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?OSSIBILITY OF DEFENSIVE CONDITIONING 

IN WAKING RABBITS IN.ACUTE EXPERIMENTS 

V.  B .  S h v y r k o v  UDC 612.825. t  

The technique of formation and characterist ics of condRloned defensive reflexes are descrlbcd In 
waking rabbits flxedIn a stereotaxlc apparatus and in enc6phale isol6 preparations. The dynamics of defen- 
sive conditioning and the magnitude of the conditioned responses in acute and chronic exper|ments wet, 

practically Identical. 
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Rabbits have proved to be a very suitable object for the study of electrical activity of the brah~ dur'mg 
conditioning [2,-4j 8].  

Defensive conditioning in rabbits in acute experlm.erits was considered be be interesting bccau~ ~* 
the much greater tcchMcal convenience of this procedure and the possibilities which it offered, e.xpcclM~y 
for the use of a microeleetrode technique. The need to record effeetor behavioral responses ruled e u t ~  
use of muscle relaxants. In addition, there Is some doubt about the poss!bilRy of conditioning ~ t e r  admhu~- 
stration of curare [7]. For the same reasons, anesthetized animals could not be used, although c-vndltienee~ 
reflex f~rmatioa is probab!y possible under superficial urethane ane~h~e,La [~]. 

E X P E R I I ~ I E N T A L  M E T H O D  AND R E S U L T S  

We formed a conditioned defensive reflex in acute e~e r i r aen~  on ten e~cgphale lsol~ prepara t~o~ 
In IS ~ I d n g  rabbit, fixed in a stereoLayJC apparatus, and in two anlmals.without fi.-~ation. Cond!tlon~n~ ~'n, 
carried out tn chronic experiments, in the usual mm~er ,  Lu three control rabbits with implanted clecLrode~. 
All exrperiments were carried out by V. P, Protopop~v's method, I.e., reinforcement was essential ~or m~.y 
type of respoe~e by the anlm~l. 

E n e ~ p h a l e  l s o l ~  ~ r e ~ a ~ t t e ~  

The splv~! cord wa~ dlvldcd under ether anes~esia at the level of C~. the rabblt~ were tzansfered to 
artificial respiration, scalped, and fix~i in ~ .stercoL~xie appa~-~tu~. The anesthesia yeas discontlnucd. ~-~ 
the fixation po!n~ ":rod area cf the operatlon were i~iRrated with procaine. CondltlonZn Z ~n I-2 h ~.~r 
the completion of all m~nlp~t~. 

The conditioned stimulu.s was a tone of I00-~00 cps s~d L~C uneondltlo~ed s~imu!u~ electrical ~lmul~i~ 
of the lower lip ~l square pulses (1 m~er 3-I0~ec) from a "Physt~var �9 s t imul~or.  $~cel necdle~ s e r r  
as stimulating eleetrode~. The coadRioned s~dm~lus ae~ed alone for 2--5 s~ ~d the. unconditioned f~r 
~cc; interval~ between s t i r a ~  were 0~o2 z a ~  

Electri ,~l actb-'~/vm~ recorded from various part~ of the cortex by needle elcctrede~ u~n~ ~ u~2~-  
l a r  ~echnique, ~,~e refere~uee e~eetrvd~ be~g lo.ca~2 ove~" ~ e  f roa~t  ~i~u~. MovemenL~ of ~ c  l~'zer.~av: 
were rec~r~ed pne.~rnegreph~eatt7 by mean~ v~ ~ spec~at cuff, ~nd ~&e etectromyc.~rara, o~ ~:~ .... mu:~ct~ v~ 
ma-~tleatica wa~ r e c o r d ~  by nc.~..d~e e ~ t r c d e ~  L~cr~ed under ~he s~da c~ Lh~ chee~:. 13Ir p r e ~ r e  ~ ~ 
femora~ ar tery wa~ rece'~ded by a "F.a~o~,ar ~ elec~rvma~me~ro All lndlce~ we t ,  recv:d~] cn a 17-ch~r:e;] 
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Fig. h CondlUoned de~r reflex In ene~phale Isol~ prepaz_ 
tin~ (rabbit). From top to bottom: EEG of mo~r ,  sensory, avAl- 
tory, and limbic are'as of eor te~ acoustic stimulation marke~ 
electromyogram o$ muscles of mastication and artefact~ showing 
electrical stimulation of lower lip; mechanograra of lower Jaw;- 
�9 blood pressure In femoral artery.  E x p l ~ I o ~  In texL 

of the cortex. We were unable to extinguish the EEG response to acoustic stimulation, even when applied 
I00 times wlthou~ reinforcement, Changes In blood pressure and tone of the muscles of mastication were 
observed only at  the first  presentation of the acoustic stimulus, and as a rule they were easily extinguished. 
Movements of the lower law In response to acoustic stimulation were generally absent before conditioning. 

