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!n earlier articles [5. 6]. we pr~ented data concerning the speed of ~e  formation, elLn~inafion and restora- 
tion of p~slflve conditioned reflexes. ~ e  development of which wa~ ba~ed cn unconditioned reflex effects on the 
heart from the pro;rioceptors, and oa ~.e d e v e l o p m e n t  of a differenfla~oa_ This article will present the re.~ults 
obmine~ by chaagtng t~he .~ignal meaning of L'~e conditioned sfimulL T~A~ series of experiment~ was conducted 

on i~_ve dog~. 

We should mention that certain peculiarities in ~ e  reacflom of two dog~,/a=k and Treasure, to cor.ditioned 
~ m u l i  and to an unconditioned sfim~u~ developed before L~e~e exper~.~ea~ were conducted. After many ",~e$ 
of the differentiation stimulus, the negative conditioned s~mulus, a me~c ,  c o m e  of 6u bea~ per minute ('~;60) 
caused no change in heart activity. ~ e  positive conditioned stimulus, a metronome of !20 beats per minute 
(M120), after being combined man), times with a s~t ie  physical load,'caased no change in heart acfiviD- eit~her. 
Th.ere was a fourr~h pha_~e observed in the reaction Of ~ e  anim.als to bo~n ~ e  unconditioned stimulus and to t.he 
unconditioned and conditioned stLmuli c~mbined. At u~is time, the stimuli M120 and M60, as well as the static 

load, ~eemed to have no effect on heart activity, The que.~fion was - wa~ ~ e  heart activity of the animals really 
m'~a ffec ted by these ~flm uli 

The experimenu wi~h the alteration of the conditioned reflexes an_=~'ered this question. Cop~Iderable 
chang~ occurred in heart activity during reinforcement of fine differen~ation ~ttmu!us by the unconditioned; they 
were expressed by changes in all e lemen~ of ~ e  elec~ocardi~gram. Tl~.e =- " n~bauve T wave becar~e i~t~lec~ric or 

positive (most pronounced in the dog Treasure), ~ e  number of heart c~n~racfio~ Increased considerably, and 

respiratory arrhythmia d~appeared (most pronounced in the dog Jack). 

The alteration Of the cond,:fioned reflexe~ was ~irtually perfected d~tng Experiment I after 4 comblna- 
fiov~ in Treavare and after 3 in Jack. Gnthe  following day, M60 used alor~e in the beginning of the experiment 
ca,~ed ",he ~ame change~ observed when it  was combined with the unconditioned sfimub~. M120, which had been 
used twice wl~out  reinforcement the preceding day, caused no evident change in heart activity, just a.- before 
~ e  al'~era~ion of the conditioned reflexes. We co~fin~ed to reinforce the altered conditioned reflexes for 3 mere 
days in Treasure and for 2 more in Jack. At this tirade, t~he earlier diffezendadon stimulus, M60, reproduced the 
change~ which it caused during i~ f~.rst comblna dons with the uncondi~c~ed stimulus. 

The cb~nge~ which occurred in the a!terafion proce~ became permanent and were observed without the u~e 
of the stimuli l~r with the secc~nd day of conditioned reflex signal meaning alteration in 3ack and with the 
third day in Treasure. Moreover. the mncondifioned stLmulus caused no change in heart activity, which remained 
disturbed to the same extent as before. The new positive stimulus (fon~erly the differentiation) intensified 6~e~ 
changes. For example, in the dog Jack, only the rhythm of the heart activity changed when M60 wa~ combined 
with Lhe stage load, while the u~  of M60 alone cau:~ed not only a more pronounced th)~thm acrelerafion, but also, 
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in ~pa ra t .  In~tance~, cagk~ed the ,:vgative T wave of th'~ electrocar~c%'Tam to be tzansfoemed Into a p o d ~  
wave. The former p : , , i ~ e  sdmulm~, ~hlch cea~d  to h,~ reinforced ~ .~-~. e ~ d l d o n e d  reflex alteration be~,a, 
norrr~allzed ~he heart activity. The above i., illustrated in the g-a~_~ ce :.~c}.'s heart activity rhythm (Fig. 1)and 
In the electrocardiograms of Trea.~re {Fig. 2). After co~dlti.olmd vega .  ~]teiatton began. Trea,ure's outward 
~h. tvtor  ~as aM~t the same, Dat Jack .,bowed a general motor re-~tM~:e,.% pulling away from the bench ~:~! 
gnawing at ~ e  ,traps. 

