PHYSIOLOGY

>O0SSIBILITY OF DEFENSIVE CONDITIONING
IN WAKING RABBITS IN'ACUTE EXPERIMENTS

V. B. Sshvyrkov UDC 612.825.1

The technique of formatlon and characteristics of conditioned defensive reflexes are described In
waking rabbits fixed in a stereotaxic apparatus and in encéphale isolé preparations. The dynamics of defen-
sive conditioning and the magnitude of the conditioned responses in acute and chronic experjments wers

practically identical.
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Rabbits have proved to be a very suitable object for the study of electrical activity of the brain during
conditioning [2, 4, 8).

Defensive conditioning in rabbits in acute experiments was considered to be Interesting because of
the much greater technical convenience of this procedure and the possibilities which it offercd, expecially
for the use of a microelectrode technigue. The need io record effector behavioral responses ruled cut ths
use of muscle relaxants. In additlon, there i3 some doubt about the possibility of conditioning after adminl-
stration of curare [7]. For the same reasons, anesthetized animals could not be used, although conditioned

‘reflex formation is probably possible under superficial urethane anesthesia [8).

EXPERIMENTAL METHOD AND RESULTS

We formed a conditicned defenslve reflex In acule experiments on ten encfphale 13016 preparationa,
in 15 waking rabbits fixed In a stercotaxie apparatus, and in two animals without fixation, Conditloning was
carried out in chronic experiments,in the usual manner, in three contrel rabbits with Implanted electrodes,
All experiments were carried out by V., P, Protopcpev's methed, Le., reinforcement was essential for any
type of response by tha animal. '

Encéphale isolé preparations

~ The splinal cord was divided under ether anesthesia at the level of C), the rabbits were transfered io
artificial réspiration, sealped, and {ixed in 2 sterecfaxic apparatus, The anesthesla was discontinued, and
the fixation polnlc and area of the operation were nfillrated with procaline. Conditionlng began 1-2 b sftep
the completion of all manipulations,

The conditioned stimulus was 2 tong of 100-802 cpsand the unconditionad stimulus electrical stlmulation
of the lower lip by square pulses (1 msee, 3~10/sec) from 2 "Physiovar® stimulator. Steel needles served
as stimulating elestrodes. The conditioned siimulus acted alone fos 2-8 sec and the unconditioned foe &
gec; Intervals between siimull were 0.5-2 min,

Electrical activity was recorded from various parts of the cortex by needle elecivedes using & unlpo=
lar technique, the reference electroda being located over the frontal sinna. Movements of the lowsr jaw
werbe recorded pnewmographically by means of 2 gpecial cuff, and the electromyostram of tha muscles of
astication was recorded by needle clecirodes inserted under the skin of the chesk. Elood prassure in the
femoral artery was recorded by a "Barovar® eleciromanemsier, All Indises were vecerded on g 1¥-channsl
? Alvar® polygraph.
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Fig. 1. Conditioned defensive reflex {n enefphale {solé prepar..
tion (rabbit). From top to hottom: EEG of motor, sensory, avdi-
tory, and limbic areas of cortex; acoustie stimulation marker;
electromyogram of muscles of mastication and artefacts showing
electrical stimulation of lower lip; mechanogram of lower jawy
blood pressure In femoral artery. Explanaiion in text,

of the cortex. We were unable to extinguish the EEG response to acoustic stimulation, even when applied
100 times without reinforcement. Changes in blood pressuré and tone of the muscles of mastication were
ebserved only at the first presentation of the acoustle stimulus, and a8 a rule they were easily extinguished.
Movements of the lower Jaw in response 1o acoustic stimulation were generally absent before conditioning.

The unconditioned responses to stimulation of the lower lip (10-30 V) cons&;ﬁed of contraction of the
muscles of mastication, movement of the Jaw, and a fall of bload pressure (Fig. 1, 2).

Sinece the EEG response to nociceptive electrical stimulation and the arcusal response to acoustic
stimulation were practically indistinguishable, 12 was difficult to judze formation of a conditioned reflex
by this index. The first signs of a conditioned responss usuaily appeared on the electromyegram alter. 20-
30 comblnations; a condiiloned~reflex decrease in arlerial pressure guickly became apparent. Contractio
of the muscles at first was tonic in character, but later, as the number of combinations Increased, mweo
ments of the jaw appeared {Fiz. 1, b).

Transection of the spinal cord often causaed a progressive fall in blood pressure, When its level was
below 50 mm Hg, all conditioned responses disappeared. I, however, the condition of the preparation re-
mained sausiactory, afler 10-100 combinations conditloned responzes were observed in 8-9 cases out of 10,

Vaking rabhits

The rabbit was tied to a frame under gpen cther anesthesia which lasted nol more thaa 3-5 min, fixed
in a stereclaxic apparatas, and scalped. The place of fixation of the skull and the area of cperation were
infiltrated with procaine, and 2-2 mi of 4% amidepyria solution was injected Intramusculazly,

As well as the global clestrical activily which wag recorded as in the preceding series of experiments,
in the present series the electromyocgeam ol the limbs and respiration recorded by a plezosleeirie pickup
were recorded on the polygranh. The sonditionad-stimulus consisted of fNlashes from 2 *Sonaclal® stimula~
tor, {reguency 2-4/32e, 204 (b2 unco: i isted of square pulzes (1 maee, 19-05e0) applisd
to the skin of the hind limb. P i w.i by mt mirﬁ’crmmmﬁ {or 2-7 see and the un-
conditioned elecirodermal stinul Ia o ptimull wera 0,52 Mﬂg, The para -
meters of the conditioned and uneeo i L sainsg f@z’ the two ralbits whese hoad was not
fixed and also for the chronle experiments on efzma cemm? antmals with implanted slesteodes,

