la5 day.~ for both animals. Testlug tile effect of  the coildittolled stimnhls after such 
Interruptions showed that tills stlmuht.~ caused the same chaltges lit hcart activity as before tile experiments were 
Inti3rrnpmd; W e  Itlnst IiICutlon that tile cxperiinental set-up had a most marked effect on heart activity lit these 
�9 Noticeable changes In the animals' electrocardiograms made after the hltcrruptlon were observed 
after the lnfhlcnca of the formt'.r cxt>erlment;d conditions alone, Kgithottt the use of  the positive cottdittoned 
stimulus. Colisequently, tile whole complex of tile experimental conditions served as a conditioned sthtnllus to 
the  animals, as well as tile MI~0, even though reflexes to the surrounding had bccn eliminated before the work 
was begun,' and changes In the animal heart .activity had not been cffectcd by the experimental set-tip before 
the Interruption of  the work. 

Although the fixed conditioned reflexes on tile heart rcmatucd for several months after the dog's removal 
from tile work, theft active elimination was quickly accomplished. We found that It sufficed to place the ,'mlmM 
a few times in the conditions of  tile earlier experiments atid use tilt conditioned stlnluhls without reinforcement. 
In order to eliminate the proprl0~eptive conditioned reflexes, we put the anlmMs on a bench for 15-~0 minutes 
tn the same room where the conditioned reflexes had been  fornted, and, once a day, umd M120 without the rein- 
forccment of  the statlc,load. After this had been repeated ,'3-4 times, the heart  ,acttvit]lof the dog Jack returned 
to ihe original level tinder these conditions (see Fig. 1). The conditioned reflex was eliminated Just as quickly �9 
in rite other dogs. 

T h e  extinguished proprlocepttvc conditioned reflexes on the heart could be restored in the dogs after 1 - 2  : 

combinations of  the conditioned ,and unconditioned stimuli. 

�9 See Sapov, I . A . ,  Byuii. Eksptl. Biol. 1 Med., 1957, Vol. 43, No. I ,  p. 14. 



An Inhibitory condit ioned reflex was formed In tile anhnals  after 1-4 tl.~S of the different ia t ion sthnillus. 

The first use of  Mr,0 on the dog Treas+trc retarded llll~ rate of  heart  ac t iv i ty  attd prolonged the e lec t r ic  systole 

o f  tile hcart0a~ :hewn by the expandon of  the compli:  x QRS. 

Figure I1 show.,: tile changes In the rhythm of  heart  ac t iv i ty  caused by+ the acttot~ of the positive attd n e g a -  

tive condi t ioned ~tlmull. 

T h e  second u ~  of  M60 (In the following cxpcrtmetl t)  caH~d rio change In the anhua l ' s  heart  act ivi ty.  
Later ,  In all  of  the expcrlrrtcnts, MG0, u ~ d  once.  appeared flrtnly flxt;d as a differentiat ion.  Tile third group 
of  graph~ (Fig. a) shows the ch-anges ill heart act iv i ty  occurring after many uses of the sthnnlt.  
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Fig. ~|.. Diffcrc.ntlation h~rmatl,lll Ill lilt: dog Trca- 

~llre ,  

I) backgroutl+l: I[) during the sthllulus at-It,m; liT) 
afft'.r tilt: stlllHlhl.~acllon. 1) positive cotldttiollt:d 

stlnluhts (MI20);  2) n:cgallVC slhnulus (Mt;0). a) . 
after one cortlbhlatloll of M+IB0 wtth tile .'liar it: load 

dllrlrlg the restoration of  the condll ioucd ruflt:x, tilt; 
first use of MG0: b) after f; t:olnblnatlolls of MI~,0, 
the second um of  M(;0; c) aflt:r Gg.<.Olubhlations of 
M120, t i le  15th u ~  of  Mr;0. 

T h c ~  then wcrc the rcmtlts of  some o f  thc ex-  
per iments  condltctcd in+order to e x a n l i l l c  certain proper-  
ties of proprlt lccptlve condit ioned reflexes ell the  heart .  
They Indicate tile Importance of  tnfluenccs frolti tile 
proprioceptors In the adaptat ion of  ~h~: heart act ivi ty  1o 
tile ever charlglng condltlolts of  natural existence alld, 
possibly, file leading role played by proprloccpllve lu- 
fluenct:s In tI,e regldal lon of  heart  act ivi ty.  

Proprloceptlvr corldttloned reflexes on the heart  
arc quickly formed; tile effect of tile un(:ondttlollcd 

sthlltlhls Is co tuplc te ly  reprodllccd by the colld lt lollt~d 
~thnulus; these reflexes persist for a king tittle after the 
reltloval of  tit(: ~|llJnlal frolll the expcrhl lcnta l  sllrrollnd- 
lags, bill Call be quh:kly cl i l l lhla tcd as well as quk' ldy 
rt:storcd; a dlffcrcntlattoll  Is formed after several items 

of  a nollrcinforced stlnudu.~ all these are-prol• of  

nattlral condll iollcd rcflt;xcf,. The animal  Cll{:Ollntcrs 
+daily nlauy sthllilll which hlvartably cause Itl~,tor re- 

actlollS, which~ hi tllrll, specify cha!lgcs In tilt: ,'lt:tivily 
of tilt: heart." A ),,rt+al lllatlv ll:llttr;ll <:oltdllioned rcflcxc.~ 
Call be fOrll)cd Oil the basI~: of  Illlt'oltd{l i,+ll,~tl propriocep + 

live reflex l:flccts (Ill tile. hc:;u't. Ity the forlllaliOll o f  
one or Iwo ar t i f ic ia l  propri0ceptive reflex:is, we add 
bill l i t t le  to tilt; grt:al qllantit} of Ilattlrnl I+rop.rloccptlvt; 
(mlldltiOll(:d refit:los, llowcvt:r, by this IIIclhod. OIIC 
(tall dctt:rlllllltJ c.t:rlahl of Iht:lr charatzlcrlslics 'alld,  there- 
It+re, bt:glu to Illltlt;rst;illtl the rt~tnarka!dy x/arlcd cll:ulgt'.r 
ill heart aCll.Vit.y wh-h:h Aft: observed both with Ill,.'. iil- 
fh~t"ll(:t: of sl imull  direct ly <:.u,sing a meier  rcacttOlt 
atltl with Ill,: ar on the body of all Iho C, llvlronlUCll- 
I:il corldilious under which Ill6 act[oll of tilt: sthllllll 

OCcIIrS o r  O C C l l r r c d .  

SU M M All Y 

Pr0prloceptlve Colldtioncd rk:flexcs oil tile heart wt~rc Stll~{fed ill .~ dogs with tile akl o[ c lec t rocardiogra-  
:p|iy, T|lcS(; refloxt~s are formt:d after (;- 10 COlllbill;.UiOllS O[ Colldilloncd alldllllColldttiolled st [mlllattolls alld 

are preserved for n lolllt ~ t l l i le  Ill tilt: Intervals h0twt:cn c• Their frequency Is act ively  Increased, if 

not  rclnforved,  a~4 tlme.~ alld are restored after I-'2. cotl l t lhlattol~, ' ; .  

.: Dlfferentlatk,  n takes plat: :  after 1-.I sthlullattons. These properties show tilt: leadhu; role of  proprlo- 

eep t lve  condltlolled rcfh+,xt;.~hl adaptation of the heart acl lvl ly  to tilt: Chau{,ln+, collditlons of  tilt; b++d\,. 
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