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The experiments presented ih this thesis were

*

desiéned'to elucidate the neuropharmacologigal

zimelidine,; & S~-hydroxytryptamine (5-HT) uptake

- inhibitor, on ethanol consumption. JIn the first

\ \

1 »

zimelidine thai might have accounted for the reduction-

of ethanol intake were explored. When the effdcts Qf

»

-
L]

(NE) uptake on ethanel consumption

specific and noﬁ—spe&igic inhgbitors of 5-HT and’
o R »

-

% .
norepinephrine
x

. ‘ L]
Wwere compared, it was found that'ohly those compounds

©

L} . .
that were specific to 5-HT uptake caused a reduction

of ethanoj 'intake, ¥t was also found that *

norzimelidine, the primary metabolite of zimelidine,
« L3

-~ R -

\ * 0




- \

" The reéults from Experiments 2"and k! suggested ' -

. that zimelidine reduced ethanol intake indirectly - -

: o, o a . . ) ii
caused an attenuation of. ethanol consumption . - . v -

*

—

similar to that of zimelidine. These findings
4 . S .
suggésted that the neuropharmacological action of

AN - .
norzimelidihe may account for the. reduction’'in - . ‘

N / v

‘ethanol intake as produced by zimelidime and that, | / A

'specific _S-HT inhibition was the mechanism of _—

action. The possibility existed, however, that
a functional depletion of NE and/or an enhancement
of 5-HT post-synaptic transmission acted as causal

factors in. the attenution of ethanol ‘fntake. . . Q

‘Thesg were 'examined in ddditional experiments. -, ;

by reducing NE activity} whereas, onorzimelidin‘é
attenuated ethanol intake by some bthgr ) oS

"neurochemical mechanism. In Experiment 4, the
A

. norzimel-idin7 reduce ethanol intake b}} two . ' ‘

different neurochemical mechanisms of action L k

role of en'ha'nced:-‘S—HT post—synapt'ic activity in ) .
L o~

t:he: attenuation of ethahol intake was examinéd.
Results iqdicai:ed that the effects of norzimelidine
and not zimelidine weare meaiate\d by ap'incr_eased .
S—HT goé«t—synap‘t':ié activity. In su:qma.ry, the

- . -
experiments suggest that zimelidine and
i ) ‘ - Y

and that the neurochemical’ mechanisms ' ‘ v

. -
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approximately 5-15% of North Américan and European

. and the incidence of ethanol-rqlated problems are .

-

-

- Introduction - ) - &

N .r . N

Beverages containing ethylralcohol (ethanol) haveg

. been ingested at social and. ritualistic events for-

thousands ofvyeafs, in fact, the use of alcoholic -

beverages dates as far back as 8000 B.C. (Murphree, ‘ -

W

~1971) . EtHanol is presently the most widely consumed
mood altering drug -in almost evefy,human society

(Lieber, 1976) and recent studies indicate that

]

populations are considered to be. problem.drinkers;

- N -

(Cahalan & Room, 1972; Hagnell & Tunving, 1972;

Weissman, Myers & Harding, 1980) . The resulting.impact -

of ethanol consumption on sbciety has been overwhelming 8

h...

as’is evidenced-by the prevalence of ethanol-related '
. LY ..

problems (Grant & Gwinner, 1979). . One example of this ) ) *
. ’ z '
is that recent estimates indicate that 25" to 40% of
N .
A

severe or fatal injuries resulting from-traffic

accidents in North America, seem to be related to

N

) :
ethanol consumption (Bacon, 1968; Zylman & Bacon, \<

. , .
1968) . Unfoftunately; problematic use of ethanol

L

4 ! : ’
consistently {ncreasing in most societies (Madden,.
1979) . v s - 2

™ ~ L4 . . >
L) & ! ‘ . v

Not surprzisingly, much work has been dcﬁe



4

[

. r‘f \ el
attempting to understand the social and biological

factors involved in ethanol abuse (Madden 1979).
£’

-~

Since the .central nérvous system is involved in the

ooy

' mgdlatlon of many behaviors, 1& is understandable that

basis " ©f ethanol self-administration. ”TOOfscilitste"
thess investiq?t%ons; researcﬁers have iargelj relied
on gn;mal models of human %lcohollsm. To dateﬁ§7 '

4 - ' . .
evidedce accumulated from ‘this avenue of research,

although at tlmes.equlvocal has indicated that |

- [

either central noradrenerglc or sérotpnergid systems

may be rinvolved in ethanol self—adminrstratbon (e.qg.

A

* Myers, 1978a; Myers & Melchior, 1977a) .

Recent reports have Bemonstrated that reductions

I

in céntr?%,norepinéphriﬁg‘(NEL Tevels produce

AV ' LY t, .
attenuatlons of ethanol self-administration in

h ‘p ‘ - N '
laboratoryanimals (Amit, Brown, lLevitan & -Ogren, .

1977; Amit, Levitan & Lindros, 1976; Davis,ISmith'&

-

-Weiner, 1978; Davis, Werner & Smith, 1979).] A

subsequent study examined/tﬁe eff%tts of fQrced-choice

ethanol consumption in/ébmbination with lowered NE

\
i

levels (Brown, Amlt Levmtan,|0gren & Sutherland
1977). The results lndlcated thgt when ethanol was
once again presented in a free-choice with water

withdut drug treatment, ethanol intake was’

o)

s
<

4002 -
researchers have investigated the neuropharmacological -

M Y

144
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Brown & Ogren, 1979). 1In this study, zimelidinef a -

l . o \ ' -3

&

signifikaptly reduced. These data were interpreted " .

as suggesting that lowered NE le&els\ﬁn some way
. \

diminished the positive reinforcing pr&gerties of

ethanol, thereby, reducing subsequent ethanol "

consumgtion (Brown’ et al., 1977).. These results

" suggest that centralNE activity may mediate the , . e

;einforcing effects of ethanol.
Another area of research has indicated that

/
increasing the central availability of . ' - .

L]

5-hydroxytryptamine (P—HT)dresults in the attenuation -

dﬁ:fthanol consumption. (G&ller, 1973; Hill, 1974;
Zabik, Liao, Jeffreys & 'Maickel, 1978). More
recently, it has been demonstraﬁed that increaginq

5-HT availability, following treatmfnt with the uptake

)inhibitor.zimelidiné (1-4 bromophenyf-1-3-pyridyl-3-

~-dimethylaminopropene; Ross & Renyi, 1977)/, attenuated

voluntary ethanol consumption (Réckman, Amit, Carr,

~/
- -

spécific neuronal 5-HT uptake inhibitor (Ross & Renyi,
() ’ .

1977) , reduced voluntary ethanol consumption without
" \

altering body weight or total fluid intake. The
resulgs sug;ested that increasing the avaiiability
of/ién£ral‘5~HT may in soﬁe w;y alter thegnediatign
of the positive reinforcing prop%;ties of ethanol |

(Rockman et al., 1979a). Subseguent experimental

.
i
/ ‘ l
'
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.o

eyidence,'ﬁowéver, has suggested that attenuation

of ethanol intake,as produced by increased 5-HT

-~

availability, méy not be entirely a relult of

altefations of the serotonergic system.- For example,
increasing cegtral'S—HT availability has Sien shown
to reduce central NE activity (Everett, 1974; »
Shaskan & Sgyder, 1970; Snyder, shaskan & Kuhaf, .
19i3). It has been suggested that the reducéi?n in
NE activity may be a result of the active tranééort

‘ \
of available 5-HT into NE neurons via the NE uptake -

process (Shaskan & Snyder, 1970; Snyder et al., 1973).

.

Therefore, &hese data suggest that treatment with
zimelidiné may induce a reduction,of NE activity,
. 1 v

thereby, reducing ethanol intake. 1In a recent study,
* .

T an attemét was made to prevent this propqgeg invasion

of excess 5-HT into NE neurons (Rockman, Amit, Carr

& Ogren, 1979)l This -was acéompliéhed by pretreating-

ethanol'preferring'animals with'désmethylimipramine
(DMI), a selective NE uptake inhibitgr (Javaid, Perel

& Davis, 1979), prior to treatment with zimelidine.

The results indicated that such treatment

‘significantly-reduced‘thg»magnitude of the

zimelidine-induced attenutation.of ethanol intake

(Rockman et al., 1979b). As a result, the present-

author suyggested that the attenuation.of ethanol,

[

-~

A

f‘ .
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]

intake as produced by zimelid.;Lne, may not be diry

4

[N N

: \- ,
a result of increased 5-HT availability’, but rather,

4]

an indirect effect on NE actiVity,(Rockﬁan et al.,

-~

1979b) . . b

.bue to the contradictory nature of the

experimental evidence emanatlng from studles

1nvest1gat1ng the role ofﬁcentral 5 HT in ethanol

~

-

self—administratdbni{e.g; Myers & Melchoir, 1977a),

v

(AN <
it was necessary to further investigate the mechanism

of action of 5-HT uptékebbloégade with regard to

ethandt intake. The present series of experiments

of ethanol ¢intake as produced by zimeTi&ine and its

.were designed to investigate whether the attenuation

s

active metabolite norzimelidine,'ie solely a rE§E}t

- of a direct manipulation of the serotonergic system,

an Lndlrect effect on NE activity or some lnteractlon

between both systems. We predicted that this

A

research might aid in the understanding’of the

/ .
‘neurochemical basis of ethanol

The following sections of

will review the relevant areas

. and outllne in more detall the

investigation\

self-a?@inistration. ‘
the introduction
of the literature

present

L)
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Psychopharmabologicél,Factd?s in Ethanol

v

Self-Administrfation

A. Physical dependence and ethanol

N

self-administration. Lester and Freed (1973) have

suggested that physical dependence, defined as the
occurrence of withdrawal symptoms upon the removal

of access to ethanol, isfa necessary c¢riterion for. an

animal modei of aicoholiam. Furthermore, other

. investigators have suggested that the experience of

.

withdrawal in animals should lead to an increased

3

voluntary consumption of ethanol ( 'cero,‘Snider,

Perez & Swaﬁéoﬁ, 1971; éo, Chen &| Tsai,
order to induce physical dependeng¢e on etXjanol,
blood-ethanol levels must exceed the oxidative
#apacity of the organism‘for severai days without

interruption (Goldsteini 1975; Hunter, Riley, Walker

\ »¢ Freund, 1975; Majchrowicz, 1975; Wallgren, 1973) .«

Although, results from some studies have indicated

that the development of physical dependence to
ethanol increased ‘ethanol cgnsumption, the maj rity'
of studies doﬂnot/éupport this notion. For ex

chronic treatment with intoxicating doses of

@
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W , ‘o
Deutsg¢h & Walton, 197Z<‘Sinclair,,Walker & Jordan,
1973; Tang ‘& Falk, 1977). However, other <
, ' :
researchers, employing similar procedures, have

4 monstrated'that'the devglopmen£ of physical
dépendenge and subsequent manifestatia”s of
withdrawal«ddés Aot induce a prefererce for ethanol
(Begleiter, 1975;kcicérq & Smithlo%f, 1973; Freund,
1969; Géldstein, 1974; Heintze}man, Bestr& Senter,‘
1976; Myers, Stoltman & Martin,~l§72; Ratc%iffe,‘
1972, Senter & sinclair, 1967). .

Additional evidence suggesting that physical

s

dependence does not induce ethano% self-administratiocn,

is derived fromfstudiesﬁiﬁvéstigating patterns of

N V
o -

"ethanol self-administration. Several reports have

indicated that both animals and ﬁumans will

voluniarily and spontaneously abstain temporarily

from se}f—administering‘ethanol despite the

maniquﬁation of withdrawal symptoms (Deneau, . .

Yanagita & Seevers, 1969; Hunter et al., 1975;

Mello & Mendelson, 1970, 1972; Winger & Woods,

- s

1973) .- The above mentioned data from human and

animal experiments suggests that although physical

5]

N

dependence may develop from ethanol self-administration,

this in itself is not a necessary nor a-sufficient

. o]
condition for the in;tiation and maintenance of



-

v

ethanol selfradministration.[\ g

[y

,On the basis of the literature, therefore, it

~

is suggestéd that physical dependence méy in some way

play a éupportﬁge role in the maintenance of'ethanoi

sg%f-adminisfraiion in humans and other animal ‘

species. In addition, this implies that other A -

fharmacologrcal prpperties of ethanoi may be the
' ¢

factors primarily responsible for the initiation and

maintenance of ethano?l self-administration.

B. FEthanol as a reinforcer. \Many studies o
-have demonstrated that several sp?ciés‘of animals
will learn to perform an operant under varioﬁs
\fchedules of reihforcement in order to receive
iptravenous (Carney, Llewel%yn & Woéds, 1976;'Karoly,
Winger, Tkomi & Woods, 1978; Winger & Woods, 1973)~

or\intragastric (Amit &.Stern, 1969; ‘Smith, Werner &

» ——e

bavis, 1976; Yanagita & Takahashi, 1973) infusion of :
ethanel. These results suggest‘that ethanol, via

eitheé\of these two réutes of administration,‘can

serve ;§‘h pqs{ﬁive reinforcer. \As humans

self—ad&?nister ethanol’orallf, it would therefore

seem necgks;ry to demonstrate that animals usedlas

models of buman ethanol se;f—administration, shé&id -

also conSuSé ethanol orally. Voluntary oral.

[ . .
consumption Sf ethanol in scome animal species, has



-

* increasing concentrations of ethanol results in an

. .
/ : A S .9
,/ . }

proved to be difficult to-establish.' Although ' ;

ethanol at'higher éoncentrafions‘(Myers, 1966; Kahn

& Stellar, 1960; Richter & Campbell, 1940; Wilson,
1972). As a consequence, several researchers have
emplo;ed various p;radigms which were designed to '
overcome this problem. The.masking of the ayersive
taste properties of ethanol by sucrbsg or. s;accharin~
‘has been shown to increase the amount,of ethanol
.consumed (Eriksson, 1969; Lester & Gréénbérgy 1952)i
Unfortunately, this increasea intaFe does not
contjinue when’unadulterated ethanol is prgsented
(Lester‘& Greeﬁberg, 1952) . Other procedures have \
been more successful in establishing voluntary oral

consumption /6f ethanol. For example, it has been : BN

. demohstrated‘ﬁhat‘intermittenﬁ presentations of ‘ -

enhanced voluntary oral intake of é%}anol (Amit,

> 3
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" voluntarily ingesé ethanol despite its aversive

' ‘

Stern & Wise, 1970; Sinclair & Senter, 1968).
It is clear that animals will voluntarily
self-administer ethanol by various routes of #

™ \

administrati‘w addition, since animals will

taste, it would then suggest that ethanol has
positive reinforqing properties which account for
-thé'?nitiation and maintenance of ethanol
self-administration. °

In at;empting té understand the neurochemical
involvement in the médiation‘qj some of the effects
of ethanol, researchers ha&e exa@ined the interaction

’

v . . ol
between the biogenic amines and etHanol. The
“~
following segtions of the introduction will review
: a . \
the relevant literature concerning this -~ "

relationship.

