b .
Alcohol and Opiates: . .
Interaction in the Conventional and Prg-exposur !

Conditioned Taste Aversion Paradigms

' Max J. Ng Cheong Ton

A Thesis : A
« in

. . ‘
‘ The Department

! of\

Psyéhology

*

Presented in Partial Fulfillment of the Requirements
for the Degree of Docter of Philosophy at
Congord:la gniversity
Montreal, Quebec, Canada

. Y

’

November 1984 ‘

(© Max J. Ng Cheong Ton, 1984

B
i




. 111 o
¢ : .
. 2 f" 3
~ & Q
’ ' . © ABSTRACT )
h .\ . - c
Alcohol and Opiates:
-Interaction in the Conventional and Pre-exposure \
Cond%tioned Taste Aversion Paradigms
J. Max Ng Cheong Ton, Ph.D. — . -
Concordia University, 1984, : . ’ o

y P4

The interaction between alcohok and opiates and the role of the opilate

“

receptor in this 12}eraction were examined in the conditioned taste

aversion (CTA) and its variant p;e—eiposure paradigms. Experiment 1
was an attempt t6 observe the effects of etha;ol pre-exposure on
mbrphine—}nduced CTA and the effects of morphine preé-exposure on
ethanoi—induced CTA.- Thé results shpwed that eghéaol prehexposuré
blocked developaent of morphine-induced CTA and that morphine pre-

exposure also blocked development of ethanol—ipduced CTA. Experiments

2a and 2b were carried out to examine the effects of naloxazone, a

* ¢ >

»

long-gctihg opig}e antagonisf, on morphine- and ethanol-induced CTAs
regpectiv;iy. Naloxazone waslfound to block development, of both .
motrphine- and ethanol-induced CTAs suggesting a role for the oplate
rggeptor in the development of CTAB to both drugﬁ. An attempt was
éhen made to find out whether naloxone or naloxazone would block the

¢ .
ability of ethanol pre-exposure to impair the development of mofphine
. . .
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CTA, and the ability of'morpﬁine pre-exposure to impair ‘the

development of ethanol CTA, The results obtained in Experiments 3a

and 3b showed that'while naloxone did not affect the pre-exposure

interaction between the two drugs, naloxazone reversed these

ta

A ]

.interactions. 'The latter finding was taken as support for an

-

involvement -of the opiate receptor in the pre-exp6s9rq interadtioq
pétWee;‘alcohol and 6§ia£es.‘ To Fursher‘substqntiate this notion,. an
attempt was made to find out whether the interaction is mediatéd by a
stereospecifﬁc receptor, Expe;imentlha was a preliminary observation
of the capacitﬁes of~1evorﬂt’Ppl, the active isomer at the opiate
receptor and its, inactive counterpart, dextrorphan to induce CTAs at

Qo
different dpses, Levorphanol but not dextrorphan was found to, produce
> ?
CTAs at all doses tested suggesting that oplate~induced CTA is
mediated by a stereospecific oplate receptor, In Experiment 4b, pre-

exposure to Q)mg/kg‘of levorphanol was, found to block development of
both morphine- and ethanol-induced CTAs. Preexposure to éhe same dose
of dextrorphan did not have any efféct.4;Finally,vgxperiment 5 was a
preliminary attempt to examine the role of acetaldehyde as a possiblé
mediator ig the ethanol-morphine pre-exposure interaction, The
results showed that aZetaideByde, like ethanol, blocked development of
morphine-induced CTA. These obgervations suggest that the opiate
receptor may be involved in CTAs produced by both mbrphine and ethanol

and in the pre-exposure interaction between the two drugs. In

3
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addition, acetaldehyde may be a mediator of the actions of ethanol in

9
- o, . .
* these paradigms, 1In conclusion, an-interaction between alcohol 'and . -
. opiates has been confirmed and the opiate receptor has been idewtified .
- k]
S ‘ N . [ ¢
as a common element between these two classes of drugs. Possible <
. \
. mechanisms of this ethanol-opiate interaction are discussed.
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INTRODUCTION

Drug interaction between various psychoactive drugs”is a growing
medical concern., According to Green and Jaffe (1977), the concern for
an 1nteract16n between alcohol and oplates dates back to the last half
of the 19th century. Based on numerous observations, medical .

professionals of that era had been entertaining the idea that

\
i

" alcoholism is an etiological factor in the development of oplate ——

deéendence. ‘An epidemiological study of the'past few decades reported
that 20% of oplate addicts had a well-defined history of periodic
alcohol drinking (Kolb, 1962)., An additiqnal 19% had suffered marked
alcohol-related problems prior to narcotic use., The samé study fand
that one-third of more than a thousané opiate addicts ﬁave been
;lcoholics prior to oplate addiction or returned to aleohol drinking
during periéds of abstilfence from opiate use. Kolb (1962) also noted
that, in some cases, alcdholism seemed to have developed fbllo&ing
opi#te‘dependence. Most of tHe a%ove mengioned observations have
‘since been confirmed by other reéearchers and clinicians (Bihari,

: "’ .
1974; Maddux & Elliott, 1975; Mitcheson, Davidson, Hawks, Hitchins &

Malone, 1971; Stimmel, Cohen, & Hanbury,-l§78; Weppner & Agar, 1971).

Research on experimental animals has likewise produced evidence
for an 1nteract£pn between"opiates and alcohol. For instance; the
w;rks by Sinclair and coworkers (Sinclair, 1974; Sinclair, Adkins, é
Walker, 1973) have demonst¥ated that administration of oplates causes

& -reduction in the self-administration of alcohol in rats. Some

a"{ ' .
r ‘ . ‘
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+ Tresearchers believe that the study of ethanol—opiaFe ihteraction in
animals will explgin th; clinical observations of the interactions ’
between these drugs (e.g. Blum, 1980). Another ¥eason for the
interest in the study of ethanol-opiate interaction i{s the present
alaming rate of polydrug abuse and its lethal consequences (e.g.
Garriott & Sturner, 1973). Clinicians hope that a better

. ' /
understanding of the interaction between those drugs will yield

N\

insights into the cliniéal problems and that new prevention and
treat?ent programmes may be developed fr;m these insights,

Furthermore, the study of the interaction between alcphol and
(r’ épiétés is another way for neugoscientists to verify certain

hypotheses about the.actions of these drugs individually.

Understanding how alcoho]l and opiates interact may increase our
. (X
understanding of the mechanisms and of the neural substrates involved -

’ ’
in the actions of either drug. For 'neuropsychopharmacologists, this

-

belief rests on the-suspicion that those two classes of drugs share
one dr more common mezfanism of action (Amit M Levitan, 1975; Wise,

1980). Thus, by studying the ethanol-oplate interaction, it is hoped

that more information will be gathered on the mechanisms,

localizations, and neural substrates of reinforcement or other
]

[y

behavioral parameters in which those drugs may interact,

Over the last decade or so, significant progress has been made in
] < , .

L he fields of both oplates and alecohol. From this work, new and

¢
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powerful concepts have emerggd. These concepts are now generating new
hypotheses which attempt to explain the interaction between oplates
ana alcohol. 1Indeed, these new concepts have vigorously stimulated
research interests in the study of the interaction between alcohol-and
opiates, These developments will now be reviewed 'to illustrate the
concepts that have bee;'ﬁsed to explain the intetaction between
alcohol and opiates. -

A landmark in the development of opia€; research w;§ the
simpltaneous demonstration by three independent laboratories (?ert &
Snyder, 1973; Simon, Hil{ér & Edelman, 1973; Terenius, 1973) of a
stereospeci%ic opiate receptor in the rat br;in. Thisidiscovery soon
led to a major increase in research on the actions of opiates. The .
distribution of the oplate receptor has been mapped out 1h various( e
species &f ?nimalé (Atweh & K%har, 1977a, b, ¢; Hiller, Pearson &
Simon, 1973; Kuhar, Pert & Snyder, 1973; Simantov & Snydér,‘1977).
These maps of oplate biq?ing sites correlate wéll with what is known

bl

about the brain areas wha@re oplates actions presumably occur (see
.

a

Siwpn & Hiller, 1978). From an evolutipnary perspective, it was

K
.ﬁeasoned that since the natural receptors would not exist primarily
for the hypothetical case that the organism might consume-an exogenous

drug, the oplate receptor must serve some normal endﬁgenous

physiological functions. Based on this bellef, researchers began to
1

search for endogenous ligands that would act on the 6piéte receptor.
o

-

e yem— ———ra
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- Within two years of the d%scovéry of the oplate receptors, two
e endogenous pentapeptides were demonstrated to shift the binding curve

, .
.of radioactive-~labeled opiate agonists or antagonists,and also to act ~

like morphine in bioassays such as the guinea pig 11eum¥(Hughes,

oo " Smith, Kosterlitz, Fothergill, Margan & Morris, 1975). In the next
. N i

ot

five ygars"follo:;:fjthks discovery, about two dozen epndogenous ¢
opioids or morphine-like compounds have been .identified (see OlsonK:j :
Olson, Kastin & Coy, 1979), including opiate-like non-peptide

\ "\
compounds (Gintzler, Levy & Spector, 1976). Today, it is known that

2

theré are gevéral varieties of obiate receptor, three of ahich hpve
firmly been established{‘the mu, delta and k;pﬁé receptors (Wood,
1982), Different opiate agonists are believed to have different .
affinities for the Qifferent configurations of the oplate receptors
(Hollt,& Seizinger, 1983; Magnan, Patersom, Tavani, & Kosterlitz,
1982)., 1In additisn, most researchers would tend to agree that the
endogemous oploids form three families. Ea;h of .these families

-constitutes a pareht long-chain peptide that may degrade to produce a

L
-

' " 'multitude of active oplolds (see Akil, Watson, Young, & Lewis, 1984). .
In summar&, the concepts of an oplate receptor, some endbgenOus

oplate-like systems, multiplicity of eplate receptors and'endogenous

ligands have been firmly established in the oplate research !

literature,

Important progress has also been made in undéerstanding the

+

——
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W (
psychopharmcologicél actions of ethanol. IF’is g;w established that
several ne;rotransmitter systems are affected in a number of ways by
acute or chronic ethanol administration.< For example, acute ethanol
injection usually alters turgover of norepinephriné (Caglsson &
Lindquist, 1973; Pohorecky, 1974), dopa;ine (Carlsson et al., 1973;"
Hunt & Majc¢hrowicz, 1974)g/and serotonin (Pohorecky, 1974) which are
the most exténsively studied biogenic amines. Another significant
development in alcohol research is the.néw importance given to the
metabolism of alcohol and its byproduéts in the mediat%on of alcohol
effeéts (Amir, Brown, & Amit, 1980). Acetaldehyde, the primary
met;bolite of ethanol, has long been considered to mediate only the
aVers}ve effects of alcohol because of its high degree of toxicity in
the periphery (Hald & Jacobsen, 1948; Jacobsen, 1952). Indeed, ,
therapeﬁtic treatments for alcoholism have been developed on the
principle that high levels of acetaldehyde will be so highly aversive
as-to make the alcohplic avoid alcohol consumption (Hald & Jacobsen,
1948). This high level of acetaldehyde is usually ensured by the
administration of drugs like disulfiram (see Eneanya, Bianchine, Duran

& Andersen, 1981) or calcium carbamide (see Mottin, 1973) that

inhibits the actions of aldehyde dehydrogenase, the enzyme that is

responsiﬁle for the metabolism of‘acetaldehyde. te

.

Interestingly, acetaldehyde has recently been suggested also as a

6ossib1e agent in the mediation of the positive reinforcing effects of
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ﬁthanol (M}ers & Veale, 1969; Smith, 1982). Several lines of evidence
support this notion. First, acetaldeh;de itself haé been demonstrated‘
to bgfself—adminfStered by ;aiva rats (Brown, Amit, & Rockman, 19795.
Second, there 1s a positive correlation between acetaldehyde self-
administration and subsequent voluntary consumption of ethanol in rats
(Brown, Amit, & Smith, 1980a). Third, inhibition, of acetaldehyde
formation leads to reduction in voluntary alcohol consumption (Carr, '
Brown, Rockman, & Amit, 1980), Fourth, inhibition of acetaldehyde
elimination in humans enhanééé th% subjective euphoric effects of 1ow
doses of ethanol (Brown, Amit, Smith, Sutherland, & Selvaggi, 1983). 1In
addition, there is evidenze that enzymes controlling the conversion of
ethanol to acetaldehyde and the degradation of acetaldehyde to acetate
cah account for individual variation in the reinfoiging properties of
ethanol (Amir, 1977; 1978a, b; Amir & Stern, 1978). Positive
correldtions have been reported between the ze;els of brain catalase, an
enzyme that also metabolizes ethanol to acetaldehyde, and voluntary

ethanol consumption in rats (Aragon & Amit, in p;ess; Aragon, Sternklar,

& Amit, in press). There is also a positive correlation between brain
r

s

. »

aldehyde dehydrogenase level and ethanol preference in several strains
[ B )

of rats (Sfcaransky, 1982). 1Indeed, Amit and coworkers (Smith et al.,

in press) have proposed that these enzymes may serve as genetic markers

for alcoholism in man. ’

Progress has also been made in the study of the effects of

y) A}
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ethanol on membrane fluidity (Chin & Goldstein, 1977; Harris &

$chroeder, 1981), effects that have been proposed as the basis for

v

many ogfghg’p%armacological actions of ethangl (e.g. Litteton, 1980).
By fluidizing-the neuronal membrane, ethahol can disrupt .normal

neuronal aclivity which may lead to many different efggcts depending

-~ S

membrane receptors (Harris, 1984). .
It is evident from the foregoing that the research developments
in the individual fields of alcohol and opiates have generated some

powerful concepts, In turn, these'concepts have been used to generate

©

hypotheses to account for possible interactions or commonalities

between alcohol and opiates.
- ‘

. o

\

Theories of alcohol-opiates interaction

o~
32 . ° .
Several theorles have been proposed to account for the

pharmacological interactions between alcohol and opiatéé. In the

J

following section,‘the more recent biobeha;ioral theories will be
briefly outlined. Evidence ?ot each of these theories will
subsequently be presented and discussed.

The first- hypothesis was presented by Davis and Wdlsh in their

seminal 1970 report. These authors provided evidedke for the

-~
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formation of tetrahydraisoquinoliqs (TIQ) comﬁounds from biogenic
amines in brain homogenates. Since'some of tRege TIQ coﬁ%oundg had
pﬁgviously been shown to be 1ntermediate‘precursbrs of morpﬁine in the
poppy plant (Kirby, 1967; Shamma, 1972), Davis and Walsh (1970)
suggested/tﬁ;t t&e formation of TIQ compounds in vivo might expiain
the §§61;tive properties of, or the physical dependence/to, ethanol or
bofﬁ either by acting like opiates or by serving as precursors fo;
endogenous opiate-like compounds. A ‘second hypothesis advanced
rgcently by other researchers (e.g. Hoffman, Urwyler, & Tabakoff,
1982; Hiller, Angel & Simon, 1983) was that ethanol modulates the
endogenous oplate system by direckly ;ffecting the %Piate receptors.
Thgse researchers propased that thé\ability of ethanol té mimic opiate
antagonist properties 'was a consequence of its fTﬁidizing actién on
neural membranes that contain opiate receptors. By. disrupting the
me;brane structure, the opiate receptors are destroyed, and hence the .
oplates, end;genous or exogenous, are deprived of their active

recognition and activatfng sites. Alternatively, the interaction

between alcohol and opiates may be the result of the effects of

- e

ethanol on the release of endogenous opiate-like peptides which would

then act on the oplate receptor to produce the opiate-like effects

G

(Gianoulakis et al., 1981; Seizinger, Bovermann, Maysinger, Hollt &
- ' .

Herz, 1983). -
R

'
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These hypotheses are not mutually exclusive, Therefore, in
fgg} presenting the data, an attempt will be made to assess the usefu

T
L="of each of the three hypotheses presented above.

*
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Experimental Evidence for alcohol-opiate interaction -

Biochemical studies R

TIQs and actions of ethanol. One of the earliest biochemical

/

reports that suggested a possible interaction between alcohol and

opiates was the paper by Davis and Walsh (1970). These investigators
demonstrated ‘the formation of tetrahydropapaveroline (THP) from the ‘

biogenic amine dopamine in rat bgain stem homogenates, and showed tRat

.this conversion was slightly enhanced by ethanol and by acetaldehyde,

the-primary metabolite of ethanol. Davis and Walsh (1970) suggested
that the enhanced formation of the THP compouqd is the result ;% a
pers}stent inhibition of the metabolism of dihydroxyphenyacetaldehyde,
the metabolite of dopamine, by acetaldehyde. Such inhibition then

leads this metabolite to condense with the parent amine compound,

*

v

dopanmi ne, to forn THP. Since THP has been shown to be an intermediate
compound in the s&nthesis of oplates in ‘the poppy plant (Kirby, 1967;
Shamma , lé?Zl, the authors suggested that this compound may lead to
morphine-like compounds in the himan alcoholic., According to these
authors, the}rﬁmtion of these;norphine—like compounds would explgin
the similarities between opiates and alcohol with-respect to their
addictive propertieg as well as to the withdrawal symptoms they
produced {n dependent animals. Another report by Cohen and Collins.
(1970)1reveqled tﬁe formation of other TIQ -compounds inqcow adr¥nals ".h

as dondensatiorn products of acetaldehyde and the biogenic amines,

&
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noéepinsphrine and epinephrine. These latteg investigators also -~
sqggested that these TIQ compoundé could play a role in the
develgpment of alcohol depende;ce and withdrawal symptoms. Although
no direct evidence was presented in favor of TIQ compounds in the o )
alcohol-opiate interaction, there was a clear statement in Davis;and = -
Walsh’s (1970) report that the TIQ compounds or their metabolites”’.
could have opiate-like properties ;hat would acgount for' the physical"(
dependence or addictive properties of alcohol both, This
hypothesis has been squerely criEiFed by other w;;;;rs (GoMstein &
Judson, 1971; Halushka & Hoffman, ]570; Seevers, 1970).

Some studies have examined the biochemical properties of TIQ . <
compounds aﬂd thelr role; in alcohol actions, It is now established
that TIQ compounds can act as false t;gnsmitters‘zfor a review, see

3 ‘ TN

Deitrich & Erwin, 1980). For example, it was observed that they are

taken up and stored by catecholamine neurons (Cohen, Mytilinegu &’(

Barrett, 1972; Lécke, Cohen & Dembiec, 1973). They have beerq shown to

- P
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be stored in catechotamine synaptic vesicles (Tennyson, Cohen,

Mytilineou & Heikkila, 1973), to inhibit, in a competitive fashion,

B

«» the enzymatic breakdown of catecholamines by monoamine oxidase and l 5

catecholLO-methyl tréﬁsferase (Collins, Cashaw & Davis, 1973; Giovine,
Renis & Bertolino, 1976; Cohen & Katz, 1975). More "importantly, the

stored TIQs}céh be released into the synapse by electrical or chemical

stimulation (Greenberg & Cohen, 1973; Rahwan, O'Neill & Milner, 1974),:
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and also can activite c{rﬂecholamine receptors (Mytilineou, Cohen &/

LI ~

Barrett, 1974). ‘ o ?

Despite the progress made so far,.tl}e issue concerning the
vivo physiological for;nation of TIQ compounds in an}rganism st
confronts the workers in the field:® wr:ile some, studies have reported
the detection 8f the TIQ compound, salsolirol, under certain

nonphysiological conditions (Collins & Bigdel®, 1976; Sandler; Carter,

Hunter & Stern, 1973; Turner, Baker; Algeri, Frigenio & Garattini,
~

- 1974), others workers have published negative findings (0 eill &

Rahwan, 1977). Recently, Shier, Koda, and Bloom (1983) used, tritiated
dopamineéo assess the formation of THP and salsolinol in the tat
brain. Théy observed that with or without pretreatment with alcohol,

£l

no conversion of\%iated dopamfne to, tritiated THP or tritiated
salsolinol was detectable even though the sensitivity level of the
technique was in the order of 0.616 pmolar for THP and 0.16 pmolar for

salsolinol. Furthermore, thé observation that TIQ alkaloids do not

readily cross the blood-brain barrier (Rahwan, 1975) makes it unlikely

that peripherally-formed TIQ compounds would contribute to the central

effects of ethanol., Therefore, whether TIQ compounds atre produced

<

physiologically following normal ingestion of alcohol and whether they

media!';g the effect}s of ethanol still remain open' questions.,

Ethanol and endogenous opilate systems, There is now some

. , ‘
evidence for an action of ethgnol on thenrq‘lease of endogenoup opioicrl,‘

ot




peptides. Acute systemic injections of ethgnol have been shown to -

increase the tissue levels of met-enkephalin and beta-endorphin in

) .

digtin%t areas of the rat brain (Schulz, Wuster, Duka, & .Herz, 1980;

~

. o
Seizinggr et al,, 1983)., Similarly, in'humans, a 4-fold increase in
P . ——

levéls f oploid activity has been reported in the plasma of normal

-

volunteers\followtng an acute ethanol administration (Naber, Soble, &
]

.
]

Pickar, 1981). -

® .

