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ABSTRACT C

Differeritial aversive effects of heroin and marphine

"
3

‘ in the, conditioned taste aversion paradigm
R - |
; l, Marki V. Sossénpoﬁr : d .
The efficacy of heroin to induce a .conditioned taste
aversion (CTA) ax compared to morphine was examined under -

. . . .
varyingpconditions in two strains of’raﬁs. In Experiment‘l,
‘new colony' (pathoéen~free) Wistar rats were injected withl
either heroin (3 mg/kg, 6 mg/kg, or 9 mg/kg) or mbrphfhew(9
mg/kg, 15 mg/kg) after saccharin presentation every tﬁifd
day for a total of four conditioning trials. Neither drug
induced a significant reduction of saccharin intake at any
of the doses used. 1In Exgeriment 2, the heroin doses
(3 mg/kg, 6 mg/kg, 9 mg/kg) were divided into three
injections, spaced 20 minutes aparti This atgempt to
enhance the drug state did not induce a heroin CTA. In
Experiment 3, heroin (5.mg/kg, 10 mg/k%, lsiﬁg/kg and 20 ﬁ

. ‘
mg/kg) and equimolar doses of morphine (4.4 mg/kg, 8.8
mg/kg, 13.3 mg/kg and§17.7 ma/kg) were administered to 'old

éolony' Sprague Dawley rats every five days for a tdtal of

five cgnditioning trials. Heroin induced a CTA at doses of

5 )
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10.mg/kg and 20 mg/kg, while morphine induced a CTX at 13.3

mg/kg and '17.7 mg/kg. Experiment 4 repligated experiment "3

(S

using "new colony' Wistar rats. Although heroin did not

induce a significant CTA, a change in saccharin consumption

‘

over days was noted. Morphine was effective in inducing a

CTA at' all doses except 4.4 mg/kg.\ The results of this
series of eiperiments suggest that the induction of heroin

CTA appears to be a function of hefoin's pharmacological

" properties as compared tO'mo}phine and the temporal- dose

. parameters used in the specific experimental design.
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. For ,over a decade, the paradigm oé\d;ug ) ¢
‘indﬁced conditioned té§te aversion (CTA) hag b;en used in
inv%étigating the reinforciﬁg actions of Vérious drugs, %s
ygli as facilitating an understanding of the learning
process. The results of a majority o% these studies havé
raised issues concerning the aversive effects of drugs th;t

”»
are believed to be positively reinforcing in both animals

and humans. The investigation of the relgforcing actions of
_the various drugs éhat are abused by humans may lead to a
better understaﬁding of drug motivated behaviour.

A CTA is established through a conditioning paradigm in
which the conditioned stimulus (CS), a novel flavoufed
solution, is followed by the unconditioned stimulus (UCS},
either injection of certain drugs or bther manipulationé

-
(see Riley & Baril, 1976). The CTA is measuréd in terms of
reduction of food or fluid intake on subse%uent presentation
of the novel flavour. In the earliest studies orn CTA, the
UCSS/ﬁgve been a variety of manipulation; sdéh as injections
of lithium chloride (LiCl), rotation, or x-irradiation
(ngun & McIntosh, 1973; Garcia & Koelliné, 1966). Some
Ainvestigators proposed that CTA may bé due to the.formation
of an assoéiation between the conditioned flavour and the

illness induced by the manipulation (toxicosis) (Garcia &

Koelling, 1966). This propospal was questioned following




g

Q3

*

findings that: (1) highly toxic drugs such as cyanidé,
strychnine, and warfarin were not capable of inducing CTA
although these drugs did induce symptoms of toxicity such as
¢

inactivity, convulsions, diarrhea and paralysis (Nachman & Cooe
Hartley, 1975); (2) psychoacgive drugs (e.g.l scopolamine, .
chlorpromazine) which do not induce the aboyé symptoms or
any observable “gastro-intestiﬁal distreds" effects, can
also induce a-CTA (Berger, 1972); (3) self-administered
drugs, that is drug®hat thé animals seek for their
supposed ﬁositiﬁe effects, such as amphetamine (Cappell &
LeBlan®, 1971; D'Meilo, Stolerman, Booth & PBilcher, 1977;
Goudie & Thornton, 1977); gnorphine (Cappell, Leﬁlanc & -
Endren§1, 1973; Jacéuet‘ 1973)} and ethanol (Cappell et al.,
1973) are capable of inducing CTA. !

While not all non sélf-administered drugs are capable

W

of inducing CTA, all self-administered drugs investigated %o

date have in@yqed some degree of CTA, with the notable \m)//
exception of heroin (Switzm;n, Hunt & Amit, 1981). The s (
inability of\heroin to induce CTA in a single conditioning

trial, is surprising when compared to morphine which readily

induces CTA. Heroin is rapidly hydrolyzequg\morphineain

the brain' (Goodman & Gilman, 1980; Way, Young & Kemp, 1965)

and morphine, therefore, is posgulated to be responsiblé for

"most of the pharmacological effects of heroin

» . $

;\ )
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| v r
(Way et al., 1965). 1In view of the ﬁnexpectéd finding of

the inability of heroin to induce a CTA, this thesis will

explore the possibility of inducing CTA with heroin under

different parameters of the same experimeﬁtal paradigm.
. /~—\H
*The characteristics of CfA induced by self-

administered drugs,- as compared to self-administere

will be discussed. Particular emphasis will be placed OQ
the 'paradoxical' drugs: i.e., those self-administered
drugs that seem to have positive and aversive properties

4

simultaneously. CTAs induced by such drugs appear

qualitatively dif;erent from CTAs induced by non self-

administered drugs.” Furthermore, the degree of CTAs induced

by éelf—édmlnistered drugs differ among themselves according

to the pharmacological properties of the drug and the

tempcral~dose parameters used.

CTA Induced By Non Self-AQminiéberéd Drugs
Early studies of CTA inducedkﬁ; aversive *treatments
were prompted“by findings suggesting that the avoidance 6f
the CS, which %ad been associated with unpleasant

interoceptive events might somehow differ from other forms

of pas§ive avoidance (Garcia & Koelling, 1966). CTA is
A ’?.

-readily induced by lithium chloride (LiCl), x—irradlation

& McIntosh, 1973) but not as readily induced when paired

@ \\\;;;\\ N

\

by

(Garcia & Koelling, 1966), or  rotational stimulation (Braun
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with electric shock (Krane & Wagner, 1975; Lasiter & Braun,

« . . .
aversive when paired with electric shock but not when paired

e

/

¥

S

- 1981). Convgisely, audio-visual cues are readily made

with toxicosis (Garcia & Ko@lliné, 1966). The learned

association of the gustatory cue to the interoceptive event
Q

is not necessarik%%contingenf“on the close temporal

= contiguify'of the CS .and the UCS.
CS-UCS intervals of up to 8 hours
and the strength of the fésulting

, -the CTA can be sustained for many

conditipning trial.

The most frequently used non self-administered illness- *

CTAs have been induced’ by
(Garcia & Koelling, 1966)

association is such that

A}

days following: the

Eal

“

inducing drug in the literature is ﬂIET}\\LiC1hhas\been.

demonstrated to induce strong CTAs after one conditioning
Y N

as well as over long CS-UCS intervals (Best & Gemberling,

1977; Gemberling, Domjan & Amsel, 1980; Martin & Timmins,

1980; Steirjart, Infuzmna, 'Jardula & Spear, '1979).

/)§ induced by7LiC14tan be enhanced by broyénging F?e drug
duration fhrough repeated injections (Domjan, 1980; Domjan,
Foster & Gillan, 1979). Repeated conditioning trial§ will
further. strengthen a LiCl-induced CTA with the ensuing
likelihood of total avoidance of the associatedytaste
(Kulkosky, Sickel & Riley, 1980). A Licl CTA' is not blocked |

) 4

9 ! | -
3
A~ N2
ToTTT o g - wu:dﬂﬁ?b

T Tmm e e~ M

The CTA

-

trial (Grupp, Linseman & Appell, 1976; Nachman & Ashe, 1973)

ol
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. by pre-exposure to the drug (Br%veﬂhn,'1975; Domjan & Best,
- L 4 - - .

: . \ >
*A + ©  1977), however, thesLiCl-induced CTA can be-attenuated,to a

' 2

Y XN

-

L]

:L ‘ ”inYi£§e¥§ related to _the conditioning doSe (Cannon, Berman,
. Fd !

Baker & Atkinijyf 1975). This attenuation can be reversed
» bﬁgédditionél'condit;ening trials (Canhon et al., 1975;
Dacany & Riley, 1982; Riley, Jacobs & Lofrdo, 1976).

J

V L
Avergions to LiCl are reliable, varying 1iftle among

~ N L4

. -t
S . g} _ «subjects and these axsgsions are not easily blocked or ,
v
'disrupted by central manipulatiqyﬁ (Kimble, Bremiller,
ﬂ‘“‘?

ot Schroeder & ,Smotherman, 1979; Lorden & Mgrgules, 1977;

»

. . ‘
T ' . Lorden & Oltmans, 1978; Mason & Fibiger, 1979; Nonneman & #

DR
.

w T /
: : Curtis, 1978; Roberts & Fibiger, 1975; Siegel, 1976; Sklar &

. Amit, 1977). -

Jﬁ ", - 4 - )

¢ _ The illﬁeéﬁ-inducing nature of &iCl, with its resulting .

