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- - ABSTRACT

ATTENUATION OF ETHANOL INTAKE BY 5-HT REUPTAKE _3
I. . " M R ?
BLOCKADE IN RATS: POSSIBLE
INTERACTION WITH BRAIN NOREPINEPHRINE

wd - '

Gary E. Rockman' -

The role of serotonin reuétake_blocksae in the mediation
. of the positive reinforcing properties of‘e£hahol in®
" laboratory rats was iﬁvestigatéd. In the first experi-
ment it was demonstrated that treatment with H102/09, a
selective serdtonin reuptake in?ibitor,?spedifical}y at;
tenuated ethanol consumption.” This result was attrib-.
uted to-an increased availability of ceﬁtral se;ofonin;
“suggesting that serotonin may in ?ome'way mediate the
positive ieinforcing properties of ethanol., Iﬁian at-
tempt to extinguish the ethanol drinking réspoﬂsé, eth-
anol p;eferring animals- in the second expé;iment, were
provided with ethanpl as the only- source of fluid, in
combination with H102/09 treatment. Animals treated in
such a manner subsequently reduced their ethamol pqﬁff\
spmption when presented with a free-choicg between eﬁﬁ—
anol and water. The fiﬁal experiment was-undertakeﬁ to
examine whether the attenuation of ethanol consumption
-

following treatment with H102/09 could be due tb-an in-

vasion of surplus central serotonin into norepinephrine. S
- .



neurons. ‘iﬁ an attempt to prevent this proposed invasion

by serotqniq{_ethénol preferring animals were pre-treated

-~

with desmethylimipramine (DMI),. a norepinephrine reuptake

.inhibitor, prior to treatment with H102/09. 'The results

_demonstrated that those animals. treated in such a manner

consumed significantly more ethanol than ‘those animals
treated with H102/09 élone. éased on thesé resulté it
was suggested that the-ébse;yed éttenuatiqn of ethanol
consumptibn'followinq HlOé/OQ'treétment} could be pér—

tially- due to a serotonin induced functional depletion

of norepinephrine. . )
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. : . 1
Beﬁéfages con%aining ethyl alcohol (ethancl) have
been ingested at social-and ritualistic events for thou-
éands of vyears. Exceséive.ﬁse of ethanol has proved to
-be a &nblem to s';ome'persbns in évery societif int;:oducéd
to it. Ethanol is now the most widely consumed mood
alter{ng drug in North Ahéricg; "alcoholism" constitutes
the mbst'prévalent form of drhg dependenée in bur soci-
ety (Sardesai, 1969; Roach, 1971; Lieber, 1976). The
nature and causés of ethanol dependence in both humaﬁhand
animal subjects-have been the suﬁject of integgive ex-
perimental inveétigation.‘ In order to study the dévelop—

ment of ethanol dependence researchers have attempted to

establish criteria for an”animal model of human alcoholism

1

(Mello, 1973). y{//’\x

A common view of alcoholism in our *Society is that
when ethanol is inéested in excess it is because thg in-
dividual concerned must have ethanol to stave off the un-
pleasant physical s&mptoms of withdrawal from the drug.

It is not surp;ising therefore inrlight of this comﬁonly
held view that Lester and Freed (1973) have sﬁggested
.that one criterion for an animal model of alcoholism js
physical dependence, a stéte whi;h is.said to be infe:red
from the occurrence of withdrawal.symptdms*upon the re-
moval of access to ethanol . . Furtherhore, other investi-

* gators have suggested that the experience of withdrawal
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in animals should lead to voluntary consumption of eth-

andl.iHo, Chen & Tsai, 1978; Cicero, Snider, Perez &

-

Swanson, 1971). This negative reinforcement model- of

)

‘ethanol self-administration.is however, not'suppofteq by

data emanating ffoﬁ both human and animal investigations.
It is trué that an;mals madq physically deﬁgndent through
forced exposure to either oral or intragastric adminis-
tration ©f large éuantities of ethanol demonstrate with-
drawal reactions upon th? terminqtion'of treatment. In
spite of this however, animals given ethanol under such
conditions do not increase their preference for ethanol
or consume gufficient quantitiés of.it_to‘avéid or ter-
minate the withdrawal symptoms {(Ratcliffe, 1972; Cicero
& Smithloff, 1913; Myers, Stoltman & Martin, 1972;
Begléiter, l975l; .In addition, both animals and humans
have been shéwn-to voluﬂfarily'and spontaneocusly apstéin
from self-administrating ethanol, despite the occurrence
of withdrawal symptoms (Huntef, Riley, Walker & Freund,

1975; Deneau, Yanagita, Seevers, 1969; Winger & Woods,

1973; Mello & Mendelson, 1970; 1972).

¥

The above mentioned data from human and animal ex-

periments demonstrates quite.convincingly that although
physical dependence may developifrom the ingestion of
ethanol, this ‘in itself is not a sufficient condition

for the initiation and maintenance of ethanol self—ad—'

;

P

Loy
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ministration (Amitf Sutherland & White, 1975/76:'$peaiman
& Goldberg, 1978). An alternative explanation for eth-
anol self—administ;ation is that elhanol is coﬁéumed for .
its'positive reinforcing properties. Ethénol has been
shown to sefve'as_a positive reinforcer in non—dépendéﬁt
animals under various schedules of reinforcement whether
presenfed oraily {Henningfield & Meisch, 1978; Méisch &
Beardsley, 1975; Henningfield & Meisch, 1976), intra- "

gastrically (Smith, Werner & Davis, 1976; Amit & Stern,

1969), or intraveﬁously (Carney, Llewellyn~&_Woods, 1976;

l

Smith, Werner & Davis, 1976).

It would appear from these studies that the initia-
tion and mainteﬂance of ethanol self;édminiétfation is
primarily due to ethanol's positive ;einquqing proper-

ties rather than the avoidance of the negative withdrawal
) ' . - ..
symptoms. This premise is to be the working hypothesis

upon which the following studies are based.

-

Involvement of Catecholamines

Y

During the past fifteen years the possible relation-

s

ship between the pharmacological actions of ethanol -and

the biogenic amines has .been experimentally investigated
{e.g. Myers, 1978).
With regards to the effects -of ethanol &n catechol-

-amines, acute ethanol treatment has been shown to sig-

v

x
. .
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nificantly increase the turnover of central catecholamines

. -

(Karoum, Wyatt & MejchrowiCZ} 1976), having.a-greater ef-
fect on noradrehergictneurons thari dopaminergic.neurons
(Poho;ecky, 1974;'barlésonr Magnussen, Svenssen & Waldeck,
k ' . .

