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ABSTRACT
9AVIE W. BROWN

MEDIATION OF THE POSITIVE REINFORCING PROPERTIES OF
ETHANOL BY CENTRAL NORADRENERGIC MECHANISMS IMPLI-

CATIONS FCR TREATMENT PROCEDURES FOR ALCOHOLICS |

The putative role of qentral norepinephrine in the medi-
ation of thé.positive reinforcing properties of ethanol
in laboraéory rats was investigated. -In the first expe-
}iment, it was demonstrated that selective destruction
of catecholamlne contalnlng neurons by treatment with
-hydroxydopamlne produced dlfferentlal effects on the
malntenance of ethanol self- admlnlstratlon. The observed
attenuation on ethanol consumption was attributed to the
relative depletions of norepinephrine rather than éopa—
mine. Furthermore, in the second experiment it was shown
that when norepinephrine lévels Qere reduced by t¥eat-
ment with FLA-57, a doﬁamine—beta-hydroxylase inhibitor,
ethanol intake was markedly suééressed.- This effect was
specific to ethanol since similar treatment had no sig-
nificant effect on -the cqnsumptioﬁ of either morphine cor

quinine solutions.

In the final experiment,.extinction procedures were emn-



ployed in order to determine the effectiveness of FLA—Sf
in pezmanently suppre551ng ethanol 1ntake in laberatery
rats. Ethanol-experienced anlmals, "forced to. drlnk eth—
anol while being treated with FLA-57, %ubsequently re-
duced thelr preference for ethanol when presented in a
freeech01ce W1th water.‘ Impiicatlons for treatment
procedures for human alcoholics based on thlsqextlnc—

¥l Tos. Y

tion paradigm were discussed.



‘Acknowledgements

My most sincere appreﬂiatlon is extended to
Dr. Zalman Amit for the inspiration and guldance"
pfovided throughout the course of these studies.

+ " I wish to‘thank Franc Rogan, Gary Rockman-and

Llnda Ivaskiv for their technlcal a$51stance

These experlments were ccnducted w1th the\Sse
of the facilities of the Center for Research on Drug
Dependence at Concordia‘University,'Montreal.

Pagtial-support of this project ane generous

supplies of the compound FLA-57 received.from Astra

Chemieai Cémpany,_Sweaen_are gratefully acknowledged.
- ' . \

tr



Table of Contents

Introduction
Experiment I

Intrecduction - -
Method '
Results

Discussion

Experiment II

Introduction
Method
Results
Discussi@n

Experiment IIT

Introduction

Method

Results . -
Discussion - '

General Discussion -

Reference Notes

.
References

Pages

14

20
24

27
28
33
44



1.
For centuries man has been familiar with the ef-
fects_of drinkiﬁg'alcohdl.' Because of its“avgilabil;
ity and its social acceptability in most Western cul-
tures, in addition to being a popular beverage, alcohol

-

has become’a serious liability to society. It is
_generaltly considered.that alcohol abuse is a sig;ifi—.
cant contributing factor to automobile accidéqts, crime,
health disorders, family breakdpﬁn and'losé WOrk pro-
ductivity (see Le Dain, 1973) . . -

T:It seems apparent that in most cases man consumes
alcohol for its euphoric properﬁiés suggesting that
alcohol must have psychologically reinforciné.effects.

‘In recent years, a number of experimentai studies have
shown that labo;atory animals will also selffadmihister
. ethanol. Despite its aversive taste at higher'COnéen—
' trations (Kahn & Stellar, 1960; Richter & Campbell,
1940; Wilson, 1972) rats can be induced to voluntarily
inéest ethanol solutions by a variety of techniques.
Temporary withdrawal or intermittent presentation of
ethanol generally results in én increased preference
(Amit, Ster;'i‘ & Wise,‘]'.970;, Sinclair & Senter, 19é8;
Wayner, Greenberq, Tartaglioﬁé, Nolley, Fraley & Cott,
1972;‘Wise, 1973). Schedule-induced polydipsia of

ethanol has been demonstrated by a number of investi-



gators (e.g. Falk, Samson & Winger, 1572; Meisch &
Thompson, 1972; Senfgr & Sinclair, 1967) and in some

- cases the elevated intake of ethanol persistéd even
after termination of fopd reinforcement {(Meisch &
Thompson, 1974) . Sinclairx (1974) has reported that
non-deprived rats will learn to press a lever- for so-
lutions of ethanql wi£h greater frequéncy\%han for
water. Furthermoref ethanol has been shown to be self-
administered by laborafory animals both intragastric-
‘ally (Amit & Stern, 1969; Marfaing-Jallat, 1975; Smith,
Werner & Davis, lé76; Yanagita, Ando, Takahashi &
Ishida, 1969) and intravenously (Deneau, Yanagita &
Séevers, 1969; Winger'é Woodé, 1973; Woods, Ikomi &
Winger, 1971). The fact that animals &il} drink etha-
nol despite its aversive taste or Qill work for etha-
nol by performing an operant suggests that ethanol‘has
réinfofcing properties.

Although the ability of alcohol to act as a re-
inforcer may be eviéent, the nature of its reinforcing
properties is somewhat less certain. A negative re-
inforcement model for explaining the self-administra-
tion of alcohol suggests that a physically dependent
organism must continue to ingest alcohol in order to

' avoid the aversiveness of withdrawal symptoms. Al-



" ternatively, a positive reinforcement.mo@el proposes

that the self-administration behavior is perpetuated
because of the ﬁedonic oi reward value of alcohol
ijtself. Lester and Freed (1973) claimed that physi-
cal dependence is a necéssary criterion for an ani-
mal model of'human alcoholism. The variety of methods
used to induce physical dependence in 1abqratoryrani—
mals is described in a review by'ﬁello {1973). Pre-
senting animals with ethanol as the only source of
liquid (Ratcliffe, 1972) or as a partial source df

calories in a liquid diet (Freund, 1973) readily pro-

'~ duced physical dependence as demonstrated by an absti-

nence syndrome when the ethénol was withdrawn. Physi-
cal dependence was also inducea by_intragastric intu-
baticn (Begl;iter, 1975; Myers, Stoltman & Martin, 1572)
or by alcohol vapor inhalationA(Goldstein, 1974) .
Although physical dependence on éthanol could be induced
by these methods, in no case did animals exhibit a
subsequent tendency to veluntarily drink alcchol,
suggesting that the withdrawal syndrome as a negative
reinforcer does not play a role in the»initiation,of
maintenance of ethanol éelf—adﬁinistration. Further-—

more it has been demonstréted thatjmonkeys trained to

lever press for intravenous infusions of ethanol, would



self-impose periods of abstinence during which they
would manifest severe withdrawal symptems (Deneau et
al, 1969; Woods et al, 1971) . Walkel, Hunter and