Sl,~ce the change~ in the heart act ivi ty of th~ve animals became ~ b l e  2-3 days after conditioned reflex 
al~eratlon wet begs% further action of :,he stimuli was stopped. ~ e  <:~-"5~* ~*ere allowed to rest, during ~hich 
t ime we made pefiodh, electrc~'ard!o~raphir ob-..etvatio~u tmtil tK~e ~ : i . : a I  indices of heart activity were ~,tored. 
The animal,  were placed on the kenckes for 15-'20 minutes, and eIec~=c~:,:1ogram~ in the 3 standard tea& were 
recorded. The ob:~rva don, were net ce.~ducted in the co~.~dltloned r~::e, eSamber, in Which the alteratAen of the 
stf~ulus signal meaning had been dc--m. Not in an ordinary labora~ev,e ~:.:<~. Here, for the first few da)% ~e 
no~ed changes in # e  animals'  heart ac~dvl~ identical to thorn c ~ e ~ e d  L: ~e  conditioned reflex chamber. 
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Fig. I.  Dy~.amtcs of ~ e  changes ia the heart acttvi~- & ~ ~  of ~ve dog Jack during 
cc~d~ tio~ed reflex a l t e r ~ o a .  
I) ~ackgmund; II) dur;~g ~he action of the stimuli:  ~ at3~,r ~ e  action of the stimuli; 
o~. ~ e  i_% 2rid, 3rd, I I ~ .  !2th and t?Lh days after aX~e:~=z~ began; 1) M60 combined 
with unconditioned stimulus, b,zt s~ t i c  load a l o e  cxa ~,e ~a.v ~ f o r e  alteration and oil 
~ e  ~.~d day afterward; 2} M120; 3) M60; 4) undetec:~d ~ : ~ m . c h a n g e s ;  N - n o r m a l  
range of rhythm. 

Periodic e lec~card lographic  ,t~dy of the anita a ls  .~howed hea~  ~cg ~'ity approxima ted the original level 
in the dog Ttea$~e 14 -da~ after ake :a~on beg~n (Fig. 2, see Fig. 3, ,2er forms I, II, III r 
~As dog before ~ e  conditioned r e l a x  e~perimentO, and, in the dr ~c : , .  ?;e~rt activity became normaitzed 17 
d%Ts after u~e begi~ming of conditioned reflex ahera~on (Fig. 1). 

After the elec~ccardlogram h~dtc~s had ret~umed to the odgL~-,ll ~ . ~  which was observed in condition, 
of an cgdinar 7 inhalator), room, the ~ g i  were not ~ e d  again expe./,~7.~: ~ - _  y *;or more than three monthi: T,~ea - 
s ~ e  we, used a f t ~  95 days, Jack afte2 "58. Then obse:vafloni On t,h.-~ ~e:~ continued. When Jack was f'~tt ~ed  
in r}~e chambe2 after Lhe recess, hi, elecrrocardicugram showed no c?~4~g~ f>=~ #.e original (normal) both wi-~- 
out ~ e  use of t?:eAth-outi (3 experiments) and witch their use (4 ex~rL~e.m~). However, when Treasure w~s m~ed 
In the condifio~.ed reflex chamber, cha.~:ges appeared in the elecv~.~_azd2:,~:~.m which were analogous to tbo~ 
ea,2ed by fi~e al teragon of the conditier~ed .*-timuli signal meaning,:  ~;~'~ ~&s some tncrea~e In the numbe~ of 
heart cont~acdon~ as compared wtgq g~.e origLqal background, but tE~e ~rk=,c.~aI change was a disturbance In d:e 
e~d ~ecdon of the elecL-ocardiogram; a ~ d t i v e  Twa~e  was obser~fl  ~ . ~ i  of the negative normally th ieved.  

