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ABSTRACT .

The Aversive Stimulus Properties of Self-Administered
Drugs as Evidenced in the Conditioned Taste Aversion Paradigm

./ Tony Hunt, Ph.D.,
‘concordia- University, 1985

It was proposéd that a qualitative distinciion can be
méde between conditioned taste aversion (CTA) induced by
noxious, primarily emetic agents and CTA induced by
psychoactive drugs such as morphine, known to be
self-administered by animals. Furthermore, it was
hypothesized that a functional relationship may exist \
between the CTA—inducing/stimulus properties of these drugs,
and their pd%itive reipforcing stimulus properties. In the

first experiment, pre-exposure to low doses of morphine, not
~

pre-exposui:fj?/%ighér, CTA-inducing morphine doses in

ﬁ'/a’e_rVTrrg-\t_a

contrast with a previous report of dose-related pre-exposure

srupt a subsequent morphine CTA. These data both
effects involving an emetic agent, and also suggest that'an
important similarity may exist between the positive
. reinforcing and CTA-inducing stimulus properties of
morphine. Experiment 2 demonstrated that a low, non-aversive
dose of morphine was capable of maintaining a previously
established morphine CTA. In Experimentl3, the disruption of
morphine CTA by pre-exposure to morphine was found to be
attenudted by pre-exposure.administration of naloxone, an
- - o
/
-/’ ," ' - .
AN S
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opiate receptor antagonist. In Experiment 4,\pre-exposure to

'inﬁracerebroventricularly’adminis ered morghine resulted in

... & subsequent increase of saccharin consumption=in both

quline conditioned and morphine conditioned animals. Such a
finding suggests that the route vf drug administration is an

"important consideration in evaluating such effects of

[

morphine treatment. Finally, in‘Experimeht 5 the poteniiql,

involvement of central cholinergic mechanisms in mediating :

L'e o .
the CTA-inducing properties of morphine and amphetamine was
o
- ! : 4
examined. The data were found to suggest such an involvement

in a manner parallel to that previously reported for

positive reinforcing effects of these drugs. In addition,

v

the CTA-inducing properties of lithium chloride, an emetic‘

- agent, wefe not found to be,alterea by’similar cholinergic

anipulati . .
manip tions |

S
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. evidenced by reduced c

'

.- In the standard Conditioned Taste Aversion (CTA)

paradigm, the presentation of a di‘s‘tinctive (often novel)
tast ing substance ib ini;:iall‘y ba‘ired witlh'_efither a.drug
adminisﬁration or exposure.to some ghyqiological‘ o
manipulation (usually noxi'ous) of the‘ organism. Subsequently,

followmg full recovery from the physmloglcal effects of

the partlculdr treatment under 1nV€Stlgatl°ﬂv° the taste is

again presented. An av id‘anggmef the tastellstlmu.lus, as
Zn;é'umption of the distintiuely

flavoured substance, is taken to indicate fo/rmation‘ o

v

CTA. Over the years, this phenomenon has been the S j;ect of

'a vast number of published artlcle' & Clarke,

" 1977 ) and re\_/iews (Ashe & Nachman/ 1980; Gaston, 197,8;

- Goudie, 1979; I\Jlogue,’ 1.979; RO dequ, 1981 ; Roziﬁ & Kalat,
1971 ; seée also Milgram, Krax{es & Alloway, 1977- Barkexr, Best

—

& Doxhjan, 1977). Perhaps one of 'the. most strlklng dattributes

\oi CTA is the wlde spectrum of varlous agents. which may

induce a CTA (see Rlley & Clarke 1977 Goudle, 1979). The

list of pharmacologlcal agents capable of inducing CTA is

-

@
cont‘ln,uallly expanding and covers drugs of every

classification, fro}n predominantly'centrally‘—acting (e.q.,

14

"atrogir'\e) to predominahtly peripherally-acting (e.g., v

methylatropine), from pharmacplogical agonist (e.g.,
naloxone), from emetic agents

ithium chloride) to eu horogens (e.g., cocaine).




*

.distinct forn{_s of CTA‘may deduce

into meaningful physiological, pharmacol?gical, or
behavioral sub’categor’ies—*l‘féve met with failure. In the

I3

present . thesis such a concept is proposed by which two

. ' 0 . ’
clear distinction should be maintained between CTAs induced
by agents which are predominantly emetic (such as lithium ~
chloride and X-irradiation) and CTAs induced by psychoactive
drugs which 'are known to act as positive reinforcers (such

as morphine,. amphetamine, ethanol, ‘and barbi tuateg). These

latte,r drugs have generally been found to induce CTAs within

a dose range similar to that self-administered by laboratory
animals ( Berger, 1972; Gappell & LeBlanc, 1973; Cappell,

LeBlanc & Endrenyi, 1973; Vogel & Nathan, 1976). Such

findings have been aptly described as presenting—an 'apparent

paradox' (Cappell et al., 1973; Goudie, 1979;- White, Sklar, &

Amit, 1977). The significance of reaching a clear
understanding of the apparent capacity of these
discriminatively complex drugs to be both 're;warding' and

?

'aversive' would seem self-gvident, paxtti ularly within the
field of psychopharmacology. Accordingly,}this issue will

.—form a major focus of this thesis. It will be proposed that

CTAs induced by self-administered (positive reinforcing)
drugs can be categérically and qualitatively differentiategL
from CTAs induced by agents which are predominantly emetic
within this paradigm. This distinction is sugggg_ggd both by-
behavioral and neurochemical evidéncg. Furf:hermore, the

accumulated evidence would suggest that rather than consider

~

4. It will be argued that a

W
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the capacities of these drugs to be both positive renforcing

* 2
and CTA-inducing, as being necessarily dichotomous, the
possibility is that both of these potential stimulus '’
properties are, under certain environmental conditions,

: W '
simultaneously induced by the same pharmacological event.

Optimally, the study of the CTA-inducing capacity of SA drugs

——
in laboratory animals should provide important data for the

investigation of the poﬁﬁiex motivational properti€s of these

drugs {;7§€neral, and not simply be Helated to their

‘potential to act as illness-provoking,\ toxic agents. In the
' N\ .

3

. 2 ¢
present introduction, a brief, historicLl overview of the

CTA phenomenon will first be provided.<MQg¥/3ktaiged
accounts have previously appeared in the literature, (Garcia T
&'Hgnkins, 1977; Logue, 1979) and therefore the major focus

here will be an examination 6f the early attempts to account

for the apparently unique 'primitive nature' of CTA within
traditional learning theory. The thebretical framework

constituted in these gttempts will be shown to, perhaps
unintentionally, reinforce the view that CTA is exclusively —
a measure of drug €bxicity. Spécific discusgions oﬁ{tastg.

. \ /
neophobia, the nature ?f the condigioned'tagéé aversion

rd
rééponse, and drug breeposure effects will also be provided.
A second section will exam;ne the accumulating evidence that
suc% a view of CTA as an index of toxicity is incorrect.
Following this, further sectidns will provide reviews of .
physiological and .neurochemical mechanisms impiicated in the

mediation of CTA. Again, several comprehensive reviews have



——

& : : )
already appeared concerning these aspects of CTA ( Ashe & '
Nachman, 1980; Gaston, 1?78; ande&ﬁr 1981y, and therefore \_M
tﬂé discussion will primarily be intended to illugtrate the *
need for classification of qgfferent types of CTA. An N
apparent functional ;glationshi;‘between neurocﬁemical . ’
mechadisqs mediating the positive reinforcing and
CTA-inducing properties of ;elf-administered‘rSA) drugs will
be examined. In a fou?th section, copsideration will be
given to the behavioral evidence which would seén to provide
furpher support for maintaining a gualitative distinction

. \
between CTAS induced by primarily emetic agents and those

-

induced by drugs which are also self-administered by !

e

laboratory animals. -

CTA As a Learning Phenomenon

The behaviéral efficieﬁcy with which animals appear
to select nutritionally benefical foods ana conversely,
to generally avoid toxic substances has been the subject
of ‘'written reports since at least the early 1800s (see
Garcia & Hankins, 1977), It is against this background of
a iearning model of 'nutritional wisdom"‘of animals
(éichter, 1943) that the oriéfns of the CTA literature
may be traced (Rozin & Kalat, 1971; Zaﬁorik,'1977). Two
early papers described the adaptive ability of wild rats,
surviving an initial exbésure to poisonous bait, to

) 3,
subsequently avoid ingestion of that substance (Richter,

" 1953; Rzoska,” 1953). The term 'bait shyness' was
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lntroqpced to descrlbe thls behavxor. As descrlbed by . ¢
e

- Rzoska (1953) the "...rats turned thelr heads away when™

the balt was brought near them, some pushed it aside with
1]

their forepaws ox grasped 1t flercely, dropped 1t, or

buried it in the litter." Npme;ous additional

observations of :Bait shy béhaviof' confirm this early,

description (Barnett, 1963). - i
In 1955, Garcia, Kimeldorf and Kbelling conducted an

experimental anaiysis of this behavior, involving the

sepé}atxon of exposure to the gustatory cue from

*admlnlstratlon of the illness- Lnducuxng agent.

Presentation of a novel -tasting substance

<.

(saccharin-flavoured water) to laboratory rats_was

S

followed by exposure of these animals to X-irradiation. -

" Subsequently, fhese rats displayed an aversion for the

saccﬁarin solution which persisted over weeks of
. ‘F . Cad
preference testing. Control animals, not?exposed to. an
« * )«_ \ )
explicit~pairing of ingestional cue with X-irradiation,

. .
failed to show such’an aversion. A classical conditioning
B .

terminology was later adopted to describe this CTA

. .
procedure, with a gustatory, conditioned stimulus (CS)

/ . -
being sociatdd with exposure to a toxic agent, an

unconditioned stlmulus (ucs), 1nduc1ng illness, an

uncondltloned Eﬁsponse (UCR) (Garcia, McGowan & Green,

1972). A later study (Garcia, Kimeldorf & Hunt, 1957)
. .

;demonstrated that, in contrast to the rapid acquistion

+ .
]

(one conditioning trial) of CTA, it was more difficult to
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train animals to learh a spatial avoidance reSponée to a
d;stinctive egvironment paired with X-irradiati;n
expoéurl. Althougﬁ more recent evidence has appeared '
showing one-trial place'avoidance acqu;sition (e.qg.,
Krane, 1980), the early findings of Garcia and colleagues
(1955; 1957) are consistent with field observations of
bait shyness behavior. While' persistently avoiding
ingestion éf the illness-associated taste .substance, .°

/

animals failed to.successfully avoid the place associated

with the poisoniq@/EXposure (Barnett, 1963). Indeed, a
'pre-requisite/iﬁ/many field studies,~demonstrating bait

e

shyness acqulsltlon across a variety of spec1es, is that
wanimalgs contlnue to approach env1ronmental locales
associated with presentation -of the p01soned bait (see
Foo : . ‘ .

. 2 : .
primacy of taste cues over other, non-gustatory cues, in
that they are more readily associated with 'malaise' or-

<€

'gastrointestinal distress'in rats (Garcia, Hankins &

Rusiniak, 1974), led to further experimental

" investigation of this particular aspect of>gaste aversion

>iearnihg. A key study conducted by Garcia 'and Koelling

(1966) 1nvolved 51multaqfous presentation to

water-deprived rats of audio-visual and gustatory (taste)p
: L&

cues made contxngent upon a drinking response, which was

then associated with either exposure to painful electric

shock or consequent illness induced by lithium chloride:

or X-irradiation administration. The results clearly

~

Gustavson, 1977). The initial obs%rvatiéhs of the apparent'

"'ﬂ"‘ﬁ
riq
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demonstrated that rats punished with foot-shock quickly

‘learned to inhibit their'drinﬁing of water accompanied by

audio-visual stimuli, while this inhibition was not
observed upon presentation of saccharin-adul;erated
fluid. Conversely, rats punished by illngss rapidly
learned to avoid the saccharin fluid, but did not shoﬁl
avoidance of the water presented together with
audié-visual stimuli. This basic finding has since been
replicated using a longer CS-UCS delay (15 min) (Garcia,
Ervin & 5§e11ing, 1966); modified ;hock and illness I
parameters: (Garcia, McGowan Ervin, & Koelling, 1968; 4
Green, Bouzas & Rachlin, 1975), and independent pairings
of audio-visual and taste cues with the distinctive .UCSs
(Domjan & Wilson, 1972). éhese data helped to contribute:
to the considerable interest shown at this time in CTA as
a relatively unique form of learnjing (e.g., Garcia &
Ervin, 1968; Garcia, Hankins & Rusiniak, 1974;

Mackintosh, 1973; Rozin & Kalag, 1971; Seligman, 1971).

This iaterest was generated based bogr on the relatively
« & .

rapid rate of acquisition and apparent selective-”

~

-associability of gustatory cues with toxic consegquences

exhibited in these investigations of CTA learning. A

third f;ctor contributing to this interest involved the
demonstration of CTA formation over CS-UCS delayé which
we}e considerably longer than those generally observed

within other traditional learning paradigms (Revusky &

Garcia, 1970; Mackintosh, 1974).° .

=
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It is well established that’taste aversion
condition%ng can occur despite long delafs (extending to
hours) beﬁ%een presentation of &he CS and of the UCSs
(e.g., Etscgih‘& Stephens, 1973; Revusky & Parker, 1976;
see Revusky & Garcia, 1970). This feature of CTA), allows
péﬁentiél méﬁbry-disrgptive,agents to be administered
during the Cé-UCS interval, and thus, provf&es a,
'promisinéhstrategy for the study of memory processes
involved in the formation of~such associations (g.g.,
Burpsové & Bures, 1977). CTA learning in this cqnﬁext has
Been shown to be rehark;bly resistent to disruption in
comparison to other learning paradigms (Bures & Buresova,
1977; Gaston, 1978; Rondeau, Jolicoeur, Mertcel, &
Wayﬁer, 1981). For instance, Nachman (1970) reporfed that
electroconvulsive shock” (ECS) introduqed during the .
CS-UCS interval had only 1imited amnesiac effect in'
disrupting CTA formation. Although reports of such
disruption Bave been réported using ECS (Kral & Beggeriy,
1973, or the analeptic drug, -pentylenetetrazol (metraxol)
(Ahlers & Best, 1972; Shaw and,Werter, 1979), an’

o

important qﬁalification of these.reports may be that the
disruption of leafning is only seen if the disruptive
agent is administered in close éen@oral proximity to UCS
ad&inistration (Shaw & Webs':er, 1982)..A6ministra£ion of
Eorticql spreading depression (CSD) has beep used to
examine the role of the cerebral cortex in éfAﬁformatioq

in rats (see Bures & Buresova, 1977). Bilateral CSD

"B



introduced before or immediately following UCS
administration failed to prevent CTA acquisition or|
consolidation (Buresova & Bures, 1973). These )
investigators concluded that the association of the
cortical participation. Other studies report CTA
formétion despite the UCS being administered to
curariied animals (Doﬁjan'& Wilson, 1972) or to animals
under general anaesthesia (Roll & Smith, 1972; Burésoga &
Bures, 1977). Prolonged anaesthesia administered during
an extended CS-UCS interval also was reported ﬂot.tq alter
;
CTA acquisition (Rozin & Ree, 1972). The pétency or
'primitive adaptive capacity' (Seligman, 1971) of .taste
aversion conditioning is further reflected in the ability
of CTAs to suppress schedule-induced polydipsia (Bond &
Corfield-Sumner, 1978; Riley, Lotter, & Kulkosky, 1979)
and eating induced by‘lateral—hypothalamic stimulation
(Wise & Albin, 1973). CTA léarning has been reported in
preweanliné rats as young as five days post-partum
(Gemberling, Domjan, & Amsel, 1980). As mentioned above,
taste aversion learning‘is reported across a wide variety
of animal species (Gustavson, 1977). , | -
CTA formation is also reported in.humans (e.g.,
Bernstein & Webster, 1980; Logue, Ophin, & Strauss,
1981). Accordihg to early anecdotal evidence (Rozin &

Kalat, 1971; Seligman, 1970; Selid%an & Hagar, 1972) food
% 4 [N

rélated aversions often persist despite post hoc



- other feediné-related learning as 'adaptive

Pa
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N
? > . ~ ~

fgsggfision that the causé\S?\ghe;illness was unrelated

\\/\‘

to the ingestion of the aversiver food. More systematic
evidence of tﬁgﬂgpparently noncerebral nature of CTA in
humans is found in a survey of 517 uﬂéergraduate students
(Logue et al., 198l1). In the case of twenty-one percent
of reported aversions, subjects were cognizant that some

caus ther than the food was responsible for their

illness. These data are clearly suggestive of a
'specializ&d’' nature of QTA perhaps reflecting the
involvement of phylogenetically older néurological
structures in formation of taste aversion associations.
Early reviews of CTA in the animal learning literature
emphasized the 'unique status' of CTA within traditional
gene£al process learning theory (Garcié & Ervin, 1968;
Garcia, Hankins & Rusiniak, 1974; Rozin & Kalt, 1971;
Séligman, 1971). Rozin and Kalat (1971) emphasized CTA and
specializations' incorporating 'two new principles of
learning' which were 'belongingness and 'long-delay
learning'. Seligman (1971)r and Seligman and Hagar
(1972)introduced an evolutionary notion of 'preparednesg'
by which to account for the relative ease of CTA
acéuisition in contrast to other forms of learning.
Capretta (1961) focgsed on an hypothetical principle of

'stimulus relevance' in order to account for these

particular characteristics of CTA learning. This notion

\predicts that associations are more readily learned if

1

10
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both events are of the same class than if each event is

from a different class. Garci%kand his colleagues (Garcia
& Ervin, 1968; Garcia et al., 1972; Garcia et al., 1974)
proposed a theorectical distinction betwen behavioral
adaptation in the 'milieu interne (gustatory-visceral)
and behav}oral adapatation in‘the ! mi&ieu externe'

(telereceptor-cutaneous). An early version of this

position (Garcia et al., 1974) suggested that the formgr

coping behavior reflects a more basic function involving

shifts in internal incentive motivation associated with

_ gustatory stimuli. This particular emphasis oh the- role

of ‘hedonic shifts' in the mediation of CTA will be

discussed in more detail below. Discussiqn of the

proposal that distinct neural mechanisms subserve the
apparently dichotomous nature of these internal and

external adaptive learning fesponses (Gartia et al., ,/
/

[

1974) will be presented in the section of this //

intorduction addressing the physiological mechanisms/

_ﬂ~—‘imp}icated in CTA learning. In contrast to this premise
/

of a 'dichotomous environment', some investigators sought
to account for the special qualities of CTA from within a
more traditional classical conditioning framework (Krane'

’

& Wagner, 1975; Testa & Ternes, 1977). Others have

Dlproposed incorporation of CTA learning into modified laws

of learning which acknowledge the selective influence of
'adaptive-evolutionary' or biological constraints on

learning (Revusky, 1977; Revugky & Garcia, 1970; Rozin,

i1



' substance) involve the same consummatory response

1977; Mackintosh, 1974). As Rozin (1977) has suggested

... the issue is pot ;convgrgence' versus 'diveréence'

but striking a balanced view between general processes o
and specific adaptations". In a more recent review of

this qguestion, Logue (1979)’cites evidence supportive of
the‘view that differences observed between CTA and more
conventional learning may be considered more guantitative
(sharing common principles) than gualitative "(requiring
different learning principles). Sullivgn (1984) has o .
proposed that the apparent uniqueness of CTA learning may

be attributable to the fact that both the conditioning

eiposure to the.gustatory CS and the measure of the }.

conditioned behavior (reduced consumption of the CS

=/

repertoire. Insofar as both initial conditioning and

" subsequent testing of this conditioning necessarily

require behavior directed toward the same target
stimulus, sﬁch learning. may be more readily integrated.

“From the above dicussion, it is clear that close
consideration of issues raised by the study of CTA has
particular importance for achieving an integrated
underst;nding of associative learning processes in
animals (see'Rescorla & Holland; 1982).‘Such a special
theorectical stature is, perhaps, not surprising given
the attention traﬁitionally accorded to appetitive

responses in the classical conditioning and metivation

literatures. A closer examination of the gustatory nature

t
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of the CS in CTA learning is therefore pﬁesented below.

©

The response to : Nepphobia and Taste Aver§ion"

-

A wide variety of taste géimuli have served as

conditioned stimuli in CTA studies, although sodium

saccharin would appear the most widely used of these (see .

Riley & Clarke, 1977). An important similarityNof QTAvtd
other learning is evident in that QS generalization
gradients can be found using a CTA paradigm‘(e.g.,,
Nowlis, 1974; Nowlis, Frank, & Pfaffman, 1980; PQ;E;i &
Revusky, 1982; Richardson, Will;ams & Riccio, 1984).
Quantitative CS variables ﬁﬁch as the amount consumed,
duration of CS exposure (Barker, 1976; Bond & DiGuisto,
1975; but see Kalat, 1976) and concentration of CS '

solution (Barker, 1976; Nowlis, 1974; but see Steinert,

Infurra, Jardula & Spear, 1979) have been reported to

influence CTA learning. Food CS test substances are also
reported to be more potent than fluid stimuli in taste

n conditioning (e.g., Bernstein, Vitiello‘&
Sigmundi, 1980), perhaps due to additional textural cues
(Martin & Lawrence, 1979). HoweQer, formgtion of
illness-induced CTAs are known to be induced using small
oral infusions (e.g., Domjan & Wilson, 1972; Buresova &

Bures, 1977) indicating both that neither voluntary

__ingestion nor consumption of large amounts of the taste

substance are necessary for CTA learning to occur.

———



Rozin (1970) to describe the finding that taste aversions

-
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Indeed, Braaley‘:zdumistretta (1971) demonstrated a C
to sacchariﬁ\adﬂénistered bY'the-inﬁravascular route.
Also, Baum,'Foidart and Lapointe (1974) reported m;re
-rapid CTA extinction following noncontingent ip

injections of the CS fluid. . .

