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ABSTRACT

This thesis examined the effects of the stimulant »drug
pipradrol c¢n dperant responding in the_presencé of stimuli
“paired previously with food or shock. The first séries of
studies replicdfed previocus findings of enhanced acguisition
of responding uitﬁ conditibned reinforcement after treatment
with  pipradrel, using a different test pﬁradigm;: The
experiment began‘with'é pre~exposure phase to determine the
operant ‘rate of pressing'two levers, one of which produced a
three second tone; duriﬁg a conditioniﬁg phase, the same three
second tcne vas pairea with the deiivery of food pellets; in a
final test phase, the rates of pressing the two Vlevers Vere
determined aéain., Conditioned reinforcement was defined as a
relative increase in pressing  the lever that produced 'tﬁe
‘tone. Pipfadrol ' was shown to ptoduce a dose-dependent
enhancement of this effect on lever preférence.. Subsequent
experiments  examined the possible role of nanSPecific
stimulds change, feeding in the test environment and prior
eXpoSuré to the conditioned Stimulus; in producing this
enhancement, The data suggestéd that aséociations involving.
venvironmental stihuli may play a role in nediating this
effect; animais pre-eprsed to the tone stimulus and
subsequedtly fed in thé same environment as pre-exposufe and
teét showed evidence  of "conditioned reinforcenent",
Disrupting the relationshipvbetween tones in the pre-exposure

phase and environmental stimuli paired ﬁith food prevented
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this pattern of reSponding ih drugged animals., Sensory
preéonditiohiﬁg Wwas suggested as a possible mechanism  for
these aésociations and data were collected that-'aeré
consistent with this hypothesis. Pipradrol also'was. shown to
-enhance. "coﬁditioned suppression". In this situation, animals

were testedifor suppression of ongoing licking behaviour to a
stimulus that had been pfeviously classically conditioned to
shock. An effect of explicit sensory preconditioning ‘training,
vas demonstrated in this paradigm; however, pipradrol could
not be shown to enhance thisieffect.,Implications for currenf

theories of stimulant drug aciion are discussed.
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CHAPTEE 1: GEN&RAL INTRODUCTION.

- Psychomotoristimulant'drugs include .cocaine, pipradrol,
d-amphetamine - and methylphenidate. All these drugs have
striking 5ehavionral effects in both animals and man.  At 1low
doses thesé drugs produce a general increase in motor activity
while at higher doses, a selective facilitation of sonme
~components of behaviour and an»inhibitioh of others is seen
{Randrup & Munkvad, 1%67).. V

Onev aspect of the effects of these drﬁgs on behaviour is
their ability tc produce "stereotyped behéviours"._This is the
repetition_of behaviour with little variation ‘(Randrup & -
Munkvad, 1966); in extreme‘cases a single activity or sequence
of activitieé is performed continuously and dominates the
subject's behavipur,_e.g. continudus sniffing, biting and
licking in the :at {Ernst & Smelik,' 1966) .. The factors
determining'thé pattern of responding under these drugs is one
‘aspect of the studies described hej:ef |

Stereotyped behaviour is produced by all the amphetamines
{and derivatives) at appropriate doses (Randrup .8 Munkvad,
19?0) and by a few siimulaﬁts- chemically ‘unrelated to
amphetamine;.such.as cocaine, Some stimulants, e.g., caffeine
{Fog, 1969).60 not produce stereotyped behaviour at any dose..
Furthermore, steteotyped behaviour can  be produced by
amphetamines in many (probébly all) mammalian‘ and avian
speciés, bﬁt.not.in lower-vertebrates €.d9., lanmnpreys, eels and

lizards (Nilakantan & Randrup, 1969). In todénts,-such as the



rat, sniffing together with gnawing and iicking is the
predohinant stereotyped behaviour. In non-human primates, such
as the rhesus monkey, typical stereotyped behaviou:s are .
pefsistant visual staring and'grooming {Ellinwvood, 1970)..

| The_ production of stereotyped activity across species
seems to be a basic property of the ‘psychomotor’ stimulants, .
with +the dominant.behaviour depending on the species. .In maﬁ,
chronic ampﬁetamine ‘0F cocaine usage -aléo can lead to
stereofyped behaviour 'patterns; often, these stereotyped
behaQioucs'are manipulative in . nature, (Banarup & Munkvad,
1967) sometimes taking thé fbrm of repeated patterns of self-
grooming to the point of producing skin lesions. This is
;strikingly similar tc the stereotyped grooming behavibur'seen
in monkéys tieated with amphetamine (Ellianod, 1970) +

The dramatic effects on motot.behaviour' associated with

these drugs are not surprising from a pharmacologicél point of
view; these drugs interact with the catecholaminergic,ﬁeurones
in‘the brain (Creese § Iversen, 1973; Scheel-Kruger, 13971) and
the. catecholamines, especially dopamine {DA), are involved in
the control df motor behaviours (Kelly,_'1975)._.Amphetamine’s
effects on behaviour seem to depend primarily'on-dopaminérgic’
neurones {Thornherqg & Moore, 1573). It seéms' also that the
mechanisms that produce increased general locomotor activity
may ,differ frdm thcse producing Stereotyped behaviour
_(Sahakian, Robbins; & Morgan,. 1975) and eveﬁ may‘have a
different neural substrate [Kelly, Seviour, & Iversen, 1975).,-

-Investigations of the neuronal mechanisms underlying the



effects of amphetamine lave used selective lesions of
forebrain dopamine and noradrenalin systems in. animals and
observed the effects of these 1lesions on:the response to
amphetamine;, KeLly, Seviour, & 1Iversen (1975) produced
. selective chenical lesioné ofA the terminal Tegions of-the
" "pesolimbicg® and "nigrbstriatal".dbpamine systems, the nucleps
accumbens and corpus striatum, respectively. . Lesions of tﬁe
nucleus . accumbens abolishéd the  characteristic locomotor
stimulation seen in responsé to low doses of .amphetaminef,
Striatal lesions, however, abolished the stereotyped behaviour
seen at higher doses of amphetamine but failed to abolish the
locomotor effect of the drug;“ Reviewing this and other
studies, <Cole (1978) «concluded that the data sgppott a role
-for both dopaminergic {nigrostriatal and mesolimbic) and
nd:adrenergic systems 1in mediating the locomotor'effecis of
amphetamine but a . ‘"rather exclusive". involvement of the
dopaminergic nigrostriatal systen in mediating the prdduction
of stereotyred behaviour by dmphetamine.

There is evidence that the effects of bsychomdﬁor_
stimulants may not be solely on a system controlling motor
performance of behaviour.‘Pipradrol has been used to elevate
mocd and improve attention deficits in depressive patients
(Hiii, 1970) .. Studies also have shown amphetanmine to increaée
rates: of intracranial self-stimulaticn in rats (Stein & Wise,
19?0). In +this procedure, a respbnse by the subject. is
followed -by low—-level eleétrical stimulation of a region of

the brain. In certain regions of the brain such stimulation is



positively reinforcing : the response is made at increased
rdte.. Amphetanmine 'administration can facilitaté self-
stimulation by either increasing resﬁonse rates (Phillips & .
Fibiger, - 1973) or by changing the reinforcing properties of
the stimulaticn, for example, ~lowering current threshold
(Stein & ‘Ray, 1959).“>A large literature  suggests ihat
biochemical‘manipﬁlations-of catecholaminergic neurones, su;h'
as is produced by ampbetamihe admigistratibn, affect processes
of reward dr reinforcemenf {Beninger §& Phillips; 1980;.Stéin &
Wise, 1970) as well as motor perforrance of behaviour.“
| Psychonotor .stimulants ".including pipradrol, d-
Amphétamine, cocaine and methylphenidate aiso héﬁe been found
to support intravenous self—administratiqn {Wilson, Hitomi, &
Schuster, 1971)._In this procedure a response is followed by
‘injections of a érug via an intravénous catheter.-Studies
using this péradigm suggest also that the <catecholaminergic
nedrones affected by these drugs, especially dopamine, are
involved ip reward procesées (Yokel & VWise, 1975).,,Yoke1‘ &
WiSe, for ‘ekémple, found that the dopamine receptor blocker
pimozide affectéd respoﬁding in a manner best compared to that
resulting from "loss of_fewdfdﬁ ffom the injections aﬁd in:the
opposite direction from that predicted on the basis of
pimozide's usual motor effects.
These data, suggésting effects on .'processes of
Ireinfcrcement or reward, are 1interesting when cohpared to
clinical data. Chronic stimulaﬁt use by human addicts can:

produce a syndrome known as "amphetanmine psychosis" (Randrup &



Munkvad, 1970). Sterectyped behaviour is one. aspect of this
syndrone., Also,'the behaviour and apparent hental state of the
~addict can so resenble .Some forms of - schizophrenia that
misdiagnosis has occurred (Randrup &  Hunkvad,;- 1967) . .
~Furthermore, stéreotyped behaviour has been desc;ibed.as "one
'of.the most striking external manifestations of schizophrenia®
(Bleuler, 1950).. Thus, understanding the basis of - the
stereotype-rroducing action of these drugs might provide
insight‘into basic . péychological. disorders, This idea 1is
supported Dby the fact that disorders of.the catecholaminergic
systems affected by £hese drugs have béen implicated 1im the
etiology of schizophrenia {see Iversen, 1979; Snyder, 1974) o .
A cu:rent theory to account for the effects of stimulants
.on behaviour 1is that they enhance the effects of reinforcing
stimuli on behaviour ~ {Stein, 1964). . In particulaf, recent
studies have examined the effects of these drugs on the
acquisition of responses reinforced | by "conditioned
reinforcers";  these are stimuli . that. have few or no
reinforciﬁg properfies themselves, but acquife.them by virtue
of previous association with an unconditioned reinforcer such
as .food, water or certain typesl of brain stimulation
(Mackintosh,_1970).JA'variety of recent experiments have found
psychomotor stimulants, pérticularly the drug pipradrol, to
enhancé responding for conditioned reinforcement greatly
(Hill,' 13970; Robbins, 1872, 1976; Robbins & Koob, 1978) ..
Robbins (1876) found"water-deprived rats treated vith.

