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A nmnber of recent papers published primarily in Polish and Russian

sources hay(; reported investigations of instrumental learning "is well as

_i auditory (liscrin|inati(m (MALINOWSKI 1952; ]{ALINSI(A et al. 1961 ; RO-

MANIUI(1{)62) and visual discrimination (Zo1mALLO 1956) in rabbits. In

addition, Zom_mA,o and KAL]NI.XA (1960) have invest.igalcd the effects
of several d|'ugs (prima|'ily barbiturates) on the I)erformanee, by rabbits,

of the instrumcnlal discrimi|mtion rcspons(,. In a recent paI)cr SA-

I)OWSI¢[ and Lo.xco (1962) reported the effects of various drugs on the

, performance of tim siml)lc instrumental conditioned response as well as

the simultaneously recorded electrical cerebral activity of rabbits. In the
present study rabbits were first taught an instrumental ring pulling

response. They were then taught an auditory discrimination. EEG

activity was recorded during the discrimination training and throughout

subsequent tests of the effects of wu'ious drugs on discrimination per-
formance. The results, taken together with those of the previous study,

provided a comi)arison of the behavioral and EEG effects of several

compounds on the performance of the simple instrumental response and
of the discrimination.

i

Methods and Material

The experiments were conducted using a totM of 9 adult, rabbits of

both sexes. The specific results reported in the present paper arc based
upon an extended series of investigations performed upon 4 animals, over

a period of six months.

A detailed description of the apparatus and of the early stages of the

training was prcsented in the proceeding paper (SADO'_VSKI and Loxc, o

1962). Briefly, the apparatus consisted of a large woodcn box containing
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a ring extending ill/() lhe wall at one end of the 1)ox. When the ring was
pulled a piece of food was (Mivered in a food well in the floor below and

to tile left of tile ring. In lhe present experiments the training involved

the folhtwing steps:

I. Instrumental reward training
2. Electrode implantation.

3. Conditioning of the lmlling to the sound of a 1)uzzer.
4. ])iscriminalion training.

1. Instrumental reward training. The animals were first taught to eat

from the food well. Then small pieces of the food wcrc fixed to the ring
to induce the animal ¢o pull the ring and food was delivered in the food

well whenever the ring was pulled. The food was removed from the ring

aftcr the animal h, arned to release the ring as soon as food was delivered.

']'hroughou_ the several weeks ()f this training period, as well as suit-
sequent training an(1 testing, the animals wore maintained on a 24 hour

deprivation schedule. Additional food was given after each day's training
session in order to maintain the animals' weights.

2. Epidnral electrodes were inserted into the skull at the level of

sensorimotov, associative, and el)tie cortex. Permanent fixation was
insured by means of dental acrylic. Training was continued within a

few days after the operation and EEG tracings were subsequently regi-

stered throughout the sessions. A four channel EEG Grass Model III ])

was used for the recording.

3. Buzzer conditioning. After the ring pulling response was well

established and the elcctrodes iml)lantcd , the rabbits werc then trained

to pull the ring only during the sound of a 30 second continuous buzzer

(CS). Pulls during silent intervals were not rewarded. Thirty to forty
trials were given during each session with inter-trial intervals varying

from thirty seconds to 3 minutes.

4. Discrimination training. After the animals had learned to pull the

ring only at. the sound of the buzzer, the, training was continued until the

response lat:eneies were typically less than 10 seconds for several conse-

cutive days. When this criterion was met, auditory discrimination train-
ing was begun. On each (lay the procedure on 2/a of the trials was

identical to that used Itreviously, i.e., ring pulling at the sound of tlte

continuous buzzer (CS) was rewarded. On the other trials, randomly
I)resenl.ed, an" intermiltent buzzer was presented (1)St and ring 1)ulls

were not rewarded. This negative stimulus consisted of a series of

20 short 0/2 second) signals at I second intervals. A tolal of approxi-
mately 45 lrials was given on each day. This procedure was continued

until the animals learned to pull the ring oMy at the soun(l of the CS.
Drugs experimems. After the responses to the discrimination were

stabilized, the effects of drugs upon the performance of the resl)onse was
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Shen studied. The following drugs were used: chkwpromazine, lyscrgic

acid diethylamide, d-ampheta:mbae, scopolamine, and eserine. In each
$csting session the animals were first, giwm several control discriminat, ion
t,ri_ds prior to _hc drug administration. Then t3_e drug was injected
intravenously and tesling was continued, after approximately 5 minutes,
for a period lasting from 1 to 2 and x/_houi's. In each animal, several
experiments u._ing only saline were conduct_ed ill order to exclude possible
effects of thc injection procedure on the animals' behavior.
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Results

{" Behavioral and EEG palter_s durb_g i_strumenlal reward

a_d discrimimdio_, trai_i_g

The results obtained during the first three steps were similar to those

described previously (S_tDOWS]_ and Lo._oo 1962).