Neurochemical Factors: Eiogenic Amines and Ethanol

£

A" Effects of ethanol on catecholaminé'
\ oo ‘ .
metabolism. Gursey, Verster and Olson (1959)

reported that ethanol may alter the metabolism, of
catecholamines (CA). These authors demonstrated
that brain norepinephrine (NE) levels jin rabbits

were lowered following treatment with ethanol. Since

thdt time, attempts to confirm and expand these'
~ } .
-findings have resulted in conflicting results. - For

\

.
[
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examéle, while it has been' demonstrated that acute

- 3

“ethanol treatment does not alter steady state levels
>

‘(Pohorecky, 19

3

of CA kBécopoulous, Bhatnagar & Van Orden} fQ?S;

Duritz & Truitt, 1966; Hunt & Majchrowicz, 1974a;

Pohorecky, 1974), other studies have reported - R
decreases in CA levels as a result of ethanpl
treatment (Carlsson, Mdgnusson, Svensson & Waldeck,

1973; Gursey & Olson, 1960) . .On the other hand,
chronié ethanol treatment has been shown to increase’
the central'qoncentrétion and levels of both
dopamine (Da) and NE (Ortiz, Griffiths & Littlefon,
1974) . | . o | |
The .results ffom studie; egaming the effeclts

+ L

Sf ethanol on turnover of CA have been equally
COnfusing. Turnover of bra;n Nélfollowing géute
ethanol treatme haé beqn éhown to decrease

fo fhadani, Kulig, Brown & Beara,-' .

1976; Thadani & Truitt, 1973) or:incréase (Carlsson

“et al., '1973; Corrodi,-Fuxé & Hokfelt, 1966; Hunt & v

Majchrowicz, 1974a). Similarly, DA turnover has

bee§9showp to decrease (Hunf & Majdﬁrowicz, l%74a),

-3

incréase (Carlsson et al., 1973; Karoum, Wyatt'&
' - . ~

‘Majchrowicz, 1976), or rem&in unchanged (Corrodi

et al., 1966). ° o C .
Needless to say, the relationship between CR

5

»
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turncver and ethanq} treatment is uncertain. When

q
examined in reqidnal areas of the brain, there
' v ’ ; .
appears to be a differential effect of ethanol on

CA metabolism. "For example, follé&ing gthaboi
treatment NE ;ﬁrno&er was found to b? decreaged in
the~hy§0thalamus and imcreased in ' the pons meddulla.
(Bacopoulous et al., 1975, 1978). Turnover, of DA\/
was reduced in the subgtantia nigra and caudéte
nucleus and not in the hypothalamu; {Bacopoulous et
al., 1975, 1978). ‘ ’ ’ : \
. In studies’using humans as subjects, acute

. - . o

ethanol administration was showh to induce
[ i ~

S

alteration of peripheral NE metabolism*(Davis,
Brown, Huff & Cashaw, *1967a). Similarly, Gitlow,
Dziedzic, Dziedzic and Wong (1976) measured

excretion of the major. CA metabolites following

,chronic,ethanol treatment. Their data suggests

' . s . . .
that ethanol induces an increase in. synthesis and

turnover of DA and NE. However, a more reécent

" study examining levels of homovanillic acid, a

dopamine métabolite{ in ceregrospinal fluid (CSF)

produced conflicting results (Ballenéer, Goodwin,

Major & Brown, 1979). It was demonstrated that

‘chronic alcohol consumption did not alter levels of

homovanillic acid in CSF, suggesting that DA
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'levels of 5~HT (Pohorecky et al., 1978).

chronic ethanol treatment increases turnover of

13

metabolism is not altered.

-

Although there 7;e many conflicting reports
regarding the éffeéts of ethanocl-on Cé;metabolism,
thg majority of studies do suggest that ethanolldoes
alter central levels and turnover of CA.
Unfortuﬁately, the magnitude, direction and

-

specificity of the ethanolX-induced alterations seems

I

to be unclear.

B. Effects of ethanol on S5-hydroxytryptdhine

+

¢

(5-HT) metabolism. Although thexe has been extensive

resegrch\examining the effects of ethanol on central
5-HT méﬁébolismr the results have proven. to be
?6ntradictory (e.g. Myers & Melchior, l§%ja):. For
example, 5-HT levels have been reportedlto;be
decreaged (Gursey et al., 1959) increased (Erickson
& Matcﬂett,,l975; Pohorecky, Jaffe & Berkeley,
1974), or upcﬁanged‘(CarlsSon & Lindqvist,.l973;f
Pohorecky & Newman, 1978; Pohoreéﬁ}, Néwman, Sun &
Baiiey, 1978% Tabakoff & Bégqan, 1974) as a result

. /
of acute ethanol treatment. Chronic kreatment with

ethanol has also been shown not to alﬁéf endogenous “

"With reference to central 5-HT turnover, v

several studies have indicated that both acute and -

o
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5~-HT (Hunt &'Majchrowicz, l974b;§PoHorecky & Newman,

1978; Tabakoff & Boggan, 1974).
[4 .
In humans, acute ethanol ingestion has been

’ -

shown to_decrease the amount of 5-HT metabolites

in urine (Davis, Brown, Huff & Cashaw, 1976b).

c .

Similar results have been obtained from a

comparison between alcoholic and noaﬁalcoholic ] !

p§tients. Levels of the 5-HT metabolite

A

S5~-hydroxyindoleacetic apidTS?HIAA)in'CSF of
alcoholics in the abstingnce phase were significantly
lower thén in the non-alcoholic group (Ballenger et
al., 1979). 1In contrast to the animal studies,

ethanol seems to lower CSF levels of 5-HT metabolites

in humans; suggesting that ethanol may reduce 5-HT

. ¢

synthesig-aqd turnover. At prgsent, the nature of .

this&afgdrepancy between”tpe effecfs of et%anol on

5~HT metabolism in animals'and humans is unclear. .
In summary, the effect of ethanol on CA and

5-HT metabolism has produced interesting but

confusing results. Although it is difficult to
draw definite conclusions, it does seem clear that
ethanol interacts, in some way, with the biogenic

amines. Based on this interaction, it is possible

] .
that some of the effects of,ethanol are mediated by ¢

P

thésg neurocheémical substrates. Not- surprisingly,

.
'

- .
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'qpneiderable.amohnt_df attention has been given 'to

‘limiting enzyme in the synthesis of CA)

shown to inhibit the motor excitation .produyced by -

Smlth & Sinyor, l978)

. ':’,:.ﬁ
this fundamental issue of whether the biogenic amines

.

nay play a role in the.mediation of ethangl-related,

behaviors:

S

Biogenic Amines. and Ethapol—Réiéted Behaviors -

A. Catecholamines. Many studies havemﬁmg}icated

cetechoIaminergic‘mechanﬁgﬂs'{ﬁ the mediation of
scme of the pharmécological éropertiés of ethanol.
For example, treatmeﬁt with alpha—metﬁyl-tyrosine
(an inhibitor of tyrosi?e hydroxylase the)rate ’ s
) has been -
' \

“

ethanol in rats (Car::fGQ, Engel & Svensson, 1972¢
Strombom, Svendson & Waldeck, 1974) " In-

addltlon, other CA manlpulat;ons consisting® Lf

Engel,

!

pretreatment with CA receptor agonists and’ Y

antagonists have also been shown to antagonlze the// :

ethanol~ 1nduced motor exc1tatlon (Carlsson, Engel

[

Strombom, Svensson & Waldeck, 1974; Matchettv& :

Ericksson, Strombom* Svensson & Carlsson,

¥

1977:

1977) . Furthermore, reductlons of central NE T

levels via pretreatment with a dopamlne—beta—
-hydroxylase 1nh1b1tor, completely antagonlzed the
ethaﬁol—lnduced motor eXC1tatlon 1n rats {Brown,

n

These results .suggest ; ‘.

fad . N b
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that NE may play a primary role in the mediation of

the motor excitatéry effects of ethanol. T2 .

) - s

In attempting to investigate whether brain CTA™ -

are involved in ethdnol self-administration, o ‘ -~
R 77 ‘
investigators have employed a variety of experimental

techniques. For example, eorrelations between CA

content in brains of animals selected for their

ethanol intake have been examined. Results have .
. I N

indicated that DA concentrations were significantly <L

higher in brain;;of ethanél—preferring rats (AA strain)

S

as compare? to the concentrations ih braiﬁs.of
water-preferring rats (ANA strain, Ahtee, Attila &
Kiiadgmaa, 1980; ﬂbtee & Eriksson, 1973). Brain NE -

concentratioqgﬁwere_found either not to diffeér (Ahtee

’ v

& Eriksson, 1975) or slightly lower in the AA strain

v ¢

(Ahtee et al., 1980). A similar'study with two straihs
of mice found no difference in brain CA levels (Ho,
Tsai & Kissin, 1975). 1In this latter study central

CA codncentrations were measured in mice with either
. : ¢
)

high (C57 B1/6J strain) or low (DBA/Z& strain)

preférence for ethanol. No difference ih brain

concentrations of either DA or NE were found. ‘ ] -
. Other studies which have employedhprOCedp;es .

designed to manipulate central CA system ha?e | J \

1

préduced more consistent findings.. Electrical

, &Ug ‘ : o
o | .

' -

.“~



. stimulation';zmtﬁe lateral hypothaiamué,san area
rich in catecholamines (Ungerstedt, 1971), has béen'
/4/ 'shown to prodtice a permanent increase in ethanol

S consumption in rats (Amit & Stern, 1971; Amit,

" Stern & Wise, 1970). Conversely, electrolytic
lesions of the ventral hypothalamus hds *been shown‘
to attenuate ethanol self-adminiétratioh\(Amit,
Meade, Levitan & Singer, 1976). ‘Additional evidence

[ 2]

N suggeséipg.a relationship between central CA and
ethanol self—administ' tioglis derived, from studies
employiné alpha-methy I'9tyrosine (AMﬁTﬂ/in both -
animals and humans. Reduction in central levels
\ . of DA a;dINE as a result of AMPT treatmeﬁt has been.
. ' shown to slightly reduce the preference for ethanél
in rats (Myers & Veale, 1968f and to suppress the
euphoric effects of alcoﬂol in humans (Ahlenius,
Carlsscon, Engel, Svensson‘& Sodersten, 1973),
Simpilarly, pharmacological destguction of CA
néurons by treatment with the neurotoxin

-~

g ‘ GLhydroxydopam%pe,(6—OHD§) has also been shown to
¥

&

) alter ethanol consumption. Treatment with 6-OHDA
K ‘ ] - 4
was shown-to.reduce ethanol conépmgtion (Brown &

-

e ‘ Amit, 1977; Melchior & Myers, '1976; Myers &
3 ' ”
Melchior, 1975a). These results suggest that CA

s AT RERE

may be involved in the médiatio@‘of.etﬁéhol -

Q
- )
-

f" o’
‘

-
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self-administration. However, ,since procedures

dsed in these studies’ reduced both DA an& NE

-levels, the relative importance‘of either DA or

NE is unclear. Consequehtly, subseqﬁeqt studies

have examined the effects of selective depletioﬁs

of either DA or NE on ethansl consumption. Brown.

and Amit (1977) pretreated ethanpl‘pfefefriﬁg

animals with desmethylimipramine, a NE uptake , '

-~

. inhibitor, prior to treatment witH 6-OHDA. This-

’

resulted in depletions of DA'while leaving NE

\ - .= '
neurons intact. Ethanol drinking animals treated

.in this way did not alter their consumption of

ethanol, sug&esting that NE rather than DA is
involved in the mediation of ethanol drinking.
iimilar results werxe obtained following the

selective depletion of forebrain NE wi thout

affecting braip DA (Mason, Corcoran & Fibiger,

1979) . Such treatment reduced oral consumption of - ”

ethanol thereby supporting the notion, that NE and
’ . ‘,\\" i

not DAﬁgé primarily involved in the mediation of
ethanol self-administration.'this notion was,

supported further By the reéults from a .study
L1 * ‘ .

investigating the effect of 6-OHDA-induced lesions . .
. N . . .

of ascending DA systems (Kiianmaa, Andersson &

Fuxe, 1979). Such treadtment was shovn not to

-

-
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.

alter ethanol intake. It is important to note,
however, that 6-OHDA—indueed iesiqns of ascending

NE pathways in the brain, resultiné in partial
N v N
depletion of NE, .has been shown 'to produce a -

tran51ent lncrease in ethanol consumptlon .

(Kiianmaa, 1980 Kllanmaa, Fuxe, Jonsson & Ahtee,
1975) . While the data support the notlon that

NE and not DA 1is lnvolved in the medlatlon of
%

ethanol consumption, the nature of the discrepancy

in-relation to the direction of these results,is
- . [

unclear. It is poessible that the magnitude of 1UE

depletions plays an important role in determining

_the direction of the, effecﬁ\sn ethanol intake.

-

The role of NE in’ the medlatlon of ethanol
4 N\ .

self-administration has been further supported by
the results of studies employing inhibitors of
dopamine-beta-hydroxylase (DBH). Inhibition of

DBH, the enzyme necessary for the conversion of

A

DA to NE, results in aspecific depletion of

central NE levels.. It has Been demonstrated thgi
/ .
DBH inhibition.attenuates both intragastric

(Davis et al., 1978, 1979) and oral (Amit et al:, .