pipradrol responded for a stimulus previously pairéd Wwith



water much more than saline-treated animals. Respoﬁding for
the same stimulus after it had been randcmly correlatéd with
water presentations was not enhanqed by the . drug. . Robbins,
{1872, 1976) has demonstrated that learned reéponses producing
conditioned reinforcers can be part of the pattern of.
stereotyééd responées seen under stimulant tfeatment-, He
suggests also that a general action of stimglants_may be £o
cause  1increased repetition of responding, with | response-
" selection being: determinedi ,by prior contingencies of
reinforcement és reflected by the establishment of condiiioned
reinforcement (see Lycn & Robbins, 1975 and Robbins, 1976). .
The. studies described in the present ' thesis used
different paradigms to extend the range of observations on the
effect of stimulants on ' responding for ~Conditioﬁed
:einforcemént. The fifst study examined the . effeét of
pipradroi in a "conditioned reinforcemeﬂt" paradigm (Beninger
& Phillips, 1580). Rats were preféxposed to a chamber iith.two
levers, cne bf which produced a tone. Following determination
of the vrate' of pressing of each lever, the tone was paired
with food in the absence of the levers.: A subsequent test
session measured any change in proportion of total responses
made on the tone “léve;. "Conditioned reinforcément" was
definea as a ;elative.increase in total responding on the tone
lever. Thé. second sfudy examined whether a factor other than
conditioned reinforcemenf, such as noﬁ—associative‘effects' of
~ feeding or stimuius‘ change.could account for ihe pattern of

responding seen in drugged animals. Finally, the effect of



pipradrol on "conditioned <suppression” wés observed. Tﬁis
Study squghf’vto' determine ahethei pipradroi enhanced the
suppréssive effect‘of.a condifioned‘stimulus oh'behaviour, in 
contrast to the usual excitatory effect of the dfug., Also, a
- prediction from the previous studies about the efféct»of the
drug on sensory preconditibning was tested. A further review
cf the relevant. literatgre is provided at the start of eaéh

section.



CHAPTER 2
EXPERIMNENT 1;;THE ACQUISITION OF RESPONDING WITH CONDITIONED

REINFORCEMENT: THE EFFECTIS OF PIPRADROL.

Introduction

This study observed. the effect of various doses of
pipradrol c¢n responding for conditioned reinforcement in the
: paradigm.of Beninger and Phillips (1980). . This determined
vhether ©pipradrol has the  same effect 1in this particular
pa;adigm as compared to other conditioned _reinfotcemenf

paradigms (#ill, 1970; Robbins, 1972, 1976, 1978)..

METHOD

Subjects

Tweniy-eight male albino rats of the Wistar st;éin were
housed individually'in a climatically controlled colony roonm
.maintained on a twelve hour light/dérk.cycle; The'rats veighed
from 225 to 315g and were maintained at 80% of these ad

";ibitgg weights throughout the experiment.



Apparatus:

Fcour similar Plexigias chambers (30.0 x 21.5 x 46;5:cmA
high) contained‘within ventilated sound‘attenuating boxes Qith‘
overhead illumination served as experimental‘ environments
throughout these studies. 1Two chambers had wax paper covered
wooden flbors and +two had g;id floors. .Each chamber had two
temovableilevers (7.7 x u;u cm),.one located in each. of the-
21.5 cm walls.: A force of approximately 0.10 N was'tequired
for lever closure. At the centre of one side was a feeder cup

‘at a height of 1.5 cm above the floor.. A 2900 Hz .tone
.generator (Sénalerf) was mounted inside each sound-attenuating
box. Environmental 'contingenéies and data collection  were
controlled by a Data General Nova 3 computer for three
chambers and solid state .switching and timing devices

(BRS/LVE) for the remaining one.

Drugs

- The drug . pipradrol was  dissolved as pipradrol
| hydrochloride (Merrel G) in sterile distilled water and
“injected intragperitoneally (i.p.) ten min prior to the Test at

a volume of 1 ml/kg.
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Procedure’

All animals Were expoéed to »identicdi behavioural
trainihg and tésting procedures.  This consisted Qf' three
phases, referred to as the Pre-exposure, Conditioning.and Test
" phases. The Pre—-exposure phase consisted - of ~ six 40-min
exposures to the chamber with . the two leversv preéent., One
session per day was giveﬁ for three days, .then two days in the
home <cage, fcllowed by the remaining'thréé sesions over the
next three days. Duriang all these sessions, dépressions of one
of the levers (the tcne lever) résulted 'in a 3-sec
presentafion of a tone whilé depression of the other (thg no-
tone levér) had no programned consequencés."Previous 'sfudies.
(Beninger E Pbillips,: 1980) have shown fﬁat almost all rats
. showed a preferencé'for the same side. The tone lever was put
‘oh the nan-preferred side.“Dependent'vaciables wére the number
of responses c¢n each lever. 

The conditioning phase consisted of four 60-min éessions.,
One sessian per day was given for the two days immédiateiy
'following-thé»Pre-expésure phase, thenAtuo days . in the home
cage followed by the two remaining daily-sessions.‘Throughoﬁt
all tﬁé.Ccnditioning sessicns both levers were ~removed, . the
resulting aperturGS'beiﬂggcove;ed by sliding Plexiglas plates.-
During each session the 3-sec tone was presented 80 times on a
random.time (45-sec) schedule. Thus, tones were presented with
an average inter-tone inte:val of 45 sec. Throughout the first

Cenditioning session each tone presentation terminated with
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the delivery of one 45 mg Noyaes Precision Food pellet. ., During
thelremaining-B sessicns pellet delivery'occurréd only after a
randcm 33% of  the tone presentations. Partial pairing was
enployed to produce more .durable conditioned reinforcement
when  measured in extinction (Knoit & . Clayton, 1966 ;
‘Mackintosh, 1970). The Test phase éonsisted of one G40-min
session on the day following the last Conditioning session.
Prior to the Tesf session- animalé wereA given éne of the
followving treatments: four groups Qerevinjected with either
0 mgskg (saline), 5.0 mg/kg, 10 ﬁg/kg or - 15 ng/kg of

pipradrol. Grcup sizes vuere 8; 6, B8, 6, respectively. .

‘RESULTS

Results frcm :the Pre-exposure phase enabled the rate of
pressing on the tone and no—toné levers to be determined prior
to conditioning. These rates {presées/session) were calculated
-as the mean for both levers over the last three seséions of
this pﬂase; In the Test phase, lever pfesses for the one Test
session ueré recorded. Thus data consisted' of two pairs of
ndmbers for each rat, ité operant rate on éach of the two
levers before and aftet conditioning.

The group receiving éaline served as a control group. The
results for this group are shown in Figure 1; The data suggest .
that the increase in responding on the tone lever from Pre-
exposure to Test‘was greater than for the no-tone lever. This

.greater relative imcrease in responding is indicative of the



12

Figure 1: Mean number {+SEMN) of responses {square root) on the
tone (closed circiés) and no-tone (open ci:cles) levers in the
Pre—exposufe ‘and Test phases for the saline.injected group. .
The inéreése in responding on the tone lever was greater than

on the no~tone lever.
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tone ha&ing ‘become a conditioned reinforcer.. Statistical
analysis supported this description buf with only a marginally
* significant effect. Two-way analysis of variance with repeated'
ﬁeasures cn both variables (levers and phases) was performed
on the vsguare'roots of the data; square root transformations
were done thxoughoht -all these studies té reduce the
difference 1in the Variances of the tw§ samples.JThds,.a
~sigmificant levér by phase interaction would reveal ‘that "the
difference in rate of‘responding on the two levers had changed
frcm the Ere-eiposure to Test phase. This interactioh waé only
marginally significant (Fé3.89, df=1,5, .05<p<.1). Thus non-
drugged animals shqwed a‘small chanée in p;eferénce for the
tone lever over tbe.no-toné lever after exposure to the tone
paired with focd. .

The results fof the pipradrol groups (5,1b, and 15 mg/kg)
are shown in. Figure 2.. All the groups sﬁdwed an overall
‘increase in fesponding on the two levers fronm Pfe—exposure to
Test. HOwever,'whereas the groups receiving doses of 10- and
15 mg/kg' changed their preference to favour the tone lever in
the Test the 5 mg/kg gqroup did no£.

| Two-way analysis of variance was performed on the data
for éach g:bup,»variahleé analysed were levers and phases. All
the grougs showed a significant effect of phase, refiécting
the increased_o?erall level.of responding seen in the _Teét
phése (F=158., 4; 92,93; 56.22; df=1,5; 1,7; 1,5; p<.01 for the
5, 1C and 15 mq/ké gtoups respectively). Phase by lever

interaction was not significant for the 15 mg/kg group (F<1,
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- Figure 2: Mean number (+SEM) of ;espdnses {square root) on the
tone (closed circles) and no-tone (open circles)‘levers in the
Pré—exposure . and Test phases for the pipradrol-injected
groups. All the groups showed a significant overall increase
in responding on both levers; the relative increase in |
responding on the tche_lever waslgreater.than for the no-tone.

lever'af'the 10 mg/kg dose only;'
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df=1,5, p>0.2) but significant for the 5 and 10 mg/kg groups
(F=6.74; 22,73; df=1,5; 1;7; p<. 05 for each qroup;,
respectiveiy). -However, the change in lever preference
reflected by these interactions was clearly in .opposite
directioné in these two groups, only - the i0v mg/kg group
showing enhanced.responding on the tone-lever during thé Test. .
Thrée—wéy analyses of variance were carried out for each
group together with ' the saline <control group. Measures
analysed were phase, lever and group. This allows a comparison .
bf‘ the magnitude of the phase by lever interaction iﬁ each
drug group (our measure of conditioned reinforcement) to that
of the saline-treated animals.. A ‘significént threé-way
'interactibn of phaéé; lever and group would show  a differeﬁt
phase by lever :intepaction in the drpg group as compared to
ﬁhe contrcls., This interaction was significant at the 5 and
10 mg/kg doses {F=8.57; 11.92; df=1,10; 1,12; p<.05
respectively) but not at +the 15 mg/kg dose (F<1,-Idf=1;10
p>.05).,'1n the 5 mg/kg group this reflects the fact that the
>increased responding was shown on thev"no-tone" :lever irather
than on the tone lever.. This demonstrates also that the
10 mg/kg gioup showed a greater increase in résponding for

conditioned reinforcement than the saline controls.
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DISCUSSION -

In summaty, there appear to be at least two effects of
pipradrol in the ‘present. experimental situation. Firstly,
thete is an effect on overall responding on boﬁh_levefs during
the Test.,The levers project 4.5 cm into the chémber from both
-.siaes and are depressed by the animals during the course of
normal lccomotor activity. Thus, this effect is probably due
to hyperaqtivity in the $est caﬁsing ihe animals to depress
both levérs indiscriminatively at higher rate. . Such
'hyperactivity usually is chse:ved following administration of
these drugs (Kelly, 1975).5it>is interesting to.note that the
locomotor stimulant effcts of these drugs seem to predominate
at the. lower ~doses  (Scheel-Kruger, - 1971). 1In the group
receiving. the lowest dose of pipradrol {5 mg/kq) a.strong
locqmotor sﬁimulant effect may have obscured any,efféct of the
tone stimuius oﬁ rates of bar-pressing as it is clear that any.
effects of conditioned reinforcement nust be seen over and
above this genmeral stimulation of bar-pressing.