» ¢

~ CTA, has suppoptéd the sugggstioq that thi CTA "is due to féﬁ\u
toxicosiﬁ. This'ipference %owever, cannot explain the

t\- inability of substances more poisonous than LiCl (e.gqg., <
- .cyaﬁide,»strycbﬁine’and warfagin) to inducq&CTA, suggesting

-t that other fgctors may also underly CTA induced by emetic
; . o ‘.\ R :
% agehts (Ionescu & Buresova, 1977; uachmzé & Ashe, 1973;

.Nachman & Hartley, 1975)T';Nacﬁm€;.;>d Hartley (1975)

suggested that the rate of onset of intleroceptive cues and -

B ' the duration of symptoms, aiawell as tie physiological

- .u ~y

. . .
) . )
: - .-
. . -
. . . - e . )
-y
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systems mediating these drhg‘s actions, may be relevant to &

. L
+drug's potential to-tondition an aversion to the CS.
4$‘ "‘ -
®he 'toxicity' theory of léarned aversions may;,
) Lo
partfglly explain the rapidly acquired CTAs induced by

-

emetic drugs. However, findings K that the antiemetic

Y .

scopolamine and. drugs such as chlorpromazine, lorazepam ard

.

amphetamine? whith induce no oBservab}e signs of illness,

» N

can induce CTAs (Berger, 1972) led to further ipvestiéations

* of the.nature of CTA. o ' LN

¢
“

hJ

‘ ‘ ~
CTA Induced By Non-Emetic- Psychoactive Drugs ¢

gWith}n the category of psychoactive drugs fall classes

- ofwd}ugs with differing.behaviourél effects: depressants,

3

m . N
anaesthetics, muscle relaxants, anti-convulsamts,
- T

-

stimulants, hallucinogens, jnarcotic agonists and

~

antagonists (Oyerton, 1982). CTA experiments ‘examining

these drugs have®revealed differences both between—and

within drug classes in the natureiof the CTAs induced. .
. Iy . - -
Among the psychoactive drugs which' have induced CTA

1

are: opiates (Cappell et'al.! 1973; Farbgf, Gbrmgn & Reid, |

197§; Gorman, De Obaldia, Scétf & Reid, 1978; Sﬁitzman, Hdht’~

& Amit, 1981); 'naloxone, an opiate antagonist (LeBlanc &
Cappell, 1975; Van der Kooﬂﬂz Phillips, 1977)% amphetamine

(Cappell, LeBlanc & Heriing, 1975; Carey, 1973;.D'Mello, et

’

y i

[T a3

ot
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al., 1977; Gouéie, Thornton & Wheeler, 1976); cocaiﬁe
(Booth, Pilcher, D'Méilo & Stolerman, 1977; GOQAiééaDiékins
’ﬁ Thornton, 1978); ethanol (Berﬁan & Cahnon, 1974; Cappell
et al., 1973; Ku%kosky’et al., 1980); barbiturates (Vogel &

Nathan, 1975); cannabinoids (Corcoran, 1973; Corcoran,

' Bolotow, Amit & McCaughran, 1974; Elsemoré, 1972; Elsemore &

.

s 'V

~ 3

~

el .- e e s =

Fletcher, 1972; Kay, 1975); fenfluramine (Bogoth et al.,

1977; Goudie, Taylor & Atherton, 1975); nitrous oxide

(cdie & Dickins, 1978) ‘and apomorphine (Ahlers & Best,

1971}‘Brackbill & Brookshire, 1971; Krane, Sinnamon{ &
.Thomas, 1976). Since these drugs are not fbxic at the doses

-2

. . ® . . i
used to produce a CTA, it seems unlikely that either
pOisbning per se or gastro-intestinal distress is reponsible
for CTAs induced by these drugs. L‘

An important distinction among these ésychoéctive drugs

- -3

is that some are readily self-administered by animals while
. < T, .
others are not. For examplﬁ{ the self-administration

liability of the canﬁabiﬂpids,(Amit, Corcoran, Charness, &

Shizgal, 1973; Van Ree, Slgﬁgen and deWeid, 1978) and
4

beniqgiazepines (Amif & Cohen, 1974) appears to be low. It

‘

appears that not only does the self-administration liability’
of these drugs differ, but also thdt aversions produced by

the non self-administered and the aversions proddﬁed by the

v

. . : LN
- gelf-administered drugs differ qualitatively. These

ay
-
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differences are exemplified by the effects of pre-exposuie >

to these drugs oh the attenuation or blocking‘of CTA.

3

Several investigators have studied the nature of the

aversions through the pre-exposure paradigm. In the pre-
exposure situation, rats recéive experience with a drug one ,
or more times pfior to the usuai tasté aversion conditioning
trials. The assumption of this procedure is that if two
drugs.possess‘similar properties, prior experience with one

drug will #nterfere with the learning of the association

_ between the novel glavour (CS) and the effects of the other °
. : : T . ’

drug (UCS). Corcoran-(1973) examined the effect of

™ tetrahydrocannabinol (Aﬁ THQ) on three’ novel paétes,‘eacﬁ
taste paired with the drug at la-day inteFvals. The )
. resulting CTA to the third flavour was not appreciably
- weaker than the CTA to thF first. These results suggest o

tha: not only does A" THC possess aversive properties, but

that rovelty of the drug expérience does not seem to account

o
for the aversiveness. Consistent with this idea, XKay (1975)

reports an increase in, strength of aversion over repeated
"trials and with increased doses of A'THC. In fact, if
novelty of the drug experience underlies the CTA induced by

THC, the reverse would be expected, i.e. a’decrease in the
" . ., -

' - strength of ave;sioniovei repeated trials.

- v °

in addition,  tolerance does 'not seem to develop to the
L e 7

/
~ . [
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aversive properties of A THC. Eight pre-exposure trials to
10 mg/kg of AMTHC did not attenuate the acquisition of a CTA

(Elsemore, 1972). However, Switzman, Fishman and Amit
. ) . .

LY

(19817 report that prior exposure to THC did attenuate a
CTA inducéd Qith t;is drug. It appears that neither novelty
nor- tolerance accounts for the aversion induced by A® THC.

It is'po§Sib1e that the metabolism of the drug may be‘
imﬁortan£ to explain the‘aQersive effects of cannabinoids on
CTA. Pretreatment with SKF 525A (proadaﬁan), a non-specific
microsomal enzyme inhibitor believed to slow down drug -
getabolism, attenuates LS‘THC inducéd CTA (Corcoran, 1973).
It may be th;t the metabolites of-the cannabinoids, rather
than the parent compounds, weré responsible for the drug's
ébililty to induce a CTA. Goudie, Kelley, Taylor and
Wheeler (1975), however, point out that SKF 5254, preQiously
ASsumed not to affect behaviour itself, does have a sedative
effect and ray potentiate a drug's efffect on behaviour.
While the precise mechanisﬁ involved in CTAs induced by
cannabinoids remains unknown, infusion of the drug into the
dorsal hippocampus produces an aversion comparable to ;
intraperitoneall(IP) administration; this suggests that a
central component may be inveclved in peripherally induced
CfAs, particularly those induced by canﬁﬁbis (Amit, Levitan,

[y

Brown & Rogan, 1977).

&4
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Benzodiazepines . ’

’Pre-exposure studies have demoAstrated that the
benzodiazepines differ among themselves. Chlordiazepoxide
does not block the acquisition of é‘CTA‘induced by
amphetamine or morphine (Cappell et al., 1975). Diazepam,
however, does attenuate thg stronger aversion normally A
inducea by morphine (Switzman, Fishman'& Amit, 1981).
Interestinély, pre-exposure to morphine does’not attenuate a
diazepdm-induced CTA (Brown, Amit, Smith & Rockman, 1979;
Switzman, Fishman & Amit, 1981). Such unexpected cross-over
effects are not consistent with Rhe hypotheses which’
attribute the éffects of one drug on the CTA induced by
another drug to relative toxicity, relative magnitdde of
aversions, nolety of drug effects or impaired association,
in acquisition of CTA (Brown, Amit, Smitﬁ & Rockman, 1979;
Switzman, Fishman & Amit, 1981). These issues will be
explored in a further sé;tioh.

Switzman, [Fishman and Amit (1981) .suggest that the

differential interference of doses of diazepam, morphine and

-

THC, drugs that| induce comparable degrees of aversioq, may
be dué to the influence of the temporal properties of drugs.
Morphine and : THC'havé similar duration of action. Longer
acting drugs may be more effectve in blocking CTA than

shorter acting drugs. Morbhine, however, is reliably self-

2 10
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adﬁinistereq (Amit, Brown & Sklar, 1976; Amit, Corcoran,

Amir & Urca, 1973) and THC rarely self-administered (Amit,
Corcoran, Charness & Shizgal, 1973;'Vén Ree et gl., 1978;. &\\
Since the positive reinforcing properties of diazepam and

THC differ from those/of morphine, these.drugs may also
possess different or additional a&grsive properties not
possessed by morphine. The evidence implies that aversions
'induced by the poorly seIf—administeredcbenzpdiazepines and
cannabinoids differ qualitatively, from those aversions

conditioned with the readily self-administered drugs such as

<« a

ethanol and morphine.

/\_/ ) .

’ %

CTA Induced By Self-Administered Drugs

\ While not all non self-administered psychoactive drugs
induce CTA (Ionescu & Buresova, 1977; Nachman & Hartley,
1975), most of the self-administered drugé have been
effective in inducing some degree of CTA. Psychoactive
drugé that have been self-administered Ey experimental
animals inélude barbiturates (Deneau, Yanagita & Seevers,
1969), ethanol kBrown & Amif, 1977; Eckardt, 1975),
amphetamine (Davis & Smith, 1973a; Yokel & Wise, 1976),
cocaine (De Wit & Wise, 1977; Roberts & Koob, 1982),
morphine (Amit, Brown & Sklar, 1976; Davis & Smith, l973b;.

Glick & Cox, 1977; Stolerman & Kumar, 1970; Van Ree et al.,

11,




'sleep as long as drug-naive animals.
1]

’ ' ! *
.

1978) and heroin (Van Ree & de Wied, 1977; van Ree et al.,

1978). These drugs have been examined in the taste aversion

‘paradigm in an attempt to elucidate their reinforcing

actions.