1973; Corrogi} Fuxe & Hokfelt, 1966; Pohpfecky & Jaffe,

- 1975). Additional evidence suggesting a"relationship be- -
'ftween central catecholamlnes and the pharmacologlcal pro-
pertles of ethanol is derived from studles employing

alpha—methyl—tyrosiﬁe,-an inhibitor of tyrosine hydroxylase
the rate limiting enzyme'ln the synthesms of-catecholamlnes.
: Pretreatment w1th alpha-methyl- tyr051ne ‘has been reported
both to inhibit t@e motor excitation produced by ethanol

in rats (Carlsson, Engel & Svensson, 1972; Engel, -

_ Stfombom, Svensson & Waldeck, 1974) and sueg\_ss .the
euphorlc effects of ethanol in humans ({Ahlenius, -Carlsson,
Engel, Svensson & Sodersten,\l973). ,Electrical stimula-
tion of the lateral hypothalamus, an .area rlch in cate- =«
cholamlnes, has been shown to produce a permanent in-
crease in ethanol consumgtion in laboratory rats (Amit,
'Stern & Wise, 1970;: amit & Stern, 1971), whilelelectro~-

lytic lesions of the ventral portion of this area has
been shown to attenuate the preference,for ettanol.(Amit,
Meade, Levitan-& Singer, 1976). Indirect evidence fur-
ther implicating cateéholamineg/iﬁ the phatmacological

actions of ethanol, jis-based on the observation that

PR
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acetaldehyde, the primary metabollte of ingested ethanol
can react w1th catecholamlnes to produce tetrahydroiso-

- quinoline alkaloids (TIQ). It has been suggested that .
"cnce formed; these TIQ alkaloids may ﬁlay a role in eth-
anol ingestion {(Cohen, 1973; Cohen & Colliﬁs,»l970; Davis
& Welsﬁ 1970) This hypothesis has some gﬁpport since

it has been reported that the 1ntraventr1cular 1nfu51on

of several TIQ alka101ds produce a substantlal increase

in the preference for-'ethanol (Myers & Melchior, 1977 a;
Myers & Melchior,1977 b; Melchior & Myere,'l977). ‘chever,
other investigators have reported that the intraventricu-
lar infusion of thelsame TIQ alkaloids produces no change
_in the preference for ethanol {Amir, Brown & Smith, 1978)5
: Oeerall,'these ex?eriments suggest that catechol-
amines may somehow play a role in the mediation of the
pharmacological properties of ethanol. '

Addltlonal ev;dence implicating the 1nvolvement of

cathecholamlnes and spec1f1cally norepinephrine im the-

-

mediation of some of the pharmacological actions of eth-

‘anol, is derived from studies examining the pharmacolog-

ical properties'of drugs employed in the treatment of
. .

human alcoholism.' One of the most commonly employed

agents in the treatment of human alccholism isldisulfiram

{Antabuse; Hald & Jacobsen,'1948), which is.known to in-

- L B
hibit aldehyde dehydrogenase, the enzyme necessary for the
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oxidation of acetaldehyde. Consequently, the consumption

of ethanol results in a toxic accumulation of acetaldehyde

‘1n the blood (ErleSSOn & Sippel, 1977:; Sauter, Boss & Von
Wartburg, 1977). Therefore,. because of this toxic effect
it has been suggested that the alcoholic is deterred from
drinking (Kitson, 1977). In addition disulfiram has also
been shown to inhiﬁit dopamine—bété—hydroxylase (DﬁH),

the enzyme necessary for ;he.conversioﬁ of dopamine (DA)
to norepinephrine (NE) {Goldstein, Anagnoste & Lauber,
1964; Catignani & Neal, 1975). This inhibition,Qf DBH
according to Collier {(1972) may cause a depletion of NE

levels in the brain, sufficient to block the "ethanol-

_induced-euphoria". This viewpoint has recently been sup-
ported by Brown & Amit (1977), demonstrating the involve-

ment of NE rather than DA in the mediation of the posi-

tive reinforcing properties of ethanol. Furthermore,

;,Amit, Levitan, and Lindros (1976) compared the effects of

'dlsulflram (both an aldehyde dehydrogenase and DBH inhib-

1tor); Temposil, (an aldehydé - dehydrogenase inhibitor),
and FLA-63 Ea DBH inhibitor) on.ethanol ingestion.in rats.
It was shown that Temposil had virtually no effect, where-
as disulfiram moderately suppressed ethanol intake and

FLA-63 had the largest attenuating effeét on ethanol in-

gestion. However, dué to the toxicity of FLA-63, the ef-

foct of DBH inhibition alone could not be adequately evals

3
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uated. More recently, it was\ reported that the ;dminis-
tration of a non—toxic DBH iﬂhibitor FLA-57, decreasing
central NE levels, produced a pronounced attenuation of

ethanol drinking (Amif, Brown, Levitan & Ogren, 1977) .

It was further démons;raﬁed that extinction of the eth-

'anqi—drinking response could be obtained by combining

forced ethancl presantations with lowered NE levels

(Brown, Amit, Levitan, 6gren & Sutherland, 1977). These

~

results hav$ further implicated the role of NE in the me-

diation of the positive ‘reinforcing properties of ethanol.

Involvement of Serotonin -

Since the late 1950's considerable e#Berimental data
have ‘been reported, sﬁggesting a relationsh£§ between se-—
rotonin (5-HT) and fhe pharmacological effects of ethanol
(e.g."Myers & Melchior, 1977c). At present, however, the
experimental evidence concerning the relationship between
5-HT and theﬁ;harmacological properties of‘ethanol is con-
tradictory. for example, Goldstein (1973) has suggested
that sérotonin is notadiéectly involved in ethanol induced
withdrawal reactions. It hés been demonstrated subse-
guently however, that 5-HT receptor blockade produced by
methysefgide“signifiqantly enhanced the ethanol—indﬁced

withdrawal convulsions (Blum, Wallace, Schwertner &

Fubanks, 1976). The data from studies examining the ef-

Loy,

Y
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- fect of ethanol on central 1eveié of serotonin are equal-
ly confusing. Following acute treatment with ethanol; se-
rotonin levels have been reported to be increased (Poho-
recky, Jaffe, Berkeley, 1974; Erickson & Matchett, 1975},

 decreased {Gursey, Vester & Oison, 1959) or unchanged
(Pohoreck§ & Newman, 1978; Tabakoff & Boggan, 1974). With
reg®ds to the relationship between lowered levels of cen--'Jv
] tral sérotonin and ethénol consumption, reduction of cen-
tral 5-HT levels by p-chlorophenylalanine (PCPA) was orig-
inally reported to caﬁse an attenuation of the preference
for ethanol (vVeale & Myers, 1970; Myers & Veale, 1968).
Subsequent studies have demonstrated that the effects of
PCPA were not specific to ethanol, in that ingestion of a
saccharin solution was also affected (Stein, Wayner &
Tilson, 1977; Nachmaﬁ, Lester & LeMagnen, 1970). More- ¢
over, reduction in central levels of 5-HT have also been
shown to,increase {Geller, 1973) or have no effect on eth-
anol self-administration (Kiianmaa, 1975). It would there-
fore seem quite obvious that it would be impossible to draw
any conclusions regarding the relationship betweén lowered .
levéls of 5-HT and éthanol self-administration. A more
consistent f&naing is'observed following the treatment

with compounds that {gisequently increase the‘cehtral

availability of serotohin. Animals treated with intra-

peritoneal or intraventricular administrations of 5-
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hydroxytryptophan (5~HTP) , the precurso? of 5-HT, or S—Hf .
itself, significantly red;ced their ethapol'consumption
(Myeré & Martin, 1973; Geller, 1973; Hill, 1974; Gelle.r,
Purdy & Merritt, 1973; hyer;, Evans &_Yaksh, 1972). This
suggests that an increase in the cent;al availability of
serotonin may be involved in the self-administration of
"ethanol.

‘It is weli documented that pharmacological agents,
designed to block the reuptake of central neurotfénsmit—
ters produces an increase in the availability of that
neurotransmitter in the synaptic gap (Anderson, 1972;
Corrcdi & Fuxe, 1968; Meek, Fuxe & Andén, 1970; Carlsso;,
Jonason, Lindgvist & Fuxe, 1969); Therefore, in the fol-
lowing séries of experiments,"HlO2/09 {(2imelidine) a se-
l?ctive central serotonin reuptake inhibitor (Ross, 6gren
& Renyi, 1976; Ross & Renyi, 1977), was employed in an
attempt to produce an increased availabiiity of central
serotonin. The effect of treatment with~H102/09Aon eth- -~
anol consumption in laboratory rats was investigated in
Experiments 1 & 2. The final experiment was designed to
investigatelwhether an interaction bhetween the increased
availability of serotonin and the norepinephrine neurons

could be responsible for the observed effect.
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. EXPERIMENT -1 o .

o
.