The term 'salience' 'was 'introduced by Kalat and

are -more rgadiiy formed with certain tastes than others.
_In_a later study ‘(Kalat, 1974) it.was reported that the
relative novelty of the taste stimulus appeared to be the
most critical factor contributing to this salience
effect. Similarly, other investigators (Ahlers & Best,
1971; Revusky & Bedarf, 1967) found that when novel and
familiar solﬁtiqns are presented to rats in a CTA
paradigm, a stronger aversion is shown to the novel
solution. The phenomenon of 'neophobia', the suppression
in consgmp;ion of.novel fluids and foods, has been the
subject of number of reviews (Barker et al., 1977, see
,also Logue, 1979). Enhanced neophobia is reported in
animals previausly exposed to nonjcong}ngent illness
(e.g., Domjan, 1977). However such factors as the
short-lived nature of this effect suggest that the.
enhancement of neophobia in these animals is unrelated to '
taste aversion conditioning (Domian, 1977; Revusky, 1979).
Prior C§ exposure has been widely repor;éd to reduce
the associability Sf the taste CS within a CTA paradigm

(e.g., Best & Gemberling, 1977; Kalat & Rozin, 1973; -
s ‘

Ty [
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Revusky & Qedarf, 1967). This CS pre—exposure'disruption

of CTA has been shown to increase both with the;number of

prior exposures (e.g. Elkins, 1973; Best, 1975; Fénwick,
Mikulka & Klein, 1975) and with the amouﬁt consumed

during CS pre-exposure (e.g., Bond & Westbrook, 1982) . and

would appear comparabie to latent inhibition in classical ,
conditioning (Logue, 1979). CS pre-exposure has also been- -
shown to disrupt a CTA iqduced by amphetamine, a
psychoactive, selé—administered drug (fickens & Harris,

1968) inja manner similar to that observed in an /

emetic-induced CTA (Wellman, 1982). A 'learned safety'

(Kalat & Rozin, 1973) or 'learned noncorrelation' (Kalat,

1977) has been proposed to explain this phenomenan (seé
Best & Barker, 1977; Kalat, 1977). The degree of
neophobic response to a variety of taste stimuli was
shown by Naéhmad and coworkers (1977) to be a good
predictor of the{relapive’CTA formed té'these difﬁ%gent
tastes. It was suggested that the different levels ;f
aréusal or attéﬁtion produced by presentation of these
solutions may account for the observed CTA differences.
Taste neophobia has been characterizéd by some
investigators as a form of 'emotional reactivity'
(Braveman, 1978) similar to exploratory open field
behavior (Braveman, 1978; Weinberg, Smotherman & Levine,
197§, but see Pfister, Golus & Mcgee, '198l1). Using a,

plasma corticosterone measure of pituitary-adrenal

activation as an index of arousal, Smotherman, Margolis &

L



Levine (1980) reported both a ‘céupling' of neoghobic and
pituitary-adrenal activation and a dissociation of these
responses to presentation of a: distinctive flavor
dependent upon the number of CS pre—expasurés (within a
range of 5 to lO_pre-exposures). These authors suggested

that changes in pituitary-adrenal activity may reflect

the degféé‘of conflict induced in water-deprived animals
I G

under 'férééd-choice' (but not free-choice) conditions.
Such an observation is consisten%_yith the observation
that, compared to a choice paradigm, a single stimulus
CTA procedure is potentially less sensitive to the
influence of neophobia in modulaﬁing CS fluid consumption
in control animals over repeated trials,, as these animals
wéuld presﬁmably‘be motivated to some degree, to avoié
increased fluid deprivation(see Domjan, 1977). This
aspect of the\;;;ced choice CTA paradigm’ has pote;tially
important theorectlcal 51gn1flcance with regard to a
strict emplrlcai deflnltlon of CTA. A CTA under these

\

conditions is most often measured,as a reduction im
~__ .~ ;

consumption of the test substance (Goudie, 1979{.~
Evidence of such a reduction may be determined either by

-

compa;iggn of test day intake levels with within-group
basel%ne intake levels, or by a befween—group comparison
of teQE day intake levels of a given treatment group with
that of a cgntrol group. In the latter case, simply 'a

failure to erhibit an increase in consumption of the test

substance ov%r repeated presentations relative to that

&
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P - ' . .
observed in the control group may be taken to indicate a.

."CTA. However, this pattérn of consumption may

PR

alternatively be explained in terms of a relative
maintengnce of initial neophobia to the test substance.
Therefore, the more parsimonious, %‘é‘xthi’n—group definition

of CTA would appear to be the more appropriate criterion

w .

here, incorporating’'more unambiguously, an implicit
avoidance response to the condi£ioned gustatory étimulG;:
9Although the relative novelty of the testréubstancé
within a CTA paradigm may contribute significantly tg the
sélienéy of the CS (Nachman, et al., 1977; Kalat & Rozin,
1974), neophobic reactivity and taste aversion learning
would appear to be‘independent phenomena. Such a
. conclusion is based oﬁ ghe findings of Braveman and
Jarvis (1978). In thisistudy, rats exposed to a variety
of distinctly flavoured solutions prior to taste aversion
conditioning in which a different taste solution was used,
exhibited reduced neophobia to this substance én the
initial condiiioning day. However, this mé%ipuléFion was
not found to alter the magnitude of the CTA»§u9§;quen£ly
observed in these animals rel;tive to the CTA observed in
animals not exposed to prior distinctive tastes. These
findings were replicated by Miller and Holzman (1981) who
additionally reported that pre-exposuré to three of four
distinctive flavours (salty, bitter, sweet, and sour)

were effective in disrupting neophobia to novel salty and

sour, but not to novel bitter or éweet'test solutions.

.

<
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- A further dissociatiqn between neophobic and taste
aversion résponse may baéed on a gréater potency of odor
cues than taste cues in determiﬁing neophobic behaviors
(Hankins, Garcia & Rusiﬁiak, 1973) while a reversed
potency is evident fo; taste avérsion ;earning (e.qg.
Palmerino, Rusiniak & Garcia, 1980). Odor may.also be
more effective than taste as a CS in shock avoidance‘\h
learning (Rusiniak, Palmerino, Rice, Poqthman & Garcia,
1982). Additionally,‘wﬁile the presence of a tast;'
stimulus is found to potentia%g odor .aversion, no Such '

potentiation ié‘bbserved in shock avoidance (Rusiniak et
\al:; 1952; see also Westbrook, Homewood, Horn & Clarke,

~T983). ,

The nature of the conditioned response in CTA

An early proéosal by Garcia and his colleagues (Garcia

& Hankins, 1977; Garcia, Hankins & Rusiniak, 1974) was
that illness-induced CTA reflected a shift in hedonic
alence of Ehe conditionéd gustatory stimulus. Thus, CTA

Q}interpreted to reflect a 'conditioned nausea' response
ngil, Hankins, Jendin, & Garcia, 1978). Evidence for
this was apparent-in early observations of the pattern of
response of animals encountering taste cues previously
associated with illness (Garcia & Hankins, 1977;
Gustavson, 1977; Rzoska, 1953). ‘'Conditioned disgust'
responses (such as urinating on or buryiﬁg the foéd} were

o

observed in coyotes re-exposed to gustatory cues ‘.

t

o



o
associqtéd with poisoning ( Garcia & Hankins, 1977; -
__Gustavson, 1977).'hats were reported to actibely push
N -3 away poisoned bait (Rzoska, 1953) or to scétter“‘
saccharin-adulterated food previously paired with illnesso
: (Garcia et al., 1974). Such spillage of illness-paired
- food closely resembled a similar response pattern
9 directed towd;d aversive, quinine-adulterated foPd
(Rozin, 1967). Conditioned 'pica' (eonsumption g% \
non—ﬂGtTitive substances)-was glso taken to indicate a
similar change of incentive properties of the conditioned
gustatory stimulus (Mitchell, Winter, & Marisaki, 1977).
‘.Based on observations of distinctive response topographie
associated with exposure to positively valencéd
(Pfaffmaq,.1960) sucrose, as opposed to aversive quinine
- , ) taste stimuli, Berridge, Grill, and Norgren (1981) -
examined the pattern of ingestive, consummatory fespdnses
of rats to sucrose previously paired with lithium

L ‘ ' chloride (LiCl) illness. Whereas control animals given

sucrose showed no apparent aversive reactions to the taste

[} 4 >
" I

stimulus, the response pattern of the LiCl CTA rats to the
N ‘sucrose CS (mquth gaping, chin rubs, increased

. locomotion, and fluid ejection) unequivocably ressembled
’quinine reactdvity. Such observ;tions are consistent with
earlier reports ( Garcia et al., 1974; Mitchell et al:,

' 1977; Rozin, 1967). In addition, Berridge et al. (1981)

« .found that the taste aversion conditioning served to

S s

. abolish preabsorptive insulin release normally observed in

hS
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animals exposed to sucrose taste stimuli, clearly
suggesting a CTA<related shift in taste palatability.
The evidence cited above, then, supports the view

that the nature of the CR‘induced'by at least some emetic -

o
@

agents reflects a definite shift in the hedonic value of

-
-

the conditioned taste stimulus. However, a rglafively
recent study indicates that CTas induced by
self-administered drugs may not be:.mediated by such a
hedonic -shift (Parker, 1982). A comparison was made
beﬁween the patterns of consummatory response of iats_to
- saccharin taste sg}muli previously paired with
administration of either LiCl or améhetpmine. Amphetamine
is a psychoactive drug, well known to posségs positiQe
reinforcing properties (e.g., Pickens & Harris, 1968). _
Both drug treatments induced CTAs of equal magnitude.
While both LiCl and amphetamine supporgedepatterns of
nonconsummatory, 'increased agitation—related' CRs
(in8reased locomotof_activity, rearing, stretching and
limb flicking) only the LiCl-paired taste exposure
elicited chin rub'CR§, 5 pattern of consummatory response
though£ to be reflective of aversive behavior (Garcia,
Hankins, & Rusiniak, 1974; Berridge et al.; 1981). The
gquestion of what factors serve to determine't?e nature of“
a CR witbiﬁ a classical conditioning paradigm .is complex
and presently\unresblved (see Rescorla & Holland, 1982).
Within the CTA literature, pﬁysiological CRs 'have beéen l'

>

reported which are both similar to the UCR (e.g.,

-
. B
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asso%}atéd with recovery from ‘thiamine deficiency;
Zahorik, 1972) and opposite to the~directi;n of the
unconditioned physiological response (e.g.,ﬁﬁfpoglyce@ic
response to saccharin previously associated with an
injection of insulin; Deutsch, 1974). Additionally, Ader‘
and Cohen (1975) have reported a conditioned
immunosupressive rebponée to a taste previously paired
with the immunosuppressive (and emetic) drug
cyclophosamide, after qnly one conditioning trial. Of
poténéial interest in this regard is the recent
'observation of Blalock (1984), that the immune system
appears to procéss and encode information in a manner in
some‘w;ys similar to that of a sensory system. While such.
a comparison may be considered controversial, the
appearance of such.a suggestion exemplifies the current
need to integrate theoretical formulations concerning
general proqfss learning and adaptive, éefenéive response
'Eépabilitiés of the organism, an issue also appérent in

investigations of CTA. Despite the need for further

I - 5
U

.elucidation of ghe physiological factors underlying
.conditioned responses of CTAs induced by various agents,
the behavioral indications suggest that a categorical
' distinc;ion can be made between those CTAs induced~by
~ sbme avefsive aggnts and those induced by a
" self-administered drug such as émphetémine. Further‘

investigation is required, for instance, to establish

. whether CTAs induced'by particular toxic agents, in which

-

i1



no behavioral signs of illness are visible during
conditioning,(Berger{ 1972)-may also involve no shift in

hedonic properties of the gustatory CS.

Alternative models of CTA learning have been -

£

proposed,wpich empﬁasfﬁe similarities to UCS-UCS
conditioning (Solomon, 1977) or a conditioned emotional
'response model (Spiker, 1977). Indeed it has been
suggested (D'Mello & Stolerman, 1978) that CTA induced by
pqsitive.feinforcing drugs may reflect a form of 'positive
conditioned suppres&ion (Azrin & Hake, 1969). Although
suéh'analyses may initially seem appealing, these models
fail to account for the considerable body of data
'demonstrating CTAs using a two-bottle choice paradigm. In
ghese studies of_CTA induced both by emetic (e.g., Kalat

& Rozim, 1971) and positive re}nforéing\qgents (Carey & |
Goodall, 1974;(D'Me110'& Stolerman, 1978), .
post-conditioning reductions in consumption wére observed .
only for the specific conditioned taste fluid while no
such reduction was found for simultaneously presentea i
weter or non-conditioned taste. These data are clearly
inconsistent with an interpfetation of CTA based upon
these models (Spike?, 1977; Solomon, 1977; D‘Mello'&
Stolerman,_l%if}/NQich would necessarily predict

generalized suppression of consummatory behavior under

these conditions.

.~
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—_— Disruptive Effects of UCS Pre-exposure On CTA'
Another aspect of the CTA phenomenon of special
significance‘té learning theorists involves the
investigation of the potentially disruptive effects of
UCcs pré-exposure upon subsequent taste aversion
conditioning (see Braveman, 1977; Cappell & LeBlanc,
L9§5; Gamzu, 1977). Explanations éf this phenomenon have
variously emphésized the importance of drug tolerance
(Berman & Cannon, 1974; Cappell & LeBlanc, 1975; 1977;
Goudie, Taylor & Atherton, 1975), associative interference
(Bateson & Bégt;'1979; Braveman, 1979; Rudy Iwens, &
Best, 1977), or habituation to the novelty of the drug
séate (Amit & Baum, 1970; Gamzu, 1977; Vogel & Nathan,
1976) . More recent interpretations, however, appear to
support the view suggested by Cappeli and LeBlanc (1975)
that ""yvery likely, no single hypdthesis will be able to
embracé all of the data in this geherak area." For |
.instance, a tolerance hypothesisﬁfails to explain how
animals‘given prior, non—continéent exposure to lithium
chloride (LicCl) suBsequently exhibit a disruption-of
taste aversion conditioning with either LiCl or ethanol
(Cannon, Baker & Berman, 1977). ; \' |
Heré again, a gqualitative distinctiion is apparent
between effects of positive reinforcing and emetic agents

»

within this paradigm. Specifically, it has been reliably

\
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demonstrated that. the disruptive effect of LiCl
pre-exposure upon a subsequent LiCl-induced CTA is
dependent upon the distinctive environmental cues present
during drug pre-exposure and conditioning trials (Bateson
& Best, 1979; Dacanay & Riley, 1982). These studies
showed that when drug pre-exposure and ceonditioning
trials ook place in distinctive environments, no
disruption of the LiCl CTA was—evident. Such a phenomenon .
is consistent with an associative 'blocking' explanation
(Kamin, 1969) in which prior pairings of environmental
cues with the druguueszduring pre—exposure‘trials serve

—_ :
to attenuate susbgquent dttempts to conditiom™a taste-drug
|

ironmental /

association in the\presence of the same e ,

cues. In contrast, i case og morphiﬁe, a drug known
1 ’ - ,,.,«’

2N

to be self-administered by ani 1 s (e.g.% Davis & Smith,
upop a subsequent morphine €TA3.is fQund/to be independent
-0f the particular pre-exposure and c
environments (Dacanay & Riley,
1978). Thus it would appear t an associative blocking
exélanation is insufficient to 'account for the disruptive
effects of morphine pre-exposure upon a morphine CTA.
Also,'as indicated in a recent investigation by Ford and
Riley (1984), it Qould appear that, in contrast to the
environment-dependent nature of LiCl pre-exposure-effects

upon a CTA.induced by LiCl, the disruptive effect of LiCl

pre-exposure upon a CTA induced by amphetamine is



\ independent of the environmental stimuli present during
pre-exposure and conditioning. Thus it would appear that
CTAs induced by positive reinforcing drugs such as

:Emorphine and ampheﬁamine are subject, to some degree, to
learnlng factors which are qualitatively distinct from E

those implicated in CTAs induced by emetic drugs such as

LiCl.

An intriguing finding within the drug pre-exposure

CTA literature concerns the reports of asymmetrical,

between-drug pre-exposure effects (e.g., Cappell, LeBlanc

& Herling, 1975; Goudie & Thornton, 1975; Switzman et

al., 1981; Vogei & Nathan, 1976). For instance, Cappell

and colleagues (1975) reported thaE”Wﬁiie amphetamine-
pre-exposure served to attenuate a morphine-induced CTA,

pre-expdsure to morphine did not serve to similarly p

attenuate a CTA induced by amphetamine. In the case of

such aymmetrical findings involving a S: drug and an

emetic drug, it has been proposed (éwitzman et al., 1981)

that, in contfast to poorly self-administered drugs (such

-as valium), SA drugs (such as morphine) may be ‘

relatively less effective as disruptive pre-exposure

agents and conversely, may be more sueceptible to
pre-exposure disruption as CTA-inducing agents. In this
case, pre-ékposure to morphine may not be expected to
disrupt a valium CTA, thle valium pre-exposure may more
readily-disrupt a CTA induced by SA drugs such as

B

morphine. The interpretation of such aymmetrical drug
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pre-exposure effects involving two SA drﬁgs, as in the
study by Cappell et al. (1975) mentioned above involving
' ﬁorphine and amphetamine, would seem less clear (see
Gamzu, 1977). It may be proposed thét such findings
reflect the intrinsic discriminative éomplexity of SA"
drugs such as morphine and amphetémine. Within ;he animal
drug discrimination literature, there,is at least one
examble of a similarly asymmetrical drug effect
(Colpaert, Niemegeers"& Janssen, 1976). In this study,
_animals were trained to discriminate between injections of
fentanyl (a potent narcotic) and.saline using a standArd,
two lever drug discrimination paradigm. Subsequently, the’
féntanyl discimination was found to generalize to
\apomorphine in that, when this latter drug was injected
in place of ﬁgntapyi, the animals respondgd on the
drug-appropriate lever. in contfast, animals initially
trained to form an apomorphine/saline discrimination
failed to generalize ‘the apomorphine discrimiqation when
an injection of fentanyl was administered in place of tﬁe
.apomorpﬁine. These data serve to underéqore the need to
gain further understanding of drug pre-exposure éffécts
involving discriminatively complex psychoactive drugs
such As opiates and psychomotor stimulants. In this
context, it would seem evident that complex

*

discriminative processes are involjved

-

determining the

relative saliency of various stimulus components of these

< srw,
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Taste Aversion Conditioning as an Index of Toxicity:

Terms such as '‘gastrointestinal-.illness', ‘'poison’,
'nausea‘'and 'malaise' continue to be commonly used in the
description of CTA effects (Barker, Best & Domjan, 1977;
Milgram et al., "1977). Indeed, early reports tendedﬂ to

point to the CTA paradigm as a particularly sensitive

_ behavioral indicator of sickness or toxicity (e.g.,

Garcia, Kimeldorf & Koelling, 1955; Nachman & Ashe, 1973;

.8mith, 1971) especially because CTA could be induced by

exposure to agents which were accompanied by little or no

overt signs of@illness. However, the adequacy of such a

model of CTA, as an index of toxicity (e.g., Riley &

Zellner, 1978), or 'conditioned illness' (Garcia, Hankins -
& Rusiniak, 1974), has increasingly come into gquestion
(see revigWs Ashe & Nachman, 1980; Gamzu, 1977; Goudie,- -
1979; Rondeau et‘ al., 198l1). The evidence for 'rejecting
this 'toxiphobia' model, which carried as an underli{ing
assumption that some form of gastrointestinal distress \
constituted the major aversive component of all T \
CTA-inducing agents, is summarized below.

Berger (1972) fiz:st repor"ted that CTAs could be ~
established with the psychoact;ive drugs amphetamine,
scopolamine and chlorpromazine at dosages not producing
obvious signs of sickness, suggesting that such effects

were not necessary for CTA to occur. Similarly, . as

mentioned earlier, CTAs induced by LiCl (Nachman & Ashe,
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1973) or X-irradiation (Smith, 1971) were found at dose
levels below the threshold for production of-
gastrointestinal distress. An éxaminafion of the
relationship between overt éigns of Eickness and CTAs
induced by LiCl, X-irradiation or cyclophosamide failed
to reveal any meaningful correlation'as would be
predicted by a cond;tioned illness model (Barker, Smith,
& Suarez, 1977). In a study éomparing the potency to
induce CTA of a number of clearly toxic agents, Nachman
" and Hartley (1975) reported that several substances .
(e.g., cyanide and strychnine), known to be highly toxic,
induced very weakng} no aversion to a saccharin flavour
paired witﬁ their administration. Failure to induce CTA
by severe poisoning using such agents as melonate,
cyanide and gallamine was aisp reported bf Ionescu aﬁd
Buresova (1977). Furthermore, CTAs may be induced by
positive reinforcing drugs such as amphetamine, morphine,
alcohol (Cappell and LeBlanc,’1§73;‘Cappell, LeBlanc & .
Endrenyi, 1973) and barbituates (Vogel & Nathan, 1975)
within a (presumably non-tox}c) dose range actively
self-administered by rats. Anti-emetic drugs such as
scopolaminé, which are used therapeutically to treat
gastrointeétinal illness (Wang, 1965) are capable of
inducing rbbust CTA (e.g., Berger, 1972). In adéition,

the active constituent of marihuana, —

\ .
delta-9-tetrahyrocannabinol (delta-9-THC), despite being{/

" |

>Kknown to possess CTA-inducing properties in rats (e.g.,

~
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"a beneficial adjunct in the pharmacolog]

, Although an ea

Corcoran, Bolotow, Amit, & McCaughran, 1974; Switzman,
Fishman & Amit, 198l) has also recently been pro as

treatment of

illness due to cancgr ch otl*ferapy (Ballster, 19x’x).

~

study (Coil, Hankins Jendin & Garcia,
1978) reported that CTA induced by LiCl could be
attenuated by treatment with wvarious anti-—emetic agents,

a more recent study has failed to find such attenuative

J——

effects of these drugs on CTAs induced by LiCl,
amphetamine or morphine, (Goudie, Stolerm_an, Dem\al\week &
D'Mello, 1982). | _'

Taken together,\such data indicate that an 7 .
explanation of CTA b/sed on a notion of toxicjlty or
illness cannot adeq;/ately accourit for the C'I“A~ir?ducing
capacity of certain agents (Berger, 1972; Nachman & Ashe,

1973; smith, 1971) nor is it a sufficient condition

,(Cappell & LeBlnj/c, 1973; Nachman & Hartley, 1975; Ioneso

-
& Buresova, I1977; Vogel & Nathan, 1972) for CTA formation

to occur.
Physiological Mechanisms of CTA

The 'anatomical hypothesis” proposed by Garcia and
Brvin (1968) has constituted a major “theorectical
framework. for investigations of the neural and
physiological mechanisms of taste aversion learning (Ashe

& Nachman, 1980; Buresova & Burés, 1977; Gaston, 1978).