' The nmeasure of conditioned ieinforcement used here is the
gggggigg enhancement of total responding On¢the tone lever. .
Using.this measure; the results of treatment with pipradrol
'paréllel many previous studies {Hill, 1970; Robbins, 1975,
1976 & 1578; Robbins & Koob, 1978)} The group that received
10 mg/kg of pipradrol showed a clear increase in responding
fof, the conditioned ‘stimﬁlus and this was significantly

enhanced relative +to saline-treated controls. The group that
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regeived S mg/kg showed increased responding on the "no
stimulus"' lever. This apparent'enhancement 6f an established
épatiai preference may have'been seen in this paradigm because
of.the large effec£ of motor stimulation - on bar-pressing  as
described earlier. . |
The measﬁre of conditioned reinforcement defined above
‘may,- in fact, result in an exéqqerated assessment éf'
responding for the tone stimulus; responses made duriﬁg the
tone are included and not only those responses actually
producing tones. This meaure was suggested from the uérkAQf
Stein (1558)‘ahd in-Exéérimenf 1 the effects of pipradrol on
this» measure parallel' the results of other studies (€=G.,
Hill, 1972; Robbiné, 1976, 1978). The effect of +the drug on
this ..particular measure shall be examined further inm
CHAPTER 3. | | | |
| The group that feéeived 15 mgkkg of pipradrol failed to
show. significant evidence of conditioned reinforcemént.;The
small change in preference for the tcne lever seen in  thi#
group parailels Robbins and Koob's (1978) ‘observation of
little enhancement of Conditioned reinforcemen£ by this dose
of ‘the drug. This lack of increase in.responding dn the tone
lever migﬁt have been due to the fact that 15 wng/kg of
pipradrol produces very intense and constricted stereotyped
behaviour which probably interfered with lever - respénding by
response incompatability (Lyon & Robbins, 1975)..Thus, in this
paradigm, 10 mg/kg is the optimaily—effedtive dose of.

pipradrol to produce increased responding for the conditioned
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stimalus. - In  the 1light of recent studies on the effects of
pipradrol .(Robbins, 1976, 1978; Robbiné & Koob, 1978) further
studies in the present thesis concentrate on the enhancement
of the effects of conditioned stimuli that is usually ptoduced
by 10 mg/kg of this drug. Possible effects of the other doses

used in Experiment 1 are not investigated further.
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CHAPTER 3. THE EFFECTS ‘OF PIPRADROL ON RESPONDING FOR

CONDITICNED REINFORCEMENT AND CCNTROL PROCEDURES..

Introduction

The first section assessed the effects of three doses of
pipradrol on the ©perfcrmance of a :esponse,réinforced by a
conditioned reinfo:cer {see  CHAPTER 2).. These data
demonstrated using a new.experimental prqéedure that 10 -mg/kg
of pipfadiol produces the ‘mdst consistent facilitation of
responding‘for a conditioned reinforcer.;It is  assumed " that
this effect représents an effect of pipradrol on conditioned
reinforcement,‘additicnal stndies will-heirequired to rule out
some other possible interpretations in the present context. .

Early studies used the ability of a stimulus to maintain
responding in extinction as a measure of .conditiqned
.reinforéement.,For‘example, rdts trained to bar—presslfor food
pellets respbpd at higher rates in'extinction_if bar presses
~produce the “élick" of the pellet dispenser but no food, as
ccmpaxéd tc animals.‘extinguished' without this stimulué
'{Bugélski, 1938; Hill,l 1970)., However, this ©procedure
confounds.possible reinforcing effeéts,of the stimulus uith
'"geheralisation decrement" occdring‘ from training to
exﬁinctiog conditions {see Mackintosh, 1974, pp.;234~235).,T5e'
present procedure avoids this - problen, by using the

establishment of a nev response reinfo:céd by the stimulus to
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.measure its reinforcing properties.

Previous work by Robbins and others has examined the
'issue of whether or not the enhancement of responding for
conditioned reinforcers seen 1in animals given. psychomotor
stimulants can be accounted for on the basis of other effects
of the étimuli or the d;ugs. For examplé, the general increase
~in locomotor activity produced by these stimulants cannot
account for.the relative incréase,in,responding seen on one of
two levers (Bobbins,'1975;bsee alsc Experiméntv1). Stimulants
also canbenhance responding for stimulus change ~(Kiérnan,
1965) bu£ this is not sufficient to account for ﬁhe effects on
conditioned reinforcers; Robbins (j976) founa pipradtol.to
enhahce.respondingvfor a light stimulus only élightly_has
compared to responding for the vséme stimulus paired with
reinfprcement. Similarly,. enhancement bf responding for a
novel stimulus vis insufficient to account for the effect of
pipradrcl on responding fér " conditioned reinfdrcement
(Robbins, 1978) . Rotbians and Kéob (1978) also have ruled out
enhancemeht of spatial preference by .counterbalanéing the
levét providing conditioned reinforcment across a previously
measured two?leve: spatiai preférence..On the basis of control
data such as these, it has been:“suggested ‘that pipradrol
selectivély enhances responding for conditioned reinfoicement-

Earliér work with the paradiém.used in this thesis showved
lfhat pipradrol failed to enhance tespohding for a tone whose
presentation was_correlated‘negatively with food (Beninger &

Phillips, 1980).. Contingencies were arranged so that food
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pellets were nct presented uithin>3 sec of any tone during the
Conditioning phaSe. This‘was expected, as stimuli negatively
correlated wifh.. reinforcenment -do not normally. acquire
reinforcing prope:ties {see Mackintosh, 1974) . . .Héwever,
enhancement o©f resgonding forv‘tqnes Was seen.after randon-.
occurrences of tones and food {Beninger § Phillips,‘1979f.” It
was proposed that the tone acquired reinfdrcing properties “due
to chance pairiags with food (see Beninger & Phillips, 1979)..
One test of this hypothesis would be to incorporate a control
group fed in thé absence of tones and tested subsequently with
pipradrol. | |

The studies described in this sectioh‘wefe‘designed to
asseés the effects of the relationship between tones and food
in more detail by presenting food pellets paired with tpnes or
in the absence of ténes._ Pilot data had 'indicatéd that
environmental variables may mediaté an 'associatioh of tones
with  food reward., Further manipu;ations of the rela{ionship'
. between tonés, foodland other (environmental) = stimuli 'wduld
allow for a closer>examination of the asSociational basis of
conditioned reinforcement in thié paradigm. . Pharmacological
parémeters were constant throughout all the following_studieé
with animals receiving either injectioné of saline or an
Optimally-effectivé _'dose' of | pipradrol (10 'mg/kg:- see

CHAETER 2)



24

GENERAL METHGCD

Subjects

Sixtyfeight male.albino rats of the Wistar strain vere
“housed individhélly in a climatically controlled colony room
maintained on a twelve hourl‘light/dark cycle.  Rats veighed
from 305 to 4209 and were maintained at 80% of .these ad

libitum feeding weights throughout the experiment.

As described in CHAPTER 2 (METHOD).

Procedure

This study consisted of five experiments. All of fhe
eight groups were tested with the same basic expérimental
design; this design followed that described in CHAPTER 2,
consistiﬁg of _the”A same three phases of Pre—expoéure,
Conditioning, and Test. Any vvariationé from the  exact
 pro§edure described in  CHAPTER 2 are stated for each
‘experimenf,”Each experiment is described separately, together
gith its results and a brief discuséion. A general discussion

of CHAPTER 3 fcllows this.
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EXPENTIMENT 2

This eXperiment'répresents a replication of the basic
conditioning proceedure in undrugged animals and compares the

effect to that seen in animals given 10 mg/kg'pipradtol,,

Tﬁenty rats vere randemly assigned to the Contfol. {n=8)
or Pipradrol (n=12) -groups. The training of both groups was
‘identical tc that described in CHAPTER 2. Aninmals iﬁ the
Control group received injéctions of saline {i.p.) 15 min.
prior to the Test'Session.,The pipradrol group received i.p.
injections 'of pipradrol (10 'mg/kg) Y1S min before £he Teét

session. .

RESULTS

Figure 3 éhows the mean number of responses (fSEﬁ) on -the
tone and no-tone levérs in the Pre-exposure band Test phases
for the'Ccnﬁrcl and Pipradrol-groups..The Control group shoved
a greater increase in responding on the tone as compared to
the no-tone lever after cdnditioning, demonsttating that the
tone had acquired reinforcihg properties.:The Pipradrol group
showed increased responding on both leversvbut a far greater
inctease in respouding.on the tone lever than on the no-tone
lever. Thus, the drug produced an enhancement on. our measure

of conditicned reinforcement.



"Figure 3: Mean number (+SEM) of responses {square.root) -on the
tone (closed circles) and the no-tone (open circiés) ievers in .
the Pre-exposure and Test phases for the Control (A) and the
Pipradrol(B) groups in Experiment - 2. Both grougs showed a
greater increase in responding on the tone lever than on .the
no-tone lever showing the tone had acquired reinforcing

propertieé;
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This. inteﬁpretation_ waé confirmed by stqﬁistical
 énalysis. Analysis of variance for the Control group 'revea;ed
a significant lever Dby thase_ interéction (F=5.76, d4f=1,7,
p<.05) showing a clear effect of conditioned reinforcement.,
This - intéraction_also vas significant for the»pipradrol group
{F=21.97, df=1,11, p<.001) as was the - increase - in - overall
responding from Pre-exposure to Test phase (F=u5.16,:df=1,11,
p<-C01). . |

| The magnitude of the comditioned reinfdfcement effect was
ccmpared between the two groﬁps by performing a thrée~uay
analysis of variance_ The variables analysed were groups,
éhases and levers, the latter two with repeated heasuresr,.The
three~wéy , interaction was significant (F=8.98, df=1;18,
p<,008) indicating that the tﬁo—uay interaction of phases and
levers differed for .the tﬁo groups. This coafirms thét
“pipradrol (at 10 mg/kg) enhanced conditioned reinforcement in

this experimental situation.

DISCUSSION

' This observation of enhanced respondinqvfor conditioned
reinforcement by 10 mg/kg pipradrol is in agreement . wWwith. K a
~number of other reports {(Hill, 1970; Robbins, 1975, 1976,

1978; Robbins €& Koob, 1978)..
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EXPEFIMENT 3

This ekperiment exanrined whether piﬁpadrol might produce
'enhaﬁced'responding for stimplﬁs_change,in this paradigm. As a
test of this possibility, a gfoup receiving no toneé and no
_qud ;n the Conditioning phase and pipradrol prior to test was
_ included in Experiment 3. Pipradrol  might prdduce - such
enhancement of stimulus change only after feeding in the
experimental envi;onment, Therefore -a second group received.

food but no tones in the Conditioning phase and pipradrol

- prior to Test. .

Preccedure

Sixteen rats were assigqed randomly to one of two groupss:
the No-tone, no-food group (n=8)v and the Food-alone group
{n=8) . Both groups received the usual three. phases of
training. During the Pre-exposure phase both groués vere
exposed to thé toné and no—téne levers as previously
described.‘Eor the first group, no tones or peliets were givéh
during the four sessions ofrthe Conditioning phase. The second
group received food pellets during the Conditioning phase iﬁ
the sdme _fashion as the Control grcup but no tones occured.
Both‘groﬁps received injections of pipradrol (10 mg/kg i.p.)

15 min pricr to the Test session.
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REBULTS

Meaﬁ number of responses in each phase for the No4tdne,
no-food and Food-alone groups are shown in Figure 4. . Both
groups showed an overall dincrease 1in responding from.Pre-
exposure to Test phase but, whereas the No—tone,‘no—food-group
éhowedAno relativé change in response rate on the two levers,
‘the. Food-alone group shbwed a relatively greatet‘increase in
depressing the tone lever. .

Two-wéy analysis of variance was.performed for each group
with repéated measures cn both variables {levers and phase). .
Both groups showed an oyerall increasé in responding from Pre-
exposure to Test (F=18.85, df=1,7, p§.003 for No-tone, no food
group and- F¥195.08, df=1,7, p<.001 for Pood-aloné).‘Phase_by
-lever interaétion, indicating avchange in relative preference
for the tone lever from Pre-exposure to Test, was siénificant
for the Focd-alone group (F=9.05, df=1,7, p<.02) but not for"

‘the No-tcne, nc-food group (F=0.65, df=1,7, p>.05). .

DISCUSSION

The results of Experiment 3 indicated that the enhanced
réspdnding on the tone léver after treatment with pipradrol
.. was observed e§en in the absence of any direct pairing of
tones and food in the Conditioning phase ({Food-alone group)..
'This observation calls into question the need for pairing the-
tonés with food durin§ the Conditioning phase. This in ‘turn

raises the question of whether or not the apparent enhancement
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Figure 4: Mean number {+SEMN) 6f responses (square rgot) on the
tone {closed circleSj and no-tone fopen circles)Alevers in the
'-_Pre-eXpoSu;e and Test phases for the No—-tone, no-food (A) and
Food-alone {(B) grodps in Experiment 3._ Both groups received
pipradrol prior to test (10 mg/kg). There was nq>difference_
in the amount of ipcrease in respondingvon the two levers‘ for
(A); for (B) the 1increase wvas significantiy greatef on - -the

tcne lever than on the no-tone lever.
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of "conditioned reinforcement'" by pipradrol has its basis in
any toné-food "assdciation"; Such a basis is required if this
effect is to be regarded as an enhancement of conditioned
reinforcement; Thé failure of tﬁe No-tone, no-fobd group fo'
shéw any »enhancement of responding for the tpne shows that
enhanced.;esponding for stimulus change per se cannot adcount
for the effects of pipradrol in this paradigm. It shows aléo
tha£ the enhancement of respoading for tomes produced bj
‘'pipradrol  was seen only if the animals were fed in the Test
'ehvironment. The remaining -experiments examine the pfecise

nature of this effect of feeding. .

EXPERIMENT 4

Previous s;udies- have demonstrated that pipradrol
increases responding for conditioned teinforcment.by enhancing
a conditioning effect produced by prior beﬁavioural training
{Lyon & Robbins, 1975; Robbins, 1976). . That is,‘training
produces‘some increase in responding for the stimulus that can

 he seen in undrugged'animals.,ThiS raises thé possibility that
animals given training similar to the Food-alone group in.
Experiment 3 would show increased responding on the tone lever
daring a test in the absence of pipradrecl. If this result was
obtained then cne interpretation of the previous results could
be that training prbduced a small conditioning effect that is

-enhanced by the drug.
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Procedure

Eight rats were assigned to the Food-alone control group. .
This group ‘reéeived - the same'training as deécribed for the
Food-alone group in Experiment 3. These animals received an

injection of saline 15 min prior to the Test session.

RESULTS

The mean number of responses on each lever in each phase
is shown in Figure 5. The data indicate a relative increése in
responding on the tone lever from. Pre—exposure to Test.,
Analysis of variance revealed that the Food-alone control
group showed a 'significan£ phase by | lever interaction
(F=10.77, d4f=1,7, p<.05) cénfirming.the occurrence of a clear

shift in preference to the tone lever in the Test session..

DISCUSSION

The results of . Exﬁeriment 4 demonstrated that animals
exposed to tones in a Pre-exposure phase and food pellets‘
alone duriﬁg ,cbnditionihg‘ showed increased respohding for
tones 1in the Test; even in an undrugged state. .The féct that
increased reponding fcr tones was seen in these undrugged
animals shous that~feeding animals in the same environment in
which they previously received exposure to tones enabled the
tone to acquire reinforcing properties. Thus, the previcus

results of the Food-alone group given pipradrol can be
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Fiqgure 5: Mean number (+SEN) bf.responses (sguafe root) on the
tone (closed circles) and no-tone kopen circles)'levers in the
Pre—-exposure and Test phasés for the Food alone Control group
in Experiment 4. The increase iﬁ responding on the tone lever

Wwas greater than on the no-tone lever.
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interpreted as as én enhancement of a small .change in lever
preference ccmparable té that seen inlthe Food-alone <control
grodp of the present experiment. .

| Sensory  preconditioning {SEC) might provide one
'explanation for the data described above. This procedure
"{Brogden, 1939; 'see reviews by Siedel, 1959 and Thodpson,
1972)‘involves a pre-exposure' phase where one stimulus is
presented (e.g., a light) immediately before a second stimulus
(e.g.,_a tcne). This is followed by a phase where the second
stimulus is paired with an "unconditioned -stimulus" such as
focd or electric shock. Finaily, the first stimulus is tested
for increased géneraliéation'of the cbnditibning'to the second
stimulus reiative to control subjécté.

In one example.of SPC, Adamacek and Melzack (1970) gave
animals pre-eprsuﬁe to either paired or unpaired toﬁes and
clicks. Fcllowing this, the food-deprived animals were trained
with one stimulus as a conditioned stimulus (CS) fdr "milk
preéentation. In a generalisation test the animais that had
received the paired pre-exposure showed greater 'transfer. of
the condtioned response to the other stimulus than those that
had received unpaired presen£ations.,1n the Pre-exposure phase
cf the present paradiém, intermittent tones produced by the
lever présSes could have been associated.uith environmental
stimuli such as floor texture, odours, gemeral 1ével of
illumination, etc. During the Conditioning phasé food would
ha&e been associated with the 'same environmental stimuli.

Therefore, if sensory preconditioning was established in the
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present paradigm, tones wnuld acquire the  capacity to
reinforce lever-pressing ‘because of their association with
stimuli ‘that signalled food. The following 'experiments

examined this possibility.

EXPERINENT 5

If sensory précohditiohiﬁg produced the effect seen in
the Food~alqhevgroup then the effect should be .disrupted by
‘removing the association of fodd with the envirbnmenial
stimuli present in the Tést session. The pfesent experiment
involved two groups in which thé'ehvironmental siimuli present
in tﬁe Conditioning phase differed ‘from those of.the Pre-
exposﬁre and‘ Test phases_. Floor texture and level of
illumination were " altered from the first to second phése of
the experiment. One group was given food pellets but no tones
during the Conditioning phase, ensuring that tones and food
could be‘assoéiated only with completely different -sets of
environmental stimuli and thus eliminating a role for sensory
preconditioning. For this group; the tones should not acguire
reinforcing properties. The second group received tone-food
pairings in the changed environment (CE) during> Conditioning.
This would determine if an explicit contingency between tones
and food was sufficient to provide evidence of conditioned

reinforcement in the absence of sensory preconditioning. .
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Precedure

Sixteen rats were assigped randomlf to one of téb'groups:
the CE~P§irings group (n=8) and the CE-Food-alone group(n=8)..
Both gtoupé received the Pre-exposure and Test phaSesH in: the
ususal manner. During the Conditioning phase . the environment
for each group was qhanged. Four- rats. in each group héd
undergone Pfe-exposure‘ in a chamber with wooden floors and
four in a chamber with grid floor. All rats received the
Conditioning ¢fhase 1in the second environment and the-hbuse
'lights that were on throughout Pre-exposure and Test vere
turaed"off: to provide a further difference. The CE-Pairings
group received the Conditioning phase in  this changed
environment and received _tone-pellet presentations ‘in the
usual manner (see METHOD, CHAPTER 2). .The CE-Food-alone~ group
were"giveu the Cbnditioning phase in the changed environment
but received only food and no tones, on the same schedule as
the other group,' Test sessions Heré in the .original
environment and all animals were injected with pipradrol

(10 mg/kqg) prior to the Test..

Results

. Mean number of responses on each lever in both phases fdr
the CE—Pairings" and CE-Food-aione groups afe‘ shown in
Figure 6. Both groups increased their overall responding from
Pre-exposure io Test. The CE-Food-alone group showed no

relative increase in responding on the tone lever but the CE-
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Fiéure 6: Mean number'(4SEM) of responses (square root) on the
- tone (closed circles) and no-tone.(open circles)'lever in the
Pre—exposure'-and Test phases for the CE-Pairing (A) and CE-
Food—alone {B) groups in Expefiment 5. Both groups received
‘pipradrol prior "~ to test (10 mg/kg).. The dincrease in
responding on the tone lever was marginally greater +than on
. the no-tone lever for A; there Qas no significant difference
in the aﬁount cf increase in responding on the two levers for

B.
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Pairings.group inc;eased their response rates more.oﬁ.the tone
"lever than on the né toné lever.