The unconditioned re~ponse~ to stimulation of tim lower llp (10~0 V} consisted of contraction of the 
muscles of mastication, movement of the law, and a fall of blood p re~s~e  (Hg. 1, a). 

Since the EEG response to noctceptive e l ~ r t c a l  stimulation and the arousal response to acoustic 
stimulation were practically indls~In~ishab]e, l~ wa~ difficult ~o judge formation of a conditioned reflex 
by thls inder~ "Fne first sl~n$ of a condU2oned response uaually appearc~l on the e l e c t r o m y ~ m  a~er..20, 
~0 combinations; a eondRt0ned-reflex decrease In ar~erial pre.~sure qulckly became apparent. Contrabtlon 
o~ the  muscles at f i rs t  was tonic In charnctcr, but later, as the humor of combh,~t!ons lncreas~ move- 
merits of the Jaw appea r~  {Fi~. i, b). 

Trans.~ctloa o f  the spinal cord often caused .a p r o g r e s s l v e  fall In blood pressure. When its level wa~ 
below 50 mrn lIg, all condit ton~responses disappeared. If, howe~er, the condition of ~ c  preparagon re -  
Trmlned satisfactory, ~ffter 70-100 comblr~ailons coedi~Ion~l respo~i:~e~ were observed in 8-9 r out of 10. 

w a k l n ~  

The rabbi~ wa~ tied tO a frame "~ . ~ . r  c p ~  eL~er an e~theM~ ~nfch ~as~ed net mcrc than $-S mL% f ' ~  
in a stereo~a~e apparatus, and ~alpcd.  Theptace of f i~f ioa  of tho ckull and ~ e  a r ~  cf operation were 
infiltrated ~ t h  prr and 2-~ ml 0~4~ ami~cpyrin solu~ba w ~  inJcc~d ln~-amu~cu~arty. 

As well as the fi!oL~l e]ec~rical acflYtty ~,hf~ v ~  r~o~ ac~ as in the ~ ~ "  p . c r  seri~s of e : c p c r l m e ~  
in the p~sen t  ~erie~. ~o  etectrc, myo~r~m of t/'~ i~mb~ a~d re~.iration recorded by ~ piezoelectric plcku~ 
were re~or~/od on~a~ polygraph. 7~e cond~cne&s~im~u~ con~i~cd of flashes ~rom ~ ' ~ n ~  ~ s t lm~ a -  

flxedand a l ~ o  for the chronic m ~ e r h ~ a ~  ~n lhre{ c~n~rol ~ �9 ~" " ~ ~ ~ ~ 
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Fig. 2. Conditioned defewslve reflex In waking rahbR fixed In stcrcota~d~ 
apparatus. From top to bottom: EEG of ~eft motor, sensory~ visual, at~dt-. 
tory, and limblc area~ o.' codex;  EMG Of right fore l im~ resplration~ 
marker  of flashes (3~ce) and electric 'e/st imulation of right hind limb 
(2O~er F~cplaa~tion la ~ 

It might be e~ee{ed that f L ~ / o n  in ~ e  ster~ic ~.ppara{us ~u!d evoke a stress reachon in h~# 
animals, manffCst~l by desynchronization o~ the background cortlc~gr~m andqulckenln~ of resplrn~1on~ 
IIowever, in the absence of special stlmulallon, desynchronlz~Iton ~u.~ obsect'~i only during the nnlrn~ 
feeble and rare attempts to set itse~ free, and re~piratlon al.so rema-!ned quiet, If no stimul! wer~ a~911~.] 
for 20-~0 mln, tTplcal sleep splndlcS a~peared on hhe EE~ and rcsp|rat~on became qulc~ and ~l~r. 

The flrst flash=s ~:st~aHy evoked an orlen~g t~es~onse Ir~ the form of EEG ac~va'Aon, a change in re~- 
plratlon, and restless movements. However, aH %hose phenomena qtdekly dlSal~pearcd (after 5-I0 prc~m~- 
a~/ons)o and in response to f~Rshes of Hght a r~tOm-dr{vIng response to the flashes was recorded |n all 
parts of the cortex inc]udin~ d~ sorna~o~ensory area (Fi~. 2, a). P~c~pira~lo~ remained quiet a~ ~hl~ dm~ 
and no cont~cdons ~ lhe muscles were observed. In ~ome r~bb~s th~ rhy~m-d~rlv|n~ response was r~- 
corded immediately, w~[hou~ the stage of the or[entln~ reflex. Elecirlr st!m~adon o! the s'dn of d~ 
limb (2040 V) always evoked an EEG arousal re~-~ase, changes in re~plrat~c~, and a mark~d me,or re3-- 
l~nse. 