1976, 1977) ethanol self-administration. In

4

:addltlon, forced-ch01ce ethanol presentations in

a

comblnatlon w1th FLA—57 a DBH 1nh1b1tory

[



s

resulted in a marked decrease in ethanol

consumption when ethanol.Was’subsequentiy presented

in a free-choice situation without injections‘
(Brown et al., 1977). These results were

S8

‘interpreted as suggesting tﬁet the. combination of

»

etﬂano%~consumption and depletioniﬁf NE, resulted in
" a reductionlof the positive reinforcing properties
of ethanol, ‘thereby, reducing subsequent ethanol

_consumptlon (Brown et al., 1977)

These data strongly suggest that central CA i
and spec1flcally NE play a major role in the
mediation of the positive reinforcing propertiee
of ethanol. ‘ ’ o

Further evidence lmpllcatlng biogenic amines
in the mediation of ethanol self admlnlstratlon

,/
is obtained from the area of® research investigating

y

the role of tetrahydroisoquinolines (fIQ) and
tetrahydro—B—cangiines in ethanol intake.
_Although this area of research. is not direcély
related to Ehe‘preéent investigation, a hrief

. review is included since this area has received a
considerable amount of attentio; in the ;lcohol f

f 5
intake literature.

\ B. Tetrahydroisoquinoline (TIQ), B-carbolines

and ethanol self-administration. It has been




demonstrated tflat'«a_cetaldehyde', tl:e primary
metabolite o‘f ingested etha,n\o.l, can condense with
CA to form TIQ alkaloids (Cohen & Collins, 197&$~
Davis & Waish; 1970) . In addition, it has been -
suggested that TIQ alkaloids can be transported,
’Via— the C;\ uptake précess, into Cca: neuror'is (Cohen,
1976, 1978, 1979). Once located and stored in CA

' neurons, it has been sugggsteq that TIQ alkaloids
'may_\a'ct as false peurotransmitters which

ultimately may bel inx}olvelq in the regulation of
et;ﬁanol ‘consumption (Cohen, 1978, ‘&979; Davis, -

)

\
1973)% , :

z

1
»

Although there seems to be an agreement in the
literature regarding a possible role for TIQ ) ,

alkaloids gn ethanol consurggtion (e .g. Brawn, Amit

L

& Smith, 1980a, 1980by 'MyerS', 1978b) ; there exists

sharp contradictions in the behavioral data ’ -
' *

emanating from investigations of this relationship. '

For example, Myers (1978), Myers and Me_*lchior_\(l97‘7ﬁb,

1977c¢) and Myers and Oblinger.g1977) have’ reported

. that following intraventricular infusions of

" several TIQ alkaloids, rats would consume large
quantities of ethanol. -These authors arg‘ue, that
‘ \

‘the formation of TIQ alkaloids during the course of

normal ethanol consumption’, may be involved ip the

21
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be elucidated.

)
c‘)ntinged‘preference for'.ethanol. In contrast,
ether investigators usil;g simi lar procedures: have
failed £o produce any effect o.'n‘ethanol\

'consmr;ption \fo_llowing treatfient with the same TsIQ '
alka:loids (Brown et al., 1980-a, 1980b; S'mith, Brov;n
§ Amit, ‘198,0) - In light of these discrepancies,

the role of condehsation*products of acetaaldehyde

.‘a'nd CA in ethanol self-admini stration remains to

- , N )
. R
- Similarly, it has been' demonstrated that SﬁT

B

‘'may condense with acetaldehyde to form

Wt

tetrahydro—é-—carbolines (Cohen, 1976; McIs’é:ac,

1961) . Consequently, it has been suggested that

B -carbolines may. someh'ow be lnvolved in the

et

maintenance of ethanol intake (Myers ; 1978b; Myers
& Melchior, 1977b). For exampie, central in fusions

of a B-carboline has been shown to significantly
L 4

increase the preference for ethanol in ‘rats (Myers,

1978h; Myers & Melchior, 1977b; Myers & Oblinger,

1877) . However, intraperitoneal injections of
. :

other B-carboline compounds reduced ethanol intake

i

] . , .
(Geller & Purdy, 1975) . Therefore, although

B-carbolines seem to alter ethanol ah‘take, the

role of condensatlon products of 5- HT and v

4

acetaldehyde in ethanol consumption is unclear.

-

.
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C. 5~hydghxytryptamine (5-HT) and ethanol

self-administratiqQn. Various approaches have been

used in an attempt to determine whether S-HT may
play a rol_e,ifr’ﬁ/e mediation of ethanol )

(//( , , e
séif-admin”istration (e.g. Myers & Melchior, 1977a)..

For example, investigators have ‘gxamined the - . T

o

relationship between’cen tral levels and rate of
‘turnover of 5-HT and ethanol consumption in | ‘

different rat strains. In a comparison of two
.

straifis of rats sélected as either ethanol

preferring (AA strain) or water preferring (ANA

‘ { '
strain), it was determined that central 5-‘HT levels
. ’QA
were significantly higher:in the ethanol ‘preferring

rats (Ahtee, 1972; Ahtee & Eriksson,'l97:2) . Results ' '
of a subsequent study indicated that the 5-HT levéls o gr
were elev.ated primarily in the hypéthalamic and L
midbrain regions (Ahtee & Erik_é;on; 1973) ., A more

recent study, however, has yielded contradictory
. 5o

findings. Murphy, McBride, Lumeng and Li (1980) ¢ ‘

have demonstrated that a strain of rats selectively
bred to prefer ethanol _(P) had a much lower level A
of 5-HT in hypotha lamie and midbrain regions when

compared to rats bred net to prefer et}\anol (NP) .

0 L N

In attempting to further investigate the

3 . -

. possible relationship between 5-HT and ethanol

- . .
P . N '
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A

- . : . ,
consumption, researchers have em}nloyed ,

‘ phamacoiogical agents ‘capable of reducing central .
5-HT c.:onter;t and have monitored subseq'uen{: effects
on ethanol consumption. The results emanat';rllg from
from tﬁese studies have served to further\"confus'e
an already unclear relationship. Originally, it

‘was reported that reductions of central 5~HT, as

produced by p-chlorophenylalanine (PCPA) , ‘an

. ¢inhibitor of tryptophan hydroxylase, caused an

attenuation Of the preference for. ethanol (Myér's'

& Veale,ll l96é; V,é‘ale & Myers, 1970). .Subsequeht g
‘ st\udi‘es,’ however, have demonstrated that the

effects of .PCPA were not specific to ethanol intake.

It was demonmstrated that ingestion of a saccharin

a sclutidn and total fluid intake were also decreased

.following PCPA tre{‘atment (Nachman, Lekter &
Le Maénen,x 1970; Stein, Wayner & Tilson, 1977).
Fu'rth'e‘rmore‘, reductions inh central S-HT lev'ez.s by
treatm\ént v\;ith‘eil_ti'xer‘ PCPA or the neurotoxin
5,6-dihyd£oxytryptamirle'have been‘ shown to either

— increase (Geller, 1973; ﬁp,~ Ts'a_i,' Chen, B‘egleiter
& Kles\in, 19 74) or naqt alter '(Kiianmaai, 1975)
ethanol yint;.aJ<e. As a result of these Acontr\adictory
findings, there does not‘.appear to be any cbnsistgnt

relationship between lowered levels of central 5-HT

i
'
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\\\ 1 ! ,
and ethanol consumption., - . “

Numerous studies Have’ examined the €ffeqgts

of increased levels of 5-HT on ethanol intake.

-«

One approach has involved the addition of

'

tryptophan in the diet of animals in an attempt

to increase 5~HT both peripherally and centrally

)

(Fernstrom & Wurtman, 1971). Animals treated in

such a manner were shown to significantly increase

2

their ethanol con;sumption (Sprince, Parker, Smith .

& Gonzales, 1972; Myers & Melchior, 1975).% Whether -
: ~ -

this observed increase in ethanol intake is solely

a result of increésed 5-HT levels or is a result
f "b o

\
of activity in other monoaminergic systems is

uncertain. This \un'certainty is bagsed 1) on the

observation that only certain rat strains are
susceptable to,tryptophan treatment (Myers &
Melchior, 1975b) and 2) .that other émino acids

such as*L-DOPA, which increases DA. levels, also

pfoduces" increased.ethanol intake (_Spfince et al., :

1972) :

. In contrast, more consistént results have

3

been obtained from studies exémining the effects

. of other procedures designed to increase levels.'
\ ¢ ) . ) ' [
and availability.of central 5-HT on ethanol .

’

intake. Several studies have demonstrated that

!
L] .
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Nervous System.

dntraperitoneal or intraventricular treatment
v\vith either S-hydroxytryptopha-n, the‘ precursor of
5-HT, or 5-HT° itself, produc%s signifi cant
reductions in_ethanol consumption (Geller, 1973;
Geller, Purdy & Merritt, 1973; Myers, Evans & -
Yaksh, 1972; Myers & Martin, 1973; Zabik et al.,’
l978)‘.. Based on these® studies, it has been

sugéested that increasing the central availabi lity

~ \ . N . - v
-and levels of 5—HT may somehow interfere with the

. L
medidtion of ethanol consumption. These results

have recently been confirmed and expanded as a
result of data ‘emanating from studies \in,ve'stiggting
the effect of lé’v—HTluptake block;ade'on ethahol
co’n’sumptilonh (.:Rockﬁan et al., 1979s, .lé79b) . The
meehaﬁiém of ‘uptake 'blockade and itg relation to

ethanol intake will be reviewed in detail in a

<

" subsequent section. Since 5<HT uptake. blockade :

and-the resultant effects on neurotransmission

‘form the basis of the present investigation, a

".discussion of thede effects arid ihteractions will .

-

o

- precede the review of the literature concerning

uptake b lockade and ethanol consumption.

N

. Uptake' B lockade — Effects Within the Central -

A

A. General properties. Following the o



T o

- .
- Jonason, Lindgvist & Fuxe, 19%; Kantak, Wayner,
] - .

“

. ) 5
release of a neurotransmittter into the syr'laIStic
gap, a specéific uptake mechanism accounts fc;r the
primary process of ina'cti,vation by. transpor ting
the neurotrar&ﬁsmi.tter back into the pré;synapti_c: ‘
neuron. This active transport mechanism ha;s bee.n
showt1 to be operating within both CA and 5—;HT .
systems (Agrfano%f, 1975; Fuller &'I Wo;mg, 1977;
Iversep, 1975; Snyder, Kuhar, Grgen, Coyle &
Sha;skan, 1970; Snyderxr et al., 1975) - As:a

cons equence, inhilbifl:ing the uptake process, -via
pharmacologi cal upt ake inhibitors, produces varlious\
changes within the neuz.:otransmitt.er system. Acute
or short-term inhib_itic;n cf 5=HT 'uptake, has been .
shown to pfoduce \an increased availability of

5-HT ih £he synapt:'i.g": gap' (Andersgn, 1972; Carlsson,’
:I‘ilson, Dwoskin & Steih, 1978; Meek, Fuxe &* A'r1;1en¢, °

1970) . ' The increased availability of 5-HT, as a

result of uptake block?dg, produces enhanced

'synaptic trané’missionx(Svensson, Dah lof, E-ngb\erg.

)

& Hallberg, 1981) and activity at post-synaptic

receptor sites (’Fuller,. 1980; Sangdee & Frangz, |
\ ' ) I
1979) . Due to g postdlated negative fgedback

’ -
system, the increased availability in the symnaptic

gap may result in a reduction in neuronal f£iring

:



[

¢ h -
- - ’

rate ap:cl tﬁrnovhelz (Aghaja;nian, 1972; Schubert,

. Nybac;k & Sedvall, 1970; \Sheard,w Zolovick &
Aghajanian, }.972). As a result, chroni'c‘ ;
treatment (14 daily treatments) with 5-HT uptake
inhiiaitors, seems to prbiduc;e an ox;erall'reduction
in synthesis, turnover 3nd tr;nsmission iFuxe,
Ogren & Agnati, 1979; Fuxe, Ogren, Agnati,
Eneroth, Holm &'A‘ndersson', "1981; Hwang, Magnussen

& Van Woert, 1980; Sugrue, 1980).

B. S5-HT uptake blockade - interactions with

wt

brain NE. The literature reviewed in previous
sections of the introduction strongly suggests thaﬁ
central NE plays a major-role in the mediation of

ethanol cons'umption. Studies examining the role

of 5-HT in ethanol intake have been inconclusive

-with the exception of those studies investigating

-

the eFfects of increased 5-HT availability on
ethano.l cgrisumption.- It is t‘llflerefore.cbnceivéble
the;t some interéction between increa{sed'S—HT

;ava‘ilabi lity and NE activity may explain the role

of biogenic amines in the mediation of ethanol

© intake. . SR

An examination.of the anatomical, biochemical
and pharmacological data suggest an interaction

»'betweeén S-HT and NE.systems in the brain (Barafan
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. & ‘Aghajanian, 1981; Pickel, Joh & Reis, 1977;

Pujol, Stein, Blondaux, PetitJean, Froment & \

4 © Jouvet, 1973; Samanin & Garattini, 1975). " More ¥

o . \

specificeally., it has been demonstrated that S
. ” t - - t

increasihg the central availability of 5-HT |

induces a ‘decrease in brain NE levels (Everett, N .
A% p .

‘ 1974) . Based on these results it was suggested :
: N ’ ) : '
that incredsing the availability of 5-HT may in some ,

. , ) . .
way displace NE from ‘the storage vessicles (Everett, 4 . ‘

. +1974) . A mechanism for this proposed displacement

- ¢

of NE.-b¢$ surplus 5-HT has Been suggested which

involves the NE uptake system.(\ Due' to the
H

-
|

" phas\macological similarities of the 5-HT and NE .

_uptake processes (Iversen, 1975), it has been
- ~

.t . v
. indicated that the NE uptake process may not be’

<4 \

specific for NE alone, but may 4lso accumulate T

e . . v
5-HT (Shaskan & Snyder, <1970; Snyder et al., 1973;

Thoa, Eccleston & Axelrod, 1969). These ‘ s

ihvestigators have demonstrated that incréas_ing - 4 .
| th?l .a‘vailabilit_,y ,(‘)fl 5-HT maycres'ult in an invgsi'c;nh_ . 3
- by 5-HT of NE- neur‘br\xs via the NE Uptak“e mech;nism. ' ‘ :
E It was ‘.furtherh suggested that or;ce located and . . | e ’ ..