Chronic effects of ethanol administration on the endogenous

oplate system have also been examined. 1In contrast to the acute

;efgec:s, chronic ingestion.of ethanol diet resulted in decreaged

- levels of beta-endorphin and met-enkephalin in several areas of the

brath (Blum, Briggs, Elston, Deﬁallo, & Sheridan, 1982; Gianoulakis,

“Chan, "Kalant, & Chretipn; 1983; Schulz et al., 1980; Seizinger et al.,

L 4
1983; ). \Further éxamination of this action of ethanol’indicates that

the chronic ingestion of ethanol can cause increases in the‘.
- S~ .
biosynthesis and,;elease of beta—-endorphin, and its precursors, beta-

lipotropin, and pro—opiomelanpcortin (Gianoulakis et al., *1981;
Gianoulakis et al., 1983; Seizinger et al., 1983). Chronic systemic
inject®ons of morphine also ?educe the levels of betgfendérphin and

met-enkephalin (Hollt, Haarmann, & Herz, 1981; Przewlocki et al.,
) ' ' 2

1979). Howeﬁér, in the case of morphine, a decrease in the

biosynthgsis of beta~endorphin was also observed in contrast to
ethanol (Hollt et al., #981). Failure to observe an effect of ethanol

~

-
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*further examination, it was obsggved that the changes in dopamine

1}

on the endogenous opiate systems has also been published. For
instance, Ryder, Straus, Lieber, and Yalow (1981} have noted that

acute or chronic ethanol administration failed to alter the levels of

. enkephalin in all'areas of brain and gut investigated.

Previous studies have shown that ethanol has a modulatory

influence on the dopamine functions (Lai, Carino, & Horita, 1980).  On

- —

activity following chronic alcohol consumption parallel changes in the
actions of oplates on the same system. In mice which had been
withdrawn for 24 hours from a liquid alcohol diet, the dosé—response

curve for morphine-induced stimulation of striatal dopamine metabolism
' L}

was shifted to the right (Hoffman et al., 1982). This act%Pn was
correlated with a decrease in the high affinity of the oplate recéptor

of the caudate in ethanocl-treated animals. Presumably, the decrease

i

in the opiate feceptor‘affinity was caused by the continuous release
) v - ' °

of endogepous oplates as a result:-of the chronic ethanol dietl In
agreement with this notion, it was found that acuée intragastric
administration pf.ethanol 1%creases striatal dopamine turnover (La{,
Makous, Hori;a, & Leung, 1979; Reggiani, B&rbaccia, Spano, &
Trabucchi, 1980). This effect of ethanol can be reversed by
pretreatment with naloxone (Bargaccia, Reggiani, Spano, & Trabucchi,

1980), Furthermore, DBA 2J mice, which lack enkephalinergic

modulation of dopaminergic activity in the striatum, do not show the-

L]
\
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normal change of dopamine metabolism after acu;g intragastric

administration of ethanol which can be observed in the C57 B1/6J and

Swiss Albino strains of mﬁfe (Barbaebia et al,, 1980). These studies
_f;gBESt that a possible locus of the ethanol—opiéte interaction may be

the endogenous opiatergic modulation of dopamine turnover in the .
- striatum. However, while these findings are consistent with the .

action of ethanol on the félégbe of endogenous oploids in the

- \ .

striatum, they are .also congfﬁent with the idea of a modulatory action

~ -

of ethanol directly on the opiate recepior. Hence, whether these

effects of ethanol are caused by an action on the release of

endogenous oploids or by a direct action of eth!&ol on the opiate

'

receptor has yet to be resolved.
Pharmatological Studies

Most of the work that/yill be reviewed in this section is not
R s

exclusively pharmacological in nature. Howevér, all the material

© ‘

relates to the receptor concept that has been proposed to account for s

the first site of drug actions. , ‘:zﬁv

TIQs. Fertel, Greenwald, Schwarz, Wong, and Bianchine (1980)
reported that both salsolinol and THP bind to oplate receptors in rat '
brain with affinities of‘62 and 19.5 uM'respectively. In the same ’
asgay, these workerp\reported that morphine had a binding affinity of

0.0105 uM. In addition, the abilities of the TIQ compounds to h}'

anttf
s igé‘é';,i Rl
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displace tritiated nalaxone was found to decrease by about 4 times by
100 mM of sodium ions, an observation that has characteristically

defined an opiate agonist. Thus, it seems that those TIQ compounds

{_have oplate agonistic properties., Earlier studies have observed that

the contractions of the guinea pig Rleum elicited by electrical
stimulation cad be r;duced, albeit partially, by the TIQ'compound,
salsolinol (Blum, Hamilton, Hirst, & Wallace, 1978; Hamilton, Hirst, &
Blum, 1979). This effect of salsolinol could be reversed by haloxone
only 1f the opiate antagonist was added to the medium first (Hamilton
et al,, 1979). Furthefmére, it was also noted in the same study that
salsolinol can reduce the inhibitory activity of'morphine in the same
bioaebay. These tesults would suggest that the TIQ compounds bind to
oplate receptors in an opiate-agonistic fashion, but only act like
partial opiate agonists b@cau;e of their low affinity Einding. Since
these effeéts of the TIQ compounds in these bioassays 'are not
naloxone-reversible (North, Coliins, Milner, Karras & Koziol, 1981),
one can feject‘the action of TIQs o; the release of endogenous opioids d
as a posgible mechanism. By the saée argument, it i{s unlikely that

TIQs bind to the oplate receptor in ﬁhe same manner as common oplate
agonists, Based on his work on the actions of ethanol using the same
bioassay, Clement (1980) has concluded that the inhibitory effect of.'

)
ethanol on the electrically-elicited contraction of tte guinea-pig

does not involve the opiate receptor,, Clement (1980) also provided

L]



L}

evidence to éuggest that while the main site of morphine’s actions in

Epﬂéfsystem is presynaptic, that of ethanol’s actions seems to be

-

postsynaptic, .-
2

Ethanol actions on opiate receptors. Recent studies have

demonstrated a direct action of ethanol on epiate receptor binding.
For example: Hiller, Angel, and Simon (1981) have shown that ethanol
or other aliphatic alcohols inhibit binding of tritiated D-Ala-Leu—

) ‘
enkephalin, ﬂu{\gép‘the bindings of tritiated dihydrdﬁorphine or
tritiated ngioxone at low concentrations in vitro. The potency of
alcohols to inhibit the binding was found to increase with the chain
length of the particular alcohol., FElsewhere it has been demonstrated
" that enkephalins have a significant binding preference for the delta

»

receptor (Smith & S 1980) while dihydromorphine is known to bind

selectively ™o the mu r

Following this line of soning, it was suggested that the delta
receptors are more sensitive to the action of the alcohols that are mu
receptors (Hiller et al., 1981). A more recent study by the same
group of invkstigators (Hiller et al.,, 1983) has confirmed these
_results. In ¥ddition, it was found that the kappa oplate receptor

o .
subtype(iﬂﬁ ilarly insensitive to inhibition by aliphatic alcohols

as was the mu receptor subt&pe (Hiller et al., 1983), Furthermore,

the inhibitory effect of alcohol on delta receptor binding was

observed to be a result of a decrease i?\jjjjf:,k affinity for the
2

’

[y
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tor (Kosterlitz, Paterson, & Robson, 1981).
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agonists (Hiller et al., 1984), These results have in part been
4

i
confirmed by other researchers (Tabakoff & Hof fman, 1983). Howevad,

in the lattér repott,‘ethanoi decreased binding of dihydromorphine,
the\mu ré&eptor agonist, in the mouse caudate membranes:gnd as well as
that of D-Ala-D-Leu enkephalin, the delta weceptor agonist. It would
seem then that there is conclﬁsive evidence that acute ethanol
administration inhibits opiate binding to the delta and the mu
receptors, ‘

In anq£her study 1t was reported that etorphine binding to oplate ‘
receptors from rat and mouse brains was unchanged b;'acute ethanol

administration in the dose of 0.05 to 3% (Jorgensen & Hole, 1981).

This finding need not be seen as discrepant since {t is also known

B
.

that etorphine has préferential binding to the mu receptor (Wus;er,
Schulz, & Herz, 1979). Hence, the Aailure of ethanoi to affect the
,binding of etorphine is consistent with the notion that ethanol
selectively inhibits binding to the delta receptor,

Chronic alcohol administtation also affects opiate receptor
binding. Pfieffer, Seizinger, and Herz (1981) found that rats given
ethanol in their drinking water for a period of three weeks show a
significant increase in binding to the delta rec;ptor‘but not binding

~

N
to the mu receptor. This selective increase in delta binding {is

A}

believed (Gianoglakis, 198{) to be a supersensitive response to the

selective’ inhibitory action of .ethanol ingestion on the delta
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recebtor. This phenomenon of receptor supersensitivity is called
receptor up~regulation and has been reported fo; a number of different
receptor systems (see Creese & Sibley, 1981). This chronic effect of
ethanol on the delta opiate receptors has beem confirmed by other
workers (Gianoulakis, 1983; Hynes, Lochner, Bemis, & Hymson, 1983;
Lucchi, Rius, Uzumaki, Govoni, & Trabucchil, 1984).

Opposite findings have been reported concerning the effects of
ethanol on selective mu agonists, Chronic consumption of ethanol has
been found to cause a decrease in the affinity of dihydromorphine for
a high affiqity receptor in the mouse caudate (Hoffman et al., 1982)

and in rat striatum (Lucchi, Bosio, Spano, & Trabucchi, 1981; Lucchi

‘et al., 1984). These results suggest that long-term ethanol treatment

: !
affects the mu receptor as well., Presumably, the decre®mg in mu

19

receptor binding reflects receptor down-regulation following an action

*

of ethanol in enhancing’binding to the receptor, Indeed, there is
evidence that an acute treatment with low concentrations ethanol
increases raiher than decreases binding to the mu receptor (Hoffman &
Tabakoff, 1983; Levine, Hess & Morley, 1983),

Finally, in an attempt to examfﬁe the possible mechanisms for
this action of ethanol, Charness and Diamond Q1984) have demonstrated
that, unlike incubation with opliate antagonists, long-term incubation

with ethanol does not disturb aéonist—induced down-regulation of

oplate receptors in brain homoPenates, In conclusion, the evidence

o

_
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suggests that chronic ethanol administration causes an up-regulation
ﬁof the delta opiate receptor subtype presumably as a result of an
acute inhibitory action of ethanol én binding to these receptors.
This inhibitory acéion of ethénollon raceptor binding is likely to be
different from the action of an opiate antagonist. Alternatively,
Lucchi et al. (1984) have proposed that the supersensitivity of the
delta receptor binding following chronic alcohol coqsumptibn could be
the conseqﬂence of the diminished enkephalin release that they
detected in the rat striatum. In addition, ;thanol alsoiseems to

.cause an increase in the mu receptor binding which leads to a decrease

in mu receptor binding following chronic ethanol treatment.

Physiological Studies

To date only a few studies have been carried out to investigate
the physiological interactions between ethanol and opiates, Khanna,
Le, Kalanf, and LeBlanc (1979) have demonstrated that chronic ethanol
diet resulted in tolerance to the hypothermic effects of both ethanol
and morphine., However, no tolerance was found to the hyperthermic
effect of morphine. According to the authors, these findingslsuggest
that the interaction is response~specific. However, one should note

that only one dose of morphine (5 mg/kg) was used to assess cross-

tolerance to the hyperthermic effect of morphine., Therefore, a more

T oA eR A A ALew TR L St A e St
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systematic study is warranted before any general conclusion can be
drawn, In the same .study, it was, found that chronic morphine also led

to tolerance to the hypothermic effect of morphine and ethanol. This

interesting feature,

symmetrical cross-tolerance between these two classes of drugs is an
However, no other report has sinee been
published concerning the mechanism of this symmetrical 1nteréction.
Other studies have found that intracisternal administration of beté;-
endorphin potentiated the hypothermic effects of ethanol in mice while

not affecting the blood and brain ethanol concentrations (Luttinger,

Frye, Nemeroff & Prange, 1983; Luttinger, Nemeroff, Mason & Frye,
1981),

These findings are in agreement with the notions that ethanol «

affects directly the oplate receptors or thdt ethanol causes the release
of endogenou‘s opioids or both, *

. |

Genetic models of alcoholism and cert!ain actions of alcohol have
be.en developed by selective inbreeding of mice that \have differential
'res.l;onses to alco.hol on several behavioral ::’r biochemical measures’

(Deitrich & Collins, 1977). One such model is the short-sleep and
\ .
\‘ long-sleep mice. Short-sleep mice are very resistant to the ~natjt:otit::
\ effect of ethanol.while the long-sleep mice generally show extgeme
sensitivity to the same effect of ethanol (McClearn & Kakihana, 1973).

Different sensitivities to the.hypothemic effect of ethanol in these

two genetic lines of mice have also been reported (Moore & Kakihara,
1978).

Brick and Horowitz (1982) found that morphine, in contrast to
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'efhanol, induced a more potent hypothermic éffect in short-sleep mice
thae in long-sleep mice. The same study reports that naloxone
reversed the morphine.effect in both genotypes and the alcohol effect
only in the short-sleep mice.

Kalanr’and hi; collegues (Mayer, Khanna, Kalant, & Spero, 1980)
have demonstrated similgr crdss—tglerance between alcohol and morphine
in another physiological system. They found that chronic
administration of morphine for three days causedﬁtolerance to the.
inhibitory effect of morphine'in vitro on the longitudinal muscle-
myenteric.plexﬁg preparation as well, as to the #nhibitory effect of
ethanol in the same preparation. Conversely, chronic administration
of ethanol for two weeks resulted in tolerance to the inhibitory
effects of ethanol and morphine in the same preparation. The effects

of opiate antagonists in this symmetrical 1nterac§§on were not
reported, howekr.

- The mechanism of this cross-tolerance remains to be investigated.
Nevertheless, like oplate agonists, ethanol, at least in this
preparation, inhibits the electrically-elicited contractions of the
1ongitudina1Aﬁuscle. It seems unlikely that the cross—-tolerance is
mediated by a direct action of ethanol on the delta opiate'receptor.
From the studies reviewed earlier, it was evident that the action of

. .
ethanol was to inhibit binding to the delta receptor in an analogous’

manner to an opiate antagonist (e.g. Hiller et al,, 1981; Hiller et

[
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al., 1983). On the other hand, ethanol weﬁ_f0und to increase mu
receptor binding (e.g. Hoffman & Tabakoff, 1983). Therefore, the °

mechanism for the effect of etPanol on the guinea-pig ileum may be

Telated to its action on the mu receptor,

The cross-tolerance between ethanol and morphine in the gJinea—
pig ileum may be me@iated by the formation of TIQ ¢ompounds that éct
like opiate agonists in the preparation, In support of thig notion,
Hamilton et al. (l§7§) have,demonstrated opiate agonistic properties
of salsolinol'in'the guinea pig ileum preparation. Another

~
possibility 1s that both drugs produce their effects t 'ugh their *

action on the same neurotransmitter system, One candidate t

o

for a such possibility is acetylcholine, which has been implicated in

the action of morphine in this preparation. Studies have demongtrated

that morphine presynaptically inhibits the release of acetylcholyne

and. that this action of morphine underlies its inhibition of the
electrically-elicited contractions of the guiﬁea pig ileum (Paton,

1975)., On the other hand, ethanol, unlike morphine, inhibits

N
N\,

acetylcholine-induced contractions in the guinea pig thus suggesting a

postsynaptic site of action (Clement, 1980). It is probable that the
action of ethanol occurs at some steps subsequent to receptor

activation since it did not affect binding of radiolabeled

|
acetylcholine agonists to the receptor (Clement, 1980)., It would be

-
interesting to. examine whether this action of ethanol on the receptdr-

23
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%
effector coupling p;ocess is universal in terms of different receptor
systems ‘and tissues,

Evidence for an interacti'on between alcohol and opiates has also
come from endocrine studies. Simultaneous injections of naloxone and
ethanol produced e; rise in cortisol, corticotrophin and prollactin in
humans while ethar:)l administration alone did not affe/ct the levelsof
t he hormones (Je;fcoate, Platts, Ridout, Hastings, MacDonald, & Selby,
1981). The administraam of naloxone alone produced inconsistent
effects.* Knych and Prohaska (1981) similarly reported that co-
administration of naloxone and ethanol prevented the development of

tolerance to the immedia}e stimulatory action of ethanol on

corticosterone levels in rats. In another report, ethanol suppressed
]

.

the increase in serum luteinizing hormone levels evoked by naloxong at
exEremely low blood ethanol concentrations (Cicero, Newman, Gerrity,
Schmoeker, & Bell; 1982). These authors suggested that ethanol may
enhance the synthesis or release of endogenous opioids which in turn

over;;ide the action of naloxone on luteinizing hormone-releasing
&

hormone (Cicero et al., 1982).

i

Behavioral Studies
}

Self-administration. A recent report has shown that ‘rats that

readily self-administered morphine also readily self-administered

ethanol (Smith, Werner, & Davis, 1981). In addition, the same study
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reported that rats tha§ faiied to self-administer morphine also failed

to self-administer ethanol. This finding is consistent with aﬁ early

observation that two st}ains of rat; that have been selectively bred |

for a difference in their susceptibility to morphine addiction, also oy
differed in their susceptibility to aicohol ainction (Nichois & . %
Hs%ao, 1967). Some common mechanisms for the a;£ions of ethanol and
morphine were hypothesized.

There 18 also experimental evidence to sg;w that intraperitoneal
injection of 60 mg/kg of morphine decreased the voluntary consumption

,of ethanol (Sinclair et al,, 1973; SincLair,‘1974). This effect has
Fuccessfully been replicated in hamsters (Ross, Hartmann, & Geller,
"1976) and in mice (Ho, Chen, & Morrigbn, 1977). A more recent
confirm;tion of this finding with inject¥ons of the opiate agonist-
;ntagonist, buprenorphine on 1ﬁtravenous selfjinjection of ethanol ﬁas
also been ob;ained-(Martin, Pilotto, Singer, & Oei, 1983).

In an attempt to‘examine whether this ethanol-morphine , \\\\\‘;
intera;tion iﬁ the self-administraﬁionOparadigm is symmetrical, :
Gelfand and Amit (1976) investigated the effects of ethanol
intraperitoneal injections on morphiné self-administration, They
failed to observe any change in morphine preference following the
administra;ion<of ethanol. --Navertheless, the finding that ethanol

: d
‘treatment alsb induced a significant suppression of voluptmrylethanol

drinking (Micell, Marfaing-Jallat, & LeMagnen, 1980; Sinclair, Walker,
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& Jordan, 1973) suggests that both ethanol and morphine act in similar:

fashions on the voluntary consumption of ethax;ol. lHo & Rossi (1982)
found that"met—enkephalin‘injected into the rat lateral vént'r(icle
significantly suppressedwthe volitional consumption of e‘tlianol, thus
implicating the endogenéus opioid peptides in this phenomenon. ‘ In
contrast to the“éiudy_ of Miceli et al. (1980) where naloxone ex;hgnced
the suppressioh of ethanol on voluntary Ethan()l—drinking, Ho. and Rossl
(1982) observed that na'l,t:ﬁ\fgxo-ne, a longer acting opiate antagonist o
than naloxone, partially reversed the effect o, met-enkephalin on
ethanol drinking. These data would seem to suggest that twhe ;piate- .
induced suppression of vol(mtary intake of ethapol is mediated by the
oplate receptor while tha} produced by éthanol is not, How;ver, even
in the gfase of opiates, the large dose; of agonists used .to suppsess

N L . ! .
the drinking of ethanol cast some doubt on the role of the dplate

receptor in this phenomenon. .