“~
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Earlier evidence of an anatomical convergence of such

gustatory and visceral input at the nucleus of: the -

solitary tract:(NTS; Herrick, 1948) was taken to sugges£
an 'intimate relationship' between gustatory and visceral
systems reflected in the selective nature of taste
aversion learning (Garcia & Egvin, 1968). The proximity
to the NTS of the area postrema, a structure implicated
im emesis (see Wang, 1965), was taken to support the
notion that the CTAs induced by such stimuli as |
X-irradiation and LiCl directly reflected the emetic
propérties of these agents. (Garcia & Ervin, 1968).
Stimulation of gustatory receptoré fdllowed(by eventual
activation, by visceral illness, of the 'éhetic centre',
located in the lateral reticular formation and caudal
nucleus of the solitary tract (Borison & Wang, 1953), was
accordingly viewed as the sole requirement for
acquisition of CTA (Garcia et al., 1974). This anatomical
hypothesis was originally introduced in order to account
for the apparently‘selective associability of gustatory
and visceral stimuli in rats (as versus extereoceptive and
- cutaneous stimuli) as evidenced in a learned avoidance
paradigm (Garcia & Koelling, 1966). In this view,
gustatory stimuli were primarily constituted by taste
‘cues', while visceral 'consequences' were seen to be
primarily reflective of a gastrointestinal malaise,

nausea, or sickness induced by such noxious agents as

X-irradiation, LiCl or apomorphine (see Garcia,.Hankins &

30
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quéQer,’as pointed out by Ashe and Nachman ‘(1980)

Rusiniak, 13745.

in a review of this issue, the significance of .anatomical
convergence of ,gustatory and visceral afferents per se
would not appear sufficient to account for all aspects of
CTA learning (i.e., lohg CS-UCS intervals). Indeed,’
Garcia et al. (1974), while emphasizing the importance of
the NTS as a locus of central neural integration in CTA
learning, also acknowledged the potential relevance of
gustatory projections to the cortex’and the hypothalamus
in mediating CTA learning (Norgren, 1976). Gustatory
projections to the amygdala (via thalamic taste nuclei)
have also been reported (Norgren, 1976) and by
implication linked to CTA. It'should be noted that in
support of the idea of minimal invoivement of
phylogenetically more recent neural structures were
several early Qtudies demonstrating CTA acquisition in
anaesthesized or curarized animals (e.g., Domjan &

1972; Roll & Smith, 1972). Clearly, these data

Wilson,
indiqgte'the'not so easily disruptible nature of at least
: / . .

some forms of CTA learning, as discussed in an earlier

section of the pxesent review. Other studies have

demonstrated, however, that input from phylogenetically

.more reéﬁnt structures (e.g., cortex) would often appear

fritical in CTA acquisition. For instance, Grill and
.
Norgren (1978) reported that decerebrate rats failed to

learn a CTA despite repeated CS-UCS pairings. Cortical
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spreading depression induced just prior to CS

presentation (but not after UCS exposure) was similarly. .

'found to disrupt CTA learning (see Buresova & Bures,

1977). Also, electrophysiological changes in lateral

. [ . .
(deéreased) and ventromedial (increased) hypothalamic,
reactivity to taste stimuli have been reported due to

taste aversion conditioning (Aleksanyan, Buresova &

Bures, 1976). Further evidence for- the involvement in CTA

of brain areas other than just the brainstem (i.e.,!_
hypothalmus{ amygdala)_has recently appeared in an‘
elegant, el;ctfophysiological study cdnductéd by Chang
?nd Scots (}9@4). These iQQestigators demonstrated clear
modifications in single nehépn respanses from the NTS to

. 7 R )
a range of taste stimuli following taste aversion

conditioning. These neurophysiolodical changes reflected

apparent modification of the hedonic pgoperties (e.g.{
‘ [ 4

sweet—Or non-sweet) of the taste €S in a manner
consistent with earlier descriptions of emetic CTA

(Berridge, Grill -and Norgren, 1981; Garcia et al., 1974).

" It was suggésted by Chang and Scott (1984) that the

latency (%OOmsec) of the, increased Ngé activity observed
y

fo%lowing taste aversion conditioning may well reflect

input from higher brain centres such as the hypothalamus

and amygdala. Thus, it would seem that while the
activation of brainstem regions (NTS) are a necessary
component of CTA'learning,hparticipation of more rostral,

4
\ . L
limbic system regions may also play ae/dmportant role in

B 4

4
.
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CTA. Further'ebidence'in this regard will be presented
below (see also, reviews Ashe & Nachman, lQBO;'ﬁasEon,‘ .
1978; éuresova & Bures, 1577): ‘

As poihted out‘abové, the predpminant focus of garly
investigation® was on Cris“induced by toxic agents with

[N

well-known emetic properties (Wéng,'1965). Peripheral
toxicqsis,'aé evideﬁced by overt symptoms of
gastrointestinal malaise (seéation, éiarrhea, retghiﬁg)
was thought to constitute the aversive sﬁimulus
properties necessary for most CTA learning to occur
(Nachmahm&sﬂaxtley, 1975). A papef by Borison and Wang
'(1953), frequently cited within the early CTA literature,
iqentified botﬁ vagal afferents from the stomach and an
area postrema, chemoreceétive region, sensitive to
blood~borne toxins, as"being two préminent afferent
pqﬁhwéys both invo}qed'in eliciting emesis induced by .
copper sulphate, a prototype of peripherally-acting
emetics .(Rang, 1965). In parallel to these findings,
suEdiaphramatic vagotomy is khown to block CTA induced by
copper sulphate administeredﬁviaﬁﬁntragastric (ig) or
intraperitoneal (ip), but not intravenous (iv) injections
{

(Coil, Rogers, Garcia, & Novin, 1978). Conversely,

ablation of the area postrema is reported to attenuate

-

_CTA induced by iv but not ig injections (Coil & Norgren,

1981). Accordingly, the aversive stimulus properties of

copper sulphate, as evidenced within a CTA para@igh, may

. 3

be related in a straight—fSrward fashion to this agent's

| , _ {
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emetic effects. Interestingly, Martin, Cheng and Novin

~

P

(1978) reported that vagotomy failed to attenuata'a“CTA'
indﬁced by LiCl (administered ip), a drug widely known
for its effectiveness in producing strong taste aversions
(Nachhan & Ash®, 1974; Ionescu & Buresova, 1977).
However, lesion of the area postrema has more recently
been shown to successfully block CTA induced by ip LiCl
administration (Ritter, Mcglpne & Kelly( 1980). Area
postrema lesions are also known to attenuate CTAs induced
)by scopolamine (Berger, Wise & Stein, 1973; Ritter et
al., 1980), h%stamine (Rabin, ﬁunt, &FLge, 1983) and
x-irradiation”(dssenkopp, 1983; Rabin et al., 1983). In a
recent study (Rabin{ Hunt & Lee, 1984), it was:found that
area postiema leswons performed after tast? avefsion
conditioning by LiCl or X-irradiation did not disrupt
CTAs induced by these agents. These latter déta indicaté
that this region does not play a significant role in the
retention of suc% CTAs. In contrast to the above
evidence, it has geen demonstrated that lesions of the
area postrema fail to disrupt CTAs induced by apomorphine‘"
(Van Der Kooy, Swerdlow & Koob, 1983), morphine (Van Der
Kooy, 1984) and ampheta%ine (Berger, Wise & Stein, 1973;
Ritter et al;, 1580). A coﬁmon feature of'all of these

psychoactive, drugs is their capacity to act as positive

reinforcers, evidenced in operant paradigms by their being

-~

reliably self-administered by rats (e.g., Davis & Smith,

1975; Pickens & Harris, 1968; Wise, Yokel, & DeWit,

Y



' copper sulphate is reported to facilitate extinction of
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1976). Failures of vagotomy to disrupt CTAs induced by ip
apomorphine (Kiefer, Rusiniak, Garcia & Coil, 1981) both
ip and ig ethanol (Kiefer, Cabral, Rusiniak & Garcia, -

1980) have also been reported. Again, ethanol is a drug .

self-administered by rats (e.g., Werner, Smith & Davis,

1976). It should be noted that vagaﬁomy performed after

taste aversion conditioning with either apomorphine or

CTAs induced hy fhese,agents, (Kiefer et al., 1981), a
finding which is perhaps suggestive of a rolé in these
CTAs of vagal sensory and motor fibers in the mediation
of the conditioned response to the previdusly conditioned
taste stimulus. If participation of vagal afferents
and/or the area postrema in mediating acquisition of CTA

may be taken as a model of peripheral toxicosis and

malaise involvement in taste aversion conditioning, then

the weight of evidence would indicate that, in contrast
to CTa induced by toxic agents such as copper sulphate or
LiCl, CTAs induced b; self-administered drugs are not due
to such peripheral toxicosis. .

A number of studies have also demonstrated that CTA'
may be induced by cgntrally-acting agents (such as
centrally administered delta-9-THC and carbachol) thought
not to involve peripherally-activated emetic pathways
(e.g.; Amit, Levitan, Brown, & Rogan, 1977; Buresova &
Bures, 1984; Green & Rachlin, 1976; Greenshaw & Buresova,

1982; Myers & deCastro, 1977). The association of

Py
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gustatory stimuli with vestibular stimulation induced by
body rotation has also been shown to establish a robust.
CTA (e.g., Braun & McIntosh, 1973; Green & Rachlin, 1976).
Buresova, Seffienov and Bures (1982), as reported in a
recent paper by Buresova and Bures (1984), found that
electrical stimulation of vestibular nuclei or specific
administration of potassium chloride to.these nuclei were
similarly capable of inducing .CTA, in a manner
hypothesizéﬁ~to by-pass peripheral emetic afferents.
Indeed, in support of such an intefﬁ}etation, Ossenkopp
(1983) recently reported that area postrema lesions in
rats gctually enhanced the magnitude of CTA induced by
acute body rotation. Some further evidence of the central
mediation of CTA induced by some agents is to be foﬁnd in
reports of CTA induced by intracerbral injections of
carbachol (Myers & deCastro, 1977) and of harmaline (a
serotonergic compound, Buresova & Bures, 1984). In

perhaps the clearest demongtration of a centrally-mediated
CTA, Amit et al. (1976) reported a CTA induced by
intracerbral administration of delta-9-THC into the

dorsal hippocamphé, while no CTA was observed b a similar
injection of this drug into the caudaté nucleus. A CTA
induced by intraventricular (icv) administration of
amphetamine has also been reported (Greenshaw & Buresova,
1982). Interpretation of this latter finding as evidence
of, a centrally mediaed CTA must remain tentat:ive,

however, due to the relatively high drug dose used in

)

- )
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this study. It has recently been demonstrated that a CTA
méy be induced by‘intracerebral administraton of
amphetamine into the area postrema of the rat (N. White,
personal communication). At present, it would seem
difficult to reconcile this finding with earlier data
showing that lesions of the area postrema serve to block
amphetamine CTA (Berger et al., 1972; McGlone et’al.,
1980). It may be that other, non-emetic effects of area
postrema activation (i.e., catecﬁolaminergic or
serotonergic) could account for this findihg (see
Borison, 1984; Pickel & Armstrong, 1984). In a study

\

zconducted .in our own laboratory (Hunt, Amit, Switzman, &

Sinyor, 1981)f,\we have found that while no CTA was

induced by icv moXRhine administration, a QTA was
observed when such a drug injection was accompaﬁied by
peripheral (ip) injection of naloxone, an opiate
antagonist. In this study, exposure to peripheral
ﬁéloxone alone did not result in a significant CTA. On
the surface of things, naloxone, in addition to its
central effects, may be hypothesized to contribute
peripheral stimulus effects@phich may perhaps facilitate
d%scrimination of the mo}phine-naloxone drug c;e. It may
be, therefore, that some peripheral stimulus effec£ of
psychoactive drugs such as amphetamine and morphine may...
potentially enhance the aversive stimulus properties'of

these drugs in an as yet unspecified manner. However, it

"would seem equally clear from the accumulated evidence
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citeé'above, that peripheral ef%ects of such drugs alone
are not sufficient to fully account for their CTATinducing
properties. - )

The important role of centgal neural mechanisms in _
CTA has been the subject of severalngggprehensive reviews -
(Ashe & Nachman, 1980; Géston, 1978) and so will not be
extensively addressed here. Th gustatory, neocortex has
re;;\tly been'implicated in the mediation of both Lici\—\\\
(Kié;lr, Rusiniak & Garcia, 1982, but see Lasiter & -
Glanzman, 1982) and ethanol CTA (Kiefer, Melzler &
Lawrence, 1985). This region is hypothesized-to play an:
important role in the recognition of the behavioral
significance of tastes (seg Kiefgr, Leach & Braun, 1984)
and thus may be critically involved in the processing of
the CS ip taste aversion conditionfng. Specific nuclei of
the amygda;a have now been strongly implicated\in the
mediation ‘of CfA (Aggelton, Pgtridés & Ivérson, 1981;
Fitzgerald & Burton, 1983;Lassiter, 1982). Grupp,
Linseman and Cappell (1976) reported that relatively
exgtensive lesions of the amygdala attenuate the
acquisition of CTA {pd&ceg both by' LiCl or amphetamine.
Low intensity electrical stimulétion of the amygdala, but

’

not of caudate-putamen or substantia nigra, disrupted a
CTA induced by LiCl (LePiane & Phillips, 1978).
Interestingly, these authors have more fecently presented

evidence indicating that such amygdaloid stimulation may

itself act as a conditioning stimulus in a taste aversion 7

.
/
¢ &
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paradigm. (Phillips &xLePiane, 1980). In this study,
amygdaloid stimulation, given concurrently with ‘
presentation of water to water-deprived rats, was
associated with a subsequent LiCl exposure. When the. .-
amygdaloid stimulation was égain presented along with
water presentation during a later test session, a .
reduction of fluid intake was observed in th
LiCl—conditiéﬁed animals but not in control animals
similarly treated but not previously exposed to
LiCl.Accordingly, the capacity of such amygdaloid ‘
stimulatiom to act as a CS should be taken into /;:?in;hg
consideration when evaluating the potential disrupi}ée
effects of such brain stimulation on acquisition and
rétention of CTA.

In the context of the findings,presented above, it

is of interest to note that anatomical stud eveal a

potentially complex feedback system betwee ‘ various
neural regiohs presently implicated in tHe media
CTA. For instance, thef; is evidence to suggest
presence of projéctions from the hypothalamus to the area
postrema (Hosoya & Matsushita, 1981); efferent
connections from the area postrema to the solitari_’
nucleus (Leslie & Gynn, 1984; Wang, 1965); projections
from the solitafy nucleus to the hypothaiamus and
amygdala (Ricardo & Koh, l978f, and amyédaloid

connections with the gustatory neocortex (e.gq., Lasitér,

Glanzman & Mensah, 1982) and temporal cortex and thalamus
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(Krettek & Price, 1978). In addition, gustatory input has
been reported to reach the thalamus, amygdala and
hypothalamus via the pontine taste area (Norgren, 1976).
As previously pointed out by Ashe & Nachman (1980), the
solitary nucleus is also critically involved in a general
arousal system (Koella, 1974), and such a function may
cépceiVably be important for acquisition of taste
aversions. Additonally, in a recent review of brain reward
curcuitry (Phillips, 1984), it was suggested that
amygdaloid~prefrontal'cortex (Llamhas, @ven@eno &
Reinosa-Suarey, 1977) and préfrontal cort;x-solitary
nucleus (Van Der Kooy, McGinty, Koda, Gerfen & Bloom,
1982) connections "...may_ﬁorm the basis of a complete
curcuit by which chgmosensory and visceral information
are integrated in the control of appetitive behavior."
Further evaluation and extensions of such a schema within

both CTA and brain reward areas of investigation promise

to lead to a clearer elucidationtgf potential qualitative

‘differences between CTAs induced by positive reinforcing

drugs and agents which are primarily emetic in nature.

Neurochemical Systems Involved in CTA

As previously argued, studies of the physiological
mechanisms subserving CTA suggest that the nature of the
CTA-inducing properties of psfﬁhoactive drugs such as
morphine, ethanol and apomorphine cannot be explained on

the basis of peripherally-induced toxicosis or malaise.

40~



Furthermore, it was suggested that, based on the
accumulation 6f evidence in this regard, aocategofical
' distinction.can be made between CTAs induced by such
psychoactive drugs which possess positivé reinforcing
properties .and CTAs induced by other aversive agents not
known to possess these propertieég As will be described f
" below, evidence derived from invé%tigations«of the
neurochemical mechanisms subserving CTA formation would
seem, in general, to even more firmly cgnsolidate such a
notion. Moreover, a growing number of these studies
fstrohgly implicate in the CTA-inducing properties of:
'thése drugs, specific neurochemical systems also known'to
i be crucially involved inhthe mediation of their positive
. reinforcing properties.

Catecholamine depletion produced by‘ip injections of
alpha-methyl-para-tyrosine (AMPT: én inhibitor of tyrosine
hydroxylase, the rate-limiting enzyme‘in the synthesis of
catecholamines) has been.demonstrated to block the
fo:mation of CTAs induced by amphetamine (Goudie,

. Thornton, & Wheatley, 1975; Lorden, Calahan & Dawson,

0); fenfluramine (Lorden et al., 1980); morphine, and -

ethahol (Sklar & Amit, 1977) while not altering CTAs
induced by LiCl (Goudie et dl., 1975; Sklar & Amit, 1977)
or delta-9-THC (Sklar & Amit, 1977). Pretreatment with.

AMPT has _also reéently been shown to black a CTA induced




Yo, :
reinforcing properties of ethanol (Aragon & Amit, 1985).
Catecholamine depletions induced by icv administration ofves
the neurotoxin G—hydroxydopamine (6-0HDA) are also
reported to disrupt an amphetamine but not a LiCl-induced
CTA (Roberts & Fibiger, 1975; Stricker & Zigmond, 1974).
Selective dopamine depletion produced by icv 6~0OHDA
administrgtion accompanied by pretreatment with
desmethylimipramine (a noradrenergic uptake blocker) has
béen shown to similarly attenuate a CTA ;nduced by
methylamphetamine but not LiCl (Wagner, Foltin, Seiden, &
Schuster, 1981). In this latter study, significant
inverse correlations were observed between brain dcpamine
levels in the céudate or cortex of rats and the magnitude
of the CTA induced by methylamphetamine in these animals.
No such correlation was observed in animals conditioned
with LiCl. In addition, deéletion of brain norepinephrine
by FLA-57, a dopamine beta-hydroxylase inhibitor, was
found by Sklar and Amit (1977) to disrup£ the CTA-inducing
capacity of morphine while not affecting CTAs'induced‘by.
LiCl or delta-9-THC. While some attenuation of ethanol
CTA was observable due to the FLA-57 pretreatment, this
effect did not reach levels of statistica} significance.
Noradr%nergic iBVélvément in the aversive stimulus
properties of morphine was also investigated in a study
conducted by Roberts & Fibiger (1977) in which 6~OHDA
injection into the dorsal noradrenergic bundle was found

to block the formation of a CTA induced by morphine (but
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not amphetamine). ~—

In partial contrast to the apove findigga{ a recent
study By Borsini and Rolls (1984) indicateé,that
depletion of noradrenaline produced by injé&tion'of
GLOHDA ipto the basolateral reéion of the am%gdala~may
serve to slightly attenuate a LiCl-induced taste .
aversion..sﬁch a finding would aépear'consisteng yiéﬁ the

,/ report by Grupp et'al. (1976) that gross electrolytic

. | ' iesions of the amygdala result in the failureuof rats to
exhibit strong CTAs induced either by .LiCl or émphetamine
(see previous section of this review). Specific’
connections of the amygdala may tﬁerefore be important

~~ for the mediation of CTAs induced b§ ampﬁetamine or LiCl.

Despite some inconsistencies i? the liteféture, the

majority of the evi@ence cited above clearly supports the

¥ notion that distinct neurochemical mechanisms are %nvolvd

4

in CTAs induced by self-administered drugs such as

ahphetamine,‘éthanol or morphine, in contrast to‘tg%se
CTAs induced by drugs which are not self-administered by
animals. Moreover, the catecholamine systems implicated
in the mediation of CTA induced by self-administered
drugs are elsewhere strongly implicated in the mediation
of these drugs' positive reinforcing properties (e.g.,
Fibiger, 1978; Phillips, 19847 Wise, 1980). For instance,
treatments ;ith AMPT or 6-OHDA have been shown to disrupt.
the positive reinforcing propertigs of morphine in rats
(e.qg., Davis\& Smith, 1972) and the euphorogenic

s

e
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properties of..ethanol (Ahleniuss-Carlsson, Engel,
Svensson, & Soderstein, 1973) and of amphetamine in humans

(Jonssoq, Anggard, & Gunne, 1971). Administration of
dopamine beta-hydroxylase inhibitors is also known £§”
disrupt the positive reinforcing properties of ethanol
and morphine in rats (Amit, Meade, & Corcoran, 1975,
Davis & Smith, 1974; Davis, Smith & Khalsa, 1975).

Further evidence supporting‘the notion of a
functional rclationship'between the pégitive reinforcing
"and CTA-inducing properties of self-administered drugs is
prqvided by several studies investigating the potential
role of particular neurochemical receptor populationé in
the mediation of CTA. Pimozide, a dopamine receptor
—blocker, has- been found to attenuate CTAs induced by
self-admi;istered drugs (Grupp, 1977; Hunt, Switzman, &
Amit, 1985; Sklar & Amit, 1977). Sklar and Amit (1977)
demonstrated that pretreatment with pimozide sefved to
attenuate CTAs induced by morphine or éthanol but did not
alter CTAs induced by LiCl or delta-9-THC. Pimozide
pretreatment has also been shown to attenuate. CTAs
induced by amphetamine (Grupp, 1977) and cocaine (Hunt,
Switzman’& Amit, 1985). In direct parallel to these
findings, piméz;de is a;§Q\529wn to block
self-administration both of 'amphetamine (Yokel & Wise,
1976) and cocaine (DeWit & Wise, 1977) in rats.

In a similar fashion, pretreatment with naloxone

[
(ip), an opiate antagonist, acts to block both morphine



been reported (Goudie & Demellweekfﬁl980), a finding

-

e

'CTA (LeBlanc & Cappell: 1975; .Van Der Kooy & Phillips, -~

1978) and to alter ogiaté‘selfvadministration (Weeks &
Collins, 1976). Although nalo;one pretreatment w&g found,
in a study by Miceli, Marfaing-Jaillet and LgMagnen
(1979) to enhance both LiCl and ethanol CTAs, a more

recent étudy, conducted in our éwn laboratory, indicated

. that pretreatment with naloxazone  (a longer acting bpiate

antagonist) served to attenuate an ethanol-induced CTA
(Ng Cheong Ton & Amit, 1984). Failure of naloxone to

attenuate an amphetamine-induced taste aversion has also

consistent with failure of naloxone to]/disrupt
amphetamine self-administration (REF?).

In.gengral, although seemingly 'paradoxical“
(Cappell & LeBlanc, 1976; Goudie, 1979; Sklar & Amit,
1977), the most parsimonious account. of the neurochemical
evidence presented abpve would appear to indicate a
strong functional relationship or perhaps a commonality
between neurochemical systems medi;ting the positive
reinforcing and the CTA-inducing broperties of drugs
which aré self-administeréd by animals. |

While brain catecholaminefgic systems would appear
to be particularly implicated in the mediation of CTA
induced by positive reinforcing drugs, the role of
central serotonergic mechanisms in CTA induced by various

‘agents has not been as extensively explored. The data at

present may be suggestive of a role for serotonin in

e Y .
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modui&ting the aversive stimulus pro;;IEHEB of both
emetie (LiCl) and SA (ethagbl) drugs. In 1977, Lorden and
Margules reported that both electrolytic and |
heurotox%cological lesions (by 5,7-dihydroxytryptamine)

of dorsal and median raphe nuclei, which resulted .in

depletign of hypothalamic and telencephalic serotonin

"

levels, served to produce a significant enhancement of at

LiCl-induced CTA. Con&ersely, Lorden & 01£mans, (1978)
reported that pretreatment with a low dose of the,
serctohin precursor'dl—S-hydrofytryptpphan (5-HTP) acted.
to prevent a LiCl CTA in raphg-lesioned rats while
attenuating this CTA inﬁnormal rats. Interesting}y, ZaHik'
and Roache (1983) more recently reported that |
administration of 5-HTP immediatély folléwing novel
exposure of r&és to ethanol as a drinkihg fluid

apparently resulted in a powerful CTA which was extfemelf .
résiétent to ;xtinction. These investigators report;d

that less powerful CTAs were produced by ;fhilar\S—HTP
adminstration following eibosure to saccharin or tartaric
acid taste stimuli; Ziméldine,'a selective serotonin
hptake inhibitor, has also recently been demonstrated to
induce a reliable CTA in rats (Gill & Amit, 1985). While )
centrali serotonergic neurons have been implicated in a,.
range of aversive learning processes, the nature of thie%
role in, for instance, altering subjecti&gdzntensity of
aversive stimuli or attentional and memory processes

o

presently remains uncertain (Lorden & Oltman, 1978;



Ogreg, ananssoﬁ, Johansson & Archer, 198é1. There is

also some recent evidence to suggest that a CTA induced by
5~HTP may be correlated with perpheral, but not central
elevation of serotonin (Ervin, Carter, Webster, Moore,‘&

~y

Cooper, 1984). Overall,.the CTA studies ju;t described
suggest thatviqcreased sefﬁtonergic activity may act to
block a CTA induced by LiCl (Lorden & Oltmans, 1978) on
ghe one hand and on. theé other, may serve to inéhce a CTA
(Zabik & Roache, 1983; Gill & Amit, 1985). The resolution
of these seemingly paradoxical findings husf await
further invéstigation. ’

However there is some indication thatzcentral
' serotonin doeS'ngt play a significant role in taste
neophobia (Borsini & Rolls, 19847 Royet, Gervais &
Araneda, 1983;. Depletion of norepinephrine but not of
_serotonin in the rat olfactory bulb was found to enhance

consumption of a novel tasting fluid (reduce taste

neophobia; Royet et al. 1983): Neither depletions of

norepirfephrine nor ‘of seroionin in the basolaterai region ‘

of .the rat amygdala were found to alter taste neophobia,

. &
although depletion of norepinephrine did impair a LiCl "

CTA (Borsini & Rolls, 1984).

P

‘- . In this context, it should alsqﬁbé hoted that these
neurochemipal;%ata would seem to strongly support the
point, presented’in an earlier section of this
introduction that taste neophobia and taste aversion

_l conditioning are-distinct, phenomena. This is elegantly

v

47



- /9 L

illustrated in a study conducted by Ellis and Kesner

(1981) who investigated the effects of injection into the

rat amygdala-of either physostigmine (an

v

anticholinesterase) or of norepinephrine on taste

~associations. While, in a taste aversion paradigm, *

physostigmine administered soon aft&r an ip injection of

apomorphine served to attenuate the CTA induced by this

drug, a similar norgpinephrine injection did not alter

this CTA.
ggrved to

following

. similarly

effect on

a

Conversely, identical norepingphrine injections
prolong a taéte neophdbia when administered
éxpoSure of animals to a novel taste, while
administered physostigmine injections, had no

this measure.

Finally, it has been hypothesized that mechanisms

involved in organismic responses to stress (Hennessy &

Levine, 1979) may account for the CTA-inducing properties

.

of a variety of+.agents (Braveman, 1977; Hennessey,

Smotherman, & Levine, 1976; Riley, Jacobs & Lolordo,

1976; Riley, Zellner & Duncan; 1980), For instance, a

strong correlation was found between plasma

corticosterone levels, taken as an index of : - .
> - .

Ppiltuitary-

adrenal activity, and the magnitude of a

LiCl-induced CTA in rats re-exposed to a taste stimulus

previously associated with administration of LiCl

(ilennessy

et al., 1976). It has also been suggested that

"different magnitudes of CTA observed across drugs (such

as morphine and LiCl) may be explained on the basis of



IR

differences in these drugs' unconditioned activation of .

. the pituitary-adrenal system (see Braveman, 1977). Early

H .
handling of rats, a manipulation which was demonstrated

to reduce pituitary-adrenal responsiveness to potentially

stressful situatiorns (i.e. neophobia), was also found to
reduce~£he initial /magnitude of a taste aversion induced
by LiCl  (Weinberg, Smqtherman & Leviné, 1958). In
addition, the attenuation of CTA by prior exposure to the
conditioned taste stimulus has alsé been hyppthesized to
be mediated by altered pituitary-adrenal activity (Riley
et al., 19;6; Weinberg éé al.., 1978). However, a more
recent study using a multiple CS pre-exposure paradigm
aemgnstrated a dissociation of behaQioral (CTA) and
pituitar}-adrenal responses.(Smotherman, Margolis &
Levine, 1980). Moreover, Smotherman and Levine (1978)
reported thét t?e elevation in plasma corticosterone
observed in animals re-exposed to a taste previously
associated witb LiCl would appeai to be due to the
apparent conflict inherent in a forced-choice CTA —
paradigm. These authors have rqpérted that when
water-deprived rats are given a free choice to consume
either water or the novel tasting fluid previohsl§
associated with LiCl, although a CTA is evidenced by
reduced preference for the conditioned taste, no

accompanying elevations in plasma corticosterome were

Qbserv7:lee

Some support for a role of pitui;ary-adrenal .

——
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activation in mediating some forms of CTA is provided by

a recent paper which demonstrated that pretreatment with
dexamethasone, which inhibits pituitary release of
adrenocorticotrophic hormone (ACTH) served to attenuate a
CTA induced by X—irradiatibn (éairnie & Léach, 1982). A
CTA induced by epinephrine has also recently been
reported (Caza, Brown, & Speir, 1982). Earlier studies’
have demonstrated that deﬁamethasone pretreatment
disrupts the formation of a LiCl-induced CTA (Smotherman
et al., 1976) while administration of ACTH or ACTH 4-10
prior to test presentations of the conditioned taste
&stimulus may retard the sxtinction of this CTA
(Smotherman & Levine, 1978). There are also reports of
the potentiation by ACTH ;—10 of a LiCl-induced CTA (Dray
& Taylor, 1979) and of the potentiation of a
morphine-induced CTA by simultaneous administration of
ACTH (Sinyor, SwitzZman, & Amit, 1980). However, the
efficacy of ACTH 4-10, a peptide devoid of apparent
adrenocorticotrophic activity (deWeid, 1974) in mediéting
some of these effects mentioned above suggests that
adrenal céPticosterone release is not a necessary factor
on these ACTH effects on CTA. Indeed, failure of
adrenalectomy to disrupt a CTA induced by cyclopﬁosamide
has been demonstrated (Ader, 1970). Also, no disruption
of CTA was observed in hippocampal-lesi;ned rats de;pite

the failure of these anim&ls to exhibit elevations in

"plasma corticosterone seeﬁ\in non-lesioned animals

o
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exposed to taste aversion ébnditioning with LiCl
(Sﬁqtherman, Burt, Kimble, Stickrod, BreMiller & Levine,
1980). As postulated in a paper by Hennesgy, Smotherman
and Levine (1980), the nature of dexamethasone and ACTH
effects on CTA may be.attributable to the influence‘of
these agents on attentional or memory processes important
in aversive conditioning. Consistent with such a notfon
is{ for example, fhe finding that ACTH4;10 interferes v
with the discrmination of fentanyl, a potent narcotic, by
rats (Colpaert, Nimegeers, Janssen, Van Ree, & DeWeid,
1978), an effect bresumably mediated centrally.

| In the context of the above discussion, it is (
interesting to note that an inverge relatioﬁship between
the capacity of various opiates to elevate corticosteroid
levels and their liability to be self-administered has
;ecentlyiﬁéen postulated (Lahti & Collins, 1982). These
authors suggested that elevations in corticosteroid
levels induced by different opiates may directly reflect
these drugs' dysphoric properties. Seemingly béntrary to
this premise are the findings that hypophysecgomy (but‘

not adrenolectomy), served to interfere with the oral

consumption of morphine in rats, while this consummatory

behavior was reinstated following treatment with ACTH

(Amit, ziskind, Gelfand, & Hebert, 1977). Viable

‘theorectical integration of the data discussed above,

appears to require the necessary consideration of both

attentional (e.g., see Hennessy et al., 1980) and AR

- ¢

»
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res



.o

motivational factors (e.g., see Lahti & Collins,
1982) %hich together would aépear to contribute to the
positiv; reinforcing and/or aversive (CTA-inducing)
8timulus properties of self-administered drugs such as

opiates.

The Distinction between CTA induced by Emetic and

Self-administered Drugs: Further Behavioral Evidenge

In the preceding sections of this i?troduction the
argument has béen advanced that a categorical distinction
can be made between CTAs induced py SA brugs and CTAs
induced by various other, emetic agents not known to be
self-administered by\animals. Neurophysiéio;;cal and
neurochemical evidence has been cited which strongly
substantiate this view. Also, it was suggested earlier
that, based on certain behavioral observations (Parker,
1984; Switzman, 1985), the topographical patterns of
response to the taste CS exhibited, in these two
hypothetical classés of CTA may possibly fefléct
corresponding diffe}ences in how the hedonic properties_
miéht be module}gd within these CTA phénohena (see
first section). There are, in addition, a number of
specﬁfid behavioral findings reported within the CTA
literature which serve to further establish CTA induced

- \
by SA drugs as a categorically distinct phenomenon. These

data will be reviewed in the present section. It is
\ ; ‘
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proposed that when considergd as a whole, this behavioral
evidence promises to provide a firm basis for the
development of a compneheﬁsive strategy by which CTAs
induced by reinforcing drugs may be reliably
differéntiated from other forms of—E%A. Furthermore, some
of these data may also sérve to provide adﬁitional support
for the previously articulated hypothesis that a
functional relation;hip exists between the positive
reinforcing and CTA-inducing properties of drugs which
are self-administered by animals. f/ \\\;_~¥w)
First, there would appear to Se an i@pqggant\\,
diffe;ence in the éose-response characteristics of CTAS
induced by selfjadministered drugs and CTAs‘induced by a
variety of other agents.lFor example, a linear
dose-response relationship has been deﬁongtrated for
LiCl-induced CTA (Nachman & Ashe, 1973) in which
increasing doses of iiCl induce increasing magnitudes of
CTA after a single conditioning trial. Similar linear
dose-response functions are reported for CTAs induced by
x—irradiatioanE;vusky, 1968) or delta-9-THC (Elsmore &
Fletcher, 1972). In contrast,‘curvilinear dpse-respense‘
functions are observable in CTAs induced by SA .drugs such
as morphine (Farber, Gorman & Reid, 1976; Riley, Jacobs &
Lolordo, %976; Switzman, Hunt & Amit, 1977); |
Leu-enkephalin (Switzman, Hammer, Shizgal & Amit, 1977);

amphetamine- (Cappell &'LeBianc, 1971) or methylphenidate

(Riley & 2ellner, 1978). This inverted-U pattern of dose

)
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response, in which drug doses higher thgg‘some optimal
intermediate dose either fail to induce a greater CTA, or
indeed may induce weaker CTA, is consistent with the
view, articulated earlier, that these CTAs cannot ge
considered to primarily reflect drug toxicity per se.

A notable exception to this characteristic
curvilinear doge-response pattern in CTAs induced by ‘
self-administered drugs would seem to be found in the
case of ethanol-induced CTA (Kulkosky, Sickel, & Riley,
1980; Lester, Nachman, & LeMagnen, 1970). The absence of
an inverted-U dose function in ethanol CTA, however, is
consistent with the notion that the aversive effects of
high doses of ethanol may primarily be mediated by
peripheral toxicosis induced by elevated blood levels of
acetaldehyde, the primary metabolite of ethanol (Brown,

Amit, Smith, é Rockman, 1978). Further evidence in
this regard has recently been providéd (C.M.G. Aragon,
personal communication). In this study, pretreatment with
AMPT, at a dose (75 mg/kg) presumed to be maximally
effective in‘depletiﬂg brain catecholamine levels, served
to block'a CTA induced by a low dose (.2g/kg) of
acetaldehyde. Howevér, an identical AMPT pretreatment
failed ;o alter. a CTA induced by a higher (.3g/kg)
acetaldehyde dose, although a faster recovery Qver
repeated extinction trials was observed due to tﬁis
pretr;atment. Accordingly, wﬂile the CTA induced by éhe '

lower dose of acetaldehyde would appear to have been
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mediated centrally, the higher acetalmdehyde dose CTA
appeared to reflect non-catecholaminergic (and perhaps
peripheral) effects of this drug. It shoulci be noted that
while the toxic effects of elevated pé}i’*;;heral
acetaldehyde, levelsl are well-known (Sellers, Naranjo, &
Peachey, 19;231), centrally delivered (icv) acetaldehyde is
known to be self-administered by rats (Amit, Brown &
Rockman, I977). In a related study (C.M.G. Aragon,
personal communication) pharmacological depletion of
brain (but not peripheral) acetaldehydé levels, using a
catalase enzyme inhibitor (3—lamino 2,4-triazole) was
found to block a ‘CTA induced- by a standard dose of.
ethanol (1.2g9/kg), while not altering CTAs induced by
morphine or LiCl. Thus, it may be suggested that CTA
induced by ethanol reflects both centrally-mediated
eff'ects potentially related to ethanol's positive . .
reinforcing properties (observed at lower doses) and
peri.pherailly-mediated toxic effﬁcts (observed at higher
dose;). This apparently unigue, dichotomous mature of
ethanol as a.CTA-inducing agen£ may, then, underlie the
failure to observe the curvilinear dose-response pattern
found in CTAs induced by othgr SA drugs. &

A second distinctive feature of CTAs induced by SA
drugs is the greater vari?bilit;y across subjects observed
in such CTAs induced‘by m’orphine (Gorman et al., 1978;

Riley, Jacobs & Lolordo, 1976) Leu-Enkephalin (Switzman

et al., 1977); methylphenidate (Riley & Zellner, 1978)
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and cocaine (Goudie, 1981) relativé to that seen:in CTAs
induced by emetic agents su.ch as LiCl (Gorman et al.,
1978; Nachman & Ashe, 1973). A relatled phenomenon is the
relatively greater magnitude of CTAs induced by emetic
agents as compared to CTAs induced by positive
reinforcing drugs (Farber et al., 1976; Gorman et al.,
1978; Nachman & Ashe, 1973). While it is rare to f£ind
w_a;ter-deprived rats exhibiting'a total avoidance of éhe

PO . ,
conditioned taste fluid in a standard, forced-choice CTA

-

paradigm involving a self-administered drug such as

morphine (Farber et al., 1976; Gorman et al., 1978), such

behavior is found to occur more reliably in CTAs induced
by emetic agents (Gorman et al., 1978; Kulkosky et al.,

1980; Nachman.& Ashe, 1973; Revusky, 1968). Agairi, whilé

animals have been reported to exhibit such complete

avoidance behavior in an ethanol-induced CTA (Kulkosky et

al., 1980), this may be -due to periperal, toxic effects
of high ethanol ethanol doses as described earlier.

A third distinctive feature characterizing CTAs
induced by SA drugs; in contrast to emetic CTAs, is

derived from drug pre-exposure CTA &xperiments. In

general, “pre-exposure to a particular CTA-inducing agent

over several days prior to taste aversion conditioning
with this agent s‘g:ve:s to subsequently disrupt the CTA
otherwise obserwved in drug nai‘ve animals (see Braveman,
1979; Cappell & LeBlanc, 1975; Gamzu, 1977). An

explanation of this phenomenon based on development of
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drug tolerance wbuld not seem sﬁfficient to account for
all the data associated with this effect (Cannon, Baker,
& Berman, 1977; Cappell & LeBlanc, 1975; Hunt, Spivak, &
Amit, 1985). An alternative hypothesis emphasized an
associative interference effect of the drug pre-exposures
.due to formatior'; of associa'tion; between the pre-exposure

environment and drug stimulus effects prior to taste

aversion conditioning (in the same environment). Support

_ for this hypothesis came from the finding that, for

example, the disruption of a LiCl-induced CTA by LiCl
pre-exposure is found to \be dependent on the presence of
simirar pre-exposure and conditipn@ng environments
(Bdtson & Best, 1979; Dacanay & Riley, 1982). However,
the disruptive effects of‘mor)a%riqc;)pre-ex‘po‘sure‘upo)n
mo\rphine-induged CTA are foﬂnd to be independent of
.s‘imilar environmental cue factors (Dacanay & Riley; 1982;
Stewart & Eikelboom , 1978). Moreowver, the a%tenuation,of‘
an ar;\phetamine CTA by LiCl pre-exposure also has been
"found to be similérly ‘envir:onment-i_ndependent (Ford &,
Riley, 1984“) . These data,‘ then, may be‘ interpreted to

suggest that CTAs induced by SA drugs can be

distinguished on the basis of the apparent independence °

of these CTAs from the environmental associative

-

interference effects implicated in drug pre-exposure

" effects involving emetic agents. .

A fourth distinctive feature of CTAs induced by

positive reinforcing drugs is suggested by the results of

1
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a study by Switzman, Fishman and Amit (1981) which
investigated drug pre-exposure effects on CTAs involving

both a drug (morphine) known to be readily R
N .

-

.
self-administered by animals (e.g., Weeks and Collinsd/

1964) and drugs (diazepam and delta-9-THC) which are not-
known to be readily self-administered by rats (Schuster &
Johansson, 19xx). The potential disruptive effects of
~\g;é:éxposure to either morphine, diazepam, or
delta-9-THC, were examined in relation to CTAs induced by

each of these drugs..The dpse level fofﬂa&ph drug was

chosen sosthat the different d%ug treatments were equal-

- in their potency to induce CTA. Despite being equipotent
as CTA-inducing agents, a clear asymmetry of the

pre-exposure effects of these three distinct

pharmacological agents wgé observed. As pre-exposure
agents, serving ;6 disrupt subsequenf tagte aversion
conditioning, morphine was found to be the least
éffective of these three drugs, acting to alter oniy a
CTA induced by itself. In contrast, pre-exposure to
.delta—9-$HC blocked CTAs induced by morphine, diazepam,
and delta-9-THC, and diazepam pre-exposure blocked the
CTAs induced by morphine and diazepam, while‘only
attenuating the delta-9-THC CTA. Of the CTAs induced by
these‘three drugs, ‘the morphine-induced CTA was found to
be the most easily disfupﬁable, being blocked by ~

' pre-exposures to either morphine, diazepam, or

delta-9-THC. It was proposed that this asymmetry may be .
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-differentiated in terms of their capacity to act as

— \

'

related to the known Eositive reinforcing properties Bf
these drués or their absence. The aversive stimulus
properties of positive reinforcing drugs such as morphine
may be distinguished from those of drugs not having this
positibe‘reinforcing capacity, in.that they appear
relatively less effective as pre-exposure agents, and
would seem also to be more vulnerable as CTA-inducing
agents to disruption by drug pre-exposure.

As indicated above, certain distinctive features of

'CTAs induced by SA drugs ﬁay be used to differentiate

these CTAs from taste aversions induced by emetic agents.

Important differences in patterns of dose-response,

. between-subject variabililty, and optimal magnitudes of

these CTAs were described in this regard. Suéport for
separate categorization of ;heee CTAs was indicated in
that, while the disruptive éffects on CTA of drug
pre-exposure involving emetic agents would appear‘
environment-dependent, similar pre-exposure effects
involving positive reinforcing drugs were found to be
independent of the pre-exposure and conditioning
environmental cues. Furthermore, it was sﬁggestéd that iﬁ

the context of pre-exposure effects involving drugs

—

-

positive reinforcers, the positive reinforcing drugs mayg/

be relatively less effective as pre-exposure agents, and

a—

conversely may be relatively more susceptible to

disruption by d}ug pre-exposure 'in general. It is

—

/
)

e
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‘conceivable that no one of:-these distinctive features,

A )

summarized abové, may always be’sufficient as a means to
differentiate CTAs in the manner proscribed. However,~ -~
when takeﬁ as a whole, we suggest that:these behavioral
d?Ea do promise a firm ba§is‘for realistically applying.
the hypothesized dis£inction between the CTAs induced by
SA drugs\versus”tﬂe more“traditionally accepted form of

CTA induced by agents Eonsidered to be primarily emetgi

e

. in nature. ' v

[}

In the experiments to be presented beléw, further’
investigation into this hyp;tpesized distinction is
undertaken. As previously described, CTAE induced‘by
emetic agents and SA drugs may potentially be |
differentiated on the basis of behavioral differences
observed within a drug pre-exposure CTA paradigm. In
Experiment 1, a potential eﬁtension of this phenomenon is
examined. A dose-response relatiénship of LiCl

pre-exposure disruption of LiCl CTA has been demonstrated
J

'(Cannon et al.,..1975) in which pre-exposure to a higher

LiCl dose resulted in stronger disruption of a subsequent
LiCl CTA than was observedq with pre-exposure to a lower
LiCl dose. However there 2as been no parallel ~ -
investigation of such a manipulalion of pre-exposure drug

dose involving a SA drug such as morphine. It has been

demonstkrated that the éositive reinforcing properties of

these drugs may be functionally related to thqir

CTA-inducing - properties (e.g., Skl{i/& Amit, 1977;

-
s
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L 7 Switzman et al., 1978). Thérefore it would follow that
pre-exposure to a low dose of morﬁﬁine, known to be
) self-administered by animals, may be equally as effective
Qias pre- exposure to a higher drug dose in serv1ng “to
'k dlsrupt a subsequent morphlne CTA, desplte any disparity

in the aversive CTA—lnd%Clng stimulus properties of these

drug doses. This hypothesis is the focus of the first

this notion that the positive reinforcing properties%of

|

|

[ experiment. Experiment 2 provides a further testing of
| !

|

- SA drugs such as morphine may be integrally related to
* ~ s .
these drugs' CTA-inducing properties. In this experiment,

the caéécity of'a lqw, (non CTA-~inducing) dose of
morphiﬂe to maintain a previously gstablished morphin;
CTA is examinedgilf the differen£ial c?pacity of these
‘distinct mo;phine doses to induce CTA reflects a simple
dichotomy ihvolving the presence of aversive s;£muius
effects at higher bul not 16%Br doses, then the lower

//, morphine dose shou}d not be expected to,maintaiﬁ a

7 y previously establi;hed CTA. Inste;d, such a procedure

-should result in a rapid extinction of this CTA. However,

if, as previously postulated, the stimulus pfoperties of

these different morphine doses reflect a continuum of

L IEN

positive reinforcing effects functionaliy relaéed to
- , s
i “ tbeir CTA-inducing properties, then the lower, non : -!
CTA-inducing, dose ;f morpﬂine shatild serve to maintain
°\\ ¢ . the morphine CTA. In bxperiment 3, the capacity of
. ; naloxone, an opiaté receptor antag;nist; to block the
-" - . .
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i N . ) .
/;hlsruptlve effect of morphine pre-exposure on a

naloxone administration has been found to interfere with

subsequent morphine CTA is_examined. Naloxone

' administration has been shown to disrupt both opiate

self-administration (e.g., Weeks.& Collins, .1976) and

morphine CTA (Van -Der Kooy & Phillips, 1978). As well,

the discrimination of opi&ates within an animal drug

disc;imination paradigm (Shannon & Holtzman, 1976). The
resqlég of this third experiment, therefore, are Fxpécted
to provide a cénfirmation that the pre-exposure effects
of morphine on a morphine CTA are similarly mediaéed Byu
opiéte receptor activation. In Experiment 4, the capacity
of pre-exposure to centrally (icv) administered morphine
to disrupt a CTA induced by peripheral&y administered
morphine is inyvestigated. While ceﬁtrally,infused
morphine is known to be self-administered by animals
(Amit, Brown & Sklar, 1976), centrally-administered
morphine does not appear to induce a reliable CTA (Hunt
et al., 1983). Succesgkul disruption of a subseqguent
morphine CTA ?z such pre-exposure, then, might serve to
add suppPEt to the notion tha& an important commonality
exists between the positive réinfofcing and aversive

‘
stimulus properties of SA drugs p as morph@ne. In
Experiment 5, a potential involvement of tentral
cholinergic systems in the mediation of CTAs induced by

the SA "drugs morphine and amphetamine is investigated.

This experiment is based on a previous report indicating
»
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a chéiinergic involvement in these df%gs' positive
reinforicng properties (Davis &'Smith, 1975).In this
latter study, pretreatment with atropine (a
centrally-acting cholinergic receptor antogonist) was
found to attenuate sé€lf-administration of morphine but to
enhance amphetamine self-administration in rats. In the
context of an hypothesized functional relationship

between these drugs' positive reinforcing and CTA-inducing

<

properties, a similar pattern of atrépine pretreatment

ef?ects‘to alter CTAs induced by these SA drugs is,

therefore, anticipated.
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Experiment 1

The disruptive effect of priqQr drug experience upon the
subsequent learning of a drué-iﬁﬁﬁ;ed conditioned taste
aversion (CTA) in rats is a well established phenomenon (see
reviews Braveman, 1977; Gamzﬁ, i977). While the development
of drug tolerance has been proposed to account for this.
effect (Berman & Canﬁon, 1974; Cappell & LeBlanc, 1975,
1977; Goudie, Taylor, & Atherton, -1975); such a hypothesis
fails to explain how animals given prior, non-contingent
exposure to LiCl subsequently exhibit a disruption of taste
aversion coﬁditionipg with 9ither LiCl or ethanol (Cannon et
al., 1977). |

An associative interference explanation of the drug

pre-exposure phenomenon (Batson & Best, 1929; Braveman,

-
* M, el

i "
1979; Rudy, Iwens & Best, 1977) emphasizes th& importance of
the association formed between environmental cues and the
drug effect dur{ng drug pre-exposure. Such an association

would be expected to interfere with subsequent efforts to

- .
for?/%n association between exposure to a second (novel
/

tgste) cue and the same drug treatment. Thig interpretation
5 ‘ '
redicts that if different environmental cues are present

during pre-exposure and coﬁditioning drug treatments, then
the disruptive effect of drug pre-exposure should be

attenuated. Just such a finding has been reported by Batson

and Best (1979) and, more recently by Dabanay and Riley

(1982), using LiCl as both pre-exposure and conditioning

\xgili;uizrfontrasﬁ, such a manipulation of environmental

e

(
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cues fails to alter morphine pre-exposure‘effects nn a
morphine CTA (Dacanay & Riley, 1982; Stewart &:ﬁikelboom,
1915). it would seem, therefore, that while‘anfassociative -
“blocking' explanation is sufficient to accoun? for
disruption of LiCl CTA by pre-exposure to this drug, this
explanation cannot account for mOfphine pre-exposure
disruption of a morphiné CTA. Interestingly, it would also
appear that this explanation cannot be applied to LiCl pre-
exposure blockade of a CTA induced by another dfug. In a
recent paper, Ford and Riley (1984) reportéd that |
attenuation of an amphetamine CTA by pre-exposure to LiCl

is also environment independent.

The present study investigates the potentially

_disruptive effects of morphine pre-exposure upon the

subsequent capééity of morphine to induce a CTA. This :

phenomenon is.examined across a range of morphine doses,
using a 4 x 4 factorial design, so that the effect of the
drug pre-exposure at each dose level can be evaluated in
terms of its ihpact upon thé pairing ;f a novel taste with a
variety of morphine doses.:While the effect of man}pulating
the number of pre-exposures has been examined by several
investigators (Braveman, 1975; Cannon,'Berﬁan, Baker & ':
Atkinson, 1975; Elkins, 1974), there are feﬁ'}eports within
this litgrsture concerning manipulation of pre-exposure drug
dose. Cannon et al. (1975) have repofted a dose effect with

LiCl pre-exposure. A lower drug dose used éuring the pre-

exposure appears to be less effective ‘than a highér dose in

’



attenuating a LiCl-induced CTA. It would be interesting, *
then, to see if such a-relaﬁionship, between pre-exposure
dose and disruption of CTA, might also be obtained with a

self-administered drug such as morphine. Of particular

=

interest in this context is the finding that morphine can
simultaneously have both positive reinforcing and aversive
éffects (Switzman, Amit, Wh%teﬁ & Fishman, 1978; Uhite,
Sklar, & Amit, 1917). It is conceivable, therefore, that

—

pri-exposure to morphine at a dose range known to be self-

. —
——

administered by rats (but at which little or no aversive
effects ha%e been demonstrated) may yet potentially have
disruptive effects upon the subsequen£ capacity of morphine
to -induce a CTA. This hypothesis'ig the fé&hs of the present
investigation. .
<Experiment la.

'‘Method
Subjects , .

Subjects were 119 male Sprague Dawley rats weighing
350-400 g at éhe start of the experiment. The animals were
individually housed in stainless stegl cages with free
.access to laboratory chow and tap water p?ior to the onset
of the experiment, and maintained on-a 12:12 h light:dark
cycle with lightéwon at 08:00 h.

‘Morphine hydrochloride (Merck, Sharp, and Dohme Canada
Ltd.) was dissolved in injectable Ringer's solution (Abbott

Laboratories Ltd.).
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Procedure
Aftdr two weeks adaptation to laboratory housing
conditions, \the animals were placed on a 23 h 40 min water

Y

deprivation schedule. For the following 7 consecutive days,
tap water was availabie to the rats for a 20-min period at
the same time each day in the home cage. The water was
presented in.stoppered plastic test tubes fitted with
stainless steel'ball-ﬁearing spouts inserted through the

wire mesh in the front of the cage. The pre-exposure

injections were administered following the 20-min drinking

es—————

period on Days 2, 4, and 6 of the experiment. Animals
received intraperitoneal (ip)‘injections of either one of
three doses of\morphine (2.5, SfO, 1519 mg/kg) or saline in
a vblgme of 1 ml/kg body weight.

On Day _ 8 (conditioning day), the animals were presented

LY
with a 0.1% ‘saccharin solution for a 20-min period. Within a
minute after termination of the drinking period, each
pretreated group received ip injections of one of the three
doses of mgrphine (2.5, 5.0, 15.0 mg/kg) or Ringer's. A
total of 16 indebendent groups of rats we}e run (7-8 animals

per group, see Table 1).

For the fo}lowing's consecutive days, tap water

continued to be available for 20-min drinking .periods. On

Day 14 (conditioning day 2) the saccharin solution was again
presented for 20 min followed by the appropriate drug
treatment. The cycle of conditioning trial follaqwed by 5

intervening water days was repeated until all -subjects

’



underwent 5 complete cycles. On Day 38 (test day), énimals
were presented with the saccharin solutioh for a 20-min
period. Table 1 presents the factorial design of th%s.
experiment with all cémbinations of Pre-exposure (four

levels) and Conditioning (four levels) ﬁreatments.

) /-\
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Table 1..Suhmary of Treatment Groups

Saccharin presentation
Days 8, 14, 20, 32, 37

Ringer's

Morphine 2.5 mg/kg

Morphine 5.0_mg/kg

Morphine 15 mg/kg

b

o4

Pre-exposurel
Days 2, 4, 6

Ringer's

Morphine
Morphine
Morphine

Ringer's
Morphine
Morphine
Morphine

\\/’Riﬁge%'s‘

Morphine
Morphine
Morphine
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Results and Discussion

Prior to considering the sacchérin intake data for each
pre=-exposure by conditioqing g}oup (see Table 1), the effect
of ;he pre-exposure treatment upon water intake, and upon
initial saccharin intake was examined. A one way ANOVA on
the water intake of each prexposure group on day 7 (thé day
just preceding the first saccharin presentation), yielded a
significant group ‘effect (F(3,115) = 7.58, p ¢ .05).
Orthogonal aﬁalyses were conducted to compare group means.
This analysis revealed that animals pre-exposed to morphine
drank‘significantly less water than did animals given
Ringer's (F(1,115) = 8.42, p < .025). In addition, animéls
pre—expog?q to 15 mg/kg morphine consumed significantly less
'water than did rats pre-exposed to 2.5 mg/kg morphine. A

similar one way ANOVA conducted on initial saccharin intake

of the animals in the four pge-exposure groups yielded a g

significant group effect. (F(3,115) = 6.61, p £ .05).
Orthogonal comparisons of group means revealéd that animals
pre—-exposed to morphine drank significan;lyiless saccharin
thanrdid animals given Ringer's (F(i,llS)\=,ll.3, p ¢ .025).
This suppressant effect Qf the morphine pre-exbosure on .
water and saccharin intake in water-deprived rats has bee;
'previo sly reported (Sanger & McCarthy, 1980).

A three-way (4 x 4 x 6) ANOVA, with repeated measures,
performed bé‘the saccharin intake daéa revealed a

significant three-way interaction (F(45,‘515)=l.5, p¢.03).

Subsequently,. two-way (4 x 6) ANOVAs (repeated measures)
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were performed for each conditioning group (see separate

panels, Fig. l). Post-hoc Tukey tests were conducteé, when
appropriate, using harmonic means when applied to group
comparisons involving ‘unequal sample sizes (Kirk, 1968).

For the Ringer's solution conditioning group (see panel

A;‘Fig. 1), a significant increase _in saccharin intake was

observed primarily to the non-associative, suppressive

effect of morphine pre-exposure on iqitial saccha;in

cons;mption mentioned previously. Post-hoc Tukey tests did

not reveal any significant gifferences amoung tﬁe.mean ‘

saccharin intake lévelﬁ of individual pre-exposure groups e

(collapsed across days). T

k - A significant Pre-exposure x Days interaction

- (F(15,125)=4.25, p<.0l) was found for animals conditioned

with the 2.5 mg/kg morphine dose (see panel B, Fig. 1). A
simple main effécts test showed no change in saccharin
intake for the Ringer's pre-exposed group (F(5,150) 1,
p<.05).'Thus, the'é.s mg/kg conditioning dose did not induce
a CTA. Post-hoc Tukey tests indicated no difference amoung

~ .

morphine pre-exposed group means over saccharin days 2 to 6.

The saccharin intake of the Ringer's pre-exposed animals was

-~
-

significantly less than that of the morphine 15 mg/kg pre-
». exposed group over these same days. In additién, on the
second pairing day (P2), there was a significant difference

between the Ringer's and the morphine 5 mg/kg. group means.

For. animals conditioned with 5<mg/kg morphine (see >

panel C, Fig. 1), a significant Days x Pre-exposure




FLYIO INTARE (mi)

WORPHINE 15.0mg/hg

w Py s 4] Pq P L[]
DAYS

Figure 1. Saccharin fluid consumption (ml) of animals
conditioned with either Ringer's vehicle or one of three
morphine doses (2.5, 5.0 or 15.0 mg/kg) over six saccharin
‘presentations (Pl to T6). Water consumption on“the day
preceding initial saccharin exposure (W) is also presented
for each pre-exposure group within the different
conditioning groups (panels A to D). -
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interaction was evident (F(15,130)=39.59, p<.0l1). A simple

main.effects test showed a significant reduction in

saccharin intake for the Ringer's pre-exposed group

(F(5,156)=33.41, p<.0l). A significant CTA, then, was
induced by the 5 ﬁg/kg morphine conditioning dose. Post-hoc
Tukey tests indicated that there¢£Zs no significant
diffefépce in saccharin intake among the three morphine pre-
exposed groups over saccharin days. Saccharin intake of the
Ringer's group was significantly less than that of each
morphine group over pairing days 2 to 6. As can be seen in
Figufe 1l (panel C), none of these morphine-pre-exposed
groups showed a requction in saccharin

intake. It therefore is apparent that pre-exposure to
morphine at all three doses uséd was equally efficient iﬁ
blocking the CTA induced by 5 mg/kg morphine.

Analysis of the saccharin intake data for rats
conditioned with the 15 mg/kg morphine (see panellD, Fig. 1)
revealed a significant Days x Pre-exposure interaction .
(F(15,135)=20.71, p<.01).‘A simple main effects test

indicated a reduction of saccharin intake over days for the
N

Ringer's pre—exggguif group (F(5,162)=14.5,7p<.01). The 15

mg/kg morphine conditioning .therefore induced a robust CTA.

Tukey tests showed there to be no differénce between mean
sacgharin intake for the.morphine pre-exposed groups (at all
three doses) over saccharin days 2 to 4. On each of these
pairing .days, the Ringer's pre-exposed group mean was

significantly less than that observed on days 2 to 4. On

-3
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‘the morphine pre-exposure groups. The three pre-exposure *

each of these pairing days, the Ringer's pre-exposed group
1

mean was significantly less than that observed for each of

£h

doses of morphine, therefore were equally effectivg in
blocking ‘the 15 mg/kg morphine-ihdgced CTA. On the fifth and
sixth saccharin days (P5 and T6), only the 5 mg/kg pre-
exposure showed greater mean intake of saccharin than was
observed for the Rigger's pre-exposed group. In addition, on
the sixth day (T6), the.mean score for the 15 mg/kg pre-
exposure group .was sighificantly less than that of thé 5
mg/kg dose. It is not presently clear why, over the‘last two
saccharin days, the 5 mg/é§'§;e—e¥posure appeared to be more
effective than the other morphine pre-exposure doses in
attengating the CTA induced by 15 mg/kg morphine. Such an

effect was not observed with the 5 mg/kg morphine

conditioning. All three pre-exposure doses, however,,

74

equal in their capacity to attenuate the

conditioning over the first four ccharin pairing days.
Experiment 1lb %

This study was subdivided into two separate sub-

experiments, Part 1, and Part 2.

In Part 1, two low morphine doses (0.3 and 1.25 mg/kg)

. were tested for their capacity to induce CTA in animals—*

given pre-exposure injections of Ringer's vehicle.

In pPdrt 2, animals pre-exposed to one or the other of

“two morphine doses (0.3 and 1.25 mg/kg) were given taste

aversion conditioning trials using doses -of 5.0 or 15 mg/kg

[
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L
morphine., These, doses were ehown\innEx eriment, 1 to deu;e
" Hreliable CTas. : ‘ .
N . | _ 3
v . lethod . . \
- r Subjects : R ) . v
Subjectenwere,SI male Sprague Dawleyofgis weighing 300-

A

, d
- . 350 g at the start of the experiment. Housing condltlons

’ ,wereYEhe same as. in ExperlmEnél . y .

- . ’ '/

) Procedure
The procedure was the same as.thaE used in Experiment

1. n the fifst,sub-experiment (Part 1), rats were‘@iven

M »
- . F

\\ o pre-exposure injectionefof Ringer's vehicle (1 ml/kg) on
N ’ . : .
days’2, 4, and 6 of a 23 h 40 min water deprivatian

. schedule. Subsequently,‘on déy‘B, a novel 0.1% saccharin
1 ( * ’ ‘ ¢

) - R /—" . . .
& ! solytion was,presented in pl?ge of drinking water.
‘ ‘ " . ) » k) >
~ xﬁ Immediately following the drinking period, rats were s

T . injected ip with either Ringer's (n=8), 0.3 mé/ka morphiﬁe“@f.“

. $n=7)v of lizgimg/kg morphine (n=7). Over the pext five
T dﬁ{g, the water deprivation'schedule was continued. On dayﬁﬁ
r4, saccharin presentation and drug administratioﬁ were ,
: . nggaln ¢onducted’as on- day 8. ThlS cycle was repeated untll

six saccharin prespntations had been glven. ‘
7 Y

R ; - In a similar mahner, in the second sub-experiment (Part
L] " J‘-‘ -Q‘ [N ’ ) ” . g 3

. " 2), on days 2, 4, and 6 of a 23 h 40 min water deprivation
schedule, aniqgls were giyen pre-exposure injections of

Co .
- .eithex 0.3 or 1.25 mg/kg morphine. On day 8, the 0.3 mg/kg

L

'morphine pre-exposed anlmals were presented with saccharln

, - .
%;;',‘ : » .and subsequently ;gjected (1p) wlth elther 5. &’%n—?), or 15

v, o [
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. L 3
mg/kg morphine, (n=8). Similarly, animals pre-exposed to 1.25

mg/kg morphine were given injections of either 2.5 (n=8),

5.0 {n=7) or 15 mg/kg morphine (n=7) following the saccharin.

drihking period; As in Part 1, this procedure of saccharin-
drug pairing was'repeated at S day intervals w::% the water
deprlvatlon schedule being continued on these 1nterven1ng‘
dayS} |

’

Results and Discussion

Part 1. A two-way (Pre-exposure x Days) ANOVA, with

repeated measures, was performed on the data (see panel A,

k]

Fig. 2). No significant difference was observed between the

' Ringer's pre-exposed animals conditioned either with

Bingér's, 0.3, or l.Zsamg/kgﬁmorphine (p?.764). fhese data
confirm that these low morphine doses are not effective when
used aé conditioning agents to reduce saccharin intake in a
« CTA paradigﬁh ' l
. Part 2. A th-way (Pre-exposure x Days, repeated ~
measures) ANOVA revealed sighi§i¢ant Days x Conditioniné
(F(5,125)=7.29, "p<.01) and Days x 'Pre-exposure U
(f(5,125)=4.65> pg.OlS interacfions. . h
.Post-hoc Tukey tests comparing the two pre-expoéure

«

groups collapsed across morphlne condltlonlng doses (5 and

ta

15 mg/kg) indicated that-animals pre-exposed to the 0.3

mg/kg morphlne dose drank sxgnlflcantly less saccharln than

_de animals prc-exposed to the 1.25 mg/kg on saccharln days

2, 3,M4, and 6. As can be seen in Fiyure 2, for animals

conditioned with 5 mg/kg morphine that had been pre-exposed

of
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=9 RINGER'S

MORPHINE 0.3mg/kg
’ “3'-'3 MORPHINE l)ﬂnyia‘
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| .
—m

NHARIN INTARE (mt).

Py P2 3 P s s

-Figure 2. Panel A indicates saccharin consumption (ml)
drug-naive animals conditioned with.either Ringer's or
of two morphine doses (0.3 or 1.25 mg/kg). In panel B,

' | are presented for.animals conditioned with one of two

- .'morphine doses (5.0 or 15 mg/kg), given pre-exposure

.injections of either 0.3 or 1.25 mg/kg morphine.

of ‘
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to the 0.3 mg/kg dose, decreased saccharin intake was

cléar_' observable over saccharin days. Thus, the 5 mg/kg
morphine dose would appear to have induced a CTA in these r&.‘
animals, in a manrer like that seen in Ringer's pre-exposed

rats in Experiment la, (panel C, Fig. lii In contrast, rats
pre-exposed to the 1.25 mg/kg dose and then given
conditioning trials with this 5 mg/kg dose failed to .
decrease théir inﬁake of saccharin (see Fig 2), Pre-exposure
to a dose as low as 1.25 mg/kg mofphine, then, would seem.to
bev§ufficient to block a morphine CTA indgced by a moderate,
5 ﬁg/kg dose. Examination of the data for rats given
saccharin-morphine pairings using the higher 15 mg /kg dose
(see Fié 2) suggests that-théxl.zs mg/kg pre-exposure sefved
to initially block the reauction in éaccharih intake
otherwise observed on the second sacharin day (P2) in the

0.3 mg/kg pre-exposed rats. However, this pre-exposure

e ) " - k3
_ attenuation appeared to dissipate over subsequent saccharin

days. These data indicate that a minimal effective dose in
order to observe some disruptive effect of morphine pre-
exposure\upon morphine CTA §s in-the range of between 0.3

and 1.25‘mg/kg.

General Discussion s ' . -
The findings.of the present stﬁdy provide important new
information concerning the disciimination of the
motivational properties of morphine. In particular, these
data suggegé additional insights into what discriminative .

R -
factors may be critically ipvolved in determining morphine's
. . . A S

»
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¢ .
aversive (CTA-inducing) effects. ' y /

-

In Experiment la, three morphine doses, clearly i

distinguishable as differential}y potent CTA-inducing agents,

—— ,
\ .

weére found(;p*pe equipotent when evaluated as pre-exposure
agents.‘Théke results demonstrate that providing the rat with
prior experience with morppine'§ aversive (CTA-inducing)
properties is not a necessary condition in order to observe :ags

disruptive effect of non-contingent morphine pre-exposure on

x

morphine CTA. In Experiment 1lb, it was established that the

minimal effective dose range to observe morphine pre-exposure

-

disruption of morphine CTA is between 0.3 and 1.25 mg/kg, a dose
range at which no CTA-indué?ng effects are observed. Such
findings have éignificant implications in the context of the
attempts within the CTA literature to identify‘the critical
‘discriminative factors involveg in the mediation of ave?sive

effects of self-administered drugs such as morphine.
- ®

First, the equivalence of pre-exposure'effect across

morphine doses with different CTA-inducing properties reported in

S : : ’
the present paper contrasts with a previous report concerning

LiCl pre-exposuré CTA effects. Cannon and colleagues (1975)
W .

suggested that an inverse relationship existed between dose of

3

LiCl pre-exposure and the strength of a subsequent.LiCl CTA. The .

higher of two pre-exposure doses appeared to be more effective

than the lowér dose in serving to attenuate CTAs induced by these
two LiCl doses. The discrepancy between these findings and,ihe,

. ’ . f .
present data may be interpreted in the context of other

behavioral evidence indicating distinctive differences in CTAs

3

3

¢

. N
.
. N .
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induced by SA and emetic drugs.

A second perspective from which possible insights into the’
present findings may be attained concerns the fact thatwﬁhile
morphine is a drug known to be self—administered.by rats (e.g.,
Weeks & Collins, 1964y, LiCl is an.emetic drug with no
established properties of positive reinforcement. Parametri?
differences in CTAs induced byﬂthese two drugs, described
previously, may well be directly reiéted to this most important
distinction between morphine and LiCl, based Sn hedonic valence.
The distinctive characteristics gf morphine CTA, then, can be
seen to reflect the intrinsic complexity of morphine as an °
aversiQe stimulus. A critical finding is that morphine can have -
simultaneously both positive reinforcing and ‘aversive properties
(White et al., 1977; Switzman et al., 1978) The implications of
this finding for the pattern of morpﬁzne pre—expoéure effects
reported in the present study are intriguing. The three doses of
morphine investigated were foﬁhd to be differentially effective
in inducing CTA. While animals conditioned with the 2.5 mg/kg
dose exhibited no significant reduct;on in saccharin intake Sver
days, animals giyen.5 mg/kg demonstrated such a reduction oniy)on
the third conditioning day, and animals in the 15 mg/kg group
exhibited an immediate CTA evidenced on the second saccharin day.
In contrast to these differences obsérvgd in the potential
aversive properties of the three morphiné doseé, the CfA—
attenuating effects of pre—éxposhre at these doses was remarkably

effective at all three doses. Thus, the ?aSmg/Kg dose,vﬁespite

being ineffective as ap aversive (CTA;inducing) agent, was very

“ N
4 , /
»
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effective when presented during pre-exposure in.blocking the
-
taste avereion conditioning impact of the two higher doses.
Despite the considerable éissimilarity in the apparent aversive
prdéerities of these doses, pre-ekposure to the low morphine dose
was as effective as was pre-exposure to the high dose in blocking
a strong morphine CTA: This would seem to be in conflict with the
notion, implicit in an associative interference hypothesis, that
the strength of the disruptive effeéts of drug pre-exposure is
determined by the simSlarity oé the psychophermacological impact
of the twbd agents involved in pre;exposure and conditioning
treatments (Cannon et al., 1977). In order to account for the low
dose’pre-exposureleffect within the context ef this EOncept of
stimulus similarity, it would be necessary to reconsider the
nature of the discriminative and reinforcing properties of
morphine within the CTA parédigm, Low dbses of morphite, in the
range used in the present study, have been shown to be -self-
administered ﬁy rats (e.g. Weeks & Collins, 1964). In that the
capacity of morphine £6 induce a CTA has been demonstrated to be
related to morphine's posi;ive reinforcing properties (White et(
al., 1977; Switzman et al., 1977), the similarity of the low (2.5
mg)kgf and high (15 mg/kg) ddses in terms* 6f their respective
positive/;éinforcing preperties may over-ride any dissimilarity
C:IZ:EEEEEEt to their capacity to induce a.CfA. Conseﬁuently, it
can be argued that . a critical .factor in determining morphine's
ability to induce a CTA may not involve simply a diecriminationfa

of this drug's potentially. aversive' effects, but rather may

involve a discrimination of tpe more ‘general stimulus properties

+ 81
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of morphine. A further evaluation of this hypothesis is
presented in Experiment 2. In thié/study, th,capacity of a low,

nmon-aversive morphine dose to maintain a previous;yApstablished

morphine CTA is examined.

Y

e



Experiment 2

. \,f In the previous exéepiment, pre-exposure to a low (2.5

mg/kg) morphine dose was found to block a mdrphine CTA. This

dose was shown tc‘>n have no aversive (CTA-ifxduc'ng) |

properties, but has been demonstrated elsewheze to ‘be within

. a dose range self-admini’ste'red'by rats (Weeks & Colliné, ‘

.- 1964). The present étudy was designed: to evaluate th;a !
capacity of thig low dose of morphine to maintain a CTA
initially induced by exposure t’o a higher morphine dose. It
was hypc;thesized that if no important similarity were to
‘exist between the positi\}e reinforcing and CTA-inducing
stimulus properties of mqrphine, then an attempt to maintain
a previousily estab11shed morphlne CTA by continued

,'_ taste-contlngent exposure to a non-aversive morphine dose

should \lead to the eventual extinction of the CTA.
Alternatively, if such a similarity were to exist, then such

a strategy mlght serve to maintain the CTA in a manner

similar to that observed in animals continuing to receive

taste-contingent exposure to a higher morphine dose capable,.

of inducing CTA.

Method 7 g

/

Subjects ’ . I

Thlrty-flve male- Sprague—Dawley rats, welghlng 300-350

-

‘ ‘ ' g, Were housed in standarp sﬁalnless steel cages for a week
NG pti*‘ to the start of the experment. with food and water.

. R avnlable ad hbfbum. Thé animals were maintained on a.

e , '_ standard 12:12 h light :dark’ cycle; w;th llghts on at 08: 00

¥ . . - . z“

4 . . .
S . . CE -
. . .
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Drugs

‘, Morphine hydrochloride (May & Baker Ltd.) was dissolved
in physiological saline. An injection volume of 1 ml/kg body

-t

weight was used.

Procedure
Animals were placed on a 23 h 40 lluin wvater deprivation

schedule. Tap water was presented to each rat for 20 min
;iaily in stoppered plastic tubes. fitted with stainlless steel»"
ball-bearing spouts .put through the front of the home'cage.
. On aay.B of the water deprivation schedule, a novel -0.1%
w/v saccharin” solution was presented in. place of' the norm;l
drinking water. Immediately following th_e:,saccharin
pres‘entation, animals were given intraperitoneai (ip)
injections of e:.ther morphine or sallne solution. On
subsequent days the water deprivation schedule once agaln
was presented as before. On day 14, the animals were given _ v
saccharin and drugs in a manner i;ientical to that described .
for day’ 8. This procedure of saccharin-drug pairing fofloxyed
by five intervening water days was repeated until ten s,uch -
pairing days had been given. A final saccharin-p;esehtatibn
withoﬁfldrug ad‘ministr/ation (iest day) was given aftgr a
:-::imilar five day period following the last Qairi@b day.

.~ Five exéerimental éfoups (n=7) were run. In ;:hb first
group (MO),'-the réts were given an injection of 15 mg/kg -
morphine on each of the first three palrltg days (P1l, P2, 'sl

and P3). on subsequent pairing days (P4 to P10), these rats

K



_received saline injections following the saccharin

presentation.'A second group (M1) sxmllarly recelved
injections of 15 mg/kg morphlne over the first three pairing
days. On subsequent days, these rats received injections of

2.5 mg/kg morphine. A third group (M2) received injections

. of 15 mg/kg on each pairing day (Blé. wo P10). A fourth group

(M3) received an inj'ectio_n‘ of 15 mg/kg on the first, a 10
mg/kg dose on the second, and a 5 mg/kg dose of -morphine on
the third pairing day. On subsequent pairings, these rats
received injections. of 2.5 mg/kg followihg.each sacchax;in'
presentation. A final group (M4) received a 15 m'é/kg ‘

injection of morphine on the first pairing day, and

" subsequently received morphine jinjections of 2.5 mg/kg over

the remaining pairing days. '

|

Results‘and Discussion

The results aﬁbwed no significant differences amoung
treatment groups in initial saccharln mt% Consequently,
saccharm 1ntake data (ml) for each ani/al were expressed as

‘precent change from baseline intake as observed on the first

- gaccharin-drug pairing day (Pl). A two-way (5 x 10) ANOVA,

with repeated measixres, conducted on these data revealed a
sxgnif;c\ant Days x Drug group J.nteractlon (F(36 270)=4.5,

p¢.01). Post-hoc Tukey tests were performed comparing mean.
\

scores of the drug groups for each saccharin drug pairing

day (see Fig. 3).

.
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00 . M0:1515180..0
yo] B-em:18380528..28
O~OM2: 15.15.15.15..15
0] 4—a¥): 1810.5,28.38 25 .
‘ M4 152.5.2.5.2.5..2.5

SACCHARIN DAYS

o

Figure 3. Percentage change from baseline saccharin intake
over 9 subsequent pairing days and a final test day
saccharin presentation. Three treatment groups were
initially given saccharin paired with a 15 mg/kg morphine
dose over pairing days Pl to P3, followed on subsequent.
conditioning days by saccharin-paired exposure to saline
(Group M0), 2.5 mg/kg morphine (Group Ml), or 15 mg/kg
(Group M2). A fourth group (M3), received decreasing doses

_of morphine (15, 10 and 5 mg/kg) over the initial 3 pairing

rs

days, followed on subsequent .days by 2.5 mg/kg morphine-
.conditioning. A final group' (M4) received a 15 mg/kg dose. °
on Pl, folowed on subsequent pairing days by treatment with -
the 2.5 mg/kg morphine dose. : ‘

. -~
.'\ . ~
. .

o
.
i
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No significant dif’ferenc_:es were found amoung the Ml,
M2, and M3 drug groups over pairing days P2 to Pl0. On the
final Qacc’harin day (T1ll), the mean score f£6f the M3 group
» WAS signiEcantly different from that for gr/or\\lp M2 (p<.0Q5).
From the sixth pairing onward (P6 to Tll), no
- significant diffez.'ence was evident between the M0 and M4
groups. Significant differences were observe&' betwee;n these
groups on pairing days P4 and P5, (p<.05).
The mean scores for the M4 group were significantly
differexlt from those of the M1, MZ, and—b_d3 groups from the
_fourth pairing day onward (P4 to T11l). The mean scores of
)[the M0 group were ‘signi-ficantly different from the M1 and M2
groups on P6é and P7, (p<.05), and significantly different
: from MY, @é M3 on ‘all subse;;uent days (P8 to TI1,
p<.05). | '

- Thus a morphine C;I‘A_, estab;ished)vér, three
agccharin—drug pairifngs using a ls,ﬁg/kg dose, was
maintained over eight subgeq;;ent airing déy\s using a low, .
2.5 mg/kg morphine dose. No difference: wak found between the. ‘

: séqres of this group v(Ml'), and) a’ group wl;icﬁ continued to
x"ecei.ve 15 mg/kg of Worphine o’b each paixj:ing day (group M2).
This low.dose was shown in thé previcus experiment to be non
CTA-ind'ucing‘. as tfeatment with tkﬁi‘é'dosebgid not':’ result -in

: "an'y signific&nt reduction in sacchari'n intake ‘froml tjaseline

-

. le\‘rells". However, several studies have demonstrated that this -

P

dose is sc_l_f-admini'st‘e,’:ed‘by rats e.qg., Weeks & Collins,'

-

1\964: 1979). It would therefore appear that exposure to the
VAR 0
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predominantly poéitive reinforcing stimulus properties of
morphine is alone suff%cient to maintain a previously
eétablished morphine CTA:
Repeated ‘pairings of a saccharin solu;ion with the 2.5
mg/kg mé}phine dose follpwing only a single saécharin-ls “
mg/kg morphihe pairing (group M4) failed td:maiﬁtain the
iniiially observed reduction.in saccharin intake over .
subséquent saccharin days (P4 to Tll). Indeed, saccharin
intake for these animals increased to 30% above their
initial baseline level. Such a phenomenon would seem to be o -5
_______ _consistent with" an evalgation of this 2.5 mg/kg merphine
dose‘as non-aversive. However, repeated conditioning using
the 2.5 mg/kg dose after pairing using decreasing morphine.
doses of 15, 10, and 5 mg/kg (group M3) was suffiqiggg'to
. maintain thé morphine CTA. Thus it seems that in order\}or ~ )

the 2.5 mg/kg dose to be effective in maintaining CTA

behavior, at least two to three. pairings .of the novel

[
¥

saccharin taste with a CTA-inducing morphipe dose must have
. occured. . . "

. X 1
The present findings, then, add to the evidence

» ~suggesting an important similarity between the .
discriminative properties of low, non CTA-inducing doses and -
higher, CTA-imducing doses of morphine. Previous reports, . .

based on behavioral and neurochemical data, has suggested

[
3

that the dlscrlmlnatlve stlmuluséﬁ;epertles of ' opiates are
1ntr1n51cally complex (Colpaert, 1978). The results of the

. present study are consistent with this potxon and would




N

appear to extend the consideration of such discriminative

Lot ; ; - .
1Y A .
complexity to necessarily include distinct (positive

o -

réinforcing and aversive) motivational effects of these ° -

v .

drugs. In the next experiment, the capacity of naloxone, an

opiate receptor antagonist, to block the pre-exposure
: . .

stimulus effects of morphine which serwe to disrupt
' <

subsequent formaéiog“of a morphine CTA, will be examined.

t
T . .

K \ g

,9.‘.



Experiment 3

In the first experiment ‘of this thesis, an
investigation of the dose-response relationship involved in
"the disruptive effects of pre-exposure to morphine on a

subsequent morphine CTA'§As‘éondﬁcted. In contrast to the

.
S

disruptive effects of LiCl on a LiCl CTA, which were shown
to be doserependent (Cannon et al., 1975), no such
dose-t;iatibnship was observed in morphine CTA pre-exposure
effects. Such a contrast in pre-eﬁposure drug effects
involving an emetic drug (LiCl) and a drug self-administered
by animals (morphine) strengthens the notion that a
gualitative distinction can be,mg;g;ained between CTAs
induced by emetic and SA drugs. In order to further explore
the neurochemical mechanisms underlying the disrupiion of a
morphine CTA by pre-exposure to this drué; the following
e*périment was performed. .
Administration of naloxone, an opiate antagénist, has
been demonstrated both to block a morphine-induced"CTA
(LeBlanc &\Cappell, 1975; vVan Der Kooy & Pyillips, 1978) and
to alter opiate-self-admihistrétion (Weeks & Coilins, 1976) .
The discriminative stimulus pr&perties of opiates have algo
been shown to be disrupted by concomitant naloxone
administrition within an' animal drug discrimingtion paradigm
(Shannon & Holtzman, 1976). @ccérdingly, in the present
experiment, the capacity of a similar naloxone

administration to interfere with the disrﬁpﬁive effects of

morphine pre-exposure on a morphine-induced CTA was

S~
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investigated. It was hypothesized that animals given
pre-exposure -injections of morphine accompanied by a
‘concomitant injection of naloxone should subsequently

exhibit a morphine-induced CTA similar in magnitude to that

of saline pre-exposed (drug naive) animals. In contrast,

animals given pre-exposure’ injections of morphine are

A

expecteé to fail to exhibit a subsequent morphine CTA, 'in a

manner similar to that observed in Experiment 1 of this
»

! 4

thesis.

In drder to evaluate any potential aversive,

o>

(CTA-inducing) properties of naloxone at the dose used in
this e#periment during pre-expgsur?,’an aqdiiional group was
run in which drug-naive animals‘(given saliné injectioﬁs
ovér pre—éxposure days) were subséquently giQen injections
of nalokone.associated with the novel-tasting saccharin
presented%on repeated éonditioning‘days.

Method

Subjects

Subjects were 43 male Sprague Dawley raté“weighing
300-350 g at the start of the experiment. The animals were

individually housed in stainless steel cages with free - ~
PN

access to laboratory chow and tap water prior to the onset

-

of the experiment. The animals were maintained on a 12:12 h

light:dark cycle as in previous experiments.

Drugs -

——

Morphine hydrochloride (Merck, Sharp & Dohme Canada
- -t

Ltd.) and naloxone hydrochloride (Endo Laboratories, Inc:)(

3
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were each dissolved ;n physiologital saline. An injection

13

volume of 1 mg/kg body weight was used. - *

—

-Procedure - e ) J

A procedure was used here which Qas}similar'to that
. used in Experiment 1. Following adaptatio£'to laborétory
housing co;ditidhs, the animals were placed on a 23 h 40 min
waterﬁdgprivation schedule. The pré-exposure.injectio;s were
administered following the 20 min drinking,pegiod on Days 2,
4, and 6 of the egperiment. Animals received two ip

injegéions, administered at the.same time on either side of
the midline of the abdomen,”of either saline - saline; -
" saline ¥- morphine (15 mg/kg); naloxone (10 mg/kg) - -saline,
‘or naloxone (10 mg/kg) - morphine (15 mg/kg). Con;equently,dﬂ?
the animals were assigned to various conditioning treatment
groups. in the saline - saline pre-exposure group, animals
received conditioning in}ectionsJof éither saline (ss/s,
n=5), or 10 mg/kg of naloxone (SS/N, n=7). Half of the
naloxone - saline pre-exposed animals received injections of
saline during conditioning (NS/S, n=7), yhile the remaining
animals in this pre-exposure group were.a;signed to receivé a
conditioning injection of 15 mg/kg of morphine (NS/M, n=7).
Both the naloxone - morphine (NM/M, n=7) and saline -
morphine (SM/M, n=5) pre-exposed animals received injections
of 15 mg/kg morphine during subsequent taste aversion '
conditioging trials. . N

'On Day 8 (conditioning day), the animals were presented &y

with a 0.1% saccharin solution for a 20 min period. Within a

B
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minute after termination of the drlnklng perxod, each
bre-exposure - condltlonlng group received ip lnjectlons of
eivher morphxne_(ls mg/kg), sallqe, or naloxone: (10 mg/kg)
as previously described.

For ;he following 5 consecutive days, tap’waﬁér : .
continued to be .available for 20 min drinking periodé. On ;\\
Day 14'(conditioning day 2), the éabcharin solution was
again presented for 20 min followed by the appropriate drug

treatment. The cycle of conditioning trial followed by 5
! .

’interveniné water days was repeated until all subjects

underwent 5 complete cycles. On bay 38 (tesé day), animals

were presented with the saccharin solution for a 20 min_

.- period. . N

e

Results and Discussion

A preliminary, one-way ANOVA showed no sxgnlflcant

o

differences}gn‘water intake between the wvariou

&

groups on the day prior to the first co

treatment
itioning day
(F(6,42) = 0.97, p> 0.5; see Fig 4). A two-way (3 x 6) ANOVA
with repeated measures was ipitially performed on the data
of the two §aiine-conditioned control groups (SS/S and’'NS/S)
and th; saline pre-exposéd group subsequently conditioned
with naloxone (SS/N) over the five saccharin pairing days
and final fest day (see Fig 4, panel A).”Tﬁis analysis
revealed siénificant main effects of Treatment (F(2,16) =
§.30, p< .0l1) and of Days (F(5,80) = 11.28, p< .0l), and a
significant Treatment x Days interaction (F(10, 80) = 3.92,

p< .0l1). Post-hoc Tukey tests (using harmohic means when

‘ 1 - ——
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required, see Kirk,‘1968) ighicated that the naloxone
conditioﬁing groué (SS/N) consumed significantly less
saccharin in comparison to that of the SS/S group on the.
last three saccharin days (P4 to T6) and less than that of

the NS/S group on the last saccharzn presentation (T6).

,wlthxn-group Tukey comparisons” showed no change in levels of

saccharin intake of the SS/N animals over days, while an
K -

- increase wés observed for both SS/S and NS/S groups over

days..The pattern of saccharin intake of the SS/N ‘group
indicated that naloxone, .at the dose used in this study did s
not have CTA%inducing properties. However, as discussed in

o ’ . -
Experiment 1, the failure to increase saccharin consumption,

observed in thé naloxone~conditioned animals may be -
interpreted as gvidenfe 6£ a maintenance of t&éte neophobia.

Of'pd%ential interest is the finding that naloxone
pre-exposed animals in the NS/S group exhibited a reduced
level of saccharin consumption (gxeater neophobia) on the
initial saccharin’ presentation (P1l) relative to that
observed in the SS/S group. No parallel difference was found
however between the NS/S and SS/ﬁ groups on this measure.
Such data, then, may be taken only a&s weak evidence'of a
reduction in initial saccharin intake induced by naloxone
pre-exposure, é finding previously reported by Sanger and
McCarthy (1980).

A second two-way (6 x 6) ANOVA with repeated measures

was conducted for the data of all treatment groups excluding

only the naloxoné-conditioned, SS/N animals (see Fig 4,
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Figure 4/ Panel (A). Saccharin consumption (ml) of animals
given pre-exposure injections of either saline (S-5), or
naloxone (N-S), and conditioned with either saline (S) or
naloxohe (N). In Panel (B) data are presented for morphine-
conditinned animals pre-exposed to either saline (S§-S),
morphine (S-M), naloxone (N-S) or naloxone-morphine (N=-M).
Watgr intake (W) on the day prior to Pl is also shown.’
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| Blgn1f1cant Treatment x Days interaction (F(25, 150) T’

y . \\ 96
panel B). While the data ofrthe saline controlpg;oups{ SS/S
¥
.angiNS/S, were 1nc1uded in this analysis, for reasons of
vxsual clarlty, these data are depicted only in panel A of
Pigure 4. significant main effects of Treatment (F(5, 30) =

14.24; p< .01) and of DaysgfF(5,150) = 15.74, p¢ ‘.01') and

-

\-

12.73, p< .0l) were revealed by this analysis. Post- hoF {

j Tukey tests were.subsequently performed. On the initial\~/

saccharin day (Pl), while a s%gnificantly lower level of -
saccharin intake was found for tﬁe NS/S group relative to
that of the‘ES/M group, no other differencés were observed.
It shbuld bé noted here that the other treatment group (NS/M)

pre-exposed to naloxone in a manner identical .to that of the

' NS/S group, did not exhibit any similar reduction of initial

. - L
saccharin consumption. Thys, it would appear that any such

rtduction in initial saccharin intake (increased neophobia)
.which mlght be attribute to naloxone pre—-exposure must be
consxdifed cautlously as an essentially unreliable
phenomenon.

Relative 'to the saline-conditioned control groups, NS/S
and SS/S, animals conditioned with morphine (SS/M) exhibited
reduced intake of saccharin from the sécond pairing day
onward<kP2 to T6). Within-group comparisons revealed that
this SS/M group exhibited a‘signifi9§nt reduction, from its
ow&\baseline level of saccharin intake (Pl) beginning from

the third pairing day (P3), therefore indicating formation .. -

of a morphine-induced CTA. In contrast, no such reduction

- ’



was observed for the’morphine-conéitioned group pre-exposed ,
to morphine (S;/M). Indeed, this group was found to show ‘an
increased level of saccharin consumption relative to that of
the S5/M group from the second saccharin day (P2 to T6). The
lével J% saccharin consumption for this morphine pré-exposed
group was alﬁo higher in cohparison to that of the NE/M
group on days PS5 and T6, and to that of khe NS/M group ©on

‘ aéytTG. While an increase in saccharig,intake was evident

for the SM/M group on day P2, relﬁlive to this .group's own
baseline intake level, no further difference from this

baseline value was found over remaining saccharin days P3 to

56. This failure of the'SM/M group to exhibit an increase in g
consumption over saccharin days, as was observed in the NS/S
and SS/S groups, is consistent with that pattern seen in "o
morphine pre-exposed¥animals in Experiment 1. These data

.

clearly indicate a blockade of the morphine-induced CTA by
|

morphine pre-exposure.

Also noteworthy'waé the finding that the ﬁalox;;e
administered during morphine pre-exposure (in the NM/M group)
woulq appear to have inte}fered w{th the morphine
pre-exposure blockade of a morphine CTA. The NHM/M group.
exhibited a significant CTA begininning from the fourth -
saccharin day (P4 to T6). Taken together, th;—data presented
above clearly demonst;ates that aéministgabion of .- naloxone
serves to attenuate the disruptive effectg of morphine
pre-exposure on subsequent formation of a morphine-inducgd -
CTA. This finding therefore confirms that such effects of

“
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morphine pre-expqsure.are mediated via naloxone-sensitive
* - L)

3

qgipfq.zﬁceptors, in a manner consistent with previdusly

~ published repdrté of similar opiate recepéor involvemﬂt'in

.both morphine self-admlnlstratlon (Weeks & Colllns, 1976) and

v

» morphine CTA (Van Der Kooy & Phillips, 1977)

In. Experlment 4, a further study is conducted

o

»

investigating the role of central actlons of morphine in

S
ediating the disruptive effects of'morp?ine pre-exposure on

morphine CTA.
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] =.‘~*ﬁxperiment 4

The pres~ent ;tqdy investigated the potc::ntial disruptive
éffects«pf ’pre-_exposure to centrally (icv) administered |
morphine onﬁvsubsequent CTAI induced by peripherglly (ip)
administered morphine. While 'animaLs are reported to
self-administer inorphine delivered centrally (icv; Amit,
Brown & Sklar, 1976),' morphine administered icy was reported
to’fai‘l fd induce a reliable CTA in rats (Hunt et al.,
1983). However, fhe combination of central morphine pl.us
significant CTA (Hunt et al., 1983). Asifie from any specific
interpretation of this aversive naioxone-morphine
'inter'action,‘ the above data would ap\pear’ to suggest that’
morphine, when delivered via the intraventricular route,
p)ossegses positive reinforcing properties, ,but does not
readily induce a CTA. In an.earlier study, conducted by
Greenshaw and Buresov‘a (1982), it waé found' that another SA
drug, gmphetamine, when administered via the icv route,
served to induce a CTA only at relatively high drug doses.

The relative inefficiency of these SA drugs to induce a CTA
‘when administered centrally suggests th"at some peripheral
component of these drugs' actions may be important in
mediating their CTA-inducing éropertieé. In the present,
experiment a drug pre—exposure strategy similar to that used
in Experiment 1 wds used to test the hypothesis that

‘pre—-exposure to centrally. adminjstered morphine would serve

to disrupt a subsequent morphine CTA induced by ip

e



100

oy )

I -

administered morphine. If a functional relationship exists

between the positive rein?orcing and CTA-inducing properties of -

SA drugs such as mbrphine, then CTA induced by periphenél
‘morﬁhie should be attenuéted by pre—expésurg to centrally

. administeredmorphine, althouéh centrally administered
Ll 2

morphine goes not itself induce CTA.

* . Method

'The present investigation was divided into two

sub-experiments. In Part 1, a pfeliminary study was

conducted: in ‘order to confirm the earlier finding that,icv

®

.morphine does not induce a CTA (Hunt et al., 1983). In Part
2, animals‘pre;exéoséﬁ’to thé same dose as was used in éart \ )
‘1, subseguently underwent moréhine taste aversion -—
COnditioniné in & ménner ideﬂtical lo that used in
"Experiment 1. _
Subi - . .
Subjects were 67 male Sprague Dawlei rats weighing
~—300-350 g at the start of thé‘experiﬂent. Housing conditions
were the same as in Experiment 1. - \ |
Lrugs, o . .
- Morphine hydrochloride (Merck, Sharp & Dohme, Canada
Ltd.) was dissolved in physiological saline. An injection
valume of 1 ml/kg body weight wag.used for ip injections. -7
Infus@oné of icv morphiﬁe~or saline were given in'a volume
of 4 ul.
'emocedure * o
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Following acaptation to laboratory housing conditions,t

[

the animals were anesthesized with sodium pentobarbita&-(ﬁd

mg/kg).‘gl intramuscular injection of 0.06mg atrdpiné

, . > ' ’
sulphate (Glaxo Laboratories, Canada) was also administered

at this time. A stainless steel (22 gauge) cannula (Plastic
Products Inc.) was implanted in each animal, stereotaxically
aimed at the left lateral cerebral ventrical (co-ordinates

AP -0.8 mm, L + 1.5 mm, V 3.5 mm, Iacisor= 0.0). The cannula

- was secured 1n place by cranioplast cement anchored by 4

v

stainless steel screws. Nine animals randomly ‘assigned to

the first sub-experiment (Part 1) did not undergo this
-7 e .

surgical procedure. AT

After a week to) allow for post-operative recovery, the

éats were placeé ég)a 23 h 40. min water deprivation schedule
as described in previous Experiments. For the purpoées of
the first sub-experiment (?art 1), the nine rats assigned £6
this study were othexwise left. undisturbed over the initial
seven days of the wafer deprivation schedule. The remaining

rats received pre-exposure infusions (icv) of either

3

mprphine (10 ug/4ul) or an equivalent volume .of saline on

Days 2, 4, and 6, administered on each day follewing the "

min drinking period. These infusions were administered,

using a hand-held micro-syringe, overlﬂ/zo sec period, with

an additional minute elapsing before removal of the infusion

.cannula. ’

 —

On Day 8 (Conditioning day),‘%he animals were presenpqg;

with a novel 0.1% saccharin solution in place of their

©
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drinking water. Immediately follewing the drinking period,

aﬁiméls assigned to Part 1 were either given ip injections
. ¢ . v

of 15 mg/kg morphine (n=5), or were given icv morphine

infusions (10 ug/4ul) in a manner identical to that.

“

described above. Animals assigned to Part 2, that were given

.

icv saline pre-exposure infusiofls, received either ip

injections of 15 mg/kg morphine (group SH, n=%3) or of saline

&
(group (group SS, n=14). The rats given icv morphine

pre-exposure received ip injections of 15 mg/kg morphine

> o
(group M1, n=16) or of saline (group IS, n=15).

For the following 5 consecutive days, tap water =~

contlnued to be avallable for 20 min drinking perlods. On

Day 14, saccharin was again presented and appropriateldrug

‘ treatments were pdmlnlstered as before.-mhe cycle of

"

conditlonlng trial followed by ‘5 intervening w%ter days was

'repeated‘until all subjects underwent 4 complete cycles. On
- A

Results and Discussion .

Day* 32, a fZnal saccharin presentation was given {Test day).

Part'l. A two way (2 x 5) ANOVA with repeated measuqes

was pérﬁg&med ondthe\data of 'animals given taste "

condxtlonlng wlth‘@lther ip: dr icv morphine (see F%g 5).

_This ana1y51s revddled a 51gn1f1cant main effect 6%

Treatment "(F(1,7) = 22.61, p ¢ .01), and a significant
Treatment x Days interaction (F(5,35) = 6.71, p¢ .01).

‘Post~-hoc Tukey tests indicated that while animals given

ip _

injections exhibited reduced saccharin consumption both 'on .

days - P4 and TS5, animals receiving icv infusions of morpHiney;

P
\

A
a
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Figure 5. Saccharin consumption (ml) of animals conditioned
with morphine administered intraperitoneally” (Morph ip) or
, intracerebroventricularly (Morph icv). Water intake (W) for
. each group on the day preceding initial saccharin
: presentation is alsoc shown.
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FLUID INTAKE (ml)

Figure 6. Saccharin consumpt:.on (mls) of animals pre- v
exposed to icv 1nfuswns of either salkine (S) or morphine °
(M) and conditioned with ip J.njectxons of either saline (S)
or morphine (M). Water intake on the day preceding uutul
saccharin exposure is also shown.
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did not significantly alter their saccharin intake over

’
conditigning days. These préliminary data would appear to
cbnfirm the previous report (Hunt et al., 1983) indicating

e

failure of icv morphine to induce a reliable CTA.
. "~ "0 Part ?. A three way (2 x 2 x 5) ANOVA with repeated

measures revealed significant main effects of Pre-exposure

~

| ' (F(1,55) '= 5.39, p¢ .05), of Conditioning (F(1,55) = 95.77,

p ¢ .01), and of Days (F(4,22) = 13.87,;>< .01). A ‘
significant interaction of Conditioning x Days (F(4,22) = i
36.;,'p'< .0l1) was also observed (see Fig 5). Post-hoc Tukey

tests indicated that animals conditioned with morphine

exhibited a significant decrease in saccharin consumption on

- T

' Days'P4.and T5. Thus, a significant CTA was observed. As can
be seen from Figure 6, the main effect of Pre-equsure wouié
_,‘ , ‘ appear to reflect a gfeaten ievei of saccharin inﬁake.foi'
| morphine pre—exposed'agimals both in tgé morphine_
conditioned (!MM) and saline conditioned (MS) groups.
‘Two issues arise from gonsidératio; of these data.
First, the patterﬁ of effects observed due to icv morphine

. . .4
pre-exposure would seem in striking contrast to that

- »

observed following pre-exposure to ip.morphine seén in
Experiment 1. In this latter experiment, morphine i
- pre—exposed‘animalé‘were found.éo ekhibit reduced intake
‘both of water, on the day preceding the fi;st'saccharin_ -
presentation, and of saccaharin, observed on the first

conditioning day. In comparison, no -such differences were

rapparent in either water intake or initial saccharin intake
o ‘ ' 'y .

Iy

% . : -
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for the icv morphine pre—éxposed animals in the present
- investigation. !loreover these animals diq show increased
saccharin intake over subsequént saccharin éays, an effect
|not observed in ip morphine pre-exposed animals in
Experiment 1. Such differences in saccharin intake due to
differing routes of administration of morphine pre-exposure
would not appear, at présgn;, to be readily interpretaple.
Whereas food and fluid intake are .generally reported to be
decreased by administration of opiate agonigts (Sanger &
McCarthy, 19805, administration of small doses of opiates
and opioids éppear to increase such consumption (see Saﬁger,;
1983). In a finding of po£eqtial relevance to the pfesent
findings, Icv administration of beta-endorphin is reported
to increase food infake in.rats (lcKay, Kenney, Ldens,
Williams & ﬁoods, 1981). Also, in a study comparing the
capacity of naloxone administered peripherally and naloxone
. .
administered intraventricularly, to suppress food and water
intake in deprived rats, a suppressive effect was observed
with perpheral but not central naloxone administration
{Hynes, Gallagher & Yaws, 1981). Such evidence is suggestivgh
~of the potential(importance of route of administration
(central versus peripheral) in drug)exposure studies
éetermining_the effect of opiates on food and water intake.
However, in comparison to thérfi;dings of Experiment 1, the
“data from the present sfuéy would seem problematic for any

proposed interpretation based either on differenﬁiaL effects

of dose or route of administration. Specifically, while in
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Experiment 1, a decrease in both‘water and jnitial saccharin
intake was observed following ip morphine pre—exposd}e, the
increase in saccharin intake of icv morphine pre-exposed
animals seen in the present study, was only observed on the
éecond saccharin presentation (Day 14, P2), eight days after’
the lasL icv morpﬁine pre:éxposure (Day 6).

A second issue introduced by the present findings is
more pertinent to the major focus of the experiment.
Clearly, the observed increase of saccharin intakeﬁan saline
congitioned animals pre-exposed to icv morphine% precludes
the interpretation of any potential disruptive effects of
this morphine pre-exposure on the development of a CTA in
the morphine conditioned animals. The hypothesis that
pre-exposure to the positive reinforcing stimulus properties
of centrally administered morphine may result in a
subsequent diéruption of a morphine-induced CTA must,
accordingly, remains presently unresolved.

The following experiment provides an investigation of
the pétential involvemerit of a specific neurochemical
"(cholinergic) system, previously implicated inm the med}ation
of some of the po;itive reinfofcing properties of morphine

and amphetaﬁlne, in the medation of these druys'

CTA-inducing properties.
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Experiment 5

As previously discussed, a functional relationship has
been proposed to}exist between the positive reinforcing and
CTA-inducing properties of SA drugs. Catecholaminergic
systems involved in the mediation of the positive . ﬂ
reinforcing properties of SA drggs_such as morphine and
amphetamine have also been implica£ed in the mediation of
their capacity to induce CTA ‘(e.g., Goudie et al., 1975;
Sklar & Amit, 1977). In the present study, the potential
involvement of central ch:iinergic systems in mediating ;he
CQA«in@ucing properkies of morphine and of amphetamine was’
investigated. In a previous siudy, Davis and Smith (1975) ',/
regortéd that pretreatment with atrogine, a centrally act; g
muscarinic receptor antdgonist, served both to attenuatg/

self-administration of morphine, and to enhance amphetamine

self-administration in rats. Additionally, these //
investigators found that administration of the !
peripherally:acting cholinergic antagonist, methylatropine,,
did not se;ve to glter the self-administration of these |
drugs. Thus it wouié appear that central, but not peripheral
cholinergic éystems are involved in the neurochemical
mediation of morphine and amphetamine gositive
reinforcement. In that common neurochemical systems were

h?pothesized to be involved in both the positive reinforcing

~and CTA-inducing properties of these drugs, the present

investigation examined the potential involvemnt of central

cholinergic systems,in the mecdiation of morphine and

168
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amphetamine CTA. It was predicted that if sugh a fynctional
relationship were to exist, then a similar pattern

effects of agropiné andvmethylatropine pretreatment on
morphine and amphetamine induced CTA should be observed as
was observed in the study by Davis énd Smith (1975).

Accordingly, in Experiment la, it was hypothesized that

[y

,atropine pretreatment should serve to block a morphine

induced CTA, in a manner similar to the previously reéorted
blockade of morphiﬂe positive reinforcement (Davis & Smith,
1975). lloreover, methylatropine pretreatmént should not
attenuate the morphine CTA. In parallé;, in Cxperiment 1b,
itﬁyas hypothesized that atropine pretreatment should serve
to enhance an amphetamine induced CTA, while pretreatment

with methylatropine should notAhave any significant

“”Eodulating effect. In order to evaluate any potential

disruptive effects of these particular atropine and :
. o

methyl-atropine pretreatments on the acquisition of a CTA

induced by an emetic agent (Deutsch, 1978), an additional

group of animals in this second experiment underwent LiCl

-taste .conditioning following pretreatment with these

holinergic antagonists.

Experiment 5a N
In this first expefiment, the potential effects of‘
atropine and methylatropine pretreatment on a CTA incduced by

mocrphine were examined.

P
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: _ Method
Subjects : \’

Subjects were 42 male Sprague Dawley rats weighing

~

300-350 g at the start of the experiment. Housing conditions

- -

were the same as in the previoué-experiments.
Morphihe hydrochloride was dissolved in saline as c
before. Atropine sulphate and atropine methyl bromide «{Sigma
\ 1. .
Chemical Company) were similarly-dissolved in physiological

saline. An injection volume of 1 ml/kg body weight was used.

‘Procedure

A standard CTA procedure similar to that used in
Experiment 1 of this thesis was adopted here. Following a
period of adaptation to laboratory housing conditions,
animal%/yere placed on a 23 h 40 mint%ater deprivation
scheduien On Day 8 (Conditioning Day) animals were given ip
injections of either .atropine (0.6 mg/kg), methylatropine - Y,
(0.6 mg/kg) or éaline, 40 min prior to presentation of a (
novel O.I%Isaccharin solution given in place of their normal
drinking water. Immediateiy follwiﬁg termination of the 20
min drinking period, animals were given ip injections of /

either morphine (15 mg/kg) or saline. A 3 x 3 factorial (

design was used here such that 5 animals in each

pretreatment (saline, atropine or methyl-atropine) group
received conditioning injections of saline (groups SAL-SAL

AT-5AL, and !MA-SAL, n=5 respectively). The remaining 9
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rnorphine on each .saccharin conditioniné day (groups
SAL~MORPH, AT—MORPH,\and MA-MORPII, n=9 respectfvely). On Day
14, (Conditioning Day) drug treatments and saccharin
presentation were given as on the first conditioning day.
This cycle of conditioning trial followed by fige
intervening water days was repeated until three ebnditiohing
trials had been performed. On the sixth day following the
third conditioning day, a final saccharin presentatzon~ﬁas

éivén (Test Day).

Results and Discussion

-

A one way AIOVA performed on levels of initial saccharin
intake of the various treatment groups on the first
conditioning day showed no significant différences in
baseline saccharain éonsumption (F(5,41) =0.93, p< .5).
Accordingly, the saccharin fntaké data of each animal were
expressed as percentage chgnge from baséfﬂne consumption
level. A three way (3 x 2 x 3) ANLOVA, w{&ﬂ repeated measures
was subéequently pefformed on the transformgd data (see Fig
7). This analysis revealed significant main effects of
conditioning (F(1,36) = 28.02, p < .01), and of Days
(F(2,72) = 8.42, p<.0l) and significant interactions of
Pre;exposure x\Cénditioning {F(2,36) = 5.95, p< .01) and of
Conditioning x Days (?(2,72) = 4.62, p € .05). Dunnett's
tests (p< .05; see Kirk, 1968) indicated that whereas both
saline and methylatropine pretreated groups in the saline
concditioned animals (S5AL-SAL and ilA-5AL) exhibited an

overall -increase in saccharin intake over days, no change in

-
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saccharin intake was found in atropine bretreated animals !
conditioned with saline (AT-SAL). Althoughpatrépine is knowrne
to suppress drinking (Stein, 1963), this cannot account for

the present data, in which no suppfessive effect of atropine

‘on drinking was found on ihitial saccharin presentation. As

well, the saccharin intake of the AT-SAL, saline-conditioned
’ f
.f

,animals remained near baseline levels even on tﬁe final -
(Test Day) saccharin presentation, when no atropine
pretreatment was given. It may be speculated that the
failureato observe an increase (maintenance of neophobia) in
saccharain intake in the atropine pretreated animalé (AT-SAL)
is consistent with reports within classical conditioning
paradigrs that atropime but not methylatropine, may
interfere with habituation to the conditioning stimuli
(e.g., Downs et alt, 1972).

, s -

In animals conditioned with morphine,/Dunnett's tests
revealed that whereas both saline and/ﬁEZZZIatropine
pretreated animals (SAL:HORPH and MA“MORPH) exhibited a . .%
significant decrease in saccharin intake (indicating a
morphine-induced CTA) no significant change from baseline
saccharin intake levels was\observed in animals pretreated
with atropine prior to morphine conditioning (AT-MORPH).
Thus, pretreatment with atropine, but not methylatropine
served to bl?ék the formation of a morphine-induced CTA.
This effect was consistent with the findings of Davis and
Swith (1975) where atropine, but not methylatropine, wés

found to block mdrphine self-administration. These data, "

~r

I
-
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O-O SAL-SAL ‘ T
* 9-0 SAL-MORPH: -
A-A AT-SAL
A-A AT-MORP
0-0 MA-SAL
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* Figure 7. Saccharin fluid intake (ml), expressed as percent
.change from initial baseline level of consumption (on Pl),
of animals pretreated with either saline (SAL}, atropine
(AT) or methyl-atropine (MA), and condritionedxwit}’m either
saline (SAL) or morphine (t-}ORPH).'



. 7114

v

‘
- . ‘ P

T 3

therefore, support the hypothesis &é£t a 'functional
I’ _ v

J

relationship exists between the CTA-inducing and positive

A 8

reinforcing properties of “morphine.

-—

. Experiment 5b
This second experiment exﬁmined the potential effects of
. . S -
atropine or methylatropine pretreatment on CTAs induééd by
either amphetamine or LiCl.
, : Method _ , \
. o ‘ \
Suvbjects '
’ -
Subjects were 74 male Sprague Dawley rats weighing

#00-350 g at the start of the experiment. Housing conditions

" were identical to those used previously.

1
o

Drugs

VD-amphetamine sd{phaxe (Smith, Kine £ French, Canadé,
Ltd) was dissolved in physiological éaliﬁe, as were atropine
sulphate and atropine methyl bromide.xsigma'Chemical
Cohpany). The injection volume of these drugs was 1l .ml/kg

body weight. LiCl was dissolved in distilled water to make a

‘final 0.15 Molar solution and was injected in a volume of 3

.

ml/kg body weight. -

Procedure

An identical procedure to6 that'used in the preceding
experiment was followed here. On:Day 8 (conditioning day) of

a 23 h 40 min water deprivation schedule, ,anhimals were
pretreated with ip injections of atropine or methylatropine
(0.6 mg/kg), or saline as préviously described. Forty “

-

minutes later, a novel 0.1% saccharip solution was presented

v
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in place of the normal drinking water. Immediately following

the 20 min dripking period, animals were given ip injections

o

of either distilled water (3 ml/kg), afBhetamine (1 mg/kg)

or LiCl1 (3ml/kxg of a .15 M solution). A 3 x 3 factorial .

design was used such that saline pretreated animals received
o .
conditioning injections of either distilled water (SAL-VCH,

<

n=8), amphetamine '(SAL-AMPHET, n=9) or LiCl (SAL-LiCl, n=7).
Similarly, methylatropine pretreated animals received
conditidning exposure to either distilled water (MNA-VEH,

n=8), amphetamine (MA-ANPHET, n=9), or LiCl (MA-LiCl, n=8).

* And finally, atropine pretreated animals received

conditioning injections of either distilled water (AT-VCH, #
n=g), amphetamine (AT-AMPHET, n=9) or -LiCl (AT-Lig]}, n§8).
Three conditioning days and a final test day were given as

in pxger?ment Sa.

]
C/ ¥ Results and Discussion

Separate statistical analyses were"performed on the data

of the amphetamine and LiCl treated an;mals with the vehicle

conditioning groups serving as controls for both analyses.
' . ’ 3 (] k3 » - ‘

One way ANOVAs indicated no significant differences in

baseline saccharin intake between treatment groups on the

first conditioning day, both fpr the amphetamine (F(5,45)

‘=l.37, P> .7) and LiCl (F(5,46) = 1.43,‘p>, .7) analyses.

The data was accordingly expressed as percent change from

£

vaseline scores as in the preceding experiment: geparate

three way (3 x 2 x 3) ANOVAs‘'with repeated measures was
. T~ -
performed on data of the amphetamine anqu§C1 g}Rups as

{

’

/

® . od
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0-0 SAL-VEH D
0-0 SAL-AMPHET

" a~a AT-VEH
v A-4 AT-AMPHET
- 80 0-0 MA-VEH
- . ) O-0 MA-AMPHET
60 '
40
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¢ Figure 8. Saccharin intake lml)'expressed as percent change ¢
from baseline saccharin consumptipn (on Pl) of animals
pretreated with either saline.(SAL), atropine (AT).or
metihyl-atropine (MA) and conditioned with either vehicle
(VEH) or amphetamine (AMPIIET; see Panel A), or lithium
chloride~ (LiCl; see Panel B). - '

N
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mentio;ed aBo?e.

~ The ANOQA for the amphetamine conditioned animals (and
apgpropriate vehicle control groups, se; Fig &, pgnel A)
revealed significanf m@in—effeété ;f(Pre—treatmenE (F(2,45)
= 3.26, p< .0l), of Conéitiqning‘(F(l,45) = 36.51, p<
.01), and of Days (F(2,90) = 6.87, p< 01). A significant
Conditioning x Days interaction &as also evident (F(2,90) =
9.98, ‘5< .01). Examination of the data of the vehicle
conditioned animals suggests a similar pattern of effects as

observed in Experiment 5a. Dunnett's tests indicated that

« [

only the MA-VCH group showed an increased saccharin
' N

consumption (on Days P2 and |T4). In amphetamine‘coﬁdigionéd
aninals, a significant~d;c ease from baseline intake leve£;’
was evident for the SAL-AMPHLCT and MA-AMPHCT groups only on
the final Test cay kT4). In contrast, the atropine
pretreg@gd, AT-AM?HET group exhibited a g@gnificant
reduction in saccharin consumption on bays P3 and T4. Thus,
wﬁile all amphetamine conditioned animals exhibited an |
amphetanine CTA, the atropine pretreagmeni would appear to
have, if ahything, served to enhance ;his CTA. When |
considerecd together with the previous atropine blockade of a
morphine CTA observed in Experiment 5a, these data seem to
provide a cénfirmaéion(gf the predicted ‘findings from the
study of Davis and Smith (1975{, in which atropine plocked
m&rphine but enhanced amphetamiﬁ; self-administratidn. These
data, therefore, seem.to proviae strong support forlthe

hypothesis of a functional relétidnshiplbeiween these SA

drugs' positive reinforcing and CTA-inducing properties.

——
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A three-way (3 x % X 3) ANOVA, with repeated measures\.
performed on the LiCl conditioned and vehicle. control grougs
(seé“?ig 8, panel B) revealed significant main effects only
of Conditioning (F(1,41) = 38.08, p< ..01) and of Days

(F(2,82) = 11.47, p«< .01) an a significant Conditioning x

'qus'interaction (512,82) =9.72, p< .01) Dunnett's tests

indicated that both the SAL-LiCl and AT-LiCl groups

exhibited a significant reduction in saccharin intake on

—

Days P3 and T4, while the lMA-LiCl group'exhibi;ed this

reduction only ﬁhe final test day, T4. It is not clear, at
present, how to aécount for this apparent‘attenuative effect
of methylatropine‘pretrgatment. Additionally, the present
data are in conflict with an earlier report by Deutsch
(1978) indicati:g tﬁat étropine pretreatment served to block

N
a LiCl-induced CTA. However, in this study by Deutsch, an

L]

!

atropine dose of 100 mg/kg was used in comparison to the 0.6

L

mg/ikg atfopine dos?”used here. Such a contrast in dose level

4 -

clearly proQides a means to explain the apparent discrepancy
between the two studies.

In summary, the results of Q3pefiments‘5a and 5b would

appear to pfgvide a confirmation of the hypothesis that -the

., neurochemical mechanisms involved in the positive

reinforcing and CTA-inducing properties of the SA drugs

morphine and amphetamine are functionally related. The

oresant data would also appear to add to the evidence

A

suggestiné differences in the neurochemical mediation oQf

il

mo:pﬁine and amphetamine CTAs. Roberts and Fibiger (1977)

N
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found that neurotoxic lesions of the dorsal noradrenergic
puncle served to cdisrupt a morphine but not an amphetamine
. T . »

CTA. Also, . while naloxone pretreatmené serves to attenuate '
o s A
a morphine 'CTA (Van Der Kooy & Phillips, 1977), a similar

naloxone pretreatment was found not to alter an- c

amphetamine—lnddcgd CTA (Goudie & Ded@iweek, 1980). The

t . \ v
present findings, indicating an atropine pretreatment . -

blockade of a morphine CTA. and apparent enhancement of an

o

amphetamine CTA, would therefore appear consistent with' the

*

evidence suggesting differential inveolvewment of

neurochenical system§ mediating both the aversive

€

L(Czﬁ-induciné) and positive reinforcing)(bavié & Smith,1975)

properties of these two SA drugs. e .
. ¥ - .

3 . o

\ s
v , - -

¢ c @

e
»
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General Discussion

It has been proposed that a gualitative distinction may
"be established between CTAs induced by SA drugs‘and CTAs
induced\by‘otherc primarily emetic agents. Of particuiar
interest to psychopharmacologists is the seemingly
contradictory notion that the CTA-inducing, aversive
stimulus proferties of psychoactive drugs such as morphine,
ethanol, amphetamine and cocaine may be functionally related
to these drugs' well knowﬁ positive ;einforcing properties.
The fact-that the same drug can act both as a positive
reinforcer and as an aversive agent can, in itsélf, be
viewed as paradoxical (Cappell & LeBlanc, 1977; Gamzu, 1977;
Goudie, 1979). The 'paradoxical' nature of this phenomenon
waélfurther augnented by the odservation that the sane

presentations of morphine or amphetamine have been shown

both to induce CTA and act simultaneously as a positive

- L3

reinforcer in the same animal (Reicher & Holman, 1977; White -

et al., 1977; Wise et al., 1976). The involvement of the
same- neurotransmitter systems in what would commonly be
considered to be two behaviorally distinct and opposing

Y

motivational processes serves to even further accentuate the
apparent complexity of these drugs as reinforcing stimuii.

The results of Lxperiment 1 would appear both to
potentially extend ghe list of behavioral criteria by which
a gualitative distinction can be made between emetic CTAs

and CTAs induced by SA drugs, and also to provide further

empirical support for-the notion that there is an important

120 .
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similaraty betwéen.t?e positive reinforcing and CTA-inducing
pioperties of SA drugs such as moéphine. The first point is
apparent in that while a clear dose-response relationship is
observable in tgs‘disruption of a LiCl-induced CTA by LiCl
pre-exposure'(Cannon et al., 1975), it was found that no

such dose-response pelatidnship was evident in the case’of
mofphine preexposure effects on-a morphine CTA. While a
wide range of morphine doses examined. in this study were
diésimllar in their capacity as CTA-inducing agents, these
aoses were howevér equipotent as preexposure agents serving/
ﬁo attenuate a subsequent morphine CTA. These data,
therefore, suggest that an unequ'chal, quaiitative
distinctipn can be assumed.betwéin CTAs induced by emetic
drugs such as LiCl, and CTAs induced by positive reinforcing
drugs such as mocpaine. ’

Second, the findings of Cxperiment 1 appear to add to
the evidence assuming an 1m9§rtant similarity between the
positive rcinfércing and CTA-inducing stimulus properties of
SAa d:u?; such as morphine. It was shown that preexposure to
low doses of morghine, known to be within the range of doses
maintaining self-administration in animals (Weexs & Collins,
1964) but not within the dose range inducing CTA, sérved to
disrupt a subsequent morphine CTA. Implicit in an
agsociative interference explanation of this preexposure
phenomenon is the idea that the strength of the disruptive

effects |of Crug preexposure 1s determined by the-similarity

‘of the psychophariacological impact of the two agents

121



involved in preexposure and conditioning treatments (Cannon
et al., 1977). Given the findings of Experiment 1, it would
fol}ow logically that the positive reinforcing (but
non-aversive) stimulus properties of the morphine
preexposufe dose shares important discriminitive
similarities with a higher morﬁhine dose capable of inducing
a reliable CTA. Thus, it would appear that a CTA induced by
a 5A drug such as morphine may involve a discrimination of
the drug's more general stimulus properties, incorporating
those potentially related to positive reinforcement, rather
thah Simply reflect some mcre or less discrete, noxious
component of the drug's action. This idea has previously
been most ézrongly supported by findings that SA drugs may
be suaultaneously aversive (CTA-inducing) and positive
reinforcing (Reichef & Holman, 1977; Uhite et al., 1977;
lise et al., 1976). | _

In Experiment 2, a further testing of this notion was
provided. It was found that a lowf non-aversive dose of

" morphine was egually capable of maintaining a previously

established morphine CTA as was continued exposure to a

high, CTA-inducing drug dose. This low dose of morphine was

within a dose range self-administered by animals (Veeks &

coléins, 1964). It would therefore appear that exposure to

%,

¥ ‘ ‘
the §§edominantly positive reinforcing stimulus properties

is alone sufficient to maintain a previously established

morphine CTA. As in Experiment 1, the fincdings of Lxperiment

2 may be seen to contribute further vevidence supporcing the

122
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thesis that a significant commonality exists between the
CTA-inducing ‘and positive reinforcing stimdlus properties 5f
SA drugs. q

In a further investigation of the morphine preexposure
phenomenon examined in Experiment 1, the findings of
Experiment 3, provide a demonstration that, like morphine

cdiscriminatio (Shahnon & Holtzman, 1976), morphine CTA (Van

Der Kooy & Phillips, 1977) and opiate self-administration

-(weeks & Collins,' 1976), the disruptive effects of morphine

preaxposure on a morphine CTA appear to be mediatec by

naloxone-sensitive opiate receptors. The interpretation of

the results presented for Lxperiment 1 would necessarily

\\’
reguire such a consistent involvement of the same

neurocheinical’ systeans in each of these phenomena. Therefore
the findings off Lxperiment 3 strengthen the notion that an
important comnonality exists amoungst these various stimulus

5

properties of morphine. ‘ . !
In Cxperiment 4, preexposure to centrally (icv)
acdministered morphine, priof to taste aversion conditioning
with peripherally administered morphine, was found to result
in a subsequent increase of saccharin intake in both saline
conditioned (control) and morphine conditioned animals. Such

* M . 13 . A
an effect was not observed in experiment 1, in which

preexposure to peraipherally administered morphine served, if

.

_anything, to suppress initial saccharin intake. This

unexpected pattern of results 1n Experiment 4§ clearly

accentuates the inherent complexity oif\the behavioral
(

123,
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effects of psychoacéive, SA drugs such as morphine which
apparently can be modified substantially due to central
(icv) vgrsﬁs peripheral routes of drug administration.

In Experiment 5, central cholinergic systems previously
shown to be involved in the positive reinforcing effects of

morphine and amphetamine (Davis & Smith 1975) were shown to

be similarly involved in mediating these drugs' CTA-inducing

'p:operties. Such a finding provides further support for the

'paradoxical' notion that there is a functional relationship
between those ﬁe@kochemical systems mediating the
behaviorally distinct positive reinforcing and CTA-inducing
effects of these SA drugs. Furthermore,"thé_failure of the
peripherally-acting cholinergic antagonist, methyl-atropine
to alter morphine or amphetamine CTAs adds to earlier
evidence indicating that central rather than éeripheral
systeus are involved in mediating sﬁch CTAs (e.g., Berger et
al.,'l973; Van Der Xooy, l§84). As well, the faiiure of
either cholinergic antagonist to alter a LiCl-induced CTA,
provides an additional demonstration of the distinction
bgtween CTAs induced by SA drugs Eontrasted with primarily
emetic drugs which constitute a central theme of this thesis.
An increasingly‘prevalen; notion within the human drug
abuse literature concerns the involvement of 'mixed
euphoric/dysphoric' effects of SA drugs in the maintenance
of drug self-administration (Meyer & Mirin, 1979; liello,
1983). For instance, leyer and Mirin (1979) have publishé&
reports of increasecd (presumably dysphoric) égitation and

»
'
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‘cravings.' during heroin self-administration in humans
within an experimen£al setting. Incéeased dysphoria and
anxiety aésociated with opiate and alcohol intake have also
been reported during a period of chronic intoxication

(liello, 1983). At high doses of cocaine there are also
reports af dysphogia and anxiety accompanied by a desire for
more cocaine (Resnick et al., 1977). In view of such
reports, it is theorectically possible to postulate thatr/
CTAs induced by SA drugs may reflect their dysphoric
properties. Such a notion, of mixed euphoric/dysphoric .
efféc:s of SA drugs would not be inconsistent with the point,
argued elsewhere in this thesis, that the aversive stimulus '
effects of 5A drugs are functionally related to these drugs'
positive reinforcing properties. A closer integration of such
an hypothesis with available animal CTA and drug
self-administration data would appear to reguire the
acditional consideration of some form of 'stimulus
relevance' idea (see Cappell & LeBlanc, 1977; Revusky,
1977). It would foilow from such a consideration that -
dlffereAt (euphoric/dysphoric) components of a SA drﬁg
stimulus would be more or less discriminable under
contrasting gustatury or exteroceptive stimulus conditions.
Exposure to a complex -pharmacological stimulus following
gg;ent gustatory input provided by presentation of a novel
taste stimulus may be discriminated differently from an

. * ’ . ] . 1 :
identical exposure to the same crug without the associated

gustatory stiimulation. Since gustatory input has been

\
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reported to reach the‘thalamus,-amygdala and hypothalamu§
(liorgren, 1976), considered together with
electrophysiological evidence suggesting potential
modulatory input‘of these regions to the solitary nucleus
dur@;g taste aversion conéitioning (Chang‘& Scottf 1984), it .
would appear at least plausible that gustétory stimulation
s may potentially serve to mocdulate stimulus properties of a
subsequently adm&nistered SA drug. While clearly speculative, .
the role of the solitar} nucleus in a general arousal sys£em
.
(Roella, l974f’may be seen in this context as consistent
with the hypothesis that gustatory stimulation-might result
an some form of neurophysiological activation whigh, in
turn, coulc serve as am dulatory influence upon exposure to
a psychoactive drug. Suc:\@ notion is not inconsistent with
the apparent d;scriminative complexity of SA drugs such as
opiates tColpaert, 197°%). For instancs, Colpaert Niemegeers
and-Canssen (1976) found that, in a drﬁg discrimination
paradigm, animals gfained on a saline/fentanyl
discrimination responded on the drug-appropriate lever when
pfesented with apomorphine. However, animals initially -
' , trained to discriminate between saline and apomorphine
subsequently fdiled to generalize this drug di;crimination
to fentanyl. It may be, then,that under certain conditions,
an animal's prior drug‘(or perhaps, taste) history may chfnge
how various components of a drug stimulus complex are

ciscriminated. There is also ‘evidence from the human drug .

literature to indicate that the stimulus properties of

[ 4
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positive reinforcing drugs are not readily discriminable, ' s
particularly when.dissociated from previously experienced
environmental cues (Lasagna, Voﬁ~Felsinger & Beecher, 1973;
Van Dyke & Byck, 1982). Curiously, experienced opiate users
have reported using the magnitude of the initial nausea

<

occuring following érug intake as a positively correlated

cue for predicting the intensity of the subsequent drug

_'high" (Sstolerman & Kuhar, 1972). However, a direct parallel

of this 'good sick' phenomenon in humans'with CTA in aniﬁals
would seem to be obviated by the find;ngs presented in
Experiﬁgﬁt 2 of this thesis. In tﬂfs study, it was found
that a morphine CTA, initially induced by higher, A

CTh-inducing doses of morpliine could subsequently be .

reliably maintainec over repeated conditioning trials by

exposure to lower, non CTA-inducing, doses of morphine.

R

These data suggest that the hypothetically more
discriminable, dysphoric stimulus effects of higher morphine

doses are not necessary for maintenance of a taste avg;sion

N

response. Coﬁversely, it was demonstrated in Biéeriment\ , '
that preexposure té low morphine doses are as effective as
préexposure to high doses in disrupting a morphine CTA.
Reliable self-administration of such a low morphine dose
has, however, b;en established (Weeks & Co;lins, 19Qﬁ3. P
Thus, it appears that the discriminable, potentiaiz;
‘dysphoric', CTA-inducing stimulus properties of SA drugs
such as morphine may be inextricably associated with other,

potentially 'euphoric' positive reinforcing properties of



+ . . . 5 . .
increasing drug familiarity over repeated conditioning

’

these drugs.

There is also evidence within the human:drug literature
to s;ggest that the initial exposure to potential drugs of
apuse are predominantly aversive rather than euphoric in
na%ure (Jaffe & Martin, 1980; Ncéuffle, 1975; Tecce & Cole,
1974). This is consistent with the hypothesis that
drug—n;velty, associated with an unfamiliar, drug-induced =
change of state, ﬁéy be an important féctor underlying the
induction of CTA by SA .drugs (Amit & Baum, 1970; Gamzu,
1977). Such an account is consistent with the reports of

n\ ki
aisruption of CTA by drug preexposure (Gamzu, 1977; Vogel &

¢

Nathan; 1976). Vhile this hypothesis would predict that

trials should result in a decreasing magnitude of CTA, the
gppearancénof such an effect may be dépendent on tae

temporal pattern of such drug exposures (Colle & Amit, 1985;

but see Riley et al., 1978). As well, in at least one report

of non-contingent drug preexposuré given‘prior to drug
self-administration in rats, no facilitation of acquisition
of the drug-taking behavior was observeé (Deneau, Yanagita &
Seevers, X969; see also Voods & Schuster,il973) as.woulé be
preaicted by the hypothesis of drug-novelty aversion. As

previously argued (Cappelli& LeBlanc, 1977), while

intuitively appealng, a problematic aspect of this

_hypothesis is that it would appear difficult to adeguately

test the possible contribution of such a novelty factor

without concomitantly introducing other confounding factors,
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such as dgug tolerance. L

[}

. As suggested by Goudie (1979), the 'paradoxical' nature
of CTa inducecd by SA drugs may be conceptualized‘as a
‘contradiction of the expectation that stimuli associated

with a drug's positive reinforcing actions should eventually

K

take on secondary positive reinforcing properties. For

instance, classically conditioned reinforcing properties of
an exteroceptive, auditory stimulus .paired with morphine or
amphetamine injections have been reported in the animal

literature (Davis & Smith, 1974; Coussens, 1974). Similar
~effects have been reported in humans, the so-called

‘needle-freak® phenomenon (Levine, 1974). Injection of

"

saﬁine or water served to elicit drug-lilke euphoria,
apparently due to secondary conGitioned properties
» . N

associated with the cdrug injection procedure. ilowever, there

are reports by hunan drﬁg abusers that suggest that other
E Y : .

pre-injection stimuli (e.g., presentation of drug )
1Y ! t

preparation paraphenalia) may be aversive ‘(see Grabowski &

v

A . ' )
Cherek, 1983). Insofar as the novel taste CS in taste .

aversion conditioning may be considered as a distinctive
o7 y ‘
pre-injection stimulus, such reports are, .then, ‘compatible

@ »

with a confirmation of the paradox described above. It would

appear that pre-injection stimuli may potentially be both

'
By

positive reinforcing and aversive in nature. An important ?

‘limitation for such an interpretation, however, nay be the

rapid (one trial) acquisition of CTA, in that in the human -
/

repawts cited by Grabowski and Cherex, (1983), repcated °

|

/J ) ‘ Kl B
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expoé&re’to the particular pre-ihjebtiqn stimuli p?esumably
(/< taok place. Despite this difficulty, it is interesting to
né:e.that in a funway paradigm in which morphine-conditioned
~aniﬁgl; were found to exhibit simuitaneously both a CTA to
nové€l tasting food and increased running speed to reach the
\
goal-box where this food was presented, the presence of the
‘ lnovel‘taste appe;red to enhanc the d;scriminability oﬁethe
po;itlva‘?einforcing properties of morphiné.(Switzman et
al., 1978). Animals conditioned with morphine that were not
' exéos%ﬂ to the novel taste. (and hence did not exhibit a
CTA),.did hot as readily exh;bit an increase in running
speed. Although these dalqquuld appear contradictory, it
‘may oe postulated that the taste stimulus may act both as a
Cikscriminative cue, facilitating approach behavior, and also-

“

as a moreé-.proximal, pre-injection cue, eliciting
.consurmatory avoidance behavior. . ;
Iﬁ summary, CTAs incuced py SA drugs such as morphine
‘would appear to,bé gualitatively distinct from CTAs induced
bﬁyefiyarily emetic agents. Such a gisticntion is
establishgd on the basis Pf physiological, neurocheﬁical and
behavioral evidehce; Physiological investigations of CTAs
}ndhééﬁ by SA durgs, in génera;, incicate that these CTAs do
“not simply reflect the potentially noxioﬁs (peripherally
N toxic) actions of these SA drugs (e.g., Berger et al., \
1973). Behavieorally, in contrast to emetic CTAs, CTAs

inducegAby SA 'drugs geherally are lower in magnitude and

. sh&w. a greater between-subject variablity of the taste

- 4



conclusion is fﬁferred from several reports that the same

*
[N . : L e

f -

~ o P
aversion response (e.g., Farber et al., 1976),-and are rore

susceptible to disruption by drug preexposure (Switzman et

al., 1981). CTAs induceéd by SA diugs appear to exhibit a
b Y

curvilinear dose-response curve (Farber et., 1976), in

’

contrast to the linear dose-response function seen in emetic .

S

CTAs (Nachman & Ashé, 1973) .As well, whereas the magnitude
of disruption of a CTA induced by prior drug preexposure
would appear to be dose~dependent, éo such dose-response
reiaﬁionship was observable in similar drug preexposure . ‘
éisruption of a CTA induced by the SA cdrug, morphfhe

(Cxperifent 1). Furthermore, a functional relationship ﬁas

been postulated to exist between the neurochemical systenis

mecdiating the positiJe and CTA-inducing properties of SA

dirugs.

L]
Tiis notion is based primarily on the mounting

. - P - . . v .
‘@vidence demonstrating that specific pharmacological

manipulations which block the positive reinforcing effects

of these drugs also attenuate these "drugs' ,CTA~inducing ‘g

LY &N
R S i PPN

properties. (e.g., Experiment 5). The evidence Gerived from

C J

the animal literature supports the view that,-ratherwghan' T

being separate and dichotomous, the aversive (CTA-inducingQ .
L3 —
Y
and positive reinforcing stimulus properties of SA drugs m§y ) A
/ . R - . : )
involve common discriminative characteristics. Such a

e |

3

injection of a SA drug can act simultaneously both as a

positive reinforcer and as a CTA-inducing agent in the same

R,

. animal (e.g., Switzman et al., 19xx). In accition, a low,

non-aversive dose of morphine, known to be within the doso

.

’ A 4
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range selffadministered by animals (lieeks & Collins, 13964),

s

was shown to be capable of maintaining a prev{ously
established morphine CTA (Expériment 2). Inéeed, in one
study, a positive relationship was found between the
magnitude of a posifive reinforced behavior (running down an
alleyway) and the magnitude of. the CTA induced by the same

r

drug exposure (Switzman et al., 1978). As discussed above,
reports from the human drﬁg literature appear to confirm
that tlie posigive reinforcing properties of SA drugs do not
simply reflect purely 'euphoric' stimulus properties (ileyex

& iiirin, 1979; ilello, 1983). In the context of the present

discussion, the 'rewarding' aspects of exposure to SA drugs
b .

may be postulated to be inextr;lably tied to concomitant

equs;re‘to other stimulus properties of these drugs which
are not accompanied by such eupho:iC"feélinés.of ’ /\~N/h*
well-being'. According to this view, a povel taste stimulus,
previously associate@ with exposure to a SA drug, may elicit
a form of approach/ayoicdance conflict. Instead of reflecting
a simple concditionec taste aversion, such a pattern of
respofise induced by a SA drug may more accuratel} be
desar?bed as a conditioned taste shyness. The latter
description is, in fact, more consistent with available data
concerning behavioral patterns observed in CTAs induced by
SA drugs (Parker, 1984; Switzman, personnel communication;
Stolerman & D'lMello, 1978). In addition to providing a |

possible explanation of the paradoxigal natuire of CTA ,

incuced by SA drugs, this taste-shyness hypothesis sarves to

£ .



-

¢
underscore the qualitative distinction between CTAs induced.

by SA drugs and/fmetic agénts established earlier. lioreover,
chh an interpretation brings into sharper focus important
guestions concerning the potentiaily~comp1ex motivational
stimulus propert;ég of'psychoéctive, self-acdriinisterecd
drugs, so widely abused in modern society. A questioﬁ of
primary relevance in‘this rééérd épncerns the néed to
identify neurépﬁygiological and perhaps, environmental
variables whiés ray serve,toldifferentially modulate the
apparently interfelated aversibé and positive reinforcing
properties of these drugs. Ultimately, fhe continued . .
investigastion of‘CTAs.iﬁduced by SA drués would appear

invaluable in order to more comprehensively understand the

‘intricacies of drug-motivated behavior and of motivational

processes in general.
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