Riley (1975} also showed that rats made physically

dependent on ethanol through a liquid diet subsequent-

ly drank ethanol solutions but in an inconsistent pat-

tern broken by periods of self-withdrawal. Similarly,

in a study with human alcohollcs, Mello and Mendelson-

(1972) reported tﬂat patients would work for tokehs
with which they could "buy" ; drink of alcohol. In-
stead of using the £okens to meintain a regular‘intake
of alcohol, they tended to acdumulate-tokens a;d then
embark on a drinking eplsode followed again by a pe-
riod of-apstlnence and saving tokens durlng which tlme
they manifested mild to severe withdrawal symptoms.
It therefore appears that avoidaﬁeé of the abstinence
syndrome is not-a primary motivating factor in the
self-administration of alcohel. 'fhe alternative to
~ the negative reinforeement model.of alcoholism is the
suggestion‘that alcohol is self—agministered for its -
positive reinforcing properties with physical depen-
'dence possibly having some potentlating effect.
Another method by whlch rats can be induced to

reverse their preference for water over alcohol is by

-

&



g;ectéical stimulation .of the lateral hypothalamus
(Amit & Stern, 1971; amit et al, 1970; Wayner &
Greenbérg, 1972; Amit, Note 1), Following determi-
ﬁation of concentrations of alcohol that were re-
jected by individual animals, lateral hypothalamic
electrical stimulaéion was admihistered for 30 piﬁ;
utes daily over a 30‘da§‘period. Home cage inﬁake

of the previously rejected ethanol solutions present-

ed.in a free choice with water increased substantigl-

1y. This preference for alcohol persisted beyond the

electrical stimulation phase and was also resistant

I3
¢

to attenuation when the ethanol solutions were adul-
terated with quinine. Furthermore, when the presen-

{ationqu ethanol was terminated, the animals d4id not

. exhibit any withdrawal symptoms.

A number of investigators have shown that labora~

tory animals will learn to self-stimulate through

electrodes impianted in the area of the lateral hypo-

' thalamus (e.g. Olds & Milner, 1954; Olds, Travis &

Scﬂwing,~1960; Stein, 1968). Furthermore, recent
neurocanatomical studies indicated that the region of
the lateral‘hypothalamus'is traversed by some of the
major catecholamine pathways (Lindvall. & Bjdrklund,

1974} Ungerstedt, 1971). It has therefore been hypo-



.
thesized that gatecholaminergic'systems support self-

stiﬁulation and possibly subserve reward in general

b

(seeEGerman,& Bowden, 1974). lSince electrical stimu-

latidp of the lateral hypbthalamus aﬁpears to poten-
‘.\ '}
tiate! the self-administration of ethanol in rats (e.g.

A;it &,Sﬁern, 1971), it is conbeivable.that the samé ;_:>“]
catechélamine mecﬁanisms which subserve intra-cranial
gélf—stimuiationralso mef&ate the positive reinforcing
properties of ethanol. s

in %n experiment designed to investigatg the in- -

VOlvemené;ancatecholamines in the behavioral effects
induced g& aléohoi,.humaﬁ subjects were treated with
aIpha-met%yltyrosine prior to programmed drinking of
‘alcohol (Aﬁlenius, Carlsson, Engel, Svensson & So-,
dersten,‘l%73).. Alpha-methyltyrosine is a potent
inhibitor o% tyrosine hydroxylase, the rate.lfmiting
enzyme in t eﬁéﬁqsynthésis of catecholamines (Engelman,

\

Jequier, Ud ﬁffiend & Sjoerdsma, 1968). It was re-

ported that pfe—treatment with alpha-methyltyrosine
resulted in a suppression of*alcochol-induced stimula-
figﬁ and euﬁhoria suggesting that catecholamines play
a functional role in the mediation of alcohol's rein-
forcing effects. S

Possible interactions between alcohol and the



. vated concentraki

catecholamines-have also been investigated in a number

of studles which examined the effects of-ethanol treat-

4

ment on the act1v1ty of .central catecholamlne -containing

neurons. ‘Wayner, Ono and Nolley (1975) reported that

neurons in the 1ateral hypothalamus were highly sensi-

tive to ethanol applled electrophoretlcally It has
r

been shown further that 1nject10ns of ethanol in rats

increased catecholamine turnover as determined by ele-

catecholamine:metabolites

(Karoum, t &_Ma'chrewicz{ 1974) . Ssimilar studies
indicated that:gcute ethanel treatment in laboratory

rats resulted in increased release and synt

Pohorecky & Jaffe, 1975).

The arquments thus far presented probose that ca-
techolamines are involved in the mediation of alcohol
self—administretion. There are however some suggestions
that norepinephrine plays the dominant role in sub-
serv1ng the pharmacologlcal effects of alcohol. The
anti-alcoholic properties of disulfiram (Antabuse) are
genefally attributed to its capability of inhibiting
aldﬁhyde dehydrogenase {(Mardones, 1963) . Aldehyde

dehydrogenase is’ the enzyme necessary for the break-



£ .

down of acetaldehyée which is the primary metabolite

of élcohol. It ;s presdﬁed.that ingestion of alcohol
following pre-treatment with disulfiram produces an
emetic effect due to the accumulation of toxic acet~
aldehyde, consequently deterring further alcohol-
intake. Moreover,fdisulfiram.also inhibits dopamine-
beta—hydroxyiase,-the enzyme necessary for the synthe-
sis of norepinephrine from dopamine (Goldstein, Ana-
énoste, Lauber & McKereghan, 1964). Because of the
pufative'role of catecholamines in the mediation of the
poéitive»reinforcing properties of aléohol, it was sug-
gested by Collier f1972) that the effgctiveness of di-
sulfiram és an anti-alcdholic agent may be due to its R
ability to act as .a dopamine-beta-hydroxylase inhibitor
rather tﬁan as an aldehyde dehydrogenase inhibitor.

To investigafe this possibility further, Amit, Meade

and Corcoran'(1975) compared the effects of disulfiram,
Tennposil and FLA-63 on ethanol consumption in labora-
tory rats. As previously mentioned, disulfiram inhib-
its Béth aldehyde dehydrogenase and dopamine-beta-
hydroxylase. Temposil acts exclusively as an aldehyde
dehydrogenase inhibitor whereas FLA-63 inhibits dopa-
mine-beta-hydroxylase with only minimal effects én

aldehyde dehydrogenase (Amit, Levitan & Lindros, 1976).

The results of this experiment indicated that while



-‘..l'\--—“

Temposil had virtually no effecdt on ethanol intake
and disulfiram had only a moderate effect, FLA-63

. . ‘ . \
markedly attenuated ethanol-consumption. This sup-

pression of drinking in the FLA-63-treated animals
was presumed tc be due to concomitant reductions in

central norepinephrine levels. However, due to the

high toxicity of FLA-63, no definitive conclusions

~could be drawn from this study.

The first two -experiments in the present study
were undertaken to test the hypothesié that norepi—
nephrine plays a role in the mediation of the(Pfimary

reinforcing properties of alcohol. Experiment I exa-

'miQed the effect of selective destruction of central

noradrenergic and dopaminergic neurons by the neuro-

toxin 6-hydroxydopamine -on the intake.of ethanol.

In Experiment II, norepinephrine levels were redqfed

by FLA-57 a non-toxic dopamine-beta-hydroxylase inhi-
bitor and the qonsequént effects on the maintenance

of ethancl self—aéministration were observed.