Another confusir;g finding is thé report that naltrexone blocked
the intravenous self-administration of ethanol 1n rhesus monkeys {
(Altsh’ulgr, Phil%pa & Feinhandler, 1980). This effect has also been '
reported with the shox:t ;cting opiate antagonist, naloxone (Sinclair,

Altshuler, & Rusi, 1981; Doyie & Samson, 1984).,_ﬂ®, it seems that
L} .

oplate agonists and avntagonists act /in a similar way on ethanol self-

-administration. .Tﬁeqe findings are inconsistent with the concept of a (

receptor-mediated ,action where the agonist produces a certain effect
’

L]
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and an antagonist blocks it or produces the opposite action, Doyle

and Samson (1984) also rejected the idea of an opiaté receptor-

— 1

mediated effect because of thé high dose of naloxone that was

. necessary to suppress alcohol drinking in the research paradigm they

used. fhis dose of naloxone was also fourd to decrease sucrose gelf-
administration as well. Alth;ugh‘most %f these studies use a .
prefgrence measure to control for disruption of operant performggze
due to the drugs’ effeglg, the possibility that the reduction i; self-
adminisﬁratio& of ethano£ or morphin; may havq.béen due to téste

factors was not examined (Miceli et al., 1980). 5

The idea that TIQ compounds can serve as links in the ethano}:

. oplate interaction leo has some difficulties (cf. Blum, 1980). As

discussed earlier, these TIQ compounds have been detected in vivo
after administration or ingestion of ethanol only when the
biosynthesis of acetaldehyde or tﬁe degradation of monoamines with
enzyme 1éﬁibitors or both was arrésteﬁ (e.g. Collins & Bigdeli, 1975),
However, one g{her prerequisite fgl:; roie for these TIQ compounds in
the mediation of the addictive’ﬁ}operties of ethanol is that they
would increase ethanol self-administration, Conflicting data are
available on this issue (see Smith, 1982). According to Smith (1982),
it seems that TIQ compounds do not affect volu;tary ethanol intake. It
is ;oted also that naldﬁone (Mye;s & Critcher, 1982), “naltrexone, and

“

morphine blocked (Critcher, Lin, Patel, & Myers, 1983) the

' !
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apparent effects of TIQ compounds in increasing alcohoi drinking.
These\findings are inconsistent with the notion that the reinforcing
ﬁroﬁerties of ethanol are mediated by the actions of TIQ compounds at
the oplate receptors gince an agonist and two antagonists acted the
same way. Fu;thermore, reservation should be exercised in
interpreting this finding, since to date no other laégratory apart
from that of Myers has been able éo fully replicate thé finding that
TIQ compounds increase alcohol drinking (Brown, Amit, & Smith, 1980b;
Duncan & Deitrich, 1980; Sinclair & Myers, 1982). ‘ |
” " In support for some common actions of ethanol and morphine on
neurotransmitters, Amit and Levitan (1975) have pfovided evidence that
showed that while morphine self-administration is aeQerely disrueted
by dopamine depietion, a selective norepinephrine depletion caused a
slight decrease in morphine drinking. In the same study, it was found
that ethanol self-administration was more sensitive to norpinephrine
depletion than to dopamine depfbtioh. Nevertheless, other.studies
have implicated qorepinephrine as a subtréte in splf—administratidn of
bog& ethanol and morﬁhine. FLA-57 (A-méihyl-l—homo—piperaz1ngd1thio—
cérboxylic acid), ; dopamine~beta~hydroxylase inhibitog, has been
found to suppress both voluntary intake of morphine (Brown, Amit,
Sinyor, Rockman, & Ogren, 1978) and ethanol (Amit, Brown, Levitan, &
Ogren, 1977; Brown, Amit, Levitan, Ogren, E'Sutherland, 1977). The

neurotransmitter serotonin also seems to be implicated in the

e »
L ~
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-mediation of both ethanol and morphine self-administration.

p ,
Zimelidine, a putative serotonin uptake inhibftor which had previously
begn shown to block ethanol consumption (Rockman, Amit, Bourque,

<« Br » & Ogren, 1979), also blocked morphine consumption in naive
(Rockman, Amit, Bourque, Brown, & Ogren, 1986) and morphine~-addicted
‘ 3
ratss (Ronnback, Zeuchner, Rosengren, Wronski, & Ogren, 1984). The

S

fact that zimelidine does not have any direct action on 3piate
receptors (Hall & Ogren, 1981) in the rat brain is another argument
that common action on the serotonin system may be responsible for this

A\l

suppression of ethanol and morphine drinking,

Locomotor activity. A report by Middaugh, Read and Bbggan (1977) .
showeJ that naloxone at a ng; of 3 mg/kg lowerea the increase in
locomotor activity 1nduced'b; ethanol in the C57BL/6 mice. This .
finding has recently been replicated by Kiianmaa, Hoffman, and
Tabakoff (1983) who demonstrated that g1 mg/kg of naltrexone reversed
an ethizfl-induced increase in locomotor activity in two strains of
mice. The results from these two studies seem to support ;he notion
that the opiate receptor is 1nvolved in the effects of ethanol on AN
motor activity.
> Analgesia. Mehar, Parker, and Tubas (lh?b) have shown that oral

| administration of ethanol increased the effects of morphine on the

threshold current for avoiding footshock, particularly at the high

bl

doses of morphine. This finding ‘could be interpreted as an

4
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.enhancement of the analgesic action of morphine by ethanol, An

attempt to examine the role of the opiate receptor in the ethanol-

oplate interaction in this paradigm resulted in a failure of maloxone

. v

to reverse echanol—induc%“hna%gesia (Bass, Friedman, & Lester, 1978). "
Ethanol administration was found to reverse the increase in startle
response and vgcalization due to naloxone, Nonegheless, the authors
argued that this action of ethanol cannot be attributed to its
anaigesic or motoric effects (Bass et al., 1978). Failure of naloxoné
to reverse the analgesic ;ffects of ethanol has, also been repo}ted in

a study by Jorgensen and Hole (1981). In that study, naloxone in a
range of 0.5 to 10 mg/kg did'not affect the anélgesic effect of

ethanol in the tail-flick paradigm. It does not seem then that

ethanol and oplates interact in terms of their analgesic properties.

Another explanation for these confli'cting findings may relate to the

v

methodolqgical difficulties of these studies., The behavioral T
correlates of nociception usually showlhigh variability, particularly
when rats are stressed with multiple drug injections as the case would
.be in such drug interaction studies,

The analgesic properties of TIQ compounds‘%ave also been |

\\\‘—i:vestigated. In the study by Fertel and coworkers (1980), it was

reported that salsolinol and THP had analgesic potencles si r to

those of enkephalins., 1In addition, these investigators showed that
analgesia produced by those two TIQ compounds was-reversible by

i
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naloxone, This finding is consistent with earlier reports that
demonstrated blockade of the analgesic efifects of 3-carboxy salsolinol
and salsolinol with naloxone (Marshall, Hirst, & Blum, 1977). Thefe
findings provide addftional support for the notion that the aption of
TIQ compounds at the opiate receptors may affect a ;ari%[y of
behavioral measures. Nevertheless, the data do not give direct
support for their roles as "links" in the interaction between ethanol
and opiates (¢f. Blum, 1980).

Intracranial Self-Stimulation. A coﬁprehensive discussion of

intracranial self-gtimulation (ICSS) would be beyond the scope of this
dissertation (for a review see Galiistel, 1983). 1In addition, for a

the reader is

complete treatment of the effects of drugs on ICSS,(

referred to reviews by Esposito and Kornetsky (1;78), and Wauquier
(1976). 1Instead, éhé following paragraphs will focus on studies that
are related directly or indirectly to the interaction between alcohol
and opiates., |  :

Low doses of several drugs with abuse potential, inclﬁding
a?phetamine (Carey, Goodall, & Lorens, 1975; Holtzman, 1976), ethanol
(Carlsoﬁ & Lydic, 1976; Vrtunski, Murray, & Wolin, 1973), and morphine
(Glick & Rapagort, 1974; Lorens,ﬁl966) have been reported to decrease
the fhreshold for electrical brain stimulation. To account for these

findings, it is proposed that drugs with rewarding properties will

lower the threshold whereas drugs with pgnishing.properties will raise

31
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the threshold for ICSS. Using this paradigm, Lorens4and Sainati
(1978) studied the effects of ethanol on ICSS. They found that
ethanol increased the percent change in bar—ﬁresses from predrug
ba;eline for lateral hy%othalamic ICSS; a 5 mg/kg of naloxone
prevented this effect of ethanol., The dose of naloxone used did not
affect lateral hypothalamic ICSS by itself and also did not alter the
blood gthanél level, Based on these findings, these researchers
proposed that ethanol may release endogenous opioids whose action at
oplate receptors results in an excitatory ﬁehavioral (euphorigenic)
effect which is naloxone-reversible. This igterptefﬁtion should be
assessed with caution since the increased responding in ICSS following
/fthbnol administration may have been due to hypgractivity rather than
" potentiation of reward. A recent study by Lewis (1984) reported that
a decrease 13 brain stimulation threshold in the lateral hypothalamus
produced by 0.25 g/#g of ethanol was unaffected by 1.6 mg/kg of
naloXone. An increase in response rate by 1.5 g/kg of ethanol was
also not altered by the same dose'of naloxone. The use of a threshold
measure helps avoid the confounding factor of motoric capacity'on .
brain stimulation thus making the data concerning the effecgg of
ethanol in Lewis’ study less ambiguous. However, Lewis’ ,(1984) ‘ ‘
conclusion that ethanol and opiates do not share some common mechanism
or mechanisms 1é unwarranted bggﬂpse of the single dose of naloxone

—r’
used.
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Motoric Effects. A number of measures have been used to evaluate

the motoric effects ofwethanol. Using the roto~rod as a measure of

m
motor performance, Hymson and Hynes (1982) failed to find any evidence
" for a role of an opioid mechanism in the mediation of the debilitating

v

effects of ethanol on<;otor performance. These workers found that
na{oxone at }0, 30, and 100 mg/kg dose failed to antagon%ze motor
impairment induced by ethanol in mice, and that there was no cross-
tolerance between ethanol and morphine in this model, Jorgensen and
Hole (1981) also failed to find any change produced by naloxone

'

pretre;nment on ethanol-induced impairment of the righting reflex.
Another failure of Laloxone £; alter the motoric effects of ethanol in
several psychomotor tasks was reported by Bird, Chescher, Perl, and
Starmer (1982). The evidence seems to favor a lack of interaction
between aicohol and oplates on this measure. Nonetheless, two studies
did répért positive findings. The first report showed‘that naloxone
antagonized ethanol-induced impairment of the aerial righting reflex
in rats (Vogel, Frye, Koepke, Mailman, Mueller, & Breese, 1981).
Howe;er, the reversal of the motor impairment proauced by ethanol
occurred only at high doses (20-60 mg/kg) of naloxone, possibly £
indicating a nonspecific effect of the oplate antagonist. The second
report is a study by Kiiamaa et al, (1983) in which the investigators

demonstrated that a high dose#pf naltrexone diff®rentially reduced the

duration of loss of righting reflex due to ethanol in three strains of

e e W A e W ———————
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mice. Again, the high dose of naltrexone required t?/}ﬁtagonize the
-,

effects of ethanol warrants caution in the interpretation of the

- results, Overall, it seems unlikely that the oplate receptor is

;involved in the effects of ethanol on this behavioral measure.

4

Drug DiscFiminating.Properties. In this paradigm, all the:
published studies to date have failed to observe an interaq;ion
%etween ethanol and oplates or produce any supporting evidence for
guch interaction. For instance, ChipLin, Stewart, and Channabasavalah
(1980).have shown that 5 mg/kg naloxone did not alter ethanol-
appropriate responding. In a substitution‘test for ethanol, D-Ala(2)-
Met(5)-enkephalin-ol, D~Ala(2)-Met(0)(5)-enkephalin-ol, two synthetic
oploids did not éeneralize to the ethanol cue. York and Bush (1982)
showed that in monkeys pentobarbital and barbital given
intragastrically mimicked ethanol cues, but intraperitoneal injections
of morphine sulphate over a wide dose range failed to elicit the
response assoclated with ethanol., In addition, naloxone and
naltrexone at 1 and 10 nig/kg doses failed to change the discriminating
properties of ethanol in monkeys (Altshuler, Applebaum, & Shippenberg;
1981). Even the Tla compounds, such as salsolinol, 3-carboxy-
salsolinol, and THP, do not show generalization to fentanyl, another
qynthetic‘opioid (Shearman & Herz, 1983). From these studies, it is

very likely that the pharmacological cues of those two classes of
)

drugs differ markedly.
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Toxicity. Clement (1978) has demonstrated that pretreatment with

ethanol, pentobarbital or morphine'qu;protect mice from the lethal
. ~

effects of hemicholinium, a choline uptake inhibitor (Clement, Lockwood,
Rylett, & Colhoun, 1979)., Since the lethal effects of curare were not
prevented by any of these drugs, the authors aréued that the protective
mechanism of these pretredtment drugs was central rather than
peripheral, Thus, it would seem that ethanol and morphine may act on
the same protective mechanism to prevent the lethal effects of
hemicholinfum. Another study reported that 10 mg/kg of naloxone
increased the lethal dose of ethanol in mice from 9.2 g/kg to 10.8 g/kg
(Ho & Ho, 1979) suggesting a role of the oplate receptor in the lethal ’
effects of ethanol. Supporting this notion, it was found that alpha-1-
acetylmethadol (LAAM), a synthetic opioid, increased ethanol lethality
even though it also increased the disappearance of blood and brain
ethanol levels (Ho, Chen, & Ho, 1978). Nevertheless; the fact that 'in
the samé study ethanol was found to decrease LAAM lethality confuses the
igsues. The authors made no attempt to speculate on the mechanisms
undefiying these findings. Since little is known about the mechanism of
drug lékhalify, it is difficult to reconcile thes; findings with

theories of ethanol-opiate interaction.

-_.Other Behavioral Studies., Other studies have addressed the issue

of ethanol-opiate interaction using different behavioral indices. For

instance, using the conditioned taste abersion paradigm, Miceli,



Marfaing-Jallat and LeMagnen (1979) found that naloxone, while nota’)
affecting 1ithium-induced cdhditioned taste aversion (CTA), enhanced

the €TA produced by ethanol. Since the agonistic properties of

oplates are believed to produce CTAs, it was expected that naloxone

36

wogid antagonize the ethanol CTA. The enhancement of ethanol CTA with

naloxone was therefore suggested by the investigators to be the result
of a nonspecific effect of naloxone (Miceli et al., 1979). Sklar and
Amit (1977) also found that b;th alpha~methyl-para-tyrosine, a
tyrosine hydroxylase inhibitor, ;nd:pimozide, a dopamine receptor
blocker{ prevented the induction of CTAs by morphine and ethanol thus
implicating dopamine-as a common neurotransmitter in the actions of
morphine and ethanol. Other investigators have studigd the ethanol-
oplates interaction by examining the narcosis produced by ethanol, A
study by Luttinger et al. (1983) showed that beta-endorphin induced
sleep when followed by administration of a subthreshold dose of
' ethanol, presumably by potenciatinglthe effects of ethanol., Jorgensen
and Hole (19&1) failed to observe a change in the narcotic effects of
ethanél following naloxone administration., Moreover, only very high
doses of naloxone in the range of 300 to 400 mg/kg seemed to produce
significant reductions in the narcotic effects of ethanol (Khanua,
Mayer, Kalant, & Shah, 1982). Since naloxone alone had marked

'
convulsant effects at these doses, the antagonism of ethanol-induced

sleep was suggested to be due to the analeptic actions of naloxone

<y
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(Khanna et al., 1982). Another report (Ho, Chen & Kreek, 1979)
produced evidence that ethanol suppressed morphine withdrawal sig;s,
like diarrhea, and intestinal motility, in a dose-dependegt fashion.
In summary, from the béhai}oral studies reviewed, it would seem.
that there is some evidence for an interaction between alcohol and
oplates. One notes that tﬂere are more inconsistent findings from the
. behavioral studies than from thg biochemical or pharmacological
studies; Nevertheless, even in studies that demonstrated an alcohol-

oplate interactiony the data do not clearly indicate the mechanisms of

the interaction.

Clini;al Studies ' . L f

Some clinical observations for an iﬁggraction or some
commonalities between alcohol and the opiates have already begn
mentioned at the beginning of this paper. These observations have
drawn m;ny researchers to study the interaction betwgen these two
classes of drugs more systematically.

Brown, Kozel, Meyers, and Dupont (1973) have studied a group of
narcotic addicts and found that addicts’ use of alcohol prior to their ;
use of her?in was significantly higher than that of a normal sample
group. The study revealed that the addicts'/z:e of alcohol decreﬁsed ‘

as they became more involved with heroin but did not increase during

treatment to terminate heroin addiction. Similar pgtterns have been

) A
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observed elsewhere (Bess, Janus, & Rifkiny 1972; Perkins & Blocﬁ,
{970; Schut, File, & Wohlmuth, 1973). In ;ddition, others have
reported excessive alcohol abuse following treatment for ;piate
addicﬁion (Kreek, 19;6; 0’Donnell, 1964). These observati;ns~were
thought to be expressions of an underlying common interaction between
alcohol and opiates.' In a review of the literature pertaining to
alcohol use among opiate addicts by Gre¥®n and Jaffe (1977), the
authors also came to the conclusion that there may be a biological
disorder that—underlies‘both alcohol and narcotic use. It was
speculated that the endogenous opiagés may play a role in the
development of both drug dependence (oplates or alcohol or both) and
deviant behavior (unipolar depression or sociopathy or both) (Green &
Jaffe, 1977): . ' .
‘Based on animal research, Ho and Rossi (1982) have proposed that
endogenous opioids éay act as modulators on the voluntary consumption
of ethanol. Blum and coworkers QBlum, Briggs, DeLallo, flston, &
Ochoa, 1982; Bl;np, Briggs, Elston, DelLallo, & Sheridan, 1982; mu_m',
Elston, DeLallo, Briggs, & Wallace, 1983) have further extended this
notion by providing some support for the notion thhtt"alcohol-seeking"
behavior 1s a function of’ endogenous levels of opiqids. Two clinical
studies f%om tﬁe same laboratory have received support f;r this ‘

hypothesis. In these stuaies, 1t}waa observed that chronic alcoholics

had one third of the normal level of beta-endorphin in .the

r
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cerebrospinal fi;id (Genazzani et al., 1982; S;voldi e; al., 1983),.
These findings are in agreement with the hyéothesis that ethanol

. causes thelrelease of endogenous oploids. Presﬁhably, byvreleasing

* those endogenous opioids, ethanol restoreS‘éﬁé levels of these

'peptides at optimal leéels and thereby reinforces alcohol drinking.
However, in another study examining the bilochemical correlates of
alcoholism, a negative correlation was obtained between level of
endorphin and level of blo;d alcohol in healthy alcoholics (Borg,
Kvande, Rydberg, Terenius, & Wahlstrom, 1982),

In some clinical reports, naloxone was shown to reverse the

intoxicating effects of ethanol (Barros & Rodriquez, 1981; Jefferys, b
‘g

Flanagan,”& Volans, 1980; Mackenzie, 1979; Schenk et al., 1978;
Sorenson & Mattisson, 1978). However, in a systematic study of this
1nterac£ion between naloxone and ethanol in which choice retention,
tracking, flicker fusion, body sway on an electronic table, lateral N

gaze nystagmus, and the balance of extraoculor muscles were assessed,

Mattila, Nuotto, and Seppala (1981) failed to observe a“change in the’

N -

effects of ethanol following naloxone administration, In that same o

study, naloxone also failed to influence the subjective assessment of
inebriation produced by ethanol., Bird and coworkers (1982) similarly
failed to find any effgct of naloxone; glven before or after ethanol
ingestion, on the blood level of‘ethanol or on ethanol-induced

psychomotor impairment. In a review of the literature, a panel of

4
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fnvegtigators made the observation that the literaf&re does not
adequately reflect the negati&e experience of emergency ward
physicians who have used qaloigne to treat patients intoxicated with
alcohol (Dole, Fishman, Goldfr%nk, anna, & McGivern, 1982).