Increases in the central availability of serotonin
been shown to produce a substantial decyease in eth- 7,
consumption (e.g. Hill, 1974). In addition it has
4

deTonstrated that drugs blocking the reuptake pro-

of serotonin cause an increased availability of sero-

tonin in the synaptic gap (e.g. Meek, Fuxe & Andén, 1970).

The first experiment was‘designed to investigate whether .

:

increasing the availability of serotonin by employing a

selective 5-HT réuptake blocker (H102/09), would specifi-

cally affect.voluntaqy ethanol consumption in laboratory

rats.
Method
Subjects .

Subjects were male Wistar rats (Canadian Breeding

Farm Laboratories Ltd.), weighing between 200 - 250 grams

at the beginning of the experiment. All .subjects were

‘individually housed in stainless steel cages, in a room

regulated for constant temperature and humidity and a

12-hour lights-on cycle. Drinking solutions were pre-

sented in calibrated Riéhter tubes mounted on the front

:of the cége. Purina Rat chow. was available ad libitum.



11
Procedure -
A AL Q. 7
Ethanol screening: The ethanol ‘used in this study

was 95% Ethyl Alcohol (ETOH) diluted with tap watér to
.form concentrations ranging from 3 to 15% (v/v).

. Animals were presented'with a free cﬁoice between
' ETOH ahd! water every alﬁernaée dafq commencing with a 3%
E&Oﬁ solution. The positioﬁ of the‘Richter tubes were
alternated with each ethanoy'presentation. The ETOﬁ con-
centrations weie‘increased by 2% increments when 50% or

&

more of the total daily fluid was donsumed as ethanol.

Once drinking of an 11-15% (v/V) ethanol solution was

[ r

established, the animalg were then switched to a sched-
ule consisting of an everyday free choice between water
and ethanol. All animals were maintained on this sched-
‘ule and on their specific ETOH concentration throughoutf
the remaining phases of the experiment. Only those'ani—

mals whose ETOH consumption was 50% or more of their

total daily fluid intake were included in the eﬁperiment.

Baseline period: ,hThis period consisted of an every- -

day free. choice between ethanol and water. Once a 5-day
baseline measure was attained, animals were randomly °
divided into 4 groups.

Injection period: During the injectionnperio& the

four groups received 1 intraperitoneal injection per day '

for S consecutlve days, at approximately 15:00 hours .

-3 .
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Broups l.(n=9):72 (néli)land 3 kn:g) received H102/09
-(Ast;a Chemical Co.} in a dose of lpf 20 and 30 mg/kg
respectively;_prgbared_in a concentration of }O'mg/ﬁi
éissolved ;n Ringer's solution. .Group 4 (n=9%) received
daily injections of the véhicle (2 ml/kg). Approximaté-—
_ly 4 hours following the injections, fluid consumptibn |
of the previpus“24 hours was measured and tubes were re-
filled and replaced.

Post-injection period: For 5 days following the in-

jection period,:the consumption of ethanol in a free :thoice
with water, was measured.

Taste and acfivity,controis: To determine whether the

ef%ects-of.Hlog/DB were'specific to ethanoi ‘consumption,
H102/09 was a@aﬁnistefed to rats ingesting an aversive
tastiqg Quinine-Sucrose solution. Animals were presented
~with a free choice:between water and 0.002% (w/v) Qﬁiﬁine
Sulfate iﬁ a 10%L(wyv) Suc;ose solution (QS) on alternate

: v

days. ° The conéentratioﬁ of Quinine was raised by incre-
ments of 0.002% (w/v) when 50% or more of the total daily
fluid consumed was the QS solution. When drinking of a
0.008% - 0.016% (w/v) QS solution was established, the ani-
mals were switched to a scheddle consisting of an everyday
free choice betweep water and the QS golution. These ani-

mals were then treated in a similar manner to the ethanol

drinking animals. Group 1 (n=8) received H102/09 (20 mg/
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kg, I.P.) and group -2 (n=6) received Rinqerqs solution
(2 ml/kg, I.P.) for s consecutive'daysﬁ '

L)

s Tqidetermine the effect o

H102/09 on the motor ac-

» f | ] ’ - . - AN
tivity in rats, additional animals ware injected-with _
s v - , ’ . ) . ) iy
«ither. H102/09 (20 mg/kg, I.P., n=7)" or Ringexr's solution
12 ml/kg, I.P.,-n—?) fer 5 cons cutive days.'-Focffhours

.IfollOW1ng'“ ‘1n3ect10ns, on the rst, -third an& fifth-

[

daye bf ,e injection perlod anlmals were placed 4n an
opedﬂﬁield,jblack wooden‘boxes, 45.7 cm.sq X 39.4 cm high)
'_for I Hour. Motorract1V1ty was automatlcally reccrded
V1a counters connected to 4 1ntersect1ng photocel beams
placed 15 -2 . cm,apart-and 3.8 Cm abcve the floor.

~

Blochemlcal assays Assays were done to determine

the effect of treatment with H102/09 on the whole brain
A~

levels of serotonln, noreplnephrlne and dopamlne, Addl~
PO
tlonal anlmais (n=24) of equivalent’ welght were 1n3ected
Wlth H102/09 (20 mg/kKg I.P.) or Ringer's solution (2 mi/
kg I.P.} for 5 COpsecutive days. Four hours following
the injections, on"the firstf third and fifth days of the
injection period, animals Qere decapitatedqand the brains
were removed and immediately ftozen on dry ice. .Whole
brain leveis of eerotonin, norepinebhrine and dopamine
were determined, u51ng spectrophotoflurometrlc techniques

{Barchas, Erdelyl & Angwin, 1%72 Shellenbergex & Gordeon,

1971) .



Results

Ethanol consumptlon for the.present and subsequent
experlments was calculated both 1n terms~ﬁ?‘dally ethanol
) preference-(mean percent of total daily fluld intake)
and in terms of daily absolute amount of ethanol iagested
(mean grams per kilogram). Daily ethanol consuﬁption ex-
pressed in terms of percent .of . total fluid 1ntake for
each perlod of the experlment i1s shown in Figure 1 A
two—way analy51s ofjvarlance {groups x perlods) revealed
both a significant group effect (F (3, 34)= 4.45, p «:01)
and period effect (F (2, 68): 58. 65 E;c‘GOIJ More im-
fportantly the analy51s ylelded a 31gn1f1cant group x
period lnteractlon (F (6,.68)="5, 95 E}C 001). Post hoc
tests A{Tukey) revealed the followlng. Durlng the injec-
tion perlod animals treated with H102 /09 (20 and so‘mg/kgf
reduced their ethanol preference to-a greater degree
(p< .01} than the group. treated with 10 mg/kg of H102 /09
(E‘: 05) as compared to baseline, levels- In comparison
to control levels, only the groups treated with 20 and
30 mg/kg of H102209 reduced their ethanol intake (p &£ .01).
-During the pcst—injection.period; all groups treated
with H102 /09 were significantly lower in intake than con-
trol leveis (p<.05). The control group did not change

their preference for ethanol throughout the entire ex-

i .
!
/ K\
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periment (p>-05}.