A variety of treatment procedures for alccholism
have been developed but only a few have met with 1li-
mited success. In a recent evaluation of the wvarious
methods used for the treatment of alcoholics, Amit &

Sutherland (1975/76} subdivided the pdpular approaches
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into three main categories. One method is to induce

abrupt «cessation of drinking whereby alccholic patieﬁts

are_depriVed of alcohol with the consequens‘experience
of withdrawal symptoms. Siqéé relapse of alechol
drinkiﬁg following such tre;tment is extremely high{
the value of these procedufes is minimal. Moreover,
animal stuaies suggést that temporéry ééprivation in-

~
variably leads to an increased consumption of ethanol

- (Sinclair & Senter, 1968). A second class of treat-

nent procedurés involves substitutimg an alternate and
incompatible response to alcohol—drinkingib8havior._

Unless the_performance of the alternate response is

P

continually possible, it is likely that alcohol con-

v ‘ .

sumption would be resumed. In a recent study, it was
shown that ethanol-preferring rats would switch to

drinking a sodium saccharine solution when it was of-

-

fered as a third-fluid choice (Amit & Amir, Note 2).

However, when the saccharine solution was no longer
\

avaiiable, ethanol drinkind immedﬁately recovered.

’

. The third category of treatments- includes a numbex of

variations of application of punishment. The in%}i—
- —
ation of alcohol drinking may be paired with an aver-
]

sive stimulus such as shock, or the cessation of drink-

ing may be negatively .reinforced by the terminationiof

S

r -

o



[~

11

an aversivé stimulus. Although these techniques ﬁay'
discourage driﬁking during the conditiening sessiogs,”
alcohol consumption is readilx resumed thereafter.
In studies with infra-human subjects it has been showﬁ
- that Eggse procedures induce an-elevation rather than
a suppression of ethanol intake (e.g. Casey, 1960).
Punishment of. alcohol drinking may.aléo be invoked by
eﬁetic agents such as apomgrphine or emetine .or by
drugs like disulfiram or Tempo;il which induce nausea
following alcohol consumétion. The basis for these
treatment procedures is the conditioned téste aversion
:parad%gm (e.g. Garcia & Koelling, 1966; Kalat & Rozin,
1970; Revusky & Garcia, '1970). Since conditioned
taste aversions can only be induced with novel tasting
fluids, it cannot be expected that alcohol intake would
be effectively reduced‘in experienced drinkers. At
best; treatment of alcoholics with émetic age;ts ﬁay
provide periods of temporary alcohol abstinence during
which time other forms of therapy may be introduced.
In addition, pharmacelogical treétment with a va;iety
of tranguilizing, anti-depressant or mood—flté ing
drugs produces only limited and tempcrary effects

probklem drinking.

Underlying the relative ineffectiveness of the

’
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various treatment procedures described, are a number
of general theoretical considerations. As previous-

rl

ly argued, a negative reinforcement model of alcohol-

1

e .

. ism is tenuous éince physical dependence and relief .
from withdrawal are neither necessary nor sufficient t)
conditions for the self-administration of alcohol. -
Therefore, alcoholics that are forced. to abstain from
drinking and pass ;hrough the alcohol withdrawal phase, -
generally tend to relapse despite the absence of the |

- negative reinforcer (the fhreét of withdrawal symptomg).

* Furthermore, alcchol selﬁ-administration can be viewed
as an acquired behavior (Conger, 1956; Kepner, 1964;
Kingham, 1958) and thefefore may 5e subject to the
geqsfal laws of learning. In a éreatment model for
alcoholism based on conditioning principles, the most
effecti%e method of suppressing or attenuating alco- \Q/
hol—oriented‘behaQiors would be to permit the perform-
ance of the drinking response in the absence of rein-

- forcementﬁ’ This proceduré would be analogous to ex-
tinctioh paradigms used to abolish an operant response
for fdod‘in.laboratory animals. Simply depriving an

7 animal of the opportunity to bar press will generally
. result in a reinstatement of the original response

when the bar is again made available. similarly,



.o S
treatmeﬁt procedures for alcohollcs whlch 1nvolve

‘3 merely depriving the patlent of alcohol elther by’

- forced abstlnence or punishment, c¢annot be expected
{Eo have lasting deterrent effects. Alternatively,

if an animal is permitted to perform a learned oper-
ant response but with food(reward no longer being .
delivered, the response will ultimately be extin-
guished. Therefore, in treating human aleocholics,
the dr!hking response may be extinguished on;y if the
subsequent reinfbrcement is eliminated. However,
since alcohol—drinking behavior is reinforced by_tﬁe
inherent pharmacological effects of the ingested al-
cohol, it becomes a difficult task to sepé;ate the’
response from the reinforcement.

Since catecholamines and possibly norepinephrine
in particular, Tay be mediating the poéitive rein-
forcing pharmacological properties of alcohol then
conceivably if central norepinephrine levels are re-—
duced, the reinforcing effects of alcohol may be in-
hibited. Experiment III.wés tﬁerefo;e designed to
éxamine the effﬁctiveneés of FLA-57 induceQ deplétions
of norepinephrine on the extinction of ethanol self-~

administration in laboratory animals.

1 -



14

1

‘Ekperiménﬁ I

-

It has %een demonstrated that electrical stimu-
lation of the lateral hypothalgmus, an area traversed
by’ catecholamine pathways; resulted in a reversal of
preference for water over alcohol in laboratory rats
(Amit & Stern, 1971; Amit et al, 1970; Wayner & Green-
berg, 1972; Amit, Note 1l}. Furthermore, rats that

of the lateral hypothadamus exhibited a reduced pre-

were lesioned electro;:yically in the ventral portions
ference for ethanol (Amit, Meéde, Levitan & Siﬁger,
1976) . |

A useful procedure for investigating the functions
of different catecholamine systems is to selectively
destroy categholamine neurons by intra-cranial infu-
sions of the neurotoxin 6-hydroxydopamine (Breese &

Traylor, 1971; Uretsky & Iverson, 1969, 1970). By pre-
treating animals with pargyline, a monoamine oiidaée
inhibitor or with desmethylimipramine, a nérepinephrin?
re-uptake blocker, the cytotoxic effects of 6-=hydroxy-
dopamine on norepinephrine and dopamine-containing
neurons can be systematically varied (Breese & Traylor,
1971; Sachs & ansson, 1975; Stricker & Zigmond, 1974].
A number of récent studies have examined the ef- .
fects of 6-hydroxydopamine~induced depletions of cate-

(

N
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.cholagines on ethanol self-administration in labora-.
tory animals. pestruction of fibers in the dorsai
noradrenergic bundle by 6-hydroxydopamine in ethanol~-
preferrihg rats resulted in a significént increase in
ethanol intake over a prolonged period {Kiianmaa,
Fuxe, Jonsson & Ahtee, 1975). The elevation‘in eth-
anol intake was explained as a compensatory response
necessary to maintain the reinforcing properties of
ethanol in a partiélly damaged system. Ho, Tsai, and
Kissin (Note 3) also reported an increase in ethanol.
preference follbwing intracerebral infusions of 6-
hyd;oxydopamine. on the other hand, Myers and Melchior
(1975) found a decrease in the self-selection of in-
creasing concentrations of ethanol in animals treated
witﬁ_G-hydroxydopamine.

In the present experiment, norepinephrine and
dopamine systems were selectively destroyed by Freat— ’
ments with 6-hydroxydopamine and the subsquent effects -
on the maintenance of ethanol-self-administration in

"laboratory rats were examined.

Method
‘Subjects
‘ N ‘
Male Wistar rats weighing approximately 225-275 grams

were obtained from Canadian Breeding Farm Laboratories
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!
Ltd. Animals were individually housed in stainless

steel cages in a room regulated for constant tempe-
rature and humidity gnd a 12-hour 1ight‘cycle. Water
and ethanol solutions were presented in calibrated
glass Richter tubes (Kimax) mounted in front of the
cage and Purina rat chow was §vailab1e ad libitum at
all times.
Procedure

»

Surgery. Animals were anaesthetized with intra-
péritoneal injections Qf sodium pentobarbitol (60 mg/
kg; Abbott Laboratories) and .supplements of chloral
‘hydrate (300 mg/kg) when necessary. In each of the
animals a 22 guage stainless steel cannula (Plastic
Products Inc.) was stereotaxically aimed at the left

ventricle of the brain. With the incisor bar set at

zer® the coordinates were 1.0 mm posterior to bregma,

1.5 mm lateral to the sagittal suture and 3.6 mm ven-

£ral to the dura. The cannula was seéured in posi-
tion by cranioplast cement anchored to the skuil by
4rstainless steel screws.

Ethanol screening. Following a 5 day period of

[0

recovery from surgery each rat was screened to drink

ethanol by a modification of a procedure described

by Amit et al (1970). On alternate days animals were
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offered a free choice betwéen water and increasing
concentrations of ethanol presented in Richter tubes
mounted i? front of the home gaées. On the inter-
vening dafs only water was made available in‘both
Eubes. Ethanol solutions were prepared by mixing 95%
ethanol with tap water. -On the first day of screen= -
ing a 3% (v/v} ethanol solution waé presented in a
free-choice with water. If an animal drank more than
half of its total daily fluid intake in the form of
the ethanol solution then on the subsequent presenta-
tion the concentration was increased by 2%. This ?rq-
cedure was continued until the animal reachéd a co;—
centration at which ethanol consumption stabilized
at approkimately 50% of its total daily fiuid intake.
The concentration so established was used as the test
solution for the respective animal for the remainder
of the experiment. Animals that refused to drink a
minimum concentration of 8% (v/v) ethanol were elimi-
nated from tﬂe experiment. . In order to control for
possible position bias the\ethanol and water tubes
were alternated with each presentation. Body weight'
and intake of fluids were recorded daily.

‘greatments. Following induction of ethanol drink-

ing and determination of individual test concentrations,
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animais were randomly assigned to 6ne-of the 3 treat-~
ment-groups. The first group (é—HDA) received 2 inﬁ
fusions of thydroxydopagine (200 ug) spaced by 24
hours. 6-hydroxydopamine hydrobromide, (Regis Chemi- .
cal Co.} was dissolved in a vehicle co;gosed of a 0.1%

(w/v] ascorbic acid solution prepared with 0.9% saline.
All infusions were administered with a Harvard Appa-
£atus infuéion pump connected to a 2§ ‘gauge internal
cannula (Plastic Products'Inc.) which was inserted into
thé chronically implanted external cannula. 200 aug

of 6-hydroxydopamine in a volume of 10 aul was Qeli—
vered over a period of 30 seconds. The second group
(G—HDA/pa;gyline) was treated in exacﬁly the same way
as the‘G-HDA group except that 45 minutes prior to
each 6-hydroxydopamine infusion animals were injected
intraperitoneally with 50 mg/kg of pargyline hydro-
chloride (Sigma Qhemiéal Co.). Pretreatment with par-
.gyline, a’ monoamine oxidase inhib;tor has been shown

to potentiate the neurotoxic effects of 6-hydroxydo-
pamine {Breese & Traylor, 1971). Anima1§ in the third
group {(6-HDA/DMI/pargyline) received only a single :
infusion of 200 mg of 6-hydroxydopamine 45 minutes \‘\\\L
after injection with pafgyline (50 mg/kg i.p.} and Kk,/)

desmethylimibramine (25 mg/kg i.p.;.CIBA Company Ltd.).
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Desmethylimipraminé is a.norepinephrine re-uptake
blocker and selecfively protects noradrenergic neu-
rons from .destruction by.G—hyd;oxydopamine (Cooper,
Breese, Grant & Howard, 1973). ?olloWing these
treatments, gnimals were returned to their'home cages'- -

where food, water and ethanol were available as usual.

Post-treatment. For 3 to 5 days following treat-

‘ment animals suffered from weight loss and consump-
tion of food and fluids were depressed. However, by

13

the fifth day the animals seemed to stabilize and
—

recording of intake of alcohol was resumed for the

next 18 alternate days at which point the experiment ’

was terminated.

Biochemical assays. At the termination of the

experiment the animals were killed by cervical dis-
location and were decapitated. The braihs were ra
pidly removed and were immediately frozen oﬁ;ary'i e. '
Whole brain norepinephrine and ddpﬁmine levels were
analyzed by flourometric assay procedures {Chang,

1964; Shellenberger & Gordon, 1871). Additional, ani-
mals of the same age as the experimental animals served

-

as intact assay controls. :
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Results

Following the treatment phase of the experiment,

animals in all groups displayed temporarf aphagia and

adipsia to varyihgudegreES. l?our to 5 days after
treatment, body weight stabiliied an& food and fluid
eonsumption returned to normal. Ethanol intake for
the 3 groups during the baseline and post-treatment
periods was recorded in terms of volume consumed

14
(Figure 1} and preference'ratios {Figure 2). Prefer-

" ence ratios were calculated as the volume of ethanol

1ngested compared to the total daily fluid lntake.

An analysis of variance and subsequent tests for sim-
ple main effects revealed -that only the 6-HDA/pargy-
line group sxgnlflcantly attenuated its mean ethanol
intake following treatment in terms of both volume
cohsumed (F (1, 15)= 20.90, p <.001) and preferenge
ratio (F (1, 15)-.'26.10-, p<.001).

Biochemical Assays

A.cémplete éiochemical analy!is was -precluded due
to a technical malfunction.in which 4 of the 6 brains
in.the 6-HDA group were destrpyed.' Nevertﬁeless, the
relative ‘depletions of uorepinephrine and dopamine
obtained appear to be conélstent with other reports

(e.g. Breese & Traylor, 1971; Cooper et al, 1973).

©
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Table 1 summarize; the whole brain content of nore-
pinephrine and dopﬁmine for the 3 different groups

as cotupared to intact control animals. Dopamine le-
vels were significantly lower thanaFontrol in all
cases with the 6-HDA group showing_smallef depletions

//thhn the other two groups (6-HDA: £(5)= 4.13, p'<.0Ll;

6-HDA/pargyline: £(10)= 15.16, p <.001; 6-HDA/ 1/

pargyline: f5(6)= 13.75, p <.00L). Whole brain ngre- _

‘pinephrine levels were significantly reduced in oth

the 6-HDA group (£(5)= 5.8, p <-01) and in the 6-HDA/
pargyline group kg(%O)- 11.73, p <.001) /' while the
6-HDA/DMI /pargyline group did not have a significant
norepinephrine depletion (£(8)= 1.37, p >.05).
] ‘ - piscussion
-The results of this experiment indicate that se-
'1ective cafecholamine depletions have differentiai

\
effects on the maintenance of ethanocl self-adminis-

tration. With the most profqund depletions of nore-

pinephrine and.dopamine produced by treatment with
\~pargyline plu; 6-hydroxydopamine, ethanol intake was
- markedly aptenuated. These data therefore support

P .
the hypothesis that catecholamines may be‘involved

in the mediation of the positive reinforcing proper-
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ties of alcohol. When norepinephrine neurons were
protected from the c¢ytotoxic effects of 6-hydroxy-'
dopamine by pre—treétment with desmethylimipramine,
the decrease in ethanol intake was not significant.
Since the dopamine levels in both the 6-HDA/pargyline
and the 6-HDA/DMI/;‘Sargy1ine gJ.;oups ﬁere reduced to
the same extent, the differential effects on ethanol
self-administration would appear to be attributable
to norepinephrine.

The ethanol intake results obtained for the 6~
HDA group are consistent with the reports of Kiianmaa
et al, (1975) and Ho et al (Note 4). Howéver, based
on a hypothesis 0f noradrenergic mediation of ethanol
self-administration, according to the relative de-
pletions produced it would be e§pected'that the at-
tenuation in ethanol drinking for the 6—HQ§ group
would have been somewhat less than for the 6-HDA/
pargyline group and greater ;han for the 6-HDA/DMI/

pargyline group. According to Stricker and Zigmond

(1976) , the extent of recovery of fhnction_following“

destruction of catecholaminergic neurcons does not
necessarily correlate directly with the degree of
damage. They proposed that following 6-hydroxydopa—\

mine treatments that produce only moderate neural

‘ J

‘el

\

N
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destruction, the main pompensatory reaction is at the
pre-synaptic level (e.g. increased tyrosine hydroxy-
lase activity, increased re-uptake, monoamine oxidase
inhibition, etc.) resulting in a partial recovery of
function. With more extensive depletions, in addi-

. tich to increased pre-synaptic activity, post—syhaptic
receptors become supersensitive with a. consequent
restoration of function to near normal levels. Final-
ly, when neural destructicn is maximized by treatment
with pafgyline plus 6-hYdroxydopaminé,‘the compensa-
tory mechanisms break down almost completely general-
ly resulting in severe and perhaps permanent behavior-
al deficits. The results of this experiment are con-
sistent with this explanation in that only the 6-HDA/
pargyline group showed a significént attenuation in
ethanol self-administration. Although not quite evi-
dent from the limited assay results of this experiment,
animals treated with 6-hydroxydopamine alone tend to
have lesser depletions of norepinephrine than- animals
treated with pargyline plus 6-hydroxydopamine {Cooper
et al, 1975). Therefore; according to Stricker and
Zigmond (1976] the 6-HDA group would be expected to
show the greatest recovery of function due to elici-

tation of both pre-synaptic and post-synaptic compen-
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sanry mechanisms. The 64HDA/DMI/pargylinelgroﬁp,
having the least depletion of norepinephfine, re-
covered only partially as evidenced by the moderate
but non-significant attenuation in ethanol intake.
These data therefore strengtﬁen the hypothesis
that catecholamines are involved in the mediatiocn
of alcohol self-administration. Furthermore, nore-
pinephrine rather than dopamine appears to play the
éominant role in subserving the positive reinforcing -

properties of alcohol.

Experiment TT

There is some evidence which leads to the pos~
sible implication of.norepinéphrine in the mediation
of alcohol self—administration.> T+ has been shown
that acute injections of ethanol in laboratory rats
altered the synthesis and release df.norepinephrine
but did not affect dopamine (Corrodi et al. 1966; (/
Pohorecky, 1974; Pohorecky & Jaffe, 1975}. Furthér—
more, Collier (1972) suggested that the anti-alcoholic
properties of disulfiram may be due to its effect on
norepinephrine via dbpamine—betanﬁydroxylase-inhi—
bition. Amit et al (19751'have demonstrated that the

dopamine-beta-hydroxylase inhibitor, FLA-63, markedly
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N
attenuated ethanol intake in laboratory rats. Unfor-
tunately, this result was confounded by the fact that
FLA-63 has toxic side-effects. It has also been re-
ported that propranolol, a beta-adrenergic blocker,
temporarily reduced the effects of alcohol in alco-
holic patients {(Tyrer, 1972: Mendelson, Rossi & Bern-
stein, Noﬁe 4) . -?urthermore, in Experiment I of this
study where catecholamines wére selectively depleted<
by treatment with.6-hydroxydopamine, the results:.im-
plicated norepinephrine rathe; than dop§mine in the
mediation of ethanocl self—administration.'

In order to vérify the extent to which.nbrepi;
nephrine may subserve aléohﬁl's positive reinforcing
properties, we unéertook to examine the effects of
chronic injections of a non-toxic dopamine-beta-hy-
droxYlase inhibitor; FLA-57, on the maintenance of

ethanol self-administration in laboratorf‘rats.

Method

.Subjects

Subjects used in this experiment were male Wistar
rats (Canadian Breeding Farm Laboratories Ltad.) weigh-
ing 225-275 grams at the beginning of the experiment.,

Animals were individually housed %P stainless steel
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cages in a room regﬁiated for constant temperature
and humidity and a l2-hour light cycle. ‘Drinking
fluids were presented in calibrated gféss Ricﬁtér
tubes (Kimax) mounted in front of the cage. 'Purina
rat chow was available ad libitum throughou£ the
experimeh;.

Proéedure

Experiment II(a). Animals were screened to

dfink ethanol on an altgrnate—day free-choice para-
digm as previously described in the procedure for
Experiment I. The alternate-day séhedule was main-
Fained throughout the remaining phases of the expe-
riment. Following alcohol screening and stabiliza-
tion of baseline intake, animals were randomly as-
signed to one of the three treatment groups. rAnimals
in the first group (FLA/éS) were injected with ﬁhe
dopamine—beta—hydroxylase inhibitor FLA-57 (25 mg/kg
i.p.; BAstra Chemical Co.) approximately 3 to 4 hours
prior to each alcohol presentation for 5 consecutive
alternate days. FLA-57 was first dissolved in 1 N
sodium hydroxide and then the pH was adjﬁsted to
8.0-8.2 with 1 N acetic acid. ‘Using Ringer's solu-
tion, the volume of the solution was increased to

yield a concentration of 25 mg/ml of vehicle. At
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this céndentration, the drug precipitated and was in- -

jected as a éuspension.‘ The vehicle was also buffered
to a pH of 8.0-8.2., Following the 5 injections of
FLA-57, ethanol intake was recorded for 5 additional
post-injection presentations. The second group (FLA/
40) was treated in theg;denticallmannér as the FLA/25
group éxcept that FLA-57 was injected in a dose of

40 mg/kg. The control group (Vehlcle) was subgected
te the same procedure as the two experimental groups
except that durings.the injection period the animals
.received equivalent volumes of the vehicle. Body
weight and fluid intake were recorded daily through-
out the experiment.

Experiment II(b). Except for a few modifications

and extensions, the proéedure followed in this expe-
riment was similar to that of Experiment II(a). Using
~ the alternate-day free-choice paradigm, animals were
screened to driﬁk increasiné concentrations of eth-
anol to a maximum of 15% (v/v). Animals failing to
drink this concentration of ethancl were eliminated
from the experiment. At this point, the schedule was
switéhed from an alternate-day to an every~day free-

choice between ethanol (15% v/v}) and water. The

every-day free-choice paradigm was maintained for the
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balance of the experiment. After recording ‘5 days
of baseline intake, animals were randomly assigned
to either the experimental or control group. The
experimental group (FLA/45) received 5 conéecutive
daily injections of FLA-57 (45 mg/kg i.p., 3 to ‘4
hours prior to the daily refilling of drinking tubes)

while the control group {(Vehicle) was injected with

equivalent volumes of the vehicle. 1In order to avoid

‘precipitation of the FLA-57 and to ensure more uni-

form doses upon injection, FLA-57 was prepared to

yYield a concentration of only 15 mg/ml. This solu-

tion was lnjected in a volume of 3 ml/kg of body

'welght resultlng in a dose of 45 mg/kg. Alcohol and

water intake as well as body weight were recorded
during the injection period and for an additional 10
days thereafter.

In order to determine the specificity of the ef-
fects of FLA-57, 2 more groups of animals were added.
One group (morphlne/FLA) was 1n1t1ally screened to
drink increasing concentratlons of morphlne sulphate
(May & Baker Canada_Ltd.) dissolved in a .05% (w/v)
sodium saccharine solution. Morﬁhine solutions were
presented daily in a free-choice with water. Usingr

a final concentration of .2 mg/ml, morphine intake
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was allbwed to stabilize for a 5-day baseline period.
Animals were then injected iﬁtraperitoneally with
FLA-57 at a dose of 45 mg/kg for 5 consecutive days
and were thén.observed in the éost~injectidn period
fof an additionél 10 days. The second group'(quinine/
FLA) was treated in exactly the same way as the mor-
phine/FLA group except that a .02 mg/ml concentration
of gquinine hydrochloride dissolved in a .05% (w/v)
sodium saccharine solution was used instead of mor-
phine-saccharine. Body weight and uid intake were
recorded as usual.

/

» 1‘ - !
Biochemical assays. Assays were done to deter-

mine the effect of treatment with FLA-57 on the whole
brain content of norepinephfine and dopamine. Addi-

tional animals of equivalent weight to those used in

Experiment II(b) were maintained for assay purposes.

One group of animals was injected with FLA-57 (45 mg/
kg 1i.p.) prepargd in the same way as described in the
procedure for Experiment ll(b). The remaining ani-
mals received an injection of the veh;clé solution.
Pour hours after iﬁjection, all animals were decapiF
tated, the brains were reﬁbved and were immédiately

frozed on dry ice. Using the procedures described

" by Chang (1964) and Shellenberger and Gordon (1971),
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whole bfain norepinephrine and dopamine levels were

determined.

Results

General observations

A pilot study done prior to the present experi-

-ments revealed that treatment with FLA-57 did nect pro-.
T.

"duce any observable toxic side~effects. Since body

weight and fluid intake ‘'were not affected during the
injection an8l post-injection periods in the present
experiments, the lack of toxic effects of FLA-57 was

confirmed.

Exberiment I1(a)

As cah be seen from Fhgure 3 which represents

the daily ethanol. consumption exg;essed as grams of

-

. : . o .
ethanol per kilogram .of body weight, ‘intake during

the injection period was suppressed for both FLA=57-
injected groups. An analysis of variance and sub-
sequent tests for simple main effects did not yield
a s’ignificang difference between the three groups

(F (é,24)= 1.17, R”-05): However, an analysis of
the data for each individual group over the baseline,
injection and post—injectiqn.periods produced the

following results. The Vehicie group showed no change
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. in alcohol intake over time (F (2,48)= 2.76, p >.05).
Post hoc Tukey tests reveal that fer the FLA/25 group,
the mean ethanol consumption during the injection
perlod was. 51gn1f1cantly lower than basellne (24. 01)
and that despite the partial recovery seen in the
post-injection .period, inﬁake was still significantly
1ower than ‘the original baseline (p £ .01). The FLA/ .
40 group showed a significant attenuatlen in ethanol
consumption during the injection period (p <.01) but
in the post-injection phase, 1ntake was no longer
.dlfferent from basellne (p».05). ﬁ::‘

Figure 4 represents data from the same animals

-

expressed as an ethanpl preference ratio (volume of
ethanol/total ﬁaily £fluid. intake) . Post hoc Tukey
tests performed subsequen;‘to an-analyéis.of simple -
main effects iﬁdicated that both FLA-57-injected
gfou?s differed significan?ly from the Vehicle group
(p<.01 in both casesfl Aadit}onal post hoc analyses
(Tukey festsr showed that while;the Vehicle group
developed an increased preference for ethanoi over
time (E_< 0l), both FLA 57 groups reduced their mean
ethanol preference during the injection period (EyL-Ol

in both. cases). In the post-treatpent periocd the

FLA/40 group receﬁéred'to levels not different from

Ny
v

~3
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baseline (p >.05) while the preference ratio of the
FLA/25 was still slightly but significantly depressed
(p <.05). —

Experiment II(b)

Deééite thg procedural modifications, the fesults
of Experimeﬁt II (b} are-simiiar'to those obtainediin
Expérimeﬁt II(a). Figure 5 shows the mean ethanol in-
take (gm/kg) over the different phases of the experi-
ment. AAposteriéri tests of simple main effects indi-
cated that the mean ethanol intake during the injeétion
period was significaany 1dwer for the FLA/45 group
than for the Vvehicle gréup (i (1,8)= 5.45, p<.057.
Furthermore, the Vehicle group did not show any changg
in ethanol intake over time (F (3,24)= 1.08, p >.05)
while the FLA/45 group although showing a significant
attenuation in absolute ethanol intake during the in-
jection pericd (post hoc Tukey test, p < .01) recovered
‘to baseline levels in the post-injection periecd (p >.05
for Both the first and last 5 éays of the post-injec-—
tion period].

The same data expressed as a preference ratio are
shown in Figure 6. During the injection period, the
preference level for the experimental group differed

significantly from that of the control group (F (1,8}=
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7.66, p <.05). Again, in terms of preference levels,
only the experimental group manifested a significant
:eduction during the injection period (post hoc Tukey
test, 21:.01)'with a subsgquen£ increase back to base-
line levels in the post-injection periods (p >.05}.

Thé effects of injectibns of FLA-57 on the con-
sumption of either morphine or quinine soiutions are
shown in Figures 7 and 8 respectively. Whether ana-
lyzed in terms of volume consumed or preference. ratios,
the results indicated that there were no significant
chaﬁges over time (Morphine/FLA: volume F (3,12}=
3.23, p >.05; preference F (3,12}= 1.78, p ».05.
Quinine/FLA: volﬁme F (3,12)= 0.38, p >.05; prefer-
ence F (3,12)= 1.14, p ».05). '

Biochemical assays

Table 2 summarizes the results of the assay done
to determine the effects of-FLA—57 (45 mg/kg i.p.] on
‘whole brain norepinephripe and dopamine lewvels. - Do-
pamine contenﬁ was slightly but not significantly in-
creased by the treatﬁent (t(1n-= l.§l, p >.05) while
norepinephrine was significantly reduced to 56.7% of

control levels (t(ll)= 5.45, p <.001)..
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Morphine intake in terms of either volume con-
sumed (mls) or preference ratios (M/T = volume
of morphine solution/volume of total daily
fluid intake) in rats treated with FLA-57.
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Discussion

Although the catecholamines have previously been im-
plicated in the mediation of the positive reinforging pro-
perties of alcphol (e.g. Amit & Stern, l97l),Ithe p}esent
.findings suggest that norepinephriﬁe alone plays an im-
portant role in the maintenance of alcohol self-adminis-
tration. The dopamine-beta-hydroxylase inhibitor, FLA-57
has been shown to significantly reduce central norepine-
phrine levels wi£h6ut any measureable toxic side-effects.
Furthermore, Lindros (Note 5) has determined that FLA-57,
in the range of doses used in these experiments, produces
nc elevation of blood acetaldehyde leﬁels followingvtreat—
ment with ethanol. Therefore, unlike the effect of disul-
firam which is both a dopamine-beta-hydroxylase inhi-
bitor and an aldehyde dehydrogenase inhibitor-(Collier,
1972), the attenuation in alcohol self-administration de~
monstrated during treatment with FLA-57 would appear to
be attributable to the concomitant depletion of norepine-
phrine. Since FLA injections had no consistent effect
on the ingestion of a quinine-saccharine solution, the
results obtained with the ethanol-drinking rats would not
appear to be rglated.to taste factors. However,‘this
possibility cannot be entifely discounted based.on the
present data.

As a Ffurther test of the specificity of the ef-
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fects of FLA-57 on ethanol Eonsumptibn, a group of
animals driﬁking a morphine—saccharine solqtion was
subjected to treatment. It has been recently shown
that Ul4,624 and dlethyldlthlocarbamate whlch are

also inhibitors of dopamine-beta—hydroxylase, pre—.

vented the reacquisition of a conditioned response

for intravenous injections of morphine (Davis, Smith

& Khalsa, 1975). Furthermore, there are suggestions

in the literature that some commonality between al-
cohol and morphine may exist (see Amit &RLevitan,

1975). However, in'the present experiment, FLA-57

. b
produced only a small and non-significant attenuation

in morphine consumption.

FLA-57 has been shown in the present experlments
to be an effectlve agent in suppressing the reinfotc—
1ng properties of ethanol via ‘central noreplnephrlne
depletions. Because of the apparent lack of tox¥c1ty,
FLA-57 may be 6f considerable use in' the developmeht

of effective treatment procedures for human alcoheclics.

-

-

Experiment ITT .

Attempts have been madé to suppress -alcohol self-
administration in both humans and laboratory animals

by forced deprivation, substitution of alternate rgc-

-
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sponses, aversiye cornditioning or pharmacological
treatment (see ﬁhit & Sutherland, 1975/76). waever,
the effectlveness of these treatment procedures proves

to be m;nlmal as eV1denced by the hlgh rate of re-

. lapse. ‘ : e

Since'alcohol drinking-ﬁay be considered a
learned behavior CConger, 1956- KePner, 1964 Klngham
1958}, the-most effective way of extlngulsﬁlng alco-’
hol-oriented behavior would bBe to alIow*the response
to occur in the absence of relnforcement However,
because alcohol reinforces its bwn selfuadmlnlseratlon,
it would be dlfflcult to dissociate the response from
the relnforcement.

The results of the first.two experiments of the '
present study supported the hypothesis that noradre-
nergic methanisms are involved in the mediation of the
réinforeing pPropegties of ethahol. By reducing nore- .
plnephrlne levels, FLA-57 may have in effect blocked
the relnfor01ng propertles of ethanol resulting in the
observed attenuation in ethanol self- admlnlstratlon.

Since ethanol 1ntake recovered soon after the FLA-57

injections were terminated, it suggests that this form -

" of treatment only temporarily suppresses but does not

extinguish ethanol-drinking behavior.
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Conventional extinction procedures dictate t@at
the original acquired response must be pefformed in
the absence of reinforcement. In Experiment II, al-
though alcchol reinforcement may have been effective-
ly*blocked by FLA-57 injections, the other component
of éhe extinction précedure,'namely performance -of
the learned responsé, was missing. In the present
experiment an attempt was made to extipguish.ethano}
self-administration by forcing animals to drink eth-
ancl during periods W;Ln its reinforcing properties

were reduced by treatment with FLA-57.

Method -

Subjects'

Male Wistar rats (Canadian Breeding Farm Labora-

tories Ltd.) initially weighing 200-225 drams were

" housed individually in stainless steel cages in a room

regulated for constant temperature and humidity and '
a 12-hour light cycle. Water and ethanol solutions

were presented in calibrated Richter tubes mounted in

front of the cages. Purina rat chowwai\always avail-

able ad lib!i‘tum.

Procedure .

Animals were screened to drink increasing concen-
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tgationslofletﬁénol‘on an alterrniate-day free-chdice
paradigm similar to the procedure described in Expe-
riment I. The éinal ethanol.doncentration used was
15% kv/v) and animals that_failéd to drink this so-
lutlon were ellmlnated from the experiment. The al-
ternate day schedule was maintained for the duration
.of,the experiment. After‘recotding three days of
stabilized baseline ethanol intake, animals were °
random;y assigned to either the experimental or con-

& ‘

trol gfoup.
puring the first ﬁreatment period ail animals

'werefswitched to a foéced—choicg alternate-day sched-

ule wpere ?Bth Richter.tubes were filled with the ;5%

.(v/v) ethanol solution. On the intervening days only

water was made avallable Approximately 3 to 4 hours

'prlor to each of the forced- ch01ce presentations over
10 consecutive alternate days, the anlmals‘ln the ex-
perimental g;&up {FLA/30=E) were injected with FLA-37
(30§mg/kg i.p.). The FLA-57 solution was prepared as

_previoﬁély-described in Expe;iment II(b) and was in-
jected in a volume of 2 ml/kg. The control group
(Vehlcle E) was subjected to the same procedure as
the experimental group except that instead of FLA- 57
injections they received equivalent volumes, of the

-4

\ . ”
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vehicle., Following the first treatment phase, all
animals were again given a frée—choibe between al-
cohol (15% v/v) and water for 10 consecutiQe alter-
nate days. The second treatment period waé identicgl
to the first excepf that only 5 injections were ad-
ministered. Free-choice ethanol intake was again re-
corded for 10 additionai alternate da?s following the
second treatm?nt phase. Body weight and fluid intake
were monitored daily throughout the experiment.

Biochemical assays

Additional animals were available for assay determi-
naticn of whole brain gatecholamine levels following in-
jection of FLA-57 (30 mg/kg i.p.). Animals were decapi-
| tated 4 hours after injection and the extracted brains
were imﬁediately frozen on dry ice. Norepinephrine and
dopamine levels were determined by flourometric proce-

dures (Chang, 1974; Shellenberger & Gordon, 1971).

ResPIts
'Du{ing the treatment phases, forced-choice eth-
anol consumption for both the experimental and con—
troi énimals Qas'equivalent to baseline_levels. As
ean be seen from Tigure 9 the. absolute ethanol con-
sﬁmption (gm/ﬁg) for the FLA/30-E éroup was markedly
attenuated in'the post-treatment periods while the

JVehicle-E group maintained a relatively stable intake.
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An analysis of variance and subseguent fests of sim-
ple main effects indicated that the FLA/30-E group
differed significantly from the Vehicle-E group for
the initial 5 days of the first post-treatment period
(F (1,14)= 21.4, p< .001) as well as for the last 5

" days of the first post—treatmeﬂt period (F (1,14)=
10.03, p'< .01). Although the difference in mean eth-
anol consumption between the groupé was still signi-
ficant during the first 5 days following the second
treatment phase (F (L,14)= 5.89,';1<;05), in the final
5-days, ethanol intake did not differ (F (1,14)= 1.34,
p >.05). Additional tests of simple main effects of
groups revealed that the Vehicle-E group did not alter
its ethanol intake over time (¥ (4,56)= 0.34, E_>.05f.
Oon the other hand, the FLA/30-E group showed a signi-
ficant attenuation in ethanol intake for each of the
post-treatment periods when compared to the original
baseline (post hoc Tukey tests, p< .01 in all céses).
Further post hoc analysis {Tukey tests) revealed that
although the mean-ethanol ihtake'during the first 5
days immediately following the second treatment phase
did nét differ significantiy from the last 5 aays af-
ter the first_treatment period {p >».05) the increase
in the final 5 days of the experiment was significant
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(p<¢.01). It therefore appears that the second treat-

ment phase did not have any effect in further attenu-
ating ethanol self-administration.

Figure 10 represents the data expressed in te;ms
of ethanol preferencefratios (volume‘of ethanol/total?
daily fluid intake). Tests of simple main effects
done following an analysis of variance indicated that
the experimental group differed significantly from
the control group in all phases of the post-treatment
periodé except for tﬁe final 5 day segment {(Post-

treatment I-Days 1-5: F (1,14)= 29.9, p ¢ .001; Post-

treatment II-Days 1=-5: F (1,14)F 9.55, p £.01; Post-

—

treﬁ§ment II-pays 6-10: F (rL,14)= 2.05, p >.05). -

Pos£-hoc Tukey tests'showed that the Vehicle;E groué
incréased its preference for ethanol from the base-
line to the final 5 days of testing {p ¢ .05) . For
the experimental group the first extinction treatment

significantly lowered the mean preference level (p <«

.01} . However, the second +reatment phase failed to

preduce any further attenuation (E_>.05) and in the -
final 5 days of the experiment ethanol preference had

returned to baseline levels (R>"05)'
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Biochemical assays.

Whole brain levels of the catecholamines follow-
ing éreatment with FLA-57 (30 mg/kg i.p.) are shown
in fable 3. Dopamine lévels were not affected (t(18)=
.47, é >.05) while norepinephrine levels were signi-

ficantly reduced (t(18)= 7.93, p<.001).

Discussion

The results of this expériment suggest that it
is possible to extinguish ethanol self-administration
in laboratory rats. In Experiment II it was shown
that by lowering central ‘norepinephrine -levels, FLA?
57 was capable of reducing the reinforcing effects
of ethanol. However; since intake was depressed fol-
lowing the initial injection of FLA-57, the'subsequent
injections could no longer be effective in producing
extinction of the ethanol—drinking behav%sr. The pro-
cedure of the present experiment was more conducive to
extinguishing ethanol self-administration since both
criteria necessary for extinction were ﬁet. With the
positive reinforcing properties of ethanol being in-
hibited by treatment'with FLA-57, the experimental
animals were forced to continué responding for eth-

anol. Consequently, it was demonstrated that in the
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post-treatment periods ethanol intake and preference
were significantly lower than baseline levels. The
.partial recovery of drinking that developed with the
.passage of time may be pértly due to the relatively

. shoxt duration of the treatment phases. Possibly by
modifying the extinction treatment parameters, a more
profound and permanent suppression of ethanol self-
administration may be exhibited.

In addition to.the primary reinforcing effects
of drugs, conditionea reinforcers in the environment
may oftgn develop. Wikler (1973) proposed that re- )
lapse long afte; detoxification ﬁay be partly due to
exterdceptive conditioned stimuli which the addict is
confronted with when returned to his original drﬁg—
taking environment. In the development of therapeutic
procedures for human alcoholics, FLA-57 may prove to
be an effective agent since not only could it block
the primary reinforcing properties of alcohol but it
may alsc extinguish the effects of environmental con-

ditioned reinforcers.

General Discussion

A number of studies have implicated catechola-

mines in the mediation of the positive reinforcing

Lo}

o
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properties of alcohol (Ahlenius et al, 1973; Amit &
Stern, 1971; Amit et al, 1970; Wayner & Greenberdqg,
1972) . . The résults of the present experiments sug-

gest that central noradrenergic mechanisms play the

- dominant role in subsérving the self-administration

of ethanol in lab?rakory rats. In Experiment I7it

was shown that selective destruction of norepinephrine-
containing neurons by 6—hydpoxydopamine resulted in
differential effects'on the maintenance of alcohol
consumption. Based on the speculaﬁibn that the_anti-
alcoholic properties of disulfiram may be due to its
effect on norepinephrine rather than on blood acetal-
dehyde levels (Colligr, 1972), it was demonstrated in
Experiment II'that FﬁA—57, a non-toxic dopamine-beta-
hydroxylase inhibitor;~is capable of attenuating eth-
anol intake. Although ethanol self-administration was
depressed during the injection period, the behavior

was resumed relatively quickly when the FLA-57 injec-
tions were no longer administered. Therefore, although
FLA-57 was shown to have the capacity to block the
reinforping effects of ethanol, the procedures used

in Experiment II did not extinguish alcohol-oriented
behavior. This failure to produce extinction of al-

cohol self-administration was attributed to the fact
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that following the initial injectiéﬁ of FLA-57, al-
cohol drinking was significantly diminished thereby
‘precluding the effect of subsequent injections on
thg extinction of the behavior. Therefore, in the
final experiment, performance of the alcohol-drinking
response was forced during treatment with FLA-57. |
True extinction of ethanol self;administration was
produced as evidenced by the suppressed alc#hol in-
take during the injection-free periodg following
treatment. |

In the development of treatment procedures for
human- alcoholics the extinction paradigm described
may be of critical importance. In one fegard, with
volunt;ry consumption of alcohol being depressed fol-
lowing FLA-57-induced extinction, it would be possible
to introduce alternative incompatible behaviors neces-

sary for the rehabilitation of the alcoholic. Fur-

thermore, since FLA-57 can be administered to the al-

cpholiq in his natural enﬁironmenh, not only will the
response to the primary pharmacological effgcts of
alcohol be extinguished but the effects of secondary
reinforcing stimuli may also be eliminated. What re-
mains to be determined is the extent to which cogni-
tive factors may influence the effectiveness §f these

procedures with human alccholics.
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