Barbiturates ‘ T

Voéel & Na£han (1975) demonstrate CTA with a variety of
barbiturafeé (amobarbitol, héxdbarbitol, phenobarbitol) -
using a‘wide range of doses. They found that the higher
doses‘inducéd stronger aversiens than lower doses. However,
these aversions could not be predicted by observation of the
behavioral effects (e.g., anaesthesia) of the drugs, nor
could they be attxributed to the drug's direct aé%ions, sincg
testing was done;after these pharmacological actions had,
ceased. V;gelJ:;d Nathan (1976) found that prior exposﬁré
to amobarbital attenuated the amobarbitol—lnduced_éTA.“ '
Since they found:that ghe‘attenuapion was not'éccompanied by’
a corresponding rgduction ?fgyted s;eep-time tolerance to
the drug's effect cannot account for this attenuation;
amobarbitol induces sleep and a reduction 6f sléepfi@e WOuid
be indiggtive of the development of tolérance tofthé dfuq. |
fnstead, animals pretreaté& with the drug were found to

3

]
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Ethanol ‘ .
- = ¢ ’ n , , v :{}V‘P
' Ethanmol induces an aversion in a single trial at higher
doses (e.g., 1200 mg/kg) but not at lower doses (e.g.,300 or
. A .
600 mg/kg) (Cappell et al., 1973). Cannon et al., {1975) "

found that exposure to ethanocl would attenuate CTA. The

¥

atte?uation of the ethanol-induced CTA was deség%béd as a
positive function of the pre-exposure-dose and ;n in&erse
function of the conditioning dose (Cannon et‘al., 1975).

Kulkosky et al. (1980) report that the weak CTA induced
by ethanol in a single triai can be strengthened by rebeated
congftioning trials to the point of total avoidance 4f the *
conditioned tasté. In contrast, morphine does not suppress
consumption completely even after repeated trials (@@gger et
al., 1976; Riley, Jaccbs & LoLordo, 1978). ~

The mechanisms mediating an ethanol-induced CTA remain

unclear. Administration of ethanol inéo_the dorsal ¢
hippocampus does not induce an.aversioﬁ as would the same
dose if given intraperitoneally (IP) (Amit et al., 1977).

-

Intraéerebgoventricular (Icv) ;nfusion of acetaldehyde, the
major metabolite of ethanol,'dsgg/;ot induce CTA although IP
injection does (Brown, Amit, Smith & Rockman, 1978). Brown
et al. (1978) suggest that the aversiveness of acetaldehyde

may be due to peripheral toxicosis even though the positive

reinforcing effects appear to be central, since naive rats

‘ '
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will self-administer acetaldehyde'ICV (Browﬁ, Amit &

s

Rockman, 1979). Although these studies suggest that the . '

positively reinforcing and aversive effects oﬁ\ffetaldehyde
are mediated by two separate mechanisms, manipulations of

the central catecholamine system block both the reinforcing
effects of ethanol and the acquistion of CTA. This seems to
suggest that a common mechanism may link the peripheral and
central effects of this dr;g. Sklar & Amit {(1977) suggest
central mediation of aversiveness by the same mechaqﬁsms "){
which mediate posifive reinforcement.- : N

TN ' °
“amph# amines and Cocaine .

Amphetamines and cocaine, <classified as psychomotor
stimulants with similag;sehavioural effects, differ in their
potency to.indﬁce CTA. Amphetamine can induce a significant
CTA:in a single trial at moderate doses (Berger, 1972; Boonth
et al., 1977; Cappell & LeBlanc, 1971), while cocaine
induces CTA in a singleﬁtrial only at very high doses
(Goudie et al., 1978). Amphetamine-induced CTA -is enhanced
by repeated conditioning trials (Stolerman & D'Mello, 1978),
uwhile cocaine remains a relatively weak avérgive agent
(Goudie et al., 1978). Switzman éﬂBBlf found no CTA with 20
mg/kg of cocaine paired with saccharin, .while Foltin &

Schuster (1982) report that 10 conditioning trials on

alternate days resulted in a weak CTA. In contrast,

14
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amphetamine has been sgown to induce CTA at a dose of 3.2
mg/kg in a single trial and at 1 mg/ kg after a third trial
(Booth et al., 1977) or over four trials when ingested
-orally at a range of concentrations (Sanger, Gréenshaw,

. \
Thompson & Mercer!'l980). Amphetamine consistently induces

[\)

a CTAa $¢re reliably thaq cocaine.

Morphine and Heroin

Although a number of ipvestigators have reported
morphine to be an effective UCS in conditioning aversiors
(Cappell et al., 1973; Farber et ai., 1976; Jacquet, 1973;
Parker, Failor.& Weidman, 1973; Sklar, & Amit, 1977; Sinyor,
Switzman & Amit, 1980; §witzman,'Hunt & Amit, 1981; White,
Sklar & Amit, 1977), morphine-induced éversions.often take
ﬁote than one trial to develop and are typically ;ncomplete
even after repeated conditioning trials. A CTA can be.
induced with as little as 3 mg/kg (Blair & Amit, 1981,
Cappell & LeBlanc, 1973; Switzman, Fishman & Amit, 1981) or
not be apparent after the initial trial at doses 'of 10-80
my/kg (Riley et al., 1978). %his variability indicates that
morphine-induced CTAs are no} necessarily dosé:dependant
(Fafber et al., 1976). CTAs with morphine have\been induced
by administering the drug by subcutaneous implantation of

pellets (Manning ‘& Jackson, 1977) as well as IP (e.g.,

Jacquet, 1973; Parker et al., 1973; White et al.,- 197%).

15
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Experiments using other narcotic drugs to .induce’'CTAs -
are rare. Heroin examined in only one study to date, did

not induce a CTA at any of a wide range of doses (Switzman,

Hunt & Amit, 1981). - .5
) T

- The Self—Adminisfration/Taste-Aversion Paradox

The finding that a self-administered drug iﬁdﬁdeé‘a CTA

appears quite paradoxical: how could the same drug dosang\”
be simultaneously avergive and positive reinforcing?- Since’
different baraﬁgters,are used in studying CTAiand self-
administration, it ﬂas heen suggested that the aversivenes§
attributed to self-administered drugs may be an artifact of
the CTA paradigm (Cappell et al., 1973). That this is not
the case is clear from studies which show that the same
injecfion of amphetamine or morphine can se;ve as a positive
reinforcer and simultaneously induce a CTA (Switzmén, Amit &.

-~

White & Fishman, 1978; White et al., 1977; Wise, Yokel & De
. 9

Wit, 1976).

o

Explanations of the aversive effects of self-

administered drugs in the CTA paradigm remain highly
4

controversial. Researchers attempt to explain the 'paradox’' - -

in terms of the novelty of the drug state, or tolerance -to éﬁ% L
il

the aversive properties of the drug. The toleranc¢~or

habituation hypothesis postulates-that the-aversion and

16
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--outlined below. L

o

ositive reinforceméfit reflect different te 1 com nt {
P : : ren mpqaral components “_//~ ,

of\a drug's effect (Cappell et al., 1975; Dacanay & Riley,

1982; Goudie, Taylor & Atherton, 1975; LeBlanc & Cappell, R‘ &
1974; Riley et al.; 1976).‘7According to ;Qg novelty “
hypo;hesis, the avefsive and positiva/?éépfgrcing components

of a drug effect aré caosely'rplated{}&mit¥& Baum, 1970;

Gamzu, 1974; Rudy, Rosenberd & Sandell, 1977; Vogel & <l

1

. ,
Nathan, 1976). The experimental literature pertaining to

~

the tolerance hypothesis and the novelty hypothesis, will: be

o
/

The Tolerance Hypothesis .. .

The‘tolerance hypothé%is suggests that initially,xﬁrugs
are pharmacologicﬁlly aversive to naive rats and can

L3

theggfbre induce an aversion. Subsequently, the aversive

—
N

effect tolerates with drug éxperience,'unmaskfng the

positively reinf;rcing effect of thelhrugs (Cappell et al., -
1975; Goudie, Taylor & Atherton, :1975). Goudie, Taylor &
A£hertoﬂ$(1975) point out however, that tolerance to the

aversive effewts of drugs should be distinguished froml

tolerance acquireé’%o a drug's more general pharmacoloﬁical
properties. For“example, while at£enuétion of morphine-

induced analgesia with drug experience is specific to the

conditioning environment, -attenuation of morphine CTA
- : ° .
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through pre-exposure is not environmentally specific
(Stewart & Eikelboom, 1978). Tolerance to the aversive
guality of drug does ébt seem to determine whether the-

animal wi acquire a CTA and to wWhat degree, since repeated
‘ .

conditioning trials will subsequently enhance the CTA .

t.

attenuated by pre-exposure for both self-administered and non

‘self—administered drugs {Berman & Cannon, 1974; Riley et

- i)
al., 1976). Furthermore, pairing of the pre-exposure doses
’ L]

of a drug with one taste will prevent the pre-exposure from

" interfering with the CTA induced by the drug to a different

flavour during conditioning (Stewarf & Eikelboom, 1978).
'Crossover"effects demonstrat; that prior éxposure to
one drug will attenuate the aversion normally forTed to a
second drug, whereas prior exposure to the second dr&g will"
have no effect on an animal's acquisition of an aversiop to
the first (Switzman, Fishman & Amité¥ 1981; Vogel & Nathan,
1976). This asymmefry has beea demonstrated using
amphetamine Snd m¢rphine (Cappell et al., 1975), amphetaﬁine
and émobarbitol (%ggel & Nathan, 1976) and various other
drugs. For example, amphetamine attenuates a morphine CTA;

P L

however, morphine. does not attenuate an amphetamine CTA

?
(Cappell-et al.ﬁ)&g?S). Pre-exposure to morphine does not °
block CTA induced by diazepam or AV THC, but does block a —

morphiné CTA (Brown, Amit, Smith & Rockman, 1979; Cappell et

-
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al., 1975; LeBlanc & Cappell, .1974; Switzman, Fishman &

N\ ’ Amit, 198I). Conversely, THC attenuates both a morphine’
. and a diazepam CTA (Brown, Amit, Smith & Rockman, 1979;

e d Switzman, Fishman & Amit,» 1981). The evideﬁce indicates
..o ' tggt less r;adily'Eelf—administered drugs will effectively

& e
// attenuate aversions to more readily self-administered drugs;

but not the reverse (Switzman, Fishman & Amit, 1981).

<
-

s ]
'\\ " The Novelty Hyﬁ%thesis

*4f/<\ T, It has been suggested. that CTA may reflect the novelty

— ‘.‘
4 \V,/ r . . : o .
. of" the dgpg effecq, implying that the drugged state is
¢”N . _ ‘
o i{sz( . itself aversive to naive subjects (Amit & Baum, 1970; Vogel

v

& Nathén, 1976) . This novelty hypothesis would predict &

v : .
lesser aversion from habituated subjects (Amit, & Baum,

E Do ~
- 1970)/.‘ % 70 :
& . ‘/3Evidenc§\§ﬁat pre-exposure to the conditioning-drug can

- bléck or attenuatg the»c%A seems to support the novelty
£ hypeothesis. Drugs whHose effects attenuate or block CTA
through ?ami;iaritjiafiﬁ the‘Eoﬁditioning drug included:
f\& ' morphipé\(LeBlanc & éappell, 1974 ; Switzman, Fishman & Amit,'
1981); amphetamine (Goudié,'Thornton & Wheeler, 1976; B .
&: f LeBlahc‘& Cappell, 1974); diazepam and chlordiazepoxide

(Gamzu, 1974); amobarbitol (Vogel & Nathan, 1976); ethanol
‘ g y

N (Qpit,zi%?ind & Baum, 1973; Cannon et al., 1975) and

i R fergluramine (Goudie, TayLor‘& Atherton, 1975).




3

. Some of the evidence against the novelty hypothesis can
be drawrn from 'crossover' studies, demonstrating that pre-
exposure to one drug may block or attenuate the CTA induced-

by pairing another (still novel) drug with the taste. The

o

hypothesis would predict a CTA with each novel drug .
regardless of the pre-exposure drug. Gamzu (1974) reports

that pre-exposure to diazepam will prevent development of a

!

CTA in response to chlordiazepoxide and Vogel and Nathan
(1976) found that an amobarbitol CTA is attenuated byapre-
exposure to ambhetamine, although amphetamine pre-exposure

did not attenuate an amobarbitol-induced CTA. Pre-treatment

L3

with diazepam has been found to block development of a CTA
in response to morphine (Brown, Amit, Smith‘&_Rockman, 1979)-
and chronic prior exposure to amphetamine to attenuate a
morphire-induced CTA (Cappell et al., 1975). These studies

do not necessarily contradict the novelty hypothesis.

Although the conditioning drug in thg pre~exposure studies
4

is novel, the animal may not be discriminating between the
' /

pre-exposure drug and the conditioning drug. Both drugs may
be operating through common mechanisms and although
é?ffeient, have similar effects. 1In the case of 'drugs

operatiﬁg via different mechanisms, the novelty hypthesis

k-4

may account for the resulting CTAs.

K

Investigations of the mechanisms mediating CTA of self-

*

o
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administefed drugs iend further support QP the novelt§
_hypothesis.  Sklar & Amit (l977)'suggestrthat the.averside
pfqpeftiegoof self-administered d}ugs mighéqbe a fupcgion of
the novelty of, the drué's positive reinforcing properties in
naive rats: This hypothesis would érediét a common
mechanism mediating bath the aversive and the positively
. reinforcing effects of self-administered drugs. ‘A variety
- . . N
v'of studiés Bave implicated éhe\central catecholamine (Ca)
*+ ¥ gystems in the mediation of CTA by"self—administered drugs.
. Brain lesions in central CaA regiéns can atteﬁuate CfAs
. (Amit, Corcoran, Amir & Urca, 1973; Glick & Cox, 1977), as
cag pharmécqlogié&l blockade of CA receptors by pimozide
© (Crppp, 1977; Sklar & Amit, 1977); dgpletlon cf CA levels in
the brain by alpha-para—methyl-tyr051ne (AMPT) (Brown, Amit,
4 Sinyor, Rockman & Ogren, 1978; &ouﬁie,;Tﬁornton & Wheatley,
h 1975) and destruction of CA pathways. by infusions of 6- ’
hygroxy-dopamlne (6-OHDA) (Brown & Amit, 1977; Roberts &
Fibiger, 1975). Furthermore, such manipulations of the CA
system do not block the induction of CTAs by non self-
administered emetic érugs such as LiCl (Loxden & Margules,
¢+ 1977; Mason & Fibiger, 1979; Roberts & Fibiger, 1975, 1977;
N Sklar & Aamit, 1977). ’
These studies indica£e the both the positively

reinforcing and the aversive effects of sélf—adminisiered

- w

‘a

-
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drugs may be mediated by the same or xelated central

P

mechanisms. , Further research into the precise loci of

pharmacological effects of drugs may serve to resolve ‘the

o

so-called parddoxical effects of self-adminaistered drugs in

the CTA paradigm.‘ If the CTA induced Eg self-administered

~

drugs is centrally mediated, closer exahination of the rate

e .
»

b "I . . . ) ' .
of onset to peak brain activity and the duration of action

of the drug in the central: nervous system seems important-in

understanding the differences in efficacy of these drugs to

.

induce CTA.

’

Temporal Considefations of Self-Administered Drugs .

Various investigators have hypothesized that tLe
difference in. temporal properties of ‘self-administered drugs

(the rate of onset to peak brain activity and the duration

-

of aqtion in the CNS) may underlie the efficacy of these
drugs Fo induce CTA (Goudie, 1978; Switzman, Hunt & Amit,
1981). Goudie (1978) suggested that the duration of action
of a drug mfght play a role in determining its potency to
induce CTA, a possibilffy which . was also consideggd by
Nachman & Hartley (1975) wiéﬁfgégard to-differences in CTA

r

potency evidenced by toxic drugs. This hypothesis is

RS

supported by evidence that two readily self-administered
psychomotor stimulants, amphetamine and cocaine, differ
greatly in CTA potency. Amphetamine has a longer duration

»
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of action than cocaine (Goudie, 1979) and is effective in
CTA induction in doses as low as .32 mg/kg (D'Mello et al.,
1977) while cocaine is a very weak aversive agent, inducing

CTA only at a high dose of 36 mg/kg (D'Mello, Goldberg,

‘Goldberg‘& Stolerman, 1979; Goudie et al., 1978). It seems

that a drug with a longer duration of action is more
aversive in the CTA paradigm than<a drug with a shorter
duration of action. Goudie & Dickins (1978) further support

the duration of action theory by demonstgating that the

. . . . R - : Lo
. aversive potency of nitrous oxide, which equilibrates in the

brain within minutes, is directly related to the duration of
eprsuie to the drug over a period of up to 4 hours.
Similarly, a relationshib has been postulated between the

low aversive potency of ICV administration of acetaldehyde *

and its short duration of action (Brown, Amit, Smith’ & >
Rockman, 1978). It has also been shown that administration

.of a dose of LiCl divided into two spaced injections to .

prolong its .duration of action will induce a stronger

aversion than the same dose»administered in a sindle

injectioqi(Domjan, 1980; Domjan et al., 1979): . ~.
The duration of actﬁdn hypothesis seems to be

contradicted by the minimal difference in potency to induce

. s

CTA between the cocaine-analogue WIN 35428 and the shorter-

duration cecaine (D'Mello et al., 1979). This despite fhe

23 ‘ i . .
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gac£ that the relative potenciés of" these two drugs were
foundy@o be consistent with their effects on operant
respg@ding (D'Mello et al:, 1979) .

In the case of the opiates, morphine—and_heroin, the
lack of CTA potency demonstrated gy heroin as ;;hpared té
ﬁ@rphine has also been attributed to heroin's more rapi&
rate of onset (Swit;mén, Hunt & Amit, 1981). Heroin crosses
the b;ooa—brain barrier at a quicker rate than does morphine
(Oldehdoff, Hyman, Braun &'OIdenSZif, 1972); thus it 4s
possible that heroin's quicker rate of onset accounts for
its lack of potency in inducing CTA (Switzman, Hunt & Amit; .
1981). T?is difference in rate of oﬁget may also account -
for the weak CTA induced by cocaine~as'compared to
amphetamine, since cocaine has a more rapid rate of onset
than amphetamine (Nayak, Misra & Mule, 1976).

The importance of the rate of onset to CTA ind@ction is
further“supported by Hunt, Amit, Switzman & Sinyor (1983).
They demonstrate that ICV administration of morphine, which
causes a more rapid rate of onset to peak brain activity
than’ IP injection, does ndt induce a CTA, althgugh‘IP
administration of morphine does induce a CTA fairly reliably

(Jacguet, 1973; White et al., 1977). Hunt et al. (1983)

administered naloxone, (an opiate antagonist) IP in

-
\
3

combination with the cerebral infusion of morphine and \7

24
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; succeeded in obtaining a CTA. Thesé results may be
v attributed to the graﬁual binding of morphine to the opiate
receptors as the naloxone occupyiqg the receptor sites
gradually dissipates. Since naioxone has a relatively short
half-1ife (Goodman & Gilman, 1980), the morphine molecule
would still be intact when the naloxone in the system has
been eliminated. Thus, when experimentally slowing- down the
rate of onset of ICV mérphine, a CTA méy occur (Hunt'et al.,
1983). It seems thgt the potency gf a druq\to induce a é}A
may be related to the rate of onset of the drug as well as
’ the duration of action. Drugs with longer duration of
action and perhaps slower-rates of onset induce more
we~reliable CTAs. It seems that although all self-administered
drugs except heroin have been shown to induce some degree of

CTA, the differences in their tempbral properties may

underlie the degree of the CTAs.induéed. ‘

The previous discussion seems to indicate that the
effgcts of non self—admigistereq and self-administered drugs
in the CTA paradigm differ, that the effects of self-
administered drugs seem to be mediated by central mechanisms
and that the potency of drugs to induce CTAs may be related
to thelir temporal propé;tiesIJ'Repeated conditioning tr}als,

varied dosages and the intervals between trials apparently

eﬁ;ect the degree of CTA induced by various drugs. More

A : 25
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specifically, CTAs induced by both non self-administered and
self-administered drugs can be enhanced by division of the
total drug dose into spaced injections, by repeated- . N
K

conditioning trials and Dy extension of the interval between

conditioning trials. '
, Despite extensive literature on the phenomenon of CTA,
relatively little work has been done using heroin as the
ﬁCS. Switzman, Hunt & Amit (1981)\report that although
heroin is;g\more potent analgesig than morphine, heroin
failed to’indhce a CTA in a single-trial paradigm. The
failure of hero}n to induce a CTA, while morphine in
comparable dosages does, is surprising since heroin, a
diacetyl derivative of morphine, is believed to convert to
morphine in the CNS (Way,‘;oung & Kehp, 1965). Perhaps as
in the case of cocaine, a weLg aversive agent, heroin can
induce a CTA when conditions are enhanced. -

The present experiments are dgsigned to investigate the
parameters that may facilitaté a heroin CTA as compared with
morphine. Experiment 1 examines heroin and morphine over
-urgg?ated trials yith\a two-day interval betSeen conditioning
trqals. In experiment 2, doses of heroin a{f administered
in repeated injections, spaced at twenty minute intefvals.

Experiments 3 and 4 examine & wide range of doses of heroin

and morphine in two different strains of rats, over repeated‘

26
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trials with 5 days between trialsf A CTA is determined as a
decrease in saccharin consumption relative to baseline
intake. An additional saline-freated group is included.
This‘criterion'of a decrease from baseline jntake, with the
inclusion of a saline-treated group has been reported by \
other researchers as evidence of a CTA (Carey, 1973; Dacanay
& Riley, 1982;_Kulkosky et al., 1980; Riley et al., 1976;
Riley et al., 1978; White et al., 1977). The addition of
thé saline~treated group serves two purposes: firstly, to
establish a basis for a true difference due to drug
treatment and, secondly, to establis thé'pattern of
drinking a novel flavour by saline-treafed control animals.
Animals are knowrn to be neophobic to novel f1lavours (Siegel,
1974). Over repeated exposures, this neophobic responsé is

decreased and consumption of the novel flavour is usually

increasgd (Rozin & Kalat, 1971).

AN
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. EXPER,'I’MENT 1 .
Almost all self-administered drugs investigated in the

CTA Paradigm to date have induced some deqree of CTA. These

self—administered.drugs include ethanol (Gappell et al.,

1973; Kulkosky et al., 1980), amphetamine (Cappell &

7 LeBlanc, 1971; D'Mello et &1., 1977), morphine (Jacquet,
1973; Riley et al., 1979; Switzman, Hunt & Amit, '1981; White
et al., 1977) and cocaine (Foltin & Shuster,¥l981; Goudie et
al., 1978). Heroin is the one self-administered drug
examined in the CTA paradigm that has not induced a CTA.
Recently, Switzmap, Hunt & Amit, (1981) have reported that‘
morphine was more effective than comparablg doses of héroin

“in inducing é CTA in a single trial. These results are
sufprising, since heroin is hydrolized to morphine in the
brain and is therefore believed to depend on morphine for
its pharmacological actions (Goodman & Gilman, 1980; Wasacz,
1981; Why et él., 1965). Further&ore, since heroin is a )/

more potent analgesic than morphine (Goodman & Gilman, 1980;
ﬁ . Switzman, Hunt & Amit, 19814 and is'mgre easily‘
discriminated by rats (Overton, 1987; Overton & Batta,
| 1877), it is ekpected‘téat heroin 'would induce a CTA as
morpﬁine‘dpes. Heroin is believed to have gre;ter
. ‘ positively reinforcing properties than other self-
“ administered drugs (Van Ree et al., 1978). These positively s

LN
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reinforcing effects may mask any aversive'properties of

heroin whicﬁLwould make detection of the aversivenéss“

difficult for the rat. Therefore, more than oﬁe exposur&‘to

heroin may be necessary for the rat to develop a é}A to the

novel flavour. The number of flavour-drug presenyatibns has ( B

been repprted to influence the strength of CTAs induced by

varipus drugs. For example, both ethanol- and morphine-

induced CTAs are reported to inckease over repeated

saccharin-drug pairings (Kulkoskyfet al., 1980; Riiey et

al., 1978). The present experiment examines the effect of

repeated gonditioning trials on the efficacy of heroin as 4

compared‘to ﬁgrphine to induce a CTA.

Method - .
Subjects. Subjects were 42 malé Wistar rats ('new

colony' 'pathogen-free') weighing 275-300 gms at the

beginning of the experiment. Animals were housed

individually in stainless steel cages in a temperature-

regulated room (Zl,C) with a 1l2-hour day-night cycle (light

'og from 0800Nir. to 2000 hr.). Fgod (Purina Lab Chow) and .

water were made available ad 1ib. The animals were handled

¢

for 4 days before the beginning of the experiment.

[\

Drugs and injections. Heroin (diacetyl morphine

hydrochloride) (Macfarlan Smith Ltd.) and morphine

hydfochloride (Merck, Sharpe and Dohme Canada Ltd.) were

29




dissolved in injectable physiological saline solutién (Abbot  \
) ) Laboratories). All im{ectioné were administeréd N P
intraperitonneally (IP) in a volume of 3 ml/kg. Treatment
groups were as follows: saline, (n=7); heroin, 3 mg/kg H/
(n=9), 6 mg/kg H (n=10), 9 mg/kg H (n=6), or QOrphine, 9
mg/kg M (;=5), 15 mé/kg M (n;S).

—Procedure.ﬁ Following 6 days of adap%ation to
.labora?ory condittons, animals were placed on a 23.5 hr -
fluid deprivation schedule in their home cage. For the
following 6 days, tap water was available to th® rats for a
30-minute period at 0900 hrs. All fluids (i.e., water or
saccharin) we;e presented in stoppered plastic test tubes
fitted with stainless steel ballbearing spouts inserted
through the wire mesh in front of the‘éage.

On days 7, 10, 13 and 16 at 0900 hrs., a 0.1% (w/v)
saccharin solution was substituted fofjwater. Within 2‘
minutes following the 30-minute saccharin presentation,
animals received IP injectibns of their fespective drug
dosages. Following the fourth and finaf pairing day‘and two

N\ .
additional water days, saccharin was once Wg{e presented for

the 30-minute period without a subsequent druL injection.\\\<
All saccharin consumption was measured and recorded in mls.

.Results

& , Results of this experiment are presented in.Figure 1. -
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The means with the standard errors of the means are

presenteé in Table 1 (see Appendix A). A one-way analysis '
. .

Nj ‘ of variance on absolute intake of saccharin yielded no

significant difference between groups on day 1 (baseline) (F

»
A two-way analysis of variance on saccharin consumption
Yy

7 ' . (5,36) = .4809, p7.25).

o

between groups over the five test days, revealed no

- . e

significant difference bet;ggﬁ‘gsadgg\jF (5¢36)
et

it

2.43023,

pY.05) and no significant effect of daysr(F (4,144) ="'
a

[+

1.26997, py».25). @&he drug x day interaction, however, was
highly significant (F (20,144) = 2.22617, p<.005). Post hoc
5

analysas (simple main effects) exploring this interaction on

I\.‘ ¢

each of tﬁe‘4 test days yielded a signifiéant difference in
sacchariniintake between.groyp§ oﬁkday 4 (F (5,150) = 3.552‘
p¢.01), ané day 5 (F (5.180) = 4.69, p<.0l). Post hoc Tukey
tests révealed that rats treated with 6 mg/k&\H and 9 mg/kg
H drank significantly less saccharin than saline-treated
raﬁé on day 4 (p¢.04). _Only the 6 mg/kg H group remained
significantly different from saline-treated animals on day 5
(p¢-01). Both 9 mg/kg M and 15 mg/kg M groups drank
significantly less saccharigkfhan the saline group on day 5

' (p¢.01). \

It is important to note that although these groups

dranB;signf?icantly less saccharin than the saline group,
, e

' . x‘
' \
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~\\\;~’haye demonstrated that repeated conditioning trials intrease

. idcussion N ““fj
.o . . .

’ ) .
none: of the grbéups dec?eased their saccharin intake as

. . .
‘compared to their own baseline consumpE}on (Tukey, p».05).

f ! - ' <
Therefore, it appears that'the sigaificant drug x day i -

interaction is a.function of the préportional difference

3

’ - o y .
bqugen a drug group and the saline group on any particular j

day. A.CTA, defined as a significant decrease in .
' " —_— . "
consumption from baselin intaké was not induced by either

-

hérq&n or' morphine.

.In the preéeqt experiment, neither morphine nor heroin :

¢ A

‘ 1
induced a CTA. The finding that morphifie in this study did

not induce-a CTA réfgﬁiprising, Several studies have

' ~

reported tHat morphine.is an effective CTA inducing ayjent
/ . '

(Blair & Amit, 198};'Cappell & Leblanc, 1973; Switzman, Hunt

& Ahit,‘ﬁ981; white et al., 1977). Furthermoré; researchers

B S

» L 4 ] ° - '
morphihe's reliab}lity to induce CTA (Riley et al., 1978)

~ .
and further strengthem the CTA .of drugs such as LiCl and "
ethanol (Kulkosky et al., 1980). Different factors such as

stréin Qé,rats and Qarametegs used, may account for the
inefficacy & moé;hine to induce a CTA in this éxperiment.
IThése factors will be explored furthef in Experimeﬁts &;snd
4.! . ,,\." . . .

D

It.remaingfunclear as to why heroin does not induce a *.

’I.’ ' ﬁ . .v' 33 ’
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CTA over repeated conditioning triads. Increasing the -

duration of the drué effeet by dividing the total drug doge

the

-

into spaced injections has ‘been demonstrated to' enhance

CTA induced by LiCl, a reliable CTA-inducing agerit (Domjan

et al., 1979) as well as enhancing the CTA of a weak

»

\ .
aversive dgent such as cocain? (Switzman, l981).\§Thé’next

.

experiment was designed to investigate the possibilty of
P 9

inducing a heroih CTA with repeated injections over repeated

//-—\"r ’ s !
*  comgitioningtrials. .
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EXPERIMENT 2

In Experiment 1; administration of heroin over repeated
trials did not resulﬁ in a significant redgction‘of
saccharin consumption. Heroin as yet, has not been

» , .
effective as a CTA inducding agent. Perhaps the parameters

under which heroin can condition an aversion remain to be
established. : ' .

Distribution of the drug dose oyer repeated injections

_/has been reported to enhance the weak CTA induced by cocaine

isaitzman, 1981) and to strengthen the reliable CTA induced
by LiCl (Domjan et al., 1979). Based on these, findiﬁgs, the
present experiment examines the efficacy of heroip to inducé
a CTA when'the total dose of drug is administered in
repegted injections. . .

Method , ‘

Subjects. Subiécts were 38 male Wistar Q'new’égigpi')
rats weighing 275-300 gms 3;,the begipﬁing of the
experiment. Animals were housed as described previously in
experiment 1. Food (Purina Lab Chow) and watér were made

available ad ?ib. The 'animals were h%ndled for at least 4

days before the beqinning of the experiment.

—_ [N

. Drugs and injections. Heroin (diacetyl mofphinev

hydrochloride) (MacFarlan Smith Ltd.) was dissolved in

35 .
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inﬁectable pbysiological saline solution (Abbot
Laboratories). All injections were administered
intraperitoneally (IP) in a volume of 1 ml/kg. Treatment
groupsswere as follows: saline (d=9); heroin, 3 mé/kg H
(n=10), 6 mg/kg H (n=10) and 9 mg/kg H (n=9).

Procedﬁre. The procedure was similar to that of
Experiment 1. Ahimals receivéa‘4 saccharin-drug pairings at
three day intervals, with water preseqted on tﬁe interveniné
days. Inm ‘contrast to experiment 1, only heroin was
;dministéred, and the total dose of drug was divided into
three injections administered at 20-minute intervals.
Results . ,’

A one-way analysis of vaifﬁnca on day 1 (baseline).
intake of saccharin revealed a signﬁficant difference
between groups (F (3,34) = 4.16255, p(;OS). The daté for

the S‘days were therefore anaiyied ifi a two-way analysis of

‘co-variance. Analysis of covariance makes an adjustment of

thé means so that the data can be anaiysed takang into
‘account how the groups é&iffered on baseline intake before
exgerimental manipulation.’ The mean scores of the first
covariate (baseline scores) and the adjusted means of each
test day are represented in Figure é (see Appendix A). Thess
original and the adjusted means of each group on each day

and the standard errors of the means are presented in Table

(/A
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2. Theé adjusted means show what part of the variation due

#
to baseline differences is removed. The analysfs revealed

0

no main ef%ect of drugs (F (3,33) = .96, p?.05), no
éign;ficant effect of days: (F (3,102) = .46, p).05) and no
significant drug x day interaction (F (9,102) = .52;,p).05).
Repeated injections of heroin did not decrease saccharin
congumption.
Discussion ‘ ’ '

lIn the present expefiment, administering the dfug doée
in repeated injectiéns did not igduce a CTA. It-is unclear
why‘héroin‘pnder enhanced condi£ions does not induce a CTA

Y
under conditions that enhance CTAs induced by other reliably

self-administered drugs such as cocaine., Several factors

may account for the results of this experiment. . Perhaps, in

the case of heroin, the parameters set out in this

experiment are not effective for eliciting the aversive

effects, if they‘exist, of héroin. - 4
A éecoﬁd considera}ion is the ;tfaih of rats used. A

problem recently encountered in research with laboratory

rats in the Montreal area, is the differential responding to

experimental manipulations of the 'new colony' (patﬁogen—'

ffee) rats and old colony rats. The 'pathogen-free' rats

used in this study and in Experiment 1 were prone to

sickness and appeared to be more 'finicky' and

T e ; TR \ ——
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hyperexcitable than the 'old colony' rats previously used in
the laboratofy. One of the reasons for tpis difference may
be that the 'old colony' rats receive more hanaling at the

AN
breeding farms as a result of the more frequent changes of

bedding and water bottles, wﬁile "pathogen-free' rats are
administered water by an autqmatic water system. Perhaps
these 'new colony' rats are in an agitated state that

interferes with the:ability to discriminate the avegﬁivg

[y

properties of heroin. Ng Cheong Ton (1982) also repdrteé :
differential responses between 'old colony' and 'new colony'
animals to chronic treatment with amphetamine and naltrexone
in the open field. 'New coldhy' rats were more sensitive to
interference even under white noise conditions.. ¥t seéﬁé
possible then, that the 'new colony' rats used ijyéhis study
may also be less sensitive than other breeds of rats to the
effects of heroin in the CTA paradigm, and that 'ol@ colony'

rats may be more responsive o the aversive stimulus

properties of heroin.

39



EXPERIME&T 3
* Researchers have reported varied degrees of CTA
depending upon the parameters used. Repeated conditioning
trials are reported to enhance CTAs induced by morphine
(Riley et al., 1378), ethanol (Kulkolsky et al., 1980) and -
LiCl (Kulkosky et al., 1980). 1In addiéion, the length of .
) the interval between conditioning trkals seems to be an
important parameter (Domjan, 1980; éarcia & Koellipg;\IQéG).
Repeated conditioning trials with a twolaay interval did not “*
result in a heroin CTA in Experiments 1 and 2. Swigzman,
Hunt & Amit (1981) report a fai{gre to induce a heroin CTA
in a one-trial learning parad}gm with 5 days between
conditioning and test days. Perhaps an extension of the .
paradigm used by Switzman, Hunt & Amit (1981) to include
repeated cgnditioning trials with five intervening days
would reéult in a heroin CTA. \ .
. . It is also possible, as discdssed in experiment 2, that
the agitated behaviour of the 'new colony' tpathogen-free)
rats méy be iﬁterfering with the ability of these rats to
discriminate any aversive stimuli due to the association of

the flavour and the drug. If this is the case, the more

stable 'old.colony' animals may more easily discriminate the

stimulus properties of heroin.

The present experiment is designed to examihe

. _ 40
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heroin and morphine as aversive agents ?n '‘old colony' rats,
over repeated conditioning trials with 5 day intervals
between trials. |
Method . -

Subjects. Subjects were 72 male Sprague Da;ley ('old
colony') rats weighing 275-325 gms at éhe beginning of the
egggrimgnt. Animals were housed and handléd as described in
Experiments 1 & 2, in temperature regulated rooms. Food
(Purina Lab Chow) and water were made available ad lib.

H

Drugs and injections. Heroin (diacetyl morphine

hydrochloride) (MacFarlan Smith Ltd.) and morpﬁine
hydrochloride (Mer;k§ Sharpe and Dohme, Canada Ltd.) were

dissolved in injectable saliné solution (Abbot

-Laboratories). All injections were agginistered

intraperitoneally (IP) in a volume of 1 ml/kg. Treatment
groﬁps were as follows: saline (n=8); heroin: 5 mg/kg H

(n=8), 10 mg/kg H (n=8), 15 mg/kg H (n=7) and 20 mg/kg H

(n=§){ and, morphine: 4.4 mg/kg M (n=8), 8.8 mg/kg M
"(n=8); 13.3 mg/kg M (n=8), 17.7 mg/ (n=8). It should be
noted that the doses of morphine cho were equimolar to

the heroin doses used in this experiment.
Procedure. Following one week of adaptation to

labor _on a 23.5 hour

Zn

fluid deprivation sched§§

o e e
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. and 4. The data from the heroin-treated groups (Fig. 3)\and

tap water was available £6 the rats for a 30-minute period.
All fluids (i.e. water or saccharin) were presented in
stoppered plastic teét tubes fitted with stainless steel
ballbearing spouts inserted through thefwire mesh in front
of the cage as in experiments 1 and 2. ’

dn Day 7, 'a 0.1% (w/v) saccharin solution was
substituted for ghe water. Within 2' minutes following ghe
30-minute saccharin presentation, animals received IP
injectiofs Sf their respecéive doses. This procedure was

repeated every sixth day for a total of 5 saccharin-

injection pairings. Water was presented on the 5 |

" intervening days for the 30-minute period. Following the

fifth and final pairing, and after an additional 5 water

days, saccharin was once more presented without a.subsequent

drug injection. ;

J

/

All saccharin consumption was measured and-recordf€d in

mls.

Results g

]
)

Results of this experiment are presented in Figure

the morphine-treated groups (Fig. 4) are presented

separately for purposes of clarity.’ The mean saccharin

[ ORI

-

-

consumption with the standard errors of the means for each

group on baseline day \and five test days is presented 'in

42
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Table 3 (see Appendix A). , Raia Y

A one-way analysis of variance on baseline scores
reveals no signific;nt difference on day 1 (baseline) among
any of the g;oups (F (8,63) = .86895, p».05).

A two-way analysis of variance yiélded a highly
significant main effect of drug (F (8,63) = 6.0925,
p<€-0001), a significant effect 6f days (F (5,315) = 26.4869, ,
p¢-0001) and a significant drug x days interaction
(F (40,315) = 2.4015,/p(.0001)l Post hoc (simple main
effects) tests'yieldeé significant differences between
groups on day 3 (F (§,378) = 6.0, 'p¢.001), on day 4 (F (8,
378) = 5.54; p¢.001), on‘day 5 (F (8,378) = 5.73, p¢.001)
and on day 6 (F }8,378) = 8.40, p¢.001). There was neo
significant difference in saccharin.infake on day 2, after
the fiﬁﬁt’cénditi?niﬁg trial. Further exploration of the . ‘ 'Yg
significant dfug/k'day interaction with post hoc Tukey tests
r;§ealed that all the heroin- and morphine-treated groups
drank significantly less saccharin than the saline-treated
.group on days 3, 4, 5 and 6, with the exception of 5 mg/kg
H, ;5 mg/kg H, 4.4 mg/kg M and 8.8 mg/kg M on day 4 and 4.4
mg/kg M on day 5.

'in expléring the effect of repeated conditioning trials

onsaccharin consumption, post. hoc Tukey tests revealed-that
/ ) .

a- significant CTA was established with the administration of

/
!
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doses of lq mg/kg'H and 20 mg/kg H. These groups
sign;ficantly reduced their saccharin consumption on.day 5
and day 6 when relative to baseline intake (p<€.05). Of the

mbrphi?e-treated animals, the 13.3 mg/kg M drank .
significantly less on day 4, day 5, and day éiyhan on day 1
Xbagéline) (p€.05). The 17.7 mg/kg M group also
significantly decreased consumption from baseline on day 4,
day 5 and day 6 (p<.05). The.effect of doses'of 13.3 mg/kg
M and 17.7 mg/ﬁg,M was consistent. Saccharin intakeabfr

" these groups decreased ﬁrogressively over days (Figqure «

4). L,

A comparison of e&ﬁimolar doses of heroin and m;E;;Lne
revealed the following. The 13.3 mg/kg M group drank -
significantly less saccharin than the 15 mg/kg H group on
day 3 ‘and day 4 (p<.05), and t?e 17.7 mg/kg M group drank
significantly less on day 4 than the 20 mg/kg H. The 17.7 M
group also drank gignificantly less than all other groups on
this(day. Since none of the groups differed on baseline
measures, this would indicate that the morphine-treated
animals showed a gfeater ave?sion to sacéharip than’the
heroin-treated animals. aFurthermore, the morphine groups
- demonstrate a more répidly acqu;red CTA than heroinétreated-

groups. A CTA iné%ced by morphine‘was revealed 5L day:4,

/ while a heroin induced CTA was acquired on day 5.




v, \ . ¥

Discussion . o S .

- o The results of the pregent experiment -indicate that
¢ . ' . - & :‘ o'
- under certain conditions, heroin does induce€ a CTA to a

novel flavour. Morphine in equimolar doses hpwever, was a

-~

more effective CTA inducing'agent. A CTA w» inBuced by

morphine aftervthreeaconditioning trials, while heroin

~ g

! induced a CTA after %ouﬁ.lrials: Fﬁrthermore,hof the groups

- that did demonstrate a CTA to saccharin, morphine-treated

L]

P

rats drank significéntly leés sacc?arin than rats injected
with equimolar doses of heroin. .Morphine inducea‘an
- aversion brogfessively over daysﬂin a dose response manner
Figure 4). Increa;ed doses of morphlne 1nduced~decreased
intake ovér days. .This dose response relationship was not -
evident in the heroin-treated groups. 10 mg/kg H and 20 |
mg/kgj& indﬁced reliable CTAs, while 15 mg/kg H wasg
N ineffective. ' -
3 ; | It is not known why the effects of these doses of
geréin differ. It is also unclear why heroin is a more
S . potent drug than morphine in other behaviourai measures such

as analgesia (Switzman, Hunt & -Amit, 1981) and less potent
%

U e A O i S TR ARG PRI N Y s

as a CTA-inducing agent. Since the aversive°pf5§éfties“of
!
o B the drug are .inferred behaviourally through the reduction of
! Q

/\4\\ fluid 1ntgke subsequent to the condltlonlng trials, heroin

may be a less aversive agent to the gnlma}s than morphine. ’
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Nevertheless, the résults- of the present experiment provide
the first indication that heroin g#n induce a CTA. Whether
. . t. .

" the CTA induced by heroin in this study'is a function of the ) :
strain ef rats used or the parameter§ used in this ¥
exps;}ment remains to be explored. N
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EXPERIMENT 4
In Experiment 3, reliable CTAs were induced with both
. - . . .
herdin and morphine. Morphine has beén dempnstrated to

‘

induce CTAs in numerous reports (Riley et al., 1978;

Switzman, Hunt & Amit, 1981; white,\ Sklar & Amit, 1977).

Results of Experiment 3, however, pfesent the first evidence

that heroin can induce CTA.‘ Condi
»

d%ffered from those in the previghs research (i.e.,

[ 3

Switzman, Hunt & Amit, 198l; Experiment 1 and Experiment 2

ons 1in qxperlment 3

of present research). '0ld colony' animals were used in
Experiment 3 as well ds differing parameters. Five days
intervened between repeated conditioning trials. The

]

present experiment examines which of the above factors can

14

&account'for the heroin-induced éTA, by replicating
Experiment 3 , using 'new colony' animals.
Methods . o . .

Subjects. Subjects were 63 male Wistar rats ('new
colony, pathogen-free')’, weighing 275-300 gms at the start
of the experiment.\ Animals were housed as described in
éxperiment 1 in temperature regulated rooms. The animals

were handled for *at least 4 days before the beginning of the

experiment. .

Drugs and injections.. Heroin (diacetyl morphine

hydrochloride) (Macfarlan and Smith Ltd.) and mOf?hine-
4

¥

N . o
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(Merck, Sharpe and Dohme Canada Ltd.) were dissolved in
injectable physiological saline solution (Abbot
Labo;atories). All injfcti&hs were administered IP in a
volume of 1 ml/kg. Treatment groups were as follows:

saline, (n=7); heroin: 5 mg/kg H (n=7), 10 mg/kg H (n=7),

15 mg/kg H (n=7) and 20 mg/kg H (n> nad~porphine: 4.4

A .
mg/kg M (n=7), 8.8 mg/kg M (n=7), 13.3 mg/k¢g M (n=7) and

17.7 mg/kg M (n=7). As in experimeft 3, /doses of morphine .

were equimolar to the heroin doses used.

\Procedure. The procedure used was identical to
Experiment 3. Animals received a 2;2?1 of five saccharin-
drug‘pairings.' All saccharin consumption was measured and
recorded in mls. “
Resulig -

The results of this experimént are presented in Figure
5 and Figure 6. As in Experiment 3, the data of the heroin
groups and the morphine—treated groups are presente@m\‘
separately. The mean saccharin consumption with the
standard error of the ﬁeans are presented in Table 4 (see
Appendix A). -

A one way analysis of variance revealed no significant

difference in saccharin intake on day 1 (baseline) between

groups (F (8,54) = .63059, p)».05).

&
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Figure 6. Means of saccharin intake of groups receiving
injections of saline or morphine over repeated
trials (five water-days between trials).
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A two wa§ analysis of variance on baseline and 5 test
days yielded a highly significant main effect qémdrugs (Fg
(8,54) = 7.89202; p¢,0001): a significant effee; of days (F
(5,270) = 12.4489, p ¢ .0001), and a highly sigﬁi?icant drug
x day interaction (F (40,270) = 2;73214, p<.0001). Groups
differed significantly on all, test days (post hoc simple
main effects). | V

Further exploration of the significant drug xfday
interaction with post hoc Tukey tests revealed that all
groups drank significantly less saccharin than the saline
group on day 4, day 5, and day 6 (p<.05), with the exception
of the 20 mg/kg Hlgroup on day 6 (p».05) and 15 mg/kg H
(p?-05) on all days. The 15 mg/kg H did not differ from the
saline~treated contrpl group at any point. The 20 mg/kg H:
however, also differed 'significantly from saline on day 2
(p(.Of) and day 3 (p<.0l). Since groups_did not differ on:
baseline measures, it appears that the dose of 20 mg/kg H
had some effect on saccharin intake after one conditioning
trial. As'seé;\in Figure 5, this effect attenuated on day 4
and on 'ubsequent éest days. There were no significant
differences among the drug réﬁps, with the exception of the
1%.3 mg/kg M group. This group drank significantly less
s;ccharin than the 3.4 mg/kg M, and 8.8 mg/kg M groups on
day 3, and than all the groups except for the 17.7 mg/kg M

) a .
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and 5 mg/kg H on day 4 and day 5:; and less than the 20 mg/kg
H group on day 6. ‘It is apparent that }his dose of morphine
is most effective ih therreduction of‘gaccharin intake.

In exploring the gffect of :epeéted conditioning trials
on saccharin consumption, post hoc Tukey tests revealed tha
CTA was established with the mérphine-treated animals at
doses of 8.8 mg/kg M, 13.3 mg/kg M _and 17.7 mg/kg M. The
8.8 mg/kg M and 17.7 mg/kg M showed a significant de¢rease
on day .6 as compared with baseline measures (p<.05). The
13.3 mg/kg group; however, significantly reduced consumption
on day 3 (p<¢05) and further decreased intake on aay 4, day
5, and day 6 (5(.01)’re1ative to their baseline measure.

: ~

None of the heroin-treated anxﬂilijdemonstrated a

significant CTA. The 20 mg/kg H group, however, approached

S a significanf difference from baseline on day 3 (p=.05).

Furthermore, as seen in Figure 5, the 5 -mg/kg H group alkso
tend to decrease intake over days. Although the reduction

of saccharin intake of both the 20 mg/kg H and 5 mg/kg H

'groups were not statistically significant, the tendency for

heroin to induce a decrease in saccharin conéﬁmption Seems
evident (Fig. 5). The fact that there was a large
difference in consumption in these animals as compared with
the consumptioﬁ of the saline-treated animals, indicaées

¥
that heroin had some effect although not significant on

»
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saccharin intake.

Discussion

Contrary to the results of Experiment 3, heroin-treated

animals did not demonstrate a significént CTA ih this:
R

experiment, while morphine-treated animals did. The 5 mg/kg

H, 10 mg/kg H and 20 mg/kg H treated animals did, however,
N ;
1 differ significantly from saline-treated controls. Although

the tendency to reduce consumption in the above groups is

\

evident (Figure 5), morphine remains a more reliable CTA-
inducing agent.

.

The optimal dose of morphine in this
experiment seems to be 13.3 mg/kg M.

Morphine induced a CTA in this experiment as well as in

Experiment 3 and 5 mg/kg H and 20 mg/kg H groups
\ " demonstrated a tendency to decrease saccharin consumption,
N it seems therefore, that ghe strain of rats used are not a
relevant factor influencing the production of CTA with
morphine ‘and heroin in thié study. Thé results of this
experiment and th;t of Experiment 3 seem to indicate that .
the parameters of repeated conditioning trials separated by

'5 days were more conducive to inducing a CTA with morphine

and heroin thap were trials separated by two days as in
Experiment 1.

Neither morphine nor heroin induced a CTA in o
Experiment 1 in "new colony" rats.

The results of the present experiment seem to indicate
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that CTAs induced by morphine and heroin are influenced by
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the specific parameters used.
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General Discussion

$he présent research was designed tg explore the
efficacy of heroin to iﬁduce a CTA as compared to morphine.
'Severél factors that have begnlreported (e.g. Riley et al.,
1978; bomjan, 1980) to influehce,the reliablity of various
drugs to induce CTA were examineq. ?Pese include the number
of conditioning trials, the schedule of drug administration,
the  intertrial interval, and the strain of rats used.

The results of thé present experiments proviée the
first evidence that heroin can induée a CTA, although less
reliably than comparable doses of morphine; The question of
why heroin and morphine differ in the CTA.paradigm remains
unanswered. However, the results of the present?studies
suggeét that heroin and morphipe—induced CTAs are influenced
by the pharﬁacological properties of the dru@s‘and the
temporal -dose parameters used in th; specific experiment.

In Experimeﬁtll, 9 mg/kg M, 15 mg/kg M, aﬁd 3 mg/kg R,
‘6 mg/kg H, and 9 mg/kg H did not induce CTAs when
administered over repeate& condifioning trials with two day
intervals between trials. Others have reported that-
repeated conditioning trials have facilitated CTA induction
with self-administered drugs such as morphine (RileQ‘ét al.,
1978) and ethanol (Kulkosky et al., 1980) ‘and further

strengthen already established aversions induced by non

.
o,




self-administered drugs such as LiCl (Kulkoéky et al., ‘

T T ————

1980) .
It ﬁas been suggested that ionger acting drugs are more
| .gptent in. inducing CTAs than shorter acting drugs (Goudie,
i V_1978; Switzman, Hunt & Amit, 1981). For example, both
! ‘amphetamine (D'Mello et al., 1977), andA%THe
(Corcoran,1973; Elsemoren. 1972; Switzman, Fishman and Amit,
lQBiF’Bave been shown to be more effective in inaucing CTASs
\ o than shorter acting drugs such as cocaine (Goudie et al.,
1978; Switzman, 1981)). ¥
Increasing the duration of the drug effect by
admin}stering the total drug dose over repeated injections
has been demonstrated to be effective in inducing a CTA with
the weak aversive agent, cocaine (Switzman, 1981) and in
strengthening the potency of the CTA produced by LiCl
(Domjan et al., 1979). In Experiment 2, the total dose "of
PR heroiﬁ‘was distributed over three injections in the

identical paradigm as that of Experiment 1. No CTA was

>

. observed at either the 3 mg/kg H, 6 mg/kg H or 9 mg/kg H
. dose. As discussed previously, this procedure has been
reported to facilitate the induction of a CTA with cocaine,
a self-administered drug, with a short duration of action \ 1
. and a ;apid rate of onset (Switznman, 1981).

. The failure to observe a heroin CTA in experiments 1
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and 2, in conjunction with the surprising failure of

morphine to induce a CTA in Experiment 1, raised questions

regarding the strain of rats used and the temporaithse

parameters used in these expériments. Both these issues

}

were examined insExperiments 3 and 4. These two experiments

" were identical to each other.with the exception of the
-

‘stfﬂﬁn of rats used. Conditioning trials in both

gkpériments were separated by 5 Qater days in contrast to
gxberiments 1 and .2 in which 2 days intervened betwgén
conditioning trials. '0l1d colony' Sprague Dawley rats were
used ‘in Experiment 3, wbile ‘new colony' Wistar rats were
used in Experiment 4. .

The results of Ekperimen; 3 provide the first evidence
of a heroin-induced CTA.~"A‘significiht réduction of
saccharin intaké‘was obsérved in groups treatedawith 10

mg/kg H and 20 mg/kg H. In Experiment 4, 5 mg/kg H and 20

mg/kg H treated rats showed a tendency to decrease saccharin

consumption (see Figure 5), although this was not )

statistically significant.

Morphine, on the other hand, induced significant CTAs <,’J‘

N
\r,

in both Experimeﬁts 3.and 4, although the’yGZimal dose
differed in both éxperiments. In Experiment 3, 13.3 mg/kg M
and 17.7-mg/kg M induced: reliable CTAs with the 17.7 mg/kg M

beiﬁg the dbtimal dose. In Experiment 4, lower dosés of.

N




' morphine induced significant CTAs (8.8 mg/kg M, 13.3 mg/kg M

-

Yo

and 17.7 mg/kg M), 'with the 13.3 mg/kg’ M being the optimal °

dose. It seems that, éccording to the results of

o

Experiments 3 and 4, morphine was more‘effective as 3-CTA

inducing ageht in 'new colony' Wistar rats. These“results

however, are contradicted by the results of Experiment 1.

Yty

Doses of 9 mg/kg M and 15 mg/kg M did not iancé a CTA in -

'new colony' Wistar ra%g i that experiment. The possiblity

exists fRat~'new colony' rats are unpredictable and ]

.anreliable subjects in ‘the CTA paradigm. However, in

Experiments 3 and 4, morphine induced a CTA in both strains

of rats, and heroin induced a CTA in “0ld celdny' rats

v

(Experiment 3) and a tendency to reduce intake in 'new
colony' rats (Expériment 4). It seems therefore,  that the
induction of a heroin and morphine CTA was ﬁot.due to the
strain of xats’uSed in £his;study, but rather to thezh
temporal-dose parameters. More specifically, répegted
conditionin§ t:igls separated by five day intervals seems
more'effective in inducing a CTA with morphine and heroin
than trials separateé\bf two lléiays (E;xperiment 1), and
furthermore, than one conditioning trial in ‘the caseof
heroin (Switzman, Humt and Amit (1981)."
The quality of CTAs induceé by various psychoactive
. \

drugs seems to indicate that thege drugs vary in their

ke * .
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efficacy to.induce CTA in some type of héerarchicai order :
that may be related to their self-administration ;iabiLity. ' v a
Althou[h it ﬁas been reporﬁed that positive refinforcement,

as inferred by increased running speed, ig directly relaied

to degree of aversion (Switzman et al., 1978; White et al.,
1977), a comparison of the results of self-administration

studies and CTA sgudies indicates that CTAs induced by non L
self-administered drugs are stronger, more reliable and more. ’

-

consistent than CTAs inéuced by self-édmin%stered drugs.

Within the category of self-administered drugs, drugsithat_ .
1 are leés readily self-administéred, such as THC  (Amit,

Corcoran, Charness & Shizgal, 1973; Van.Ree et al., 1978) -

induce stronger, more reliable CTAs that are less readily

blocked or attenuated (Elsemore. 1972) than drugs that are
" ‘ ey o
more reliably self-administered, such as morphine (Switzman,
© 5

- Fishman & Amit, 1981). The fesults of this study indicates

P Y

that heroin also falls into this hierarchy, in that heroin ’i
i a less reliable CTA-inddcing agent than.morphine.
Furthermore, the drﬁgs'that have longer duration of
acfion and slower rates of onset seem to be more aversive in
ifhe CTA pa;adigm than quicker écting drugs: For example,
the aifference‘in the®ability o; cocaine and amphetamine to

- induce ‘a CTA h%? been linked to the differences in their

" temporal properties. Cocaine has a faster rate of onset and "
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a shorter duration of action than amphetamine (Goudie, 1979)
9 $

-and is Ie§f effective in inducing a Cge (D'Mello et al.,

1979; Goudie et al., 1978).

‘Heroin and morphine may be comaared to cocaine and
amphetamine in their CTA inducing a&bitlity in that they also
differ in their- temporal prqperties. Heroin is an opioid

derivative that converts to morphine in the brain (Goodman &
A} R .

Gilman, 1980; Wasacz, 1981; Way et al., 1965): However,

héroin crosses th; blood-brain barrier mére yapidly (peak
brain levels are reached within fifteen minutes) thap
morphiﬁé (peak brain levels arepreééhed w?thin'approximately
ane hour) i01dendorf et aI.,-l§72). This difference -in ;he
temporal properties betweén heroin and morbhine may underlie

the differences between these two drugs in their ability to

induce CTA. The rate of onset of Poth heroin and cocaine is

very'rapia (Nayak et al., 1976; Way et al., 1965) and bo;hb

thgse drugs are wéék.CTA inducing egents.‘ It mayfbe that 'in
order for a drug to induce auCTA;‘the time to peak activity

must be gradual as opposed to .sudden.

Although heroin is more potent in other measures, such

4 I4

. . . ) } 4
as analggsiﬁ/féwitzman, Hunt & Amit,, 1981), morphine seems
more potent in the CTA paradigm. The aversive element
elicited by the conditioning‘of a novel flavour with a drug

that causes an aversion to that flavour has as yet not been
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' Hunt &, Amit, 1981). ’ . ¢

4 B
éqscribed. ,If the aversio;'is found to be identified as an
aversive property inherent in the drué, morphine may be
found to have additiondl aversive properties notlpossessed
by heroin that unaerlie morphine's potential to induce CTA.
"It remaing untlear exactly how the pharmacological
properties of a drug .relate to its efflcacy as a CTA
inducing agent.' It may be that the dlscrlmlnablllty of the
positively reinforcing properties of a drug and the

discriminability off the aversive properties of a drug are

S
4 .o PP

LY n? 1] ¢ »
related. Heroin is moreeasily discriminated than morphine
by rats as a positive reinforcer (Overton & Batta, 1977;

Overton, 1982; Van Ree et al., 1978)fénd less easily

discriminated than morphine as an aversive agent (Switzman,

|

The results of the present study indicate that heroin
like othet self-administered drugs, can induce a CTA.
. ¥ -
Heroin's relative weakness when compared to morphine in ‘the

CTA paradigm appears to depend on several factors that™

“include the temporal properties of the drug's actions and

the specific temporal-dose parameters used.

Further research into these factors and the mechanisns

that underlie CTA wipld be fruitful in dnderstanding the

reinforcing actions of self-administered drugs.
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