Daily absolute ethanol 1ntake for each period of the
experiment is lllustrated in Figure 2. A two—way analy—
sis of variance (groups x periods) revealed both a 51g—
nificant group effect (F (3, 34):c 3.46, p<£.05) and-pe-
riod effect (F {2, 68)= 104.55, p<.001). More impor-
tantly theé analysis yielded a significant groué X period
interaction (F (6, 68)= 7.71, p&£.00l). Post hoc Tukey
testslrevealed that during the injection pgriod, all .
groups treated with H102/09 significantly reduced th;ir
ethanol 1ntake when compared to baseline levels (p<. 01).
In relation to control levels doses of 20 and 30 mg/kg ‘
produced a greater effect (p< .01) than did 10 mg/kg of
H102/09 (p<.05). During the.post-injection period, the
groups treated with 26 and 30 mg/kg significantly in-
creased their absolute ethanol intake as-cémparea to
their intake during the injection period (p£.0l). Con-
trol animals were shown not to differ in absolute ethanol
int%ke acrogss periods (Ej>.05).' In addition, a two-way ¢
analysis of variancé revealed that treatment with H102 /09
(20 mg/kg) as shown in Figure 3,.had no effect either on
body weight (F (2, 36)= .552, p>.05) or total-fluid in-
take (F (2, 36)= 1.96, pD.05).

Taste and activity controls: As illustrated in.

Figure 4, H102/09 (20 mg/kg) did not affect the ingestion
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o% the Qginine—Sucrbse solution. .A twofwa§ analysis of
variance yiélded-ﬂg significant differences (F }2; 24) = g
1.26, p>.05). ] | -

Figure S.iIlustrates the mator activity for.both
vehicle and H102/09 (20 mg/kg) treated animals. Although
following the first injection’ the animals treated with
H102/09 were significantly lower in moto£ activity than
control aniﬁais (£(12)= 3.139, p<£.01), né siénificant
differences werelobtained on the third:(g(125= .868,

P>.05) and fifth (t(12)= .96, é).OS)-days of treatment.

Biochemical assays: Whole brain levg%ﬁfof serotonimme.
" norepinephrine and dopamine following ﬁreaﬁment with
3102/O§ for one, three and five déys are shown in Table 1.
No significant differences were obtained (Student's t

tests, p>.05).

v

Discussfbn_ - .
.

The results ofrthis experiment demonstrétes that"”
treatment with H102/09, a serotonin reuptake inﬁibitor,
produces an attenuation ig'ethanol drinking during the
injection period. Following the termination of treat-
ment, ethanol intake was observed to increase back to
p

near baseline levels. A dose response relationship was

evident since 10 fg/kg of H102/09 produced only a moder-
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.

ate attenuation of ethanol consumption, whereas, doses

of 20 and 30 mg/kg were shownrto be significantly and .-
equally more effective. Treatment with H102/09 was shown
not to afﬁect body weight, total fluid consumption, or
the ingeséion of a Quinine Sucrose solution. fhe effect
of H102/09 would appear to be specific to ethanol con-

-~

sumption. Although'H102/09 was shown to produce a de-
crease in motor activiéy (Fig.‘S) on the first day of
treatment, this effect was absent by thé third injection.’
Because the attenuation of.ethanol intake continued

" throughout the injection period, it would appear that a
decrease in motor activity cannot be assumed to be re-
spensible. Since'treatment with H102 /09 seems to be
‘specific to ethanol consumption while not prpducing

‘that the attenuation of

-

dguence of the manipula-

motor-deficits, it is suggeste

ethanol consumption was a con
tion of the positive reinforcilng properties of ethanol.
Assay results revealed no| significant changes in
whole brain levels of NE, DA am\d 5-HT, although there
was a s}ight increase in 5-HT levels on the fifst and
third days of injection. These results are consistent
with other reports, indicating that blocking the reup-
take process of biogenic amines résults in either no

significant changes (Hyttel, 1977a) or extremely small

increases in whole brain levels followed by decreases
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of -a similar magnitude after continued treatment (Hyttel,
1977b; Rosloff & Davis, 1978). It has been suggested
that the léck of large increases in endogenous levels
of the neurotransmiéter following the initial. treatment
with a reuptake blocker may be due to a reduction %n the
neurcnal firing rate and hence .a decreased turnover,
which results as a consequence of the increased.avail-

ability in the synaptic cleft (Sheard; Zolovick &

y

Aghajanian, 1972; Aghajanian, 1972; Schubert, NyHéck &
Sedvall, 1970}.

As previously mentioned, several studies have in;
dicated that increasing the availabiiity of serotonin
in the Srain produces a decrease in ethanol consumption
(e.g. Geller, 1973). Present results confirm these
findings that increasiné the availability of 5-HT via
reuptake blockade, produces a profound attenuation in
ethanol‘consumpﬁion. In addition, these results suggest

1

that serotonin may in some way mediate the positive re-
inforcing properties of ethanol. The following experi-
ment was designed to further examine this suggestion and

to determine whether a longer lasting effect could be

produced following H102/09 treatment.
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EXPERIMENT 2

A variety of treatmént procedures that have been
designed to suppress ethanol self—éﬁministration in both
humans and infra-human subjects have, by and large,been
minimally effective (Amit & Sutherland, 1975/76). Re-
cently, extinction of the ethanol drinking response was
accomplished by combining the attenuation of the posi=-
tive reinforcing properties of ethanol with the previous-

1§ reinforced response (Brown.et al., 1977). This is
consistent with the view that when a response is main-
tained by positive re#fiforcement and when that response
is performed in the absence of reinforcement, extinction
sh&uld occur. Upon reinstatement of the reinforcer,

1 .
reacquisition of the behavior should occur {Thompson &
Piﬁkens, 1975; Maékintosh, 1974).

Immediately following the termination of treatment
in Experimen£ 1l a sharp increase in ethanol drinking

was observed, indicating that extin;tibn of the response
had not occurred. This is not surprising, since both
necessary conditions of an extinction paradigm were:not
ﬁet. buring the injection period in Expériment 1 the
reinforcement derived from ethano; consumption may have

been diminished, however the drinking response was also

absent. Therefore, the second experiment was conducted
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to investigate whether H102/09 would effeétively extin-
guish the ethanol drinking response. In order to ensure
the performance of the respoﬁse in absence of reinforce-
ment, ethanol was presented as the only source.of fluid

combined with injections of H102/09.

Method

Subjects

Subjects were male Wistar rats (Canadian Breeding
Farm Laboratories Ltd.), weighing between 200 - 250
grams at the'beginning of the experiment. All subjects
were individually housed in stainless.steel cages in a
room rggulated.for constant temperature and humidity,
and aflz—ﬁour lights—oﬁ cycle. Drinkiqg solutions were
presented in calibrated Richter tubes mounted on the
front:of the cage. Purina Rat chow was available ad

libitum.

Procedure .