The findings o® these clinichl studies are as contradictory as

. those from the behavioral studies. Again, this contrasts with the

more coherent picture presented.by biochemical and pharmacological

L

studies. It is also becoming evident that the ériter%sp of naloxone-

reversibjlity is a weak one for inferring an involvement of the opiat

'4 .
receptor. That is, the demonstration that an effect of alcohol can b

»

reversed by naloxone is not sufficient evidence for a role of the

oplate receptér in this effect. The main reason for this is the

*
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accumulated evidence that naloxone has nonspecific effects 1ndependenz-‘

of 1its action at the opiate receptor (see Sawynok, Pinsky, & LaBella,

1979)./ For example, naloxone was shown to lower the blood level of
'ethan;l by changing the redox states of ;he hepatic nicotinamide=-
adenine dinucleotide phosphate system (Badéﬁy & Evans, 1981). This
action of naloxone may explain some of the clinical findings r;ported
1ﬂ:the literature, The difficultigs in demonstrating a clear
interaction between alcohol and oplates seem to relatq to the choice

of appropriate beh“ioral paradigms and to the sensitivity of the
- ;

behavioral measures.
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The Present Investigation \\

/

To summarize the review of the studies that h;ve been presented,
it seems that the evidence for ethanol-opiate interaction js stronger
.in terms of the biochemical and pharmacological data than it ﬁq/in
terms of the physiological dat;. “More importantly, it is ;iso evident
that the behavioral studies have produced thé most conflicting data:
Two possibilitie; can be entertained. One way to reconcile such
discrepancies in‘thé behavioral findings is to disreggrd all instances

1S
- 3

of positive results and to argue that the biochemical, pharmacological

and physiological data are artifacts or may be irrelevant for behavior .

and for the study of alcohol and opiates abuse in man. The other

possibility is that the aegree of conflict in the data is related to

A

the discipline of investigation., That is, as the level of the

scientific examination hecomes more molar there is a larger number of

factors that can affect a given behavior. As such, assuming that the

- » .
reliability of a phenomenon is dependent on the controllability of the .

factors other than the one; being manipulated, it may be suggested'.
that more conflicting data would be expeéted the more molar the unit
of scientific investigation, Furthgrmoré, certain behavioral
pappdigms may not be suitable for the observation of drug interaction
because the measure used is very often close to one end of its range

of values. Such a situation makes it difficult to uncbver a
v ., *
bidirectional change in the measure of intereat as a function of the

»
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drug interaction, For example, in the runway paradigm, ig\rhe rats
under certain conditions are already running é their maximum speed down

the runway to eat food, it would then be very difficult to show an

L3

additive effect of two drugs that are supposed to increase runnlng

kY

speed. , . ; —

Given the conflicting nature 6f the behavioral data, the present
investigation attempts to examine the interaction between alcohol and
opiates in the conditioned taste aversion paradigm (CTA) and‘in the
pre-exposure CTA paradigm; the role of the opiate receptor in the
interaction will also be studied, It will be argued in the nexg
section that the CTA paradigm, and the pre-exposure CTA paradigm in X
particular, are very sensitive paradigms and may constitute suitable

behavioral assays for the study of drug interactions,

J L 4
Experiment 1 was conducted examine the effect of morphine pre-

‘exposure on ecyanol-induced CTA, and also the effect of ethanol pre-

— "

exposure op morphine-induced CTA. In the second experimént, the

effect of a long-acting opilate antagonist, naloxazone, on morphine, and

‘ethanol CTAs was studied. The first part of the third experiment

.

examined the effect of the oplate antagonist, naloxone on the
preeposure interaction between ethanol .and morphine. 'In the second
part of the third experiment, naloxazone was investigated for 1its

. -

effect on ethanol-morphine pre-exposure interaction in the CTA

paradigm. The fourth experiﬂent assessed whether two oplate isomers,

P 2 st
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one active and the other inactive at the oplate receptor, would
differentfaliy-influence morphine and ethanol CTAs as pre-exposure

ageﬁts. In the first paré of the f?urth experiment, dextrorphan, the
inactive opiate isomer, and levorphanol, its active counterpart, were
studied for their abilities to produce a4§TA at thteé different doses, A
The most effective dose of lev‘orphanol to produce a CTA was noted%
Using t%is dose, the effect of levorphgnol pre-exposure on morphine
and éthanol CTAs was asgessed in the second part of the fourth
experimgnt. Dextrorphan w;s used as the control drug and ;ad
administered at the same dose as levorphanol. Finally, in the fifth.
experiment, the pre—-exposure interactiom between acetaldehyde, the
primary metabolite of eth;nol, and morphine was examined. It was
hypothesized that, like pre-exposure to ethanol, acetaldehyde pre-
exposure would block a morphine CTA. It was also hypothesized that
pre-exposure to mo;phine would block an acetaldehyde-induced CTA. The
latter hypotheses are based on finding that acetaldehyde is
responsible for some of the psychopharmacological actions of ethanol

" (e.g. Amir et al., 1980). * .

Conditioned Taste Aversion (CTA)
a o
Numerous studies have demonstrated that 1f a drug that has

aversive properties is administered to rats immediately following the

presentation of a novel taste gsolution, the rats will avoid the novel

"
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flavour on subsequent trials. Ig!:stinal malaise is an example of the
aversive properties that appear to act as the unconditioned stimdius Y
in these exPeriments. Thé conditioned change in consumption of the

novel substance is referred Lo as the conditioned taste aversion (CTA)

and was first demonstrated in animals by Garcia and colleagues (Garcia,
Kimeldorf, & Koelling, 1955). 1In théir first study, Garcia’et al,
(1955) p@esented rats with saccha;in followed by exposure to gamma
radiation which presumagly made the.animals sick. These rats were'
foung to avoid the saccharin solution on subsequent occasions. Two
important features characterize the CTA phenomenon. First, because .
Ehefe was a delay of several hours between the sweet taste of the
saccharin solution and the toxic effect of radiation, the CTA
phenomenon was considered incongruent with the traditional learning
theories that emphasized close temporal contiguity between the
éﬁngitioned stimulus and the unconditioned stimulus (Seligman, 1970).
Sécond, it was reported that some stimuli are more relevant than
others in particular situations (Garcia & Koelling, 1966). For
example, rats were apparently predisposed to associate tastes with
illness; Although there is still controversy about tﬂg)nature of this
phenomenon (see Gamz&, 1977), it is regarded by many researchers as an
adaptive mechanism for animals enabling them to quickly learn to -avoid

poisonous substances (Seligman, 1970). It is important to note that

for the purpose of this investigation, aversion will be defined as
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some noxious state which is expressed as an avoidance of some stimuli

by the animal. More spécifically, aversion will be opeéationally
defined as a significant decrease in the consumption of the saccharin
solution from the bés@lgne intaﬁe at the first presentation of the
saccharih solution,

%

It has also been established that animals previously pre-exposed
to a drug will not develop CTA associated with'that particula; drug.
This pre-exposure effect has been reported in the cases of lithium
(Cannon, Berman, Baker, & Atkinson, 1975; Holman, 1976; Batson'& Best,
1979), morphine (Cappell, LeBlanc & Herling, 1975; Stewart &
Elkelboom, 1978; Brown, Amit, Smith & Rockman, 1979), ethanol (Berman
& Cannon, 1974; Cannon et al., 1975; Barker & Johns, 1978), Cross-
drug pre—exposure effects have also been reported. For example,‘when
rats hah prior exposure to lithium, attenuation of an ethanol CTA was
observed; similarly, prior exposure to ethanol decreased the aversion
assoclated with lithium (Cannon, Baker, & Berman, 1977). Switzman,
Figshman, and Amit (1981) have reported an asymmetrical cross-drug pre-
exposure effect'between‘morphine, diazepam, and delta—9-tetré-hydro—
c;nnabinol.

The cross-drug pre—expoew;e effect in thigyparadigm allows a
further examination of drug interactions. There are several

advantages in this paradigm., First, the drug Xdministrations are

given separately at long time intervials. Such a proceduré avoids, or
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/
at least minimizes, the possible effect of one drug.in altering the

® ;

phaiacokinetics of the other drug. Naloxone w.}s obser'ved to lower
blood-ethanol concentration by ;eversidg the diiturbances in the redox
states of the hepatic nicotiamide-~adenine dinucleotide caused by the
metabolism of ethanol in rafs (Badéﬁy‘& Evans, 1981), This finding
suggest; that some effects of ethanol thgt have been shown to be
naloxone-teversible may be explaiéed by this mechanism and do not
necessarily 1nv91ve.the opiate recepéor. At the same time, the cross-
drug pre-exposure paradigm minimizés the stressful reactions that are
likely to be associated with multiple injections of drugs. Second,
since this i% a conditioning paradigm, ghe animals are tested in a . N

.
.

drug~free state. Thus, uviike a number of other paradigms that o
measure the direct positi;e reinforcing properties of drugs, the CTA
paradigm and the pre-exposure CTA paradigm are not confounded by
motor~debilitating éﬁ@ects of the drugs being inve;tigateﬁ. Third,
because CTA is such a ;obust, stable and reliable phenomenon, it
provides a r;ady and easy behavioral tool to examine the ethanol- '
morphine interaction,

Psychoactiye drugs that are known to be self-administered, and,
by definitioq,/possess positive reinforcing properties, are also

capable of producing a CTA. LeMagnen (1969) was first to demonstrate ,

a CTA caused by a low dose of the psychoactive drug, amphetamine.’

‘Since then the psychoactive drugs that have been shown to produce CTAs
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are oplates (Cappell, LeBlanc & Endrenyi, 1973; Jacquet, 1973),

.

amphétamine (Beyger, Wise & Stein, 1973; Cappe11 et al., 1975),

' cocaine (Booth, Pilcher, D'Mello & Stolerman, 1977; Goudie, Dickins &
S 3

Ihorntén, 1978), ethanol (Cappell et al., 1973; Eckardt, 1975),
barbiturates (Vogel & Nathan; 1975), benzodiazapines (Cappell et al.,
1973; Vogel & Nathan, 1975), cannabinoids (Corcoran, Bolotow, Amit &
ﬁcCaGghran, 1974; Elsmore & Fletcher, 1972; Kay, 1975), fenfluramine
(Booth et al., 1977; Goudie, Taylor & Atherton, 1975),
methylscopolamine (Berger et al., 1973; Braveman, 1975), and nitrous
oxide (Goudie & Dickens, 1978). Some researchers believe that there

is a close relationship between the positive reinforcing effects of

‘drugs and their aversive properties, as measured by their abilities to.

produce a GTA (Switzman, 1980; White, Sklar, & Amit, 1977; Wise,
Yokel, & DeWit, 1976). The above discussion is on1§ peripherally
relevant to the present dissertation., Therefore, an elaboration of
this thesis 1is n;t appropriate at this stage. However, one should .,
note gpat tHere are major differences betwgén CTAs produced by self-
administered drugs and those induced by non-self-administered drugs
(e.g. Dacanay & Riley, 1982; Sklar & Amit, 1977). Nevertheless, the
present dissergation.will attempt to address certain issues concerning
meéhanisms of CTAs induced by self-administered drugs like ethanol or

morphine.

One can argue that the study of CTAs induced by psychoactive
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drugs can potentially have important ramifications in
psychophamacologys -First, an examination of.’ the CTA induced by a
particular drug could add important information as to its aversive

quagities, its mode of action, and the mechanisms that mediates

48

aversion in general, Second, the study of drug-induced CTAs may also l

give some clues as to the mechanisms of the reinforzing ef}:i:é)cts of
tha(;lrug. Third, drug-induced CTAs can be used as a behavioral tool
to investigate the relationship between reinforcement and aversion in
the central nervous system,

From the above discussion, it is likely that CTA and the pre-
exposure effect are very sensitive and reliable phenomena that may
provide suitable ‘pnadigms for the study of alcohol-opiate
interaction., Hopefully, the use of thesge paradigms will provide a
étronger test for the existence of :a behavioral interaction between
alcohol and opiates, and thus offer a basis for furthgr exploration of

the underlying common mechanism or mechanisms of their actions.




EXPERIMENT 1

:

The studies that have been reviewed so far suggest that alcohol
and opiates interact on several behavioral dimensions (e.g. Ho &
Rossi, 1982; Kitiammaa et al., 1983; Lorens & Sainati, 1978; Middaugh
et al,, 1977; Sinclair et al., 1973). However, a large number of
studies have pfoduced contradicto_ry findings (e.g. Doyle & Samson,
1984, Hymson\& Hynes, 1982; Jérgensen & Holc;, 1981; Lewis, 1984; York
& Bush, 1982), We have argued that the pre-exposure CTA paradigm is a
very sensitive behavioral paradigm for observing drug 1nte;‘action. To
c;pitalize on the advantage of this paradigm, it was used as an

attempt to examine the relationship between alcohol and morphine,

49

Early studies have shown that pre-exposure to a drug will prevent

the development\.of a CTA to that same drug (Cappell et al., 1975),
This phenommenon called the pre-exposure effect ‘1n the CTA literature
has been reported, among others, for drugs like iithi\m (Batson &
Best, 1979; Riley, Jacobs, & LoLordo, 1976), amphetamine (Cappeil &
LeBlanc, 1975; Goudie & Thornton, 1975), and morphine (Cappell et al.,
1975; Jacobs, Zellner, LoLordo, & Riley, 1981). The pre-exposure
effect between different drugs has also been demonstrated. For
instance, prior exposure to lithium has been shown to prevent the
development of CTA produced by ethanol (Cannon et al., 1977).
Experiment ] was carried out to examine the relat%o_nsﬁip between

alcohol and opiatea&n the pre-exposure conditioned taste aversion
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paradigm (CTA). More specifically, the effect of ethanol pre-exposure
on morph{ne—induced CTA was 1nvelstigated. In addition, the effect of
moi‘phine pre~exposure on ethanol-induced CTA was examined. It was
hypothesized that prior experience with ethanol will block the
formation of a CTA_ associated with morphine administration,

Similarly, prior experi;mce with morphine was hypothesized to block-

the development of a CTA associated with ethanol injection.
Method

Sub jects -

Subjects were 67 male Sprague Dawley rats (Charles River Breeding
Laboratories Ltd.) weighing between 250-275g at the beginning of the
experiment. The animals were housed individually in stainless-steel

cages with free access to water and food (Purina Rat Chow). The

animal colony was illuminated on a 12 hour day-night schedule. After

. one week of adaptation to the animal colony enviromment, the rats were

placed on a water-deprivation schedule with free access to food.
Every day at the same time, the rats were presented with water for 30

minutes, and water intake was measured.
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Arugs and Injections

Morphine hydrochloride (Merck, Shérp and Dohme Ltd.) was I
dissolved in injectable Ringer’s solution to a doncentration of 12

.

mg/ml, A ZOZV (w/v) ethanol solution was prepared by mixing a 95%
ethanol Jsolution with distilled water. The doses of morphine and
ethanol used in this experiment’'and those to be described have been
selected b;sed on data from preliminary studies These doses of each
drug respectively have been found to reliably produce CTAs of moderate
magnifude. - ‘

All injections were given intraperitoneally (ip) Morphine

injection was given in a volume of 1 ml/kg and ethanol was:'

administered in a volume of 7.5 ml/kg.

Procedure

After two weeks of adaptation to the water-deprivation schedule,
animals were divided into 2 batches. Each batch was further
subdivided into two groups. An injection of 1.2 g/kg of 20% ethanol
(E) or distilled water (W) was administered i.p. to rats in batch 1 on
Days 1, 3, and 5. Similarly, 12 mg/kg of morphine (M) or Ringer’s
solut:i.on (s) were given i.p. t6 animals in batch 2. On Day 7, animals
in both batches,were exposed to the novel taste of a 0.12 saCC}‘\arin
solution for 30 minutes, Immediate&y following the agccharin

\

presentatioﬁ, animals in batch 1 (pre-exposed to either E or W)iwere
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injected with eithwof M or S (groups E-M, n=9; E-S, n=8; W-

M, n=8, W-S,.n=8) while animals in batch 2 (pre-exposed with either M
or S) were injected with either 1.2 g/kg of E or W (groups M-E, n=9;
M-W, n=8; S—E', n=9; S-W, n-8)..'The latter trial constituted the first
conditionir}g trial. The pre-exposure treatment were repeatged on Days
8, 10, and 12. On Day 14, a second conditioning trial was carried out
in manner identical to the first conditigning trial. Saccharin 3
solution (q.1z) :was presented to the anim;als on three more occasions
without drug injections at 7-day intervals (Extinction trials, Days
21, 28, 35). The.consumption -of saccharin solution was measured to /
the nearest ml at each presentation. A summary of the précedure is
p/rovided through the schenatic diagram in Figure'l. Except for
Experiment 1 where the fourth pre-:exposure injection was given one day
fol\lowing thé first conditioning trial (Day 8) and where the time
interval between trials was 7 days, all the other pre—exposure

V

experiments to be reported followed closely the procedure detailed by
]
the schematic diagram (see Figdre 1).

Statistical Analysis '

3

Saccharin intske on the girst“conditioning trial was used as
baseline. The baseline values for the different groups were first
r./
compared using Tukey HSD test (Kirk, 1968). If no significant

difference was found between the baseline values, then the gcores for

-
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SCHEMRTIC REPRESENTATIBN OF THE PREEXPOSURE PARRDIGM
) Pl P2 . T 12
SNNANNSR R, R R
1 ? 1S 23 31 39
sunu>>>> JAYS maszyr>>> » -
LEGEND:
§ PREEXPOSURE TRERTMENT: PREEXPOSURE DRUG INJECTION-
& :
Fq “CONDITIONING TRIAL: SACCHARIN PRESENTATION (CS)
+ CONDITIONING DRUG (UCS)
Fq EXTINCTION TRIAL: SRCCHARIN PRESENTATION (CS) . ]
| t
EIEURE 1. Schematic diagram repreéénting the preexposure conditioned
taste aversion paradigm. Saccharin consumption on first
conditioning trial was used as baseline. P1l, P2 represent
the % change scores for conditioning trials and Tl and T2
represent t % change scores for extinction trials. Note
that for Experiment 1, the fourth preexposure treatment
took place on .the day following the first conditioning
trial -and that the intertrial interval was seven days long.
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. sa.ccharin intake on all other trials were computed as percent change
scoresfrom the baseline v.?lues“for ‘each animal, Statistical analyses
were’ perfomea on these transformed percent scores. A one-way

. Dunnett™s test (Kirk, ‘1é68)\ was used to evaluate the deviation of the
group means of thé; peréent change, scores from paseline for each trial,
A significaqt decrease in saccharin consumption would indicate an '
aversion while an inc‘:rease would indicate a ’preference for the

saccharin solution, In addition, an a priori t-test (Kirk, 1968) wa

used to make between-groups comparisons. v
1 A

J Results | ‘

Means of raw scores and of percent change scores of saccharin
coﬁ'pmﬁ.tion for all trials are shown in Appendix Q. The means and
standard errors of baseline saccharin intake of all the groups are
presented in Table 1. Using Tukey HSD. test, no significant fliffetence
. was observed between the groups for the baseline scores (p > 0.05).

¢ Pl and P2 repres‘nt th? mean percent change scores in saccharin\intake \
‘s for the firstg‘and second conditioning trials respectively (see Fi\.gure
l).‘ TI and T2 t.'epresent the mean percent change scores in gaccharin
intake for th(e‘ first':g\aqd second extinction trials respectiveiy (see
* " Figure 1). Using Dunnett’s test, it was-found that animals pre-

exposed withf.distilled water and ‘conditiz«d with Ringer’s solution

(wW=~8) lhwcé_high increases in saccharin‘intake for all trials (p < 0.05).
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Table 1 .
. Means and standard errors of baseline saccharin i{ntake of animals - p L
preexposed with morphine (M-), saline (S-), ethanol (E-) or distilled .
water (W-) and conditioned with either one of the drugs or control N
4
solutions. ‘f
: N ;
* ‘ ) .
Gioup - Mean - Standard Error

W-S (n=8) , - 17,13 ¢ 0.91

E-S (n=8) 16.13 0.52

< W=M (n=8) ! 16.25 1.10
E-M (n-9) 14.44 1021 B
. ! . . :
S-W (n=8) 17.88 . i 1
) M—W (n-'s) 14.88 - . y

S-E (n=9) : © 17,89
M-E (n=9) . 16444

6
4
9
7

OO0
-~ Qi &

<
[ -
I}

* n between brackets refers to the number of animals in each group.
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J Table 1 g
‘ —-/ .
Means and standard errors qf base)ine saccharin intake of animals .,
preexposed with mdrphiné (M-), saline (S-), ethanol (E-) or distilled
" water (W-) and conditioned with either one of the drugs or control
, solutions, L
\.
/ . Grouzp - Mean Standard -Error
{‘4 ' .
W-S, (n=8) : . 17.13 0.91
E-S (n=8) 16,13 0.52 : . \
/ W-M (n=8) : _ 16,25 1.10
) E-M (n=9) . 14.44 © 1.2}
9 .
S=-W (n.8) . - 17088 0.64
M~W (n'8) . 1‘..88 1.47 ‘.
S-E (n=9) - ) 17.89 0.98 3
M-E (n-g) * 16044 0.571 -g
: ) .
* 5 between brackets refers to the number of animals in each group. . 3
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The E-S group also revealed significant increases in saccharin
consumption for all trials (p < 0.05). Rats in the W-M grdup
displayed signifiéant decreases in saccharin consumption for the two
conditionihé trials (Pi and P2, p < 0.05) and on the first
extinction trial (Tl, p < 0.05). ~However, rats pre-exposed to E and
c&nditioned to M only’exhibited‘a gignificant decrease in saccharin
. A}
intake on second conditioning trial (P2, p < 0.05) (see Figure 2a).
In addigion,'the percent change scores for the W-M éroup were
significantly smaller algebraically than,those’for the E-M gr9ub after
all tr{als (a priori one-tailed t—tést, p < 0.05).

The results for batch 2 revealed a similar pattern to that in the
batch 1, Tukey HSD test showed no significant difference between the
baseline values. Animals that did not receive E as the conditioning
drug showed significant increases in saccharin consumption (S-W and M-
W groups, p < 0.05). Significant decreases in saccharin intake were
ob@erved in the S~E gréup on the twé conditioning trials (Pl and P2, p.
< 0.05)., When the rats were pre-exposed to M, they did not show
significant decreases in saccharin aséociated with the ethanol
conditioning (M-E group) on both conditioning trials (Pl and Pz:)p >
0.05). Instead, the M-E group exhibited a significanf increase ;n
saccharin consumption on the second extinction trial (T2, p < 0.05,

see Figure 2b). Furthermore, th; M-E group also had significantly-

higher percent change scores than the S-E group for all trials (one=-
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FIGURE 2a.

<

Means and standard errors of percent change scores in
saccharin intake of oups pre-exposed with ethanol (E-) or
distilled water (W#) and conditioned with morphine (~M) or
saline (-S) for conditioning (hatched bars) and extinction
(opened bars) trials. '
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FIGURE 2b. Means and standard errors of percent change scores in ' .
saccharin intake of groups pre-exposed with morphine (M—xsor %
saline (5-) and conditioned with ethanol (-E) or distille 2
. water (-W) for conditioning (hatched bars) and extinction ~ ~§
(opened bars) trials. i
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tailed a priori t-test, p < 0.05). ' ’

Further analyses using ‘two-tailed a priori t-test revealed two
unexpected but interesting finding;. First, it was found that pre-
exposure to E alone (E=S) caused some reductions in saccharin
consumption compared to the W-S group which was significant for the
second extinction trial (T2, p < 0.05). Sécond, animals that were
pre-exposed to M alone (M-W) showed siénificantly lhrger increases in

saccharin consumptiéﬁ'thah the 5-W group for all trials (p > 0.05).-

Discussion

The data indicaté that prior exposure to morphine blocked the

conditioned taste aversion to ethanol. Conversely, it was observed

* 4
that prior exposure to ethanol blocked the conditioned taste aversign

to morphine. The results confirmed other reports that have

‘

\demonstrqted an interaction between alcohol and the opiates (e.g.

Hoffman et al., 1982; Lucchi et al., 1984; Mayer et al., 1980;

A
Sinclair et al., 1974).

The symmetrical interaction between alcohol and opiates in this

—

pre~exposure conditioned taste aversion paradigm interestingly stands,

1n~cont}ast to most of the tnterattions between different classes of

drués that have been observed so far in this paradigm. For example,

Switzmanyet al, (1981) reported that péexﬁosure to delta—9-tetra-"

hyd;o—cannabinol (THC) blocked its own CTA, as well as CTAs induced by
, {4" 1y |
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diazepam and morphine. However, neither diazepam nor morphine pre-
exbosure w&s able to block the CTA induced by THC. Similarly, pre-
exposure to diazepam blocked the CTAs assoclated with diazepam,’or
morphine but pre—exposure éo morphine did not block the CTA induced bi
diazepam. According'to‘Switzman and coworkers (1981), the likelihood
that a- CTA induced by one drug will he .blocked by pre-exposure to
other drugs seems to be negatively correlated with the relative
‘,liabilitiés of the tyo drugs to be self—admi&istered by animals. For
‘ instance, Switzman (1980) showed that morphine, the compound withgi
highest potential for self-administration of the ghree drugs tested,
produced a CTA that was easily disrupted by THC and diazepam. On the
"other hand, diazepam, which is more easily self-administered by
- A
animals than THC, induced a CTA that was blocked by diazepam itself
and by THC but not by morphine, |
If one extends those arghménts to the results of the present
expefimen&, one can speculate that the symmetrical interaction between . :
alcohoi and morphine may reflect the fact that the two drugs have

“ [

", about the same potential for self-administration imn animals,

The fact that morphine pre-exposure alone led to an increase in
saccharin consumption, the possibility ofDan asymmetrical interaction
between morphine and ethanol should be considered. That is, the
apparent attenuating effect of morphine pre-exposure on development of

CTA induced by ethanol as observed in the M~E group could be the
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sunmation of independent effects of the two drugs on saccharin

consumption. Because morphine pre—exposure increased saccharin

.consumption and the conditioned response asBociated with ethanol was a

decrease 1in sagcharin intake, one would observe no change in saccharin
intake from baseline levels. On the other hand, the pre-exposure to

ethanol seemed to decrease consumption of saccharin in the same

“direction as the conditioned response assoclated with morphine. Yet,

v

in the latter case, an attenuation of morphine CTA was observed.

' Hence, a case can be made for asymmetry rather than symmetry in the

psychophaipacologicql interaction between ethanol and morphine,

Nevertheless, the symmetrical interaction hypothesis seems to offer a

more parsimonious explanation for the data from experimenfs to be

described.
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EXPERIMENT 2a

The interaction between alcohol and morphine observed in
Exgeriﬁent i puts into question the mechanism of ethanol-induced and
of morphine-induced CTAs. While there is still some debate about the
processes underlying the pre-exposure effect in the CTA paradigm, it
can be argued that CTA to drug A shbuldabe'blocked or attenuated by
drug B only if drug B shares some ;ha;macological or drug-

discriminative properties of drug A (Braveman, 1975; Gamzu, 1977).

Since ethanol pre-exposure attenuates morphine CTA, and conversely,

-morphine pre-exposure blocks ethanol CTA, it follows that ethanol and

morphing must share some pharmacological or drug=-discriminative

properties. ) i

This view is inconsistent with available evidence suggesting that
ethanol and morphine do not have any common drug~discriminative
properties (Miksic, Shearman‘& Lal, 1978; Shearman & Herz, 1983;
Winter, 1975). These gtudies used ethanol or morphine as the
discriminative gstimulus and found no evidence that oﬁe drug can

substitute for the other. ﬁevertheless, it is still possible that

" ethanol and morphine share some comﬁon actions that are either

irrelevant for drug—discrimination or that are masked by others of
thei} discriminating actions. Since ethanol is a simple molecule thqf
does not have 'the structure specificity of opilates, it would seem more

likely that the oplate~-like actions of ethanol are mediated by

62
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[

modulation of an eﬁdogénous'opiate system rather than by directly
activating the opiate receptor. However, itnis still*important to
est:blish whethér the blockade of the opiate receptor will antagon1;:
the opiafe—like actions of ethanol.A

.

In an attempt to exaﬁine the involvement of the oplate receptor
in the CTA produced by ethanol, LeMagnen and coworkers (Miceli et'al.,
1979) observed that pretreatment with naloxone, an opiate.antagonist,
enhanced the CTA }nduced’by ethanol. These authors postulated that
naloxone nonspe;ifical;y caused release of adreﬁoaorticotropic hormone
(ACTH) which mediates the enhancement of ethanol CTA. The difficulty
with this intrepretation is that naloxone itself has been showp’to(
produce a CTA (LeBlanc & Cappell, 1975; Van der Kooy & Philrigé\ 1977).

L4
In the report by Miceli et al, (1979), naloxone alone did not
signific?ntly produce a CTA. Still, it can be arguea that g CTA
produced by'naloxone may have masked 1ts own actions in reversing
ethanol-induced CTA,

Experiments 2a and 2b were att;mpts to examine the direct effect
of an oplate ;ntagonist on CTAs'induced by morphine and alcohol., The
oplate antagonis£ Qsed in these exp;timenta was naloxazone, a very
long-acting opiate antagonist, Naloxone, the most commonly used

oplate antagonist, was not appropriate for this experiment because of

its ghort half-life. A‘'study using high-performance liquid

chromatography with electrochemical detection has confirme@van earlier
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report (Berkowifz, Ngai, Hgmpstead, & Spector, 1975) tﬁat the serum
half-life of naloxone in the rat is about 40 minutes (Tepperman,
Hirst, & Smith, 1983)., If naloxone were used, it would have been
importﬁnt that the pretreatment be given close to :EZ conditioning
drug iqjegtion on conditioning days. Presumably, even if the naloxone
injection isgiven prior the saccharin presentation, thf change in the
internal state of the animal due to the d‘lg's actioﬁs would occur
after the saccharin cue. Given these favourable temporal parameters
for forward conditioning, it would have been difficu1t~to avoid the
association between the conditioned stimulus (usually a novel tasting
substance, e.g. saccharin) and the action of naloxgne; and hence, the
inductfsn of a CTA due to the naloxone alone. In their report,

Pasternak and Hahn (1980) observed that mice pretreated with .

naloxazone did not show evidence for analgesia when morphine was given :
» v . ‘

24 hours later. By using such a long-acting opiate antagonist as ’
naloxazone, it was possiblé to administer theadrug a few hours ;;ior
to the injection of the conditioning'drug; Any change in the internal
state of the animals Hdue to the naloxazone injection woul? occur
before the presentation of the conditioned cue. This procedure makes .
the induction of a CTA to the pretreatment of the oplate antagonist
less likely; hence the interaction between the ﬁretreatment drug and

the conditioning will be less confounded. : v
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Method i { .

Sub jects ) !

Twenty male Sprague-Dawley rats (Canadian Breeding Laboratories
Ltd.) were housed under similar laboratory conditions to those in

- . ¢
. Experiment 1 for one week.

Drugs and Injections —_

Naloxazone hydrochloride was prepared from naYoxone (Endo ¢

Laboratories Ltd;) as described b§ Pasternak & Hahn (1980). Naloxone
‘“k\uwas élowly added to anhydrous‘hydrazine dissolved in absolute' ethanol.
The sofutioﬁ was stirred at room tempera;ure for 90 minutes, after
which time it was added carefully to a 5% soq}um bor;te'sélution. The

aqueous soiution was extracted three times wfth chloroform and the
comb%ned organic extracts were then back-washed with 5% sodium borate
solution, dried over anhydrous sodium sulphate; and concentrated by
‘evapo;ption in vacuo. Petroleum ether was added to the residu; and
the solutioh'was,aliowed-to staml while ndloxazone crystallized., The
naloxazone was dissolved in saline solﬁtion to yleld a concentration

of 10 mg/ml and 1n3'¢ctions were administered i.p..in a volume of 1

ml/kg. Ethanol and marphine HCl preparations and administrations were T

-
!

simjlar to those in Experiment 1.
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. Procedure

.

The rats wereéplaced on water-deprivation schedule during which
- access to water was restricted to 30 minutes per day. Sigpce no data
were\available concerning the lowest active dose-of na{oxazone in this
paradigm, the dose used in this experiment was determined by assessing
its unconditioned effect wcchoaria‘intake. It was found that
] - .
naloxazone, at a dose of 10 mg/kg, decreased saccharin consumption;
When water intake had stabilized, animals were randomly divided
"//in‘three groups, On Day 1, animals in gro;p;.N;S (n=6) and N-M (n=7)
were injected i.p. with naloxazqne (10 mg/kg, N) while animals in
group S-M (n=7) received saline (S). Four hotrs later, the rats were,
presented with a novel\tasting 0.1% s;ccharin s?lution for 30 minutes.
‘_ Immediately following the saccharin.preﬁentation, the rats were
injected with efther 12 mg/kg morphine, M (groups N-M-and S-M) or
saline, S (group N-S) (conditioning trial 19. The second and third .
conditioning trial tgok place at intervals of six days (Days 7 and
. 15). Tﬁeréafte;, the rats were preséhted with a sacchdrin solution

without g injection three more times at 6-day interv&ls (Days 19,

25, and 31).
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Statistical Analysis
« » As in Experiment 1, sac‘charin‘ intake on this first presentatfon
- p . had
was used as a baseline. However, because of significant differences--
. . L]
between the baseline values, the data were transformed intdchange
. .
! . .
scores from baseline. Dunnett’s test was used to test the change .
scores for significant departure from baseline. / '
. »
. .
.. ’ s
i Results '

- L)

Means of the raw scores and of the change scores ‘are E'abulated in
Apﬁendix B. Naloxazone significantly decreased saccharin drinking“ on (
the first presentation (Tuk®y HSD test, p < 0.05; see Table 2a). Figure
Ja illx'xstrates the means of change scores for all trials. In the group
of ;n;imals that received saline as pret‘reatmen't and morphine on
condi_gioning trials (S-M), there were substantial and significant
decreases in saccharin i;take from bgseline level for thg ‘becond and
third 'conditioning srials‘ (P2 and P3, p < 0.05). Gradual recdvery was
evihdeﬂt aftef the two cxtit;létion trials (Tl and T2), Both the N-§S and

‘the N-M groups showed no decregge on the conditioning trials.’ These two

. N .
groups showed significant increases in sactharin consumption for
' : ' :

' condit‘onim and extinction trials b(p‘ < 0.05)." Aithough naloxazone as a

pretreatment produced a decrease in baseline saccharin intake (see: Table
2.) 1t did not .cause any decrease 1in ucchatin‘intnke as percent change

fro‘ the bluluc value for the condit:ioning and extinction trials l[l

ey

ke,
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Table 2a

A -

Means and standarﬁ’lrrc;ré“ of baseline saccharin intake of -groups

L]

that received naloxazone (N-) or saline (S-) as pretreatment and,

morphine (-M) or saline (~5) as conditioning d§u,g.

)

!

) > Growp Mean ’ Standard Error
- ' ‘ ) . i
. N-S (n=6) . . 14,17 0.95
S-M (n=7) - .. ¢ 19.00, - 1.99
N-M (n«7) \} 12.29 1.11
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' Means antl standdrd ertors of change scores for sacchdriﬁ

intake of ‘groups that received naloxazone (N-) or salime (S-)
as pretreatment and saline (-S) or morphine (-M) as the
conditioning drug for conditioning (hatched bars) and

extinctiqf (opened bars) trials.,
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0

observed in the N-5 group. Instead, the N-S group showed significéqt
increases in saccharin consumption®for all trials (p'<,0.05). These
wia}ge idcreases in saccharin intake méy be partly due to a rébound )
effect following the suppressing actIons of naloxazone on fluid

consumption during the first three pairings, a common effect that has

been observed with a number of psychoactive drugs (Swit%man et al.,

1981).

Discussion

[ ] .

Previous-studies have shown that naloxone can also block the CTA

in;zced by morphine (LeBlanc & bappell, 1975; vVan &gr Kooy & Phlllips,
1977). However, the fact that naloxone itself produced a CTA in these
same reports has confused the.interpfetation of the results. Since an
oplate agonist and an qpiate antagonist can both produce the s;me

behavior, one may concludejh‘pt the receptor does not mediate the !
pharmacological effects of these drugs related to this behavior., One
could argue that a nonspecific effect of naloxone would enhance "
morphine CTA rather than antagonize it. The_faci naloxone has been

-

shown to reverse the development of opiate—indu?ed CTAs would instead

give more support for the importance of th:'opiate receptor in opLete-
induced CTA. Experiment 2a confirmed the involvement of the opiate

receptor in the CTA produced by morphine and possibly by other “

oplates. Thig can be seen by the complete reversal of the decfeaae in
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. ‘ |

saccharin intake producéd by the morphine administration as a result

%

of pretreatment with the long-acting opiate an:ggoniat, naloxazone.
h In Experiment 2a, naloxazone alone did not produce a CTA.
Because of its long course of action, it was possible to-administer
t;e naloxazone a long time before thehinjeétion of the conditioning

)
drhg. Thus, in so doing, one is assured that conditioning widll not §
devalop to the pretreatment drug because the change in internal state o
(the unconditioned stimulus) due to the.naloxazone would décur long
before the conditioned stimulus. Because backw;rd conditioning is
very weak compated to forward conditioning, such procgdﬁke minimizes
CTA produced by the pretfeatment alone. The absence of ; CTA
associated with naloxazone alone support the aﬁove hypothesis. The
complete reversal of the morphine CTA by the naloxazone pretreatment
in the present experinent can thus be taken as stronger évidence for
the {nvolvement of the oplate receptor in the CTA produced by
morphine,

Some early work by Martin and collegues (Martin, Eades, Thompson,
Huppler, & Gilbert, 1976) have led those investigators to propose
several subtypes of opiate receptors in the mediation of oplates’
effects, Other studies have confirmed the existence of three subtypes
(see Hdod, 1982). Furtermore, naloxazone was reported to bind to the

high affinity mu opiate receptor (Pasternak, Childers, & Snyder,

1980). One can speculate $hen the. complete reversal of norphint;,
o ' \

-

. '
. - -
3 e RAal W = < » ' - \ ""‘“‘ .
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induced CTA may mean that tﬁe mu high affinity receptor is principally

R
responsible for the opiate-induced CTA. .
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EXPERIMENT 2b
\ .

» In the first part of the second experiment, it was shown that
' \

naloxazone pretreatment blocked the CTA produced by morphine. ' This

result was interpreted as a support for the notion that the opilate

i

receptor may be involved in the mediation of the morphine-induced CTA.'

In the second part of this experiienf, the effect of naloxazone

*

. ¢
pretreatment on an ethanol-induced CTA was examined. If the ethanol-
. * ’ ) 3
1ndgped*CTA has an opiate-like mediational component, one would expect
that pretreatment with naloxazone will block or attenuate ethanol- .

@

Sub jects .

" L]
\ [

Twenty~one male Sprague-Dawley rats (Canddién Breeding
Laboratories Ltd) were randomly divided into two groups. Laboratory

conditions were the same as in Experiment 1.

Drugs and injections

The drugs and their preparaciona were the same as in the previous

experiments, ’
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Procedure

- The proceduretwas the same as in Experiment 2a except that only
two conditioning trials were carried out,-and ethandk was used as the
uncondi tioned sthmulhs. Group N-E (n-li) received 10 mg/kg of
naloxazone as pretreatment and 1.2 g/kg of ethanol as the conditioning
drug while the animals in group S~E (n=10) were injected ;ith saline )

as pretreatment and with 1.2 g/kg of ethanol as the conditioning drug. .

Statistical analysis

Dunnett’s test was once again used to test for significant N

- s
o
-

difference between change scores from baseline within each group.

P

Results

~ ‘Means of the raw data and of the change scores for saccharin v %
consumption are given in Appendfi B. It was observed that naloxazone
" produced a deé;gase in baseline sacchar}n intake (Tukey HSD test, p < . §
0.03; see Table 2b). The resd#lts, illustrated in Figure 3b, show that :
both the S-E and N-E groups demonstrated significant decreases of
equal magnjtude in saccharin consumption for the f}rst conditionigg b .
trial (P1, é < 0.05). However, for the second condiiioning trial
(P2), while the N-E group showed the same decrease in sacchar1n~
intake, the STE grouﬁ shOffd a greater decreage in saccharin drinking, . ;

Using an. a priori t-test, this difference in change scores between

]
e o ' K
. - »
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Table 2b

Means and.standard errors of baseline saccharin intake of groups

that received paloxazone (N-) or saline (S-) as pretreatment and

{
ethanol (~«E) as the conditioning drug.

! Group Mean + Standard Error
S-E (n=10) 12.73  ° 0.95
N-E (n=11) 19.38 . 0.88
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FIGURE 3b. Means and standard errors of change scores for saccharin
intake of groups that received naloxazone (N-) or saline (S-)
as pretreatment .and ethanol ag the conditioning drug for
conditioning (hatched bars) and extinction (opened bars)
trials. ' .
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these two groups was found te be significant (p < 0.05). In addition,

. .
the differences between the two groups in terms of percent change in
saccharin intake for the extinction trials (Tl and T2) were also

significant (p < 0.05).

-

¢ » Discussion .

The data obtained in Experiment 2b suggest a common central basis
for the actions of alcohol and morphine in the induction of CTA.
While in the case of morphine the CTA was completely reversed by the

°

antagonist nalaxazone, the latter drug only partially reversed the
ethanol-induced CTA. It would seem that this 1nq;rac:Ion involved the
high-affinity, low-capadlty mu opiate receptor. Unpublished work in
ourclaboqatory that was designed to investigate the role of opilate
receptors in the mediation of both morphine- and ethanol-induced CTAs-
using the osaace antagonist naloxone, yielded mixed results. One
plausible explanation for this inconsistency ig that naloxone itself
when administe;ed contiguously with sacéharin intake induces a CTA
(LeBlanc & Cappell, 1975; Van der Kooy & Phillips, 1977). Therefore,
in order to éliminate or at least weaken the CTA ?nduced by the opiate
antagonist, it was necessary to increase the time interval between
injections of the antagonist and the conditioning drugs?
Unfortunatgly, this gequirement precluded the us:a of naloxone as che- )

[N

opia%e antagonist because of its ghort duration of action. Naloxone

X SO, S S e T d

LT NS

e

e




L e e

JIpSE

has been found to have a serum half-life of about 40 minutedf
(Berkowitz et al., 1976; Tepperman et 31?3 1983). On tﬁe.other hand,
naloxazone can coTpletély block opiate receptors for at least 24 hours
(Pasternak & Hahn, 1980). At the dose selected, the d;ug produced ,
some antidipsogenic effect; but it did not induce CTA by itself thus
making the interpretation of the present data less ambig:::s than in

the case Qf naloxone studies.

In summary, the findings ob;gined in this experiment suggest that

the high afffaitj:binding oplate receptor might be a common element

mediating both morphine and ethanol CTAs., The mechanism of the
N

pre—exposure effect has not so far been elucidated., One hypothesis is

the oplate receptor may be a common element in morphine- and ethanol-

b

induced CTAs and“n the ethanol-morphine pre-eiﬁosuré inferaction. The

. «
next experiments were conducted tp examine this possibility. -
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EXPERIMENT 3a
L 4

"In the previous experimer& naloxazone, a long—-acting oplate

antagonist, was found to block and attenuate morphine- and ethanol-

-

induced CTAs respectively, thus implicating the oplate receptor in the
CTAs associated with these drugs. It would seem to follow that the

pre-exposure interaction between morphine and ethanal in the CTA
. - »
paradigm may also be mediated through the oplate receptor. The -

following experiments were carried out to testhis hypothesis using

two opiate receptor antagonists, naloxone and naloxazone.

-

Method

Subjects ’ _ .

.

Sixty-six male Sprague-Dawley rats (Charles River Ltd.) weighing

.

between 250g ar\ud~3103 at the beginning of the experiment l;\g ra‘pdomly

divided, into 8 groups. Lahoratory conditions were identical to those

that prevailed in Experiment 1.

.

/ s
Drugs and :lnject:ionﬁ f'

Naloxone hydrochloride (Endo Laboratorieej was dissolv;q in

» ‘

saline solution to yleld a concentration of 5 mg/ml and injected i.p

in a volume of 1 ml/kg. Ethanol and morphine HCl1 injections were

prepared and administédred as de*cribed.m Experiment 1,

79
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Procedure

.

The animals were handled and were allowed to habituate to the
animal colony prior to experimentation, T‘Ey were ;hen~p1acea on a
water deprivation schedule thch restricted them to 30 minutes of i
water access daily. The procedure was similar to that described in
Experiment 1, Therefore, unless specified otherwise, the game
procedure was used as in Experiment 1, When water intake had

® .
stabilized, the rats were fnjected with naloxone (N) or saline (S) and

»

immediately after with either ethanol (E), distilled water (W),

morphine (M) or saline (S) on Days 1, 3, and 'S, On Day 7, the rats

were presented with a novel tasting 0.12 saccharin solution for 30

1

minutes immediately followed by the appropriate conditioning drug
injection (firgt conditioning trial). In denoting the groups, note

that the first two letters in the abbreviations stand for the pre-
i F o ]

exposure treatment and the last letter represents the conditioning

drug. Four groﬁps of animals that receiyedlethanol or distilled water

Y

with naloxone (N-E-M, n=8; ﬁ—w—n, n=8) or without naloxone (S-E-M,

4=9; S-W-M, n=8) on pre-exposure days, were injected with 12 mg/kg of

" morphine HCl. Similarly, the otherﬁfour groups (N-M-E, n=9; N-S-E,

. : T ‘
n=7; S-M-E, n=9; Sw, n-8) were 1ri}§ec’ted with 1.2 gékg of ethanol.

The pre-exposure treatment resumed on Days 9, 11, and 13. A second
A \

. L \
conditioning trial was performed 8 days later. Three more saccharin

‘presentations were made without drug injections at intervals of 8°days

Y e ik

.
2ok

F2l
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, (extinction trials).

. }
Statistical Analysis

]

Scores“are expressed in terms off percent change from daseline

: -~
AN -
. , ’ 2 .
intake values, The gtatistical analyses performed were similar to

those described in Experiment 1.

-

"" Results

kppendix C represents the-means of the, raw scores and of the
percent change scores of saccharin intake for the different groués.
The baseline values are shown in Table 3a2'(Tﬁe data for groyps that
re;eived morphine a§ the conditioning drqg and the data for those that
received ethanol as the conditioning drug were analyzed separately.
For those groups that were administered morphine on'condicioning
trials there were no significant differepces between group bas!&ine
values (Tukey HSD test, p » 0.05). Figure 4a illustrates the ﬁercent
change in gaccharin consumed for the conditioning andQextincxion
trials of all groups that received morphine on cond{;ioning triais.”

-

No significant decrease in saecharin intake was'bpserved for the first

% A ' N B '
conditioning trial in all groups (Pl,"p > 0,05), but significant
decreases in intake were found in all groups on the«aecond

conditioning trial (P2, p € 0,05). As shown in Figure 4a, the group

that received sdline and ethanol as pre-exposure drugs (S-E-M) had a

~

7
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Table 3a ‘ . '
Means and standard errors of baseline saccharin intake of groups - »

that received a two-injection combination o.f saline (S), water (W),
naloxone (N), ethanol (E), or morphine (M) and conditioned with either

morphine (-M) or ethanol (-E).

-

Group . Mean Standard Error
- - D
F
S%W-M (n=8) 16.25 2,71
. N-W-M (n=8) 16.62 4,37
S—E-M (n=9) 18,44 2,92
N=E-M (n=8) 16.50 1.69
~ .
5-S-FE (n=8) : , 18.88 1.25
N-8-E (n=7) 22,14 2.34
S-M~E (n=9) . 15.56 2,51 ,
. N-M-E (n=9) 15,78 2,99 ,
. P . o

-
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PERCENT’ CHANGE IN SACCHRRIN INTRKE

FIGURE 4a. Means and standard er‘r%rs of percent change scores in
saccharin intake of groups pre-exposed -with a combination of /
either saline-water (5-W-), naloxone-water (N-W-), saline- ,
ethanol (S—-E-), or naloxone-ethanol (N-E-) and conditioned
with morphine (~M) for conditioning (hatched bars) and
extinction (opened bars) trials,
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significantly sm§11er decrease in saccharin intake on conditioning
trial 2 than the control group that received saline and distilled'
water (S-d—M) (p < 0.05). However, while naloxone-pre-exposed animals
(N;W—M) did not differ from the saline controls (S-W;Mj, the naloxone-,
ethanol animals (N-E-M) also ;howed no difference from thei;'.
respective controls (S-E-M) on the second conditioninéfgrial.

Figure 4b illustrates the mean percent change scores of the

groups that received ethanol on conditioning trials. Naloxone pre-
[4

‘

exposure caused a significant increase in baseline saccharin
consumption (Tukey HSD test, p < b.OS). In addition, rats that, -
received.a combination of either sallne—morphing or naloxone-morphine
showed significant reductions in baseline saccharin inFake (Tukey HSD "
test, p < 0.05). Analysis of the data in terms of change scores frop g
_baseline value showed no significant differe;ce from the results
obtained in terms of pe;éént change scores as presented below.

Rats that were pre-exposed to a combination of saline and saline
and conditioned with ethanol (S-S~E) significantly decreased their
saccharin intake after the tﬁo conditioning trials and after the }irst
extinetion trial (Pl, P2 and T1, p < 0.05). Similarly, the group that
received a combination of naloxone and saline as a pre-exposure
treatment and: ethanol as the conditioning drug (N-S-E) also showed.

significant decreases for the two conditioning trials and the firgt

extinction trial (Pl, P2 and T1, p < 0.05). This finding suggested



Y

A}

- - - RN e S A TSR | o oap

4 . [
lod . . , r . /
- F > y
w
x 80 } N-M-E N-S-E - S-M-E S-S-E .
- v
z -
-y .
z ¢ -t
z ?
[+
b o
o u N
] o
@ .
b ;
z h ‘
— . ~N
w X / . . 7
(&) . [
Z
& 4
x
o ’ ) ,
N ¥
[
o -60 g )
o
o .
-80 ’ , ,
-100 +
4 L L) - + -
FIGURE 4b. Means and standard errors of percent change scores in .
' saccharin intake of groups pre-exposed with a combination of -
_.either saline-saline (S-S-), naloxone-saline.(N-S-), saline- _
morphine (S-M-), or naloxone-morphine (N-M-) and conditioned
with ethanol (-E) for conditioning (hatched bars) and .
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"that naloxone alone did not have any effect on ethanol-induced CTA.

<

As reported in Experiment 1l,.morphine pré—exposure attenuated the CTA

' "ASQOCIa;ed with ethanol as evid;nhed by the absence of significant

L

- decrease, in saccharin intake in the 5-M-E group for all trials (p >

0.05). Naloxone pretreatment injections dﬁring the pre-exposure .

v . ~
freatment.failed to affect morphine’s attenuating pre-expogure effect,

-

sincé no significant decreases were observed in the N-M-E group (ﬁ'>
» - 2 - £l

10.05).

-

N

. Discussion

AN

- M I M T B
"Naloxone alone durzlk':;e pre-exposure session did not affect
\ e tnduced chag ‘ =
either morphine- or ethanol-induced CTAs. It also failéd to, reverse
] . 3

Nl v

‘the attenuating effect of morphine ﬁrg—éxposute on ethanol-induced '

'

_» CTA. . i

There are two poésible reasons for the failure of naloxone to '

.
affect the symmetrical interaction between alcohol §hd morphine., One
[N ° . , .
*reason may be the dose of naloxone used in Experiment 3a. Other

)
.

EY

, 4, *
studies have established that a dose of 5 mg/kg is more than "

sufficient to block morphine’s gnalgesic effect when given

]
irntraperitoneally (e.g. Szekely, 1983): However, it seems that the

dose of this oplate antagonist sufficient to block the effecws of
4 [ ) -

[ ] . .
morphine may also be éependent.on the behavior being measured. It is

possible then that in the present paradigm a higher dose was required

i daded



-

<

L]
to antagonize the gymmetrical attenuating pre-exposure effect of

alcohol and morphine. ,
) 7

Another reason for this failure of naloxone to affect the’ h

-

, |
alcohol-morphine interaction may be related to the different Eubtypes
of opiate réceptors. It is possible that some receptor subtypes are

more important than others in the induction of a morphine (TA and the
. * 184

»

‘effect of pre-exposure to morphine in the CTA paradigm. Since

naloxone preferentially binds to the mu receptor (Magnan et al,,
1982), it weyld be interesting to study the selective contribution of
each receptor subtype t9 the morphine—-induced CTA and to the pre-
éiposure‘e%fect. The results obtained in Experiments 2a and 2b
nggested that thg.high affinity mu opiate receptor plays an important
role in the Anduction of CTAs by morphine and ethanol, The ngxt
é;periment was therefore conducted in an attempt to examine the
invol;ement of the high affinity mu receptor in the ethanol-morphine

pre—exposuré.1n;eraction. *
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EXPERIMENT 3b i o

. “\:4\ *
The data from the previous experiment suggested that the opiate’

antagonist, nalo'xone, was lneffective in blocking the pre-exposure

o
o “ N e

effect of alcohol on a morphine-induced CTA or in blocking the pre-
expasure effect of morphine on an alcohol-induced CTA. Experiment 3b

L]

was therefore carried out to examine whether the long-;iasting oplate
antagonis’t, naloxazone, wou}d be able to reverse t‘.};xis' symmetrical
interaction between alcohol and morphine in the pre-exposure CTA
pa;:adigm. A previous sfud} by Past;mak ethal. (1980) has shown that

naloxazone binds to the high-affinity mu receptor si~te, and has a

dura'tion of action of at least 24 hours.
Method
.

. Sub jects ‘

Thirty-three male Sprag\;e-Dawley rats (Char'les River Ltd.),
yeighing betwegn 250g and 300g, were individually housed in stainless
a;t:eel cages in the animal colony.a The rats were handled several times
on different daﬁ's before the start qf the experiment and were divided

randomly into 4 experimental groups.

sy
-
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Drugs and injections

<

Naloxazone hydrochloride was prepared as described in Experiment
3a. Ethanol and morphine HC1l injections were prepared and

administered as described in Experiment 1.

Procedure

The animals were first adapted to a water-deprivation schedule
consisting of a daily aEcess to waterfor a period of 30 minutes,
Unless specified, the procedure 1sﬂ$dentical to that describéd for
Experiment 3a. When water intake(;;d stabilized, the animals were
pretreated with either: 10 mg/kg of naloxazone or saline 4,5 hours
prior to the presentation of water. Following water presentation, the
rats were pte-exp&sed to either 12 mg/kg of morphine or 1.2 g/kg of
ethanol i{.p.. This combination of pretreatment and pre—-exposure was
carried out for a.total of 6 times on alternate—days as in Experiment
l. On the second ddy following the third pretreatment, the rats were
presented with;a novel tasting 0.12 ;accharin solution for 30 minutes
and immediately thereafter injected i.p. with either 1.2 g/kg of
ethanol or 12 mg/kg of morphine HCl or saline. A second conditioning
trial and three extinction trials, consisting only of saccharin
presentations, were carried out at intervals of 8 days as in

Experiment 1. The four experimental groups were S-M-E (n=9), N-M-E

(n=8), S-E-M (n=8), and N~E~M (n=8).
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Statistical Analysis 3 ;
The statistical analyses performed were identical to those
described in Experiment 1
Results *
Means of the raw scores and’of the percent change scores are
given in Appendix D. No significant difference was found bet&een the
»

baseline val&es of all groups (Tukey HSD test, P > 0.05; see Tgble
3b). Percent change scores are illustrated in Figure 4c., Significant
decrea;es in saccharin intake were obgerved for the second
conditioning trial only in groups that were treated with naloxazone
prior treatment with the pre-exposure drug (N-M-E and N-E-M) (p < 0.05)
indicating that naloxazone gafiially reversed both the effects of
morphine and ethanol as pre-exposure agents in blocking the CTA induced
by the other drug. In support of this finding, the S-M-E group
displayed a significantly smaller‘decrease in sacchar)n intake than the
NFM-E group for the second comditioning trial (P2, p < 0.05). In the S-
E-M and N-E-M groups, significant differences were observed fo; the'
extinction trials (Tl and T2, p < 0.05) where the naloxazone—pretréated
animals showed lesser increases in saccharin consumption, hence

confirming the effect of naloxazone in‘attenuating the pre-exposure

effect of ethanol on the morphine-induced CTA. .‘

e
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e
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Table 3b .
% , s
Means and standard errors of bhaseline. saccharin intake of groups
that received a two-injection combination of saline (S), naloxazone
/

(N), morphine (yi) and ethanol (E), and conditioned with either

morphine (=M) or e-thapol (-E).

7

.
- - -

Group, Mean Standard Error
1

S-M-E (n=9) 21.89 1.90

N-M-E (n=8) 18.88 . 0.69

S-E-M (n=8) 16,63 1.43

N-E-M (n=8) 20.63 1.13 .

- — - -
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S-N-E N-M-E S-E-M  N-E-M

4

4

L J
Means and standard errors of percent change scores in
saccharin intake of groups pre-exposed with a combination of
either saline-morphine (S-M-), naloxazone-morphine (N-M-),
saline-ethanol (S-E-), or naloxazone-ethanol (N-E-) and
conditioned with ethanol (-E) or morphine (-M) for
conditioning (hatched barg) and extinction (opened bars)
trials,
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Discussion

~

The data from Experiment 3b show that naloxazone pretreatment®

'

partially reversed the attenuating effect of morphine pre—exposuré/in

—— ethanol-induced CTA, and also blocked. the attemuating effect of

ethanol pre-exposure on morphine-indué¢ed CTA.

.

a short-acting oplate antagonist, failed t? produce either of Qbese\

. effects in Experiment 3a, -

As mentipne? earlier, 1t is possible that

the dose of naloxone used was too low to be effec;ivg/in this

particular paradigm.

]

However, it is also possible that the naloxone

‘'was less effective in‘blocking the receptor subtype that is most

critical in ethanol-morphine interaction responsible fot the pre-

exposure effects.

Although naloxazone has beenf.shown to bind

prefergntiall‘ to the high affinity mu receptor, the present dat:a

suggest that the high—affinity mu receptor type may be principally

responsible for the ethanol-morphine 1nteration.

probe for the role of the oplate receptor in the actions 6f

opiates because of its nonspecific effects (see Sawynok et al., 1979),.

hould be carried out to resolve this issue. -

@

In contrast, naloxone;

Fyrther experiments

~

Some studies have began to question the use of naloxone as a

Because néloxazoneaia a derivative of naloxone, it is likely that .

-

‘'naloxazone also ghares the nonspecific properties of naloxone, Such

)

a ﬁossibility would weaken the conclusion that the oplate receptor is

. -.‘.\:

nvolved in the ethanol-morphine pre~exposure interaction,”

.

Another

93
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critérion for adsessing the contribution of the oplate receptor in the
actions of opiates is %he stereospecificity of the opiates’ actions.

Using this criterion, the next experiments were carried out to further

*

examine the role of the opiate receptor in the pre—exposure effeg:t of

- N
oplates on ethanol-induced CTA. )
» -
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EXPERIMENT 4a

’ Using an oplate antagonist, like naloxazone, is one way to

) LYy
examine the role of the oplate receptor in the interaction between

. o
morphine and alcohol in the CTA paradigm. However, the interpretation

of data generated by such studies is not stfbightforward The reason
is that naloxone has been s“g&~\to have tonspecific effects (see
Sawynok et al., 1979). Since most of the‘opiate antagonists like
naltrexone and naloxazane are derived from naloxone, it is probable

that they too could have nonspecific effects unrelated to their ’
‘ .

actions at the opiate receptor.

-~
o

Another way to examiné the role of the opiate(receptor in
behavior is to comparé the effects of an‘actiie and a nonactive opiate )
steréoisomers.l Stereoisomers, that is isomers that are mirror—images'
gf each other, can be classified into two categorie; according to the
way they affect-a beam of Eglarized light, Isome;s that'rotate the
plane of polag;zed light tof%ﬁe left are called levo-isomers while
isomers that rotate the plane of pdlarized_light to the‘rigﬁt are
called dextro-isomers. It is well-established that only the levo-
1somers of oplates bind with high affigity to the opilate receptor,

This property of stereoisomers has been used as an additional -»

*criterion in the identification of various oplate receptors in binding

studies (Pert & Snyder, 1973; Simon et al., 1973; Terenius, 19]%3.

To date only a few behavioral studies®have used this criterion

\
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AN

for establishing the role of the opiate receptor-in the qediation of
an oplate-induced effect. One study by Shannén and Holtzman (1976)
rep;rted that rats trained to discriminate morphine.from saline
generalized their responses to }gyd?phanol, an opiate 1evo—i§omer, and
not to dextrorphan, its equivalent(éex;ro—isomer. This suggests that
discriminating prOpérties of mofphine were médiated by a
stereospecific reé;ptog. N '

To fuxther examine the role of the oplate receptor in opiate-
ethanol interactign, the effects of Byo oplates enantiomers, the
éctive }somer levorphangl and the nonactive isomer dextrorphan, as pre-
exposure agents on both ethanol— and morphine-induced CTAs were

Al \. .
compared, If ethanol- and morphine-induced CTAs are-mediated at least

in part by a common that\invo}ves'fﬁ 'opiate receptor; then the active
isomer levorphanol should block the.:§kféion to either morphine or
ethanol. On the other hand, the nonactive isomer dextrorphanAshould not
affect morphine~ or ethanol§1nduced CTAs. X

Experiment 4a was first conducted'to éstablish dose—respo;se
curvés for the CTAs induced by levorphanol and dextror;‘n. It has
previously been observed that the dose response curve for a morphine-
induced CTA is similar in shape to a U-curve (Farber, Gprman, & Reid,
1976). Following these stﬁdies, it was expected that a U-curve

Eglationship would be observed between doses of levorphanol and

aversion to the conditioned stimulus and little or no aversion to the
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doses of dextrorphan.
Method

Sub jects

A [

4

L N
Forty-four male Sprague-Dawley rats (Charles River Ltd,) .

weighing between 272g and 330g at the beginning of the experiment were

L

ranéomly divided into 7 groups. Housing conditions were %imilar to

v

those in Experiment 1. * ;

Drugs and injections .

‘

Both levworphanol tartrate and dextrorphan tartrate (Hof fman-
. ’ ¥ 2
LaRoche Ltd) were dissolved in saline solution to a concentration of 1

mg/ml, 5 mg/ml, or 10 mg/ml and ihjected in a volume of 1 ml/kg. The

salts of .the drugs were used for the next two experiments,

M

Procedure

\

+ The animals were han and given a few days to habituate to the
animal colony prior to experimentation. They were then placed on a
water deprivation schedule that restricted access to only 30-minute
per day. Unless specified otherwise, the procedure was identical to

that described in Experiment 2. The rats were presented with a novel

tasting 0.1%Z saccharin selution for 30 minutes immediately followed by
L 4
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a drug injection (first conditioning trial), Three ggoups of animéls
received either 1 (n=6), 5 (n=6), or lO’mg/kg (n=7) of levorphanol ~
tartrate; another three groups (n-q for éach group) wereninjected with
either 1, 5, or 10 mg/kg of dextrorphan tartrate; saline was
administered to the last group of rats (n=7). A second conditioning 5bﬁ\/
trial was performed 6 days later. Three saccharin presentations were

made without drug injection at intervals of 6 days (extinction_

trials).

Statistical analysis

Scores were expressed in terms of percent change from baseline
intake. Statistical analyses were performed as described in

Experiment 1.

Result; .
’
There were no significant differences between baseline saccharin
intake among the groups (Tukey HSD test, > 0.05; see Table Aaj.
Means of the raw s res and of the percent chgnge scores are éresented
in Appendix D, ngcent change scores are illustrated in Figure 5a. o
The saline group showed significant increases in saccharin intake for
all conditioning and extinction trials, p < 0.05. There were no

significant decreases in saccharin intake for all the groups that

received dextrorphan as conditioning drug for all trials (p < 0.05).

SN
%ﬂf?‘y—- =
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Levorphanol produced significant decreases in saccharin intqke at all

three doses tested after the second conditioning trial (P2, p <

0.05). The largest decrease in saccharin consumption was observed

with the 5 mg/kg dose. When compared to the saline group however,

dextrorphan at all doses did cause a decrease in saccharin

consumption, particglarly at the highest doge (a priori t-test, p <

4]
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Table 4a
- v } N ' . R

12

Means and standard errors of baseline saccharin intake. of groups .

, .
that received saline, or one of the various doses of dextrorphan (D),~

EN N
-

or levorphanol (L). v
Group ,—vj Mean ° Standard Errar .
o ) 5
Saline , (n=7) . 19,00 1.88
D ( 1 mg/kg) (n=6) 122,33 1.69 .. =
D ( 5 mg/kg) (n=6) 20,17 1.56 '
D (10 mg/kg) (n=6) 23.17 0.95 ,
L (1 mg/kg) (n=6) . 20,17 © 0.98 .
L ( 5 mg/kg) (n=q4 . 21.83 ~  0.79
L (10 mg/kg) (n=7) 22,29 "1.04
‘ &
-~
N F3 1 1 -
L] .g ,
~
‘ !
. . . 4’
., * o ' ' [ 5 -
t . ‘ N . - -
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Means and standard errors of percent change scores in
saccharin intake of groups that were conditioned with either
gsaline, 1, 5, or 10 mg/kg of dextrorphan for conditioning
(hatcved bars) and extinction (opened bars) trials, ‘
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Means and standard errors of percent change scores in
saccharin intake of groups that were conditioned with either
1, 5, or 10 mg/kg of levorphanol for conditioning (hatched
.bars) and extinction (opened bars) trials.
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Discussion y

The data obtained in Experiment 4a showed that dextrorphan at the

range of doses tested did not produce a CquQi\iifinEd by a decrease
in saccharin intake from baseliée value. However ~all doses of
dextrorphan used did reduc¢e saccharin intake when ct;pared to saline
controls. This would suggest that dextrorphan may have produced a
decreased preference fo; saccharin., Since this effect is not germane
to the'objectives of the experiments and does not interfere with the
iﬂte?pretation of the other fiﬂdings, it was not examined further,

A comparison of the dextrorphan and levorphanol groups clearly
showed that the two.drugs have different potencie_j%h producing an
aversion to saccharin. All doses of levorphanol induced a CTA on the
seéond conditioning trial. The greatest aversion to saccharin

occurred at the 5 mg/kg dose. As predicted, and as has been
demonstrateé for marphine, the magnitude of the "aversion to the
saccharin was related to th dose of levo;phanél Py a U-shaped

function,

AN

g

This difference in potencies between levorphanol and dextrorphan
in inducing a CTA is believed to be related to their differential
abilities to bind to and activate the oplate receptor. Although no
dafa are available concerning the phammacokinetics of the two drugs,
it 18 unlikely that the differences observed infgthe CTA paradigm are

due to differences in absorption, distribution, metabolism or

-

€

-
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excretion of the drugs. There is evidence that the de!tro—%somer and

levo-isomér of pentazocine, aﬁotﬂ;r 6piate agonist, are very similar
in terms of their pharmacokinetic:propetties (Berkowitz & Way, 1971).
Furthergofe, ‘t is well known that CTA is a robust phenomenon thai
doeg’ﬁot required the .close temporal contiguity betifgn the
cb&ditioned stimulus and the unconditioned stimulus that is
characteristic of other classical tonditioning paradigms.

Thus, the results from Experiment 4a support the role of the
opiate receptor in the CTA produced by oplates, and in addition,

provided evidence to satisfy tle criterion of receptor

stereosﬁecificity for an alcoholkopiate interaction. e

|
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e
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EXPERIMENT 4b

The results of Experiment 4a indicate that levorphanol can

produce a conditioned taste aversion in the dose range of 1-10 mg/kg.

S

The levorphanol data described a U-curve dose-related function which

LY

was also shown with morphine (Farber et al., 1976). Experiment 4b was
designed as an attempt to further examine the role of the oplate ¢
receptor in the'pre—exposure interaction between morphine and ethanol.

The approach'usedewas to compare levorphanol and dextrorphan in 8

of their effectiveness in blocking morphine- and ethancl-induced CTAs,

The dose of levorphanol and dextrorphan selected was 5 mg/kg, the dose
at which levorphanol produce the strongest CTA. Dextrophan at that
dose d1d not produce a CTA although it decreased saccharin intake as

compared to the control saline group.

: Metheod T

J
Sub jects I
Forty-nine male Sprague-Dawley rats (Charles River Ltd.), 7

weighing between 285g and 326g, were 1nd1v1du§11y housed in stainless
sieei cages in the animal colony., Housing conditions were. similar to

)
those in Experiment 1.

T -

¥y

-
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Drugs and in;ect{gns

¢
?

Levorphanol tartrate a;d dextrophén tartrate {Hoffman-LaRoche
Ltd) were dissof;ed in saline solution to yield a concentration of 5
mg/ml. The volﬁyeng injection was 1 ml/kg for both drugs. Morphine
hydrochloride (BDH.Chemicals Canada Ltd) was dissolved in saline to
yield a_ ‘concentration of 12 mg/ml and was injected in a volume of 1

ml/kg. A 95% solution of ethanol was diluted in distilled wlngr to
I N .
i -
yield a concentration of 20% (w/v) and was fnjectgd in a volume of 7.5

ml/kg.

Procedure

]

The rats were handled fouf times on different days before the

1

start of the experiment. The animals were first adapted to a water~

deprivation schedule consisting of daily acceés'to water for a period ¢
of 30 minutes. Unless spécified otherwise, the procedure was similg},~s
to that described in Experiment 1. The animals were pre-exposed to 5

mg/kg of levorphanol or dextrorphan i.p., (the dose was the most
!

effective dose of levorphanol shdwn to induce a CTA in Experiment é4a)

4
once a day on three alterna¥e days following the 30-minute access-to
\ .
water. On the second day following the last pre-exposure treatment,

the rats were presented with a novel tasting.0.1% saccharin solution .

for 30 minutes and were injected i.p. immediately thereafter with

’

L) )

» either 1.2 g/kg of ethanol or 12 mg/kg of morphine HCl or galine

-

P
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(first conditioning trial). Prefgxpogure treatment with levorphanol
'd . _ .
and dextrorphan resumed for another three gsessions two days after the

first conditioniﬁg trial. A second conditioning trial similar to the

o r

first one and three extinction trials, consisting only of saccharin

’

presentations, were carried out at intervals of 8 days. The‘gfbups

vere D-5 (n=8), L-S (n=8), D-M (n=9), L-M (n=8), D-E (n=7), and L-E

< < .

(n=9) . - . <

Stati sticalfanalysis \ - i
T - <
A .
The data were analyzed as’ described in Experiment 1

o

[y -

Results N

‘ <
There were no significant differences in baseline values among
prs

the groups (Tukey HSD test, p > 0.05:~;EE‘Tab1e>4b). The means of the

" "raw values and of' the percent change scores are tabulated in Abpen:ix

E. Figure Sc'I}lustrates the means of percent change scores in
saccharin intake for the two conditioning trials and the’ two
extinction trials. As ¢an be seen from Figure 5¢, the two grouéa that
received either dextrorphan or levorphanol as the pre-exposure drug

and saliﬁe on coﬂﬁitioning trials (D-S and L~S) showed significan

increases in saccharin consumption for all conditioning and extinction

trials (p < 0.01). The group of animals that were injected with

dext rorphan as the pre-exposure drug and with morphine as the

N

o . N

s

e G
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¥ o :
. Table 4b
\ : -
‘ v

Means and standarﬂrrors of baseline saccharin intake of érdups

that were preexposed with dextrorphan (D-), or levorphanol (L-), a)d

3

conditioned with saline (-8), morphine (-M), or ethanol-(-E).

< 4

.
e IR MW
i

?‘t\ . '

Mearu’

Standard Error

.

-

-

D-S (n=8) 19.00 1.89
L-S (n=8) 18.38 1.31
D-M (n=9) 20.89 e 1.07
L-M (n=8B) 18,00 1.24
D-E (n=7) 20.29- Y 1.58 -
L-E (n=9) 18.00 1.21
e
. B 3
\/ “ .
]
D t
o’
J
s Y]
v -

3

2
P
{




FERS

N

109

e

vy

100 -
w D-S L-S D-E L-E
x g0 |
-
z
= 60
z .
—
x 40 | ’ z
¥- o
o
Q 20, F
=
—
u ]
=z -20 F~_-
< AN
© a0 - -
o
&
O "60 =
o
i
.o .80 F
-100 - .
‘ 4
FIGURE 5¢c. Means and standard err‘ois of percent chahge scores in
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dextrorphan (D-) or levorphanol (L-) and conditioned with
eiyher saline (-S), morphine (-M), or ethamol (-E) for
&onditioning (hatched bars) or extinction (opened bars)
trial. .
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conditioning drug (D~M) displayed substantial and significant
decreases in saccharin intake following the two conditioning tr}als (p
< 0.05). Rats that were pre~exposed with levgsphanol, the active
{somer and conditioned with morphine (L-M) showed increases in
saccharin intake for all trials. Significant increases in saccharin

consunption were observed in this group after the two extinction

M MRS b P =

110

trials Tl and T2 (ﬁ C<0.05). Similarly, the dextrorphan-pre-exposed /)

T g

- group (D-E) that received etﬁg;ol'on ;onQitioning trials demonstrated
deéreases in saccﬁgrin intake that were sjignificant after the second
conditioning trial, Pi~(p < 0.05). The levorphanol-pr;—exposed
animals that were conditioned with ethanol (L-E) showed significan?
increases in saccharin intake for both conditioning trials (Pl'and fZ,

.

p < 0.05).

Discussion

]

The redults'bf‘gxperbment 4b showed that a stereospgcific oplate
'recep;or was 1A:olved in the pre-exposure effect of opiate; on
morphine-induced CTA and on ethanol—induced.CTA. In summary, it was
;ound that prexposure to the active opiate isomer levorphanol, blocked
completely the CTA induced by morphine‘and;that produced by ethanol as
well, D&xtrorphan, the inactive oplate isomer, did not block the
morphine or ethanol CTAs. Aithough it is possible that dextrorphan

attenuated the CTAs to those two drugs, the fact that there were no

s

et e
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saline pre-exposure controls in this experiment made it impossible tcvf

|
assess the effect of dextrorphan or levorphpnol in absolute terms.

Nevertheless, the relative effectiveness of levorphanol when compared

to dextro;phan in blocking both morphine- and ethanol-induced CTAs
étrongly supports the notion that a stereospecific opiate receptor is
involved in the ethanol-morphine interaction in the pre-exposure CTA .
paradigm.

An élte?ﬁative explaK;tion for these findings may be that the two

)
enantiomers have differeanPharmacokinetic properties. One would not

2N

A

+

expect dextrorphan to reverse either morphine- or ethanol-induced CTAs
if-Fhe drug does not reach the relevant brain sites in sufficient time
and dose whatever the mechanism of the blocﬁ!ﬁe. According to
Berkowitz and Way (1971), optical enantiomers'possesé highly similar -
physicochemical properties but d}ffer in theirx pharmacological
activities., Presumably, differences in pharmacological activities‘
would be attributed to their‘differential affinities for gpecific 1
receptors which mediate the gctions of the drugs. In their study
(Berkowitz & Way, 1971), the distribution of levo-pentazocine and
dextro-pentazocine did not differ significantly in different areas of.
the brain over the time course of drug act;on. Since no data are .
available about the pharmacokinetics-of dextrorphan and 1evorphanol;

the findings of Berkowitz and Way (1971) may be tentatively extended

to other opilates, ‘and in this case, to dextrorphan and levorphanol.

Y,



. ,

-

So far the investigation has e;amined the role of th op}ate
receptor in the interaction between opiates and alcohol.’ Whether
ethanql directly or indirectly acts on the oplate receptor to prod;ce
CTA or the pre-exposure effect is yet to be resolved. Sevefal linesr
of evidence now support the notion that acetaldeh;zév.the primary
metabolite of ethanol,’meéiates-some actions of ethanol (Amir et al.,

1980). Expétiment 5 was therefore conducted as a preliminary attempt

to examine yhether acetaldehyde also mediates the ethanol pre-exposure

.effect,

14
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EXPERIMENT 5

Acetaldehyde is the primary metabolite of ethanol (Hald &
Jacobsen, 1948). Some studies have focused on the role of this =
metabolite as a possible mediator.of the actions of ethanol (Amir et
al.; 1980). While it was thought for a long time that acetaldeh;ae
was mainly contributing to the aversi;e effegts of ethanol (Hald &

Jacobsen, 1948; Jacobsen, 1952), some more recent studies have

provided évidean‘that acetaldehyde may play.an important role in the
-~

»

positive reinforcing properties of ethanol as well (e.g. Smith, 1982),
Most researchers would consider CTA as a paradigm most suitable
for examining the aversive properties of drugs. The classic example
1s the induction of a CTA by 1ithium chlbride, an emetic drug which is
"known to produce intestinal malaise (Nachman, 1970). To explain thi;
phenomenoq, Seligman (1970) proposed the "preparedness”" hypothesis
which says that organisms are predisposed to associate flavors with
delayed illness. However, the fact tﬁat.self-administered drugs can
also produce CTAs (e.g. Berger et al., 1973; Cappell et al., 1973) has
led some investigators to propose that the stimulué properties of
those self-administered drugs that promote CTA may be related to the
properties which underlie their positive reinforcing effects
(Swiczman: 1980). According to Switzman (1980), it would seem that

any drug that 1s self-administered will also produce a CTA. It should

be noted that the converse does not hold in all cases., Hence, drugs



.
-~

!
like lithium produce strong CTAs but are not self-administered.

A number of studies have implicated acetaldehyde as a poss¥ble
mediator of the reinforcing prop;;ties of eghanol. This was \}
demonstrated in a study d%ere acetaldehyde was shown to be self-
administered by rats (Brown et al., 1979; Brown et al., 1980). Like
‘other psychoactive drugs whicb’are self;administered, acetaldehyde was . ;
also shown to proﬁuce a CIA'(B¥g§n, Amit, Smith, & Rockman, 1978).

If one assumes thatxa functional relationship exists between the
reinforcing properg}es of a drug and its ability to produce a CTA, or
as an extension, the liability of its CTA to be blocked by prior
experieﬁce with another self-administered drug, one would then expect

N N

acetaldehyde to behave in the same way as ethanol in the pre-exposure
paradigm. E;periment 5 1s an attempt to examine whether acetaldehyde
will display the same pre-exposure CTA interaction with morphine as
ethanol did in Experiment 1, Thus, according to the hypothesis that .
acetaldehyde mediates the positive effects of ethanol, and following
the assumption that the CTA pre-exposure paradigm is a model capable
of measuring drug reinforting effects, acetaldehyde pre-exposure

should block a morphine-induced CTA and morphine pre-exposure should -

block an acetaldehyde-induced CTA.

A

N
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Method
Subjécts

Thirty-two male Sprague-Dawley rats (Charles River Ltd;),
weighing between 215g and 295g, were individually housed in stainless
steel cages in the animal colony room. Housing conditions were

'] -

similar to those in Experfment I.
Drugs and injections

Morphine hydrochloride (BDH Chemicals Canada Ltd) was dissolved
in saline in a concentration of 12 mg/ml and injected in a volume of 1
ml/kg. Acetaldehyde was prepared by diluting a stock solution to a

concentration of 5% (w/v) with distilled water. The volume of injection

was 5 ml/kg.
, b

Procedure \

The rats were handled four times on different days before the
gtart of the experiment., The ani&als were first adapted to a water=-
deprivation schedule consisting of daily access to water for a period
of 30 minutes. Unless specified otherwise, the procedure was.similar
to that described in Experiment 1. The animals were pre-exposed to
0.2 g/kg of. acetaldehyde or 12 mg/kg of morphine i.p. once a day on

three alternate days following the 30-minute access to water, - On the

e )
-

-
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second day following the last pre-exposure treatment, the rats were
presented with 'a novel tasting 0.1% saccharin solution for 30 minutes
and were injected i.p.,immediately after with either 0.2 g/kg
acetaldehyde (S—A, n=8 and M-A, n=8) or 12 mg/kg of morphine HC1 (W-M,
n=8 and A-M, n=8) (first coﬁditioning trial). Pre-exposure treatment l
with acetaldehyde and morphine resumed for another three sessions two
days after the first conditioning trial. A second gonditioning trial
similar to the first one and three extinction trials, consisting only

of saccharin presentations, were carried out at intervals of 8 days,
Statistical analysis ‘.

The data were analyzed as described in Experiment 1

-

Results

There were no significant differences between the baseline values
(Tukey HSD test, p > 0.05; see Table 5). The means of the raw values
and of the percent change scores are tabulated in Appendix F. Figure °
6 illustrates the Qeans of the percent chamge scores in saccharin
consumption for the two conditioning trials and the two extinction
trials. The reduction in saccharin intake observed in thé S-A grodb
on the second conditioning trial, P2, was not statistically

significant (p > 0.05). However, a comparison of the M—A group and

the S-A group showed that the M-A group obtained a percent change
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2

Means and standard errors of baseline saccharin intake of groups

that were preexposed with saline (S-), morphine (M-), wa'ter‘(w—), or

acet:aldehyde (A-) and conditioned with morphine (~M) or acetaldehyde

('TA)‘O

» *

Group .t

Standard Error .

Mean 3
M=-A (n=8) 17.25 1.76
A-M (n-8) 16000 1.86
¢ “
\
L
*

T

T
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FIGURE 6.“fMeans and standard errors of percent change scores in

saccharin intake of groups that were pre-exposed with either
saline (S-), morphine (M-), water (W=), or acetaldehyde (A-)
and conditioned with either acetaldehyde (-A) or morphine
(-M) for conditioning (hatched bars) and extinction (opened
bars) trials.,



score significantly higher tltan that of the S-A group (p < 0.05).
This suggested that the morphine pre-exposure attenuated the
‘acetaldehyde effect despite the fact that the dose of acetaldehyde
used was not sufficient to induce a strong aversion to the saccharin
solution, .

On the other hand, large significant reductions in saccharin
consumption were observed in the W-M group after the two clonditioning ]
tria?s and the first extinction trial (P1l, P2 an,d‘ Ti, p < 0.05),
Pre;exposure to acetaldehyde attenuated this effect as can be seen in
the smaller '}educ;tions in sacchari'n intake in the A-M group. The .
decrease in sacpharin intake in the A-M was onlymgignificant after the
‘ second conditioning trial (P2, p < 0.05). In addition, significant
increases were observed 1:)1 the ;\—M group but not in the W-M group
after the extinction trials (Tl and T2, p < 0.05). Between—groqp
comparisons showed that the reduction in saccharin intake was greater
in the W-M group than the A-M group after the second conditioning
trial (P2, p < 0.05). These results then suggest that the pre-

exposure to acetaldehyde attenuated the conditioned taste aversiom\to

morphine, and possibly vice versa,

- — -
[

gl >



120

Discussion

Jo A '
The data obtained in Experiment 5 show that acetaldehyde pre-—
exposure attenuated the developﬁent of a m:)rphine-induced CTA, and

. 4

that morphine pre-exposure attenuated the development of an apparent

’~\\Naqetaldehyde-indg:g?ﬂCTA. The failure to observe a CTA produced by

acfetaldehyde %s believed to be because of the low df)se of acetalhehyde

:sed in thié experimenf. Other studies have demonstrated that higﬁer

doses of acetaldehydeﬂjloduced strong CTAs (Aragon, Abitbol, & Amit,

. 1984; Brown et al., 1978). Since the morphine-pre-exposed group had a
significqntly ggeater percent change in saccharin intake than the
saline~pre-exposed ggoups, it is very likely that an acetaldehyde CTA
woulq have been reduced by the morphin% pre—eﬁposure.

-

A number of studies have now implicated acetaldehyde in ghe .
pésitive re;nforciné properties of ethanol (Br;wn et al., 1979; Brown .
et al,, 1980). Thus, the ob;erved interaction between acetaldehydé
and morphing in the CTA pre-exposure paradigm may be indicating that
this metabolite of ethanol underlies the ethanol-morphine interaction
responsible for the pre-exposure effect, f the hypotﬁesis that
acetaldehyde is an important factor in tﬁélreinforcing properties of
ethanol holds true, one mdy speculate that the interaction between
'alcohol and, opilates in the pre-exposure effect may also reflect an an.

I3

overlap in the reinforcing properties of those two classes of drugs.

,
e
-
LN
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GENERAL DISGUSSION

-~

¢ The present investigation sought to examine the interaction .
between alcohol and opiates. The main objectives of the,gxperiménts.
were to examine the interaction between oplates and alcohol in the ‘
conventional conditioned taste aversion (CTA) paradigm and the pre-
-exposure CTA paradigm, and the role of the opiate receptor in alcohoi—
oplate interaction in these two paradigms. .
The results of Experiment 1 suggest that pre-expoéure to morphine
blocks the development of CTA to ethanol, and that conve;sely, prior
exposure to ethanol a{tenuates ghe development of CTA to morphine.
This finding is consistent with the results of previous studies that
have demonstrated an interaction between ethanol and morphine using t

» e
various bilochemical (e.g. Hoffman et al,, 1982), pharmacological (e.g.

A s W W

Khanna et al., 1979), physiological (e.g. Cicero et al., 1982) and

behavioral measurés ‘(e.g. Blum et al.,‘1983).’ In Expe:égentIZ, it was

N\

found that naloxazone, a long-acting high-affinity mu agonist, : \\\‘
. . T

i
*
3
M
4
i
i

‘antagonized botﬁ morphing:“gnd ethanoliikduted CTAs. Thus, it was
suggested that the high-affinity mu oplate receptor was involved in

the mgchanisms underlying both ﬁorphiﬂ& and ethanol CTAs (cf. Miceli v
et al., 1979).. The data obtained in Experiment 3b showed that
naloxazone decreased the effects of morphine as a pre-exposure agent

in attenuating an ethanol-induced CTA. Similarly, n§ioxazone also

‘decreased the attenuating effect of ethanol on a morphine-induced CTA.

’
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he »

It seaﬁ(then that the high-affinity binding mu opiate receptor plays

‘an important’ role in conventional CTAs to ethanol and morphine as well

as in the pte-exposure CTA effects of these two drugs. , This

hypotheéis received further support from the results of Experiment 4a

in which levorphanol, an active opiate-receptor isomer; induced a CTA,

3

but its inactive isomer, dextrorphan, did not. This is the first

demonstration that the CTA induced by opiates is mediated by a

- stereospecific oplate receptor. The role of the opiate receptor in a

©

given opilate-~induced péﬁﬁyior has usually been examined with the use
of an opiéte antagonist like naloxone, Thi’e is an increasing body of
data on nonspecific actions of naloxone, the classical'opféte

antagonist (Séwynok et al., 1979). It is likely that other opiate

.antagonists may also !fssess nonspecific actions because most of them-

»

are derived from naloxone. Thus, 1! is becoming more important to .
k]

demonstrate*stereospecificity effect in receptor research, Expefiméﬁt

4b demonstrated thaf levorphanol but not dextrorphan blocked the

+

development of-QTAs induced by both morphine and ethanol. Therefore,

it was goncluded that the pre-exposureseffect of opiates on the

Y

ethanol-induced, CTA is mediated, at least in part, by a stereospecjfic
N (A7 "
oplate receptor, Finally, in Experiment 5, it was observed that

»

acetaldehyde, the primary- metabolite of ethfggyl\slso showed the same

\ .
symmetrical interaction with morphine in the pre-exposure CTA

o

A

. 4 ’
paradigm, It is possible, therefore, that the interaction hetween (T/
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I

ethanol and moréﬁine in tﬁe pre-exposure CTA paradigm i1s mediated by
the action of acetéldehyde as has been argued fo; other
psychopharmacological effects of ethanol (e.g. Amir et al., 1980; Carr
et-al., 1980). ‘

*In the tradition of psychoﬁharmacology,\it would be interesting
and important to examine the dose-reSpohse curve for the interaction . )
between bpiates and alcohol. However, the Aesign imposed by the
par;digm 1s such that the addition of one more dose for each drug
would expand the study to an unmanageable degrée in terms of cost, \

.- . .
time, and informatién processing., It is argued that the fact that a
symmetrical interactign was observed‘ between alcohol and opiatii . N
rather than an asymmetrical, ¢r a fack, of'interacpion makes thigr
_shortcoming less problematic. . .

Recent studies have supported the notion that ethanol may act on

the oplate receptor both following acute and chronic treatment. The
1 4

data éuggest that acute alcohol treatment inhibits binding of opioids ’ ‘

g
§;
!

to tﬂé delta receptofs (Hillef/pf'al.'l981, 1984; Gianoulakis, 1983)

and that chronic alcohol tr?pfpent results in receptor
supersensitivity which 1is expressed in an increased number of oplate
receptors (Hoffman et al.,, 1982; Gianoulakis, 1983);[ Some workers
proposed that the disordering action of ethanol gn the lipid'bilayer

‘that makes up biological membranes may underlie ite actions on the

opiate receptoré (Hiller et al.: 1984; Hoffman et al., 1982)., By

LS

. - 1
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disturbing the membrane containing the opiate receptor, one expects
that eéhanol would render the receptor nonfunctional and thus acts in “
a similar fashion to an opiate antagonist., This hypothesis would be
consistent with the observation that chronic treatment w}threchanol P
produces supersensitivity of the opiate receptors analogous to the
actions of opiate antagonists (Schulz et al., 1979). However, the s
- findings of the present 1nvestigation are not consistent with this
hypothesis. In the coqventional CTA paradigﬁ; ethanol, 1like morphine,
‘produced a CTA at low doses and therefore behaved 1ike an opiate
agonist, This argument for an opiate agonistic-ﬁature of ethanol may
be weak since naloxone,‘the classical opiate antagonist, can alsol
{nduce CTA (LeBlanc & Capell, 1975; Van der l(ooy‘& Phillips,1977).
Nevertheless, the fact that ethapol pre—éxposure attenuates morphine . .
CTA in a manner similar to the bldckade of morphine CTA by morphine {
pre-exposure (Experiment 1; Brown et al., 1979; LeBlanc & Cappell, |
1974; Parker et al,, 1973;Péwit;man et al,, 1981) argues against the
hypothesis that the membrane~fluidizing action of ethanol thag
Ymediates its effécta on delta binding plays a role in either ethanol-
¢ induced CTA or its pre-exposure effect on morphine~induced CTA. it
was noted that pre-exposure to the oplate antagonist, naloxone, did
not affect CTAs induced by either morphine or ethanol., Again, this
- .

contrasts with the effects of ethanol, and argues against the .

hypothesis that ethanol 1s acting like an opiate antagon1%F in thé CTA

. . -

R e Tt
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paradigﬁ. )

On the other hand, ethanol seems to acton the mu opiate
receptors in a manner similar to an opiate agonist, Acute ethanol
treatment caused an increase in mu receptor binding (e.g. Levine et

al., 1983). As it has been shown for chronic treatment wiip opiate
\hgonist‘(e.g. Davis, Akera, & Brody? 1979), chronic ethanol diet
produced subsensitivity of these mu receptors (e.g; Tabakoff et al.,
1981). The;e findings are consistent with the present results. As
argued above, ethanol behaves like aﬁ opiate agonist in producing CTA,
and in attenuating the development of both ethanol- or morphine-
iQduced CTAs. One may then hypothesize that the mu receptor mediates ’

-

the effects of ethanol in the conventional and pre-exposure CTA
4

paradigms. This hypothesis 1s further supported by the results of the

- "
£

expgrimenfs with naloxazone. Previous studies have demonstrated that
naloxazone is a selective opiate antagonist for the high affinity mu
op‘ese receptor (e.g. Pasternak et al.: 1980). The pesults obtained .
from the present investigation showed that naloxazone blocks the
development of both morphine- and ethanol-induced CTAs, and prevents
eﬁe pre-exposure interaction between mO{phine and ethanol,

More research 1s necessary to find out whether the mu receptor:
exclusively mediates the pre-exposure interaction between ethanol and -

morphine., There 1s now substantial evidence for, at least, three

_types of opiate receptors (Wood, 1982). Speculation abounds
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»

concerning the functions of these different types of opiate receptors
(Gintzler & Pasternak, 1982; Herz, 1983; Ling, Spiegel, Nishimura, &
Pasternak, 1983; Pert, 1981; Schmauss & Yaksh, 1984)., The

° ¥

understanding of theii‘hifferential contributions to CTAs prodhced‘ﬁy

a

"self-administered drugs, and to the pre-expasure effects between self-

_ administered drugs may possibly increase-our knowledge about those

drugs and reinforcement. The other concern that should be addressed
is the brain area or areas responsible for the interaction observed in
the pre—exposure CTA paradigm. Indeed, studies have shown'that the
different types of receptors have .different distribution patterns in
the brain (Duka, Schubert, Wuster, Stolber, & Herz, 1981; Goodman,
Snyder, & Kuhar, 1980; Quirion, Welss, & Pert, 1983; Quirion, Zajac,
Morgat, & Roques; 1983). There are possible candidate locations in
the brain that would be responsible for the interaction, H?wever, N
systegatic studies would be necessary to confirm the 1mportaﬂce of
these brain regions.

Other studies provided support for the idea that endorphins and
enkephalins are released under acute pharﬁacological actions of
ifhanol (Schulz et al., 1980; Seizinger et gi. 1985; Naber et al., 1981;
Blum et.al., 1982), For instance, Seizinger et al. (1983) reported
that acute ethanol administration resulted in a significant increase
in met-enkephalin in the hypothalamus, striatum, and midbrain. On the
other hand, chronic ethanol resulted in a dramatdc decrease in tissue

+

4



levels of several endogenous peptides in different brain areas., The
latter action of ethanol is similar #o the action of chronic morphine
administration on endorphin levels {Przewlocki et al. 1979). this
proposed biochemical action of ethanol is also in aéreement.with the
behavioral findings of the present 1nvestigation.‘ Acczrding to this
view, ethanol may indirectly activate the opiate receptors by

releasing those endogenous oploids and thus act as an opiate agonist

- in blockiﬁg development of morphine-induced CTA. Similarly, the

ethanol-induced CTA could be mediated tﬁrough the same action of :
ethanol on the endogenous opiates, and hence, could be bloéked by
prior exposure to morphine, other oplate agonists, or by acute
pretreatment with an opiate antagonist. Furthegmore, the actions of
endogenous opiloids réleased by the actions of ;thanol can be blocked
by opiate antagoniéts. This hypothesis would explain the attenuation
of the pre-exposure effects of ethanol on morphine-induced CTA by
naloxazone. »

There seems to be a4 close relationship between the feinforcing
properties of self-administered drugs and their abilities to produce
CTAs (Switzman, 1980; White, Sklar, & Amit, 1977; Wise et al., 19764.
Both oplates and ethanol are'readily self-administered by animals and
humans (see Schuster & Thompson, 1968). Like other self-administered
drugs, these drugs also produce CTAs (Cappell et al., 1973), As

suégested by Switzman (1981), pre-exposure to a self-administered drug
o, .

3 ) S

[
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can block the formation of a CTA to another self~-administered drug.
This relat%o?ship apparently does not hold for non-self-administered
drugs. Tﬁat is, prior experience with a self-administered drug will
not.block the CTA to a non-self-administered drug.

The present investigation provides further evidence fbr the
rélationship between self-administration liability and effectiveness
in the CTA paradigm either as the unconditioned stimulus or as a pre—
exposure agent,

Several studies have supported this notion, Wise et al, (1976)
demonstrated that CTA developed to saccharin when a saccharin solutioﬁ
was ingested before access to amphetamine self-administration.

Reicher and Holman (1977) observed that injections"of amphetamine og
one side of a shuttlebox induced both a preference for the location of
the injection and a CTA in the same animals. When rats were injected
with morphine after running down a runway for flavored food in a goal-
box, it was fqgnd that morphine increased running speed to the goal

box on subsequent trials, At the same time, a reduction in food

intake was observed (White et al., 1977). 1In a further investigation
of White et al.’s finding, Switzman (1980) has shown that rats that‘.
displayed the highest degree of positive reinforcement, as measured by

fastest running speed in the runway also displayed the highest degree

of aversion, as measured byufke smallest amount of the food consumed

,1in the goal-box, The interpretation of the present findings may

F
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therefore be extended to fmplicate mechanisms underlying the common
reinforcing proé%pties of ethanol and the opiates.,

In the light'of this relationship between Positive reinforcement
and aversion, as observed in the conventional and the pre-exposure CTA
paradigms, the data from the present investigations would also provide
strong support for the involvement of a stereospecific oplate receptor
in drug reinforcement, or possibly in reinforcement in general. The

2

conventional and pre-exposure CTA paradigms may become powerful tools
to ;tudy the central mechanism or mechanisms underlying drug
reinforcement. y)

It is evident that the interaction between alcohol and opiates 133
not manifested in every behavioral measure. The available evidence
suggests that the oplate receptor mediates‘the effects of ethanol on
locomotor activity (e.g. Middaugh et al., 1977), and that ethanol may
act on the endogenous opioids in effecting changes in brain
stimulation parameters (e.g. Lorens & Sainati, 1978)., To a lesser
JLoxtent but yet significant is the asymmetriéal interaction between

%
alcohol and opiates in the drug self-administration paradigm (e.g.
Sinclair, 1974; Gelfand & Amit, 1976). On the other hand, faillures to
observe an dlcohol—opiate interaction are generally reported for such
behaviors as analgesia (e.g. Bass et al., 1978), motor performance

(e.g. Hymson & Hynes, 198’), and drug discrimination (e.g. Chipkin et

al., 1980). 1In light of the present findings supporting an

3

[ 4
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interactiof between aicohol and oplates, one may'feexamine the

hypotﬁeses for which conﬁradictory findings hava/géen reporwad in the
literature with particular attention to the'measures used in terms of
their sensitivity, reliability and validity. Another issue that will
have to be addressed is the importance of the symmetrical interaction

observed in the pre-exposure CTA paradigm as opposed to the aéymmetrical

interaction in the drug self-administration paradigm (e.g. Gelfand &

Amit, 1976). Whether this symmetry or lack of it will help to increase

our understanding of the actions of these drugs will have to be i

investigated. }

The findings of the present investigation are in agreement with
3

previous clinical reports supporting the idea of an interaction

-

‘between alcohol and oplates. Naloxone has been observed in several

reports to reverse the intoxicating effects of ethanol (e.g. Jefferys
et al., 1980). It was also found that narcotic addicts have usually
a high incidence of alcohol-related problems before, during or after
oplate addiction (e.g. Brown et al., 1973). Based on work with
animals, Blum and coworkers (1977) have proposed that a lack of
central beta—endorphin plays a role in the alcohol-seeking behavior
-»
typical of chronic'alcoholism. There is now clinical eQidence in
support of this hypothesis, Two studies have reported reduced beta-

endorphin levels in cerebrospinal fluid of chronlc alcoholics

(Genazzani et al.,, 1982; Savoldi et;al., 1983). Based on the results



obtained in the present experiments, one may speculate that the
reduced levels of beta-endorphin in alcoholics is a result of
continual release of these endogenous opioids by alcohol, One may
. even predict an increased number of opiate receptors in chronic )
alcoholics as’has been observed in animals maintained chronically on
an ethanol diet (Gianoulakis,.l983). '

In summary, the.present investigation confirms the notion of an
_interaction between alcohol and opiates in a behavioral paradigm. It
also suggests a ¢common rale for a stereospecific opiate receptor in
t he mechanisms of actions of ethanol and oplates. Furthermore, there
is some preliminary support for the suggestion that the high affinity
mu receptor may play a selective role in alcohol-opiate interaction,
Finally, based on the results obtained, one may speculate that the
mechanism of the interaction of ethanol with the.opiate system or
systems involves the release of endogenous opioids that subsequently
acthlthe oplate receptors. Thus, some of the aétions of ethanol
could be mimicking the actions pf oplates at the opiate receptor. In
conclusion, the findings obtained in the present investigation warrant
continued futuré research into the ramifications of the ogietbed
interactions between ethanol and opiates in both basic and applied

- areas of research.

131
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*** Note' that for all appendices (A-E):

Al »

Cl, C2, (énd C3 for Experiment ia) represent the mean raw saccharih

»

intake on the trial after first, second (and third) Eonditioning
o .
trial respectively.

-
-

Pl, P2, (and P3 for Experiment 2a) represent the mean percent change
.in saccha;;n intake from baseline on the trial after the first,

second (and third) conditioning trial respectively.

. El and E2 represen® the mean raw saccharin intake on the trial after

.

the first, and second extinction trial respectively.

‘»T1 and T2 represent the mean percent change 5accharin intake on the

- trial after the first, second‘extinction trial respectively.
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o

Mean and standard error of percent change scores and raw scores

s

for Experiments 3a

3 -

P2

El° Tl E2 T2

Cl

Group Baseline

1.7

-12.3 10.0 -36.8 16.4 1.8

14.1

—'

16.3

S-W-M

"0»
g& N-W-M

16.2

. 1 8
6.8 15.7 - -5.5

1.6
17.5.

10.1

-30.2

1.6
11.5

1.0
15.6

1.0
6.6

15.3 -14.9 21.2 17.7 18.8 3.3

~6.9

1l6.7

18.4

S-E-M

~ <
e v
< O0On

O~ ™
o~
~

W @
N W
-

1.0
18.5
1

1.2 9,2 1.4 9,2
9 13.9 ~16.3
7 9

14.9
1

1.0
16.5

N-E-M

18.9 15.0 -21.1 10.6 -44.1 16.5 -12.5 19.6

S-S-E

-13.7 24.6 11.5

2.2
20.3

.4 =15.7 15.1 -31.7

18

22.1

H-S-E

40.5

1.2
2).6

11.4
33.0

0.9
15.6

14.8

S-M~E

44.4

0.8

.2

0.8

22.1

14.6 -8.2 18.8 22.6
1 9 1 0.

-2.2
v

1

*** see note on p.
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