-Two-way analysis of variance revealed a significant
increase in overall responding omn both 1levers from- Pre-.
exposure to Test (F=23.12, df=1,7, p<.002 for CE—Pairings 
grdup; F=58,46, df=1,7, p<.001 for tﬁe_ CE-Food—-alone grouap). .
Phase by iever‘ interaction for the CE-Pairings approachéd
significance {F=3.79, df=1,7, .05<p<.10) while this
interaction . was far from significance for the CE-Food-alone
group (F<1, d4f£=1,7, p>>.05),d Examining the scores of the
‘individual animals suppdrted'this interpretation of the data;
four of the animals in the ‘CE—pairings group éhanged their
preference scmewhat while similar change was seen with only

-one animal frcm the other group.

DISCUSSION

These results demonstrated that the incréase in
responding on .the tone lever after feeding alone.during the
Conditioning phasé (Experiment 3)"Qas lost if the‘ feeding
occurred in a different environment (thé CE~Food-alone group) . .
Iﬁ the CE-Food-alone gtoup, sSensory preconditioninq'ariéing
from pairing of tones to environmental stimuli and food to the
same enviionmental.stimuli éould not occur; tones and.”food
could  be éssociated only witﬁ different sets of environmental.
stimuli. Thus, these results can be used to support indirectly

the role of an associational mechanism such as sensory
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preconditioning. An enhanceaent of responding'for tones was
obtained wben‘pellets and tones were presented together in the
_ chaﬁged:envirénmeﬁt-.This showed that tone-fogd' pairings can
produce Conditioned reinforcement in the absence of sensory

preccnditioning.

EXPERIMENT 6
As in Exéeriment 5, this study was  designed to prevent the
'association between tones and the environmental stimuli that
were present’during the Conditioning - phase.l In . Experiment 5
this was achievéd Ly changing the environmental cues, thus
preventing any association mediéted by canmmon lenvironmental
stimali. . In the qurrent expetiment, the tone was ommitted fron
the Pre-exposure 'phase and the animals were given food alone
in fhe Conditioning phase. Therefore, the environmental
stimuli remain constdnt from Pre-exposure to Test but their
role in sensory preconditioning was precluded by the fdct that
the tones and environmental stimuli  never occurred together
prior Atc  the Test phase. In both cases, if the sensory
preconditioning 'hypcthesis is _corre¢t, no tone?food
association should bev formed. Thus, the fone should not

acquire ccnditioned reinforcing properties.
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Procedure

':Eight'rats weré assigned to the No-tone-pre-exposure,
Food-alone group. During the Preﬁexposure’phnse, depreésion of
‘either 1e€er had nc programmed consequences; i.e., no tones
~were presented. In the Conditioning phase, food pelléts (no
tones) were. delivered accordiné to the usual random time
schedule. A1l the rats received .injections of pipradrol

-(i.p.‘10 mg/kg) 15 min prior to test.

RESULTS

Figu:eb7 shows the responses on each lever in both phases
for the No-tcne-pre-exposure, Food-alone group. There was an
overall 'increase in responding from Pre-exposure to Test but
no significant .evidence of a relative increase in responding
on the tone lever fronm Pre-exposure vto Test. Analysis of
_nariance. revealed an overall effect of phaseS' (F=26.99,
d£=1,7, p<.001) whereas the phase by lever interaction ¥as

insignificant (F<1.0, df=1,7, p>.05)..

DISCUSSION
The Tesults of Experiment 6 are in good agreement with those
fromvthe CE-Food-alone group of Exnerimént 5. It seems that
feeding alcne in the Conditioning phase only results in
increased responding for tne tones if . tones  .and © the
-environmental Astinuli presen£ during the Test phase have been

associated previously. This is consistent with the hypothesis
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Fiqure 7: Mean number (+SEM) of responses {square root) on the
tone (cloSed.circles) and no-tone (open’circleé)ﬂlevers in the
Pre-exposure and Test phases for the No—tone—ptefexpésu;e,
Food-alone group of Experiﬁent 6.,10 mg/kg of pipradrol was
injected prior to Tést. There was no significant diffefénbe in

the increase in responding on the two levers..
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DISCUSSION OF CHAPTER 3

It appears that ‘pipradrol increases responding. fof
conditioned reinforcement (Control,  Pipradrol, Food-alone-
control and CE-Pairings: groups) but not for stimulﬁs change
'(the'No—food and No-tone—-Pre-exposure groups) : relative tb
responding "on "a ﬁno stimulns".lever.“Clearly, tﬁis cannot be
due to any enhancement of lever-pressing in gemneral. This is
in complete agreement with the existing literature with one
proviso; in the present paradigm, condifioned reinforcement
can be- established ﬁot ¢nly by direct pairings of tones and
food (e.g., the Cpntrcl group) but also hy =féeding in  the
presencé  of ‘environmental stimuli common . to Pre-exposure,
Conditioning ‘and Test phases‘ {Food—alone and’ vfood—alone
contfol groups as’ compéred to the CE-FPood-alone group) ..
Feediﬁg alone‘ #ill not produce this effect in certain
circumstances, as shown by the No~tone-Pre—-exposure and CE-
Foocd—-alone groups, fhus ruling out an explanation -6f this
effect in térms_ of “sensitisétion" by feeding . or
pseudoconditioning”, UAs ' étated eérlier, sensory
preconditioning may provide a Tfossible mechanism for this
indirect assqciation. |

Thé establishment of cbnditioned reinforcement by sensory
preconditioning providesA a possible explanation. for ihei
'pfevidus cbservaﬁion of a copditioning effect in a group of
animals that received random pairings of tones and food during

Conditioning (Beninget & Phillips, 1980). The mechanism of
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‘sensory preconditioﬁing groposed here would account for this
result. The mediation of conditioned réinfo;cement :would be
similar to that "hypothesised to occur in the Food-alone -
groups. .During Pre-exposure, tones would be associated ‘with<
environmental stimuli and - during conditioning, thelaniméls
would be fed 1in the presence of the sanme environmentél
stinuli. Some direct pairings of tones and food would be
éxpected to occui,on a random basis (see Beninger & Phillips,
1980) and would éct_ to enhance further the aséociation:of
‘tones and food.pThis,hypothesis'would,_then, prediqt that the
tones would acquire . reinfofcing' properties due to their
occurence in the presence of environmenfal étimuli which
signalled food. It 1s interesting to note thét in the same
study whén food péllets were presented explicitly unpaired
with tones no conditioning effect was obsérved during Test. -

This agrees with the finding in the CE-pairings group that

explicit contingency between tones and food - during
Conditioning: can ovérride éome effects of sensory
precdnditioning, These daté suggest also that, in sone
circumstances, a predictive relationship Letween stimuli is
notv necessary for the formation of'aésociation between then
{e.9., Food-alone control'grqup);_This suggests that factors
other +than contingency (Rescofla, 1967;‘Rescorlé & Wagner,
1872) léan have a major effect on . the formation. of
associatiohs. This seems to be true at least when one stimulus
is a transient .event (such 'as a tone or food pellet

presentation) and the other continuously present (such as
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background illumination -or floor texture). In these cases,
occurrence together seemed a sufficient condition for

association. For a furt her discussion, see: GENERAL

DISCUSSION,
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CHAPTER 4: EFFECTS OF PIPRADRGL ON "CONDITIONED SUPRESSION" TO

CLASSICALLY CONDITIONED AND SENSORY PRECONDITIONED STIMULI ‘IN

THE RAT

Intrcduction

In CHAPTER 3 of the preéentvthesis it was  proposed - that
sensory preconditioning (SPC) played a role in determining
some of the behavioural effects of pipradrol. This propbsal
will be evaluated further in the present section. .

The experimental paradigm used in CHAPTERS 2 and 3 was
not designgd tc demonstrate SPC. It was suggested, however,
that SPC ocdurred‘.and .that its effects on behaviour were
enhanced by 10 mg/kg of piprad;ol.‘This is to be evaluated by
emplcying a proceddre developed to display the effects of SPC
and * then observing the effects of pipradrol. This will permit
a direct examindtion cf the SPC process that wasj invoked
previously cn the basis of indirect evidence.

SPC has been shown to .occur in appetiﬁive situations.
(Adamaéek & Melzack, 1970# Brown, Urmer, & Carr, 1958) but has
been studied most freéuently with aversive procedures (see,
Thompson, 1972). "Conditioned supression"(Kamin, 1965) of
licking in the rat’has been used to demcnétrate SPC {Prewitt,
1967 .Iait, Maquis, Williams, Weinstein, & Suboski,‘1969§'
Tait, Black, & Katz, 1972) and seems to provide clear,

reliable demcnstraticns of SPC. This procedure measures the
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disruptive effect of a stimulus on an ongoiﬁg- behaviour.
First, a tone stimulus is paired with electric shock "off
baseline" {i.e., while +the animal is not engaged in. the
responée. that 1is to be:measured later). This pairing can be
‘done by direct, <classical ccnditioning or  SPC; these
procedures will be described later. Secondly, the éffect of
noncontingent presentations of this stimulus cn . the licking
behaviour of udter-deprived rats is obsérved relative to -
contrbls. Céntrol'animals have equal exposure to shock . and
tones but never in-.any paired fashion, |

The first experimént examined the effects of pipradrol .om.
supression produced by a stiﬁulus Ciassically éonditioned tdv
shock. This determined the suitability of +the. basic  lick-
Supression ‘measure as an index of the behavioural effects of
pipradrol. Incidentally, this als§ allowved an examination of
whether the effects of pipradrol are dependent on a given.
motivational state; in this section stimuli were . pairéd with
shock, as compared to stimuli paired with food in the previous
sections. o |

The second experiment attempted to establish SPC in this
paradigm in undrugged énimals.AThe tone stimulus was paired
indirectly with shock by means of SPC and the effects of this
stimulus on ongoing behaviour was observed rélative to
controls; Thirdly, the effects of pipradrol administered prior
to testinngere'observed-in a'separate éroup of.animals given
.SPC training. |

Fbllowing the description of the GENERAL METHOD of this
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- section there is an account of the procedure and results of

experiments 7 to 9 fcllowed by a general discussion. .

GENERAL METHGD

Subjects

Eighty-four male albiné rats of the Wistar strain  vere
housed individually in a'climatically—controlled colony réom
kept on a tuelﬁe»hour light/dark cycle. Raté weighed from 180
to 2753 at the start of the experiment. Food was available in

the home.cage at all times. .

Apparatus

Two Plexiglas Chambers_ (20cm x 18cm x 16cm) with grid
floors contained within ventiléted, sound‘attenuating chests
servea as Training and Iestiﬁg environments. Each chamber
céntainéd a drinking spout conpected to a "drinkometer™

ICircuit and a lever,_depréssions of which had nol programmed
conéequences. A 4500 Hz 'téne’ generator (Sbnalert)A and a
5.5 K light were mounted near the drinking spout.. A third,
similar Plexiglas chamber housed in a small darkened room
servedlas the environment for Conditioning.vThé grid'fldor of
this chamber could be electrified ty means of a direct current
shocker. All data coliection wvas performed by a Data.General

Nova 3 ccmputer.
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Procedure

Before the dommencement of an. experiment anim&ls Auére
handled for three min per day for four cohsecutive days. .Prior
to- Training, animals were accustcmed to a water*depfivationa
schedule; for one day, subjects had 20 min of access to water
in the hone cage.,On'thevfollouing day, they were given .15 min.
§f access to water and on the thirad day, 10 min of access.,
Animals were.maintained on 10 min access to lwater per day,
either 1in lthe’home cage or experimental chambers, throughout
the remainder of each experiment. .

All experiments consisted of three phases: Training,
'.»Condiiioning. and Test. During training animals were placed in
the experimental chanbers for 10 min with.’the water spouts
present and water-freely'available.,the'licks of each aninal
at the wafer spout were recorded via the "drinkometer" circuit
during 1C-sec intervals thrdughout the 10 min sessions . Unless
an animal failed to drink for five mih or more of the-session;
no access tc water was givén between sessions; animals
drinkiug‘fbr less:tﬁan five min . were. given. water for an
‘additional 5 min in ‘the home cage 30 min éfter the end -of the
sesssion, .

After four days. of Training, animals received the
conditioning . trial. Details of individﬁal Conditioning phases
are giVeﬁ in tﬁe METHOD section of each experiment.

Test'trials'took placé on the day following conditioning.

Animals were returned to the Training chambers with the water
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spouts present‘ aqd water freely availablé,fAftér the animal
had ﬁade an . initial 150 licks the test trials could. beéin.
: Presehtaﬁion of the 4500 Hz tone.sfimulus (i.e., a test trial)
was controlled by an "on-line" conmputer system. Contingencies
vere arranged‘so that tone presentations were made only during
stable periodsilof_ the baseline (licking) behaviour. The
ériterion of stability was set so that an animal needed firét
'to'have made at least 40 licks during a 10-sec period (the
"pre—-CS" periocd) - and at legst three'lické'duriﬁg the last.
second of\this‘period.,On fulfillment of these éonditidné the
v toﬁe. was presented. The minimupm inter-trial interval waé set
at 150 licks. Thus, follcwing a Test tridl at leést 150  licks
needed to be made before the next pre-CS period would occur. .
After initiation of the first trial failure to make any licks
du;ingv any 5  min peribd resulted in the termination:of the
Test session.
The time to complete the first 150 licks was recofded for
"each animal, as was the time taken +to initiate +the first

trial., Dependent variables were the ‘numbet of licks made
" during each 10-sec period and the ﬁumber of liqks made during
each tone presentaticn. A suppression ratio for ‘each animal on
each. trial was obtained by dividing the number of licks made
during the tone presentaticn by the total number of licks made

during the tone presentation and during the pre-Cs period.
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" EXPEL LMENT 7

ThisAexperiment' examined the  effect of pipradrol on
'"conditioned suppression". Prévious stﬁdies have shown
significant "conditioned suppression" following a single tdne¢
_shoCk conditioning trial (Lubow & Siebert, i969) and a similar
procedure is followed here. Cbmparing the béhaviour of the
"experiméhtal" “and "control“ »group subjects that received
saline prior to tést allows for a demonstration of significant
suppression produced by this training. Comparing the effects
of fhe drug in‘ these two groups allows an assessment of
pip:adrql!s effect on."sonditioned suppression".flf pipradrol
enhances +the disruptive effect of a stimuius on ‘ongoing
behaviour priﬁariiy”on the basis of a previOusly established
associafioni with shock, increased suppression should be seeh
in animals treated with pipradroi.in_the group that received

tone—-shock pairing but not in the other (control) group. .

. Procedure

Tyenty-four rats were assigned randomly to ome of two
groﬁps, the Mexperimental"™ (n=12) and "control" {(n=12) groups.
All rats received an»identical history of handling and water
deprivation.mﬁhe'Training Fhase was identical for all rats and
was carrie& out as described in the GENERAL METHOD.

For the rats  in the "experimentql" group, Conditioning
consisted of being placed in the Ccnditioning chamber for 10

min; after 2 min animals received a single presentation of a
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IO—seé QSOOHZ tone the termination of which coincided with the
presentation of a 0.5-sec 2 mA shock to the ‘feet, For- the
"control"™ group, Conditioning was similar except that the
-shock .cccurred 120 sec aftsr the-termination.of'the tone. .

All acimals fecei&ed 10 min of access to water in the
home cage approximately 30 min following'Condifipning.,This»
replgcéd the 10 minutes of dccess tc water that was given in.
fhé Tfaining chambers on the previous days. |

On the next day the Test phase took place. Animals were
returned to.the Training chamber with the water spout pﬁesenf
and water.freely available. Tones were presented as described
in ﬁhe GENERAL METHOD above. ,Six animals in the ﬁexperimental"
'groub and six in the "control" group reéeived i.p.,-injections
of 10 mg/kg pipradrol 15 min.prioi to Test {drug preparation
was described 1in .CHAPTEB 2) « The remaining animals in both

groups received injecticns of saline 15 min prior to the Test. .

RESULTS

Iraining

During the Training phase all animals learned rapidly to
drink frem the water spout in the Training chambers. Usually,
by the second day, aﬂiﬂalé would lick for the entire ten min
period apart from a brief bout~of-éxploratory behaviour when

first placed in the chamber. Average lick rates ranged from -3
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to 5 per second ovéz the ten wiputes and varied little for any

particular aninmal.

| Suppreséion ratios were calculated as described above‘for
each‘ animal on each trial. Figure 8 shows these data for the
“experimental" and "control" groups. For the  "experimental"
group, the animals given pipradrol prior to £est show
increased suppressicn as reflected by gggggéggg ratios
_ relatiVe to saline—treatéd animals. This differencé decreases
after the first trial as both ~groups approach. the 1level
reflectihg no supf;essioh to the stimulps (avfatio of 0.5)..
?or the "contiolﬂ group, treatment With pipradrol produced no
large or consistehtieffects,

The data for the first ﬁriai were  subjected to
statistical analysis. A oﬁgway analysis of.variance revealed a
significant effect of groups . (F=16.4, df=3,19  p<.001).
Multiple comparisons among. the'fMeans_ were = carried - out
according to the gprocedures of Duncan and Newman-Keuls.
Ccmpafisons revealed that the mean of the pipradrol-treated
"experimental" group animals differed 'significantly {p<.05)
from all the other .group means. This ués'true also for the
mean of the Salineftreated "experimental" group.  The means of
the salineFtreated and pipradrol-treated *“control'" groups
”failed to differ_from one another, but differed from the other

tvo means. Thus, the saline~treated “ekperimental" animals
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Figure 8. Mean suép;ession='ratios (+SEM) for the animals of
Expetiment 7. Groups are represented as follows: -
Experimental’group; saline;injected: open circles,
Experimental group: pipradrol-iﬁjected - {10 mg/kg); closed
circles.,v | |

Contrcl group: saline-injected: open sguares.

Control grcup: pipradrol-injected (10 mg/kg); closed squares..
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showed increased suppressiwn relative to contrbls, i.e.,
showed significant nconditioned supéression“. | Pipradrol
treatment prior to testAsignifiéantlf enhanced the suppression-
shown by the "experimeﬁtal" groug animals.AIn.the "control"
grcup, this enhancement was not seeh., Pipradrol,‘ then,
enhanced "conditioned suppression". |

It is important. to mnote, alsc, that 16 ng/kg of
pipradrol had‘ﬁo generally disrupﬁive_effect on . licking.. The
average time to complete the inter—tfialvinterval of 150 licks
{a measure of licking in general) did not differ significantly
for the two groups, with a.méan of 60.5 éec for the saline-
treated animals and a mean of 61 sec for the'pipfadrol—treated
animals. This is confirmed by thevfiﬁding of no significant
effect cf the drug in' the "control" group, or in any of the
groups after the first trial._Thus,,fhe effect of pipradrol
seens be an enhancement of the disruptive properties of the CS
for shock on cngoing hehaviour.'

In summary, it appears that 10 mg/kg pipradrol enhanced
conaitioned suppressicn in this paradigm~on the first trial.
This enhancement was not seen in the "control" group.,This is'
seen most clearly by comparing the first tfial-to later trials.
f§r the "ekperimehtal" gioup; the later trials show the
redﬁced enhancement .of suppression thai would be expected to
accoMpény ﬁektinction" of the tone-shock association over thé

TeSt trials.
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EXPEJN TMENT 8

This eiperiment was designed to demonstrate SPC‘inathe
same paradigm .that vas used in Experiment 7. . Such a
’demonstratioh would parallel the results of freuitt (1967) and
votheré who haie found clear evidence for SEC using a lick-
*supptession measure.

In this experimeﬂt,~ animals underwvent Traininq as
described for Experiment 7 but +the Conditioning phase
differed. During'Conditioning animals received one of three
patterns of expésure fo Conditioning stimuli: animals in the
'SpC "experimental® group received paired. light-tone
presentations followed by the presentaticn of a light pairéd
with shock., This procedure should establish an association
between the tone and shock by means of SPC. "Control" animals
received similér presentations, but with either (a)_the tones
and 1ights presented‘ in an unpaired fashion or (b) with the
light and the shock unpaired. These procedures shouldl control
for ﬁhe tone~-shock association produced by SPC in the
"éxperimentéls" (see, Rizley ¢& .Eescdrla, 1972) . . Greater
suppression of licking in the presence of the tone during Test
by the "expeiimental" group compared to ‘the "controls" would

provide a demonstration of SPC.
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Procedure

s i e e

Eighteen rats were assigned randomly to e;tber “the SPC
"experimeﬁtal" .group or onevof twvo "control" groups..All the
rats received ah identical history of handling and water-
deprivation;_The Training phase was identical for all rats and
was carried out as described in the GENERAL METHOD.

During Conéitioging, all rats first received 10 min of
access to water in the Training chahber.,At_the, end of this
period animals‘were‘expoéed tb light and tone stimuli. The six
"ekpetiméntals" received four presentations of a 10-sec tone
stimulus the tefmination of which coincided with the omset of
a. 10—$ec 5.5 % 1light stimulus. One *"control" group (n=65
received idenfical presentations of the same light and tone..
The other "controls" received presentaiions of these stinmuli
individually and separated by 45 sec. After this exposure, the
animals were transferred .to the <Conditioning éhémber.; The
"experimentals" received one presentation. of a'st W light
followed'immediately ky a 0.5-sec 2mA shock to the feet, The
Mcontrol"” animals that had received ﬁhe unpaired presentations
6f lights and_tones received the same light-shock pairing. The
other “ccntrcl" animals recievéd a presentation of the light
followed by the shoék 120 sec after its termination.

On the next day, the Test took place. No injections were

given prior to Test.
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RESULTS

As in the previous experiments all animals learned

rapidly to drink from the water spout in the Training chamber.

Suppression ratios for the animalsAin experiment 8 are
presented in Figuré 9.the SPC "experimental"® animals showed
greater suppression of licking upon presentation‘of the tone
than the "control"® aﬁimals.

Statistical analysis was performed on the data. for these
animals: the two "cbnttol" group means failed to differb (F<1,

‘df=1,11 B>. 1) and were almost identical; all tﬁe "control®
animals were bombined into one *control" group for thevpurpose
of analysis. A oneway analysis of variance ‘with.'groups

(ﬁexperimental" vs "control") and trials as variables and
repeated meésures on trials was carried out. This revealed a
sigﬁificant effect «¢f group (F%7,1, df%1,16 p<0.0%), trial
‘(F=8.9, df$2,32 p<0.05) and’avsignificant‘interaction of group
by  trial = (F=3.4, df=2,32  p<0.05). Thus, the  SEC
"expérimentals" showéd greater overall suppression than the
"controls", the amount of suppression decreased over trials
and the group difference was not the sane onvall“frials

(giving rise to the significant interaction). Post hoc tests
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Figure 9:  Mean suppression  ra£ios (+SEM) for the animals of
Expeiiment 8. Data for SPC experiﬁentals are répresented by
the closed circles. Open sgquares are data for the control
animals that received randcm exposure fo.lights ahd tonés in
conditioning. Open. circles show . data for the,controis that

received the light and shock in unpaired fashion. .
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revealed a significant effect of groups on trials one and two
(F=5.8, df=1,16 p<0.05; F=5.0, df=1,16 p<0.05, respectively)
but not an trial three (F=1.2, df=1,16 p>0305)-¢Thus, the SPC
"experimentals" showed 1increased suppression. to the tone
;elative to Mcontrols" cn the first two trials of the Test
session. . This provides a demonstraticn of SPC,'in this,.

experimental situation.

EXPERIMENT ¢S

This. experjment exanines the effect of pipradrol'on*SPC.,
Animais'feceiving the same -gonditioning rrocedure given ta
either SPC "experimentals” or."bontrols" in Experiment 8 were
freated with ﬁipradrdl 6r saline_pribr to test.,Cpmbaring the
effects of 'pipradrol in the two groups reveals the effect of

pipradrol on SPBC in this paradigm.

Procedure

s e s S e i

Twenty-four rats were assigned randomly tc either an . SPC
"experimental” group or an SPC ﬁcdntrol" group. All'animals
recei?ed an identical history of 'handiing and vater-
deprivation. TIraining was identical for all rats and was
catried out as described previodsly.

ﬁurinq thev conditioning rhase, animals .in the
"experiméntal" group teceived the same exposure as described
.in Experiment '8 for "experimental" group animals.,\ The

mcontrol" animals received the procedure of paired lights and
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tones but unpaired iiqht and shock deécribéd in Experiment 8.
Six animals in the "experimentél" groﬁp and six in. the
‘"control” group received 1i.p. injections of pipradrol
(10 mg/kg) 15 wmin prior to Test. The remaining animals

. received injecticns of saline prior to Test.

RESULTS

Training

As in the previocus experiments all the animals learned
readily tae drink frem the water spouts in the Training

chambers.

3

©

0
let

Supression ratios for the animals in~Experimeﬁt 9 are
presented in Figure 10. Oneway analysis of variance revealed
an effect of 'group on .the first trial only (E:B.B, df=1,19
p<.05). Multiple comparisons were carried out éccording to the
procedure of Duncan. The anly significant differences (p<.05)
ambng the means were hetwegn the saline-treated "coatrols" and
both groups of "experimentals". Thus pipradrol did not enhance

the effect of SPC in this experiment. .
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Figure 10. Mean suppression ratios (+SEM) for the animals of
Experiment 9. Groups are represented as.follows{

SPC "expe:imentai“ group: saline-injected; open squares. .

spC "experimentql"' group: - pipradrol-injected (10 mg/kg);
.:closed squares. | - | .
.Control group:‘saliue—iﬁjected;'opeﬁ circlgs.

Contrcl'grcup: pipradrol-injected (10 mg/kg);'closed,dircles,
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DISCUSSION

The results of this series of experiments show that
pip;aarol {at 10 mg/kg) = enhanced behavioural suppression
dﬁring‘ the presentation of a Stimulus paifed previously with
shock in a claésiéal conditioning procedure. 'However, this
enhancement was not seen if the suppressicn was produced.bywa
stimulus paired previously with shock by SEC‘J

These data’"proyide the first evidence of pipradrol
enhancing a supbréssiye effect of a stimulus on behaviour.u
This finding parallels' earlér -reports of d—amphétaminev
Venhancing “"conditioned Suppressiou" {€-ge., Niczek & Lﬁtginger, o
1578) . Such'suppression-paradigms havé the advantage.over many
appetitive procedures in that the‘observed drug effect is in
thé opposite diredticn to the general stimulant effect Qf»'the
drug. . The failure to see enhanced SPC-produced suppression
could be due tc a nnmber of factors. . DoSe—dependency of the
effect may -account for this.. 10 mg/kg of 'piprddrbl is,
however, found generally to be an optimally-effective dose of
the drﬁg {see, earler 1in this thesis; Robbkins, 1978). .For

further elaboration, see GENERAL DISCUSSION.
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CHAPTER 5: GEHERAL DISCUSSION

It is well established that pipradrol enhances the
effects of conditibned reinfotciné stimuli on behaviour (Hill,
1970; Bobbins,"1972, 1976 & 1978; Robbins & KOob,»1978).dThe
‘ptesent data provide furthei confirmatioh of this effect and
extend the understanding of ‘it in. a number of important
respects: firstly, pipradrol vas cbserved to enhance
responding for. conditibned stimuli. paired previously with
vfood.anrlier studies employed watér {Robbins, 1976), milk
(Hill, 1970) or brain stimulaticn rewafd {(Robbins & Koob,
1978) « Secondly, theré was the unexpected observation of
enhanced reépondiné for stimuli associated indirectly with
feward, ppssiﬁly by SPC. In a third series of experihents,
pipradrol was éﬁouﬁ to enhaﬁée conditioned suppressioniof
drinking to a stimulus paired previously with shock. . This
demoﬁstrated that the stimulént pipradrol  can: not only
increase rates of responding but also increase beﬁavioural,
inhibition. |

"The lick-suppression paradigm used in . this thesis
provides the firét evidenée- éf pipradrol enhancing @ the
. suppressive- effects of a conditioned stimulus on behaviour.
However, this is consistent with earlier studies in which
- other stimulants were shown to  enhance "conditioned
‘suppression” to a stimulus signalling shock (Appel, 1963;
Lauener, 1963; Miczeck and Luttinger, 1978; Tenen, 1967). This

effect has been observed in guinea pigs, as amphetamine
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enhanced freezing behaviour that occurred normally when the
experimenterb entered the testinq‘ area (Randrup & Munkvad,
1967) . .

Thé'paradigm used to demonstrate the effect of pipradrol
on "conditiqned reinforcement” was derived from an earlier
study by Beninger and Phillips (1980). .In this paradigm, - the
measure of conditioned.reinforcement Wwas an.increase in totél
responses made on a lever rroviding the conditioned stimulus
.as compared to résponses 'on  a "no stimulus" lever. This
paradiqm was developed from those of Stein (1958) and ‘Kuott
and Clayton {19686) , hsingv'their operational definition.of
conditioned reinforcement. It could be argued that this
measure might result in an exaggerated assessment of
responding for condifioned reinforcement as it includes all
responses made on_tﬁe tone lever, not.just ﬁhoée producing the
tone Stimulus. Fﬁrthermore, the lack of a stimulus on .the
second lever may have allowed responding for stimulus. change
to affect the results. This could have been controlled for by
having a second stimulus, itself uncorrelated with reward,
,prodﬁced by the other lever. Beninger (unpublished data) has,
hoﬁéver,'observed a good relationship between the increase in
this response—meaéure of conditioned reihforcement and the
number.of tone stimuli received by the animals'in pilot data; 
Thus, though ‘this measure is not as precise as:it could have
been, it has been previously acceptéd as an index  of.
conditioned reinforcgment' and the results obtained parallel

those from other paradigms. This demonstrates the generality
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of this effeét of pipradrol across experimental situations. .

| The enhancement‘of_behavioutal suppression by stimulants
has implicétions for theories of their éctiong_ It has been
hypothesised that these stimulants enhance the "motivational"
procperties of étimuli, either unconditioned (Stein, 1964) or
conditioned (Hill, 1972).. Other theories have attempted to
account for the effects of these drugs on behaQiour in_ terﬁs
of motor stimulant action per §g {Devws, 1958; Lyoh'8 Robbins,
1975) . Dews, for example, hypothesised that 1low doses of
amphetamine enhanced 1low (<20 responses per min)4ra£es of
responding'preferentially and fhat high doses increased rates
of responées that could be repeated rapidly andiwerevof short
duration. An extension of this hjpothesis was préposed_by Lyon
and Robbins (1975). They proposed that psychomotor stimulahts
act to excite behaviour, but within dnly certain categories. .
At low doses, it was proposed that stimulants ~ excite
behaviours within a large nuhber of gategories._This coﬁld
account for the 1increased general locomotor activity.3 At
higher dcses, ekcitation‘ was thought to occur only witﬁin
restricted categories of behaviour. The behaviou;al categories
would ke determined by the presence of stimuli of established
_motivatioﬁal Asignificance ‘and include responses with short
duration and lack of comp1exity {see, Lyon & Robbins; 1975) « .
'Thus, the stereotyped’behaviours seen at high doses of these
drugsvwere propcsed to arise from maximal excitement occurring
'within very restricted categbries of behaviour. Licking and

biting would predominate among unconditioned behaviours in the
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rat because‘ thej_ are of short duration,_.can be repeaied
rapidly énd do not include.a conplex segquence of- responses.
.Also, they éccur frequently when members of this species are
in the undrugged state. According to this thgory, two  factors
would account for the present observation of 1increased
respbnding on the lever providing rthe conditioned stimulus..
FPirst, the tone stimulus would increase the probability of.a
particular category of behaviour, i.e., barpressing on a
specific lever | and, setondly, the drug bﬁbuld increase
responding within this category, pteférentially._Tﬁe apparent
enhancement of responding for conditioned reinforcement wbuld
be attributed to the same excitatory'mechanism-thought to be
‘responsible for the production of stereotyped behaviour. .

On the . one hand, the enhancement of conditioned
suppreSsion by pipradrol wculd appear to support Hill's.(1970)
contention that stimulauts. enhance the "potivational"
‘properties of conditioned stimuli. However, Lyon audlﬁobbins'
proposal could‘accdunt for these data by assuming that in ‘the
presence of the cohditionéd stimulus a- specific ciass of
freezing behaviour has a high_probability.of occurrehce._Thds;.
in ﬁhe presence of thé stinulus, the stimulant effect of thé
drug 'ﬁould be seén primariivaithin this class of behaviour,
: resulting in increaséd suppressicn of ongoing drinking
behaviour.‘ | | |

Evidence against the Lyon and Robbins? theory.can be
found in a study by Miczeck and Luttinger (1978).. This study

examined the effect of amphetamine on suppression of
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barpressing for food to a stiwulus paired either with shock .or
food. Presentation of a stimulus paired previously with shock
results wusually in supp:essionubf.operant respouding‘for food
(the "condiiioned ‘emotional response“ ~or ' "conditioned
suppression"): similar - suPpressicn cf ba;pressing has been'
observed during the presentation of a stimulus paired_
previously with a high .incéntive food teward, such . és
sweétened milk {"pdsitive conditioned suppression%; Azrin. §
Hake, 19639). Amphetamine énhanced suppressioﬁ to the "pre-
shock” stimulus Lkut increased resﬁcnding’during the "pre;food"
stimulus. According to the Lyon ~ and - Robbins theofy,_ both
stimuli would be signals for decreased bar¥pressing and,
therefofe,'suppression should be enhanced to. both stimuli
irrespedtive of their = associations with differeht
unconditioned stimuii.,It pust be hoted; however, that_in'this-
study it proved impossible to‘e§date completely the amount of
supression to the conditioned stimuli in‘boih cases; the "pre-
shockﬁ sfimulus alﬂa&s elicited greater suppreésion than . the
npre—foodﬁstimulus.fDrug tréatment may have diffetentially
affecfed ‘the suppressivé effects of the stimhli due to this
'difference in level of‘suppression, rather than because of the
difference in association with unconditioned stimuli. .

Data from Robbins' 1laboratory 'suéports. the . Lyon and
Robbins {1975) theory. In this study (Robbins, 1976), animals
first had to fress one 1evef, then a second, to obtain. a.
- conditioned reinforcer., K Pipradrol inéreased - the level of

responding but primarily on the second lever. This reduced the
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tot&l numbef of conditioned reinforcers obtained, compared. to
saline ccntrols. This suggests that the increased resbonding
was maihtained,'at least in pért, by perseverative rather than
"reward-enhancinq"'effects. It appears that the stimulant
effects of stimulant drugs may have multiple determinants and
only careful analysis of responses made in a number of
situations will allow an assessment of the relative importanée
"of these factors. .

Althoﬁgh the present thesis did not address directly the
pharmacological'issues relating to these studies, therév are
some important points that should be noted brieflj@_It has
been shovwn (Scheel-Kruger, 1971) that all biochemical and
behavioural actions .of pipradrol and methylphenidate are
blocked completely .by fesérpine but not by alpha
methyltyrosine. The converse is trﬂe for amphetamine, its
effects being blocked by alpha'>metﬁyityrosine and not by
_reserpine; Reserpine ‘is bhelieved to deplete a’"storage pool”
of catecholamines, unlike alpha mehtyltyrosine'which'interacts
"with a "newly-synthesised rool"” of catechclamines (Iversen §
Iversen; 1975). . This patfern« of reserpine;sensitivity is
refiected by the fact +that pipradrol and .methylphenidate:
produced.A a dose—-dependent  enhancement  ofv responding for
conditioned reinforcément, unlike d-amphetamine 1in. the sane
paradignm (Robbins,_1978). The stereotyped behaviours produéed
by. - all these drugs are,- however,> very> similar ({Braestrup,
‘Niélsén, Golembiowska, & Mogilnecka,'1972; Kuczenski & Segal,

1978) . As stated earlier, it has been suggested that ' the
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effects of thése ~drugs in "conditioned  reinforcement"
paradigms and their ability to produce stereotyped behaviours
share a cdmmon basis {Lyon §& Rohhins, 1975;1Robbins,{!§7ﬁy.,
The ability of these drugs to - produce stereotyped behaviour
does not seem to depend on an interaction with»fhe "storage
pddl" of catcholamines, as it cccurs across the range bf;theée
drugs; however, the npature of their interaction. with
responding for conditioned reinforcement does éppear.to differ
(Robbins, 1¢78) . - This is evidence against - these two
ﬁéhavioural | effects sharing a single  underlying
pharmacological mechanism. This suggesis also that caution
should be exercised wvhen attempts are ﬁade to geheralise about
these drugs.

This diséuésion has concentrated on the fact »that
pipradrol (at 10 mg/kg) enhances the effect on behaviour of
stimuli paired directly Hith,reward._ﬁowevér, it should also
be noted that similar effects were observed Hithvstimuli
paired indirectly with food.,Thié conclusion is supéorted by
the pattern of increased responding'for tones observed in the.
conditioned reinforcement paradigm when tones had occurred in
the..the same enviromnment . in which feeding had taken place;'
Such.results. are consistent with an indirect association
between tones and food due to'SPC, the effect of ghich is
enhanced by the stimuiaﬁt,,Anothef possible explanation of of
these data 1is fhat the dfug ehhanced the effects of a "non-
associative® effect of feeding on responding for the tone

stimulus, such as "sensitisation"., Two results make this
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uqlikely. Firstly, the grdupAof animals erd in - a different
environment from that of Pre-exposure and Test phases failed
to show a similar pattern of enhanced responding for tones ip
the dfuggedA state. This rules out a direct effect of feeding
Fer se. Secondly;'again'in drugged énimals, feedigg'failed to
produce enhanced responding for tones in the'abSence of prior
expoSuré te tcneé.. | |
It should be asked, hoﬁever, wvhether the indirect
association = proposed to account for the'present4data has been.
observed in other studies of the effect of pipradrél. on
- responding fqrv conditioned 'reinforéement? Earlier :studies.
using pipradrol have‘ébsérved its effect on respdnding for the
test stimulus in animals never exposed to the unconditioned
stimulus {Robbins, "1978; Robbins & Koob, 1978) or on
responding on a ‘"no stimulus" lever (Robbins, 19?5) as
contrdls for the effects of the conditioned reiﬁforcer.ﬁln
neither of these «ccntrol conditions wculd an -indirect:
association, as hypothesisedAabove, be expected to influence
the pdttern of responding;.ln one study (Robbins, 1976) - the
, effecﬁ ¢t . pirradrol on responding for a vstimulus paired'
preiiously with rewvard was compared to that on responding for
fhe same"stimulus whose presentation was randomly correlated
with reward. In this_ situation, some indirect association
would be " expected in the randomly-exposed group. Responding
for the uncorrelated stimﬁlus was slightly enhanced by the
drug on first two test trials, despite very 16w overall levels

of responding._Numerous procedutal differences such as the use
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of repeated drug testing, water as the  reinforcer and
differing amounts of ttaining and preexéosure to the -stimuii
éould acccunt . for - the féilute to see clear evidence of any
indirect association, such as that seen in the present study..

Thus, ah effect of SPC was iqferred on the basis. of
indirect evidence from a paradigm'not‘designed to display such.
effects. To further evaluate this possibility,,the'effect'éf
pipradfol.uas cbserved in a lick suppression paradigm that had
been used by others previously .to demcnstrate SPC (€e+.Q.y
Prewitt, 1967). However, piprqdrol failed to enhaﬁcé exélicit-
SPC effects in the lick—sufpressioﬂ paradigm. . This occurred
desbite _the previous demonstration of enhanced Suppression'to
a.stimulus paired directly with shock in the sane paradigm.
Failure to observe enhancement of SPC in the suppression
,paradigm does not alleow for any firm conclusion regardihg the
possible‘ effects of ©pipradrol omn SPC in the appetitivé
paradigm used iﬂ this thesis. Enhancenment of SPC might.be seen
only in appetitive paradigms and not 1in the suppression
situation. Alsq, the effect on behaviour‘of-associatién of--
continuous events such as floor texture, genefél illumination
‘or odours and food or tones may be enhanced more readily than
effects of association of transient lights and tones.. This
coﬁld be due to_:elatiﬁe salience, duration or complexity.of
the stinuli. |

A'final-matter for consideraticn ccncerns the question of
4 indirect assqciatioﬁs wvhich may have been present in  our

experimental paradigm. The term "indirect association" refers
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to the association‘of a stimulus with reward bylvirtue'of its
direct association. with cother stimuli, themselves associated
directly with reward. If such. associations were formed, it
suggésts that vdiscrete .events suéﬁ ‘as tones and the
presentation_of food pellets can be_associéted vith continubus
events.suéh as.ove:all level ofvilluminétiAn,'floor texture or
cdours. This could occur as a result of the'.siﬁple 'physicéi
aﬁd teﬁporal contiguity of the stimuii, and does not
neccessafily imply the need for any "p:edictive" relationship
or contingency between them |[see, e.g., Rescorla & Wégner,
1972). However, there 1is Clearly a "gléhal.'cbntingency"
between, for exémple, the food pellets and floof texture; the.
experimental -chamber 1is the only place that ‘the animal
experiences .tbese particular environmental stimuli together
with tones or food peilet presentations. Such' an overall
predictive relationship might providé the .basis for such an
qssociation,'without having to invoke effects of Coﬁtiguity
alone. If it can bte confirmed that pipradrol enhances the
effect on behaviour of indirect asscciatidns be;ween stimuili
and reﬁafd through a process such as SPC, thié would increase
the generality cf any theory attemptiné to_-account for the

drug's effect on respcnding for conditioned reinforcement..
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