Animals were presented with a free choice between
water and increasing concentrations of ethanol on al-
ternate days according to procedures described in Ex-
periment 1. Only those animals whose ﬁTOH consumption

was 50% or more of their total daily fluid intake were
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included in the experiment. The ethanol concentrations

used in this experinent were 15 or 17% (v/v). The first

phase of the experiment consisted of a schedule of alter-

nate day free-choice presentations between water and
ethanol. After a 5-day baseline measure was attained,
animals were randomly divided into 3 groups for.the re-
maining phases of the experiment. The secondlphase con-
sisted of the first treatment session (Tr-1) in which
animals wére presented with eth;nol as the only source
of fluid for 10 consecutive alternate days. Thergfore,
on these days both Richter tubes available to each ani-
‘mal containeé only the appropriate ethanol concentration.
On the 10 intervening days, only water was available. |
During this 20 day treatment period, 4 hours prior to
'thé presentation of eithef ethanol or water, the two
éiperimental grbups received daily intr%peritoneal in-
jectionsv_‘-of HL02/09 in a dose of 20 mg/kg (Group 1, n=d)
cr 30 mé/kg (Group 2, n=4). The drug was dissolved in
an identical manner to that described in Experiment 1. .
The control group (n=4) were éimilarly injected with
Ringer's solution (2 ml/kg). Therefore, during this
period, all animals received 20 injections, 10 of which
were‘combined with forced ethaﬁol ingestion. - Following
completion of the second phase animals were given in

the third phase (reacguisition) a free choice between
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water and ETOH for 15 conSecutiQe alternaté days without
injections. The fourth phase (Tr-2) which followed was
similar to the first treatment period except it consist-
-ed of 5 consecﬁtive alternate days of forced ethanol
cohsumption and 10 daily injections. 'Animals’were in-
jected iﬁ-an identical manner to that described in the
first treatment period. The final phase consisted of a
free choice between ETOH ana water for 5 consecutive al-
ternate days without injections for all animals. '

i

Résults

Daily ethanol consumption expressed in terms of per-
cent of total daily fluid intake for the baseline and
reacquisition periods is shown in Figure 6. A two—wa?
analysis of variance {(groups x periods) revealed both a
significant period effect (E (2, 18)= 19.69, p £.001)
and a group x period interaction (F (4, 18)= 5.85, p £.01).
Post éﬁc Tukey tesés revealed the following. During the
first 10 days following the treatment period (reacquisi-
tidn), both, the experimen£a1 groups significantly xe-
duced their ethanol intake in relation to baseline (p £.01)
- and control levelé (p<.01). .During days 10-15 of reac-

‘gquisition all groups preferred ethanol at baseline levels

(p>.05). Following the second treatment period, all -
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groups did not différ in éthénol intake from baseline
(p> .05) or the previous five days of reacquisition {(p
~.05). The control group did not change their- prefer-
ence for ethanol throughout £he experiment (p>.05).

Daily absolute ethanol intake for the paseline and
reacquisition periods is shown in Figure 7. A two-way

N

‘analysis of variance (groups x periods) revealed both a
signif.icant period effect (E (2, 18)= 35.3%, p £.001)
and a gréupl % periéd interaction (F (4, 18)= 3.5, EJ"L .02y .
Post hoc Tukey tests revealed that during the first 10
-days of reacquisition Loth the experimental groups sig-
nificantly reduced their intake as compared to bageline
(E.A.Ol) and control lévels (p4£.01). Intake during
days 10-15 of reacquisition returned to control levels
(p_>.0$) but was _still significantly below baseline
levels (p< .01). Following the second treatment period,
no aifference in ethanol intake was ‘observed between
groups (p7» .05)-o0r as coi‘npared to intake during days
10-15 of the reacquisition period (237.05).: Absolute
ethanol intake for the control group throughout tﬁe ex—
ﬁ:eriment did not changé (p7 .05). During the treatment
periods when ethanol was the only source of flu}d, ab-
solute ethanol intake for all groups was not signifi-

cantly different from baseline levels (p7».05).

i



w e

I

30

"60/Z0TH.-UY3ITHM (IL) S3jusuieail UOTIDUTIXS 03 pajdalgns sjex ur eyezur,
PTRTI AfTep T®303 JO 3usoiad uesu 3O swIe] uT uoT3ldumsuod TOUBRUlH

(sAop 2{puUIa} Dy qOIY¥3d

‘g ainbTg

Z-11 . T
¢ asoyd v ¢ asoyd v, _Jmmwoxn,
uolyisinbioas - ¢ . uoijisinbapal ] t aul
y € T Lixl vl el zl It o 6 8 £ 9 S ¥ EANEE _
M| I 2 m m. 1 - 1 2 1 1 1 N rl 1 _FW m” “m. N m. N— _P- o
i1 (yu'By/Bwog) 60/Z0IH = -
, © i (peu'By/Bwogy 60/ Z0IHe—e -0z
:_.u:.mv_\_ENv m..amc_mOIO -
P = ~for
\ Q : A .
: i ¥ LA 09
N NG -
i o m m. O . - O .. 3 ..” M 0 14.\\\) -
A : O O O O . s v
O P L > O Log
D O ~001

aQiMm4d Allva 1viol 20 1IN3DY3d

INVLINI



31

*60/Z0TH U3Té (I5) S3juswl€eall UOTIOUTIXD 03}

[ Y

@muom.m..... .

-qns S3BI UT weiboTTy xad sweib uesw Jo swIsy UT uUOTIdUMSUCD TOuBRYIT 1 eanbTa

q.

(o]
g
[

“

.A;on 3j0UI34|D) Qoi¥ad

<

-1

: | asoyd
: auljasnq
S ¥ £ <

g 9soyd mem . ¢ asoyd :
uoyisinboDal o uoisinbaoal :
s y £ ¢ 1isl ovielzl WolLé6 8 £ 9 6 v £ T L
N 2 :

S L4 (peu'ByBuog) 60/Z0IH B B :

A1 (veuByBwoz) 60/Z0IH ¢—e

P (pu By jug) 5,496u13 0—0

LN .,

: / Y g .

. -2

O . 159 Q ~ -

O O o O | O~y o N Q-
of - o

% S 4

Pl - 3

T I R e R R N R RN R R AR R R it

. 'k

O =

|

TONVHILY

(BYjwB) INVINI



Discussion

Thg results of this experiment indicate that forced
ethanol intake in combination with H102/09 treatment -can
effecﬁivel& extinguish the ethanol drinking response.
Aslpreviously mentionéd, in order to extinguish a re-
sponse, that response must be performed in absence of
reinforcement.’ ’ahen reinforcement is once again availa-
ble, a characteristic reacquisition pattern reliably
occuré {Thompson & Pickens, 1975; Mackiﬁtosh, 1974},

In the present experiment, when ethanol was again avail-

able in a free choice without drug treatment, a slow

reacquisition of the response occurred: This behavior

during the reacquisition peribd would indicate that the

ethanol consumed was once again reinforcing. These

. results would therefore Ffurther implicate serotonin in

the mediation of the positive reinfofciﬁg properties of
a

ethanol.

Following the second treétment period, animals’
ethanol con;umption was not altered. . This is consis-
tent with the report that foilowing a second extinc-
tion treatment period no additional attenuating‘effect

was observed (Brown et al., 1977}.