The f~rst EEG mau~esta~ions el for~'tt[on o-~ a defensive condldone4 reflex were t~StmI!y [oun4af~r 
12-18 combinations, when in response ~o rhy~n ~c t~t~:~, a rhyhhn~-drlvlng respon=e end also a stre~ rcs~rma 
occurred (Fig. 2, b). A~tgrS0-~0 e~)mb~natisns d~e b~ekZ, round e~ec~r~ea~ act~vity becam~ desynehronlz~ a~ 
~he r~eated f~ashes e~k~/cn~y a s~re~s re~p~n.~, which ~re~d u~r ~ whole, c<)r~x ~m.d was ~ndlsLh~- 
gulshable fro~ t~c uneo~d~ir re~n~e (F~. 2, e). L'~ the new sL~ge ~ r~y~m~-driving response a&~ 
began to appear Inthe v~ cortex, veh~e tl~ s[ress respoas~ was ~r Irt ~ae me,or a~d sen.~o~ 
nre=s ~f ~e cortex (Fi~. 2~ d). Parallel with h%e EZG Ind~ces~ respiratory sad me,or eomponcr,~ r ~e ce~~ 
dido=~4 rei'l~ ap~r~ 

All the abovv remarks apply ev.~ally to e.~pcr!me~L~ in which ~ e  animals were not f~r~d in l~c ste~<~- 
t a l c  a~5~ara~u~ and ~ t ~  chronic e~eri~a-.'~aL~. 

T~e ~]~xn~o~of evnd~t~en~n~ i~ ~a acute c~erhneat us.ing ~tcreotn~r appara~u~ is ~l~o~ ~n ~ g .  3. 

T'a~ r resp~rh~ry an~ E~G re~poase~ were wel~ n~r~d in nearly all rabb~, bu~ L%e me,or 
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Fig. 3 .  Dynamic:; of formation of conditione~l 
defensive reflex in acute experiments oa 
~'aking rabbit. Abscissa,  number of combina- 
tions; ordinate, number of conditioned r e s -  
ponses in ten combinations; l) condit ioned-re-  
flex EEG arousal response ~n somatosensory 
cortex;  2) conditioned-reflex respir~ato~T r e s -  
ponse; 3) conditioned-reflex motor re~ponses. 

In some experinwnts we attempted to produce dif-  
ferentiation. The differential stimulus was a metronoma 
(enedphalv Isol6) or rhyflimlc flashes of 10-201see (waking 
rabbits). In both ser ies  of experiments diffcrentiat ionwas 
produced with difficulty, and it  was tmstab!e, and inconstant. 
The same picture was observed ~ in the chronic experiment.  

In the experiment of M. H. Livanov [4] and M. N. 
Livanov and co-workers  [3],  in which defcnslve, condition- 
fag was carr ied  out in rabbits tied to a f rame in a period 
of two weeks, from 70-L~0 combinations of  regular  ~qashes 
with electrical  sttmulaLton were  needed. 

In o u r  rabbits in ~ e  chronic experiment,  when condi- 
tioning to, ok place In three sessions,  a b o ~  I00-150 com-  
binations atso were required (up to level of eighl condi-  
tioned responses ou~ of ten combinations). Defensive c~n- 
diti,~ning t ~ k  place at appro.~ma~ely Lhe same ~ in r e s -  
ponse to r e ~ l a r  flashes under acute e~ :per imen~ condi-  
tions also, but tn this case all stages ef  cond i t ion t~  were 
ra ther  more  promincaL 

It is Interesting to note that eats,  when fixed In a stcrcotaxlc apparatus~ b~have comple~ |y  d~ffcrendy. 
We twice attempted to car~- out e : -~r iments  on cats ba~ the animals '  unceasing a~t~mpL~ to set  themsclvea 
f ree  compelled us to abandon the, e .~er lmenL 

The impression has be.on obL~incd t]xat rabblts, when tied to a f l a m e ,  fall into a state re~embllng hy~- 
noslsj a stage pioobably s imilar  to that observed in flxcd sheep a~d baboons ~5]. Fixation in a s ~ e r e o L ' ~  
apparatus aggTavates this sLa~e altti~u~h the e~r~itioned refie~ not only is ~ot abolished ~u~ may aetuaIiy 
be produced ra ther  more  rapidly. "i'h~s ms) be. associated ~ t h  the  fact that the immobtHza~oa i=~come~ 
aImosl absol~te, and " . . . .  the b~oc~ng of movement* . . . .  causes compensa~ry  ac~.Ivation of ~t.her . . . .  
somatic and autonomic components ot  conditioned and unccnd~doned r e s ~ n s e s  . . . .  = [ 1]. 
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