. stored in the NE neuroln,‘ the 5-HT could act as

a false neurotransmitter within the NE.system and ‘ e
: . - o '

n

sﬁbéequently cause a functional depletion of NE- . :

. .
. " .
I3 ' . A
o
& - ¢ ‘ n
v N \

. - M

' . . t
,
B
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(Shaskan & Snyaer, 1970; Snyder et al., 1970; . ’
° -
Thoenen & Tranzer, 1971; Trarzer; Thoenen, Snipes
. ' o
& Richards, 1969). ° ) _ . ¥
‘ ? - “

" 5-HT Uptake Blockade and Ethanol Consumption -

In a recent study, zimelidine, a selective . .

neuronal 5-ET uptake inhibitor (ngén, ’ ‘

Ross, Hall, Holm & Renyi, 1981; Ross, QOgren é ’ . .

Renyi, l976;tRoss & Renyi, 1977) was hsed to producé o ’ . ..
an increased abailabil;ty-of central 5-HT. ReSults .
-indicéted that short-term treatment with zimelidine
produced an attenuation of voluntary ethanol
consymption in rats (Rockman et al., 197%a).

“Treatment with zimelidine was shown rot to effect
body weight brrtotal fluidftﬁté&e. Since ethanol

ﬁas aversi%e tasting properties (Wilson, 1972) the - ' .
possibility\that ;imelidine somehow induced an
incn§ased sensitivity to the taste of ethanol, . .
'nthereby, reducing ethanol intake was examined. C .

\ -

Additional animals ingesting an aversive tasting

\
quinine-sucrose solution were treated with . .

'l

zimelidine # a similar manner as the ethanol Oﬁ
-driﬁking animals (Rockman et.al., 1979a). The A
!

results indicate that zimelidine did not alter the
consumption of the Quinine—sucrose solution,
suggesting that the zimelidine—induced . ‘

\

. . ' ! »

.
~. ,a’-
~ T
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attenuation of ethanol intake was not a result of
an increased sensitivity'to an aversive tasting

‘

liquid. It was also consideredﬁthét zime lidine
méy:somehow iﬁt?rﬁere with the metabolism of
ethan01 which may then account for the alteration
of étﬂanol intake. However, ;ince other
investigators haye determined that zimelidine
does not -alter the rates of metabglism of ethanol,
and acetaldehyde (Rydeberg, 19&9; Lindros, 1978;
pérsonal communications) , alterations of ethan&é
mgtébolism does not seem to’be a causal factot.
Based on these da£a it was suggested that
zimelidine attenuated ethanol consumétion as a
congequence\of a manipulation of the neurochemical
process which may mediate the pésitive reinfo;ging
propérties'bf'ethanol (Rockman eﬁ al.,-197§a). I,
Tberefore; these data served to implicate 5-HT \
in the“mediatioﬁ of ethangl selé—admiﬁistrationf .
A subsequent study’wq; designed to further
investigate the notion, that‘zimelidine, as a
resultlpf 5-HT'uptake b%ockade; méy diminish the
positive reiﬁforciﬁg properties of ethanol
(Rockman'et al., 1979a). /This exggriﬁent was. .
. 'based on the view that when a behavior, is ’

! - '

méintained_by positive reinforcement and that



\
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‘reinforcing factor is removed,.while. responding’

v

continues, the result yqula be the elimination of
the behavior (ext;pdtioﬁ) followed byfthe .

reaé@uisitién of‘fhe particulgr fesponse when
reinfbrcemgqt islreinstated (Mackintpsg, 1974;

Thompson & Pickens, 1975). In.order to fulfill

the requirements‘of'an extinction pqradigm;.ethanol

was presented_ﬁo the animals in a forcgd—bﬁoiég
situation in comﬁinatiqn witﬁ'zimglidine/tregément
(Rockman et al;, l9§§a). THe results indicated
that such treatment significéntly reduééa ethanol'
intake when ethanOIVWAs once again ayailable in a

free-choice with water. without drug treatment.

The reduction in ethandl intake and subsequent

reacquisition of ethanol drinking behavior suggests

1

that zimelidine treatment,can effettively
.extinguish the ethanol drinking response. The
data serve ‘to suggest that zimelidine, via 5-HT

uptake blockade, may alter the neurochemical .
, Lo ) ' L
‘mediation of ethanol self-administration (Rockman

et al. . 19795{'}) /,

Y

Based on the ‘literature review in the previous

- u

section, it‘seemé'possible,that_zimelidine-induced

attenuation of ethanoliintaké may be a function of
an interaction between central 5-HT énd NE neurons.

}
' .
- “
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Since ‘zimelidine causes an increased availability

of 'S-HT' in synaptic gaps via uptake blockade

" (De Montigny-, Blier, Caille & Kouassi, 1981;

Ogren et al., 1981), the resulting surplus of ‘

‘.S-HT could invade NE neurons (Shaskan & Snyder,

1970; Snyder et al., 1973). . Therefc;re\, ‘it was
pr\oposed that if the invasib"n of surpilus S—H‘if into
N‘E neurons was somehow ‘prevented, the effectiveness
of zimelidine in reducir,;g ethanol intake may be '
diminished” (Rockman et al., l97§b) . In an attempt
to prevént this proposed in‘vasion, @thanol, .
prefer;{ing animal'é ;w_ere pre{:r_.eated with
desmethylimipramine (DMI), a selective neuronal
NE ﬁﬁtake blocker (Carlsson et -a:l. , 1969;\ Javai‘d
e‘t al., 1979), .prior to treatment with zimelidine.
The :esult; suggestéd that pretreatment with DMI |
prior to admin?stration f zime lidine, partially
attenuated the zimelidimzr‘induced supére‘ssion of *
ethanol .intake (Rockman et al. , 1979b) . These
p'relifninarf results indicated that the attenuation
9f eth;anol intake produced by zimelidine may bé
;artially. due to a ,S—H'I'—induyced‘ func‘::‘iona;

I t

‘depletion of NE. ' . )

¥ \



'  The Present Investigation .

iy

»

As mentioned previously, the data emanating

4

. from studies designed to investigate the possible

role of 5-HT in the mediation of ethanol

é

\"self—administration are at times contradictory.
In addition, due to the preliminary nature of

the data-concerning 5-HT uptake blockade ahd

ethanol intake, the mechanism by which 5-HT *

uptake blockade reduces ethanol consumption ‘is
largely unclear, Therefore, it seems necessary
ot to further investigate the role of S-HT uptake

blockade in ethanol intake. The present series

’

. of experiments was undertaken to investigate two

major issues. The first goal was to identify -

o .some séeCific attributes of zimelidine which may

’acéount fqr the reductioh\of ethanol intake.

P Y

Secondly, this thesis was designed ‘to examine
~ B " ’ »

the neuropharmacoléogical mechanism of action of

zimelidine with regard{Fo the suppression of
ethanol intake. Since norzimelidine, the primary °
‘active metabolitel of zime lidine (Ross & Renyi,

1977; Ogren et al., 1981), .has been shown to be
a potent inhibitor of 5-HT uptake, it is possible

that the effects of zimelidine may 'actually be . -
T 7

1



‘‘pretreated with DMI, a specific NE uptake.

1
!
1
.

a result of the action of norzimelidine. Therefore,

the first experiment was designed‘to'evaluate the

=

efﬁépt of norzimelidine on voluntary ‘ethanol

. . .

éonsumption. fh addition, this experiment was
also'designed to investiggte thg’relatiGe importance
of‘upt@ké blockade specificity iqﬁthe suppressién of
ethanol intake. This was accomplished-by comparing
the effects of specific.and non-specific inhibitors
of 5-HT and NE uptake on ethanol consumption.
éubsequent experiments of this ﬁhesis were
designéd to investigate the meuropharmacological

¥

mechanism.of action of zimelidine and-norzimelidi%e

. with regard to ethanol intake. .The possibility

of both a functional depletion of NE and/or
enhanced 52HT po§t;synaptic'trans;hssion as causal

factors in the attenuation of ethanol intake

- ] .
were evaluated. Experiment 2 was designed to

* examine whether nor%imelidine, as a consequence

of S—HT uptake,blockade, induces a functiona
depletion of NE, thereby, reducing ethanol intaké.y
i \ ‘ & .

In an attempt to block this proposed reduction

in NE activity, ethanol preferring animals were

inhibitor (Javaid et ail., 1979) prior to /

_treatment with norzimelidine. The third y

- .

PR
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experiment‘was designed to fufther 1nvestigate-

the notion that both zimelidine -and norzimelidine.

"- xeduce ethanol intake as a result of an indirect

reduction of NE activity. -In an attempt to
counteract this pProposed reduction of NE dctivity,
éthanol preéerring:animgis,wgre pret&eated with
clénidine, an adrenergic receptor agonist (Anden,
Corrodi,‘Fuxe, Hokﬁelt,'HQkfelt, Rydin & évensson,
i970) prior to treatment with zimelidine and
norzimelidine. - In the final experiment: the

role of enhanéed-ShHT post-synéptic transmission
as a causal factor in the attenuation of ethanol
intake by zimelidine and‘norzimelidine was
-examineé. If'é-HT)uptake blockadelreducgs

ethanol intake as a result of ihcfeésing 5-HT
post;synaptic aéﬁivity;~then értificialIy
‘reéucing 5-HT post-synaptic activity in combination

Awith 5-HT uptéké inhibitipn should alter the , ’u<.
reduction in'etﬁanol'iﬂtake. Therefore, in

» Experiment 4,;pretreatment with methergoline, a

,,S-HT poét—synaptic receptor bhlocker (Fuxe;‘Ogren,

 Agnati & Jonsson, 1378) was used in an attempt to’

reduce 5-HT éost—synaptic_activity prior to ) :

;reatmeﬁtlwith zimeli@ihe and norzimelidine. '

THe present investigation was designed to .

oy ,

.

i
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examine the'neufopharmacplbgical mechanism of"
action of 5-HT uptake blockade in the -suppression

/ \
of voluntary ethanol intake. It was our view

that an unders%anding of the neuropharmacological '’
by . -

mechanism of 5-HT uptake blockade would contribute

to our knowledge of the neurochemical processes

which underly and mediate‘ethanol' v

self-administration. -
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Experiment” 1

In an attempt to investigate the afle of 5-HT
uptake blockade in é;handl consumption} the present

study was designed to determine yhetherxother 5-HT

uptake inhibitors would attenuate voluntary'ethanbl
consumption in a manner similar to that demonstrated

with zimelidine. - Furthermore, the relative - ’“\
impertance of uptake blockade specificity was

' \ : ~ N LN
evaluated through comparisons of specific 5-HT

1

uptake inhibitors, a relati&ely,non-specific

.inh;bipor'ofjboth 5-HT and 'NE uptake. and specific

?NE uptake inhibitioncﬁ:éthanoi‘consumption.

Included in the group of sele&tive/ShﬁT uptake
inhibitors, norzimelidine, the primary active

metabolite of zimelidine (bgren\e; al., 19¢1; Ross

N

' : ,'o\ . -~
& Renyi, 1977), was evaluated as to its effect'on

¥Yoluntary ethanol intake. Since norzimelldine is

also a potent inhibttor of 5-HT uptakg‘ngren et
{ t

al,, 1981), the possibility that norzimelidine \

accounts for the reduction of ethanol intake

"obsérved following treatment with zimelidine was

%
N

examined. : / : .



! Methoé,
D
Subjects 1 .
Subjects were-male Wista® rats: (Canadian e
'Breeqing Farm Laboratories Lfa.)}:weighing between

200-250 g at the beginning of “the exper iment. A1l
Isubjects were individually hou;ed‘in stainlesg-steel
cages, in a. rogm regulated for'constant gémperature
and humidity and a 12 hour lights-on schedule.
: ‘Dfinking solutions were Présented in calibrated
= Richtgr tubes, mounted 6n the_frént of»pﬁe cage.
Purina Rat chow wa%'availabie ad ligitum.

Procedure

Ethanol screening. Thé& ethanol used in this ©

study was 95% ethyl alcohol (ETOH) diluted with tap

water to form cg@centratibng ranging from 3 to 11% °

’(';;/v), L - \

o -

~~ Animals were presented with a free choice
. s

between ETOH and water every alternate day,
commen&ﬁng with a 3% ETOH solution. The. position
of the‘Richt;r tubes was alternated with*each
'ephanol presentation. The ETOH concentrations
- were increased by 2% when éO% or mdre of the ;oﬁal
.daily fluid was consumed as ethaﬂolﬂ Once d;inkiné
of an }l% (v/v) ethanol soiution was established

'

N
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the—animais yere'then'sﬁitched to a schedule B ¢
consisting of an e&erfday free choice betweed ‘
weter and ethaﬁgli. All anlmals wete malntalned ' I

on thls schedule throughgut the remalnlng phases

of the experlment‘ Only those anlmals whose ETOH \ LN,
¢ . ' COnsumptlon was 50% or more of thelr total dallx o
intake- were 1ncluded in the experlment . ' I 14.' ',x

\ 1

Baseline Period . , i o : ,

!

This period consisted of an everyday free P S
cﬁoice betweeh‘ethanol and:Water. After a 5-day - ‘ N ;
, i , T 1 ‘ ! N

baseline measure was attained, animals were oo ‘ ' N

randomly divided int6 drug treatment and control

3

L. ) groﬁps. D ‘ ' o

Injectlon Period C _ -

i - . - . P
- N

Durlng the 1njectlon perlod the groups'

\gecelved 1 1ntraper1tcneal lnjectlon per day fgr 5 \' . ". ’ B

-2/ consecutlve days at approxxmately 15 00 hr. ‘The . "
. . : - . N , N

adrugs and dosages used in this study are shown in

B Table»li‘ The S-HTcuptake'inhibitors were the-

:

o 'f51lowing. Fluoxetine hydrocﬁlofide (Lilly,
. 'y

Lembergef, Rowe, Carmlchael Crabtree, Horng,

Byhaster/& Wong, 1978), ‘norzimelidine ' ' . ‘ -

dihydtqch}ofide (Astra'LaKemedel-ABﬂ,ROSS & Renyi, ~ . .
. 1977), tu-10-171 (Lundbeck & Co., Hyttel, 1977) and
—. ‘. .-_\u‘alaproclate (Lindberg, Thorberg[:Bentsson, Renyi, . . ot

~ s . - . 7 ‘ -
' ’ ' v N
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\Rbss & Ogren, l97é, Astra ILaKemedel AB)., InhibitPr

' -of both 5-HT and NE uptake: amitriptyline

hydrochloride (Schering Corp., Fielding & Lal,

1975; Tuomisto, Tukiainen, ' Voutilainen & . .
Tuomainen, 1980) . Seléct;ye inhibitors of NE
uptake: desmethylimipramine (DMI, CIBA, Javaid et o

al., 1979) and doxepin'hygégbhloride (pfizer;
N . : v
Fielding & Lal, 1975). The drug doses used in this

©

experiment were previously determined in this

¢
}

Ve -

. / .
\laboratory to be the highest effective dosg causing

no effect on body weight and water consumption. All

drugs were dissolved in Ringer's solution and were
" injected in volumes of 1 or 2 ml/kg. Ringer's
control, animals received equivalent volumes of the

vehicles. Free choice ethanol consumption was
. . ’ ™ , .
'\mgnitored during the injection period and for an '
" additional 5 days thereafter. - )
N . N . " . ) “
~p3’ . Resnlts -, < . ) b $
v . R [ 2

_Ethanol consumption was calculated both in
'ferms of dﬁily f;ﬁanol prefere ce. (mean per ce;t of
‘total daily fluid intake) and. 1 \ﬁerms of daily

absolpfe amoﬁnF of‘eth;nol ingested (mean grams‘
per kilograﬁ). The data were analysed using a‘-f
'twé-way analy;ié og variance (géoUp x_p%{igd{ and

~ f

) o
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" ({ethanol preference:

w . . ' C ey
significant réduction in ethanol preference (p<.05) .

post hoc Tukey tests. : o

Figure 1 illust¥ates. the ethanol consumption

for the groups treated with fluoxetinhe. The
analysis revealed a significant group x period
iﬁt?raqtion,((EthanoLgpreféreﬁce: F(4,30) = 9.33,

p<.001; Absolute ethanol intake: F(4,30) = 8.25,

. p<.001)) ., Post hoc .Tukey tests révealed that

during the infection period fluoxetine (10 and 15
. 1 .

o

mg/kg) produced an’ attenuation of  ethanol
consumption both in terms of ethanol preference

(p<.01) and absolute ethanol intake (p<.01) when

comparéd to baseline and control levels. During

o

the post-injection period, ethanol, intake for both -

experimental groups remained below control and
Y -

baseline levels (p<.01).
Ethanol consufiption following treatment with

norzimelidine is shown in Figure 2. The analysis

yielded a signi@iqant groﬁé X pefiod interaction

F(4330) = 8.79, p<.001;

Absolute ethanol intake: F(4,30) = 8.35, p<.001)).

[

Treatment with norzimelidine (10 mg/kg) produced sz

Y €

and absolute ethanol intake (p<.0l1) when compared .

¢

to basel;ne’and cozﬁrol levels. Norzimelidine‘(Zb

mg/kg) treatment attenuated ethanol preference to

f
P
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Figure 1 Ethanol consumption in terms ¢of mean per
: cent of total daily fluid intake, and mean

« : absolute ethanol intake in rats treated
with Fluoxetine (10 + 15 mg/kg, i.p.) and

- Ringer's solution (2 ml/kg, i.p.). - ’
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“Figure 2 Ethanol consumptlon in terms of mean per

Co . cent of total daily fluid intake-and mean

L ' absolute ethanol“ipntake in rats treated
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a 'great extent (p<.01} than 10 mg/kg of \

o

_norzimelidine. In terms of absolute ethanol .

intake, differences between the effectiveness of

‘these doses of norzimelidine approaches ‘
significance (§>.05) . In the post-injection

s period, ghimals ‘that were treated with 20 rﬂng/kg'

of norzimelidine increased their etHanol
conisumption compared tolinjéction period levels

(p<.05) . ’ . . "‘ ' \

N . \ . . ‘ . )
Similarly, treatment with lu-10-171 produced

. . . o .
.an attenuation of efhanol consumption as -

» .

illustrated in'Figure 3. A group x period .

v

J interaction was evident ((Ethanol preference:
! s oy ._ ) )
F(4,36) = 5.65, p<.002; Absolute ethanol intake:

F(4.,36) = é.42, p<,.00-l)) . 'Post hoc Tukey tests
‘\ -~ N,

’

revealed, that tre atment witli lu-l(j 1-171 (10 + 15

Al

1

absolute ethanol intake when canpared to baseline

and control levels (p<.01) . During the N

- below baseline‘and Icontrol levels »(p<.'05);.

' As illustrated in Figure 4, treatment with
\ - . . f

-" ‘alaproclate .p;;coduced a decrease in ethanol

"‘-cdnsump‘tion (group  x period interaction; -(Ethanol’

preference; IF‘(4,3,4) 2.60, p<.05;, Absolute

- ' -

N

. mg/kg) similarly attenuated ethanol preference and

post-injection period ethanol consumption remaifhed:
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éthanol intake: F(4;34) = 3.64, p<.02)):

During the injection pefiod'alaproclate (25'mg/kg)
étt%nuated ethanol cqﬁsumption'only in ter;s of -
absolute ethanol intake (p<.0l) in relation to )
contryl and baseline levels. Alaproclate }30 mg/kg)
baused a decrease in ethanol conéumption both in
terms of ethanol preference (p<.05) and absolute
ethanol intake (p<.01l). étﬁanol consumption. for
the group ‘treated with 30 mg/kg of alaproglgt?
remained significantly below control and baseline

ieQels.during tﬂe post—injéction period (p<.05).
" Treatment with amitriptyline, DMI and dogepin

as shown in Figqures 5, 6 and 7 respectively, did
not affect rethanol conéhmption. The analysis
revealed no group X period‘intera&tion.

~(Amitripty1ihe: (Ethéno} preference: F(4,345 =
1.38, p>.05; Absolute ethanol intake: F(4,34) =
1.49, p>.05); DMI (Ethanol preference: F(4,28) =

1.16,. p>.05; Absolute ethanol intake: F(4,28) =

1.84, p>.05); Doxepin’(Etﬁanol preference: I

F(4,32)

2.16, p>,65; Absolute .ethanol intake:

F(4,32) = .526, p>.05)). -

In general, it should be noted that in each ¢

PR . - . .
.of thé above experiments control animals maintained

d consistent intake of ethanol drinking in all phases

\ - -~
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‘- . ’ -, ' - \
pf ‘the 'experiment. Furthermo re, none of the drug
‘treatments administered in the exper J_ment '

’ produced reductlons in body welght or tota,l £ luid |

intake.

Discussion

\
-

- The present study revealed that those drtxgs'
. which h'avé been shown to specifically inhibit S-HT .
{thake (filuoxetine, norzi,melid'ine,- lu-10-171 and,

: . o . .
alaproclate) pr.oduce.d‘ a sign.j,fican_tl atteénuation of
ethanol consumptiyon. Conversely, thoée drugs that
~do not spe'cific'ally inhibit 5—HT uétake,‘ did not
A affect ethanol consumptlon Am1tr1ptyl;\.ne, whlch
moderately mhlblts both 5~ HT and NE uptake- had no[

. affect oh voluntary ethanol consumptlon. vSlmllarly,
‘DMI and doxepin, both selectlve inhibi tors of NE
‘uptake, 'did@@lter .ethanol consumption.

These results arc consistent with répcrts ‘
_indigating that 'increlasing the a\)aiiabiiitf of
central 5-HT, via treatment with \either
5—hycroxytryptophan, 5—‘H"I‘ or S—HTvljptakI;aIi’nhibito-rs",‘
pfoduced tedﬁctic}ns of e*than,ol i\ntake '(Gel‘le}:, .

1973; Hill; 1974; Rockman et al,, 1979a; zabik

et al., 1978). These results -conlsidered\‘togethér

R ' \
P

" suggest that increasing . the central availability.

kA
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<4

!

of S—HT at the level of tHe synapse may alter the
medlatlon of the positive reinforcing propertles

of ethanol ‘ T ‘ ' “

| . ‘

One of the most interesting findings of the

present experinent involve's the norzimelidine-

—-induced attenuation of ethanol intake. .

Norzunelldlne, the primary actlve metabollte of

z:.melldlne, has been shown to be a potent selectlve” '

3
1nh1b1tor of 5 ffT uptake. In fact,.norzimelidine

’

appears to be considerably more potent than
zimelidine (Ogren et al., 198l; Ross & Renyi, 1977;
siwers, Ringberger, Tuck & Sjogvist, 1977) .

However, both zime lidine and norzimelidine appear

‘to be equally effective in reducing ethan ol intake.

Therefore, the data suggests that although

‘speciaficity of 5-HT ﬁptake blockéde seems to be

an 1mportant factor in the mechanism undexrlying |
1y v

the reduction of ethanol J_ntake, increased potency

does not resulf in an increased attenuat:.on o'f

ethanol J.nt_ake. In other words, norz;melldme

~may be creating a "floor effect" in the attenuation

of ethanol intake, in that the increased potency

‘

does not further suppress ethanol consumption.

Finallyé, since norzimelidine is the primary

‘active'metabolite of zimelidine, the data suggest

54
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that the effect of zimelidine on etﬁanoﬁl intake

.

may in fact be due to the action of noréimelidine.

-~

‘The possibi lity that norzimelidine like

2

zimelidine (Rockman et al., 1979b) produces
indirectly a'functional depletion of NE;'\:thereby
reducing ethanol intake, is examined in Exper iment

. N ?
'
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. Experiment 2

As previo{isly mentioned, the daé}a sconce rning

the relationship ‘between central 5-HT and ethanol .

self adm:LnJ.stratJ.on is~ largely contradlctory (e..g.“

The exception to this

LT N

Myers f,‘ Melchior, 1977a) .
confused relationship is the'ébse;vation that
increasing "central S-HT availabi lity results i.n a
feduction of ethanol intake. On the other hand,
experiomenhtal evidence strongly suggests that
®entral NE plays a major role in the mediation of
etﬁanol self—admi.nistration (e.g. 2mit et al.,

¥
1977) . These data lead one to speculate'as to
whether some interaction between increased 5-HT

avallablllty and NE act1v1ty may account for the
Ed

1Oeffects of 5-HT uptake blockade on ethanol 1ntake

This relationship between 5-HT ’and NE activity is |

\

supported by the anatomical, biocflemical and
pharmacologlcal flndlngs which suggest an
interaction between 5~HT aqd NE neyrons in the

‘

brain (Baraban &«Aghajanlan, 1981; Pickel et al.,

¢ 1977; Samanin & Garattini, 1975). More

specifically, it has been demonstrated, that due

W' ’

t5-HT may be taken up into NE neurons (Iversen,

N

] oo

~

.to the similarities of 5-HT and NE up take érocesses_,

2
3

-

e
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'« 1975; Shaskan & Syyﬁer, 19787 Snyder et al., 1973;

. Thoa et al., 1969 Thus, it has been reported

)

.“that an increase in the availability of central
AR » 5~HT may result in the iﬁvasion of NE neurons by
) surplus 5-HT V1a the.- NE uptake mechanlsm ‘It was

further suggested that once located in NE neéurons,

N 2 .

the accumulated 5-HT could act as a false,
neurotransmitter within the NE system and .

7 ‘ » . .
subsequently cause.a functional depletion of NE

« (Shaskan & Snyder, .1970; Snyder et al., 1973;

¢

Thoenen & Tranzer, 1971; T#an;er et al., 1969).

4

The pbssibilityftﬁat zimelidine attenuated

ethanol intake as a result of an interaction
: between surplus 5-HT and NE neurons was examined

! ) 2 V7 1 k
in a recent study (Rockmanjet al., 1979b).. In an

attempt to prevent the probosed invasion of NE
neuronsyqe%hanol preferrlnq anlmals “were

.- ' pretreated yith desmethyllmlpramlne (PMI' 5 mg/kg),

an NE - uptake lnhlbltor, prior to treatment w1th

-
Y

. zimelidine. The results revealed that

-

pretreatment with DMI prior to the admlnlstra%;onc

e

- -of 21melld1ne,<part1ally attenuated the

zimelidine-induced suppression of ethariol intake.
’ . . T R »
Therefore, it was éuggested that the observed

$

attenuation of ethanol drlnklng following

o

i

3
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. ' +a functional depletion of ﬁE (Rockman et al.,‘T

: Subjects

4

!

treatment with zimelidine may be partially due to. ..

o

1979b) . ' S '

In light of the data from Expefiment 1, it

seems gquite possible tﬂgi the effect of zimelidine

-

on ethanol'inﬁake may in fzctvbe due to the action
of ,norzimelidine. Therefore, this experiment

explored the possibility that norzimelidine induced

-~

' 'attenugtion Qf ethaan intake is a result of an -

interaction between sarplus 5-HT and NE neurons.

[

In the‘present experiment ethanol preferring rats

' were pretreated with DMI (5 and 7.5 mg/kg) prior-

’

to treatment with norzimelidine.

i
°

Method

. ' .
Subjects were naive male Wistar rats

{Canadian Breeding Fam Laboratories Ltd.)
weighing between 200-250 g at the ‘beginning of
' e

the experimggtl\ All subjects were housed under

the same conditions as those described in .

- Experiment 1. - N : ' -

R
0 N ‘
Procedure ' o

P
o

Naive‘male-Wistar.féts‘werefpreséﬁted with

\ .

i P

#

»

) : oy ' ! . )
a free choiece between water and increasing:

’



. (DMI, 5 mg/kg, Ciba Co. Ltd.) followéd 30 minutes

concentratlons of ethanol accordlng to proceddres
descrlbeé in Experiment 1. The des1gn of this
experiment was similar to Experimentil with ﬁhe

- -exception of the injection périod.", ' ¢

‘Injection Period = ¢~

Durlng the injection perlod ‘ariimals recelved
one lntraperltgneal injection per day for 5 \
consecutlve days at approx;mately:?é 00 hr. Grodp
1 (DMI -norzimelidine 5 mg/kg, 20 mg/kg, n = 5).