In relation to possible treatment procedures for
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human alcoholics, the application of such a treatmznt

+

procedure is promising. Wikler (1973) has suggested

that the high relépse rate with human alc¢oholics ‘follow- -

ing detéxificatidn in a hospital or c¢linical setting may
be due to the environmental stimuli (secondary rein;
forcers) which confront the addict following.treaément.
The treatment procedu;e which M;y emanéte Erom‘this ex—
periment would involve the alcoholic performing the re-
sponse (drinking) in absence of reinforcement in his |
natural environment}‘thereby eliminating not only the
‘primary reinforcing properties”of alcohol, but also “the
gnvironméntal conditioned reinforcers.
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EXPERIMENT 3
“ Several invqstigators have demonstrated and‘suggest-

ed an interaction between central serotonin and norepi-
2

nephrine (Ho, Singer & Gershon, 1971; Pickel, th & Remg, _
. 1877; Pujol, Stein, Blond;ux, Petitjean, Fromeﬁf & Jou:§;>5=——-
1973). Shaskan and Snyder (1930) ‘have indicaﬁed that an
increase in the:availability of central 5-HT results in
an invasion by S;HT of the NE neurons via the NE reuptake

mechanism. Once located in the NE neurons, the 5-HT

could act as a false neurotransmitter. They further sug-

L1 .
»

gested that small amounfs of surplus serotonin could
subsequently cause a functional depletion of NE. As
p?evibuslﬁ mentioned, considerable data is aﬁai;ablev
'suggesting the involvement of NE in the mediation of

the positive reinforcing properties of ethanol .(e:g.
Brown et al., 1977). It is,therefpre, cénceivable;that
the decfease in ethanol consumptioﬁu produced.bf the in-
creasea availability of éerotonin, could be.due“to.an
interaction between the~surQlus serotoniﬁ and the nor-
epinephrine neurons. The fdlloWing experiment was de-
.signEd to determine whether an attempt to prevent the.
proposed invasion oflé;HT into ﬁhe norepinephrine neu-
rons by blocking the NE reuptake process, would alter )

the effectiveness of H102/09 treatment on ethanol con-

S
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sumption. - This was accomplished by treating ethanol
preferring animals with desmeﬁhylimipramine‘tDMI), a
selective neuronal NE reuptake blocker (Carlsson, Corrodi,
Fuxé & Hakfelt, 1969; Carlsson, Fuxe} Hamberger &

3

S
Lindgvist, 1966) prior to treatment with H102/09.

Method

Subjects I -

Subjects Qere male Wistar rats (Canadian Breeding
Farm Laboratories Ltd.), weighing between 200 - 250 grams
at the beginning of_thé experiment. All éubjecté were
indi%idually housed in staiﬁiess steel cages in a room-
'regulated for constant temperature'and humidité and a
12-hour lights-on schedule. Drinking solutions were pre-

sented .in calibrated Richter tubes mounted on the front

of the cage. Purina Rat chow was available ad libitum.

Proceduré

Animals were presented with a free choice between
water énd increasing concentrations of ethanol on al-
ternate days in a similar manner to that described in
Ekperimént 1. When drinking of an 11-15% ({(v/v) ethanol

solution was established, the animals were then switched

to a schedule consisting of an everyday free choice be-
§
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tween water and ethanol. All animals were maintained on
this schedule throughout the remaining phases of the ex-
periment. Only those animals whose ethanol conﬁhmption
was 50% or more of their total daily fluid intake were
included in the experiment. Following a 5-day baseline

" measure period animals were divided into 4 groups.

Injection period

This period consisted of 5 conseéutive_injections
for all groups in a similar paradigm as described in
Experiment 1. Group 1 (H102, n=11l) received 5 céﬁsepu—
tive injections of H102/09 (20 mg/kg) prepared and in-
Jected in a similar manner to that deécribed in Experi-
ment 1. Group 2 (DMI—HlOZ} n=11) received pretreatment
with desmethylimipramine (DMI, 5 mg/kg, I.P,, CIBA ~
Company Ltd.) followed 30 minutes later by injections
of H102/09 (20 mg/kg, I.f.). DMI was dissolved in
Ringer's solution in a volﬁme-ofgé.S mg/ml. The dose
of DMI chosen was previously determined to be  the highest
dose shown to produce no effect on body weight and fluid
intake. Group 3 (DMI, n=11) received injections of DMI
(5 mg/kg, I.P.) alone’ whereas Group 4 (n=9) received
injections of the Ringer's solution (2 ml/gg). Approx-
imately 4 hours following the injections, fluia con-

sumption &Ff the previous 24 hours was measured and tubes

T e et il s e et T e e /, ..
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were refilled 'and replaced. For 5 days following the
injection period, the consumption of ethanol in a free

' choice with water was measured. T

Daily ethanol intake in terms of mean percent of

Results

total fluid intake for each period of the éxperiment is
shown in Figure 8. A two-way analysis of variance
{(groups x periods) yielded both a significant group ef-
fect (F (3, 38)= 9.38, p<£.001) and period effect (F

(2, 76)= 76.7, p<£.00Y). More importantly, the analy-
sis revéaled a significant group x period interaction

(F (6, 76)= 12.30, p«<.001). Post hoc Tukey tests re-
vealed the. following. qreatment with H102/09 signifi-
céntly reduced the preference-for ethanol when compared
to.baseline and control levels (p<£.0l). Ethanol pref-
erence for this group sigﬁificaﬁtly increased during

the post-injection period as compated to the injeétion
period (p «£.0l). Animals pretreated with DMI prior to
H102/09 treatment significantly reduced their ethanol
preference in rglation to baseline‘aﬁd con;rol levels
(p<.01). More importantly, during“£hé injection period
fhe DMI-H102 group preferred ethanol to a greateg degree

than those animals treated with H102/09 alone (p £.05).
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The c;ntrol groups did not alter their preference for
etharmol throughout Ehe experiment (p>.05). '.

Dailylabsolute ethanol consumption in terms of mean
grams per kilogram was calculated. A two-way analysis
of variance (groups X periods) and subsequent post hoec
tests revealed a signif;cant difference in ethanol in-
take between the groups during the baseliﬁ; périod (F
(6, 76)= 10.88, p<£.001; Tukey test, p<£L.0l). For this
reason the data as shown in Figure 9 was calculated in
terms of the difference from baseline in g;r:ams per kilo-
gram for each day of the injection and post-injection
periods. A two-way analysis of vari;mce (grouias x
periods) revealed both a si‘g‘nificant-group effdct (F
(3, 38)= 13.28, p<£.001) and ‘period effeét (F (L, 38)=
87.02, p«£.001). More importantly, the analysis; yielded
a significant group x period interaction (F (3, 3:8)=
3.84, p<£.01) . Post hoc Tukey revealed that during the
injection period, both the DMI-H102 and H102 groups sig-
nificantly reduced their ethancl intake as compared to
the control groups (p£.01). The DMI-H102 group con-
sumed significantly more éthanol than did the H102 group
during both the injection and post-injection periods
(p<.01l). The DMI .and Ringer’s control groups did not
significantly differ in ethanol intake throughout.: the

experiment (p>.05).
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Discussion

The results of Experiment 3 demonstrate that ani-—
- mals pretreated with DMI prior to treatment with H102/09,
reduced their ethanol intake to a significantly lesser
" extent fan those Gnimals treated with H102/09 alone. As
previgusly mentioned, it has been suggested that a sur—
plus of central serotonin may. invade central norepineph-

rine neurons via the NE .reuptake process, causing a

functional depletion of norepinephfine (Shaskan & Snyder,
1970). Since H102/09 is a potent and selective central
serotonin reuptake blocker, the resulting Su}plus of

5-HT in the synaptic -gap could subseqqgntly be taken up
into the NE neurons. Therefore, it is possible that the: .
observed effect on ethanol drinking following H102/09
treatment is actually a resulé of a functional depletion
of norepinephrine. This view is supported by the find-
inés of the present experiment. Blocking norepinephrine
reuptake would theoretically eliminate the invasion of
the surplus serotonin into the NE neurons. Animals
treated in such a manner reduced their eﬁhanol intake to
a much lesser extent‘than animals treated'with H102 /09
alone. Based on this evidence, it ié suggested'that the
observed attenuation gf gég;nol-dpinking followiné treat-

}
ment with H102/09 may bejpartially due to a functional

J
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depletion/of/ﬁBEepinephrine. Since the dose of DMI used
was relatively low, it is possible that the blockade of

the NE reuptake process was not complete. Therefore, a

more pronounced attenuation of the H102/09 effect’ could

-be observed by raising the DMI pretreatment dose. How-

ever, due to toxicity problems with higher doses of DMI,

this at the present time cannot be done.