These electzccardiog~apMc cha~ag~ ,4ere observed ha the co,a~gc~.f l  reflex chamber without'the me of 
~dmult {4 exper iment) .  As before #,e recess, M60 Intem~ified heart  ~ c ~ t ) ,  distttrbance In dais dog, wMIe M120 



almost completely norxnallzed It (5 experiments), bdoreovero the electrocardiogram recordcd of Treasure during 
this period in the laboratory room, where the electrocardiographic observations were conducted, immediately 
after the ct~dttloned reflex ahetatIon was hardly dJstlngulshable from the normal. This led to the proposal 
that change~ In heart activity caused by the condltto~ed reflex alteration were due to the whole complex of ex- 
perimental condltlons as well as to die specific use of the stimuli, 

Fig. 2. Electrocardiograms showing the change, In the heart activity of the dog Treasure 
caused by the conditioned reflex alteration (the 1I leads), 
1-7) On the 4th day after alteration began; ! )  bac~grotmd; 2) during the action of the 
unconditioned stimulus; 3) after the action of the unconditioned stimulus; 4) during the 
action of M60; _5) after t~e action of,'~I60; 6) during the action of M120; ~ after me 
action of/vii20; on the 10th (a), 11th (b), 12th (_c), 14th (d) and lqth (e) days after the 
beglnfilng of conditioned reflex alteration. 

Specific experiments were conducted to prove this proposal: electrocardiograms of the animal were first 
recorded In the conditioned reflex chamber and then, 15-20 minutes later, In the laboratory room, and then the 
process wa3 repeated !nversely. Figure 3 shows the electrocardiograms obtained from TreastLre In two such ex- 
periments; they show that the setting in which the signal meaning of the stimuli had be, en altered (the conditioned 



reflex chzmber )  ~ e m e d  !~, have b~ecome a "pathologic 5~hl~ulus ~ while t'~re removal  of the an imal  from these 
surr~)ur.ci~.~g. �9 cat, sod fl:e electrocardi~,grap.~tc ir~d~-es ~o approximate  the original and heart act iv i ty  to be fmn~al-  
ized. 

V~.eri ~he d~g Tre.L~ure was placed ~y*.tematically over a peri(>d of a n~o~th iu the conditio~ed reflex 
c h a m ~  f~r 30-40 ~m,..,tes a day (22 e• the electrocardiograms recorded dtl~ing d~is u m e  showed the  
gradual re~..m u) norp. al of the heart act i ' , i ty,  b~t ~light electrocardiographic changes were observed periodical ly 
e~'en af,'.er ~i~. Elecu~,cardtogtams rec~de~i fro~ r2~e dog Jack i~ the laboratory room and in the conditioned 
reflex c ~ a ~ r  ~2~.~ng ~ e  ~ m e  exper i~e~ t  were ~.~disfinguishabte from each other, 

Fig. 3. Etec~ocardiograms recorded f-am O~e dog Treasure in different rooms. I, II and 
III) form of fi~e e tec t rocard iof fam in leads from the exu~emifies before thee formation of 
~ e  coi~difioned reflexes was Eegun; 1, 2, 3 (a))  e lec~ocardiograms in t~he conditioned 
reflex chamber ,  in order -- leads I, II and HI; 4, 5, 6 ( a ) )  the same in ~,e Laboratory 
rc,om 15 minutes later;  1, 2, 3 ( b ) )  e lecvocard iograms  in the laboratory room, leads I, 

and IlI; 4, 5, 6 ( b ) )  the ~.a~e t5 miau~es later in ~ e  conditioned reflex chamber .  

T~e~-efore, in ~ e  fomth phase of trainin.g to file static load, s a l terat ion of  the proprioceptive condi-  
tio~led re~2exes on the hear t  was quickly accomplished.  Three ~o four combinations of the q f f e renda t ion  stimulus 
with uhe L~condidoned stimulus sufficed. However,  higher 'nervous act ivi ty  in the animals  was disrupted due to 
file al terat ion of the proprioceptive condigo:~ed reflexes. This n e ~ o t i c  condition was expressed in hear t  ac t iv i ty  
distusbanc-es "~'hich differed as to charac  "~te-r and duration depending on the dog. ~'~i~ would seem to be pr imar i ly  
cocu'~ected with the exper imenta l  cond:.dons and with the type of h~_gher nervous ac t iv i ty  in the ar:imals, as w e d  

as wigu ~ e l r  age. When ~ e  signal meaning  of ~ e  stimuli  was altered, only a persislellt change in the rate of 
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the heart  co ,  tracticm~ (~curred in tL'c )~o~.,~g dog, Jac~ r&~:d about :; year, 0. {)nly 17 day~ after al terat ion of the 
~lgr~al l~eaning of the ,tim,a|i was b c ~ n  ,3i,t the hea-rt rhT;,bm returl~ to r~ormal and the an iwa |  finally emerge  
from the neurotic condition. I n  e~e o!q dog. Treast~re faNmt 9 year.~ old). tile neurotic condition was charac ter -  
;z~-d by a dhtorted form oi ~timuLaticm ~,~?page in the ~e~tLricular myqcardium or by a disturbance of the re~tora- 
tton proces~e.~ in the cardiac mu,c te  [ I, 2.  3, .l and otker~o a~ well as by ehaqge hi the heart  act ivi ty  rate. when 
if, is animal  wa, removed from the ~e,6rtg in which the ,-c~0itioned refle,e~ had been altered, heart  act ivi ty  was 
ncmia l ized ;  the entire cor~:plex of e~?cr imenta l  con,2i.~c~>~ had become a "?a tbologtc"  stimulus Which could 
cause a neurotic c~d i t io r i  even .5 mc,~F~ after the begL'.:%ng of stimuli ~.ignai meaning alteration. 

One must a-gain empba~tz~ that at:2~eugh the me of O~e new pm!ti~e *.~mulus {formerly t1~e differentiation) 
a~'zravated ~he heart a cnv i ty  d i .~ .~ a  . . . .  s ~roug;mut eve r>eurotie period, the u.~e of the former positive sflmutus 
{~o~ e:e diff*,rentdagon) ac,~ually ca~e;ed a temporary,  a ~  o~t complete  re~toration of heart  act ivi ty  to the 
oriZi~al indices. Here t~e action of O:e ~ncvr}difioned ~r:,*Jlus had almost  no effect  on the altered operation of 
tke 1:eart. This indicates that, in ,-~ .~u.~.~ cooedidons, t~he iz ~=~e.nces on the heart  which are real izeo through the 
co :of fa l  corlex are expre.~sed to a greazer degree. 

The question of w h e ~ e r  cotIap-~e of the animal '~ ~?~.er nervous acd~i ty  is unavoidable under tlm condl-  
f iom described ueeds f~ t he r  ~tudy. We propom that, in ff~ majori ty  of animals,  it is unavoidable in such ex-  
perir~:ental conOitivm. T'r,e reason f ~  g'~L~ -_'~eems to be gTe *petrifaction" of the previously developed stereotype. 

The factual  rnateriaI  obtained ~n g:e expe r imen~  ce~crit~ed above shows the complexi ty  of explaining 
t;:e reason~ for functional di_=~rba:nce.: of  Eeart act iv i ty .  Actually,  Coe~derabte disturbances in cardiac ac t iv i ty  
can ~ caused by factors which are ~ee.Tingly usual and wa~out  effect  on Lhis act ivi ty,  but which become 
"Fatkologic" sdmuIi  when g~eir qg?.al ~ e a n i n g  is c h a n ~ ,  as well as by t.ho~ fartors which are known to change 
Eea:t act ivi ty  without fail. I t  h po- . '~ ie ,  *Ye-.'efore, if:at g'>e environmental  factors which have acquired a new 
sig.n.al rr~eaaing but which m,'evio ~I~ ~,ee~ed v . . . .  Y ~o t~ave no e f f ec t  on the given act ivi ty  could be_ regarded as usual 
an,; habi tual  ar.~d not comidered in E:e ~:arch for the r e a ~ m  underlying Lqe functional disturbance of the body. 

algao,~/~,~ a D.ey may escaFe at tention.  ' ~" --~- : - ' e~ i~d  study c f  eZ~.anges in the meaning of the env i ronmemal  factors 
_ "~,~ uh,~'~ -~'~" stimulus among them, u~:a.qy affecting the ~<~dycou~dhel? .s a v . . . .  ~ 

SUMMARY 

Aherafion.~ of com.qLicr~ed ref~e~.e~ which we s v ~ e d  takes place in .dogs after 3-4 combinat ion, .  In the 
ne~ :o.qs which appears, ~ e  stimulus. :~Lich was fo rmer i ) -d i f fe ren t ia l , e~ .h~ces  the disorder of ~ e  heart  ac t iv i ty  

w~ile ~le one that was formerly e-~An~e normal izes  it. 

Neurosis is maintaine-d oMy for 14- i7  days if  d~,e 2 : ima l s  are removed from the room where exper imen~  
~: ,erauon of reflexes were cceduemcL C<e a - ) ' e a r - o ~  ~.c,g completet)" recovered from neurosis in a formight.  

~ e  environment  in "~Tch aI~zafic,  n of  ref lexes ~:,:~k p lace  main ta ined  disturbances of the heart  ac t iv i ty  
f .  o~ 5 momhs in a 9 ;:ear old dog, w~-'2:o:t administrafi~,~ r f  additional st imulation.  
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