1
'

recelved pretreatment w1th desmethyllmlpramlne

\

later by lnjectlons of nqr21melld1ne (20 mg/kg)
Similar;y, Group 2\(DMI—norzimelidigey7.5 mg/kg;
;20'mg/kg, n =5) was“rreated-withlj.s mg/XKg oanMI‘
30 minutes prior'to norzimelidine (20 mé/kg)
treatment.  DMI and norziﬁelidihe‘were dissolyed

in Ringer's solution and'injected\in volumes of

¢

*

1

2 ml/kg 'The doses of DMI chosen were prev1ously
ndetermlned in this laboratory, to be the hlghest
effectlve dS%@ shown not to produce effects on

body weight and fluld intake. Group 3 (DMI, 5

~mg/kg, 6/; 5) and Grougﬁ4 (DMI, 7.5 mg/kg, n 5)

recelied 1njectlons of DMI alone in doses of 5 . .

and 7.5 mg/kg‘respectively( Groﬁp 5! (norzimelidine, .

i A
20 mg/kg, n = 5) was injected with Ringer's = -

'
N 1

-»

.o

' ‘
- . R . -
. * .
'
i o :
f
N N
. ' - . .
, . > [ ,
Vo A ' R s .. ' . e
v - [ '
ot . .
. . . N - ' . N
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_ , 60

solution (2 ml/kg) pribr to norzimelidine (20

mg/kg) . Group 6 (Ringer's, 2 ml/kg, n'= 5) was

’injeéted with Ringer*s solution in a volume of 2 -

ml/kg. Appréximately 4 hr following the injections, .

'fluid consumption 'of the previous 24 hr was measured

" without drug treatments.

S

and tubes were refilled and Weplaced. For 5 days
following the. injection period, the consumption of

ethanol in a free-choice with water was measured

.

Results ’ . '
' Ethanol conéumption was calculated b@th in terms - .

of daily ethanol preferencé (mean'percent_of total

o, ,
daily intake) and in terms of daily absolute

ethanol ingested (meah grams per kilégram): " The <

data-were analysed using a two-way analysis of

variance (group x period) and post hoc Tﬁkey tests.

In the benefit of clarity, the data are represented

jinlgwo figures. Figurél8 illustrates the ethanol

\"'F(G},3\2) )

" F(6,32).

’

consumption for the animals pretreatad.with DMI

{ : —

- (5. mg/kg) followed by injections of norzimelidine
. ' | v - . !

x

(20 mg/kg). The analysis yielded a éignificant

group x period ihteraction ((Ethanol‘pyeferencei

)14.15,‘p<.001;aAbsoluté ethanol intake:' 

1

8.02, p<.001)). Post hoc tests (Tukey)

w
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~ revealed that durlng the 1n]ectlon perrod

nor21melld1ne (20 mg/kgk SLgnlflcantly attenuated

ethanol consumption both in terms of ethanol -

preference (p<.0l) and absolute ethanol intahe
'(pf.Ol) when compared to baseline and control .
levels. More importantly, the\group tredted with
DMI prior to norzimelidine: treatment also redqcedi
their ethanol intake (p<.0l) in relation to
‘control and baseline levels. Ethanoi‘consumption,l
of this group did not differ from the group
(treated with'horzimelid;ne aione (pi.OS). Doring
the post—injection period both these\grguos'
51gn1f1cantly increased their preference for
ethanol (p<.Ol)'and absolute ethanol intake (p<. 05)
in reiation to consumption-during the injection
period. Contfol animals treated with,either DMI

(5 mg/kg) or Ringer's solution drd not alter their
"~ethanol ihtake throughout the experiment (p>.05).

l Figure 9 illustrates‘ethanor\consﬁmption for

' the group pretreated with DMI (7.5~mg/kg) prior to

norzimelidine (ZQ mg/kg) treatment. A two—way<

analysis of variance yieldedna signaficant groﬁp

X perlod 1nteract10n ((Ethanol preference-

F(6,32)'= 35.15, p<.001;, Absolute ethanol 1ntake-

. F(6,32) = 17.78, p<.001). Post hoc Tukey tests
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‘Ethanol consumption ln terms of mean
‘'per cent of total daily fluid intake
 mean absolute ethanol intake in r&ts
' pretreated with DMI (7.5 mg/kg,‘l D.)
prior to treatment with norzimelidine

(20 mg/kg, i.p.).
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none of the drug treatments administered in the °

|
y -
| .
L

reYe;l that athough ggoups treated with DMI (7.5'~
mg/kg)  prior to norzimelidine and norzimelidine
aigne‘réduéed their ethanol intake (p<.Ol),l
preéreatmeht With DMI did not alter the |
norzﬁmelidine induced attenuation of ethanol

intake (p>.0%). Both these groups.significantly

increased their ethanol intake during the

post-injection period (p<.0l). Control animalé’/,_ﬂ

o”

treated with DMI (7.5 mg/kg) or Ringer's solution
(2 ml/kg) did not alter their ethanol intake

throughout the experiment (p>.05). In addition,

Vo

; éxpérimeht'produced reductions in body weight or

total fluid intake.

AN

Discussion

The results of this study indicated that'’

pretreatment. with DMI (5 and 7.5 mg/kg) did not

alter norzimelidine induced attenuation of ethanol

intake. As previously mentioned, it has been

3

5uggested that a surplus of central 5-HT may

‘invade central NE neurons via the NE uptake

processes, causing a funct}onal‘depletion of NE

(e.g. Shaskan & Snyder, 1970; Snyder et al., 1973).

Since, as mentioned earlier, norzimelidine is a

’
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potent central 5-HT uptake inhibitor, .the resulting

increased‘availability of 5-HT in the synaptic gap

" could subsequently b taken up into NE neurons .

Since it has been proposed that the NE uptake
processes may be responsible for the\éccumulation
of surplus 5-HT, blocking NE uptake via DMI |
pretreatment, should theoretically eliminate the

invasion of 5-HT into NE neurons. However, the

~results of the present study do not support this

l ethanol intake by some other mechanism of action

view. Since pretreatment with DMI did‘not alter
norzimelidine-induced, attenuatlon of ethanol 1ntake;
it is suggested that the observed attenuatlon of
ethanol drlnklng follow1ng norzimelidine treatment

does not seem to be a result of a 5-HT lnduced

Vfunctlokal depletlon of NE. It is important to

note that these résults are in sharp contrast to
those obtained with zimelidine (Rockman et al.,

1979b) . The dlscrepancy between these resultsf

may lead to some speculatlons . In an attempt to
understand the results of the piesent study,‘it

seems possible that norzimelidine may reduce

rather than by an interaction with brain NE.

However, ‘it is not clear as to why the .mechanism
. L 4

of action-of norzimelidine as effecting ethanol

65
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should differ from that of zimelidine.
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Since both drugs are inhibitors.ofvséﬂT up take,

‘one would:

.. brain NE,

if.in\fact, such an interaction ~

v ’

expect similar interactions with \

- '

occurs..:r Hence,. a re-examination of the ngtion

of a. functional dépletion of NE as é result of

zimelidine and norzimelidihe treatment is
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Experiment 3

Based on'the results from the previous

experimént, it was necessary .to depermine‘whetﬁer

: \
- increasing 5-HT availability, via 5-HT up take

" availability results in a reduction of NE activity

. behavioral data indicate that clonidine, a

blockade, may reésult in an invasion by surplus 5-HT
into NE neurons, thereby attenuating ethanol intake.
Since it has'been suggested that increasing 5-HT .

(Everett, 1974; Snyder et al., L973f Thoa et al.,

1969), a procedure which could ébunteract this

reduced activity is desirable, Pha;macoloqical.ana

no;adrenérgicrecéptofagonist (Anden et al., 1970).

can effectively reverse soﬁe béhayioral consegﬁeﬁces . B
6f Féduced}NE acfivity as producéd by inhibition of
dopamine-beta~hydroxylase, the enzyme'ﬂecesgary'fof

the conversion of dopamine to NE (Freedman,;Backman'

&_Quartérmaip, 1979) ., Therefore,‘clon;dine, by

uVi;tue of its noradrenergic stimulating properties .

/seems.capgbie-of countefacting a reduction of NE

activity. The present study was designed to’

examine the effect of clonidine pretreatment on

K

the zimelidine and norzimelifine-induced attenuation

-
’

‘of 'ethanqQl intake, - . . _ - ' .

N
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e e
1

injections (at.approximately 17:00 hr) of

s AR T SR B

- . Method

Subjects
Subjects were naive male Wistar rats (Canadian
Breeding. Farm Laboratories Ltd.) weighing between

200-250 g at the beginning of the experiment.. All

subjects were housed under t¥& same conditions as

’

tnosg described in Experiment 1.
érocedure | |

. The raté participaging in thisvgxperiment were
presented, with a free choice between water and
increasing concentrations of ethanol according to
procedures Qescribéd in Experiment 1. The design

of this experiment was similar to Experiment l“with

v

the exception of the injection period.

injection Period- . '

During the 5-day injection period, animals

~werke pretreated with daily intraperitoneal

-

‘¢lonidine hydrochloride (.25 mg/kg; n =5,

‘Boehringer Ltd.) dissolved in Riﬁger's solution

(.25 ng/ml) 30 minutes prior to treatment with
zimelidine (20 mg/kg; n = 5) and norzimelidine

(20 mg/kg: n = 5).. Dose of clonidine chosen was

‘the highest effective dose previously determined

68
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‘nbt to alter fluid intake or body weight: Contféi
animals regeived injections of either ﬁigéer's‘(2
mg/kg; n ; 5) pfior to norzimelidine (20 mg/kg;

n =.5) and zimelidine, (20 mg/kg; n = 5), clonidine .
(.25 mg/kg; n = 5) or Ringer's solution (2 ml/kg;

'n = 5). For 5 days following the injection period

free choice ethanol intake was monitored.

o Results ‘ ¥

As‘in the previous studies ethanol consum@tién
was calculated bothnin terms of daily ethanol
preference and absolute amount“of\éthanoltingested.
Figure 10 fl{ustrates ethanol q&nsumption for those

animals pretreated with clonidine (.25 mg/kg) prior
to zimelidine (20 mg/kg) treatment. A tw0*way’ o
anaiysis of variance revealed a significaht‘group

x period interaction (kEthanol preference: F(6,32)
= 14.26, p<.00l; Absolute ethanol inﬁake: F(é,32) J\‘ .
= 20.93, p<.dOl)). Post hoc Tukey‘tests indicéted
“that. groups treated wjth clonidine prior to

zimel%dine and zimelidine alone bqth'reduced their
ethanol intake when éompared to control and

baseline levels (p<.0l). However, during'the

_injéction period the clonidine~zimelidine group =

P ]
' iconsumed .ethanol to a greater degree than those

- \ ' 3
v . N
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Figure 10 Ethanol consumption.in terms of meapn,
" ®°  per cent of total daily fluid intake
and mean absolute ethanol intake in rats
pretreated with clonidine (.25 mg/kg,
i.p.) prior to Zimelidine (20 mg/kg,
i.p.) treatment.
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" remained‘below

control and baseline] levels

animaleﬁyrea ed with zimelidine alone (Ethanol

preference, p< 05 Absolute etﬁanol'intake, p<.0l) . ’

In addltlon[ durlng the post- 1njectlon period s

- ©

ethanol consumpfion of the clonldlne—ZLmqlldlne ” "(.°' .
group‘returned to.baseline'and control levels o
! ' \\\_/

(p>.05) , whereas ethanol consumption for the

) *

zimelidine" treated group 1hcreased (p<+Ql) but .0 oo -

asellne and. control levels (p< 01).

< ‘3‘

Treatment with clYonidine alone or injection Qf ‘
. ¢ .

Ringer's solution did not alter ethanol intake ¢ :

o
L
.

(p>.b53.
Flgure 11 shows ethanol consumptlon forfthose
anlmals pretyeated with ‘clonidine (.25 mg/kg) prlor

to norzimelidine (20 mg/kg) treatment.. A two-way
' “ 4

anal§sie of variance yielded a significant groﬁp
o :

x period imteraction ((Ethanol p!efexeoce: . s

¢

F(6,32) = 11.86, p<.001; Absolute ethanol intake: .

9(6 32) = 10.74, p< 001)) "Post hoc Tukey +tests ‘. . ¢

revealed that the groups treated with clonrdlne
prlor to nor21me11d1ne ané'nor21me11dlne alone both
reduged the;r ethaool 1ntake when compared to .
(p<ﬁ01). ‘Moreh e - ‘ ’

’

importantly, during the injection perioﬁ\no

dlfference in ethanol intake x1sted between the L

clonidine- nor21me11d1ne and,norZLmelldlne alone '”

D
' “ \ ‘ d
+ nr
!
‘ 2
v
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Figure 11 Ethanol consumption in terms of mean
" g per gent of total daily fluid intake

and mean absolute ethanol intake in rats
i C pretreated with clonidine (.25 mg/kg,.
< \\i.p.{tgfior’to norzimelidine‘(ZO/mg/kg,

\ i.p.) treatment.
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groups {p>.05): Follow1ng the’ termlnatlon of
2

'the lnjectlons, ethanol consumption for these

two groups during the pds\\lnjectlon perlod
e
returned to control levels' (p>: 05) . ‘Treatment

Qith clonidine dlone or injections of Ringer's

solution dig’not alter ethanol eonsumptien. In

adéition, it should be noted:that'allltreétments‘:.

du;ing the injeciibn periods did not alter’body

' weiqhﬁ or eotél'fluiﬁ’intake. '

Discussion
L 8

)

.- The results of this experiment demonstrated

that pretreatment with clonidine, a noradrenergic
agonist, sigpifi%ently reduced the éttenuétien

. of ethanol intake-produced by ‘zimelidine. These -
data confirm the earller report that treatment‘
W1th a S—HT uptake lnhlbltor may result in a

S—HT induced reductlon of ‘NE activity, produclng
the observed reductlons in ethanol 1ntake'

e

(Rockman et al., l979b). These results
support the notlon thatvNE medlates ethanol
self-admlnlstratlon (Amit et al./, 1977;
Davisg egjal., }978,ﬁlg79). In eontrast,
'.pretreatﬁent w;th clonidine grior to

norzimelidine treatment does not alter the

, .
.
« -
N . ‘ a iy
'
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" either prevent or as in the present experiment,

‘to s@me important speculations concerning the

yd

S
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2
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N
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" norzimélidine-induced attenuatidn of ethanol intake.