594



2 j b ¢ | .
WM%WM‘ YT POV SO, N

folAb. vaktff v, w;@\m%y TDTRTIEIR IS
AT v st a0 oo ot o s A0 e
W el P o
e[ e Pt A *#WM e PP e

LN S
I Prvy ?ﬁﬂ Wa’@
e i .aw:iaj‘w\ Lﬁk eﬁ;w" !% sl O

1 cmnbinaum 25 combmaﬁon“ 110 comb&na;iea 159 comnbinatoa

Fig. 2. Conditioned defensive reflex in waking rabbit {ixed in sterectads
apparatus. ¥From top to bottomy EEG of left moler, sensory, visual, audi-
tory, and limbic areas of cortex; EMG of right forelimb; respiration;
marker of flashes (3%ce) and electrical stimulation of right hind limb
(20/5ec). Explanation ia laxt,

It might be expected that {ixation in the stercslaxie apparatus would evoke a stress reaction in the
animals, manifested by desynchronization of the background corticopram and quickening of respiration,
However, in the absence of speclal stimulation, desynchronlzation was ebserved only during the animal's
feeble and rare attempts to set itself free, and respiration also remained qulet. I no siimull were appiled
for 20-39 min, typical sleep spindies appeared on the EEG and resg§mum became quiet and regular.

The {irst flashes vsually evoked an orlenting response in the form of EEG activation, a change in res-
piration, and restless movemenls. However, all these phenemena guickly disagpeared (after 5-10 present-
ations}, and In response to flashes of light a vk, thm-driving response to the flashes was recorded fn all
parts of the cortex including the somalosensory avea {Fig. 2, a). Respiratlon remained quiet at this time
and no contyactions of the muscles were cheerved. In zome rabbits the shythm—drivinﬂ F25POnsSS Was ro~
corded immediately, without the stage of the orienting reflex. Elecirical stimulation of tha skin of the hind
limb {26-79 V) always evoked an EEG arousal response, changes In respiration, and a marked motor res-

ponss.

The first EEG maullestations of formation of 5 delensive conditioned reflex were usually foundaller
12-18 combinations, when in responss to rhythmie fiashss, a rhythm -driving responseand alsoa sireas responss
oceurred {Fiz. 2,b). After50-70 combinations thebackzround electrical activity became desynchronizedand
the repeated flashes evoked only a stress response, which spread over the whole cortax and wag indistin-
guishable from the unconditloned responze {Fig. 2, ¢). In the next stage a rhythm-driving tesponse azaln
began to appear in the visual coriex, while the slress response was voncentrated in the motor aud sensory
areas of the cortex (Fig. 2, 4). Porallzl with the EEG Indices, respiralory and motor componenss of the con-
ditionad reflex appeared.

All the above remarks apply egually to experiments in which the animals were not fized In {ho steres-
taxic apparatus and to ths chronic experiments.

The dynamics of conditioning In 21 acute cxperliment uslng stereotaxie apparatus Is shown In ¥Fig, 3.

The eonditioned res ﬁ“ﬁam:ry and EEG responses weys well miarkad In nearly all rabbits, but the mstor
e Ball of the experlmenta.

component of the conditiened rellax was obearved I onl

”"**f‘* %' mstor responzed haud bew;;‘.i «grm@m@@% i3
' ¢ aotinetion, uoually
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In zome cxperiments we attempted to produce dif-

fercentiation, The differential stimulus was a metronome
{encéphale isolé} or rhythmic flashes of 10-20/4kce {(waking
rabbits}. In both scrics of experiments diff(_:rcntinﬁoh was
produced with difficulty, and it was unstable and Inconsmm.
f\;f The same picture was observed in the chronic exper{meﬁz.
g, v"; fn the experiment of M. . Livanov {4} and 3. N.

2, AV AR Livanov and co-workers {3}, in which defcnsive condition-
CXRLGLRQV000 2 K 5008 ing was carricd out in rabbits tied to a frame in a period

Fig. 3. Dynamics of formation of conditioned o y..q weeks, from 70-200 combinations of regular flashes
defensive reflex in acute experiments oa with clectrical stimulatica were needed.
waking rabbit. Abscissa, number of combina-

tions; ordinate, number of conditioned res-

~ In our rabbits ia the chronic experiment, when condi-

ponses In ten combinations; 1) conditioned-re-  tioning took place in three sessions, about 100-~155 com~
flex EEG arousal response in somatosensory binations also were required (up to level of eight condi~

cortex; 2) conditioned-reflex respiratory res-
ponse; 3) conditioned-reflex molor responses.

tioned responses out of ten combinations). Delensive con~
ditisning teok place at approximately the same rato In rea-
ponse to regular flashes under acute experimental condi-
tiona also, but in this case all siages of condilioning were
rather more prominesnt,

It is interesting to note that catz, when fixed in a stereotaxic apparatus, bebave completely diflcrenily.

. We twice attempted to carry out cxpzriments on cats bul ke animals’ uncéasing attempts to set themsclves
free compelled us to abandon the experiment.

The impression has been obtaincd that rabbits, when tied to a frame, fall into a state resembiing hyp-

nosis, 2 stale probably similar to that observed {n {ixed sheep and baboons [§). Fixation in a stereociaxie
apparatus aggravates this state althouzh the conditloned reflex not only is not abolished but may actually
be produced rather more rapidly. This may be associated with the fact that the immebilization bocomes
almost absolute, and *. . . . the blocking of micvemenis . . o . causes compensalory activation of other v+ ¢ «
somatic and autonomic componenis of conditioned anduncenditioned responses. . . . [ 1)
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