During tho first several sessions the animals ad .... ',edto th_ testing
eage and learned to cat from the food _ ell. An additi<mal 5 to 10 sossiolls
were required for the subjects to loam the pulling response. When first

presented, the CS inhibited tho pulling response. Then, after an adapta-

tion period, the response reappeared. At this stage of training, the non-

rewarded Imlls during the silent intcrwds were both frequent and vigor-
I>sychophnrnlaeologh',, 1](1. 4 9
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U _ .-__ ous. After 5 or 6 sessions

_ _ _ the animals gradually

_. -_0_ learned to pull only at

{ "__ I _ tile sound of the CS.
a."c_....g g In the initial stages of

_ _ _ the discrimination train-

"_"=_ a >_ ing the DS provoked

_ - :--_ o orient.ating, or in some
t _ _.=_° _ _ cases a fear response,

"__ _ _ during which no pulling

"_ _ e = _ oeeurred. Nodisturbanees

• _ _. _ _ were observed in the re-

1 ! _ o o _Z= spouse of the animals to
i |' )_ i_-_ theCS. Afterafewpres-

J , _ _ f _:'_ o entations, the subjects
• ! __ begun to lmll the ring at.

NO - _

k ;-_ I _= the sound of either CS or
t @ _ #o DS. When t.he discrimi-
• _: = _.= nation was learned, the

._ = =_ animals typically retired

o __ ___ to the rear of the cage at

, ._:= = _ the sound of the DS. The
__ _ ._. _ performance latencies to

= _ '=- - the CS and the discrimi-

-=_ es _ nation learlfing process_ >.o .- _ are illustrated in the early

- ._ ,_ -__ _ portions of tile curves in| _ _°_:'_o_'_.
' ="_=__ 1.From the figureit

I =_ao-_ Fig.,'_ I a_ can be seen that learning
_ _ _ _ _ of the discrimination was

• , _._._ __
o._-_1= quite rapid in three of

e'=_ o o the animals, while one
o,=_ _ animal (Diaz) never

cl ¢)
_ _ _- _ completely learned tile

_ _ § discrimination.
_ o_- Throughout the tests

_a.... the NEQ remained con-

•. _ . sistently desynehronized.
e a _ No differences were found

in the tracing registered

during the response to the CS and DS (Fig. 2). In the later periods of some

sessions, when the animals ceased performing and lay down in the rear of

the cage, high voltage slow waves appeared in the tracings and spindles were
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recorded from the anterior leads. Rhytlunic high voltage (200--500t_ 7)
sharp waves, synchronous with chewing movements, typically appeared
in the tracing from the anterior cortex and, less frequently, from the
posterior cortex, while the animals were eating the food. The_e waves,
originally described by Ec'roRs (1936) and referred to as "ondcs masti-
eatriees", are a real elcetrieal phenomenon and not artifacts produced by
movements of the animal. An extensive discussion of these waves can

be found in previous papers (Lo_ao 1960; SA_owsxI and Los"oo 1962).
In the text, these waves will be referred to as "mastieatory" waves.
When the ant m a]s fin isb ed eating, these "mastieatory" waves dis appeared
and the tracing again became desynehronized.

E[[ect o[ ampheta_nine on the discrimination

Amphetamine was administered in doses varying from 0.5--2 mg/kg
in four animals for a total of 8 experiments.

"_Vithin a few minutes after the administration of amphetamine, the

rabbit started to hop around the cage in circling movements. Defecation
was usually observed. During this hyperactive period the fot'ee of the
pulling was greatly diminished. In the peak of lhc motor effect of the
drug, whieh usually occurred during the first 15 minutes, all responding
was completely inhibited. Evidence of disorientation was indicated by
other symptoms including searching of the food well during the sound
of the buzzer without any prior pulling as well as pulling in the absence
of either CS or DS.

The most characteristic effect of this compound was that of the break
down of the discrimination. In all eases, during some period following

the injection, the animals pulled the ring at the sound of either the CS
or DS. This effect was not simply due to a shortening of the response
latency and a consequent inability of the animal ¢o discriminate between
the onset of the CS and the DS. In fact, most often the pullings were

initiated after a latent: period of 10---12 seconds. In addition, the animal
frequently searched the food well after first having responded to the DS.

In one animal (Diaz), which normally performed the exercise rather
poorly and typically ceased responding after 20 stimuli, the administra-
tion of amphetamine increased the mmlber of responses to approximately
55 per session.

The effect of the drug on cerebral electrical activity consisted of a

desynchronization of the tracing, which continued uninterruptedly
throughout the test.

Lysergic acid diethylamide (LSD)
LSD was administered in doses varying from 0.01 to 0.05 mg/kg in

three animals in a total of 8 experiments. Of the drugs investigated, LS])
was found to be the most effective in completely inhibiting the responses.

9*
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F _ _ _ _'_ '_' In fact, in two out of
_ _ the three animals, tile

: t_ drug in a dose of only
', _ I _'.. 0.01 mg/kg blocked the

> o _ instrunwnta] respondingi _g,g
_ _ to both stimuli for a

i _ _ K period of approximately
7 _ 2 _ 25 mimttcs. This block-

__ _{ I ing was accompanied

[ _ o_ by other behavioral
I _ _a disturbances such as
l _ _ decreased locomotion
J _;

o ._ _ and slight ataxia. The_ _ animal seemed to be

-_ i ._ eorl] 1)] etc]y diso,'iented

i _ _, and repeMedly looked-t_-_ _,;_

;_ ; I _ g _ d for food in the absence

_ .q .'_ _ _ any signal.
of More

}-}__ _ ,. £ severe disturbances ofK2
_2o behavior were observed

;,_ I _ _ "_ with higher (loses. These

_; "I _ _.. _ alterations (lid not con-
..... sist of a motor excita-

-¢ tion, as was found with

_- l __ _ amphetamine, but rath-' o ,,..;5
_ _.=, er of imimired move-
_a _ ments, due apparently

_ _ g to the motor defieit of
_ _-'_ the forelegs. A most

"8,; _ characteristic response

_" was backward loeomo-
".-._ tion and rythmic con-

_°_
s _ tinuous shaking of the

_a- head. At the sound of

_,_ I either signal the rabbit

_o='__ renlained immobile or,
"_e in some cases, retired

_ to the rear of tile
._ § _- cage. In one case, after

o _ 0.025 mg/kg, there was
_'_'__ observed a "disinhibi-

_ _ tion", in the sense that
_'_ the ])S was followed

_" _q _ _*'_ b__ _ by the pulling of the
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' rhlg. After the high doses _ 6 _
a eoml,letcly no,'mal re- 4 _3 _ _) = _5
sponsc was not observed for _ "} _ _ N
a l)eriod of a least two hours. 2. .e _ _,

EEG modificationsaI)- _ g"_e

pcaredwith dosesas low _ _
as 0.01 mg/kg, but were _ _ ....g_
morepronouneedwithhigh- _i _ __.

(loses.The modifiea- .7er

tion consisted of a decrease _ _ +_=_g,
involtageofa11leads..result- _ '_
ingin an extremely"flat" ___ -

tracing. An unusual pie- _ $Z: _._._
ture, which was observed -_: _- _
with twoanimals,is illus- i- J _"_ _'

t.rated in Fig. 3. ])uring _7 g P_aboth types of signals, waves . i v -.-_

{ofa se/see
alipearcd in the anterior .:_ _i'._,

distributionsimilarto that _. -_,g_,

oftlm"masticatory"waves. _- -_:: ., a ._A obse,'vatioof ao
the animalssuggestedthat "__a _-
thisEEGpicturewasasso- o<_ o
dated withtremorsof the " _ _" "_

jaw muscles. This phenom- _ _ _ 7

enon typically appeared ;_ _ g _nosoonerthan10rainafter = a
- ._a

the injection, in a period _ _ , _-_ Iduring whichall instru- , __
Ill Oil l;,Itl responses %vere

•I X _ "_
blocked.Usuallythewaves _ =_.
__,u-^_s _a with the iA:llllli_l*_l"-:-'_- 11 m._a)_ o

tionof thesignals. I _- i _o_._

Chlorpromazine. _ :'v g .7,a

q_,,,elve . experiments }_ _:_ _.were performed in four u =
¢)_ ca

animals, using doses from " _ -
0.5---1 mg/kg of the drug. ._o_'2o
Theeffectofthelowerdose _ o

wasvai'iable;insonleeases I ;_ 4_
resi_nses were eonii)letely _- _ _ _ _ _._
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lJh)el:",l, in others the animals responded to all auditory stimulation
whih_ i_ olh(_rs no effect was observed. With 1 mglkg the effect in
ever 3, <.asc_except one was that. of a complete bloeki_Jg of responses.
A slighl; ataxia was observed during the peak effect of the drug. The
duration of the blocking varied from thirty minutes to one hour, and

was associated with synchronization of the tracing, li'or a period fol-
lowing the peak effect of the drug the performanee of the instrmnental
response returned, accompanied by a desynehronized tracing, while the
1)S provoked a return of the spindling (l!'ig. 4). In the eases in which
the animals responded to both CS and 1)S the tracings were contin-
uously desynehronized.