This result supporfs the findings of Experimenf 2

'in;Which it was demonstrated thqf attempts to

2

counteract thgwproposed 5-HT induced‘fudCational

idepletionlof-NE,,does not seem to alter the’

effectiveness of norzimelidine in reducing ethanol
) .

intakq. .Therefore, while zimelidine seems to

4

reduce ethanol intake via an indirect reduction

"of NE activity, norzimelidine, however, seems to’

-

attenuate ethanol intake by somé other yet

unidentified mechanism. These data may lead one

r
L4 -

!

. 8 .
neuropharmacological mechanism of action of

. '

I3 » - a N |"u\ |’
2imelidine and norzimelidine. It .is of course .

' possible, that the reduction of ethanol intake

v t

produced by zimelifdine ‘and norzimelidine are a

%

result of effedts on two separate systems. The

N

possibility seems'ét first somewhat unlikely since i '

norzimelidine is the active metabolite of

zimelidine, and both compounds have been sHhHown (to

‘inhibit 5-HT uptake (Ogren et al., 1981).

Alternatively, it is possible that the degree of .
5-HT uptake blockade ray play an important

rble in the me?ha ism underlying the

'
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"\Biochen'\icall and pharmacological data demonstrate .

that norzimelidine is considerably more powerful

an inhibitor of 5-HT uptake than zimelidine

(Bﬁrti/'lss/o‘n, Tuék & Siwers, 1980; Ogren ef al., ?

‘ t

198]; Siwers et ai., '19*77) As has .been

prei’fiously nientioned;, the direct effe‘ct of S-HT.

uptakél blockade is an increase irﬁ@he ‘availabi lity

of 5-HT in the synapti.c'gaps (Carlsson et al.

M —

1969; Corrodi.& Fuxe, 1968; Meek et al., 1970) .

)

k4

post-synaptic receptor sites in know to occur

(sangdee & Franz,.1979; Svensson et al .f,. 1981) .

o b

Ivt"i,s therefore -possible that norzimelid“ine

Y

sigr\{ificantly enhancéé S-HT transmission, and
through this mechanism reduce ethanol intake.

.

The following experimént wasf‘_designed to

/

investigate the role of enhanced 5-HT

po‘st;synaptic transmission as a causal factor
‘ ‘ A3

’

As a consequence, an increased activity at 5-HT
! «

“in'the norzimelidine and zimelidine-induced . .

attenuations of e_thariol intake.

.

w

' -norzimelidine-induced reduction of ethanol intake.

'

’
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. Experiment 4 X
v \ . V ! . , )
& - In has been established that treatment with
oy A R A
drugs that inhibit uptake of either 5-HT or NE o ..
‘‘cause an increased avallablllty of the ' ‘ R a
neurotransmitter in the synaptic gap (Anderson, '
1972; Carlsson et al., 1969; Meek et al., 1970). '
As a result of 5-HT uptake blockade, an enhanced A

synaptic transmission and activity at post;synaptic‘_ .
receptor\sites is known to occur (De Mentigny et ‘ ' - | .
al., 1981; Fuller, 1980; Sangdee & Franz, 1979; S
Svensson et alf} 1981). It ie therefore possible, -
that the attenuation of ethanol 1ntake produced by o “‘ .
nor21melld1ne and zxmelldlne may be a result of an
enhanced p@st-synaptlc activity w1th1n the , ) s
‘\\serotonerglc system. The present study was I
de51gned in an attempt to counteract the prOpOsed
e enhanced post—synaptic activity. This was . , f.

o \- .
accomplished by reducing 5-HT post-synaptic ) . .

%

activityﬂby pretreatment with methergoline, a 5-HT

post-~synaptic receptor blocker (Fuxe, Agnati &

’J . il . .
Everitt, 1975; Fuxe, Ogren, Agnati & Jonsson,
. \ .-
1978) prior to the administration of norzimelidine '

i

v . , ; .
and zimelidine. : > A ’ Y

Py
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'presented with a free-choice between water and

L.

Method . -

) Y
!

Subjecﬁs were male Wistar rats (Canadian

Subjects - ] - P

Breeding Farm Laboratories Ltd.) weighing between
y . i

200-250 'g at the beginning of the/experiment.\ ali

L

subjects were housed under the samé conditions as’

- »

those described in Experiment 1.

-

Procedure o -

The rats part1C1pat1ng in this experlment were

/

increasing concentrations of ethanol according to. -
procedures described in Experiment 1. The design

of ' this experiment was similar to Experiment 1

_with the exception of the injection period.

’

Injection Period
During the 5-day injection period, animals

were pretreated (approxlmately 15:00 hr) with

daily lntraperltoneal &njectlons of methergoline

(.5 or 1 mg/kg,“n'= 5, supplied by Astra LaKemedel

r

ARB) dissolved in a..01% ascorbic acid Ringer's

<

solution 30 minutes prior to treatment with
zimelidine (20 mg/kg, n = 5). Doses of
methergoline were previously determined not to

alter fluid intake or body weight. Similarly,

PR

h

4

-
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i
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consecutive days without drug treatments.

\

ad,ditional animals were pretréated wi‘thv daily
iri'jecltions. of methergoline (1 mg/kg, n .= 5) px;ion;'
to norzimelidine (26 mg/kg, n = 5). Cont;:ol animals
received either methergoline (.5 or 1 mg/kg),
vehicle solution’ (2 ml/kg)\ prior to zimelidine' (20
mg/kg, n = 5) and norzivn'}elidine (20 mg/kg, n = 5)

or injections of the vehicle solution (2 ml/kg,

n = 5). Following the injection period, animals

.in the post-injection period were presented with

a free-choice between ethanol and water for 5

-

- &I{s

As in the previous study ethanol consumption

was calculated both in terms of dailé( éthalnol

preference and daily absolute amount of ethinol
ingested.

Figure 12 illustrates the ethanol consumption

for those animals pretreated with .5 “mg/kg of

- methergoline prior to zimelidine (20 mg/kg)

treatment. The analysis revealed a significant !
group x period interaction' ((Ethanol preference:

F(6,32)

7.68, p<.001l; Absolute' ethanol intake:

F(6,32) 6.27, p<.001)). Post hoc Tukey tests .

rindicated that zimelidine alone produced an

v
ot

.
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attenuation in both the preference fo; ethanol ‘and

absolute ethanol intake as compared to baseline

and control levels (p<.01l). Pretreatment with

. methergoline followed by injections of zimelidine

\

lalso produced a decrease in ethanol consumption

(p<.01). No difference existed between the above

!

mentioned treatment groups during the injection '

period (p>.05) . Treatment with methergoline
- AN

. alone or injections of the vehicle solution did

not alter ethanol ‘consumption (p>.05) .

Z-\;s/. shown in Figure 13, pretreatment with 1.

" mg/kg of methergoline fofiowed by zimelidine (20
mg/kg) yielded similar results, ({(Ethanol o

preference: F(6,32) = 5.65, p<.00l; Absolute

K

ethanol intake: F(6,32) = 9.573, p<.001)). Aas

was evident following pretreatment with .5 mg/kg

of methergoline, post hoc Tukey test revealed

that 1 mg//kg .of methergoline prior to treatment'l'
‘(."“inth zimelidine (20 mg/kg) did not effect the
’ éim‘e‘l’idine induced attenuation of ethanol intake

. o |
(p>.05).. In addition both'methergoline (1 mg/kg)

agd the vehicle solution did not affect ethanol |
consumption. ' “
Figure 14 illustrate§ et;.hano]. consumpti on

for thoée animals pretreated with 1 mg/kg of

- v
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% OF TOTAL DAILY FLUID INTAKE
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ETHANOL INTAKE (gm/kg)

~
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3
s

cesirnsectecniee

3

5

o = Ringer's (2miskg,n=5)
o s Methergaline(img./kg.ns5)
L P-OMethcr.-Zim.‘(lmg/kg;20mg/kg.n-5) .
e Zimelidine(20 mg/kg.ns3)
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4
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baseline i injections i post-injection
PERIOD (days)

Ethanol consumption in terms of mean per
cent of total daily f£fluid intake and mean
absolute ethanol intake in rats pretreated
with methergoline (1 mg/kg, 1i.p.) pridr
to zimelidine (20 mg/kg, i.p.) treatment.
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’

INTA;(E (om/ka)

Pigure 14
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12 3 451 234 5:1"2 3 45
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| oo Mether. —Norz. {img/kg : 20img/kg,n:5)

o—e Norzimeliciine (mﬁg/kg.nzs) :
0. ;.
Yol b .
404 :
s ) .\
204
o

Ethanol consumption in terms of mean .
per cent of total daily fluid intake

and mean .absolute ethanol intake in rats
pretreated with methergoline (1 mg/kg, .
i.p.) prior to norzimelidine (20 mg/kg,
i.p.) treatment .
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= 9.85,

1 3 M
) .

.

‘methergoline pFior to norzimelidine (20 mg/kg) ‘ ‘ B

W ‘ ¢

treatment. A two-way analys\is of variance

N . )
revealed a significant group x period

interaction ((Ethanol preference:. F(6,32) = o N

9.32, p<.001; Absolute ethanol iptake: F(6,32) °

p<.001)) . Post hoc Tukey tests ‘

indicated that the groups treated with -

v

methergoline prior to norzime lidine and ‘ . ,
' < . L ~
norzime lidine alone both reduced thei'r ethanol o \ SN

intake when compared to control and baseline , . ' 0.

' s A

levels (p<.01). More importantly; during the

injectioh period the me thergoline-norzimelidine | .
gfc:oup consumed ethanol to a greater dleéree)thans . o .
‘ . . L .
thqsé animals treated with norzimelidine alone | - ' o(,
(p<.05).. During the post-i'njec.tion' period ‘
ethanol consumption for th.ese two groups ,
increased and did not differ from controi levels

Ao

(p> 05) . Treatmentz with methergoline (1 mg/kg)

alone or J.nject::"ons of the vehicle solutlon did /

not alter ethanol consumption (p>.05). 1In .

addition’, it should be noted th at all treatments

durlng the Lnjectlon perlods did not alter body

weight or total fluid J.j'ltake. ) . g

. o +
’ 1
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Discussion
# '

1

’ ’ A -
! , /'\ .

i

j

In an attempt to de termine ’the neurochemical,

.mechanism of action of zimelidine and norzimelidine-

~

and its effect on etﬁaﬂol intake, the possibility
of enhanced 5-HT post-synaptic‘transmission‘as-

a causal factor was investigated. This experiment

demonstrated that . inhibition of S5-HT post-synaptib‘

activ;ty(ﬁrior to zimélidine treatment, does not
alter-the'zimelidine—induce§'attenﬁation of .
éthanoi'intake. TQeréfore, zimelidine. does not
seem to }éduce ethanol ;anumptioﬁ as a fesult of
enhaﬁced 5-HT post-synaptic activity.. On the

other hand, pretreatment with methergoline prior

L to administration of norzimeiiding, diminished the

" to be primarily due to an incredse in 5-HT

effectivenéss of norzimelidine in reducing ethanol

intake. The data indicate that the suppression of -

ethanol coﬁs#mption produced by no}zimelidine se%ms

[N

4 .
The results

poét-synaptiﬁ\receptor ;ctivation.
if not direétly suppdrtive, are in line with the
notion-that the,poéenc§ of Qorzimelidine in “
inhibitiné~5—Hf up take mhy play impprtant role .

in the mechanism underlying the reduction of -

ethanol intake. In additiion, the data serve to

3
'

A4
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indicate that 5-HT may play an' important rqle in

~

the mediation of ethamol selfjadministratién.
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General Di'scussion

‘\ . ‘ \‘

- ‘ : o
The Fresent series of experiments were

e

undertaken to investigate two major dissues.

flrst goal was to identify ‘some spec1f1c attrxbutes

! ’

N

&

The

- of 21me11d1né Wthh may-account £or the reduction: of : . *

5

ethanol 1ntake' Secondly,

thlS thesis wds: de51gned

to examine the neurOpharmacologlcal mechanlsm of

ackion of zimelidine and norZ1melld1ne Wyl th regard

" to. the suppre551on of ethanel comsdmptlon.
R

Following a comparison of the effects of

r

sgveral 5-HT ahd NE uptake inhibitors on ethanol

“intake, it‘was‘demonstfated‘in Experimedt/{/that

only those compounds which spetifically inhibit 3-HT

u '

uptake altered ethanol consumption.

i

.

"reduction of ethanol intake,

specifically inhibit 5-HT
t 1

were in agreement with data indicating that )

’

_ihcreasing the avai;ability‘of central 5-HT
. L S

:" - “ !

ot
~

uptake.

This suggested

that one pharmacological property of. zimelidine

is its ability to

which may®*be responsihle fox qimeiidihe—induced\

These results

°

“produces an attenuation of, ethanol intake (Geller,

-

~1973; Hi;l,;lgj4/ Rockman

PRV

“al., 1978).

In addition,

1 indicated that norzimelidine, the primary active

et al:, 1979a;

\

Zabik et

-

results from Experiment

.

o

-



metabollte of zfmelidlne, also- %educed ethanol

consumgtuon. Therefore, ‘based on’ the results of

S - the first experiment, it was suggested that the

. . 4

‘neuropharmatological mechanism of action of

5 : norzimelégane may account for the reduction of

1

ethanol intake as produced by zimelidire.
. Consequent}y, Experlments 2, 3 and 4 were
& ) deSLgned to 1nvestlgate the mechanism of action of

\\ o ,~zimelidine'and norzimelidine and its effects on

.~ ethanol intake. Based @n previous data suggesting

.
% AN

o debletion of ?E (Roctman et al.,.l979bh, it was :
- B ﬂebessaty to determioe whether norzimelidine ‘
= ' attenuated ekhanol 1ntake‘through a similar-: process
%3 . ) , }h Experlments 2 and 3 de/f/;txated that Attempts’ to
L T prevent or countenect the proposed reduction of NE
KO actLV1ty had differential effects‘on zimelidine and.
nor21me11d1ne induced reductions of ethanol 1ntake
S The data support the earller report (Rockman et

-

A R 'el.:\1979b) that 21melld1ne reduces ethanol

" consumption bylindirectiy inducing a reduction of

" " NE activity. 1In contrast, both ﬁrocedures emp loyed

. td ‘block and/or counteract the reduction of NE .
activity had no effect on norzimelidine-induced

_ B attenfiation 0f ethanol intake.  Therefore,

s . . o ; -

that zimelidine may produce a 5-HT;induced functional

’



£
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Rt

-t

»

paradoxicallyf’norziﬁelidine which sélectively
1nh1b1ts 5 HT. upﬂake, seems to af‘eCt ethanol .-

. intaké primarily as a result of ‘eéffects on

L]
i

anothertsystem rather than indirectly reduc¥ng

Y

NE act1v1ty

Experlment 4 was conducted . to evaluate the
d

direct in@olvemeﬁt of the serotonergic system in
norzimelidine and zimelidine—induce& attenuatign of

_ethanol consumption,. Since'increasing the

o

.availability of central 5~ HT incrdases 5= HT
sy’

post-synaptic act1v1ty (Sangdee & Franz, 1979;

.Svensson, 1981) the p0351blllty that both

delmElldlne and nor21melld1ne reduce etganol lntake

J ; o

by increasing S5-HT post—synaptlc activity was .,

x

investigyated. In addition’,’ the relative potency

of norzimelidine as comparedtgo zimelidine was .