GENERAL DISCUSSION

Several investigators have demonstrated that in-
creasing the central availability of serotonin.in the
‘synaptic gap produ¢es an attenuation of ethanol con-

sumption in laborztory rats {(e.g. Geller, 1973). Con-
sistent with this observation as described in Experi—
ment 1, H102/09, a selective central 5-HT reuptake in-
hlbltor, produced anfattenuatlon ‘of ethanol self admln—
istration. Because of the lack of effect on body weight,
on ﬁotal fluid consumption and on the ingestion of a
Quinine-Sucrose solution, it is suggested that the ef-
fect of H102/09 is specific to ethanol consumption.

These results implicate the involvement of serotonin in
" the mediation of the poéitive reinforcing properties of
ethanol. Since'eehanol_Soneumption significantly in-
. creased upopﬁthe terminafioﬁ of treatment, e treatment
proced&re'péoducing longer lesping effects was désir-
‘able. The results from Experiment 2, in which-extinction
‘of .the ethanol drinking response was accomplished,, served
to highlight two major iesues. First, the extiﬁotiOn of
the drinking response, during the treatment period, in-
dicates that the reinforcing property of ethanol was
diminished. This finding implicates serotonin in the

mediation of the positive reinforcing properties of
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‘ethanol. Secondly, with regards to treatment pr0cedures
‘for human alccholics, this type of procedure, as de-
scribed in Experiment 2, may have possible  clinical ap-
plications. The value of such’ a program would be that
during the time when alcochol reinforcement is diminished,
new alternate behavior patterns can be introduced, thus
resulting‘in the extinction of betﬁ primary and second-
ary reinforeing propertiee_of the drﬁg—taking behavior.

| Although, as'previously mentioned, there is some
experimenral evidence implicating serotonin in the'phar—
macological ﬁroperties of ethanol, there is an abundance#
of evidence suggesting the involvement of eatecholaminee
as mediators of some of the pharmacolegicer properties’
of ethanol. More recently, it appears that primarily
NE ﬁay mediate ethanol self—administration (é.g. Brown
et al., 1977) Therefore, both increasing the avail-
ablllty of 5-HT and decrea51ng brain NE levels, results

‘in .an agtenuatlon of ethanol consumption. It ls, of

L3 ¥ -

course, possible thet both central seroténin and nor-
epinegprine could be ihvolVEd in ethanol self-adminis-
tration. However, Shasken and Snyder (1970) have sug-
gested an interaction between surplus central 5-HT and
the noreplnephrlne neurons. This p0551b111ty was ex-

emlned in Experiment 3, where it was found that by block—

ing the NE reuptake process prior to the treatment with
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H102 /09, resulted in a significant moderation of the
effect produced by H102?09 alone. It is therefore sug-
gested that the observed'attenuat%bn of ethanol consump~
tion may be partially due to a functional depletion of
NE. This is consistent with the notion that NE plays a
role in the mediation of the positive reinforcing pro-<
perties of ethanol. Whether other mechanisms can ac-
éount for the observegd attenuation of ethanol consunp-
tion in.the Preceding experiments, remains to be 'inves-

tigated further.

e e o e B T S



46
e

References

Aghajanian, G. K. Influence of drugs on the firing of
serotonin containing neurons in brain. Federation
Proceedings, 1972, QL,(91—96.

Ahlenius, S., Carlsson, A Engel, J., Svensson, H., &
Sodersten, P. tagonism by alphamethyl-tyrosine
of the ethanol-induced stimulation and euphoria in
man. Clinical Pharmacology and Therapeutics, 1973,
14, 586-591. ®

Amit, Z., Brown, 2. W., Levitan, D. E., & 6gren, 5. 0.
Noradrenergic mediation of the positive reinforcing
properties of ethanol: 1I. 'Suppression of ethanol
consumption in.laboratory rats following dopamine-
beta-hydroxylase inhibition. Archives Internationa-

les de Pharmacodynamie de Thérakie, 1977, 230, 65-75.

Amit, Z., Brown, Z. W., & Smith, B. -%he putative rale
of TIQ Alkaloids in ethanol intake and deperrdence.
Paper presented at the Fourth Biennial International
Symposium on Biological Résearch in Alcoholism,
Zurich, Switzerland, June 26-30, 1978.

Amit, Z., Levitan, D. E., & Lindros, K. 0. Suppression
- of ethanol intake following administration of dop-
amine-beta-hydroxylase inhibitors in rats. Archives
Internationales de Pharmacodynamle de Thérapie,
1976, 223, 114-119.

-~

amit, Z:, Meade, R. G., Levitan, D. E., & Singer, J. The
effects of dorsal and ventral lateral hypothalamic
lesions on voluntary ethanol -consumption in rats.
Journal of Studies on Alcohol 1976, 37, 1188-1196.

Amit, 2., & Stern, M. H. Alcohol ingestion w1thout oro—r4 

pharyngeal sensations. Psychonomic Science, 1969,
15, 162-163.

Amit, Z., & Stern, M. H. A further investigation of al-
cohol preference in the laboratory rat induced by
hypothalamic stimulation. g§ychqpharmacologia,

1971, 21, 317-327. Xy

Amit, 2., Stern, M. H., & Wise, R. A. Alcohol pfefeﬁ; ,
ence in the laboratory rat induced by hypothalamic
stimulatién., Psychopharmacologia, 1970, 17, 367-
377. .

e

"

.;;,"'



47 -
. ’.',, - . i
amit, 2., & Sutherland, E. A. 'The relevance of recent

animal studies for the development of treatment j
" procedures for alcoholies. Drug and Alcohol De- ]
pendence, 1375/76, 1, 3-13. e :

Amit, Z.,ISutherland, A5, &‘white, N. The role‘of phys-— e -
ical dependence in animal models of human alcohol-~ -
ism. Drug and Alcchol Dependence, 1975/76, 1, 435-,
440. . :

Anderscn, E. G. Bulbospiﬁal seroténin-containing neu-
rons and motor control. Federation Proceedings,
1972, 31, 107-112. . v

Y
Barchas, J., Erdelyi, E., & Angwin, P. Simultaneous
determination of indole and catecholamines in tis-
sues using a weak cation-exchange resin. Analyt-
ical Biochemistry, 1972, 50, 1-17. .

¥

Begleiter, H. " Ethanol consumption subsequent to physi-
cal dependence. In: M. M. Gross (Ed.) Alcohol
Intoxication and Withdrawal, Vol. 2, New York, .
Plenum Press, 1975.

Blum, K., Wallace, J. E., Schwertner, H. A., & Eubanks,
J. D. Enhancement of ethanol-induced withdrawal
convulsions by blockade of 5-hydroxytryptamine re-
ceptors. Journal of Pharm. and Pharmac., 1976,
28, 832-835.

4

'‘Brown, Z. W., & Amit, Z. The effects of selective cate-

) cholamine depletions by 6-hydroxydopamine on eth-
anol preference in rats. Neuroscience Letters,

1977, 5, 333-336. | - "

Brown, %. W., Amit, Z., Levitan, D. E., Ogren, S.-0., &
Sutherland, E. A. Noradrenergic sediation of the
positive reinforcing properties of ethanol: II.
Extinction of ethanol-drinking behavior in labora-
tory rats by inhibition of dopamine-beta-hydroxy-
lase. Implications for treatment procedures in
human alcoholics. Archives Internationales de

- Pharmacodynamie de Théraple, 1977, 230, 76-82.

