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N Howard V. Schwartz

\3 T \)“
e E.' ) Neuroleptlc-lnduced Performance Deficits:
|

. Motor or Reward Deficits?

¢

, R " Two contrasting hypotheses exist as to the
R \ . effects of neuroleptics on operant behavior in

: o

- animals.

The flrst view suggests that neuroleptics

cauSe an inability to 1n1t1ate voluntary motor

. ' ' movements. The second view suggests- that
! 4 R 4 AN
|

neuroleptlcs result in an attenuatlon of- the

-

rewarding value of normally reinforcing stimuli:

v In order’ to test these contrasting hypotheses, the

%

. present investigation attempts to determine if food

' T\ glven to neuroleptic treated ratsican both sustain
h and‘establish a normal response hablt, i.e.,

.3 ’ bar-pre881ng.

Three experimehts were conducted with
male Sprague Dawleyergts as sub,]ects using the

neuroleptic pimozide. -‘The effects of repeated = °

: pimozide experience.on the rate of bar-pressing is

examined in order to evaluate the response-sustaining

capabilities of food. Examination of the

i
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response-acquifing capacities of food involves . .
measuring the rate of acquisition of bar-pressing R .

' in naive, drugged rats? In contrast to the motor ¢

) - . -

*

deficit hypothesis, pimozide-treated rats demonstrate
. an apility to execute a ‘series of complex, coordinated
motor movements. 'In accordance with the reward "
stténﬁstion hypothesis, the maintensnce of a normal - N
- rate of responding in well-trained pats and the -
“. establishment’ of the bar-pressing in naive rats\is . ' .
1nf1uenced by the rewardlng propertles of food. i o i
. These’ findlngs suggest that one maJor effect of
neuroleptics may be the attenuatlon of the rewarding
‘. properties of primary relnforclng stimuli. The . f

evidence supportlng such a theory is dlscussed. .

. 2
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- JIntroduction
/ N

Neuroleptics:s Clinical Perspective

A significa.ntgadva.nce in the treatment of mental
illness has been the uSe of drugs that are effective
in the management of the psychotic patient. Prior
to the advent of s{.zch‘ antipsychotic drugs, generally
referred to as neuroleptics, the treatment of |

schizophrenia and other psychotic disorders were

* primarily 6ustoqial in natyre. Until 1956 (the £irst

yeér of widespread use of the neuroleptics), the

‘population of psg:hiatric ‘inpati'ent\s in both public

and private mental institutions had been increasing

yearly". However, since 1957 this statistic has

reversed and the inpatient population has declined in
each successive year (Kornetsky, 1976). Patients who
.previously had to be maintained in psychiatric
insfitutions‘ for extended periods of time are now
more frequently treated on an outpatient basis and

returned. to their homes and community, usually to

- lead a considefably moi'e normal life. This change is

.directly attributable to the advent of neuroleptic

v

treatment.

t

Although the practical importance of thege !

drugs is clear, more critical questions remain.

4
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Do ‘bhese drugs actually reverse the schlzophrema

process. or. do they merely serve to arrest: the

smptoms of schizophrenia? If they merely provide
\ssf;iptoniatic relief, are their actiohs specific to
scili'zophrenic symptoms, or do these drugs simply

suppress behavior in general? That neuroleptics B

"iessen the burden of the psychiatric staff by -making

. the prev1ously reoalc1trant patient more manageable

' is not/a sufficient answer. ’ _ _ .

Delay, Deruker.\ Ropert,, Beek Ba.ra.nde and ‘ T e e

Eurleult (1969) were first to document the o
effectlveneqs of neuroleptics in the schizophrenic
pépulatipn. They argued that chlorbromazine and

reserpine did indeed have “antipsychotic® effects on

‘their patients without impairing their consciousness.

'thce both these drugs are known to produce sedation

(De'nbe'r'. 19793 Klein & Davis,  1969), the diminution
of agitation in their hyperactive patients was |
_e}épected\ However, witﬁdrawn patients given the
identical drug dosage responded by becoming more
"}ic'}:ivéted." This paradokical effect was considered

¥

to be a critical characteristic of a truiy
tw

anti- schlzophremc drug a '
Although it is true that many of the primary . .

and secondary symptoms which. are pecullar to’
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\\schizophgenia (e.g., thought disorder, abnormal affect

_(Iversen, 1975; Jansen & Van Bever, 1978;: Klein &j

and withdrawal) are attenuated apd in some cases even

ellmlnated as a result of neuroleptlc 1ntervent10n,

the maJorlty of patients do not fully recover. That T

less than fifity percent of neuroyeptlc;treated
living in the community’ are deemed

well adjugted (Lipton, 1976) is an unfortunate“ -

testimony to our lack of underStandiﬁg of the drugs
* ]

1n use today. Moreover, adverse side effects of

prolonged neuroleptlc treatment are well known

Davis, 1969). Kornetsky (1976) suggest that tgg

T ideal antipsychoth drug should be able 1) to reduce

the agitated state, 2) to Fetefee the proceef of the
psychotic symptom, 3). to.not interfere with any
mototic'fgnctioning. and 4) to -exhibit to-é&xtra-
pyramiaal symptoms. ... Gurrently, there exists Mo

v

drug in productlon that ‘can satlsfy these . " /

3

requlrsments. One step towards produc1ng such a | /
drig is a more thorough understandlng of the actions
of the drugs éﬁrrent;y in use.

The Dopamine Recep#dr as the Site of Neuroleptic

z
Action -
‘With the emergence of neuroleptics as ‘the {

treatment of choice for schizophrenia, a great deal;~‘




Qallev1at10n of psychotlc symptoms (Byck, 1975;

. of the themical structure of the neuroleptic suggesté

. neuroleptic affinity. With the use of

&*

5
N ’ - .
. . .
, .
. ' ’ .
B . . - .
’ -~ 4 . IF
. s .,
. ¢ -
'

)
of attention hes been focused .on the mechanlsms of

neuroleptlc action. ”It appears that neuroleptlc v

administration results 1q,d)blockade of dopamine . S

receptoré in the central nervous system, and that e ‘,.

this blockade is primarlry\respon51ble for the

Iversen, 19753 Snyder, Baneraee, Yamamura & Greenberg,
1974). Evidence in support of this view comes from -

numerous studies that have focused on dopaminergic

‘blockade as inferred from a variety of methods and * .’

. arguments.’

First, Horn and Snyder '(1971) and Horn, Post
and Kennard (1975) have demonstra®®d that certain .

K

neuroleptlcs are structurally similar to dopamlne. .

Through x-ra.;&) analysis, \they have shown that dopamine ' ) @ -
can be almo;t perfectly superrmposed upon a portion

of each of the neuroleptics that they tested. *The” o
similé;ity of the dopamine conformation to part , t e

that thesfe drugs are likely to interdct with
dopamine-related .receptor sites.

A second line of studies‘has attempted to

!
|

identify the dopamine récePtor*&nd determine its

radioactively labelled drugs, sgecific drug-receptor
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“that a binding site is a 31te|of dopamine action

-

binding can be measured in homog%ﬂized saﬁplés of

thé brain. Burt, Creese and Snyder (1976) and

. Creese and Snyder (1978) have demonstrated that

&

(%n) _dopariine and (3H) -haloperldol each bind to ——

‘ brain homogenates. These lnvestlgators found that

neuroleptics significantly- dlsplaced\the blndlng

of each other. 1In addltlon, dopamlne dlsplaced the
bmnd%pg ‘of the neuroleptlcs to the same degree.
These flndlngs led the 1nvest1gators to" conclude
that dopamlne and neuroleptlcs compete for the same
class of gopamlne receptor blndlng 31tes. - CL

The conformatlonal 91mllar1ty between certa;n p

" portions of the neuroleptlc ‘and dopamine molecules

and the displacement of radioactive haloperidol by -
dopemine‘support‘the Yiew that.neuroleptics block

dopamine receptors because of their ability to

codpete with dopamine to occupy the same receptor. ' .
sites. Howeverj the féot that néuroleptics may . f’/'

‘bind to at least some of the same sites as does T e
dopamine does not, by itself.\imply that this is T
the bioloéical site of neurbleptic action. ~

Electroph?siological and behavioral sthdies are

needed to determlne whether a drug 1nd3ed acts at

its various blndlng sites. It must be determined -

-
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before it can be inferred that it is a site of

o

" pharmacological blackade.

The major dopaminergic pathways in the brain

include the nigro-striatal, mesolimbié and

mesocortical systems< The cell bodies of these .

neurons are located in the zona compacta of the

\ =

. Ssubstantia nigra and the adjacent ventral tegmental

area. These cell bodies innervate the caudate

nucleus and the putsamen of the striatum, the frontal

cortex, the septum, the nucleus accumbens and other .

limbic structures (Ungerstedt, 1971a). Throygh/ -the

" use of extracellular singlé'cell recording techniqﬁes.

LBunney and Aghaganlan (1976) located cells 1n the

prefrontal cortex that are innervated by dopamlne-
contalnlng qell termlnals; In a tqlrd major )
approach, they were therefore able to test the effects
of various drugs on cells wﬁlcﬁ are the presumea’site
of synaptlc dopamlne action. Dopamine inhlbitea

the firing of these cells. Trlfluopera21ne, a

potent neuroleptic, selectlvely blocked the

.

' dopamlnerglc inhibition of cell activity. ThlS and

31mllar studies (Bunney & Grace, 1978; Bunney,

Walters, Roth & Aghaqanlan. 1973; Groves, Rebec &

.Segal, 1974; quk.¢l9?2) are direct demonstrations

' R »

-
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of fhe'gopamine biocking action of ﬁedfoleptics

mgasufed‘ﬁifhin the dopaminergic'synaﬁ%e itself.
‘A fpurth épprqach‘to demonstrating the

dopamine-blocking action of Leuroléptics is

| behavioral in nature. Bilateral injeétions.of

" dopamine into_the striatum result in stereotypic

behdvior in the form of sniffing, licking and biting.

'\ (Pog & Pakkenberg; 1971). . Similar injections into
the nucleus accumbens produce a pattern of enhanced
ldcomﬁtor activity (Pijpenbyrg & Van Rossum, 1973).
The demonstration of dopamihe-inducgd stereot?pig
and locomotor acti&ity.are‘pehavioral signs of
central dopaminergic activit§ in the rat.

Several related drugs have similar béhavioral

' 3 : : effects fhrough'variqus‘pdle&ular.mechanisms.

‘ gilateral injections of L-DO?A (%he physidlogicai‘
. " precursoyr to~dopamine and norepinephrine) directly
into ﬁh; striatum result in a production and
baccumulétiqn of dopamine in that area (Bertler &

-

Rosengren, 1959). On a behavioral level these. -
injec@ions produce stefeotypic responses similar
to those that occurwés a consequence of direct
dopaﬁine\injections. Thus, it is demonstrated
that L-DOPA administratioﬁ‘prodd;ed dopamine-like

.behaviors.'an it is presumed to do so through

‘ ? . R
. . ,
.

el b st W
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‘at the postsynpatic receptors. In other w rds, -

metabolic donversion to dopamine.

- The psychomotor stiqulant aﬁpmetamine aetiVates

/dopaminergic systems in many ways. PFirst, when it

is injected directly into the caudafe nucleus, °

increased amounts of dopamine can be recovered from

' extracellular spagce (McKenzie & Szerb, 1968).

similarly, amphetamine locally applied to the caudate
nucleus following injections of radioactively

labelled dopamine into the same area causes

JﬁETgQ;ficant amounts of the radioactive neurotransmitter

v A

"to appear in ext%acellular spaces (Besson, Cheramy,

Glowinski & Gauchy. 1973, Carlsson, 1970 Corrodl,
Fuxe & Hokfelt 1967) Such flndlngs suggest that

one of the functions of amphetamine includes: a

releasé of dopamine from nerve terminals in the b}ain.

" In additlpn to causing the release of dopamine, .
p] -~

’ there is donslderable ev1dence to suggest that

amphetam;ne alsollnterferes with the reuptake of

dopamine at the cell membrane (Coyle & Snyder. 1969;

¥ . - .
Ferris, Tang & Maxwell, 1972; Heikkula, Orlansky, ' °




of time that 'dopamine remains in the synaptic' space.

'
i

' blocking the reuptake process haa a4 final consequence

similar to dopamine belng reIeased intb q;e synaptlc 7
cleft by a releaslng‘agents "in each case dopaminergic
activity is prolonged because of the extended length
That smphetamine both releases and inhibits the,‘
reuptake of dopamlne 1n the braln sﬁ thought to
account for the major pharmacologléal action of

amphetamine. The fact that it potentlates the

'actlv:Lty of the neurotransmitter stronglf suggests

that the effects of. amphetamlne mlght be medlated by

dopaminergic pathways in the braln. This is

.consistent with its behavioral effects. When

amphetamine is administered directly into the caudate

'nucleus, stereotypic patterns of behavior are seen
{

51m11ar to the behav1ours seen in L-DOPA or
dopamlne-inaected animals (Ellinwood & Balster,
1974 Randrup % Munkvad. 1974}, That amﬁhetaﬁine

+ causes behav1oral consequences s1m11ar to those

produced.by dopamine 1n3ect10ns 1mpllcates the

- involvement .of central dopaminergic mechanisms in

the mediation of its effects.

Admini§tration of epomorphine,'another

Al

psychomoto stimulanﬁ; is thougﬁf to result in

~ the stimulation of dopamine receptors directly
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(Anden. Rubenson, Fuxe & Hokfelt, 1967)
Behav1orally. the effects of systemlc apomorphlne
1n3ec;10ns are consistent with the pattern- ofd
behavioré observed following L-DOPA and amphetamipe
administration (Ernst & Smelik, 1966; Randrup &
Munkvad, 1966, 1974; Scheel-Kruger & Randrup, 1967).

" As.mentioned, Dbilateral irfje;:tions of dopamine
into the n&cleps accumbens result in enhanced

locomotor activity. When dopapine is unilaterally

. : . ) s . (]
*injected into this area, asymmetrical locomotor

activity in the form of rotational behavior ensues
(Unge{gtedt.‘Butcher. Butcher, Andén & Fuxe; 1969)i
Although the direction is opposite, rotational
movements can also be induced by unilateral
’stfiatal lesions using the néﬁrotoxin 6-hydroxydopamine.
This procedure causes a éelective degeneration of

nigro-striatal néurbns which is thought to be
N

Y

responsible for the specific motoric asymmetrles
that have been observed (Ungerstedt, 1968, l9?lb)
When unilaterally lesioned animals are injected
with psychomotor stimulant drugs, their behavioral
reactlons dlffer accordlng to the drug. Systeﬁic
amphetamlne administration results in, even more
vigorous circular rotations in the same direction .~T

(Andén et al., 1967; Kelly & Moore, 1976; Ungerstedt,

]



amphetanine causes a release of dopamine only on

_When apomorphine or L- DOPA is admlnlstered

1971b). As reported earlier, the effects of

amphetamine (i.e., dopamine relgasé) are mediated

by nigro-st;iatai'dopaminergic neurons. As a result

of the unilateral lesions to this pathway,

the intact side. Therefore yet a fufther imbalance

. \ -

. is created cau31ng more intense rotatlonal movements. \

systematically, rotational behavior in the directidn ’

of* the uhopergted (contralaterai)_side is induced

(Kelly & Moore} 1976; Ungerstedt, 1971b;

- Von V01ghtlander & Moore, 1973) The rotational

behav10r 1n thls case is opp031te in direction .to the -

-cireling behav1or observed after amphetamlhe

administration. Although apomorphine is known to act

direétly on the dopamine receptors (Andén et al., 196?)'

whi;e L-DOPA'g aftipns are presynaptic in orig%n
(Unéersted;.*l971b). the contralateral rotations
observgd‘by both dfugs have been att?ibu£gd.to a K
supersensitivity of the denervatéd‘striatal.dopaminei ‘
receptors (Ungerstedt, l9?1b)
Thus, it has been demonstrated that psychomotor

stimulants mimic the effécts.of dopamine in the

brain. Behavioral aﬁd;neurochemicaﬁ gfudie; involving

oar

both dopamine and psychomotor stimulants suggest

»~

PR
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“administration are blocked when animals are pretreated

)
that the effects of these drués are mgdiatgd by
dopa@inergic pathwéfs in the brain. Since these

drugs potentiate the action of dopamine on w
nigro-striatal neurons, they can be used as an L .
index' of the effects of neuroleptics on dopaminergic -
activity. Thé\ﬂ@g{gotypic behavior and lbcomotor |

activity which typically follow stimulant .

with neuroleptics (Fog, Randrup & Pakkenberg, *
1968a,b; Lal, Marky & Fielding, 1976; Pijenburg,
Honig & Van Rossumﬂ 1975; Schlecter & Butcher, 1972).

Neuroleptlcs have also been, demonstrated to block the ‘

‘ v1gorous rotatlonq% movements %hat ate seen in

lesioned animals follow1ng systemic stimulant
administration (Andén et al;, 1967; Andén, Butcher, b
Corrodi, Fuxe &, Ungerstedt, 1970; Ungerstedt, 1971b).

.Since neuroleptics are capable of attenuating both

stimulant-induced and lesion-induced behaviors, it
follows that neuroleptics inhibit dopaminergic
activity in the brain.

[N

A final llne of behav1oral ev1dence supporting

'the notion that neuroleptlc adminlstratlon results

in a blockade of dopamine receptors in the central ‘e
nervous gsystem comes from studles which look at the

correlations between the degrees of dopam;ne bindlng

4
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and the’clinicai potency of neuroleptics. It is
possible to predict the relative clinical,efficacy
of a spécif%c,neuroleptic from its degree of

binding affinity to the dopamine receptor. The more
readily the neuroleptic binds to the dopémine
receptor, the more effective fhe drug is in
controlling the behavior of'the‘schizophrenic
patient (Burt et al, 1976; Creese, Burt & Snyder,
}9?6; Seeman, 1981; Seeman & Lee, 1975; Seeman,
Chau-Worg, Tedesco & Wonk, 1975). Since the affinity
of neuroleptics for dopamine receptors but not other
brain binding sites is correlgtéd with behavioral
;fféctiveness. it is likely that neuroleptic actioq
is’exerted through @hé plockade of dopamine

receptor activify.‘

' To summarize, through radidaotiye labelling,
electrophysiological geéording and behavioral
measures, it appeérs that neuroleptics producé a
glockade ;f cént:gl dopamine receptors. Thaf these
drugs bind to the same ;Zceptor sites ;s does
dopamine, coupled with the fact that they block
the aétibn of the drugs that release and potentiate
dqpaminergic'activity support the speculation that

. neuroleptics are dopamine antagonists. Moreover,

the clinical potency of .the neuroleptics is‘'largely
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proportional to the degree of binding on the

dopamine receptors. . ' v

Effects of Neuroleptics in Normal Animals
In addition to the biochemical andlphysiologiéial

effects of neuroleptics described above, research has

-

been conducted on the behavioral effects}of

neuroleptics in an attempt to better understand, the

|

general function of dqgamlne in behav1or. Theré
have been two major hypgiheses as to the effecta\of
neuroleptlcs on operant behavior 1n normal anlm s.

Both are derlved from studies which have demonstrated

ffhat animals treated with neuroleptics fail to lespond

as strongly or frequently as in their previous

i
|
non-drugged state. In the first hypothesis it :‘is
suggested that the behavioral deficits observed|in
neuroleptic-tréated ahimals are due‘to iotori i
difficulties, while in the second hypothesis it is

suggested that the deficits result from'an attenuation

+ of the rewarding value of normally reinforcing

stimuli.

Animals will perform a variety of responses
in order to obtain such rewards as food, water and
brain stimulation (Dunham, 1972;.0lds & Milner,

19543 Skinner, 1938). Disruptions in the performance

. of these responses caused by neurbleptic treatment

14
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have been demonstrated, and proponefits of the motor’

deficit hypothesis have interpreted these disruptions

to be due to an incapacity of the animals to perform

the respbnses necessary to obtain the reward in

1979; Fibiger, Carter & Phillips, 1976; Rolls,
Rolls, Kelly, Shaw, Wood & Dale, 1974). The ¢
conclusion that animals are indapable of initiating
or sustaining‘adequate motor responses has been Zh
reached as a result of many 1nvest1gatlons using
dlfferent methodologlcal approaches. One such

method has been to comparé%}he effects of working

'for a rewarding stimulus with the effects of

allpwing free access to the reﬁarding event. Hungry

animals pretreated with neuroleptics show

significantly depressed rates of bar pressing for

_food reward, while animals given the same drug
4 .

treatment and allowed free access to food eat as -

much as undrugged controls (Fibiger et al., 1976).

- Since food consumption in the free-feeding condition

was normal, Fibiger ‘et al. (1976) concluded that the
decrease in responding observed in the former group _
could not be a result of a decreased hﬁnger drivé

or a decrease in the‘rewarding'properties of the

food. Rather, these investigators argued that

o ,
question (Ahlenius, 1979; Ettenberg, Cinsavich & White, .
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‘ neuroleptlc spiroperidol, while no decrease in ' ‘ , . .

neufoleptics produced an inability to‘perferm the>
fnecessary lever press;ng response. '
Agalnst this argument it is qulte possible
that the deereased lever pressing is a consequence -
of the decreased rewarding impact of-food under
neuroleptics. If this were the case; then an
alternatife explanation to the data provided by
Fibiger et al. (1976) could be offered. If food
is not as rewarding under the influence of
neuroleptics, then decrements in rates of responding
seen in aniﬁels working for food would be expected.
1f, hoﬁever,‘food is presented to the'animals in a
free feeding situation (that is, with little response ¢
cost to the animals), then the primitive cues.
associated with food and consummatory behevior
could be sufficient to maintain feeding thavior
even after neuroleptlc pretreatment ' ‘ -
Some researchers have suggested that what

-~

neurolept;c-trea@ed anlmals are incapable of coping

with is the co lexity of particular required motor ' T

acts. ‘Indeed. ?} has been demonstrated that rats
failed to perforim a complex motor task (pressing a

lever) to obtaln water under the influence of the

peﬁformance was observed when the rats were




required to carry out a simpler motor task such as

licking a tube to obtain water reinforcement (Rolls

et al.; 1974). ‘\ - ' S

/

N g’%*

Althoﬁgh the‘sequence of beﬁaviors involved .
in approaching and pressing tite levér and in obtaining
reinforcement may be considered complex as sugéested
by Rolls et al.‘(l974), such behaviors may also
require more effort on the animal's paft then - . . -
simply positioning itéel%;}n frontﬁof the water
dispenser and licking” the water. Since the
reinforcing value of water may be lessened under the
4influenee of ;eurp;epticq. its acquisition may simply,
not be worth the extra effort involved in the lever
pressing task. * J

Inraddition to .the possibility that the.
motlvatlon to perform the llcklng responses for
’JWater reward is attenuated under neuroleptycg.
there algp~ex1sts the possibility that licking is

0

more difficult to disrupt because it is more : J;). “ bt
blologacally prlmltlve. Consummatory bghav1ors
such as eatlng and drlnk;ng are of direct value to
the animal, whereas preparatory responses (e. g..

. bar pre581ng and“alley running) merely lead to, and
‘make p0881ble, a consummatory response (WOodworth.'

-

1918). Slnce preparatory responses lead up to the
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dlrect goal of the 0 ganlsm. Therefore ;t is likely

o

directed.
A third approach which- led to the conclusion
tha® neuroleptics produce motor deficts has involved

the observation of a response that the dnimal emits

,naturaliy at a high-rate. Following injections of

the neuroleptic piqozide; Ettenberg et al. (1979)
placed aniﬁals in a box‘which‘héd,a two centimeter
hole in the mi&dke"of one of the walle.. The latency
of the first nosepokes in t@f test session was
recorded . Although no dlfference was found in the
latency of emission of the flrst nosepoke between
drugged and undrugged anlmals. the ones- inaected with

pimozide emltted fewer nosepokes during the test

_session than dld control animals. . Ettenberg et al.

(1979) argued that because noSepoklng is a behavlor

" which occurs in the absenée of primary reinforcement,

the decrease in its frequency after neuroleptic

administration is indicative of a motoric incapacity

induced by the drug.

o 2



in;fiaily. In v1ew of these flndlngs, it seems

A ' . 19

Thi&' argument, too, is open to question.
Within the motivation literature, curiosity, the c
need to éxplsre and. the alleviation of soredom
have t&pically been considered primary drises.
Given a choics, animals will often prefer to place

‘ - » . i :
themselves in novel situations. Perhaps even more

striking is the fact that deprived animals, when .

introduced into a novel situation, will-invariably
explore the novel features of the environment before

settling down. {p eat or drink (Mlllenson, 1967)

‘This suggests that the r81nf0r01ng value of

exploration exceeds that of food or water, at least

possible that animals might naturally poke their

noses out of a hole in an(experimental chamber for

what can be considered "intrinsic" primary.
reinforcement. If one considers this possibility,

thén a different light is cast on the findinés,

reported by Ettenberg et al. (1979) The lack of

a dlfference between the drugged and undrugged
groups in the' latency of the first nosepoke rules

out the poss1§111ty that p1m021de induced a state

- of gross motor impairment in the animals.

Moreover, that the plmozlde-treated group emltted

fewer total nosepokes may be a fupctlon of the

L 4

Bttt B 2 e S bty K WG AL S VT TASTAMEN, b A a AR g 1 ¢ 4 AR ¥

s e 3 G s e

et it Bt b ¢ L s R 7 B 3

b B el o et ot il

ey




[

¥,

I

\‘genefai locomotion.

@

dnimals’ decreased interest in the env1ronmental
surroundlngs. This is s1gn1f1cant for under
drug-free conditions such interest may maintain
fesponding\for'g time by serving as a reiﬁfcrcer.

- Indeed, monkeys placed in a dimly 1it experimental

. chamber will learn to open a door in a discrimination
£ask‘in oréer ta feceive 36 seconds access to views
,of the laboratory, the experlmenter, other monkeys

or mov1ng toy obJects such as an :iectrlc train
(Butler,'1953). Thus, it is quite possible that
neuroleptics cause‘a decrease in the rewarding
lmpact of the env1ronmental surroundlngs, and thls

decrease can account for a decrease in their
t ‘ | .
"+ Another technique which has been used }h an .,
;atfempt to. demonstrate that neuroleptics produce
motor defiéits in animals has. beenh 6-hydroxydopamine
lesions to the nigrp-sfriatal pathway; Lesions of -
this nature have been shown to ‘cause décreﬁeﬁts in
animals' bar presszng'behav1or 51m11ar to the
decremegts seen after neuroleptlc treatment (Flblger
et al.p 976) Fibiger et al (1976) argue that in
both these 1nstances the animal's ab111ty to 2
initiate and malntaln a spe01f1c motor response is:

Voo

- dramatically impaired.
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eTl‘xe conclusion of Fibiger et al (1ﬁ976) that
‘both neurolepticé ' ni'gro-striatal lesions .
, produce motor deficits has not been uncontested
. in the‘ literature. There exist many reports of
lesion-induced deficits suggesting that the
1mpa1rment Seen after nlgro-strlatal damage is not
s:.mply motoric in nature For example, severe
def1c1ts 1n orientation to stimuli were produced 1n
\rats whose ascendlng dopamine- contalm.ng neurons

were destroyed. Slnce rats w1th unllateral les1ons

o to these pathways were capable of turnlng

contra.laterally when placed in-an 'open fleld. it was

concluded that the deficit’ observed was 51mply

more of a sensory najure than a motor one (Marshall,
-19?8; Marshall. Turner & Teltelbaum. 1971)
Furthermore. the sensorlmotor dysfunc'tlon prOduced

. by mgro strlatal lesions has been shown to reverse
when the am.mals are placed 1n«a—~hlghly actlvatlng
sd‘tua{:ion. Les:.oned am.mals forced to sw1m

underwater to safety. placed in an ice ba‘th or put

""in other hlgh arousal situations are able to overcome,

-

. their di;‘_ficulty' in initiating m'ot'or'moveme\ntcs
(Feeney & Weir. l§?9’; Marshall, 1978; Marshail. :
Levitan & Stricker, 1976;. Marshall et al., l??i;
Ranje & Ungerstedt, 1977a, 1977b, 1977¢). A mo'tor

~
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deficit hypothesis therefore provides a cleérly

insufficient explanation of the iesioned animals®

behavior because of their demonsgrated capacity to -

locomote albeit only under conditions of extreme

8tress.

™ - N

- That animals w?th severe nigrq-st:iatgiadamége

can reverse their akinetic state under certain .
? .

conditiohs presents what appears to be an animal
¢

.analog of a phenomenon which occurs in Parkinson's

disease. .One pronounced symptom of this debilitating

disorder is the difficulty which Parkinsonian

patients have in initiating movements (Barbeau,
1974).. However, when confroptedwwith an extremely

stressful situation (for exampiey a fire in the

‘house).‘Parkinsgniap patients have been known to

‘overcome their disability and escape from the

0

hagardous'eﬁvironﬁént. - When safe, they revert
to their ﬁrevibus'akinétic state (Schwaub, 1972),

That such “émergency" stimuli as a fire .for

Parkinsonian patients and underwater mazes for

nignoustriatéi lesioned animals are required for

" behavior to be observed, suggests the presence of

motivational components in behaviors such as

.. locomotion. Indeed, the fact that lesioned

“animals or Parkinsonian patients do not show signs



&

23

¥
o

of movement does not mean to say that»they are ' .

. physically 1ncapac1tated Furthermore, the neurons

that have been lesioned by 6- hydroxydopamine or that
have degenerated as,a redult of Parkinson's disease
are known to have'dopamime as their transmitter
(Hornykiewicz, 1966, 1974; Thornburg & Moore, 1975).
Since it is dopamine which appears to be the critical
transmitter- that when blocked by neuroleptics

attenuates the reward sustaining qualities of brain

stimulation (Zarevics, Weidley & Setler, 1977;

Zarevics & Seﬁier. 1979), the p0331b111ty that

E dopamine denervation or neuroleptic treatment results

in a motivational deficit campotIQe overlo%ked.
Recent studies‘have revealed deficits in
performance where it is nevertheless cléar that the
animalsbare capable of performing the required -
behaviors. Direct evidence ¥rom theee studies
questions the validity of a:drug induced motor
impairment hypothesis. Experiments 1n(which the

neuroleptic splroperidol has been bilate}ally

injected into variou3151tes of monkey brains reveal

-that self-stimulation at some sites is severely

attenuated while self-stimulation at other sites is

not’ affected at all (Mora, Rolls, “Burton & Shaw, 1976).

Moreover, immefliately after the test sessions for \

)
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self-stimulation are completedl. the monkeys are.
able to perforn; the identical motor task to obtain
a 20 percent glucose solution, indicating further
that the animals are indeed capable of performing
motor responses under the influence of neufc;leptics.
Along similar lines microinjections of
spiroperidol into the nucleus acctmbens (a region
high in dopamine content) significantly reduce
self-stimulation ra’tes.e Self-stimulation of the

contralateral nucleus accumbens is not altered.

_Simi-larly, injections of the neuroleptic into “the.

prefrphta.l cortex (another region high in dop%gynine
content) cause a decrease in self-stimulation on the
ipsilateral but nomt the éontralatera.i gside &(Robertson
& Mogensen; 1978). These findings rule out the
pos;ibility that neuroleptics exert a genetz“al
bilateral motor impairment. ‘ N\

I% is evident that the selective decrements m
res_pé:riding observed ,By Robertsp;x and Mogenson (1978)
and Mora et al.. (1976) ,cahnot be explained'in terng
of a general impairment of motor functioning. Since
normal rates of responding have been demonstrated in -
some situations bu}t not othe‘rs. a more likely'
interp_retatibn of the evidence is that the animals

are capable of responding.but nevertheless fail to

24



: | 25

do.so. The deficits in responding seen, after

|

pe&roleptic treatment may be a reflection of an .
att;nuation of the rleinforcing properties of the
rewarding event (in this case, brain stimulation). .

Further evidence of noi*mal performance éapacity'
is provided by studies employlng a paradigm ln which

/

’a/number ‘of successive bar presses result in a
reduction of the cu“rrent intensity of the brain'
stimulation delivered. In addition, a second lever.
is prévided which, when pressed, would reset the
current to the orn.%lnal intensity of stimulation.
Neuroleptic-treated animals press the reset button
sooner than do undrugged controls (Schaefer & Michael,
\{L980~ Zarev:Lcs & Setler, 1979). Thls finding
JAd\lcates that animals under neuroleptics are still
capé.ble of highly coordinated movements (in this case,
moving to a lever and pressing it). More:'over‘,

higher current intensities are required in order for
‘neuroleptic-:treated animals to maintain le'vels of
responding similar to those of non-drugged controls.

A

ghi‘s finding suggests that neuroleptics cause an

attenudtion of the reinforcing properties of °

rewarding events (in this case; brain stimulation).
One 'inte.resting effect that occurs in animals

treated with neuroleptics is that normal or near

.
.
\
. \‘
.
- .
- . -
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normal rates ;:f responding are sustazlned, at least
initially. Animals trained to press a lever for
food and given the neuroleptic pimozide responded
in quite the same fashion in the first test sessiop
as do non-rewarded, undrugged controls (Wise,
Spindler, De Wit & Gerber, 1978; Wise, Spindler

& Legaulf, 1978). Evidently, pimozide at’ the dose,
tested did,hot interfere with the animals®' ability
to initiate and to conduct complex motor movements,
at least in the first test session. Similarly,
neurolepfic-treated animals working for brain
stimulat‘ior\x reward typically respond vigorously at
the begiming of the test session in a manner ’
'simiia;r to undrugged, non-rewarded or vehicle drug
control aﬁimals (Fouriezbs, Ha.nssbn & Wise, 1978;
Liebman & Butcher, 1973).,

‘Since a performance capacity has been
demonstrated in neuroleptic-treated ar}imals, it is
evident that a simplé motor deficit model is not
sgfficierit to explain :che observed deficits in‘ d
performance. Rather, it may be that neurplepft:‘i..‘c’s\
exert a much more subtle effect by somehow -
attenuating the rewarding properties of the priméry
' {

reinforcing stimuli ‘of food and brain stimulation.

If this were - the case, then it would be expected



’
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that fhe behav:l.c;rs that we:r:e previously maintained V
by these reinforcgﬁ would eventualiy undergo a .
process that would resemble extinction. Support for’
this no_tion is found when the effects of repeated
neﬁroleptic administration are investigated} As
reported earlier, animals given the neuroleptic
ﬁimozj.de for the first time under a'continubus; -

reinforcement schedule bar press for food reward at

approximately the same rate as undrugged or ’

~
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non-rewarded controls. Howeire;‘. subsequent experience .

in the testir;g s‘ituationav/vith pimozide reéul'&s in
a decrease, across sessions, in the total number '
of bar presses per session. Furthérmore, after fyour
spaced exposures to pimogide and the tes'ting_ ‘
situation, the bar pressing rates of the cirug-treated
;nima.ls become significantly discriminable from
the undrugged, but no*_t the non-rewarded, control
animals (Wise et al., 1978a, 1978b).

To rule out the possibildity that the coni;inuéd_
drop in responding is simply a_resuitkof
‘ ph.armacological experienc;e with pimozide, another-
group of animals was g‘ilven injections of pimozide:
in their home cages for each of the first three

test sessions and was allowed access to the

experimental chamber Qn the fourth test day. This
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" drugs and with no reward.

group emitted as many responses as the group of

_.animals given pimozide for the first time (Wise

et al., 1978b).. It appears, then, that repeated ’
experience with pimozide in combination with the -
testing situation has a cumulative experiential |
effect.. The animals séémingly make the association
‘that on test days when pimozide is in their systen, °
food is not as rewarding. Since the loss of impact®
of a rewarding stimulus is somewhat similar. to

the removal_of the réwarding stimulus, it:is as if
the animals undergo an extinction session while

under the ‘influence of pimoiide. A history of -

* testing with pimozide and normal reward conditions

resembles closely the history of testing without

.

The similarily between the effect of
neuroleptics and the impact of non-reward is also.
demonstrated when pimozide is administered t0
animals that have been given prior experience with .
non-réward. From the evidence presented earlier,
if wﬁuld be expected that hungry animals‘giéen
pimoiide for the first time would bar press for
fqod reward at. normal or near normal rates across
the test session. However, animals subjected to

a

three test sessions of non-reward and then given



pimozide on the fourth test day responded in the
same manner as did animals that wefe given three
previ%us exposures to gimozide and theA given the
drug 'again on_thé fourth test day. ' The three previous
exposures to the non-reward condition togetﬁer with
the effects of the first experience Qith pimozide
produced an extremely low rate of responding across’
the;¥est session. Since animals undergoing
" extinétion procedures typically respond with
decreasing frequency across test sessiqns

(Kling, 1971) and since response rates in the
non-reward-pimozide transfer conditions show a
.progressi?e deéline across tegt sessiops. it is as
if pimozide substituted for the fourth exposure

to the extinction condipion. This "transfer" effect
provides perhaps the mogt striking evidence in
support of the reward attenuatioﬁ hypothesis.

: Anothertdemonstration of the similarity bétween
the effect of pimozide and the impact of extinction
involves a phenomenon labelled spontaneous recovery.
Animals that have extinguished a response to a‘
stimulus that no longer provides reinforcement
typically respoqd to that stimulus (for a sh07t
time and ta a lesser degree) again in subsequént

test sessions (Milienson, 1967). 1If a lever,'which‘

!
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‘when pressed provides brain stimulation, is

rewardlng situation again, press the lever-at a high

» - N . -
disconnected. animals will soon cease responding ‘ ‘

to it (Deutsch. 1964; 0lds & Milner, 1954)
Pimozide-treated animals sub;ected to this procedure.
followed by a period where a bar press prov1des ‘a '_ . L
'
rate for a short time (F:ouriezos & Wise‘. 1976;
Pouriezos et al., 1978). ~ . ) .
. Yet another demo;xstra:bion of the.eimilarity

between the effect of pimozide and tpe‘impact of

non-reward can be found in studies which require

animals to run down alleyways for reinforcement.
Such studies have shou‘mﬁthat pimozide-treated
animals are as capable of organizing a complex, . e i
coordinated set of behavieors (that is, runm;ng

down an ‘a.lleyway End' pressipg a lever for brain N
stimulation) as are undrugged, non-rewarded

controls in the initial trlals of test sess:.ons.

It is only in the subsequent trials that an

increase in response latencies and a decrease in ‘

) running speeds is observed in both groups - ‘ :

(Fourn.ezos et al.. 1978). Tha{ pimozide- treated‘-

animals demonstrate an ability to perform these ., -~

Likelihoad that the drug induces an inability to

tasks in the initial trials rules out any ..  °

! »
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initiate motor movements.

Q

Moreover,

"the fact that

f

+*

. pimozide-treated animals respond in a.similar’ fashion

to that of the ﬁoh—rewarded controls across the-

entire test session suggests that pimozide somehow
1nterferes with the relnfor01ng propertles of the

previously rewardlng braln stimulation..

e

\

7

The changes in responge 1&tencie® and runnlng

-~

speeds %hat are 6bserved in g&p021de-%reated

,.‘\

K

animals_ worklng for braln stlmulation are not seen as

qulckly when food ls offerég as the rewarding ¢ . '

stlmulus. Wise et/al (1978b) falled to notlcf

¢

any

difference among drugged but normally rewarded

an undrugged but non-rewarded, and a vehicle controL

group in either latenclee or,runnlng epeedesacross 0.

all eight trials in the first test éession.

the same anlmals were retesteg;under the same

cond1¢10ns~one week later?

e

The plmoglde-treated

'dlfferences among, the groups were observed when

However,

. \.\

group and the non-rewarded group took" progresszvely

goal box.

2

~longer both in startlng to

run and in reachlng the

,.

Hungry anlmals given plmOZlde for a

‘second time seemlngly made the assoc1atlon that "u

-4

¢

food 1s not as rgwardlng when pimpzide is in thelr

o v

0

r

system. and their performance\may be aoreflectlon

of this neuro;eptlo-lnduced atﬁenuatlon of the -

“"

&

s
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~ when turned an, 81gn1f1ed the 1nst1tutlon of the,

!

rewarding stimulus. ° - A o

\ * " v . ¢

Several examples of the 81m111ar1ty between
the influence of neuroleptlcs.and the impact-of
non-pewarﬂ have been cited. A possible explanetlon
for the decrements in formencé obgerved in
dfug;treated animals could be that neuroleptics
make the animals more susceptlble to fatigue. A
number of 1nvest1ga£ors (e g., Phillips &. Flblger, T

19?2 Ettenberg. personal communication; Whlte,
nal communlcatlon) have argued that the 1n1§3al.

»

" nermal rate of resppndlng and the subsequent drop

" in response »ates across the test sessidn reported

by Wise et al. (1978a, 1978b) may be attrlbutable
to neuroleptic-induced fatlgue. To test thls
specific possibility, Franklin'and McCoy (1979)

trained rats ln a paradlgm fhat alternated 3 mlnute T

_ periods of Variable Interval (VI1l5) and Fixed Ratio

(FRY4) reinforcemeht: quarat;ng‘the schedules were
3 minute periods of nan-reward. Animals tésted
1ﬁeluded a p1m021de-treated aﬂd a reduced-current
gxoup. Thrbughout training, half of the anlmals in

each\grbup were exposed to a flashlng 11ght. which,

FRY scﬂeegle. The light stlmulus remalned on _;

through a subsequent perlod of non-reward and was

, v
D . » . ~ . o

i
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éiyilar decrements in rates of responding for

turned off when the schédule was changed to VI15.

Thus the animélg were trained to associate () .the

flashing light onset with the recommencement of

réward on FR% following a period of non-reward and,
(gpvthe flashing light offset with the recommencement ,
of the VI5 schedule following non-reward. The
pimozide-treated and reduc;d-current groups oduéed

I{ilsrain
stifulation reward. Of particular interest is the
comparison between‘éhese two groﬁps When the

™~

pimozide-treated group ceased respondlng, the effect

-

of the onset of the flashing light stlmulus on

' them was identical to its effect on' the reduced

brain sfimulatipn group. ,Both groups responded

as vigorously to the light onset as when they began

o respondlng at ﬁhe start of the test sess;on. This

led Franklln and McCoy (&9?9) to conclude that

depression of respondlng seen in the pimozide group

.could not be the result of any specific motor

' ' Ky
deficit since they responded at near normal rates

in the middle of the test gession. That pimozide
- mimicked fheﬂeffecpé of reduced brain stimulation

‘rewardvsugéests that it interfered with the rewarding

propertles of a previously rewardlng stlmulus. '

|
s

Thus, far, the rew?rd-attenuﬁytng properties of

P
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neuroleptics have been discussed in relation to food

and brain st}mulation reward, Recent studies with

.

stimuiant drugs such 'as amphetamine and cocaine

also demonstrate that neurolepfics interfere with

the rewarding properties of drugs,of abuse.
Typically, when the dose per injection of amphetaﬁine
is either lowered or raised, lever pressing rates

for the drug increase or decreaéé. respectively

(Yokel & Pickens, 1973). Thus, when the amount of

the reward is decreased (that is, when the dose is
lowered),'the animals press more often in order to
recéive essentially the sage amount of drug- per

test session. Pimozide-treated rats show an increasq
in lever-pressing for amphetamine in comparison to
undrugged controls (Yokel & Wise, 1975, 1976),
suggesting that pore of the drug may be required

in the system in order for it to maintain the same
reinforcing effect. Interestingly, even high doses
of amphetamine and cocaine are not capable of
sustaining high levels of responding after the
initial segments of the test segsions (de Wit & Wise,
1977; Yokel & Wise, 1975, 1976). - Like the brain
stimulation paradigm, the normal (and in fact,
increased) levels of self-administration of

amphetamine and cocaine rule out any possibility of

3
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N
a pimozide-induced motor deficit. Moreover, the
subsequent decrement and cessation of respdhse'ratés
suggest that pimozide interferes with the rewarding

<

impact of drﬁgs of abuse. B .

The present study. As reported earlier there
eiisf two contrasting hypotheses concerning the ° .
effects of neuréleptics:in animals. One'involves tht

notion that ﬁeurolepticé induce a state of motoric

incapacity in animals, while the other inyolves the .
notion that nNeuroleptics attenu;te\the rewarding
properties of the reinforcing stimuii. “Although
thereﬂis strong evidence. to'suggest that
neuroleptic-treated animals are capable of'’ '
inifiating and exeéuting complex motor‘responses
(e.g., Fouriezos et al., 1978@ Franklin & McCoy, ’
1979; Wise et al., 1978a, 1978b) which is in-direct
contrast to the~motbp_deficit view, more evidence
is requiréd to strengthen the alternative position
_that neuroleptics significantly blunt the rewarding
properties of étherw@;e reinforcing stimuli. The
present series of experimenté represents a further
evaluation of the effects of pimoiidg on
lever-pressing ik‘the'pormal rat. In the following

three investigétions, attempts have been made to

confirm that animals are indeed capable of

— 1

s
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initiating and perforning (at least initially) a ) " | -

’

series of motor movements and to explore the
similarities between the impact of pimozide and

the impact of the non-reward (extinction) éonditi&h;
&he first gxperiﬁent is a replication of that,
conducted by Wise et al. bl978b)z both a‘résponse‘ .
qapacity and a neuroleptic-;nduced reward deficit

is demonstrated !h drug-treated animals. Since it
has been argued that neuroleptics produce motor

deficits in animals (e.g., Ettenberg et al., 1979;

Fibiger et‘a;.,*l976). a confirmation of a response.

capacity and a neuroleptic-induced reward deficit

'is of particular importance. In the first experiment

L3

*

increased experience with pimozide in the testing
situation was expected to lead to a gradual
redﬁction in the rate of responding. Furthermore,
it was prédicted that the animals' first experience'
with pimozide after previous rep;;ted exposures

to non-reward wouid be significantly different
from\the animals' first experience to pimozide
without such a history. ’

- The second experiment investigated :the éffects
of piigéide on the acqyisition of a pérticulaf'
behavior. The length of time necessary for hungry,
naive anima%s to acquire the standard lever-presgé

. -

t K -

-
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1 0
response under different doses of pimozide

pretreatment is a critical facto; in understanding
the egteﬁt (if any) of pimoqide's effects on the
rewarding properties of food. It was predicted
that the impact of food on hungry, drug-treated
animals would be sufficiently blunted by the drug

“to retard the learning of the lever-pressing habit.

Moreover, since different levels of pimozide were
administered, it was predicted that the severity of
the retardation- of acquisition would be related

to the dose delivered. ‘

Finally,. the third experiment was an attempt
to determine if.there were residual effects of
pimozide. It was postulated’that a reason there
was a failure to produce a transfer effect from
the pimozide condition to theiﬁon-reWard condition
was deterﬁined by the pharmacological history of
that group of animals. This experiment attempted
to determine if animals given pimozide injectiéns
for five days would demonstirate an {hcrease_in
théir response rates when placed in the transfer
test condition. It was predicted that if animals
in the daily pimozide grodb showed such an
increased rate of responding, then the Qailure to

produce a transfer from the pimozide to the

”

37
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non-reward condition could be attributed to their

pharmacological hisfory. -
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Experiment 1

Wise et al. (1978b) demonstrated a similarity
between the attenuated impact of food-in aniﬁﬁls
treated with pimozide and the impact of non-reward
in animals tested under extinction conditions.
Animals treated with pimozide across four spaced
sessions showed a significant decrease in response
rates 9ver°these sessioﬁs; This pattern ,of )
responding was alsoc observed in animals in the
non-reward (extiﬁction) condition. Furthermore,
animals'subjecﬁed to three sessions of non—rewér&
and then transferred to pimozide for fhe first '
time on the foufth test day resﬁonded in the éame
fashion as the group recgi@ing their.fodrth test
under -the non-reward condition, Iﬁ this transfer
’gfoup. pimozide appeared to have a similar impact
as the predicted fourth exposure to non-reward.

A motor deficit hypothesis is not sufficient to
!

explain the deficits observed by Wise et al. (1978b).

Rather, these findings support a model based on
‘the attenuation of the rewarding propeties of
previously reinforcing stimuli. - L
Essentially,ﬁthere are two main criteria that
an évent must meet in order fér it to be‘consi ered

rewarding. The present experiment deals with “the

39
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first criterion which demands tﬁat the evenf be able
to sustain a well trained or we}lJeétablished set of
behaviors. The present investigation is a
replication of that by Wise et al. (1978b),

designed to confirm that pimozide does not critically

impair performance capacity in animals and that

" pimozide causes animals to respond in a similar

manner to animals undergoing extinction. Here, it
was'expected'that food-deprived, well trained
animals would a) résfond normally or at least
almost normally after their first experience with

pimozide (performance capacity); b) demonstrate a

‘significént decrease in responding by the last test

session (reward’deficit); and c¢) respond diffefently;
if they were given pimozide éfﬁer repeated exposure,,
to non-reward from those animals experiencing

pimozide for the first time y@thbut this history
(transfer effect). ' '

Method |

Subjects. °Thé‘sﬁbject$ in this experiment

f\were 32 experimenfally naive male Sprague-Dawley

rats that weighed between 250 and 300 grams each
upon delivery from the suppliér. ]
‘Apparatus. The apparatus consisted of eight h

conditioning units (Grason Stadler and Company).



Each gnit was individually housed in a sound
attenuating box. The apﬁropriate relays and counters
required for the automatic operation of each box |
were located in an adjacent room.

Procedure. The animals were randomly assigned ~
to four treatme;t groups and then individually housed ”
in a temperature and humidity controlled room with .

‘a 12 hour light/dark cycle. They were fed ad 1ibitum
for a period of 72 hours and then placed on a 22 hour
food deprivation schedule. Water was always |
available in the home cages.

The training sessions began after one day of
.deprivation. Each session lasted 45 minutes. The
initial session consisted of magazine training and
was followed by 15 consecutive days of bar pressing
: under a continuous schedule of ;einforcement (CRF). Y-

After the completion of the 15 training days,
the expeyimental sessions began. Ehe four treatment
groups wefe as follows:

1) Pimozide: Animals in this group.received 1 mg/kg
of pimozide (Janssen Pharmaceuticals, Inc.) '
eery third day for a total of five times.

During the 45 minute fest sessions they were

placed on a CRF schedule.

ik
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'Non-rgward;~ Animals in this group received

" 1%e/kg of the drug vehicle tartaric acid rather

than pimozide. The feed tube was also disconnected

from the food dispenser so that when ‘the animals

were placed in the experiméﬂtal chambers,

they did not receive any food pellets but the

. sounds associated with pellet delivery were still

present. Each test session lasted 45 minutes.

'Pimozide-Non-reward: This group received

identical treatment to the Pimozide group except
for the last test day (Day 13). 'On this day -
instead of being given pimozide as in the
previous four injéctiqns. they were given‘.5d~

mg/ke of tartaric acid. Animals in this group

were therefore subjected to their first experience

with nqn-reward-on the final test day.
Non-rewq;d-Pimozide: This group received
identical treatment to the non-reward-group
except for the last‘test day. On this day

instead of being placed in the non-reward

condition as in the previous four test sessions,

they were injected with 1.0 mg/kg of pimozide
and éubjected to their first experience with the
drug and normal reward conditions in the.

experimental chambers.

b2
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All animals received their 1n3ect10ns four
hours prior to testing. | The number of lever presses
was recorded every five minutes. Duri the two

. days between treatments, the animals r ceived 45
minutes of training to bar-press for food unde; a
CRF  schédule. _These inter-test training days were

identical to the initial 15 days of ¢t ainﬁﬁg.

lowed to feed freely in thelr home ages |for two
\\hours. ‘ \

Results

Z:ur after each session ended. the imals | were

A two-way (Groups x Treatment Days) Analysis
of Yariance'with fepeated measures acr\ss days was
conducted on the first four teszhgays to determine
the cumuiative effects of the treafmen£‘conditions.
No significant difference amo\ng the four groups as
well as no significant interaction between the groups
and treatment days was ?ound. However,\éhe analysis
revealed a significant Treatment Days ef%ect.

F(3,84) = 17.40, p <.001. The respomse rates in all |
four groups dropped progressively across %he first
four test days. Figure 1 illustrates the rates of;
fesponding for the groups.

A second tonWay (Groups x Treatment Days)

repeated Analysis of Variance with repeated measures

9
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. 3
‘. across tfeatment’cfays was conducted to ‘include_ the
"effects of the final transfer test day. A /
significant Groups x Treatment Days effect - w)es foard
F(12,112) = k.12,"p ¢ .00l ‘
Po,st hoc analyses on the first a.na last test
7 .day were conductedﬂ for ‘each group. 1In the Pimozide,
; 'c;andition. there was ‘a‘sign:}fic‘:ant decx:ease in
response nates kbyetween Test Day 1 and Test Day 5
(f_(l‘.7v) = 6.27, .E ¢.05). After Tour 'Ju::ep,ea{:ed
‘. experiences with 'pimozitt’e, the ar{imals fresponded
W s:.gnlficantly fewer tides in.a fifth test, session.
| ThJ.-s occurred desplte th: two days of retraining
‘between test days to re-eetebllsh normal rates of

.

responding. '
\ . ‘
Similar results were found in the,Nor%-rewai'd

v ¢ group (F(1,7) = 12.25, p<.01). The i'ifthﬂexperience'

in the extinction condition significantly reduced

o

the rate of responding t0 mere token responses, all

' occurr‘iné@‘w thln the f£irst few minutes of the test

h sesgion. ' L -

13

- Post hoc analysis of the Pimozide-Non-reward

o

-~

transfer group revealed a significant differencg

between. the first and fifth té®t days (F(1,7) =

. q . 14.08," )] ¢.0l). As Figure 2d illustrates, response

1 rates roge dramatically on the transfer test day

a
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' response rates during the inter-test (retraining)

rwheﬁ éémparéd to the animals' first experienq§ with-
pimozide on Test Day 1. R B ) :
In the Non-rew;;d—Pimozide ?ransfer group, - v
respense rates showed a statistically insignificant
difference on the trans;er test day (see Figure 2c).
Prior history (four test sessions) with non-reward.
/did not influence the response rates of the animals
giien pimozide“for the first time on Test Day S$~
Y. A t§ird two-way (Groups. x Retraining Days)

Analysis of Variance with repeated measures across

days revealed no differences between groups in .

days. However, folléwing egch test day there‘was a
positive trend'ih‘tﬁé number™of responsés made in
thelsubgequent retraining sessions for all groups
?ested. ‘ f&‘
Discussion -

In accordance with the data of Wiée et al.
'11978b). animals treated with pimozide responded
in a similar fashion t6 undruggéa,animals subjected
to repeated conditions of non-reward (extinction).
In the. first test session.‘fhéke,two groups'of
animals respopded at normal or ngaf‘ﬁormal rateé "

and showed a progressive %fcline in responding

across subsequent sessions. That pimozide-treated
. \ ’
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andméls bar-pressed, as often as did non-drugged
controls in the’fir;} test session confirms the

notion that pimozide does not produce any gross

‘motor impairments. Rather, these results provide

- a demonstration of normal performance capacity

while the animals were under the effects of the
drug.. Furthermord,.giveﬁ that there is tﬁe capacity
to respond in these animals, the successive dedline
in response rates across sessions reflects a
proéressive diminution of the rewarding properties
of fodd itself. Since response rates during the
two drug-free retraining days between injections
were normal, it apﬁeafé that an asséciation between
pi‘ﬁo;ide and’ food was made - the fifth experience
with both conditions where food was no longer a
rew?rding stgmulus.

The transfer effect that was demonstrated by

g W1se et al.(1978b) was not replicataed in this study.

JThese 1nvest1gators found that after three exposures

to the non-reward condition anlmals responded to

their first experience with pimozide on the fourth

test day in a similar’fashion to the undr?gged i
controls during their fourth exposure to non-reward.

-

However in the present study previous experience

" with non-reward did not have any effect on the
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animals' first experience with pimozide. The animals

responded g;_trates sn.mllar o undrugged, normally

rewarded animals. Although this fl‘hdlng strengthens
i

the view thatfanimals treated with pimozide are
\

capable of respo}xdiné motorically, it suggests that

>pimozide\eff.ects are not entirely equivalent to the- '

effects of extinctioq.

‘A failure to produce a transfer effect was also
observed in a second group. Four spaced injections
of pimozide did not result in a decrease in response
rates when the animals were subj‘ected to their first

experience with non-reward. Responding in this group -

‘was different (although not significantly) from the

pattern of responding in the Non-reward-Pimozide

group. Animals given repeated pimozide injections

. and then subjected to the non-reward condition for

the first time showed an enhanced resistance to
extinction.

A failure to reblicate the transfer effect has
;.lso been reported by Ma8on et al.(1980) and Wise
et al. (1978a) using ;?oed as the reinforcing stimulus,

' . and by Gerber, Sing and Wise (1981) using water as

the reinforcing stimulus. The reliability of this
effecf‘ is therefore suspect. However, trends in

the direction of transfer have been observed by
. 4 '

¢
.

o

1o




)

Gerber et al.(198l) and Wise et als(1978a). This

trend suggests that although the transfer effect is

‘neither robust nor statistically reliable, the

transfer of experience: from non-reward to the

condition of neuroleptic treatment, and vice versa,

has not yet been adeqmately explored.
. Although Experiment 1 did not demonstrate a
trend toward tfansfer.from non-reward to pimozide,

there did appear to:be a difference between the

s

- 60

response rates of animals in the .pimozide to non-reward

condition and those animals in the non-reward to

pimozide condition.

One possible explanation for

the discrepancy observed between the two transfer

groups might be their different pharmacological

histories.

If there were residual effects of

-

repeated pimozide treatment, such effects would

contribute to one but not the other transfer

.condition.

Thus, it is important to determine

if there are ény pharmacological cagry-over effects

of repeated pimozide injections. Experiment 3

The fact that animals treated repeatedly
‘with pimozide showed a progressive decrease in -
reéponding'acrdss test sessions indicates that

food failed to meet the first dﬁi%erion of a

3

&

" was designed to examine this possibility.
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- rewafding event - the aﬁiiity of a stimulus to /
sustain a well established set of behaviors. -

1

Howeverl‘in'order to strengthen the position ~ . -
'that~pimo£iée causes an attenuation ofgtheh
rewarding propertiesuof food, it must be determined
that pimozide cén block or ét least retérd'the

acquisition of a new response. The following

/

‘experiment was designed. to test this second L

criterion. . ' .

’
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Experiment 2 -

In Experiment 1, it was observed that food
under pimozide failed to meet one criterion of a
rewﬁfd‘_ the maintenance of habitual responding in
well trained, food deprived animals. The present
experiment was éesigned to investigate another,
m&fe fundamental - criterion of a reward - the ability
to establish new reSponding in naive animals. The
present experiment investigated, the length of time
necessary for food deprived animals to acquire the
standard lever pressing response for food reward
under different degrees of pimozide pre-treatment.
It was predicted that the rate of acquisition of
the bar-pressing response would be d;rectly related
to the dose of pimozide administered. In other
words animals receiving the highest dose of pimozide.
(1.0 mg/kg) would require the greatest number of
sessions to acquire the lever-pressing habit.
Conversely; animals that received the lowest dose of
pimozide (0.25 mg/kg) would be expected to acquire
the bar press response in significantly fewer sessions,
and yheir behavior would~more closély resemble that

of the drug vehicle control group.



Method ' \ ,
. Subjedts._'The subjects were 32 experimentally
naive’male Sprague Dawley rats, that weighed between
250 and 30? grams each upon arrival from the supplier.

Apgaratus; ‘The apparatué used in this
experiment was identical to that used in the previous
expefiment.

Procedure. . Upon being received from the supplier,
the animals were randomly assigﬁéd to four drug:
treatment groups and then indivﬁdually housed. They
) were\feé ad libitum for 72 hours and then placed
on a daily 22 hour deprivation'scheduie. Water
was always available in the home cageé. Training
'bégan 24 hours after the animals were placea on the
deprivation schedule. One houf after the termination
of each session.'each anihal was given free access
to food. for two hours in their home cages.

The animals were assigned to the following
drug treatment 7roups: Group 1l received .25 mg/kg of
pimozide; Gréup 2 recéived .50 mg/kg of pimozide;

. Group 3 received 1.0 mg/kg of plmoz1de, and Gfoup 4
received .50 mg/kg of the vehicle drug, tartaric:
.acid. Drugs were injected intraperitoneally four
hours before tesﬁing. ‘

Each group was tested dnce a week, with each
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sessibn lasting 45 minutes. F01’1r hours after their
initial injection, the animals were Pplaced. in the
experimental chambers for the first time under a
continuous reinforcement schedule (CRF). Each
animal also received a " free pellet" at variable
intervals with an average of one every minute
(V1i60"). Thus, even if the animal remained
motionless for the duration of the session,
approximately 45 pellets would be disSpensed to the
chamber. The number of bar presses was reéordéd
every five minutes.

Each animal received the " free" pellets on a
V160" schedule until a criterion of 150 responses
were madé in a session. After this criterion level ’
of responding was achieved, the "free" pellets
were discontinued for the subsequent sessions.

An animal was considered to have acquired the
lever-pressing habit if it pressed at ;ea;st 150 times
for each of four consecutive sessioné.

Results ’

A two-way (Groups x Sessions) Analysis of
‘Variance with repeated measures across sessions was
performed to determine the rates of acquisition for
each group. For the purposes of this analysis,

only the first four test sessions were analyzed

L



together. Regults revealed a significant main effect
"of treatment groups, F(3,28) = 4.57, p <.001, a
siénificant sessions effect, F(9,84) = 2.64, p¢.00l1,
as well as a significant interaction, F(9,84) = 7.53,
p <.0l.

' Post hoc tests were computed across groups on
both Days 1l and 4. On Day 1 the drug. vehicle control
group had made significantly more responses :t:han é.ll
three pimozide dose groups. Mean bar presses for
the first test session exceeded criterion ll—:vels of
responding and response rates for the control group
reached asymptotic levels over the final 3 test )
sessions. Rate of responding in the low dose '
pimozide group (.25 mg/kg) was significantly higher
than the high gose group (1.0 mg/kg) but not the
mediun dose group (.5 mg/kg). The low dose group
reached the critez;ion level of bar pressing by the
end of the second test day and reached the leveJ:
of the vehicle contfol group by‘the fourth test: day.‘
No significant differences were found between the
medium and high dose groups on the first test day.
However, by the fourth test session, the rate of
responding in the medium dose group had significantly
surpassed the high dose group's levels. Neither the

medium nor the high dose pimozide groups: reached

55



the criterion level of responding in any of the four
test sessions. Only in sﬁbsequent test sessions did
.the medium dose group approach the criterion level
of responding. Response rates in the highest dose
pimozide group remained at low levels throughout all
test sessions and did not ever approach criterion
levels of‘respondiﬁg. Figure 3 illustrates the
rates of acquisition for the four treatment groups
across all test sessions. '

Discussion

The rate of. acquisition of the four drug treatment
groups shows a typical dose response_curve'(see
Figure 3). As expected, both the drug vehicle
control group and the log dose pimozide group learned
‘o préss the bar to receive food after one and two
sessions, respectively. Even such a low dose of
pimozide (.25 mg/kg) delayed somewhat the acquisition
of the response set. The medium dose group (.5 mg/kg) °
required 6 sessions to approach criterion levels of
responding. That animals in this group eventually
acquiredhthe levér-pressing‘habit in the later test
sessions cannot be wgl; explained in terms of a motor
deficit hypothesis. It seems clear that these
animals were capable, under drug, of reaching the
response criterion of 150 lever presseé in 45 minutes.

The fact that animals in this group showed delayed,

e
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Figure 3.,
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Mean number of responses per session as a
function of dose of pimozide. The dotted
line represents the criterion level of

responding at which learning has taken
place. .
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'animals to initiate any vol®ntary movements, then’

- 58

-

through clear, signs of learning suggests ﬂ\xat pimozide )
altered either the rewarding properties of t}}é food,

the motivational state of the animal or both. The fact
that the final performance of the -animals was still
below that of the low dose and control groups. suggests

that there may have been some degree of performance

deficit as well. g

(‘)‘:‘E pa.z:ticular interqu) are the results of the

high dose pimozide group. - “as fan ‘bé seen in Figure 3,

the rates of responding in all teét séssibqs did nq’tl

even 1approach criterion levels Oof reéponding.

Animals that did not reach criterion rates continued

to receive "free” pellets on the éverrage of one every .

minute. If pimozide caused an inability in these

one would expect to find approximafely 45 pellets . "
in the food maéazine at the end of each test session. ‘

However thJ.s was not the case. Following each session,

v

. it was noted that all pellets were .consumed durmg the

experlmental period. Thus the animals were capable

@ .

of executing the topographical responses neceésary

to move to the magazine, remové a pellet from it and

. eat it. ' Since these animals were capable of. - -

performlng such motor acts, it appears that pJ.mozz.de

sufficiently reduced the rewarding properties of food C o '
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to reﬁ?ra the acquisition of the lever-pressing habit.
Thus{ foqd'hn€fr the influence of pimozidé failed %o .
meeﬁ’the‘sepond criterion of a rewardigg event - the .
abi}ity'to:establésh a learned set of behaviors in ,
na?ée, food-deprived animals. Again. the performange
of the hfgh ﬁose group may reflect some degree of
Rerformance deficit inzaﬁdifion to any motiyational

deficit ca%ssd by pimozide: * L ) .
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Experiment 3
¥ .

. The presence both of normal performance cépacitj
and of a siﬁilérity between the effect of pimozi%g
and fhe impact of non-eward was confirmed in
féxperiment 1. However, the transfer effect reportgz
‘by Wise et al. (1978b) was not replicated. Similar
-dfggfepancies have been seen in other studies (e.g.
Mason, Beninger, F;biger:& Phillips,11980} Tombaugh,
Tombaugh & Anisman, 1979). The third experiment in
tZis séries was thergfdre designed to test a 4
pagticular hypothesis about the difficulty in
demonstrating the trag§fer effect reported by Wise

et al. (l§f8b):‘ In their investigétign it was ~
found that after three Seésions of pimozide\
administration, éﬁimals showed enhahced resistance
~t9 extinction when tested.under the non-reward *‘i’
condition for the first time. This was in direct
contragt to the group of animals subjected to three
test sessions g{ non-reward and then giéén pimozide
for the first t{ﬁg."This latter group’ showed
minimal re§ponding on the transfer tigt day. * Although
Experimenf‘l demonstrated that repeated'\ mozide

: > . - ) ' - y&; -
administration and repeated experience wi

~

non-reward are behaviorally similar, one possible

+ - L] "‘ )
explanationafor the difference in response rates

N
3
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60



‘ ﬁetween the ?wo groups gould be the differen%
pharﬁacological histories of the groups. It is
possible thaé rébeated injections of pimozide caused
a state of enhanced dopamine receptor senéitibity in

/ -~ © " the animals. Indeed, receptor supersensitivity has

been demonstrated after two daily injections of

pimozide‘Bver a beriod of three days (Etxenberg &

Milner, 1977) and has also been reported after just

one administration (Schaefer & Michael, l§80).

Therefore, the following experimént was an attémpf

to détermine the effect of daily pimozide injections

‘gn/éhe resistance to extinctioﬁ in well-trained

animals placed in a non-reward condition for the

. " firsf fime. It was predicted that if enhanced |

resistance to extinction éould be demonstrated )

in, anlmals after several home cage 1n3ectlons of TN

<
Pimozide, then thﬁ fallure to observe the transfer

< 'from pimozide to non-reward could=be due to )
" neuroleptic- 1nduced dopamlne receptor supersen31t1v1ty.
Method I ' .
Subjects. The subjects used in this experiment
were 32 experimenta}ly naive male Sprggue—Dawlgy |
rats, ranging in weight from'250 to 300 grams each
upon arrival from the supplier. |

[

Apparatus. The apparatus used in this experiment

r

-

61

_\ﬂ\‘.



experfﬁents. .

62

was identical to that used in the previous two
Procedure. The animals were randomly assigned

to four treatment groups and then were housed

1nd1v1dually. They were fed ad llbltum for a period

of 72 hours, and then wébe placed on a 22 hour food

‘deprivafionischedule. Water was always availaﬁle in

the home cages.— ‘ .
Training sessions began 24 hours affer the
animals were placed on the deprivation schedule.

Each session lasted 45 minutes. The initial séssion

consisted of magazine tralnlng and was followed by

,(
15 ‘consecutive days of bar-presslng fbr food under

‘a continuous schedule of relnforcemeﬂ% (CRF)
Following the 15 days of CRF tralnlng, the
experimental phase begﬁn. The animals were divided o

1

1nto the following groups:

» 1) P1moz1de~Home Cage: Anlmals in thls group

, received 1.0 mg/kg of pimozide for five
consecutive days in their home cagesf On the A.
- gixth day, theyfwere allowed free accessg to —
. food for two hours, and on the seventh'Zay

they were tested in the experlmental chambers.

T 2) Tartarlc A01d-Home\Cage= Animals in this group

received the identical treatment to those in the

A}



' Pimoéide—Héme Cage condition except that they
were injected with .50 méykg~of tartaric acid,
the vehicle control drug. ‘ ‘

3) Pimozide-Retraining: Animals in this group
received injections of 1.0 mg/kg of pimozide
e;ery third day for a total of four treatment
days. During the two days bketween the drug(
injectiqns days, they received 45 minutes of
CRF training identical: to the type received
in the training phase. Following the .fourth

. gseries of retraining sessions, the aﬁimals
were tested in the exﬁerimental chambers.

L) Tartaric Acid- Retrainingx Animals in this group
received- the 1dent1cal treatment to those in
the leoz:x.de-Retraan.ng group with the following
exception;- Instead of rece1v1ng four injections
of pimozide, they received 1n3ectlons of .50
\mg/kg of the vehicle drug, tartaric acid.

- Prior to being tested on. the final test day,

the pellet dispensers in the experimental chambers

‘were emptied. Thus, each time the anlmal pressed

the lever on this day. the same noise was produced

4
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as had been previously a83001ated with food- dellveryr.'

but no food‘pelletAfollowed.' The number of bar

‘presses was recorded every five minutes.



Results

A one way Analys1s of Variange was conducted on

‘the four treatment groups on the non-reward test’

A

day. There was no 51gn1f1cant group effect. Due

to the observed varlablllty in some of the
experlmental anlmals, t~-tests were @1so performed-
between the Pimozide-Retraining and Pimozide-Home

Cage groups as well as between the Tartaric

—Acid-Retraining and Tartaric Acid-Home Cage groups.

This analysis also did not reveal any statistical - -
significdance between the groups. Figure 4

illustrates the results of the expefigental groups
on the hon-reward test da&.
Discussion _

Neither the Analy31s of Varlance nor the ~
subsequent t-test revealed any statistically
significant differences between the groups. Thus,
it appears that repeated admlnlstratlon of plmoz1de
did not in and of itself, pesplt 1n‘a change in
the response rate of those animeis treated. ‘It'
seems uﬁlikelyﬂ,then, that -the failure to demonstrate
the transfer effect in Experiment 1 was due é& the

repeated pimozide injections themselves. On the

non-reward test day rates of responding‘in both

'+ the Pimozide-Home Cage and Pimozide-Retraining

A



~

- RESPONSES

X

300+

250-

n
o
°

1501
100 -

504

. s ' .
. .
. ‘
P ’
.
\
\ .
\
- '
/
\
’
.
¢
v

PIM-HC PIM-RTR TA-HC TA-RTR

TEST DAY

1

Mean number of responses for the
pimozide-and the drug vehicle i
control groups on the non-reward

test day. . '

65



/

66

groups were comparable to_&he group of undrugged

" c s .
animals' first experience with non-reward in

L

Experiment 1. Thus, an alternative interpretation

is needed td explain the failure to produce a

transfer effect in Experiment 1. It is possible

that more subjects and a significant modification

of the design might produce a transfer effect:

However, if such modifications are required to

produce the transfer effect.'then the robustness

‘of the effect reported by Wise et al. (1978b) is

. . 2
in question.
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General Discussion . '

The preceding experiments were conducted to

[determine the variables responsible ‘for the response

deficits seen in animals'gifen neuroleptic drugs.

A reduction in response rates\yithin and across
sessions was observed in pimozide-treated animals -

in Experiment 1. Experiment 2 revealed a
pimozide-induced retardation of the acquisition of

a new response. The results from these investigations
appear to be in support of a reward attenuation e
hypothesis. Under the influence of pimozide, food

‘

failed to meet both criteria of a rewarding event -

'the ability to maintain a well established set Off

responses in well trained animals and the ability:to

instate a response habit in néi;e animals.
Furthermore, -these experiments provided a distinct
demonstration of normal response capabilities of

animals under the influence of pimozide. That. the

-animals can perform a series of complex, coordinated

acts clearly refutes the notion that pimozide

(at the do;es used in these investigations) renders
the animals incapable of initiating voluntary
movements. ‘ , \

Evidence of Response Capability

If pimozide .or neuroleptics in general cause



¢

motor deficits in animals, then this must be
demonstrated in all situations. If performance
capacity can be demonstrated in any situation or
under any given set of circumstances, then some
other explanation of the observed phenomena must
be entertained. In Experiment 1 animals injected
with pimozide for the first time bJr-pressed for
food reward as often as did undrugged animals.

Evidently, pimozide did not interfere with their

‘ ability to execute the response in question.  In

Experimerit 2 pimozide retarded the acquisition of
the bar-pressing hébit as a function of the dose
administered. Even in the high dose group, animals
were nevertheless‘capgble of executing the responses
‘required to consume an average of 45 "free" pellets
given to ;id in the acquisition of the lever-pressing
habit. ferformance capacity was démonstrated,
therefore, in.all pimozide dose groups. The response
capabilities that were demonstrated in Experiment 1
and 2 complement the following studies which have
employed different reinforcers using a variety of
paradigms.

Selective dopamine blockade. Neuroleptic

induced decreases in self-stimulation rates have

been demonstréted in certain areas of the brain bﬁt

. 68
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not. others (Mora et al., 1975). Similarly,
ipsilatgral injections of neuroleptics do not affect‘
self-stimulation of the contralateral hemisphere’
(Robertson & Mogenson, 1978). These results suggest
that the decrease in self-stimulation in the

affected regions does not occur as a result of
sedation or motor impairment.

Enhanced responding for stimulant drugs. After

injections of neuroleptics, animals significantly
increase their lever-pressing rates in order to
receive intravenous injections of psychomotor
stimulant drugs such as amphetamine (Yokel & Wise,
1975) and cocaine (de Wit & Wise, 1977). Although
at hiéiQZZBes this enhancement is short-lived and
ai%hough the ;nimals may increase their responding
in order to overcome any general malaise induced by ’
neuroleptics, it is nevertheless clear that the
animals are quite capable of making the necessary
motor responses.

Response initiation, latencies and running

speeds. Animals pretreated with pidozide have
demonstrated normal or near normal rates of
Bar-prgssing. response latengies and running speeds
in the initial segments or trials of the test session

(Fouriezos et al., 1978; Franklin, 1978; Franklin &



.neuroleptic-induced motor deficit hypothesis argue ‘ \
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McCoy, 1979; Wise et al., 1978a, 1978b). It is only
in the subsequent minutes or trials of the test

ézssion_that Pimozide-treated animals begin to show

decrements in responding. That animals under the

influence of pimozide can initially respond in a - |
similar fashion to undrugged control ahimals indicates
that these animals do not suffer from a general
inability to perform the rgquired motor responses.

Spontaneous recovery. Some proponents of a

that the general decline in responding (within the
test session) seen in pimoz;de-treated‘rats is

a result of fatigue which is induced by the drug..
This premature "tiredness" falls within the
HYoundaries of a motor deficit model. However, '
neuroleptic-treated rats have been shown to beginVﬁ;
lever-pressing after,a period of cessation of
responding in a particular test session (Fouriezos
et al., 1978; Franklin & McCoy, 1979). In both
these investigations, animals ppetfeated with
pimozide ceésed bar-pressing at one point in the ’ .

test session and recommenced responding when placed v

' back in the experimental apparatus or situation.

When animals cease to respond or extinguish a

response and start again a short time later, then
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it is improbable that they are fatigﬁed or sedated.
Altering the test situation or environment and ' A
observ{ng a spontaneous-like return of response

rates even if it is only for a short time suggests
that the animals are capable of executing the
required motor responses while under the influence

of pimozide. It is quite possible that modifying
various aspects of the stimulus and environment
raises the arousal levels in the animals gufficiently
to allow them to respond as'vigorously as when

they are first exposed to the same situation. *3

This "arousal" hypothesis provides for éibetter
understanding of the spoﬁtaneous recové;y of
responding observed in pimozide-treated animals.

Evidence for a Reward Attenuation Hypothesis .

It appears evident from the data just reviewed
that a motor deficit hypothesis fails to explain
maﬁy of the phenomena that occur in animals treated
with neuroleptics. The fact that these animals
show an eventual decrease in respopding to stimuli
that in drug-free conditions maintéiﬁ normal rates
suggests that the effects of pimozide are much-_
more subtle. Thgt the observed decline in responding
may be due to any pharmacological effects of the
drug is ruled out by Wise et al. (1978b). The only

4
gl
*
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and the role of secondary cues. .

4& N . } - r
alternaégge explanation that can be offered at

- present is that there is a cumulative expefiential

'+ effect that occurs between the pimozide treatment

and the experimental situation. Animais that are

treated with pimozide seemingly learn that the food
is not as "safisfying" on days when they are )
injected with the drué. Experimeﬁt 1 demonstratgd :
that pimozidE}keémed to intepfere4with the rewarding
properties of the food to the extent that it failed
to sustain a wel% trained series of.respoﬁses; This

response set was not affected when“the anjmdls were

tested on inter-test days in'drgg ﬁréé conditions.

- <+

In Experiment 2 animals treated with low .and megfum
dg,es of pimozide tooh‘longer to acquire the
lever-pressing habit than controls. Moreover,
animals in the high dose group failed to acquire
this habit: Thué, some interaction between the drug
treatmenf and the experimental situation causes

normally rewaraing stimuli to lose its impact on

©

these animals. The following will provide an

extensive explanatidn of the reward attenuation
model encompassing its similarity to behavioral
extinction, its relatibn to deficits in learning
Pimozide and non—rewardf The failure to produce

-»
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/identical to extinction. Experlment 3 attempte& to

N e N ¥ ENVE

a transfer effect in EXperlment 1 appears to confirm
“

the notion that the 1mpact of pimozide ﬁs not .

iﬁvestigate‘one df the possibilities why a failure

to trdansfer Troﬁ'ghe pimozisde to non-reward condition
W ° -

-

and from ‘the non-reward to pimozide condition

ocurred. The fact that an enhanced resistance to ’
‘ . I

‘extinction ogcurred in animals given daily pimozide

»

&>
treatments for five days suggests that a failure

toitransfer cannot be attributed to residual effects

of the drug. Since it is unlikely that drug history

is the reason for the failureﬁﬁo produce a transfer,

“«

the behavioral dissimilarities~between the pimozide
y. LY
,to non-reward and non-reward to pimozide transfer .

‘ groups 1ndlcate ghat the effects of pimozide are not

equlyéient to extlnctlon. It is nevertheless

) appaAent that these two effects share some 1mportant

characteristics which support the belief that

neyroleptics irterfere with the rewarding broperties

of primary reinforcing stimuli. In Experiment 1

pimozide seemed to mimic the effects of the

L »

extinction pggocess. Animals treated with pimozide

showed a gradual decllnelln responding across se981on?

n much the same way as dld.undrugged, non- rewarded

controls. As food did not sustain the 1ever-pre531ng a
n. A ¢ - l,l

-3
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habit, by definition,lit cannot be cons%dered a

Ty

rewardlng event., Thus, it can be arguéh that the
animals were undergoing an extlnctlon like process

) ' across ‘the test sessions. |

v . The data from Experim:nt 1 complement the
. ﬂextinc#ion-mimicking effects of pimozide seen in
studies using brain stimulation as the.rgaarding
stimull., Pimozide-treated animals demonstrated
simila: ;pcreases iﬁ respohse latsncies and running

(‘ ) .Speeds to animals whose currents of rewarding

. ‘stimulation were reduced (Franklin & McCoy, 1979),
or switched off (ngriezos et al., 1978).

,Simi;arle_animals pretreated with pimozide pressed
a current reset 1evel,as.often as did und;ugge?
controls receiving successively lower intensities
(Schaefer & Michael, 1980; Zarevics et al. 1977,

) y 1979) In these investigations higher current'
intensities were required foroneuroleptic-treated
dximais in order to maintain lgvels of responding
sihilsr to’ those of undruggedycontrdls. 3dbfeover:
\highsr current intensities did not even sustain
levels of bar-pressing for the eqtire test sessiép
(Schaefer & Michael, 1980) ‘

o

~ Me extlnctlonvllke pattern of responding

¥

» ;' observed in pimozide-treated ‘animals seems to



7

(1.0 mg/kg) failed to learn the resbdnse, ‘Since ¥

indicate that it is thei: experience with the
rewarding stimuli that causes an eventual cessation

in responding. The most cbmmon assumption about

¢

the ability of stimulus events to change behavior

is that these events have consequences that become

-

associated with them. A response, therefore, will

" soon extinguish if the consequence is npot rewarding.

3

The same rewarding event that is capable of
sustaining normal response rates in animals under

drug-free conditions appedrs to lo that capability

when the animals are injected with pimozide. Thus,

" the sim;larity'betﬁeen a pimozide~induced decrement

-

in response rates and a behaviorally-induced

\

extlﬁbtlon pattern of respondlng suggests that the

|
two processes share some’ common propertles.

oy Response acqulsltlon and 1earn1ngﬁdeflclts. As

dlscussed earlier, the ability of an event to sustain

" a habitual rate of responding is one way of

determining if it is rewarding. The other defining
property of a rewarding event is-its ability to,
establish a response habit. In Experiment 2,

0.5 mg/kg of pimozide severely retarded{tﬁe

© .acquisition of a lever-pressing habit in naive

animals, while animals in the,high‘dose group

-

. . R

-

S
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s
the " free" pellets that were admigzstered throughout
the training sessions were all consumed by tﬂe
pimozide-treated animals, the failure to acquire
the habit cannot be attributed tg‘neuroleptic-
induced sedation or overall motor incapacity.
Evidently, the animals did respond to some of the
cues in the experimental situation by &irtue of
their consummatory résponses. A certain degree of
response gomplexity is requifed in order to become
familiar with the food hopper, to find the pellet,
to remove\it and to eat it. That pimozide-treated
aniﬁals did not learn to press the lever to obtain
the food as did undrugged controls suggests that’
pimozide may have a deleterious effect on the process
of learning itself. There is some eviaénce to
support this notion. Pimozide has been found to
block the strengthening effect of a naturally
reinforcing event on associations thgtuunder
drug-free condition produce changes in behavior
(white & Major, 1978). Similarly, animals treated
with pimozide show no evidence of conditioned
rg}nforcement in the test session whereas undrugged
control animals do (Beninger & Phillips, 11980);

Since animals in Experiment 2 and in the

[5Y

.investigations of White and Major.(l978) and

» t . 4

, ] /'
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Beﬁinger and ?hillips (1980) showed no evidence of
overall motor incapacity, it is, likgly that the
pimozide-induced interference: in learning is
primarily motivational in nature.

»*

Intermi:ttent reinforcement schedules and

secondary cues. The results from Experiments 1 and

2 led to the conclusion that experience with Ithe
privary reinfor.cer\ (food) under pimozide results in
'an, attenuation of the primary reward itself. The |
animals tested in these 'inyeétigations were all
placed an a continuous reinijovrcement schedule. It
has been welé established that this‘Tt:yp\e‘ of
schedule is(. uch less resistant to extinction than
are intermittent reinforcement schedules ( Skinner,
l953).»l It would be predicted, therefore, that
animals treated with piqmozide and tested under an
intern\dttent schedule of reinforcement would require
more sess‘ions before a decrease in response rateé
similar to the one demonstrated in Experiment 1
yvouJ.d i:e evident. This, however, does not appear
to be the case. Immediate decreases in response
rates after intermittent schedules of rei.nforcement
have been demonstrated in animals tested with the(
neuroleptic pimozide (Gray & Wise.ll980: Tombaugh,
"Anisman & Tomb{augh » 1980) and Ii‘alé”pﬁ'*fi“rd“ol

-
-

7
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(Phillips & Fibiger, 1979). This immediate
suppression effect cannot be explained solely in

o

. terms of a simple reward attenuation model as

—

proposed in the earlier investigations of Wise et

p—

al. (1978a, 1978b). - It is evident from the data ‘
repopfed in Experiments 1 and 2 and other
investigations (e.g. Fouriezos et al., 1978; Franklin
% McCof, 1979) that pimozide produces marked deficits
in the primary reinforcing properties of otherwise |
reinforcing stimuli. It is neveptheléss clear that
something more complex than Folely an attenuation
of primary rewards i1s occurring when pimozide-treated
animals are placed on intermittent schedules of o
réinforcementf Some ;nvestigatorg (e.g., Mason et
al., 1980; Phillips & Fibiger, 1979; Tombaugh et ' -
al., 1980) argue that under.imtermittent schedules
of reinforcement animals do not receive any. experience
with the primary reward before a decrement in
responding is observed. However, it is possible
that pimozide also interfere; with the secondary
cues associated with the prima;y reinforcers’. Such
I'secondary reinforcers would include the clickiqg,of
the lever and the smells of the experimental
apparatus. Thus,‘neuroléptic-treated animals placed

N . " \
. in the testing situation under an intermittent



schedulé of reinforcement would be subjected to cues
that have been previously associated.with the

" primary reinforcing event. This experience, under
pimozide, may lose its rewarding impact, thereby
resulting in an immediate suppression of response
rates. The reduced rewarding vglue of the primary
and secondary reinforcing stimuli coupled with the
fractional reinforcement experience of intermittent
schedule training (Millenson, 1967) may produce an
additive effect on the behavior of the organism.
This algebraic effect could explain the suppressed
responding under an intermittent schedule of
reinforcement.

Summary and Implications

Results from Experiments 1 and 2 indicate that

one effect of pimozide is an attenuation of food

as a rewarding stimulus. Food when offered to
pimozide-treated animals failed to meet the two
operational cfiteria of a rewarding event - the
maintenance of habitual responding in well trained
aﬁimals and the acquisition of a lever-pressing
habit in naive animals. Evidence from other studies
corroborates with these investigations in confirming
the notion of a pimozide-induced intérference of

primary reinforcers.. However, it does not appear

79
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that only primary reinforcers lose theiﬂ ability to
contrdl the behavior of neuroleptic-treated animals.
Secondary cues that have become associated with
these primary reinforcers also appear to lose their
effectiveness in maintaining response patterns.
These factors Eombined produce deficits in
performance which are seen in animals where motoric
dysfunction has eviﬁently been ruled out. This is
not to say that pimozide or neurolepticg in general
do not produce any motor incapagity whatsoever.

It can be argued, perhaps, that pimozide éauses an
increased difficulty to locomote rather than a
total inability: For example, pimozide-treated
animals have been shown to take more than three
seconds to initiate ééting in the testing situation
(Beninger & Phillips, 1980). It ik difficult to .
determine whether the latency in performance was

due to a difficulty in moving to the food, to a ‘ | .
decrease in the rewarding properfies of the.food'

or to a comgination of 'both factors. Evidently,
further research empioying a design which would
unequivocally dissociate motor from reward variéﬁles
would provide a better understanding of the effects
of neuroleptics. _At present, the results from

Experiments 1 and 2 as well as those of other

]
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investigatioﬁs“(e.g.. Fouriezos et al., 1978;
Franklin & McCoy, 1979; Wise et al., 1978a, 1978b)
make it clear that a major effect of:pimozide is

its capacity to interfere with fhe rewarding
properties of primary reinforcing stimuli.
Furthermore, a recent study by Gray and Wise (1980)
led these authors to suggest that secondary cues
associated with the primary reinforcing events are
also attenuated by pimozide. This neuroleptic-induced‘
attenuation of the rewarding qualities of reinforcing
_events is believed to be a critical factor in
disrupting normal response rates in animals.

Tﬁat both the primary and secqndagy reinforcing
Qualities of rewarding stimuli may be attenuated by
neuroleptic treatment, independent of any gross
motor impairment, may bear imbortant implications to
the understanding of human disorders that are |
directly or indirectly affected bf abnormal
dopaminergic activity. It may no longer'be feasible
to consider diseases .such as Parkinsoﬁism as simply
disorders of brain mechanisms which control motor
functioning. It seems that there may be significant
motivational componeﬁts to these diseases waich
must be considered in their treatment. For example,

dysphoria and laék'bf movement are often reported in
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Pé.rkinsonian patients, and flatness of affect is a
common diagnostic criterion of schizophrenia. These
symptoms may be in part a result of a loss of
-ability of the enviromment to maintain its secondary
'rewé.rding properties which are related to more
Basic. primary ne'eds. Evﬁ.dently, the
nguroleptic—induced disruption of normal behaviorl

{ ' patterns as evidence in this investigation as well as
other studies creates a ' demand for a more complex
understanding of the actions and effects of

v

antipsychotic drugs.

el o, .
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