. ) X ) . \
hypotheésized to.be an important. factor in. the .
L - 1

mechanism underlying the aﬁtenuatibn of ethanol
intake;~ Recent biocﬁemical daEaﬁhave inéicated\
that notzimelidihe ie approximately 16 times ag !
potent as zxmelldlne in 1nh1b1t1ng 5~ HT uptake
(Ogreé,et al., 1981) . Therefore, it seemed
pOSSLble that the dlfference ‘in potency between
these;th_compgﬁnﬁs may play ‘an important role\lﬁ
the process leading te the redﬁctiqn of ethanol

A , L

Ll



* .norzimelidine may exert their effects on ethanol .

consumption.. In ah attempt to counteract the v,

'‘proposéd enhancedy 5-HT post-synaptic activity,
| A\

ar{ﬁnalg in Experiment 4 were pretreated with

"methergoline, é 5-HT post~synaptic receptor
(4 ' N ' -
blocker, prior 'toﬂadministrations of zimelidine >

&
X

and norzimelidine. It was demohistrated that

1)

such -

~treatmant ‘reduced the effectiveness of norzimelidine
g == pa .

[ 4

but not zim\e‘lidine‘. The results Q—B/*tained in these
latter studies indicated that norzimelidine-induced’ .
attenuation of\\ethanol intake may be primarily due

» + »

\ -

to an enhanced 5-HT post-synaptic activity.. Since

methergoline did not affect the zimelidine-induced
. v

reduction of ethanol intake, it is suggested that
an ‘enhanfed 5-HT post-synaptic activity may not be’

a primary cause 'of ﬁhe reduction of ethanol intake
'prodﬁced' by zimelidine.

’

Fpllowing an examination of the data from
the present sgrié’s"of ‘experiments, one seems
oblig(ed li:o postulate that zir’ne\li'dine -and
. [ “ . A ". . )
intake via different neuropharmacological.
mechanisms.- As yould seem s.omewhat! L.mlikely,‘
nevertk;eless, the data suggest th‘a}‘: 5-HT uptake
blockade pro%iuced by’ zi’r‘ue_].idine, reduces ethanol

intake as a result of a 5-HT-induced reduction

- o —

’ Q _
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the primary me‘ta{bolite of z_ix/x{eligine,' seems, to 4

‘differ fhce between these tv;o'compounds appears, .
cal., 1981) Thus, this dlffere‘nce in potency - *

be an “important factor underlying two

I
htd
.

I\

-

of NE activity, On the other hand, norzimelj:dine,"

>

reduce ethanol intake as affunction of an ) - . ta -

e.nhanced 5-HT pos t- synaptic, aet1v1ty In ah o T

\..‘

attempt to explaln the notlon that 21melld1ne and

norz:Lmelldlne reduee ethanol intake by dl»fferent e

vt -

neuropparmaccfog‘lcal m&chanisms of actlo.n, one
must. consider the pharmacological properties of
[

these two compounds. As mentioned earlier, the

only’*appprent significant phafinacolo"gica‘l

.

I

» -

. between z:.mell.dlne'and norzimelidine appéars to

o . ’ «

-

neuropharmacological mechanisms c\a/able of

.

-
X
.
-

-G

o

[

}r-

_"increasing 5-HT post-syndptic activity. Rather, ' '

influencing ethanol intake. The present author )

is suggesting that due to the putatlve hv;.,gher ' .

. degree of 5-HT uptake blockade produced by

norz.imelidine', treatmen® with this compdund may ° -~ .
] * o
' 3 ' < -

‘alte,r S-HT"activity sufficiently, resulting in a N

reduction of ethanol intake., Zimelidine, on the.
. 7 f

other hand ‘seems not to alter\vethahél. intake via o

this compound inc;:eases availability 'of 5-HT .
Al ‘ : e -

-, 4 " N v

S
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whigh seems.to result in a reduction of NE activity,
° i . A v,

) . }«therebjr, reduc‘ing ethahol intake. = . . ot
. <t k,\ N

. - While- cons:.derlng the data from T ‘present-
Y series of experiments, one’ is left Eo ponder why
B . . R - . . s

.the ncrzimelidine induced att'enuation'of~ ethanol )
- o v v L
' - « intake is resistant to pretreatment with DMI and

o . * o . ') N N Yoa oy . N . - .
« c¢lonidine. Since norzimelidine +dncreases 5-HT
< <~ . NERL/ PR N S

L ° , . availability, one would expect norzimelidine also

.
. . o . .4
ey ) N ! -

to 1nduce a functional deplet:.orx of NE. Yet the daté

\«

. T ‘from Experlments: 2, and ,3 suggest that morz:.melldlne

Iy
¢ - - -

does’ nadt feduce ethanol J_ntake via a reductl.on of

’ = v ' <

= ’
o -

‘ ’ F) NE .agt;aflty. 'In an attempt taq reconc1,le these data,
\ . ’ryor‘/ c o ) M . '
' " the author<suggests that norzimelidine induces a

c -that J
A '

arge 1mmed1ate apd dlrect 1mpact on 5-HT activity.

- -

In thls way norzimelidine may produce a maximal

) e C,e \

:cht on e_i-hanQT 1n+ake,~_suchv an 1ncrease J.n an

.

\:*.\ - S—HT synaptic t_ransml‘ssz.o_n may then gain domihance

It

- ' over the putative indirett redvction of. NE
. L »

. . . . .
. . activity. .Purthermore, it is suggested that this
' /o« . = »

. ' would poss:.bly result in the contr:butlon of NE

actJ.VJ.ty to the variance acgounting for this

. -
- .

. + .
. . ¢ phenomenum neglible. :

, \ N N P
N ) -

S One of- the most important i,mplicatiori‘e\ef\ .
| X o ) . - . - Lot N - A ’

. . .. this ihvestigation “is related to "the neurochemical
' $

basis.of ethanol intake. Co_nsiderj:ng'the data : '
* ‘ l - . - L S . «P . ' . ‘.
" ' .f . . |. * ' "b o
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JDegueurce, Renaud, Crespi & Pujol, 1978; a

+
R .
. ¢
. . “ -
tg’ " .

from the present series of studies, 'one must, arriv.e

at a tentatlve conclus:.on that botb 5-HT" and NE”

systems are somehow J.nvolved in the medidtian of

. b e D

ethanol consumpt:.or}. It is lnterestlng to note

that’ reductions of -ethanol intake occurs botgl B

as a result of an indirect reduction of NE}' activity

(produced’ by zimelidine)' and -an increase in S-HT

~

past-synaptic a/z:tlvz.ty (pfoduced by norzimelidine) .

%d increase in 5-HT bost-synaptic transmission
. P
reduce ethanol intake is ‘certainly interesting. ~

If £rue, it seems to suggest that some relationship

i

between 5-HT and NE, activity- plays an important

‘role in the mediation of ethanol intake. This type

of .relationship.between 5-HT and NE and its effects

N .

“on ethanol intake seems to be supported by the’

1

+ » .
pharmacological and .biochemical literature.

Recent biochemical data demenstrated that there
o . . . ] \ .

"exists an inverse relationship between central

r '

" 5-HT and NE levels, syr{thesis and turnover. For ,

A
examp le, treatments which reduce’ce'ntral S-HT .

levels have been shown to. produce concurrent
increases 'in. synthesis and turnover of NE . '

Jf\ a ‘ ,
(Degu,et.\lrce,l Wikilund, Leger & Pujol, 1979; Keane,

P . - . 0

The observatlon' that both a Treduction of NE act1v1ty

' Tl -
S bt

-

“
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4 McRé.g—De(‘gueur'ce- & Puqu, 1979) - Conversely,

.reductions of NE acfwity have been demonstra ted “
: Y ,

» - ! '

.to induce increases in 5-HT synthesis and

s

' aétivity (Blondaux, Juge, Sordel,.cChouvet, Jouvet

& Pujol, 1973; Johnson, Kim & Boukma,- 1972). This
inverse’ relatiénship'béi.:ween 5-HT and NE activity

‘is élscg_ évidént followding prc‘vce‘dure% which' increase
5-HT av.ailgb'ility.f As mentiongd,previous‘lyy,‘ an

increase in centr,ai 5-HT availalb_ility seexﬁs to
indu‘qe a deqreas.e‘in NE "aE:/tivi ty’ (E'verett, 1974;
ShasFan & Snyder, 1970; Snyder et al., 1973;
Thoené‘f; & Tran;grer, 1971) . E

”

This notion of an in‘yerse. relationship \

betweers 5-HT ‘_and‘ NE a;lso seems to be evident

within the ethanol in‘take literature. ,ani, example,
reduction A e ac'qtivi_ty and .intreases in 5-HT RS
"éyai.lab{('lity both have: been s.hov‘vn to r‘educ,e -
. ethanol“intake (Amit et e;l'., 1977; Brown.et al.,
1977; bavis et al., 1978; Geller, 1973; Hill, 1974;
| ‘_Rockmap et al., 1’979a, 1979b) . Converseg.'y, ‘
incfea‘sing NE syntheésis and turnover by electrical
stigulation induces large i"n'creas‘e.s in etlhanol .
intaké (Ami‘t & St':e'rn‘, -~'19‘7;;1 amit, Wise & Ste;i‘n,

1970) . The only data not fittirg this model is

o / . derived from studies examining the effects of

\

7



u‘ . .0.

- S-HT depletions on ethanol iantake.- Ne\}erthel"ess,

»

- the data from the present ‘;anest.igation‘i'n' '

Q" , conjunction Wit{::r the literature serve to indicate - Ce
,) -~ i - . ‘ ,
that a certa:.n "relatlonshlp" between S—HT and NE e ’ - / ‘

actlvflty may . be 1mportant in the mediation of- the ' ' ‘ '

positive re:.nforcn.ng propertles of ethanol.

. S ' However, the properties of thls "re},atlonshlp" ( - ) .
’ between 5-HT and NE and their influence on | i o '
.o
ethanol' intake re@ain to,be elucidated.- o B

A\l

Thé present J.nvestlgatlon also raises a number '

[

of issues for further J,nvestlgaj:n.on. It 1s A - -
IS

impoxtant to note that 5-HT uptake bleckade also . . -

‘alters pre-synaptic activity wi&ig the serotonergic

-

s’ys;‘tem (DeiMonti_gny et al., 1981% Svensson et al.,

1981) . ’fherefore, ‘it is possible that 'éime lidine a

and norz;melldlne alter 5- ILIT pre- synapzlc act1v1ty, ‘
/which may ;lso: contr;bute to the reduction Cof \ :

ethanrol. intakel. At present, the extent to whieh |

*

: ) - .
, ‘v\alteratipns in 5-HT pre-synaptic activity may

‘ . , . . .. 4+
‘affect ethanol intake is.unknown. However, since
' ' ©t g ' P
. increasing 5-HT availability, via S-HT uptake “
. blockade, seems to increase 5-HT pre-synaptic S
. ' ~

. activity, tbereby, altering 5-HT synthesis and
turnover through a negative feedback syétem -

(Aghajanian, 1973; Sheard et al.j 1972), it " -



!’

» ¥

suggests that 5-HT pre—lsynapt’-ic.: activity may

also play-an import;ant role in the meaiation . .

of ethanol intake. The ij}vol‘vement of 5'—H,'I“ S

pre-synaptic activity in' the effects of 5-HT . /

uptake blockade on g—:-'thanol intake has not béen

.investi-gated_ to dat‘:e and %"fg‘iarly wﬁrrants} )

i’nvest:‘i_-gatifon. o ' o : '{;\_ Q
An ‘additional issue emanatj:ng from this

thesis concerns the potency of nofzim'e‘lidine. A’sk

mentior;é’d previdusly, ‘it has been suggestedv that .

"the degree to which norzimelidine alters 5-HT

synaptic activity may play a role.in rendering

i\l

- the norzimelidine-induced attenuation of ethanol

) 8

intake resistant to pretreatment with DMI and

clonidine. If true, one would expect that the

Vo

effectiwveness of lower doses of norzimelid;’me' m
redicing ethanol iy‘take may be altered by
' . S

pretréatmen’t with DMI and clonidine. Therefore,

IR N .
~ experiments are being designed to examine the

effects of a dose response relationship of
norzime lidine in combination with DMI and’

olonidine on eth@anol intake.
Finally, it shauld be noted that the present

series of experiments represent an indirect

demonstration of the neuropharmacological -

e




1

!

< /, j ‘l ! » 3 ] --
2 © » mechapism of action of zimelidine“and

’

norzimelidine. -In an attempt to shed additional

1i3ht on the notions emanating from this

'investjogafion, it is suggested that some direet -

measurement techniques be employed. Toward this.

goal, studies are presently being:'designed

employing the "single cell recording"” technology

~ 1

in order to directly measure activity within the’

. 5~HT and NE systems following norzimelidine and

Zimelidine treatment.

" In conclusion, the data from this thesis

~

seems to suggest that zimelidine and

» \ .o ’ -
norzjmelidine reducyethanol intake via two

~

- .
di fferent neuropharmacolegical mechanisms of
action. In addition, these data indicate that

“both 5-HT and NB may be involved in the |

mediation of the positive reinforcing'properties
of ethanol. Considered in this ‘context, " the

data from this ;nvestigatign may c<ontribute to

ouxr un{derstan,ding and subsequently to the

development of novel'approa'ches to the treatment

L

of alcchol oriented behavior.

~

s /
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