Scopolamine

Scopolamine was injected in doses varying fi'om 0.025 to 0.05 mg/kg
in three animals for a total of 10 experiments. The lower dose,
after a period of 5--10 minutes, completely 1)locked the responses.
This blocking lasted for i_ t)eriod of 15 to 30 rot,rotes, al_d was followed
by a. second period in which the animals pulled t_he ring at the sound of
both the CS and DS. Then the performance gradually returned to the
pre-drug level.

The dose of 0.05 mg/kg also provoked a complete blocking after a
short latent period. In ol3c animal this complete blocking was preeeeded
by a brief period in which the animal responded dm'ing both the CS
and I)S. These changes were accompanied by an increase of spontaneous
activity withou_ any motor impaicnlent.

The EEG changes consisted of the appearance of spindles and slow
waves, even _Yith the lower dose. As was observed with ehlorpromazine,
following the'i)eak effect, when the tracing returned to the usual desyn-
ehrouization the DS frequently elicited spindling. In two eases, eserine
(0.05 mg/kg), administered during the peak effect of the higher dose of
scopolamine, produced an immediate recovery of the discriminative
response and a concomitant. EEG activation.

l}iscussion

]Findings of this study indicated that the animals differed both in
rate of learning of the auditory discrimination as well as the level per-

formanee reached. One animal learned the instrumental ring pulling
response but never completely mastered the discrimination. These per-
formance differences may have been due as nmch to differences in

emotionality as }o differences in learning ability, since the animals were
quite cmotional during the early stages of discriminat,ion training, and
the learning of the appropriate rcsponse to the two auditory signals
occurred only after the animals adapted to the DS.
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In the previous study (SADOWSKI and Lo_c'o ]962) PEG aetiwttiou
was observed both befot-e and during tim performance of the simple
i_,strumental conditioned rcspm_se. In the present experiments, differ-
ences in EEG pattern were, not observed during or after the application
of CS or DS. In fact, all throughout the trials the PEG traeil_gs were
constantly desynchrotfized.

A number of studies have repot:ted the onset of slow waves following
the negative stimulus during discrimination training. The present
findings of a continuous desynehronization are consistent with those of
IIOWLA?C_aand G1,uCK (1960) in which under food motivation slow waves
were not observed following DS. The same authors (GLtrCK and ]IOW-
I,A_'D1959) however, fmmd slow waves to appear after the differentiated
stimulus when aversive stimulation was used as a source of motivation.

The differential motivational states induced by aversive and reward

conditioning situations thus seem to produce a corresponding difference
in PEG pattern. Au understanding of Ibis difference would require a
careful analysis of the phy_,;ioh)gical states induced by these diver._e
procedures. Differences in PEG reactions to CS and 1)8 were observed
only during the reeovcry period following the peak effect of the two

synchromzm o drugs scopolan:ine and chlorpromazine.
In the present study, both PEG l)aItern and performance of the

learned responses were modified by the drugs investigated in doses lower
than those found to be effective in the previous invesligations in which
the animals were required to make only the simple instrumental ring
pulling response. For example, doses of 0.2 to 12mg/kg of chlof
promazine, as well as 0.05 to 0.1 mg/kg of LSD and 0.05 mg/kg of
scopolamine were previously found to have no disrupting effects on the
instrmnental response. In the present study 1.0 mg/kg of chlorpromazine
consistently blocked all responding, while LSD was effective in doses as
low as 0.025 mg/kg. Scopolamine also blocked the responses and pro-
duced PEG synchronization in doses lower than those previously found
to have no effect,.

Since different animals were used as subieets in the previous and
prescnt experiments it is possible that the difference in the effect of low
doses in the two studies was due to variations in the particular rabbits
used as subjects. It. is also possible, however, that the effect was due to
the difference in complexity in the two problems used. This latter inter-
pretation is consistent with the findings of other investigators (POL>
I)oRo 1961) tl_at the sensitivity of the behavioral test to drugs cffecis
depends upon the complexity of the problem.

A related observation was that of an increased sensitivity of the
PEG of the animal performing the discrimination to the effect of drugs.
This was noticed particularly with scopolan_ine and ehlorpromazine,



which, t_,gelher with the blocking of tile rcsponses, produced EEG

synchronization ill doses (respcctivcly 0.025 mg/kg and 1.0 mg/kg) pre-

viously found to haye no effect.. It seems that. the EEG sensilivity to

drugs may also depend Ul)on the complexity of the animal's i)roblem.

In view of the potential significance of this observation, this problem
would seem to warrant further investigation.

An analysis of the differential effect of the drugs investigated on the
pe|'formanee of the discrimination response indicates thai the different

compounds affect 1)erformanee and EEG activity in quite different ways.
Of the drugs investJgat.ed, amt)hetamine was the only one found to

reliably interfere with the discrimination. In fact, at. a certain dosage
level, all animals responded by pulling the ring at the sound of either CS

or DS. With the other eomi)ounds , blocking of this tyl)e was observed

only occasionally either preceding or following a period of complete
unresponsiveness. Observation of the animals as well as analysis of the

response lateneies suggest that ampllctamine impairs t.hc discrimination

by interfering with the animals' ability to inhibit their response to the ])S.

The effect of amphetanfine on the animal which was only able to
1)erform the simple instrumental response was similar to that obtained

in the in'evious il_vestigalion: thc 1)erformanee was enhanced rather than

impaired by the (l_'ug. Although t.he animals were highly active, their
behavior was not disorganized in a lnanncr observed with LSD. This

eompmmd, which was the n_ost active of the drugs investigated, pro-

dueed a general loss of the ability of the animals to recognize the signifi-

cance of the critical stimul i in the test. Although they remained
generally mobile, the organized performance of the instrumental resl)onse
and discrimination were completely disrupted. In a recent report on the

effect of LSD on auditory discrimination in eats, KE_ (1961)con-

eluded that this drug interfered with the discrimination by decreasing
the subject's ability to distinguish between significant and insignificant

stimuli. The more complete disorganization found in the present

study inay be due to a difference in technique, species, or dose

level. An additional observation regarding I, Sl), the twitching of the

jaw accompanied by the sharp high voltage waves in the EEG (Fig. 3),

deserves some comment. Since the phenomenon was observed during
the auditory signals, it is possible that was a residual of the response
blocked by the drug. i

In view of the interest in understanding the basis of the tranquillizing

effects of chh)rpromazine, most belmvioral studies on this drug have used
techniques requMng the subjects _o escal)e or avoid noxious stimuli. In

general, the findings of these investigations have indicated that chlof

l)romazine interferes with the ability of subjects to avoid a noxious

,--:timulus without affecting other abilities (])_,x_ss_ooJ_ and LYo> _ 1961).
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The. present findings indicate that the drug may also affect pcrformancc

based on approach motivatiop., if the requirements of the situation arc
comI}|ex.

Tile effect of scopolamine was similar to that of chlorI)romazine in

that the EEG was synchronized and performance (lisnlptcd. Itowevcr,
these ehanges with scopolamine were accompanied by an increase in

motor activity rather than a decrease as was found with eblorpromazine.

In a previous study (Sa_)ows_¢I and LONGO ]962) both the EEG and

behavioral effects of scopolamine were counleraetcd by injections of

cserinc. Thus these findings 1)rovide additional evidence that the effects
of cholinergic compmnlds can be observed on both EEG and behavior

when the behavioral tests required a reasonably cmnplex type of

response.

Summary

'13,is paper reports an invesfigation of the effect of several drugs on

the lx,rformance of an instrumental reward discrimination as well as on

the cerebral eleclrical activity of freely moving rabbits. ]"our adult

rabbits bearing chronically implanted cort:ical electrodes were first
trained to l)ull a ring at the sound of a buzzer for a food reward. The
animals wore later trained to discriminate between a continuous buzzer

(which was followed by a reward) and an intermittent buzzer (which was

not. followed by a reward).

No differences were observed in the EEG responses to positive and

negative stimuli; the EEG was at all times desynchronized.
The effect of several drugs upon different, eomponenfs of the instru-

mental diseriminalion responses and EEG activity was then studied.

The drugs investigated tended to fall in three general elas_es:
1. Amphetamine, which blocked the, discrimination without affecting

the instrumental response. The EEG in these eases was continuously

desynehronized.

2. CMorpromazine and scopolamine, xvhiel_ blocked concomitantly the

discrimination and the instrumental response. During the block of the

response the EEG was synchronized.

3. LSD, which blocked concomitantly the discrimination and instru-

mental response. During the block of the response the EEG showed no

signs of synchronization.

The significance of these findings are discussed.
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