Carlsson, A., Corrodi, H., Fuxe, K., & Hokfelt, T. EIf-
fects of some antidepressant drugs on the depletion
of intraneuronal brain catecholamine stores caused
by 4,~ -dimethyl-meta-tyramine. -‘European Journal
of Pharmacology, 1969, 5, 367-373. '

-



' o 48

.Carlsson, A., Engel, J., & Svensson, T. H. Inhibitioen
v+ of ethanol-induced excitation in mice ard rats by
alpha«methyl=-p-tyrosine. Psychopharmacologia, 1972,
26, 307-312,

Carlsson, A., Fuxe, K., Hamberger, B., & Lindquist, M.
Biochemical and histochemical studies on the effects
.of imipramine-like drugs and (-)-Amphetamine on
central and peripheral catecholamine neurdns. Acta.
Physiol. Scand., 1966, 67, 481-497. ' .

Carlsson, A., Jonason, J., Lindgvist, M., & Fuxe, K.
Demonstration of extraneuronal 5-hydroxytryptamine
accumulation in brain following membrane-pump block-~.
ade by.chlorimipramine. Brain Research, 1969, 12,
456-460. '

Carlsson, A., Magnusson, T., Svensson, T. H., & Waldeck,"
B. Effect of ethanol_on the metabolism of brain
catecholamines. PsydMopharmacologia, 1973, 30,
27-36. ' '

Carney, J. M., Llewellyn, M. E., & Woods, J. H. Variable
-interval ‘responding maintained by intravenous codeiné
and .ethanol injections in the rhesus monkey. Pharma-
cology Biochemistry and Behavior, 1976, 5, 577-582.

Catignani, G. L., & Neal, R. A. Studies of the inhibi-
tion of dopamine-B-hydroxylase by thiono-sulfur
containing compounds. Life Sciences, 1975, 16,
1915-1921. Co .

Cicero, T. J., & Smithloff, B. R. Alcohol oral self-ad-
ministration in rats: Attempts to elicit excessive
intake and dependence. 1In: M. M. Gross Advances
in Experimental Medicine and Biology, Vol. 35,
Plenum Press, 1973. .

b .

Cicero, T. J., Snider, 5. R., Perez, V. J.,. & Swanson,
L. W. Physical dependence on and tolerance to al-
cohol in the rat. Physiology and Behavior, 1971,
6, 191-198. : .

‘Cohen, G. A role for tetrahydroisoquinoline -alkaloids

* as false ‘adrenergic neurotransmitters in alcoholism.
In: M. M. Gross (Ed.) Alcohol Intoxication and
Withdrawal, Plenum Press, New York, 1973, 33-43.

-

Cohen, G., & Collins, M. Alkaloids from catecholamines’
_in adrenal tissue: possible role in alcoholism.
Science, 1970, 167, 1749-1751. -



- : . 49

Collier, H. 0. J. Drug dependence: -A pharmacological
analysis, British Journal of Addiction, 1972, 67,
277-286.

Corrodi, H., & Fuxe, K. "The effect of imipramine on
central monamine neurons. Journal of Pharmacy and
Pharmacology, 1968, 20, 230-231.

Corrodi, H., Fuxe, K., & Hokfelt, T. The effect of eth-
anol on the activity of central catecholamine

neurons in rat brain. Journal of Pharmacy and—{
Pharmacology, 1966, 18, 821-823.

Davis, V. E., & Walsh, M. J. Al'cohol, amines, and al-
kaloids: A possible biochemical basis for alechol
addiction. Science, 1970, 167, 1005-1007.

Deneau, G. A., Yanagita, R., & Seevers, M. H. Self-
administration of psychoactive substances by the
monkey. A measure of psychological dependence.
Psychopharmacologia, 1969, 16, 30-48.

Engel, J., Strdmbom, U., Svensson, T. H., & Waldeck, B.
Suppression by alpha-methyltyrosine of ethanol-
induced locomotor stimulation: Partial reversal
by l-dopa. Psychopharmacologia, 1974, 37, 275-279.

Erickson, C. E., & Matchett, J. A. Correlation of brain
amine’ changes with ethanol-induced sleep-time in
mice. In: M. M. Gross {(Ed.) Alcohol Intoxication

and Withdrawal. New York. Plenum P;ess, 1975, 419- --

430.

Eriksson, C. J. P., & Sippel, H. W. The distribution .

‘and metabolism of acetaldehyde in rats during eth-~

anol oxidation I. The distribution of acetaldehyde
in liver, brain, blood and breath. Biochemical
_Pharmacology, 1977, 26, 241-247.

Geller, I. Effects of para-chlorophenylalanine and 5-
hydroxytryptophan on alcohol intake in the rat.
Pharmacology Biochemistry and ‘Behavior, 1973, 1,
361-365.

Geller, I., Purdy, R., & Merritt, J. H. Alterations in
ethanol preference in the rat: The role of brain
biogenic amines. Annals of the New York Academy
of Sciences, 1973, 215, 54-59,

7



50 ¢

Goldstein, D. B. Alcohol withdrawal reactions in mice:
Effects of drugs that modify.neurotransmission. .
‘Journal of Pharmacology and Experimental Therapeu-
thS, 1973, 186, 1-9.

Goldstein, M., Anagnoste, B., & Lauber, E. Inhibition
of dopamine-B-hydroxylase by disulfiram. Life
Sciences, 1964, 3, 763-767.

Gursey, D., Vester, J. W., & Olson, R. E. Effects of
ethanol administration upon serotonin and norepi-
nephrine levels in rabbit brain. Journal of
.Clinical Investigation, 1959, 38, 1008—1009.

Hald, J., & Jacobsen, E. A drug sen51tlzlng the or-
ganism to ethyl alechol. Lancet, 1948, 2, 1001-
1004. '_ ' - .
Henningfield, J. E., & Meisch, R. A. Ethanol as a posi-
tive relnforcer via the oral route for rhesus monkey:
Maintenance of fixed-ration responding. Pharmacology,
Biochemistry and Behavior, 1976, 4, 473-475.

Henningfield, J. E., & Meisch, R. A. Ethanol drinking
by rhesus monkeys as a functlon of concentration.
Psychopharmacology, 1978, 57, 133-136.

Hill,=S. Y. Irntraventricular injection of 5-hydroxy~
tryptamine and alcohol consumption in rats. Bio-
logical Psychiatry, 1974, 8, 151-158.

Ho, A. K. 8., Chen, R. C. A., & Tsai, C. S. Ethanol

' dependence and preference. Is there a ¢orrelation?
In: F. A. Seixas (Ed.) Currents in Alcoholism.
Biological Biochemical and Clinical Studies, Vol.
ITII, Grune & Stratton, New York, 1978.

Ho, A. K. S., Singer, G., & Gershon, S. Biochemical
evidence of adrenergic interaction with cholinergic
function in the central nervous system of the rat.
Psychopharmacologia, 1971, 21, 238-246.

Huntex, B. E., Riley, J. N., Walker, D. W., & Freund, G.
Ethanol dependence in the rat: A parametrlc analy—

sis. Pharmacology Blochemlstry and Behavior, 1975,
3. 619 -629,

Hyttel, J. Neurochemical characterization of a new po-
tent and selective serotonin uptake inhibitor:
Lu-10-171. - