I3

9

7

. . / '
. (3 hd - 0 . 3 o ’ ! .
* injections of cocaine were administered following saccharin

[

exposure. The mﬁltip}e injection'procedure eﬁhanced the

. taste averion norpally induced by cocaine, indicating that
the tempogal properties of a self-administered drug may be
important for therindgcffbn of a tagﬁe aversion. In the
third expériment, réts weréd exposédlto one of three drugs

_ (morphine, Valium or A’THC) prior to taste aversion <
cpnditioning'ﬁith either of the three drugs. Depending
upen.the prg—gxposure and Eondiﬁioﬁing drﬁgs, a taste

aversion could still occur indicatfing that rats can

discriminate between different aversive drug properties.

When the pre-exposureg¢and conditioning drugs were reversed,

¥
asymmetrical pre-exposure effect may occur as a result of

however, the taste aversion could be attenuated. This

additional negative effects produced by the taste

aversion—attenuatingld;ug. Pre-exposure to the more

<

posiéive drug would not, then, be expected to be. as .

efficient in attenuating the taste aversion induced by .
the more negative drug. )
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Researchers hqv% been attemétiné to elucidate the

Y

‘ basis of voluntary drug use, or drug self-édministration,'

by creating situations for laboratory animals to s . : 1

£ »~ . ! .
. self-administér drugs. This research aims to shed light

on the nature of drug dependence and motivational
mechanisms in general. vAnimals can learn to preferentially
ingest dfug solutions (e.g. Brown & Amit, 1977; Khavari,

Peters, Baity & Wilson), 1975; and to perform an operan£ S
behavior which results in a drug inje7tion (e.q. Deneauf
Yanagita & Seevers, 1969; Weeks & Collins, 1964; Woods &
Séhuster, 1968) .- In these paradigms, a number of factors
may be manifuléted in érder to degermine the behavioral
ana biochemical variables that control the initiation and —
maintenance of drug selfjadministration.‘ The fact that ~
laboratory animals éelf-administer*drugs would seem to be
contradictory in view of evidence suggesting that .
self-administered drugs can be aversive to the ahimals. _
Rats can.develop a conditioned taste aversion (CTA) to a
novel flavor when a drug injection follows ingestion of

that flavor (Berger, 1972; Cappell, LeBlanc & Endrenyi,
[ 3

1973). That is, rats learn to avoid a specific taste -

which is associated with a drug that, otherwise, is ' )
self-administered, The same chemical, then, apparently
promotes avoi&ance behavi'or in one situation (CTA) and a

positively-motivated ‘orienting response in another

\
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'

- situation (self-administration) . ' The implicatien is that

a drug can be both aversive and.positive. The terms
aversive' and 'positive’—as used here are inferential.

v -

,
Aversion'is“iﬁferred from the observation ‘that a distinct

_ gustatory stimulus is avoided when it has preQiously
preceded~a drug effect. A positive d;ﬁg effect is inferred

from the observatlon that animals actlvely engage in a

Pl v

behavior, consummatory or other that causes the drug effect
to occur. In the ensulng pages, these inferences will be
. a : , v

critically evéluated. The ggsumption that drugs can

’

either be. positive or aversive but not both, is

vt

challenged by the fact that self-administered drugs can

——

induce ‘CTAs. For this reason, research in the area of
drug aversion can be of con51derable 1mportance in

broadenlng ou{ view of the motIVatlonal nature of drug

\
.

effgct5a

S

Some basic questions in the area of drug - (

self-administration will be explored in the\following

pages to assess whether drugs are self-admlnlstered for
thelr positive pharmacologlcal properties or to avoid ‘
- w1thdrawal symptoms. " Some possible pharmacological -
nechan%sms involved in the.self—administrétion bghavior
will also be ex;;ined. Following_this analysis, some of
the issues rélated to the réle of psycﬁoactive drugs. in
< the iﬁduction df CTA will be examined to determine

- J

¢ el a amy eaea e oA w . a4 e am mmmmas
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{_ self-administration paradigm. Some possible physiological

. . . ~ . .
¢ . : . 3

1

»~  _whether or not CTA is a phenomenon explicable in termsA

- 0y
-

- of different parameters froms that involved in the drug

mechanismS'involved in CTA will also be" explored. Finally,
- there will be a critical review of the concepts tha¥
researchers have proposed in order to relate the positive

+_and aversive drug effects to each other. o a

- N o *

‘. . Drug Self-Administration

.

‘A considerable body af literature has evolved
demonstratiné that laboratory animals sé}f—administér drués )
"which are self—administered‘B;’humans. Tablé'l is a
representatiyé sample ' of these experiments. it is.not

within the scope of this section to exhaustively review .

the'gelf-administration literatur® (for reviews see o hd

, J.Schuéter & Thompson, 1969; Sefdgn & Dykstra, 1977; oo
Speaiman & Goldbefg, 1978; Thompson & Pickens, 1975;

Wiklgr, 1973; Woods, 1978). The aim here is to-YTTEE¥Y§%€“”““f“J*”““f

thdt drugs can serve as positive reinforcegs for laboratory

'

énimals and that the magnitude of positive reinforcement

varies'witg.the ﬁharmacologicai\agent‘available for

g

éélf—administration.‘ Furthermore, some of the evidence } RSN
. ~ : \ \\\\\ . . , ‘ .
implicating a pharmacological basﬂ%\of drug reinforcement .- - .
. ' . . ‘\m" .
will be reviewed. P .cﬁ% .
A il : *

@
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- The Drug as a Positive Reinforcer

‘(see Spealman & Goldberg, 1978). In addition, drugs can
' provide the basis for conditioning of secondary .

reinforcement (Davis, Smith & Khalsa, 1975). That is, =« . -

\
T B

| o o |
\ s

A number of investigators have demonstrated that -

- [y

) . \ ,
laboratory ahimals preferentially ingest drug solutions |
or perform operants which result in the ééministgation of ) ‘

a drug.  Self-administered drugs include opiates (Amit,

Brown & Sklar, 1976; Deneau, Yanagita & Seevers, 1969; ‘

L]

- \J
Lewis, Margules & Watd, 1975; Stolerman & Kumar, 1970;

van Ree, Slaﬁgén‘& de Wied, 1978; Weeks & Collins, 19%4; ~
Mendelson & Mello, 1964), psychomotor s?imulants (Deneau
et al., 1969; Pickens & Harris, 1968; Yokel & Wise, 1975)
and barbiturates (bavis, Lulenski & Miller, 1968; Deneau

et al., 1969) among others. Drugs are self—administered/
E

orally, intravenously (iv), intragastrically .(ig),
intraperitoneally (ip) and intracerebroventricularly (icv)
(see Table 1). By far, the routes most commonly employed

are oral and iv. As is the case with more traditional

forms of reinforcement such as food, operant,rf?ponding

for drugs can be controlled by schedules of reinforcement - , .

animals respond for the presentation of a stimulus such -

as a light when it has been contiguously paired with the

’

administration of a drug, By definition, then, drugs can . .

4

be reinforcers. » \ ,

e e e . e )
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N What may cause organisms to find a drug reinforcing

is a question which has geherated controversy in the
literature. Essentially, there are two major positiéns on
this éuestion. One, more traditional position, is that
Arugs are self-administered to avoid withdrawal symptoms
(e.g. Wéeks:& Collins, 1964). In this scheme, the drug is
viewed as a negative reinforcer. A seqond, more recent
position, is thag drug self~administration occurs as a
function of the positive pharmacological effects associated
-
with euphoria (e.g. Amit, Corcoran & White, Note l;’Amit.
Sutherland & Whiﬁe, 1975). 1In this scheme, the drug is
viewed|a§ a positive reinforcer. Wikler (1973) has
elabor;ted a conditioning theo;y of drug dependence which
incdfporates both the negative reinforcement and positive

reinforcement apprbachei. It will be argued below that,«:s

1
in self-administration situations, drugs are positive
[} . \ .
"reinforcers to laboratory animals as opposed to negative

reinforcers, and that ‘positive reinforcement is sufficient

.
to account at least for the acquisition of ’ ,

self-administration behavior. First, however, it is

necessary to outling jthe negative reinforcement position.
3

°

The arguments in favor of a negative reinforcement

\

model are based primarily upon results of studies which

demonstrate (1) an increased tende%cy of rats to

self-adm&nister opiates after having received drug .

o

~ o

B e ow st i




ak\i;
.

experience prior to the self-administration p%iiod
(Khavari & Risner, 1973a, 1973b; Lewis, Margules & Ward,

. .
1975; Weeks & Collins, 1964; Yanaura & Suzuki, 1978) and,

1

(2) withdrawal symptoms manifesting upon termination of

r

Y
—~ =Y

drig self-administration (Khavari, Peférs, Baity k Wiison,z
1975; Khavari & Risner, 1973a; 1973b; MiMillan, Leander
Wilsop, Wallace, Fix, Reddiné & Turk, 1976; Weeks &
Collins, 1964). With regards t? the first point, it is
‘assumed by proponents of ;ﬁe negative reinforcement model
that the animals have become physically dependent as a
function of’thé forced drug administratién. The drug is

’ o 7
self-administered, therefore, to avoid withdrawal symptoms.

the withdrawal symptoms reflect the physical dependence
which has maintained the self-administration behavior.
McMillan et al. (1976) observed that rats exhibiting

withdrawal symptoms precipitated by naloxone (an opiate

-

antagonist) consumed opiate-adulterated solutions after
which withdrawal symptoms ceased. McMillan et al.
suggested tpat the resumption of opiate self-administration
occurred iﬁ order to alle&iate withdrawal symptoms.

A major flaw in the negative reinforcement position

is the inference of a causal relationship between the

'potential for withdrawal symptoms and the occurrancé of

.drug self-administration. For thf most part, the data .

5

PO - . . S e opit, o o bt At apmm o 4 o
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upon which this position rests are correlational. Even if
t .
drug-experienced animals tend to self-administer opiates "L /

more readily than non~experienced animals, this may be due

.

to habituation to the novelty of the drug (Amit & Baum,

1970) or some other type of related learning such as
learned‘safety. Physical dependence, as defined by

- withdrawal eymptoms, is not a necessary condition for
animals to commence seif—administration of opiates as .
demonstrated in studies qglng non-dependent, naive animals
(Amlt, Brown & Sklar, 1976~ Deneau et al., 1969; Khavarl/
Peters, Baity & Wilson, 1975; Kumar, Steinberg & Stolerman,’
1968; Smith, Werner & Dayis, 1975; van Ree et al., 1978;
Woods & Schuster, 1968). 1In fact, van Ree et al. observed
no differencé in herggn self-administration whether or not

- T

rats recelved prior forced injections of her01n. . T 7

P

Furthermore, physical dependence is not a sufflctent

condition for drug Self—adhin;etration as exemplified’by ' ; /
studies in which cessation of opiate self-administrat;on - :
does not result in the withdrawalhsyndron; (Amit, Brown & . .ﬂ 2

'
>
arto - 1:'1*".,, o W R B

PR

-»Sklar, 1976;.Wood§'& Schuster, 1968). Related to this

point, it is Interesting to note that animals voluntarily‘ C e

abstain from drug self—admlnlstratlon even when underg01ng

. ¢
a §

withdrawal (Deneau et al., 1969) Another argument

e

] : ¥ o )
against a. negative reinforcement model is that drugs which ~ , - _ 4 -
"do not produce withdrawal are qulte readily ‘ ' ‘
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self-adm;nlstered ‘These'lnclude cocaine (Deneau et al.,
M 4

1969; deW1t & Wlse, '1977; Pickens & Thompsow 1968; Woods™ - R
.. K ‘ & Schuster, 1968) , amphetamlne (Deneau et al., 1969;
i Pickens & Harris, 1968; van Ree et al., 1978; Yokel & Wise,

1975) and acetaldehyde (Amit, Brown & Rockman, 1977). It e

¥ s A8 b e Ak s e 3o 0

égems‘reasonable to conclude, ;hen,_ﬂﬁat although withdrawal | :
symptoms‘may be associated with a particdlaf pharmaceiogical {v
agent, in‘general, ho causal relaiionship between the
‘withdrayal symptoms and drug self-administration has been ; .

- conclusively demonstrated. . The exception is the study , .

conducted by McMillan et ai.*(1976) in which withdrawal

e

/ S seemed to promote 1neggased opiate self—admlnlstratlon.

At 1ssue here is whether the self—admlnlstratlon behav;or
v

’
v .

was purposefully directed towards relieving withdrawal S . :
- _' symptoms or whether g generalhstrees effect promotea |
self-administration. It is possi51e~that a, number of
stfessors,ceuldvfaciiitete drug self-administration. . L -
;“ o Alexapéer, Coa@bs and Hadaway (1978) demonstrated that/

* isolated rats would self-administer morphine to a greater

-

t ‘ degree than group-housed rats. Although strees might be .

"a factor in drug self-adminisfrat;on, it may be eoneluded~ f/fﬁ

~'that at least acquxsltlon of drug seLf—admlnlstratlon |
behav1or does not result frg; a negatively re1nforc1ng

. effect of drugs. A more likely alternative is that

! . *, - drugs are positive reinforcers in self-admlnlstratlon
o 5 , - 13 . .o ? ) .— F%‘

~
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, in order to derive the positive pharmacological effects.

™
N

.

- I | |
situations., In other words, animals self-administer drugs \

v
A5

That humans'report these drug effects to be euphoric is,

consistant with this hypothesis (Kolb, 1925;. Lasagna, Von*

Felsinger. & Beecher, 1955; LeDain, 1973). .
- . - ' w\
Self-Administration Liabilities of Drugs : o
o
Not all drugs which humans self-admlnlster are / SRS g

self—admlnlstered by laboratory animals. To date, no

quantltatlve measure exists whlch can rank drugs on the

.ba51s of the relatlve strengths to which they tend to be

‘and Carlini (1974) demonstrated that rats refused to

[

“known, however,

. are not readily self-administered.

self-administered. It would be difficult to do so dlrectly
from self-administration studies gue to changing variables
such as different dose parameters, durations of drug

~

action, and-preferred routes of administration. What is

is that opiates, stimulants, barbiturates
and ethanol can be sélf-administered by laboratory animals
(Table 1) . In contrast, cannabinoids and benzodiazepines
For instance, Leite
se;f-administer marijuana when giveﬁ tﬁs opportunity
after prior‘gdministration. ‘In pasallel, Harris, Waters

and -McLendon (1974) observed that naive or cannabis-
-experiencedfmonkeys refused to self-administer the drug.

Amit, Corcoran, Charness and Shizgal (1953) failed to | RN

detect hashish self-administration in rats, even after
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water even after electrical's;imulation of the lateral

_§9lf:admini$ter;diazepam after lateral hypothalamic.

. 13

Ll

electrical stimilation of the lateral hypothalamus, a
7 i . ‘z

M . \" N 4 2. 3
manipulation which did increase ethanol self—admggistratlon.

In this experiment, however, rats had received prior

" experience with ethanol which could have confounded the ‘ ©

4 @ .

_results. In another study, Corcoran and Amit‘(1974)

} . ) ¢ ‘ . : .
observed that naive rats did not self-administer hashish

in either a free-choice or a forced~-choice situation, or

"as a function of lateral hypothalamic .stimulation. More

- \ -
recently, van Ree et al. (1978) found that AITHC (a

putativelactive component of cannabis) was poorly
self-administered/gy rats in the same situation that
opiates were readily self-administered.. These studies T

suggest that the self-administratioﬁ'liabilitylof »

¢

cannabinoids are meagre.

The case .with benzodiazepines is less clear. The
evidence(seems 59 suggést that this class of drug is more
readily self-administered than the canﬁ?binqids although . | -7

the self-administration liability is still quite low. = .
! e
Amit and Cohen (1974) demonstrated that rats did not

t""

prefer an orally-ingested diazepam (Val#um)  solution to

hypothalamus. In the study)conducted by Amiﬁ, Corcoran,

Charness and Shizgal (1973) , however, rats did

, . . ' P . . ‘i:’g
stimulation (these animals had received prior =

2
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| experience.with etﬁanbi). In this séme study, it may be
| recalled that hashish was not self-administereds These
studies suggest that rats are reluctant to self—administer
diazepam alfhough"the tendency to do so may be greate£ than
" that for cannabis. 1In Q;nkeys, benzodiazepines are
self-administered but no@ to the same extent as are other
drugs suggesting limited reinforcement in these animals.
Findley, Robinson and Pereériné {1972) demonstrated that

monkeys did self-administer chlordiazepoxide (Librium)

although secobarbital was preferentially sé}f-administered?b

‘In another experiment, Yanagita and Takahaéﬁi (i973) found
that diazgpamlwas also self-administered by'monkgys but
not to the degree tﬁat either pentobarbital, alcohol or
chloroform were. '

‘In summary, fhen, one may conclude‘%haf, in‘
iaboratory animals, the reinforcing effects of opiates,
stimulén;s, Barbituratgs and ethamol are greate:'tﬁan
those of qannabinoias‘aqd benzodiazepines. In fact,. the
réinforcing“éffects of these latter two seem to be quite

- ‘ \
limited although benodiazepines may be more reinforcing

than cannabinoids.

A Pharmacological Aspect of Self-Administration
-~ The involvement of biogenic amines in drug-reinforced
behavior hasAregeived a great deal of attention.
Fy

Catecholamine systems have been implicated in the !

y]

i
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: _7’ - self-administration of opiates (Amit & Levitan, 1975; . - ,

Brown, Amit, Sinyor, Rockman & Ogren, 1978; Davis & Smith, . !
o 1972, '1973; Davis, Smith & Khalsa, 1975; Glick & Cox, 1977; n
Glick, Cox & Crane, 1975; Glick, Zimmerberg & Charap, 1973;

Lewis, Margules & Ward, 1975; Pozuelo & Kerr, 1972),

eth;nol (Amit, Brown & Rockman, 1977; Anit & Levitan, 1975;,
Myers & Veale,.1972L, and psychomotor stimulants (Baxter,"
Gluckman & Scerni, 1976; Davis & Smith, 1972; Davis, Smit ‘ ’//'
b | f & Khalsa, 1975; deWit & Wise, 1977; Yokel & Wise, 1975;
 1976). ’
. S The specific role of biogenic amines in opiate
self-administration has yet to be defined. Results of
studies indicate a mediational role of dopamine (Glick,
Cox & Crane, 1975), norepinephmine (Amit & Levitag,-iQ?S; . : “
Brown, Amit, Sinyor, Rockman & Ogren, 1978; Davis, Smith
& Khalsa, 1975){ or an interactionﬂbetween dopamine and
serotoﬁin.systems (Glick & Cox, 1977). For/ethanol , 5
éelf-administration, norepinephriﬁe has been implicated -
(Amit, Brown & Rockman, 1977; Amit & Levitan, 1975) as
qell as an interaction between qorepiﬁephrine and !
serotodin»jRockman, Amit, Carr & Ogren, in press): As
far as psychomotor stimulants are concerned, dopamine has
also been implicated in self-administration (deWit & Wise,

X

1977; Yokel & Wise, 1975, 1976) as has nbrepinephrine

(Davis, Sthith & Khalsa, 1975). In all probability a




N - complex interaction betweén aminergic systems subserve
drug self—adhinistration and undoubtedly, other mechanisms

also contribute to this behévior. For instance,

Lfgnkepha;iys have been directly implicated/}ﬁ/moréhine
self—adg%gstration (Belluzzi & Stein, 1977; Stapelton,
ind, Me;;i;an, Bozarth & Reid, 1979). Not &ithééanding,
" the fact that other mechanismg.mdy mediaté drug o V '
self-administration, the studies ciled above<suggesﬁ thath ' '
J Liogenic amines and, ?npparticular,'catééholamines afe

integraily invol;ed in the behavior. "This is of o
conside;able importance when therpharmaboloéicai basis _ "') .
ofvanq§her behavioral drug effect is exgmined further‘on,
namely, CTA. 1 \ ‘ ‘ pes

Conditioned Taste Aversion (CTA)

—

. In the previous seciion, evidence was presentéq ‘ . ' o
} demonstrating that certain drugs are self—a&ministergd by -
¥  laboratory animals. The position taken was that the
drué-oriented behavior is positi&ely reinforcéd by the

pharmacological effect of the accessable drug and, that

the positively reinforcing effect of a drug jis mediated - BT
' : - R - )

¢

at least, in part, by catecholamines. In this section, ° " -

g

the behavioral pfopertiedrof psychoacﬁive drugs will be
' 4

e examined from the perspective of their demonstrated

aversive effect, By examining drug aversion, LT,

- ‘ - /
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researchers have attempted to gain a broadef understanding

about the nature of the stimulus propertles, as well as the
environmefital condltlons which contribute to hedonlc‘
- effects of drugs. The term stlmulus property ‘as used
* . here refers'to an 1nternal change in state produced by a
; drug, the quality of whloh can be d;scrlmlnated by an »
organism. ‘ ' , ‘ ’

| The.Drug as an Aversive Agent
. ‘ 3

Drug aversion is inferyed from studies demonstrating
v " the induction of CTA in lab ratory rats. In the CTA "
paradlgm, 1ngestlon of a novel-tasting substande precedes
‘the admlnlstratlon of a stlmulus which can either be .
chemical or phy51cal. Aversive propertles of the stimulus
paired with the-f;evor is inferredviﬁ, upon subsequent
exposure, there is a decreasé in consumption of the
Jnovel—tastiog substance. CTA may be indéééd by a vast
array ofgstimul?w(gee Riley- & Clarke, 1977). This list
includes psychoaggive druge such-as opiates (Cappeil,
LeBlano‘& Endfenyi, 1973; Jacquet, 1973), naloxone,:an p
e , *\opiate éntagonist (LeBlanc & Cappell, 1875; van der Kooy {\/ﬁ
& Phillips, 1977), amphetamlne (Berger, Wise & Stein,
1973; Cappell LeBlanc & Herling, 1975), cocalne (Booth,
Pllcher, d\Mello & Spo{erman( 1977a Goudie,’ Dickins &

gThorntoh, 19ﬁ8), ethanoi (Cappell, LeBlanc & Endfenyi,

&

~-.' :1973; Eckardt, 1975), barbiturates (Vogel & Nathan,

f [
M L I . ! R
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1975), benzodiazepines\(Cappeli,,LeBianc & Endrenyi, 1973; i J"

Gamzu, Note‘2; Vogel & Nathan, 1975)3%£annabinoids“ 3 -
\ 9> i .

. . h ¢ &
(Corcoran, Bolotow, Amit & McCoughren, 1974; Elsemore &

~

b
_ Fletcher, I9€Z,AKay, 1975), Fenfluramlne (Booth et al.,

i

1977; Goudie, -Taylor & Atherton, 1975), methylscopolamzne - 5
(Bergef et al., 1973; Bravemari, 1975) and nitrous oxider ‘
-(Goﬁdie & Dickens, 1978)1 That such a variety of degs
can 1nduce CTAS is 1nterest1ng in. terms of learnlng&th;;;y. ( T
Rats can learn to assoc1ate d(oOVel taste with an 1nterna1 . ‘ ’ e
event over one trial (Nachman & Ashe; 1973) ‘even with a long - \1‘ .

) A -
déiay between the two stimulus events (Garcia, Ervin-s }"

Koelling, 1966; Nachman,-1970). Seligman, (1970) proposed -

that organisms are predisposed to associate flavors- with

-t

delayed 1llness, hence, learring can occur.in one trial

-

Sellgwan s "preparedness" hypothesis has oeen chall nged by

1
v

RIS

results demonstrating the induction of CTA hnyoo
@%Krame & Wagner, 1975) ) What is 'of. 1nterest heke is that

. many CTA—lnduCLng drugs are also p091t1vely relnforc1 g, N

as was outllned in the prev1ous sectlon.g C :qm L .

.
1

Effective Dosages for CTA Inductlon by Self—Admlnlstered - E2

Ry S 5.
: ‘—;"" £ . .

. . -
1 . : - e

Drugs . 3 ‘ oo B . .

’ ' ' n ¢ ’ . R I

" 'The phenomenon of CTA 1nduced by self—admlnlstered o .

o . -

drugs is not necessarlly 1mte:est1ng lf the dosages : ' et e
0 . ' . K] o . [
. t o ' .. ~ -
employed in CTA studies’ are beyond those normally -7 -
; . . R v 2 ‘ ‘. 'r _ .. - / ] T . ]
. . ‘ 2 ; ; ,f~ N
- . -~ v 1 .
- 3 ' : .
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the CTA merely reflects 1llness produced by a high drug ] '

L

)

dosage. However, the manlfestatlon of CTA for some
o+ %

§elf—adm1nlstere¢ drugs can occur with dosages which are

N -
' P .

pharmacologically."relevant in terms of self-administration. ,

- Morphine can be self-administered by rats at a dose of up

‘ to 10 mg/kg iv (Weeks & Collins, 1964). or i§ (Smith,
N E] .

= Holman, 1977; Whlte, SklAF & Amit, 1977 Wlse, Yokel &

‘rats at a dose as low as 3 mg/kg ip .(Cappell, LeBlanc & : B

\

Werner & Davis, l975); Morphine can. also induce a CTA in

I »

Endrenyl, 1973) Amphetamlne can be’ self~adm1nlstered at ﬁ 4 -

>
- e

‘a dose of l mg/kg iv (Pickens & Harris, 1968) and this drug

' can also induce a GTA at a dose of .32amg/kg ip (d'Mello, .

Stolerman, Booth's Pilcher,v1977). Bbth‘mo:phine and t
" .

amphetamlne,-then, can induce (TAs. well within the range
IS e . -

A ¢

. of doses whlch are self—admlnlstered \ /
"

- ur ¥
» It 1s ev1den¢ that the route of admlnlstratlon
: / - oL
typlcally used in CTA studles is different - from the route . .

used in self-admlnlstratlon experlments. This could ' j
Do ’ T . {

account for the ‘fact that, in one s1tuat10n, the drugs :
£ . \

seem to be aver51ve and, in gnother, the drugs seem to o

a

o . = . . .
be positively reinforcing. The sa injections of morphine .

or amphetamine,ﬁhowever,‘caﬁ be both positively, reinforcing . N
- | ¥ t . . S {‘
(as 1nd1cated by facilitated operant behav1or) and’ ) BN

aversive (as indicated by -CTA. 1nduaﬂion) (Relcher &

AN

W e




jdewif, 1976). It is doub%ful,'then, that the épparently.
. contradictory behavioral effects of morphine or amphetamine
‘can be accounted for byl|high-dose toxicity or route-of

. administration. . "

. ‘Not all self-administered drugs seem to induce CTAs

" )

o

1

In demonstrating CTA induction by barbiturates, Vdéel
and Nathan (1975) habe also ard%ed that this dr@g effect X .

@as not merely due to a high ddse, citfhg experiégnts in

which monkeys self-administered anesthetic doses 6£
! - A “\
barbiturates (e.g. Deneau et al., 1969). 1In the experiment
conducted by Vogel and Nathan (1975), a CTA was induced
tf/“"'f‘\:f ' ‘

rats at subanasthetic doses. ' T
- 7 oL . '

at désag?s whichﬂare‘positively ;e}nfordian Itlhasbyet,
to pe demonstréted that ethanol and cocaine can induce-
taste averions at dosages witﬁin the range.hsedﬁin ‘
éelf—administration experiments;;TA;tgéughrit has‘been /
demonstrated that rats can self-administerlagprox%mately
400 mg/kg of ethanol.;ig in a 10 hr'éeriod (Smith, Wefner
& Davis, 1976), the effective CTA;induciﬁg dose of ethanel
is 1200 mg/kg administered ip (CappellllLeBianc &
Endrenyi, 1973; Sklar & Amit, 1977) .\ The possibility
exists that the appropriate conditions for ‘ethanol to
iﬁduce a CTA at a self-administered é%se may not ng have
. <

been employed. Alternatively, two other pOSSibilities

" . B, .
could acco for the fact that a reldatively high dose
! unt\\\ , ' '

/




of ethanol may be required to induce a CTA. First, it

is possible that the stimulus properties of a

self-administered dose are not amenable to the induction

déhydration)J Second, as Brown, Amit) Smith and Rockman '

(1978) -suggested, the(QTQ indhced by ethanol may be

subserved by the ethanol mefabolite, ECetaLdehyde.

Acetalaehyde is metabolized guite rapidly (Sippell, 1974)

-and in order§for a sufficient quantity to-be in the

dose of‘ethanol would be required. It is 1nterest1ng

0
that acetaldehyde is self—admlnlstered by rats (Amit,

Brown & Rockman, 1977),01ndre3;ang\that this metabolite

S system for an adequate beriod of time,. a felativ ly high

may medlate the p051t1ve1y re1nforc1ng effect of ethanol

‘as well. It is 90551b1e, then that both

.self—admlnlstratlon .and CTA 1nduced by ‘ethanol may in

. fact be pharmacologlcally-medlated b&,acetaldehyde.

The idea that a drug must exert ‘an effect for a

e

\pfblonged pexiod of t1me in %;der for a CTA to occur was

orlglneily proposed&by Cappell and LeBlanc (1377) and -
more recently by Goudle and his colZeagues (Goudle &
chklnskgl97ﬁ; Goudle, Dickins & Thornton,11978).

X\ ' L ‘ C. REUR
ocaine, which.has a fairly short 'duration of action

a

21

‘" of CTA and, at higher doses, the CTA may be due to a toxic

- effect (e.g. gastrointestinal malais& and/or intracellular

PEETR*-4
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high doses (Booth et al., 1977; Cappell & LeBlanc, 19')7;‘ |
Goudie,'Dickins‘& Thornton, 1978). This led Goudie and = e

co-workers to hypothesize thag duration of drug action:

may be an importént variable for CTA inéuction. In

support of this hypothesis,‘Goudie and Dickins (1978) | .
demonstrated that the magnitude of the CTA induced by
nitrous ?xide varied directly with the duration of
exposure to a cénstant level of the gas. Goudie and
Dickins further suggested that drug actions of short
duration may, mediaﬁe positive reinforcgment. Experimental
evidence, thever, does not seem to support this latter
idea (Daégs, Lulenski & M;ller, 1968; Winger, Stitzer &
Woods, 1975).

In summary, thé evidence pre;eﬁtéd demonstrates that
mofphine; amphetamine and barbiturates cap@induce taste .
aversions at doses which are also.self—administeredu

* Ethanol and cocaine have not been‘demonstrated to induce
CTAs within the self-administration dose range. This

could be due to the relatively short durations of action

of acetaldehyde,gf metabolite of ethanol, and of cocaine.‘

. t ! P

The involvement of biogenic amines in CTA has _— .
A received some attention. Catecholamines not only seem

to mediate drug self-administration, as was outlined

~ . ”

previously, but these neurotransmitters a1£Z seem to

v
o
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_the effectiveness of the procedure. Other studies have

6~hydroxydopamine~-treated rats (6-OHDAf a catecholamine

o 3

' mediate CTA induction by self-administered drugs.

A number of studies have implicated catecholamine
mediation of CTAs induced by self-administered drugs. With
the exception of one experiment (Coussens, Crowder & Davis, . -//)

1973), the studies demonstrate that functional disrﬁptions | /

of catecﬂolamine systems can at;enuate or block the

formation of the CTAs (Goudie, Thorntoﬁﬂ& Whgétley, 1975;
Grupp,, 19773 Roberts & Fibiger, 1975; 1977; Sklar & Amit,
1977). Inxcohtrast, Cousseng et al. (1973) found that
pretreatment withwa-methy;tyrosine (AﬁT, a ty;osiﬁe -/
hydréxylase inhibitor which i0wers dopamine-énd o
norepinephrine levels) enhanced morphine's potentiai to

induce a CTA. 1In this experiment, hqgever, morphine alone

failed to induce a significanf CTA bringing into question

demonstrated that a-~methylparatyrosine, (AMPT) can block
the formation of a CTA induced by morphine, ethanol (Sklar

& Amit, 1977) and amphetamine (Goudie, Thornton & Wheatley,"

.1975). Parallel findings have been reported with

neurotoxin). When 6-OHDA was injected icv, the CTA-
normally induced by amphetamine was greatly attenuated

(Roberts & Fibigexr, 1975), hbwever, yhen 6~-0OHDA was o

‘ injected into the dorsal tegmental noradrenergic pathway,

the'amphetaqipe-fnduced CTA was not -affected (Roberts &

LAY

T
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. ~

Fibiger, 1977) . \These results implicaté dopaminergic
neuronal involvement in the amphetamine—induced C?A.
Grupp (1977) found that pimbzide (a dopamine recep?or
blocker) attenuated the‘formation of é CTA induced by
amphetamiﬁe which supports the suggestion that dépamine \
: mediates the amphetamine~CTA. Sklar and Am;t (1977)
' demonstrated that pimozide can att;nuate“CTAs induced by
morphine and ethanol implicating éopamine in the aversive
-effects of these drugs as well. Sklar and Amit also
demonstrated that FLA-57 (a dopamine-B-hydroxylase
inhibitor which lowers norepinephrine levels) could
attenuate mcfphine- and ethanol-based CTaAs, indicéting .
‘that norepinephrine is also involved in the CTAs indﬁcea
by these dr&bs. Roberts and Fibiger (1977) found that
6—OHDA infuéed into the dorsal tegmental noradrenergic
/ . , pathway aﬁtenuéted the acgqisition éf a morphine—bgsed
CTA confirming the involvement of norep;nephrine in ‘ |
mgrphine's CTA. Taken togé&her, these studies demonstrate
tﬁat catecholamines subs?rve CTAs induéed by
self-administered drugs. Whereas dopamine has been
implicqggd in the aversive effects of amphetamine, both
dopamine and .norepinephrine seem to be involved in the
aversive effects of morphine and ethanol. The fact tha;

catecholamines are involved in CTAs induced by -

self-administered drugs as well as being involved in

et
e
‘
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» self-adminigtration is of theoretical interest. The same ’

drugs not only produce aversion and reinforcement, but'thé

same syftems mediate both of these effects.
In contrast with results demonstrating a mediational
role of catecgplamines in CTAs indu‘ed by self;administered
/ drugs, these neurochemical'sysﬁems 0 not seem to mediate
'+ the acquisition of CTAs induced by non-self-administered :
' drugs. The CTA induced by -lithium chloride is not affected
by 6-OHDA (Mason & Fibiger, 1979; Roberts & Fibiger, 19757 .
Stricke; & Zigmond, 1974), AMPT,(pimozideupr FLAL57 (Sklar; ‘ {
& Amit, 1977). The CTA induced by cyclophosphamide is not

affected by lesions of the locus coeruleus which, contains

.

noradrenergic neﬁrons (Sessions, Kant & Koob, 1976). On
/ the other hand, lesions of the raphe nuclei, which
' :

contain serotonergic neuron#1ﬂenhance acquisition of the ’ v

CI'A induced by lithium chloride. This enhancement is/ ’ .

reversed by‘S;hydroxytryptophan (a serotonin precﬁrse )

H -

) ) treatment (Lorden &‘Oltmans,/1978). The cholinergic‘ .

}; system has also been implicated in the lithium chloridg-
: . ‘-induced CTA. Atropine sulfate, an anticholinergic

agent. has been shown to attenuate aversive conditioning|

/

o
'% , based on lithium (Beutsch, 1978a) . 9&‘here is no evidence /

;) ‘ demonstratin;\the involvement of these systemé in CTAs

- "induced by self-administered drugs. .

. K - - The evidence presented above suggests fhét syétems " \ /

9,

¢
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which med%aie CTAs induced by self-administered drugs
are different from t?ose which mediate CTAs induced by
non-self;administered drugs. This idea, ;hibh has been
Qroposed by other inveétigators (e.qg. Berger%et al., 1973;
Amit; Levitan; Brown & Rogan, 1977), is substantiatéd'by
~other’ evidence. berger et al. demoﬂ%trpted that lesions
of the area postrema blockea the formafion of a'CTA .
‘inducedfb% methyiscopolamine but not by amphetamine.
Since meﬁ%ylscopolémine crosses the blood—br:{n barrier
poorly, Berger et al. suggested a peripheral moae of action
for methylscopolamine as opposed to a ceqtral mode of
action for amphetamine. In a recént experiment, McGlone,
Ritté} and Kelley (1979) similarly demonstrated that area
postrema lesions disruﬁ%ed the formation of CTAs induced
b¥ scépolaminé and lithium chloride Eut“?ot amphetamine.
Amit, Levitan, Brown and Rogan il???) investigated the .
putatiye role of the hippocampus in CTA. These authors
found that, when morphine, ethanol or A°THC were infused
intg the dorsai hippocampus, only A°THC induced a CTA.
These studies suggest that the anatomical substrates of
CTAs induced by self-administered drugs are dffferent
from those which underlie the CTAs induced by )
non—-self-administered drugs. In general, thj results

obtained in the diverse number of experimentsg presented

above support the conclusion that the nSture of CTAs i

l

r
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‘ o induced by self-administered drugs is different from that ce

of noh-éelf-édministered drugs.

)

5 N -

The Relationship Between Positive ;

- , Reinforcement and Aversion

-
s

. L The evidence presented thus' far demonstrates that pA
- I ) . . ‘
o cértain,pharmacplogical agents can be positively

gbinforcing to laboratory animals. Furtherhore, it seems -

that catecholaminergic systems mediate at least to some - . |

v

xtent, the positively reinforcing properties of drugs. . R
i N - R v,
|Evidence was then presented demonstrating that positively
reinforcing drugs can also induce CTAs suggesting that’

these drugs also have aversive properties. What is

S

particularly-intriguing is that CTAs can be induced within

. a dosé range that supports self-administration. Moreover, . ' »
. . catecholaminergic systems séem to mediate the aversive .
effects of self-administered drugs in additjon to their

, positively reinforcing effects. Catecholamines do not N
* . - “\

_— seem to be involved in the aversive effects—of

non-self-administered drugs. This, along with other data,

o ST L

¢

. .suggest that the nature of the aversion observed with
N ’ \-';J\

. self-administered drugs is qualitatively different from

%

o n o am e TEa ST 0

that obsefved with non-self-administered drugs.

d S How can’.the same chemical &timulus be both positively

——

reinforcing and aversive? How:can one account for the
<

' . \

o
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.positive reinforcement reflect related, or even the same

. drugs are pharmacologically aversive (d&sphoric)<to rats

tolerates and unmasks the positively reiﬂ&orcing effect 3
. .t ' oL '
of the drugs (Cappell, LeBlanc & Herling, 1975; Goudie,

‘Taylor & Atherton, 1975). Goudie et al. (1975)

‘ . 3 . ‘
fact that the same neurochemical systems mediate these . -

seemingly opposite hedonic properties§ “To date, no

4

13 13 3 £ £ ' .
-explanation can sufficiently answer these questions. . T

Researchers, being faced with this puzzle have resorted -

to the term \iaradox' as a refleéfion of our current
g

understanding\about this complex-pienomenon (e.g. Goudie,

in press; Sklar k Amit; 1977) . . c )

L . «‘
/ There have\been two major positions on this issue. ' .

One position (the toleréncé hypothesis) holds that aversion
and positive reinforcement are‘félatigely distinct temporal
components of the drug effect (Cappgll, leBlanc & ﬁéziing,ﬂ
1975; Goudie, Taylor & Atherton, 1975). Thé éecond )
position (the novelty hypothesis) holds that avérsio; and

components, of the drug effect (Aﬁpt & Ba ; 1970; Gamzu,
1977; Vogel & Nathan, 1976). 1In the‘gnsuing’pages, these
positions will be outlined and critically evaluated.’

Tolerance to Aversive Drug Effécts

The drug tolerance” hypotheses suggest that, initially,

and, therefore, they can induce CTAs. with-drug

experience, however, the aversive pharmacological effect

J
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~specific?ally commented that the extent to which an aversive
drug effect toierates may determine the degree of positive
reinforcement produced)py a drﬁg. Although there are a
L. ‘ number of serious problems with the idea of tolerance as®
a mechanism.by’which an aversive stimulus can acquire
positively reinforcing propérties, the idea is abpealingf
in light of human reportg\and animal experi?enpal evideéce.

x

i For instance, it has been noted that humans report ) - 7

dysphoria associated wiEh initial drug experiences and

. that the dysphoria event\.{;lly decreases A(Kcalb, 1925).

Support in the animal literature for a drug

tolerance hypothesis arises primarily from CTA - ‘ - L
/preJekposure studies. In these studies, rats typicall§4/‘ .
receive prior exposure to a drug one o} more times before
-taste aversion conditioning occurs. Drug pre-eprsure can
attenuate or block the formation of a CTA. This effect

0 .
has been demonstrated with drugs which are highly «

o N self-administered and those which are not. Included among

cem -

o - these drugs are morphine (LeBlanE & Cappell, 1974),
amphetamine—{Goudie, Taylor & Atherton, 1975; LeBlanc &

Cappell, . 1974) , ethanol (Berman & Cannon, 1974),

N em = A e sy s 3 o
.

- ) amobarbltal (Vogel & Nathan, 1976), diazepam (Gamzu, Note

PO

2), chlord1azepox1de (Cappell, LeBlanc & Herllng, 1975) .

- and lithium chloride (Cannon, Berman, Baker & Atklnspn, .
. »/
1975). Results from pre-exposure studies demonstrate

N
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- t&at”CTAé induced by self-admidistered'drugs are more ) ' ;
’ o T = | ) . ) -
.+ readily attenuated by pre-exposure than CTAs induced:by

N 'hon—self;administered drugs. For instance, a single
" pre-exposure to etFanal (Cannon et al., 1975) or
amobarbltal (Vogel‘& Nathan, 1976) can, attenuate_ the

formatldn of CTAs %nduced by these-arugs whereas a few . - ro
pre-exposures to 11th1um chloride do nat have a strong-’

. ” - N - . -

v attenuatlng*effectﬁon taste aver51on:cond1t10n1ng (Rlley, .y

. '
o Jaccbs & Lolordo, 1976). ° Elsemore (1972)., demonstrated i '

RSN

. that although 7 pre exposures to A THC attenuated

conditioning baeed Tn that drug, the effect was not - R

»,

L3 - —

- »

significant from placebo pre-exposed controls:’:Finally, s

® 0

Goudie, Taylof and Atherton (1975) observed that 4 LT
[ -

’ pre-exposures to amphetamine blocked- an amphetamine-~CTA - - -

- ~

whereas 8 pre-exposures to fenfluramine merely attenuated C .

a fenfluramfie—cmA. These studies can he“interérétea to ) . Y.

, support the idea that the extent to wRich aversive drug v

properties ‘tolerate may determine the degree of positive

PN

reinforcement. . o

As was mentioned above, there are a number of .

problem$~w1th the idea of tolerance to drug aversmon.

'These issues, to ‘be outlined below, have led the

, proponents of the tolerancé hypothesis to re-examine
‘ ~ " . - R
this proposal (Cappell & LeBlanc, 1977; Gaoudie, in o

press) .




.- An Argument Against Tolerance: An Assgciative Explanation

If onarmacological tolerancé_waé the mechanism by

a.

which drug pre- exposures affecte aversive conditioning,
one would expect to see a permanent attenuatlon,
especzally for self-administered brugs. Although drug

"pre~exposufes do attenuate CTAs, the'strength of the CTA
e . .

increases with repeated conditioning trials.
oo

true for self-a@ministeréd drugs '(Berman & Eannon, 1974)

This hoids

w o

a v :
and non-self-administered drugs (Riley, Jacobs & Lolordo,-,

1976) . A pharmacological tolerance hypothesis is also
'challenged by results obtained in another type of

When a flavor is palred with a-

pre-exposure situation.
drug prior to conditionlng trials with a different flav&r,

a CTA can still occur to the second flavor. Again, this
holds true for self administered drugs (Stewart & . .

1978) and noneself-admlnlstered drugs (Mlkulka,‘y

Other ‘results are also problematlc

Elkelboom,
Leard & Kleln, 1977).

for a tolerance hypothesis. ' Cappell and LeBlanc (1977)

B demonstpated‘that the attenuation of CTAs normally induced

. by}morphine or amphetamine ia‘ﬁbt affected by massing or"‘
spacihg pre-exposure injeotlons.~ A toierance ﬁypothesis

would predict that massed pre-exposure trials ;houtﬂ more .

effectively attenuate a CTA.

Based on the studies presented above, it would seem &
4 L} ~ .

plausable to conclude that a mechanism other than -
\ ) N 0
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. Braveman's centralvarguqknt is that the learning of an

o
pre-exposure to any CTA-inducing agent should at least

<
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pharmacologlcal tolerance may underlie the drug pre—exposure

effect. Braveman (1975) proposed an assoc1at1ve explanatlon

tonaccount for the pre-exposure results. Braveman found

that pre-exposu;os -to a variety of CTA-inducing agents,

1nclud1ng amphet;}lne, blocked the formatlon of a CTA

-l

induced by turntable rotatfog: This findind would be

extrgmely difficult to account for in terms of a

\ Cow ‘
tolerance hypothesis, especially since rotation is a
npn-pharmacological stimulus. Braveman proposed a/number

of possibilities,-.all.of which are associative in nature,

to account’ for these and other pre-exposure results.

L

association between a flavor and its aversive consequences

is impaired by the relatively low correlation between the

2

-presentation of a flavor and an aversive agent. 1In

Braveman's framework, the animal learns that an aversive
consequence follows tasting a noved flavor. The nature of i\

the aversive stimulus is unimportant. What is important

is learning the association. Then, dccording to Braveman,

-

attenuate the formation o;,CTA normally induced by any

n

other agent. 1In other words, no matter what the

pre-exposute and conditioning agents are, attenuation of

'CTA should occur as long as both can induce aversions.

6 Yy, -‘ R ). * ,‘\—' N
This assoc1at1§e explanatio® can be challenged 3%“‘

\* ]

e



the basis of two studie5 which démonstrate asymmetrical
" ! - * g / N
pre-exposure effects. An'aSymmetrical pre-exposure effect

occurs 1if pre exposure to dr&g A attenuates a CTA normally

1nduced by drug B but pre- expﬁsure to drug B, does not

affect the CTA 1nduced by drub A.. Accofdlng to Braveman's

RN . -explanation, if pre-exoosure'#o drug A attenuates the CTA.
N 7

& induced by drug B, then the reverse should also occur.

However, Cappell LeBI&nc and\Herllng (1975) demonstrated
A 1

. the preqexposures to amphetamlpe attenuated aversive
cdndltlonlng based.on itself apd morphine whereas
‘; <;~; pre~é;posutes to morphine/oﬁlyxattenuated aversive
| \ conditioninngased upon morphine and not amphetamine.’
. In the same study, Capoell et al demonstrated that
-; . pre—exposures ko chlord1azapox1 e, which attenuated
X oL conditioning based)upon itself, ?1@ not a@ject an *
: i'amphetamine—based Cra. Vogel and Nathan (l§76l A ‘
g . : }” Qsemonstratea-thatpre;exposure‘to\fmphetamine attenuated
ﬂbﬁ CTA normally 1ndocEd by amobarbltal but that %3
! \ 0 —
l ’ - pre~exposure to amobarbital did net attenuale the CTA "
. ) ‘1nduced by amphetamine. The factjthat pre-equsure to.”
P ¢ . d;ﬁg A%attenuated aversive eonditioning based ﬁpon drug

: B but not the reverse, sindicates that an associative

- 'r - S e exPIanation cannot fully account for the drug pre-exposure
° \ . ) ¥ o a

. © . effect. In addition, the studies conducted by Cappell,

‘IeBlanc and Herling (1975) .and Vogel and Nathan (19%76)

-

\.ﬁ-w L] \\.; o o \\' . v ¢
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‘chloride and attenuation of CTA.

presentation. S .

subsequent-internaL change.produced by a firug.

‘remaln open to questlon, how%%?r, is whether associative

pre-exposure on the formulation of a CTA.

] S

do not support a tolerance hypothesxs since c;gss-toIégance

e - T

) ~ , . )

or symmetry would be predlcted. ) : T
Braveman (1977) has attempte& todfefonbile the ’_ , - 4

asymmetrical pre-exposure data with an associative

explanation by pointing to a potential confoundlng

variable. BraVEmanﬁs point was that if a'rélatively mdrej .
. ’ o < 9
potent,CTA-inducing agent was pre-exposed, then one could

expect that the CTA normally induced by the less potent

conditioning age;t would be readily attenuated.+ If a
relatively less éotent CTAﬂiﬂducing.égent waS“pre—exposed; Vo |
then one could expect that the CTA normally induced by the” »
mgrelpotent éznditioning agenc would be 1es$ affected. ’
Cannon et al. (1975) demonstrated a direct relationship

between the strength of the pre-exposure dose of lithium

— o

1 '

In the experiments

demonstrating asymmetrical pre-exposure effects, it is ‘ .
difficult to assess the relative CTA-inducing potencie% ' ‘
of the drug dosages due to the nature of the data- 3
G ‘ ) . .o

»

*
THere is no question that in order for a CTA- to occur,

an animal must associate the gustatory stimulus with the
]Wbat does

1nterference can totally account for the effect of

Ev1dence
y*' -
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already presented sgégests that an associative explanation

/

.l . &
cannot account for all of the observations in. pre-exposure
4 .

experiments. For instance, relatively few pre-exposures

of a sekf-administered drug can attenuate the CTA induced

/

by that drug as oppoéed to a requisite greater riumber of

w

pre-exposures for a non-self-administéred drug (Goudie
le!

/Tayldr & Atherton, 1975). Probably the’'greatest pfob

]

,/.

A novelty hypothesis implies that the €TA is a

1] « » 3 3 ’ ; ‘
with an associative explanation in terms of the general
= N

issue in this thesis is its inability to explain how

an otherwise positively reinforcing drug, such as
/

&

amphetamine, can induce a CTA. o ,

Novelty of Drug Effects

_ A number of investigators (Amit & Baum, 1970; Gamzu,
: . .
1972;/Vage1 & Nathan,il976) have suggested that the"
so-called aversion induced by‘psychoactive_ggents reflects

)

éheynoveltyfof(the drug effect. This ig to be
¢ e

idistinguished fréﬁ'viewing CTA induction by these drués

as'aversive or dysphoric per se. In terms of a novelty"
hypothesis, the CTA may be indicative of fear induced by
a novel drud state which, after a number of experiences,‘
hébituateé (Amit'g Baum, 1970). Although it has been
'arg%ga that a novelty hypothesis is merely a more general

statement of a tolérance hypothesis (Cappell &vLeBlanc,'

1977), there is an important distifction between the two'.

v )

s

- e "
e &

.
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. that, in general, fewer pre-exposures are required for

iy st

36

function of the internal stimulus complex provided by a

drug, including those same stimulus properties which can -

be positively reinforcing. 1In céntrast, a tolerance

hypothesis implicates an aversive component which can be

distinguishgdrfrom the positively reinforcing component;
Of course, not all drugs have positive pharmacological
reffects, as. assessed by their gelf-administration |
liabilities. For these drugs, it has been suggestéd that
the CTA actually reflects ; dysphoric drug effect (Voge;
& Nathan, 1976). '

_The novelty hypothesis can account for the fact that

drug pre-exposures attenuate the formation of CTAs and

self-adnministered drugs than for non-self-administered.

drugs. With self-administered drugs, the novelty

habituates. With non-self-administered drugs, the

B

aversion remains constant and, therefore, any attenuation

that may occur is,purely a function of associative
interferencé. The novelty hypothesis as originally i i :
stated (Amit & Baum, 1970), however, runs ifjto the same
difficulties as the tolerance hypothesis. is difficult -
tf;f a névelty'hypothesis to explain asymmetrical \
.pre-e#posure effects. 1In order for the pre-exposed drug
,to‘attenazte the formation‘of a CTA induced by another

" N P ->
drug, the stimulus properties underlying CTA of the '

i
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two drugs sho%}dﬁbg/similar. This being the case,
reversing the pre-exposure and conqitioning drugs should

also resilt in attenuation. Yet, the results obtained by
/

Cappell, LeBlanc and Herling (1975) as well as Vogel aﬁd
Nathan (1976) are contrary to this prediction. Another
problem for a novelty hypothesis is the demonstra@ibnw
that morphihe still induced a CTA tp a second flavor after

having been paired a number of times with another flavor

‘jStewart & Eikelboom, 1978). 1In acgcordance with a novelty

hypothesis one might predict‘khﬂf the CTA agsociated with
\the sec;nd flévor should be attenuated as the drug state
is‘nét as novel. Finally, a point of particular contention
is the .fact that cocaine, even at very high dosages,
produces onlyﬁ; minor taste aversion (Booth et al., 1977;
Goudie, Dickins & Thornfon, 1978).‘ I1f the stimulus
pioperties“which comprise the pésitively reinforcing

‘effect of coeaine are responsible for the manifestation

of a CTA, then one would expect to see a stronger CTA

. within a dose range which.is self-administered. t is

poésible, however, as wa';s ‘x\entioned earlier, t;hat e
relatively short duration of cocaine activity is no
amenable for the manifestation éf a CTA. )

It seems, then/ that there are a number)qf problems

with a novelty hypothesis as well as a tolerance

hypothesis. None of these ‘formulations can easily

\’ ﬁ‘

/
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3

account for all of the CTA data which have been generated.

Simultaneous Positive Reinforcement and/éTA
/ .

Three recent experiments have deyéﬁstrated that

injections of self-administered drugs can be simultaneously

reinforcing and aversive (Reicher'g Holman, 1977; White et
al., 1977; Wise, Yokel & deWit, i976). Wise et al.
permitted'rats to lever-press for;injectiéns of amphetamine
after having ingested a novel~tasting saccharin solution.

Upon subsequent exposure to the saccharin, a CTA was

I @

ébserQed. Hence, injections of amphetamine which
/positivéiy reinforced lever-pressing also induced a CTA.
Reicher and Holm;n found that injections of amphetamine .
in one side of a'shu;tlebog not only induced a preference N

for the location of the injection in the shuttlebox but

also induced a CTA in the same animals: Finally, White

ép al. demonstrated that injections of morphine in the .

- goal box .of é runway increased running speed down the

alleyway on subsegugnt trials gnd also induced a CTA to
the flévorgd food consumed in the goal box prior to the
Anjections. These studies clearly demonstrate th;t the .
. same ‘drug injections can bevboth positively reinfocing

and aversive in the same animals at the same time. This
effect is not artifactual since lithium chloride, in the

. runway situation, produces a decrease in running speed

s 3 . .
as well ‘as a CTA (White et’ al., 1977)3. Furthermorse,
: /

,
B
; X

| - P

.
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rats-"avoid a place associated with lithium chloride (Berk . K

& Miller, 1978).

i

The fact that s&multaneous positive reinforcement

and aversion can occur, suggests that the internal
stimulus complex produced by self-administered drugs may,
LA ?

at the same time, mediate both effects. This would seem

to rule out the idea that the aversive drug effect

b~
e

tolerates prior to the development of a drug's positively
~ reinforcing effect. What does remain open to question is’
whether the positively reinforcing and aversive properties

’ : of a drug are independent components w1th1n the same

stlmulus complex or whethexr they represent partlally

‘dependent components. Catecholamine experiments would

sugg‘est the latter since identical neurochemical

interventions disrupt both CTA and self—administration.ﬁ

% ' However, if ﬁhéy are distinct components, ,then if would z .

be 'interesting to determine what environmental cues

promote the discrimination of either positive Cg
‘ K

reinforcement or aversion. If, on the other hand, the

two behavioral effects are interrelated, then the

'
& AL e A AR A e .

implication is that by studying CTA we are, in fact,

tapping into the stimulus properties of drugs‘which also
underlie their positively reinforcing effects. 1In either

5
, case, the phenomenon of simultenous reinforcement and

aversion certainly challenges our current understanding

o RN G e s LA WA WA ¢ R & ad kIR
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aboGt hedonic drug properties:

s

Towards a Further Understanding

RN

A number of issues! have been discussed under’ the

guestion: what is the félationship, if any, between dfgg

k) . 3 . v \\ k] K 0y
aversion and positiwve reinforcement? As was illustrated,

|

N ) . lx
there is .no comprehensive answer to this guestion.

Hypotheses have been broposed to account for the finding
that a drug can be both positively reinforcing?%&i, '
aversive. These hypothg;is'(tolerénce and novelty),
héwever, cannot account for all of the data generated over

the past decade. It is cléaf that in order to further

understand the relationship between positive reinforcement

and aversion, some outstanding issues must be clarified.

Eﬁsed'qp the evidence presented in this thesis, it

o

may be suggested that the positively reinforcing and

aversive effects of self-administered drugs are somehow

[

related. The same neurochemical systems seem‘to'mediate

’bbth effects, which can occur in the same animal at the

¢

same time. If positive reinforceément and aversion are

-related, then why does cocaine not induce a CTA at

moderate doses comparable to that of amphetamine (Booth
et al., 1977)? 1Is duration of action an important
component, as Goudie and Dickips (1978) have argued?

The pbsition held in this paper is that the nature 3

»

PRI,
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- of the aversion induced by self-administered drugs

v

*

/

is qualitatively different from that induced by
non-self-administered drugs. The neural bases for the
aversions seem to be different as well as their behavioral
proflles in pre-exposure studies. The fact that
pre—exposure to one drug does not Q%Fessarily attenﬁéie )
the formation of CTA based upon én?ther drug woﬁ%d seem

to indicate tha€~differencgs betweén dryys can beireflecﬁed
in the CTA pre-exposure paradigm. However, as Braveman
(1977) pointed out, the possibility of differentially
;versivé drug(aosages confounding {esults of these studies
limit interpretation. By ¢ontrolling thi; aspect,)would,”

cross-over pre-exposure effects between drugs with

different pharmacological profiles be symmetrical, aé

"Braveman suggests?

The first experiment of this thesis assesses whether

.or not there is a relationship between drug reinforcement

/

’ using thee drugs with different pharmacological

[ -
and aversion in the runway situation described by White

et al. (1977). A further goal in Experiment 1 will be

to assess the rglative contribution of the gustatory

stimulué to both/pésitively— and aversively—motivgted
haviors.l In the second study, some of- the parameters

involved in promoting a cocaine-CTA will be examined.

The final study is a cross-over pre-exposure experiment

[ - R e TR S S U
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profiles (morphine, valium (diazepam) and AéTHC). When
eqdivalentl&-aversive dosages are used, would CTA be
- attenuated only when the pre-exposure and cqnditioning
- drug was the same? mif not, would the observed attenuation

be symmetrical or asymmetrical? Togethe!!éand individually,

these three studies should answer some basic questions to

elaborate the nature of CTAs induced by psychoactive .drugs.

s
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Experiment’ 1

It is'welllestablished thﬁy morphine can induce a -
CTA to a novel-tasting substance (e.g.. Cappell ‘et al.,
19;3; Farber et al., 1976; Jacquet, 1973) suggesting that
this drug has aversi;e properties. A number of studies - -
have been di?ected at understanding the aversive properties '
of positively reinforc@pg drugs such as morphine. The
quality of CTA produced by éositively reinforcing drugs 5&5
been distinguished from the type of CTA broduced by drugs ’
with no demonstrated positively reinforcing properties
(Amit, Levitan, Brown & Rogan, 1977; Berger et ;I.,.19;3;

Goudie, Taylor & Alherton, 1975; Riley et al., 1978;

| Roberts & Fibiger, 1975; Sklar & Amit, 1977). Properties

'of self-administered drugs which produce aversion may ‘s

be at least partly respénsible for the production of.

positive reinforcement. For instance, neurochemical  «™

- B
- "

interventions which disrupt CTA induced by positively

-reinforcing drugs are similar or identical to - :

interventions which disrupt drug sélf—administration
(LeBlanc & Cappell, 1975; Roberts & Fibiger, 1975; Sklar

& Amit, 1977).

—

In a recent experiment, White et -al. (1977) attempted

“

to elaborate the nature of the relationship between

morphine's positively reinforcing and avérsive propé&ties.,

.
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These investigators set out -to determiﬁe whether or not the

same morphine injecticns could be simul&aneously.positively
reinforcing and aversive. Food-deprived rats were allowed
' /.

to run down a straight nunway for a hovei—tasting food

located in the goal box. COnsumptlon of the food was

followed by an 1n3ectlon of morphlne.‘ Over subsequent
trials, with this same procedure carfie& out on each'trial,
t e-gats ate less feod,gnd ran-faster. Thus, the same
series of morphine injectioqshpfoduced signs of Eosiiive

reinforcement and aversion.

The present experiment'further examines the

t

arelationéhip between. aversion, as reflected by‘decreas&d

‘s

food consumption, and positive reinforcement, as seen by ‘

I

"an increase in running speed.

Subjects - .:

[' Subjects were 30 male Wistar rats welghlng 275 325
g}at the start of the experlment. The animals were
ipdividually housed in stainless “steel cages with free~

access to Purina laboratory chow and water prior to

the onset of the experlment

Drug and food o

° * 1

Morphlne hydrochlorlde (May and Baker Can. Ltd ) was

dissolved )in a~veh1cle of ihgectable R;nger 8 solution

L

Methods _ . 7

o



were used to measure running time. The first timer

‘ - >
(Abbott Laboratories Ltd.). ) Y

N

During- the experiment, the only food available to the

~animals was wet mash comprising ground lab chow and water.

When the paradigm required the use of flavored food, the

mash was adulterated with decaffelnated coffee (Sanka) such

that- each gram of ground.laly chow was’ mlxed with 1 ml of a

4% (w/v) coffee/water solution.

AEEaratusNﬁ . \,:' ,

Tte experiment was conducted in a straight woodden
runyay (19 cm wide with walls 29 cm high) consisting of a
start box, alley and goal box. Vertically-sliding doors
separated the start box and goal box from the alley between
the boxes. The lengths, of the start box, alley and gaal /

¢

box were 19.3 cm, 181 cm and 24 cm, respectlvely ?he

'goal box and its sliding door could be' detached from the ’

"end.of the alley and placed aside with a rat in -t when

necessary. ' *

kd

Two digital timers, calibrated 'in units of 1/10 sec

measured latencyAto leave the start box and the second

one measured running'time‘down the alley. A

photoelectronic reliy system controlled the timers.

Lifting the' start box door_depressedla microswitch which

started the first tlmer. When a rat. broke the beam of

llght focussed on the photocell outside the start box .
/ b e

e b
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€

door, the first timer was stopped,.and simultaneously the

-

/ .
second timer was ivated. Deactivation of the second

timer occurred wh
0
crossed the entrance to the goal box. Summing both times

the rat broke the light beam which

yielded the total running time.

v ] <

Procedure |,

4

v

Food was removed from the home cages 24 hr prior to
the onset of the experiment. Throughout the experiment,

the animals received a 1/2 hr supplement of plain mash in

. the home cages at least 1/2 hr after being run each day.

’

There were 3 stages to the experiment.. In the first

stage, which lasted two consecutive days, the rats were.
e

allowed to- adapt to the runway apparatus. Each animal was

-

placed in the start box and within 5 sec the ‘door was

lifted allowing the rat to move freely in-the runway for )
)

10 min. During this time, animals had free access to _.__ .~

¢

plain mash located in the goal box. The gecond stage of |
the experiment which also lasted two consecutive days,
was institﬁtq% to enable each animal to stabilize its
Tunning speed. The rat was placed in the 'start box, the b

door was opened and, when the animal entered the goal box
) N . ) o

¢

(in which there'was plain mash), the goal box door was
lowered, trapping the animdl inside. The goal box was
'then gemoved frpm the rest of the apparatus and placed

,asidé for 10 min. The third stage of the experiment

e

W
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lasted 6_consecutive days. 1In this gtage, the mash was
> A ] ‘

b}
- S b

o

v
o

’

' flavored with coffee for 2 of thé‘groups. ’Qne of these

‘ 'grbups,(&réup FM; n = 10) received i.p. injections of <¥ ' ’ B
g ‘ ] ;
"' morphine immediately after the 10 min eating period and }
* - 7 the second group (Group FR; n = 8) received i.p. injections

R . . Y [
- of thexRinger's vehicle solution. Two additional grdups

') - contirued to receive plain mash .in stage 3 of the #
T L« . ’ " Vo :
) gxperi? nt.. One of these' groups (Group UM; = 7) received
N : A
‘- i.p. injections of morphine immediately after the' 10 //f

*'tmin\?ating periodiand the second group (égzup UR; n = 5)
- . « : »
o 'received i.p. injections of Ringer's. All igjectiong were

administered in a volume of 1 ml/kg. The dose of morphin%&j

© .| was 9 mg/kg. Following injections, all animals were

-

SR replaced in the goal box and left there without food far

g . 50 additional min.
: T ‘_‘ . v ' R
- In both. stages 2 agd 3, total running time was"

$o

ne " ,
’ >

..~ . recorded for each animal. ‘The food container plagfd in '

«

i

the goal ex waslﬁeighedadifectlyubefoie pla&&pg an : K&\
- \\;_ Qnimal'ip the runway ané\immediatelyrafter the 10 min ;

IR ‘eating period.
< “,' l 3 ‘ , . N - ’ )

L Results

o . - M -~

. , ’ ' - .
. Both eating and running Scores are expressed as »

1

. ’ .
i percentage change from baselinf Individual baseline

.} | '" sgores were obtained from day 1 of stage 3 of the

~ o L % )
. . s
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variance was carried out.on these scores.
o F e )

morphlne reduced thelr food .intake whereas other animals

€ N o s VA

. _ o 48"
v . 5 e

. . h ' B : /
experinent. S . ‘

&

The percentage of baseline eating scores were ' *
logarithmically transformed and a'two-way analysis of
O l
In order for an increase in running speed to be

reflected by an ascending ¢ . the reciprocal of the

®. - : ,
percentdge of baseline running ores was calculated. These

scores were'then logarithmically transformedqun a two-way -

analysis of‘variance”was carried out on these'scores:

It was found in pilot studies that animals with \
baseline‘running times,gfeater than or egual to 10 sec
usually|ran#with coﬁ§iderab1e variability throughout the =~ /
e%perihent, independently of tﬁe type of treatmeht received} . ﬂ

It was, tﬁerefore, dec1ded a priori that animals not running
N { .
less than 10 sec would be removed from the experlment.g

Flavored Food . . B

P It was observed that some anlmals 1njected w1th

L

did fot demonstrate a reduction in food intake. Based on e

this bbservation and the suggestion that morphine's ‘ . . "
/

aversive and positively reinforcing effects may be related

P

(e g. Sklar & Amit, 1977), it was dec1ded that morphlne—

1nJected animals would be divided into subgroups. One ' o

Ry
$

&y 1] a

subgroup would consist’ of subjepts in which”food intake

v . § ‘ R ‘
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had diminished. The sebond subgroup woulde
contain Subjects that 'did not demonstrate a E \ .
decrease in food intake. Running speedé of these
%S . rsubgroups woﬁid then.be compared with the Ringeris : 4
control éroup in order to furfher evgluate the
relationship between fla&ored food intake and
running speed. The foilowing method was employed.
in order to*assign subjecdts into either subgroup:
the standard deviations (S.b.) of the mean'daily ’
‘eating scores for the control group (FR) were
calculated; an animal was considered to have
dlsplayea‘éﬁﬁﬁtﬁtﬁf&nrﬁﬂﬁkékqg‘ég~§ggi

fell below 2 %.D. units of the control group mean

[

ore

for that day. No subject from Group FR met' this
» !
criterion. 1In contrast, 7 out of the 10 subjects

in Group FM did meet the criterion. Hence, the

morphine grohé was subdivided into group FM-low [
(n = 7), consisting of«mSiphinevinjected animal§ in

_ - - which food intake;was reduced, and group FM-higﬁ
(n = 3), consisting of morphine-injected animals in

S ' ’ which there was n:\reduc;ion in food intéké. , ‘

o) ' “

Figure 1 presents flavored food consdhpfion forx

.Group FM-low , Group FMchigh and Group FR.

. There was a significant treatment

1 q ~
N ~ effect (Figure 2) on the thmning ',
' ~ / SRR _ o
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| group (UR) mean for the day.

R

\
speeds (F(2,15) = 5,0484, $<.ozs) such that group
FM-low fan significantly faster than Group FR ‘ .
(F(2,15) = 9.2, p<.05). There was no significant
difference in running speed between Group FM-high

and Group FR EF(Z,IS) = .0809, p>.25).

Unflavored Food .

.4 . . > : R
Since morphine injected animals receiving

" flavored food were placed into subgroups consisting %

of animals reddcing food intake and animalls' not ' |
reducing food intake, a parallel subdivision of'
morphine-injected animalé receiving unflavored
food was condécted. ?Ee S:D. of e;ch daily mean
eating score fo;:&he~unflavored food control

group was calculated. An animal was considered .
to.have reduced food intake if, on any day, an - B
eating score fell below 2 S.D. units of the control
No supject in ihe
Ringer's control group ﬁet the aversion criterion.

On the other hand, 3 out of 7 subjects in the

morphine "group did meet the criterion. Thus, e

' the morphine group was subdivided into Group

/.

Figure 3 presents flavored food consumption for' / :

UM~low (n = 3) and Group UM-high (n = 4). : o

Group UM-low, Group -UM~high and group FR.’ ) .




e mrer R ceporimstn o s+

53

hES

!

<.

' . {(eutT usyoxq) ¥yN dnoxn pue
(satbuerajy-aurT pPrT1Os) ybry-Wn dnoxs ‘ (setbhuetxy
PATOITO-2UTT PTTOS) MOT-WN dnoay X037 xoq Teob.

s PRI S PO LI o s Gl

SY3 UT U33ed POOJ JO JUnOwe SuTTdseq jo jusdied uesy ¢ SINBTJ

: AvVQ 1531 N
£ v T l

PO N - - - e A e — 2 P

(aug;asog)@’/.) IVINIAOO4

R T




e v . . . . J ~ . -t |
b 2 . . .
’ —~ Y Qa
< o * (suTT usyo0xq) S <
- ¥n dnoxn pue (sorbuerx3z-sulT PTIOS) ybry-WN
dnoxp ‘(seTbueray PITIITO-SUTT PTTOS) MOT-WN
5 T dnoxp 103 peaads Hutuuni SuTTOseq FJO Jusorad uesy ‘p aanbia
> * ' ) J ) )
™ Ava 1531 oo
’ v s . 14 €7 R A
\ .
o .w S \\'
=
g / .
. \. ;
, - , ﬁ 00Z
° ) -~ L3
[y . i - B ° )
- 5 [V NI | SISV . e wwx. - " |4|[_.




B i o k]

» 55
) The running scores for Group UM—ldw, Group UM-high
and Group UR are presented in Figure 4. The analysié af,
variance revealed a significant grbups x days intefaction
(F(8,36) = 2.2761, p<.05). . On the first tést day, Group
-UM~high m5n~significantly slower than Group UM-low and
Group UR (Newmah-Kegls, p<.05). On the fourth test day
Group UM-high as well as Group UM-low ran significantly

faster than Group. UR (Newman-Keuls, p<.05).

Discussion

¢ ’

The variability of morphine's effect on flavored food

consumption is consistent with results sf other CTA

S
-/ studies (e.g. Riley et al., 1978) in which large variance

ip saccharin-water drinking produced by a wide dose range
of morphine injections has been reported. As Riley et al.
note, sgch variability Earely occurs when LiCl is used as
~ the aversion-inducing agent. Iglis, therefore, possible
that some of the properties of morphine that E;gduce CTA
ébTare gqualitatively different ffom the aversion-inducing |
proﬁerties of drugs such as LiCl.

As a result of the variable eating response, and the

7

possible relationship between dra and positive reinforcement

(e.g. Sklar & Amit, 1977), morphine-injected animals

receiving flavored food were subdivided into Grouﬁ FM-low,




3

3
I
]
¢
H
%
5
g
§
[
i

Eonsisting of subjecgs in which morphine producged a CTA
and Group FM-high, in which morphine‘failed to,produce.a
CTA. It was found thét Group FM-low ran faster than
their own'béseline running speed and the control group

running speed across the 5 test days. Inﬂbontrast, Group

FM-high ran below their own baseline on the last 3 test

. .

. days and did not differ from the control group. These

results suégest that there is a relationship betweén the
discriminative cues which produce, a CTA and the increase
in running speed. When CTA was observed in rats, running
speed increased; when no CTA was evident, theré'was,no
increase in rhnning speed. It seems, therefore, that the
same’morphine injections'can,‘simultaneoﬁsly, provide a
stimulus for a response froﬁ which we infer positive
pfopéfties and for a different response from which we ‘
infer aversive properties. - It is‘aoubtful that the
increasé in ruﬁning spged could be interpreted as a motor
activation produced by morphine since the animals
received injections after having run down the alley

)
approximately 24 hr after the previous injéction. It
is equally improbable that the increase in running speed
is reiated to frustration experienced in the goal box

°

since LiCl injected in the runway situation produces a

dramatic decrease in food intake as well as a concommitant

—_ '

decrease in running speed (White et als, 1977). Thus,

- e s
>
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~

the increased running effect observed in the presenﬁ
experiment may best be’explained in terms of morphi;e‘s,
much studied, positively reinforcing properties (e.q.
Deneau et al., 1969; Woods & Schuster, 1968}.

In order to further examine the aversion-reinforcement
problem, the effect upon running speed of altering cues
related to CTA was assessed. If t@e disc;iminativg'cues
related to CTA are also involved in the iﬁcrease observed
in running speed, then reducing the salience of the food
cue might also affect running speed.

When éhe eating scores for Group UM-low and Group
FM-1ow areZCOmpared (Fiqures 1 and 3), it can be seen that
the magnitude of the effect in Group UM-low was less than
that seen in Group FMrlow.\.Furthermore, a smaller
proportion of the subjects fell into the "low" subgroup
from Group UM (3/7 subjects) than from Group FM (7/10
subjects) . Therefore, the morphine-produced reduction
in eating was ggeater when the food was flavored. The
running effect seenlin the ﬁnflavored food‘groups‘on fhe
first 3 test days bear little or no relationship to their
levels of food consumption. On the fourth tes£ @ay,
however, both groups UM-low an& UM-high ran significantly
faster than Group Uﬁ. In addition, Group UM-low hai a
faster mean running time than Group UM-high and, although

this difference was not significant, it was maintained on’

Yot FRERRRSE o s W o

hh St e S B ARG 5 =
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the last test day. It is, thus; possible that in _the

previous bhase of the experiment, the flavored food

\ provided an-additional cue, not only for the aversive

: effect, but also for the positively reinforcing effect of

. s " morphine. The flavored food may“have enhanced the
discriminability of the positive stimulus propertieg of -
o ) .morphine resulting in increased running speed.

b \ R
The results of the present experiment suggest that

CTA and positive reinforcement produced by morphine: are
functionally related.” It is possible that the novel

T flavor of the food enhanced the discriminability g# the

drug state that produced both CTA and increased running

v

speed. The morphine cue :;;/have been enhanced by the

distinct flavor of the fodd. Animals which successfully

[T

associated the drug state with the novel/food taste could

b,
B

have increased running‘speed down the alley as a result
of the enhanced discriminability of the positive
; - )

ﬁacological effect of morphine. ~CTEproduced in™" - ~

these |animals may be a function of the novelty of the

e

drug gstate which became associated with the food. What

determines that some animals display positive reinforcement

— and aversion whereas others do not, still remains open to .

qguestion, . - \ . RN R

RO S
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. among a brqad specfrum of agénts are radiation (Smith,

o Tipe

Exgeiiment 2

Conditioned taste aversion (CTA) to a nobel-taséing

substance can be induced by a variety of stimuli. Included

1971), rotation' (Braveman, 1975), lithium chloride

(Nachman & Ashe, 1373), and psychoactive drugs such as

AN barblturates (Vogel & Nathan, 1975), chloridiazepoxide,
morphine, alcohol (Cappell et al., 1973), and amphetamine
(Booth et al., 1977). Some of ‘these pharmacological agents
which induce CTA such as a%qohol, mdrphine and amphétamine,

) éie also self;administered. R}t is doubtful that the.CTAs

" induced @X sel f-administered drugs result from a toxic
- reaction to theugrhg since both taste aversion an@ positive
reinforcement have been observed with the same morphine QL

. -

injections (White et al., 1977) or amphetamine injections

(Reicher & Holman; 1977).

i

Cocaine has. been .distin gu;§gg§_from other p051t1vely

R R P
U o g

e reinforcing drugs in terms of CTA—1nduc1ng llablllty.

- Cocaine produces a,relatlvely weak: CTA compared,to other
drugs. In two recent experiments, Goudie, Dickins and
Thornton (1978) and Bboth et al. (1977) with different
- procedures obtained only moderate aecreases in saccharin
f‘ : \\\;/jqzz;ié eve;,though relétively high doses of cocaine were K
' admiﬁistered. It seems, then, that the effect of cocaine
is weak in the dTi paradigm. This is particularlg,

s B ‘ L
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intriguing since amphetamine, another psychomoéor»"
stimulant, c¢an produce quite a r;bust CTA at a relativeI;'
= - low dose (Booth et al.; }977; Goudie, Taylor & Atherton, R . o
1975) . '
Cappell and LeBlanc (1977) suggested that the
failure of cocaine to induce a reliable CTA may be due
) " to the\pglatively short palf—life of the drug (Nayak,'ﬁis;; o '
& Mulé, 1976). Goudie and Dickins (1978) r?pently
demonstrated that rats would display a stronger aversion
- ————_ to a novel saccharin solution paired with nitrous oxide, o 1

whep the gas was administered at longer rather than shorter

durations., It is possible, 'then, that temporal properties

- I

of drugs may be partly responsible for the induction'of~ e
cpe= oy OPAS. . IF duratioq.of drug aétion is an importaﬂ?’;
‘? contributing factor for the production of a CTA, then

. <
one would expect that prolonged exposure to cocaine N

should éroduce a stronger CTA than short-duration exposure - ‘ ’§
\. to. the drug. Cappell and LeBlanc'(197J)ldemonsﬁrated that - %

4 spaced cocaine injections following saccharin exposure \ . |

produced a fairly robust CTA, ;onfirming the notio? that A

duration of action may be an important variable. These .

1nvest$gators, however, also found that a single hlgh

dose of cocaine followed by 3 saline }njectlons ‘also | r :

produced a CTA whereas a single high-dose }njection

T alone did not. It Qag suggested that in the spaced

' '
. o -
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ccocaine injections group, the initia:Lcocaine.inject

d injection
“©

fogllowed by the-subsequent handling

ion

17

Although this

61

R
—t

~ .

»

M

2

proceaure 1nteracted to induce the CTA
in fact mﬂy be the case, it should be‘noted that Cappell
and LeBlanc used a dose of cocaine wh ch they report

‘to be 50% of the LDSO\ It 15 90951blq, therefore, that

the interaction they observed was merély a functlon of the

P

»

- f *

h1gh dose ubed followed by the extensive handllng.

¢
~

‘critical question would seem té be wheTher_or not a

f
lower dose of

The

»

A

Similar ihteraction would occur with a

. 8

e

\ -y

cocaine.
The present series of experlments‘were de31gned‘to

further clarify some of the parameters uhlch enablé cocalne
YRV .

to. 1nduce a“relatlvely robust CTA. In Experlment 2a, a

' different number of spaced 1n3ectlons were adm;nlstered tod

different groups of;ratslﬁolloylng,saccharin exﬁ%syre in’

order to assess wﬁether ar ﬁot the CTA woula inerease in

magnltude wlth the number. of injections fdmlnlstered. In
Experiment 2b a constapt’ number of spaced injections were
admlnistered at dlfférent dosages following saccharin
expoagre in order~to assess the nature of the dose-response-

¢ g

relatlonshlp. Experlment 2c was de31gned to détermine

'whether, (a) a s;&gle hﬁéh dose of coc?ine woula 1nduce

ths pame magnltude of CTA as would 4 spaced dosages equal

in total to the egngle dose and, (b)_yhether addltlpnal

4 . o

TN
. A
P 20
L
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saline injections would interact with a moderate dose of ]
©  cocaine to :Lnduc'e a greater CTA as compared to the
Cy ' ~moderate dose of cocaine alone., With the é&xception of ' d

a different drug dosage, ‘this latter phase is essentially

IR ' a replication of the study conducted by Cappell and
~ \ .
v . s,
x . LeBlanc (1977) ' . At " -

N\ - ~

{
\ . Experiment W2a o ‘ |

SR . .+ ' Method - .
A . ¢ Subjects | ‘ . N e :
- - . Subjects were 40 male Wistar rats (Canadian Breeding ’ //
: Farms) weighing 250-300 g at the stert of the experiment. -
i ) ";:'he animdls wer‘e' individually housed in stainless steel
,§ ‘ ‘cages with free ‘access to ii?prina Lab ‘Chow and water prio; -
: i\ '5 L to the onset of t:he experiment. S | -,
" ...' ‘Drugs(arid Materi:ﬁ . / |

Cocaine ,hydrochlorvide (May & Baker Can. Ltd.) was.. - . Sy
dissolved in injectable saline solution (Abbott-
Laboratories) in a comeeptration of 2o~mg§/m1. Drinking L \

. fluids were delivered to the'animals in glass test tubes ° o i

with ball-bearing %?uﬁs. R The spouts ‘were inserted through® - i '

" the wire mesh of thé ‘cages. . . ' 8
: - . ’ L . . : C ’ b . '
- . Procedure o '
o | T NI
/ ) . The paradigm was denved from that of Goudle, Dickins

4 t

,‘ 3 , - and 'I‘hoi(nton (1978) .. Follom.ng, a one-week adaptatlon to
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the- laboratory, the animals were placed on a 23% hr flu%d P

deprivation schedule for a period of five days. Bn each
- . * °

‘day at the same time, the rats were exposed to 1/2 hr of

water. On the sixth day, a 0.1% (w/v) saccharin solution

N

{ .
- was substituted for the water afterwhich the animals

received their respective injection regimes.. Two more

— 1

such+’saccharin-injection pairings ensuedwith -two,water

A »

days intervening between éach. Following the third and
final pdiring da¥, and with two additional water days
hr.’ Thus,. there were 4 saccharin presentag}ons, the first

three of‘wﬁich were followed by injections.

Groups . _ o

- “ Eight rats were assigned to each of 5 groups. One
¢ |

group received a, single injection of cocaine (20 mg/Kg) on
L ‘" each pairing day.l A second éroup received_twé injections
‘of cbcaine (20 mg/kg per injection) spaced 5@ min apart on
.every ﬁaifing day. . The third, fourth and fifth groupsa

received 3, 4 and 5 injections of ‘cocaine respectively on

/ each pairing day. For these groﬁps,,éach injection aisp.‘

« consisted of 20 mg/kg cocaine spaced 20 min apart. The
firsﬁ_injection was administefed within a few minutes.

after removel of the saccharin for all of the droups.

e
Lt} v

-

. ’
~ * - . «

i 1 ¢
-

intervening, the saccharin was once more presented for 1/2

e

P

)
e
h“’ AN
’
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B / , e g
' five-injection groups drank consistantly less than the

_three-injection group, however, the difference was

Odemonstrate that cocéine can produce‘a predictable and

As the number of injéctionSfadministered increased, the

was_observed, however, when 4 or 5 spaced

B

Results and Discussion

¢

Baseline fluid intakes on £he”first saccharin day did
not significant differ betweeﬂ the groups (F(4,95) = |
.0896, p>.25, simple main effects test). As‘Figure 5
illustrates, saccharin intakes decreased over days for :}1*//’7
multiple injection groups (F(3,105) = 101.979, p<.0001). ,' s
4

The group receiving two spaced_iniections drank

significantly less saccharin than the single-injection

group on days‘z and 4 (Newman-Keuls, p<.05). The group

receiving three spaced injections differed from all groups
R ¢ \

on day 3 and was signif{cantly below the two-injection

group on, day 4 (Newman-Keuls, p<.05). Both theifour- ayAF 1

statistically significant on day 3 only (Newman-Keuls,

¥

p<.05).

~

The ‘results obtained in the present experiment
orderly decrease in saccharin intake in a CTA paradigm.

strength of the CTA also iqpfeaéed. When'a single cocaine

injection was administered, no decrease in satg¢harin intake

. L4

injeckions were

administered, the effect of cocaine was sufficiently

&
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v

pokent to have suppressed saccharin intake to a méan of
less than 2 ml on the fourth day. Cocaine, then, cap be
'a powerful aversive agent when adminisgered over an :
extended period of time.

1

The total dose‘of the five-injection group was 100 “
.mg/kg which; if administered in a single injection, would - ;
be -lethal to most; if nof ‘all fafég(Cappell & LeBlanc,
1977) . That none of the animals died would argue for the
fact that metabolism of the drug was rapid enough in ali
groups to accomodate the injec;ioﬁ regime., This would

*

further argue that blood levels of cgfaine did not reach -~

high proportions. The decrease in saccharin intake N

S
observed Was,‘in fact, :{S;A rather than a long-term

/

effect of cocaine on flyid intake. Weter intake was not
L |

‘ observed to decrease on the days following the pairing

-

days. To illustrate this, on the day prior to the first’

—

pairing, the mean water intake for the five-injection
group was 16 ml. On the day followihg the first pairing, .

the mean water'inFake was 15.9 ml and on the day

P

-following Ehe third pairing, the mean water gihtake was

18 ml. . i v
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Experiment 2b-

b

Method \‘f

Subjects and Procedure

. Twenty three male Wlstar rats were randomly a351gned
to three different gréﬁps. The procedure was the same as

that dese;ibea in Experiment 2a.

Groups .
K .
) Each of the three groups recelved 5 spaced injections ,

following pach saccharin exposure and as in Experiment If
the injectfions were spaced 20 min apart. One group (n = 8)
" received 5 spaced injections of saline (1 ml/kg each_ '
injection). A second group (n = 8) received 5 spaéed
injections of cocaine at a dose of 5 mg/kg (1 ml/kqg) for
each injectigh. A third group (n = 7) received 5 epaced
injectione of cocaine at a dose of 10 mg/kg (1 ml/kg) for

each injection. - . ’ f’
. #

A \

A
.Results and Discussion
3

7

The results are presented ih Figure|/6. For purposes

of‘comparisen, the five injection groupv(zo mg/kg per
'injectige) from Experiment-2a is inciuded. Béseliﬁe fluid K
intakes on the first saccharin day did not differ between oo N
the groups (F(3,95) = 2, 54, p>.05, slmple maln effeets

I
testx. As is evident, the sallne groua did_pot decrease

N . e %

|
|
“ © : ’
4 .

: . .
“"“ . e i . .
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saccharin intake whereas all of the cocalne 1njected groups

dld 50 in a dose—dependent fashlon (F(3 26) = 46 1357,

E)

— p<.0001). Over the last three saccharln days, each cocaine

group 51gn1f1cantly differed from each other (Newman-Keuls, T
{ ' -
p<. 05) Although the 5 mg/kg cocaine group drank

e " !

» . a
consistently less saccharin than the sgffﬁ€~§roup, the . AN

only significant difference occurred on day 3 (Ne&man—Keuls,‘

J'(\ p<.05). . | ‘ ‘ .

.

X

—  The results obtained in the present'expefimenp

, . ' de@onstrate that mult%blé injections of cocaing*c?n p{oduce
£ a CTA at lower doses. The orderly dose~response
relationship parallels that observed when aﬂ;hetamine is: !

‘used in CTA experiments (Booth et al., 1977).' Furthermore,

it may be observed that multiple saline injections do not .

induce a CTA, confirming the results of Cappell &and LeBlanc
"(1977), and indicating'f/i:hat stres#,0f the injection regime

alone cannét account for the CTA observed in the ether

L
, " - groups. ) . ' H
5. , .

M Experiment 2c

I

) In Experiments 2a and 2b,-it was éémonstrated that ‘\\_J:

cocalne can -induce a strong CTA when admlnlstered in -

‘multiple 1nject10ns, thaty the strength of the CTA varies

«

"« : . directly with the number of injections admlnlstered, and

that the CTA induced by ‘$lultiple injections of cocaine
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is dose-dependent.u-It is impossible, however, to draw aﬁy-

firm conclusions about the role of the "duration of the

v . ‘ d{ug effect". Three variables changed in each group of
Athe'first experiment: duration_of;drug/effect, number of
injections administered,‘and total dose injectea after the

' . saccharin presentation. Cappell and LeBlanc (1977)

.

demdénstrated an interaction between the administration of

cocaine and successive injections of saline which enhanced
the CTA., These investigators, however, used a high dbserf
. cocaine (36 mg/kg). The present experiment was deéigned %9

assess the relative contribution of the three variables

— outlined above upon the formation of CTA induced by cocaine.
One grdup Yeceived four spaced injecﬁions of cocaine at a ‘ R

! . T moderate dos€ and a second group received a singlé/;

énjection equal to the total dose received by the -former

l .7

: group: A third group received one injection of the

moderate dose followed by’three spaced saline injections.

A fourth group received one injection of {he moderate dose .
é}o?e. These third and fourth groups were run to determine:”

. . whe£her the additional saline injections would prodﬁgé an ,.f

1

B R exaggerated effect. A fifth control group received four

£

spaced saline injections. - ,




Subjects and Procedure

Fifty male Wistar rats were randomly assigned to the

-

five different groups. The procedure was the same as that

. - / p
described in Experiment 2a, 7 w '
Groups- ' ,

Group MC received 4 injections of cocaine spaced 20 j

re e aan b rsmannn

min apart on each pairing day. The doge of éach injectfbn
was.9 mg/kg (1 ml/kqg) t;us yielding a total ddse on each L
pairing day of 36 mg/kg. Group HC r céi;ed a single

injection of 36 mg/kg (1 ml/kg) of cocaine on each pairing

day. Group CS received 4 fnjections spaced 20 min apart

ST 3 g

.+« on each pairing day. The |first injection consisted of

O

cocaine at a dose of 9ng g (1 ml/kg) and the subsegquent T?

three injections'bonsisted of saline (1 ml/kg per

injection). Group LC received a single injection of

9‘mg/kg (1 ml/kg) cocaine on each pairihg day. Finally,
§ - Group S received 4 spaced injections of saline (1 ml/kg %

Ay

per injection) on each pairing day. : L

=, Results and Discussion ’
I SN . 4 «
o0 . Results obtained in this experiment are- presented in ‘

'
e e TR BRS¢ ““**“0'*‘““%"“%*« .
. '
s

Figure 7. There was no significant difference between

.the groups in baseliné saccharin intakes (F(4,116) = .09,

e 1o
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. significantly decreased saccharin intake below baseline

." increased saccharln ;ntaKe above baseline (Newmgh—Keuls,

.- days 3 and 4, Group MC drank below all other groups

. 73

p>.25, simple'main effects test). The analyéis of‘variance
ﬁovealed a significant main effect of groups (F(4,45) =

' 3. .28, p<. 02) as well as a significant §;pups x days ”

interaction (F(12,135) = " 2.84, p<.002). Only Group MC »

. . N

(Qg&ma -Keuls, p<.05): Groups LC and CS gradually

o ey s n et T bt — e

p< 05) whereas Groups HC and S dai nop change from
basellne 1ntake. Thus, whereas Group MC developed a

significant CTA, none of the other groups did so. On T

- _

(Newman-Keuls, p<.05). - The only other'difference between
any of the groups occurred on day 4 wher;RGroup LC draakj‘

51gn1f1cantly more saccharln tha Group . HC or MC
- N

(Newman-Keuls, p<.05)

s

The f;zndlng %f prlmary interest in this experiment

i ‘

is that only the multiple injection cocaine group ' —-
4 .

(Group MC) developed a significant CTA. Group HC} which -

rece1Ved a single 1n3ectnon of cocaine equlvalent to the

3 e

total dose of the multlple lnjectlonrgroupv(Group HC),

jddhot develop a 51gn1f1cant aversion. HNeither did the

gghégb eceiving multlple sallne injections (Group sS).
* N

Furthermore, 1t made no glfference if rats were given 3-

-

additiodnal sallne 1n3ect10ns following a s1ngle dqge of

e

’

cocalﬁe (Group CS) ‘or lf they received, the 51ngle dose’ o

1 .
-~ . - -
. .
[ . ”
. ¢ .
. , \ L . i
. '
. w
e R N
. )
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of copaine alone (Group LC).

-

demonstrating an interéfjion between éocéine and

.adﬁixional saline injections (Cappell & LeBlanc, 1977)
may 6n1y,0ccur when the dose of cocaine injected is high.
Although a Qtress effect of mﬁltiple injec£1on§ cannot be
ruled out'dbﬁp}etely as contributing to the observed CTA

in Group dc, this variable cannot completely account for

the magnitude:?f the CTA observed. ) g
Discussion
g Taken togéther, the results of the Experiment 2a, 2b

\
- and .2c suggest that duration of drug action may be an

important contrjbuting factor for the production of CTA

by self-administered drugs (Cappell & LeBlanc, 1977;

Goudie ‘& Dickins, 1978). Frém the resuits obtﬁined ih C

this study, it is not clear whether duration per se is

critical or whether the degree of drug activity over ;;‘
time is important. 1In this study, it is possible that
" the blood level of cocaine may have4gradually inqreaseé a

' with the number of injections‘administereg. Thus, the ’

>

N ~ . . M - . ’
steepness of the slope of blood cocaine concentrations -

over time may be partly responsible ‘for the fmagnitude of.

\

A | o
_the CTA observed. Although Goudie and Dickins (1978)
¢ S~ N i PR . )

* .7 found that dﬂéreésinq the duration of expoguye to nitrous
. . - N

'. L)
g RN yoo .

It would seem that results ">

-

.
e - .
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. ‘ Co CTA the magnltude of the effect was galrly weak. .

. *
o r/ _ Y The results ooﬁalned in the present series of

‘experlments demonstrate that cocaine, llke emphetamlne, ¢
#,.can .produce a feirly robust CRA. Ap intriguymg ,question
= {

- ) L
e N " is Qhebher or not an enduring drug effect is inhérently

q

2 A aver51ve (Goudle & . chklns, 1978) or is more easily

ERE T . assoolated w1th a novel taste. . _ KR o

»

1
s

(~ - ) ' _' ) . ' ‘ - /} " ' ‘l" ' ‘n
¥

¥

b

{

. - , . /)/ Experiment 3 ) £ .
B - . . N B . . . o .

‘w - qThe fact that llthlum chlorlde can lnduce a- CTA
(Naghman & Ashe, 1973) may be explalned in terms of its =

! ! s
A ] - T noxaous gastrOLntestlnaf{effeots and, thus, lt is not
' L

surpr151ng.to find that the druyg-. 1s aversxve in the CTA

paradlgm Nelther is it dlffroult to account for results'

. F ) - f; demonstratlng the 1nduct10n of CTA by psychoactlve agents

o

. such as Valium (Gamzu, 1977) or tetrahydrocannabinol o

— ,‘ " (Elstiore & Fletcher, 1972). These—drugé ere poorly

Lo- o séif-admlnlstered by, rats (Amat\& Cohen, 1974; Corcoran _
2 ’ ./' co -7 ' t
ﬁ;. s"15'. Am1t,,1974, van Ree, Slangen & de Wled, 1978) ,Lndlcatlng )

that rats do not fin8 these drugs to be highl¥y positive

W or réuardlng.

; ,
N, . /
b .

,Drugs w;th-relatlyely high < "

TeaA

selfJadninistration'liabflitiee in rats, suoh s morphine P o
. \x D] .
(Stolerman & Kumar, 1970; Weeks & CoIIi s, 1964): and ' Lo

amphetamlne»(¥okel & Pldﬁens, 1973, 1974), however, can
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Endrenyl, 1973) It has proven dlfflcult for researdhers

'
“to’ reconcile, the fact tpat a drug.can be both p051t1vely
re1nforc1nq and aver81Ve'(Goud1e,’1n ‘press) .
/ One of the strategies eméloyed by investigators to
exanine.t basis of drug aversion and, in particular,
tne aversive/prOPErties of self-administered drugé, has=
h;been”the‘CTA prejexPOEhre paradigm. In tne pre:exéosure
-situation, rats receive experience with a drug one or-
more times pri?t to taste aversion conditioning trials.
Typlcally; it has been found that drug pre-exposure can,
attenuate or block the formation of CTA}(Cannon, Berman.,
Baker & Atklnson, 1973, Cappell, LeBlanc & Herllng, ;
1975, Goudie, Thornton & Wheeler, 1976; Rlley, .Jacobs &
LoLordo, 1976).f Furthermore, -as the numberiof ‘
pre-exposures:£oréase the attenu;tlon of CTA also
f increaaeg’(Fannon et al., 1973). The pre:exposure ’
Jneffect on aversive conditioning has been exnlained in
erms of pharmacologlcal tOIErance (Gdﬁdré‘ Taylor &
Athe;tpn,‘l973

r
’

the no@elty of the drug state (Amlt & Baum, 1970; Gamzu, .

LeBlanc & Cappell, 1974), Habltuatlon to ~

1977, Vogel & Nathan, 1976), and 1mpa1red assoc1atlon

* between a novel taste and :.d&ug effqbt as a function of., .

L

. the non-contingent drug pre-exposures (éraveman, 1975).

‘ It ;éyd@fflcult for a tolerance hypothegis to account

) - I

*°

AN
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stimuli different from that paired with a novel flavor can
attenuate conditioning (BravemSn, 1975) . Results obtained

by Cappell and LeBlanc (1977) are alﬁf problematic for a

< ' tolerance hypothesis. ~Thé§e investigators found no

r

diffefence between massed and spaced pre-exposure trials‘\
upon conditioning with either morphine or amphe}amihe. ’
A novelty hyPchesis could accountsfor the results ]
obtained py q;ppell and LeBlaﬁtd(1977) as weillés the
‘results ogtainéd by szgéma9111975) if one aséumgd'that
the|stéhulus properties of the pre-exposure and

: cénditiohinérstimuli were ;imilar. However, eveﬁ with
such An assumption, a novelty hypothesi%gcould not explain
the fact that pre—gxpostré efteqts ctn b;,asymﬁet;ical.‘

.ybeP;;;tance, Cappell, LeBlanc and Herling (1975) have ’
‘deqbnstrated that prg-exposures to amphetamineitttenuated
CTA induced by'ﬁoréifsgl however, pre-exposures to -

a*morphlne dld not attenuate CTA 1nduced by amphetam1ne.~
similarly, Vogel and Nathan 51976) have demonstrated. that

pre-exposures to amphetamlne attenuated CTA norﬁally

- e

1nduced by amobarb;tal but that pre-exposures to
’ amobarbltal did noét atteriuate the CTA normally induded by

amphetamlne. These results are‘aLso problematic for-an

& \ -

asso&xative expLanation where the empha81s is placed on

the,impaired aasocigtion between ‘a drug and a, 61*

. novel-tasting aubstance as a function of'drug s

77
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pre-exposure (Braveman, 1975). If one drug can attenuate Qi

v * r

Y .
the formationgof CTA induced by a second drug, then/the

reverse should also be true. Braveman {(1977) has pointed - ‘ A
) .

- . A

out, however, that the asymmetrical pre-exposure effects

may be related to parametric'problems. For exaﬁple,’

- -

pre-exp051ng an animal to-a weaker aversive stlmulus nay

have relatively llttle effect on the formatlon of CTA . 5 ‘ /
> \ i /
induced by a more potent egent whereas pre-expos1ng the ‘ ) '

more potent agent might attenuate or block'formation,gf
re po :

CTA induced by the weaker agent. Thus, if the relative

CTA-iriducing potencies of the drugs were different, one* - N
might expect an asymmetrical pre-exposure effect no métter

how SLmllar the two Stimuli were. In fact, Capnon et al. .
t

(1975) demonstrated this when lithium'éhlo;iég was used . oA

. \

ﬁn the pre~exposure and éonditioningfphases.

. ' In the present experimeﬂt, the effect of pre:exposi g ‘

‘ eqq;potent dosages_ of three different pharmacologlcal .

agents on the form tlon of CTAs 1nduced by the/drugs was

assessed. Each dryg was admlnlstered ‘in the pre-exposure ‘ 7
phase~as wel%cas the condltloning phage of the experlmentg "tyu

.

The arugs employed were ma{phlne, Vallum and

A%-tetrahydrocannabinol (6°THC) . All of these drugs ¢an - Ly
induce.cTAs,4Cappe11,.LeB;apc & Endrenyi,,1973;\Elsmore L L L
& Fletcher, 1972; Gamzﬁ, 1§77), yet tﬁe drugs are :, ,: .

-pharmacologlcally dlsslmilar (Goodman & Glllman, 197543 v ! #
$ . ‘ : F SRS
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Furthermore, morphine has a relatively high
seQﬁ—administfatiqn liability in 1annratory rnts. Valium
and cannabis, honever, are not readily self—administered
by labogatory rats. The present experimené attempts to
nnswer the qnestion, can q&fferent properties of drugs be
reflected in the CTA pre-exposure situation and, if so, ’
will the pre-exgosure drné'affgct conditioning b?séd only

fupon itself? . N g

(\ ‘ ‘d ; - a0
T ) Method
Subjects , ) . ) ) -

N . B <o v . .
The subjects were 173 male Wistar ratq‘@eighinq

230-325 g at the ¥tart of the experiment. The animals

were 1nd1¥1dually housed in stalnless steel cages with |

free access to Rgéina lab choy and tap water prior to thet

onset of the experlment. :& <
;é | . N
‘ Drugsnand terials . o, A
— Morphine hydrochlorlde {May and Baker of Can., Co. )

/
was dlssolved in a vehicle~of Rlnger 8 solution. Valium

was provided by Hoffman-La Roche Ltd.eof Canada, and

N

. / S
provided by the Department of National Health and Welfare,

"Trans A”—tetrahydrocannabinol (A®THC, 95%.pure) was

ﬁbanada.' The A®THC was dilqted 1n a vehxcle of propylene
glyébl»(LQ parts) and,95% ethanol (¢! part) Data gathered
. in pilot experiments indicated that 9 mg/kg of morphine -

; N N . . .
o » . ® K ) .
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. CTA;wastdefined by a signjficant decrease in saccharin

80

ml/kg) , 10 mg/kg of Valium (2 ml/kg) and 4 mg/kg of

A®THC (0.5 ml/kg) would induceﬁequivaleat magnitgéeé of

CTAs. Hence, these drug- dosages were used throughout the

-
k)

expetiment.
B} Saccharin sodium was dissolved in tap water (0.1%

w/v).

All drlnklng fluids were presented to the anlmals

P

.1n glass test tubes Wlth double ball—beaang spoﬂts
- inserted.into ruQPer stoppers. .The fldids were presented
‘in the home'cages. ) o - * /
Procedure . ‘ '
}Eollowing a ongeweek edpﬁetion,period to the . ;' "
laboratory, the rats were placed on a 23 hr 40 min fluld
deprlvatlon schedule. The anlmals were exposed to 20 min
of water exposure betweén 1200 h and 1300 h each day for
7 consecutive days. The pre-exéosure ihjections were
ddmlnlstered following the, 20 min d{}nking period on

days 2, 4 and 6 of the experiment. On day 8 ofsathe " ’

experiﬁént (pairinglday), the rats were presented with a
novel-tasting saccharin solution for 10 min and 2 min after

ikmoval of €he tube containiqgﬁbke saccharin, the rats were

injected in a manner described below. For 5 consegutive\\;
. - ;

'dayé follewinﬁhtﬁe pairihb day, the animals continued tb,-

e
réceive 20 min of water per day. The sacchar{P was

relntroddced (test day) sikx days after ‘the phlrlngxday. :




-

SN

.

FRUNTLY gt e

- inducing - liabilities in order to rule out a potential

pre-e

injected w;tq exther morphine, Va11um, A® THC or &inger S.

’ , \/ 8l
intake on test day . when compare; £o*that on pairing day.
Fluid intake was measured hhrgughaut’i;e expérlmen;.

The experiment was ;arri;ﬂ qgt in 4 parﬁgn In part
one of the experiment, the dosages gf morphine, Va;iﬁp
and A®THC were assessed for their f;@ative CTA-inducing
potencies. .It was important & evaluate that éﬁe dosages
used were equivalent in terms of their relative CTA

AS

confound of different d;pb potencies. In part one of

the experiment, .the experimental animals Treceived e

S

pre—exposure‘injections of Ringer's (1 cc/kg) and on - A

»

pairing day the rats were injected with eitﬁ;r morphine, .F

Valium or A°THC.
osure injections of thger’s and on pairing day..

1

the fats_were injected with either the Ringer's vehicle

In part .two. of

!

or the propylene glycol-ethanol vehicle.

- ~ . \ ~ K} . 'U
the' experiment, rats received pre-exposure injections of

mdrphine and pairiﬁé‘déy the rats were‘ipjected with " a
either morphine, Valium, A°THC or Ringer's. In part

threé of the experiment, rats received pre-exposure

"injections of Valium and on pair;ng day the rats were

" injected with either ﬁogphiﬁé,(valium, A®THC or Ringef's.

.

. N ) %
In part four of the'experiment,>rats received pre-equsurg

inJections of A’THC and on pairing day.the rats\were :

V. ow

" f

[ N
> s - . . LI
, . g o

P e,
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e s o

The control groups also received : -

2 Py g
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Table 2 presents a summary of the,K groups run and their

sizes.

Results =
[N

Part One, Ringer's Pre-~Exposure

Pairingfday and test day saccharin\intakes are

- presented in Figure 8. The analysis of vaxiance révealed
a significant interaction between drug,treatments and

days’ (F(4,43) = 29.78, p<.0001) as well as W significant

main effect of dfug-treatmepts (F(4,43) = 15{14, p<.0001)

~3

and a significant main effect of days (F(1, 3) = 28.05,”

’p< 0001). On/pairing day, the'baseliﬁe saccharin intakes

between the éroups dld not: dlffer 51gn1f1cag¥’ -(simple

main effect post hoc test: F(4,83) = 1. 21 P>,25, however,
{ on test day, sccharin 1ntake sxgnlflcantly i{inged from <

" ‘that on palrlng _day for each‘group. The two “wehicle

-
control groups 31gn1f1cantly 1ncreased their saccharln

intakes (Ringer's, F(1,42)Y- 9.82, p<.005; propylene
f“glycol—ethaqol, F(1, 42) = 19 81, p<.001). 1In contrast,

''''' -~ the morphlne group 51gnlfic&htly éecreased saccharin
» 1' !

. ‘ 1htake (F(1, 42) = 34.12, p<. 001) as dld the Valium group

(F(l 42r =48, 32 'p<.001) and the A ch group (KA1, 42)

35 15, p<.001). /As Figure 8 111ustrates, the maghltude

of the decrease in saqcharin Ln;akés tor tpe 3 ‘drug grogpé

>
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» o from pairing day to test day by a mean/of 6. G‘nl, the
Valiumqgroup decreased by a mean of 8.2 ml and the A_THC?Q
group dedreaeed'by a mean of 7.0 ml. These difference:

s , .scores did not differ significantly ,({¥(2,28) = 0.44, S

p>-25). . < ' \ . . Y.

Part Two, Morphine Pre-Exposure J i . ) . s

1

Pairing day and test day sagcharin intakes are’ :

- L presented in Figure 9. Thevanalysis of §5riance revealed "° .- K,
. f : - ¢ . . . ~
. a significant interaction between drug treatments and -

¢

days (F(3,35) = 10.5,,p<.0001) as well as a s1gn1f1cant . T g
m%in effect of drug treatments (F(3,35) - 4.754, p<,008).

On pairing day, %he‘baseline saccharin intakes did noti”‘

»

J ! Jiffer significantly between the groups (simple main

‘ effect post hog test: F(3,68) =.0.37, p>.25). Thé group 3

'

injected with Valium on ‘pairing day decreased saccharin
s : 3 .

intake significantly off test day (F(1,35) = 12.66, p<.005)

Although the group 1n3&bted with morphlne on pairing day \W,, a

1

{
%

N , : N .
% : ’ eg«did the ASTHC—injected gr&up (F(1,35) = 14.07, p<.001). o~ {

N~’ . tended to increase saccharln intake on; test day, this

+ L4

e i GHA 33 cm e o

*

i effect was not si 1f1cant (F(1L/35) = 3 39, >.05). In
gn f P

i oo

5'9". - parallel, the Ringer' s-lnjected grqép did not slgnlflcantly

[P,
kY

T o~ - change saccharln consumptlon on‘!est day (F(1Q35) = 4 10,

3. P o . S )
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'van Ree, Slangen & de Weid, 1978). Valium, asﬂwell, is’ not
réadily self-administeréd by rats (Amit & Cohen, 1974);
although more so than‘cannabfk (Amit et-al., 1973). 1In e
contrast with these‘two drugs, morphine has a relatively -

a

high sélf—;dministratién potential in rats (e.g. Stolerman

& Kumar, 1930; van Ree ét alf} 1978; Weeks & Collins, l964).~
Ihcview of the self-admipistration studies, it is

inﬁeresting to note that} iq the present experiment, the
A®THC-CTA was m;sp resistant to attenuation by drug
pre-exposure,_followéd by the Vaiium-CTArand, finaily, L
the moéphine-CTA, which was quite readily attenuated by

drug pre—exposure. This parallels the self-adminisration

data where cannabis seems to be least readily

self-administe:ea>followed by Valium and then morphiné.
Thus, it may be possible to employ crossover pre-exposure

experiments to rank the relative self-administration

liabilities of psychoactive drugs. For example, the CTA

\
Dase IR Y

P

normally induced by drdg A may be attenuated by
pre-exposures to drug B, however, the CTA normally induc
by drug B may not be significantly attenuated by

)

pre-exposures to drug A. One might predict, therefore,:

that drug A has a greater self-administration liability

ed

than drug B provided, of course,’fhét‘the dosages. used R

.

producéd ‘equivalent magnitudes of CTAs.

L g
*



' General Discussion

- t a s . .
u .~ It has been. suggested that the positively reinforcing

' . and aversive effects of self-radministered drugs are in

\

lated (LeBlanc & Cappell, 1975; Sklar & Amit,

some way

%

1977, Wise

al., 1976). A number of studies have
demonstrated that neurochemical interventions which .
s : / disrupt positive reinforcement produced by drugs also
disrupt CTA; induced by the same drugs (e;g. Goudie,
Thornton & Wheatl‘ey., 1975; Roberts & Fibiger, 1975; Sklar
..& Amit, 1977). These studies suggest a functional‘
relationship between the positiVelyi reinforcing and
aversive properties of drugs. Other studies have
demonstrated positive reinforcement and CTA in the same
animals at the same time (Reicher & ‘Ho\lmaﬁ,' 1977; White
! et al., 1977; Wise et al., 1976). These studies also '
point to a re;atignship' between positive reinforcement
and CTA induced by ‘self-administered drugs. Amit and
4, Baum (1970) as well as others (Gamzu, 1977; Vogel &
.Nathan, 1956) Suggested that the so-called drug.aversion
or‘CTA reflects tﬁé novelty of the drug state. This
izﬁplies that. thqwstimulus p:;ope'rties of a‘dr,ug which
undérlie CTA are identical to, or overlap with, the
E stimulus propeities which are positively reinforc;’.ng’z
In Experiment“ 1, when morphine induced a CTA in

./4‘ . f . i N \- o

,
’ . o
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rats, running speeds increased in the same rats. When )

.o

morphine failed to inéuce a CTA, running speeds éid/not
increase. anning speed is knéyn fp vary directLy with - - \u
the magnitude of reinforéemgnt'obtained in the go;i box ‘
(Crespi, 1952).::This, together with the ?aqt that rats

. ' 'Fan learn to orient towar?s a plqce in yhiéh @o£p@ine.wﬁq

‘experienced (Beach, 1957), would sdggést that the ' N

increased running ‘speeds observed in Experiment 1 are,

indicative of morphine's positively reinforcing effect.
' P :

o

That morphineyéelectivqu produced an increase in running
_;sbeed for animalsﬁthat'developéa a CTA, supports the idea
: : that CTA and positiye—reinforcement are functioqally"/
related. It isspossible that the contfoll;nd stimuli

(both interoceptive and exteroceptive) which promote one

PN S,
-
v

IR behavioral effegt, also underlie the other. The .fact

* L
that there was considerablé variability in morphine's

CTA-inducing and positively reinforcing effects is

¢ . a

DA consistant with other obsefvatibns (Farber, Gorman & Reid,
. .. _ . 1976; Riley et al., 1978; van Ree et al., 1978). In

’ Experiment 1, it was also demonstrated that altering
IR ‘ the cue value of the food paired with the morphine

. decreased the magnitude of the aversion as well as ﬁ\;/> ‘
13 . -

7
P

- decreasing the number of rats displaying the aversion.

+ The paradigm used may be viewed as a taste prg-expoéure L

. . .98 e e ' Lo
N - situation as animals received limited but not extensive

r
-

\

. ‘ ~ . "
. : . [y
{ . . .
\
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a

experience with the unflavored wet ma§h prior to the

—

- morphine® injections. 1In a taste pre-exposure situation, .

fo

CTAs are typica}ly attenyated (Kalat, 1974). That some
animals did Qevélop an‘avereion to the unflavored food .
is noggsurprisiné in'light gf reports ‘that ahimals can-
develoé aversions to unflavored tap water (Elkins,‘1964)

or egjunflavored wet mash (G;réia, Heniins, Robinson &
Vogt, 1972) . "In the unflavored wet mash condition; the
running sbegds of,the-apiﬁals were,geﬁerally more variaele.

This would sugéest that the association between a novel
" . o . 4

taste ‘and mofphiné can not only induce a greater magnitude

”

of aversion but it can also provide ah additional cue for _

* {
~the positively reinforcing effect of morphine.

The relatlonshlp between the CTAs and runnlng speeds

-observed in Experlment l could be explalned in terms of

a novelty hypothesis. It would,seem to be outside the
[ /

")

scope of a novelty hypothesis, however, to acceunt for

_the breakdowrn in the relatjbnship when the food was left
unflavored. In terms of a novelty hypothesis, ehere is
no reason to suspect why tﬁe ruﬁﬁing speeds would be more
variable. It is p0551b1e Lhat a change in the quallty
of the food at the same tlme as the onset of morphine
1njectlons could generate ; greater degree of

predictability about the occurrance of the morphine

effect. This would not only facilitate an association

g



o .
- A ’,

N

betwéen the food and the morghlne, but also between the -
- 3 overall runway situatjon and the morphlne.' On the other ‘ .
,;;K ".";. hand,(when the quality of the food was unaltered, ;he
v N prqﬁictability of the enéuingéhorphine.effect could-
A decrease, impeding the association between the fqod and.
. the morphine as well as the overall situation ana the
nmrpﬁihe. Thus, depending upon the relative expectancy
. e . generated by the food cue, an animal coﬁld more or less
develop a CTA as well as an increase in running speed. -
e If CTA and positive relnforcement are related, then .
‘ '%itvis peculiar that cocaine, wh%ch is highly _
self-administered - (Pickens & Thompson, 1968), normally ’
: -+ 1induces only a moderate CTA (Booth et al., 1977; Goudie,
, Dickins & Thorntoh, 1978). It has been pfopésed that L A
cocaine's short duration of action may, not be amenable -

- t
N -

g . to the induction of CTA (Cappell & LeBlanc, 1977; Goudie

’ @
w, te

..~ ¢ etal., 1978).) In Experiment 2 of this thesis, the ,

i ‘, ‘ "y aversion-inducing potential of cocaihe was examined. |
3/ | ‘ Cocaine induced a robust CTA whenkadministered/in \

é g | multiple spéced iéjections but when a singleiﬁlgh dose -
; éf cocaine was adminiétered,;no significant CTA wés N

evident. The results obtained in Experiment 2 lend
support to the idea that duration of drug actién may be
an important variable for the induction of CTA. That a
P . high dose of cocaine did not induce a significant CTA

!
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.

' in Experiment 2 is at odds with results obtained by

v

§ N

“Goudie gt al.’ (1978) - demonstrating that the same dose
Léould induce a weak CTA. A possible explanation for' the
discrepancy is that Goudie_et—alfwusea female rats whereas
the subjects in Experiment 2 were male rats. In our
laboratory, we haQe observed that a greater magnitude of~

CTA can be induced by cocaine in female rats (Note 3).

Drug actions of long duration may be inherently

. aversive or may be more readily associated with a novel

‘flavor. ' The former possibilitygis less likely since rats’

° t

will self-administer drugs consistantly over prolonged.
periods of time (eng.‘Smith, Werner & Davis, 1976;’Weeks
& Collins, 1964) ., Duration of drug action alone, however,

would seem to be insufficient to account.for CTA

' induction. For instance, it has been demonstrated that

leucine-ehkephalin, a short-acting .endorphin induces a

moderate and variable CTA Qhereasc—d-ala-leucine- .
-enkephalinamide, a longf;qtion leucine-enkephalin
analogue produces no observablé CTA (Switzman, Hammer,
Shizgal & Amit, 1977). This would seem to argue agaihst

a duration of action hypothesis, however, it is entirely

possible that the chemical nature of a drug, in addition
i ‘ ’ s
to its duration of action, may determine a drug's

CTA-inducing potential. A component of ‘the chemical
nature of a drug which may permit it to ‘induce a CTA-

N
il o

v

..



S , 100

-~ - ‘ . r ’ N B
\\~:3 may be rate of onset. Both in the case of cocaine and the
gnkephalins, the rate of onset is very rapid .Nayak et al.;

1976; Snyder & Childers, 1979). It is possible that in

order for a drug to induce a CTA, the time to peak activity -

frmust be gfadual as opposed to sudden. 1In Experiment 2,

14 . v
[

when cocaine was administered over multiple injections, it

-

is conceivable that each additional injection of cocaine
N . ©. caused an increase in cocaine levels. Whether duration b

of action per se or an interaction between duration of
1

, action and rate of onset determines, in part, the
\ CTA~-inducing iiabiliﬁy of a drug is not clear. It would
} \\ ‘ be difficult to separate the two éomponents.‘v
' \|< . . The goal of this thesis has been to examine the -
- nature of CTAs induced by self-administered drugs and to .
elaborate the relationship between positive reinforcement -
‘ ©% and CTA~ A fundamental aréﬁmenp made in this thesis is
T ( thgk the ndture of the CTAs induced by self-administered ﬁf
drugs is qualitatively different from/that induced by
non—self;administeréd drugs. Results/obtained in
.. >

Experiﬁént 3 support this idea. It was demonstrated

that the morphine-CTA was most readily attenuated by .

- 4

,pre-exposure, Qﬁgther_morphine, Valium or A?THC served
as the pke-equ§ure drugs. ‘The Valium-CTA was less ‘ ' .
susceptible to attenuation and the A°THC-CTA was least

readily attenuated by pre—exédsure. Self—administxatidn



ar
7

o 9susceptibilify of the drug-induced CTA to atfénﬁation ’ y,

. 101" S

studies demonstrate that mofphine is highly self-, : .

»

~administered whereas Vali%p and A?THC are not although,_ | : .

Valium seems to be more readily self-administered than

1 . —

cannabis. It would seem ‘that the relative e S !

- . . A

correlates with the drug's self-administration liability..t
. o ‘ R ¢ \,
Goudie, Taylor and ‘Atherton (1975) have similarly observed ' T
\ .
that an amphetamine-based CTA was more readily attenuated

by pre—exposureé ghén a fenfluramine—basgg/CTA. Goudie, \
Taylor and Atherton suggested that the ave¥sive effects

of self-administered drugs tolerate with experience but .

-

thdt the aversive effects of non-self-administered drugs

do not. For reasons previously mentioned, a tolerance

& .

hypothesis would not seem to be tenable. An alternatiyé . \

~

view is that thete is a qualitative difference between

the aversion induced by sglf-admiﬁistereg drugs as opposed
to that induced by'pon-self?admiﬁistéred drugs. That is,:‘ .
the stimulgs p{opeffies of se}f—;dministqredwdfugs which”’ . s,
induce a CTA may be, to some extent, different from the - .
aversive properties’ ;)f non-—s‘:elf-adnfini’steresfi drugs. In . -? “‘

+ this case, animals should be cgpablé of aiscriminatiqg ’

between drugs with different stimulus prqperties’in the

CTA paradigm. If-a pre-exposure aﬁd-gbnditiéning drug

have .similar properties, then the CTA .should be atténua;éd.
If a pre-exposure and conditioning drug have.very . ’

) . v
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:dkfferent properfies, then the CTA should still: occur.

The problem becomes more complicated if an asymmetrical

» .

- pre-exposure effect occurs, as was the case in Experimeni
3. Although asymmetrical pre-exposure effects have been

v

observgd in otherjgtudies.(Cappell, LeBlanc & Hé}ling,

1975;) Vogel & N&than, 19765, it is not clear, as Braveman
k1977% inntea out, if.the drug‘dosages used were eqﬁal
in terrs of CTA-inducing potencies. This can be ruled
;ut }nlExﬁe}iment 3 as the dosages used‘were equiaversive.
“InQExperimenf 3, mqrphing pre-exposures dia not attenuate
aversive. conditioning based oa Valium or A®THC; Valium

pre-exposures did attenuate aversive conditioning based

on morphine, and A°THC still induced a CTA; ASTHC

' pre-exposures attenuated-.aversive conditioning based-

on morphine and Valium.. Theseresults demonstrate that .’
. SR

®

. rats can discriminate between drugs in a CTA paradigm but

that the discrimination is not necessarily bi-directioqal.

If rats were merely discriminating between different drug

" effects, then in the case of morphine and Valium, for

emaﬁble, one would expecE,;o see morphine pre-exposures
having the same effect on the Valium-CTA as Valium

Qre—éxposures did on the morphine-CTA, Rats may be

¢

relationally-judging between the relative hedonic effects

Y

‘'of two.drugs. For instance, when rats are pre-exposed

to morphihe and then receive a conditioning trial®with , .
s ‘ . ‘
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Valium, a CTA may réguit because the Valium is less

positive to the rats than the moréhine which had been

3
» M »

previously experienced. When rats are pre—exposed to '

Valium and then receive a conditioning trial with

;
'

morphine, the CTA may be attenuated because, rqlative
.\\ .

to the animals' experience with Valium,!morphine is’

more positive. °“Given that morphine's ‘aversive' effect

is functionally related to its positively reinforcing

effect (Experiment 1), it is possible that valitm and

A°THC are less Qositive due to an additional aversive
compéngnt. If one conceives of the stimulus‘complex‘
produced by a drug as a set, the stimulus properties
of morphine which induce a CTA may be contained within'
those which induce the‘Valium CTA which, in turn, may

7
be contained with those which induce the A°®THC-CTA.
Whereas the stimulus properties of morph%@é are euphoric,
the stimulus properg}es of Valium‘and AéTHC may be
increasingly dysphoric ‘die to the addition of the

aversive components.

When a condit;oning arug is the same as the

ro
pre-exposure drug, an associative explanation is sufficient

to account for the observed attenuation (Braveman, 1975)

.n
] ok

When a conditioning drug is different than a pre-exposu?e

drug, a CTA may result only if a distinct additional

stimulus component is associated with the conditioning

»

§,

.

2 s L i i e

daten
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drug. Because of the additional negative internal cues, ) ‘
the saliehcg of t?e taste-drug pairing may be increased. |
A greater number of pre-exposures would then be r?quired . |
in order for a CTA to -be attenuated by pre;exposures to
the éame drug. The[fﬁct that self-administered drugs
such as morphine, ethanol and cocaine do not induce CTAs . s V |
comparable in ﬁagnifude.téilithiuﬁ chloride (Cappell,
LeBlanc & Endrenyi, 1973; Farbegh torman & Reid, 1976;
Goudie, Dickins & Thornton, 1978; 3i1ey et al., 1978)
suggestsgéhat these self—administg%ed drugs are not as ‘ '
saliént in the CTA paradigm. Thué; these drugs‘may be
less a§§ociab1e with a novel flavor and the CTAs more : P
labile when a neurochemical intervention such as J
catecholamine depletiéns ensue. If the stimulus ',¢ {
properties of drugs which underlie CTA are functionally
related to those that underlie positive reinforcement,
then catecholamine manipulatipns should affect both

behav%ors. Catecholahine manipulations; how?ver, should
have little or no effect on the CTA induced by a drug ~
’sﬁéh as A’THC‘becau§e of the d@ditional salient éversive
component which is not mediate@lby catecholamineé.
. Results obtained in thé expgriments presented in
- this tﬂesis indicate that the re?atiohship between, CTA - ' :

and positive-reinforcement produéed by self-administered s

drugs is complex. It is possible that the stimulus —

v

. s
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properties of self-administeréd érugs which underlie : -53
positive reinforcement are related to those which
'undexlie CTA. Both these effects seem to be bound, at
least to some extent, to environmental cues. The salience
of a self;administered drug effect for CTA induction may
‘ .depend; in paft, upon its temporal properties. In general, .
'self—administered drugs may not be as salient in the CTA
paradigm aé non-self~administered psychoacﬁive drugs. The
létter may have additional ayersive components. The exte?t -
of the additional aversive components may hot only determine
_the salience of a drug in a CTA paradigm, but may also
‘cause a.drug to have a relatively low self-administration
liability.

In summary, it would seem that the naturg of the CTA
produced by self-admini;£ered drugs is quélitatively .
differén& from that produced by dfﬁés wi£h low
self-administration liabilities. The stimulus properties
jf self-administered drugs which proﬁote the CTA may be
;elatedlto those which underlie the drugs' positively
reinforciné effects. These sfiﬁulus properties alone,
however, may not be sufficgent to promote the formation _
of CTA. The temporal nature of a self-administered érug
may also determine it potential as a CTA—inducing'agent.

_Another factoahthat may determine the CTA-inducing

potential of any psychoactive drug may be additional

-
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dysphoric properties. 'Thisrmay\not only enhance a dfug's

ability to be positively reinforcing. These ideas can. be

further specified in future research. -

-

\

L

3

3

4

- ability to produce a CTA but may also decrease a drug's

{
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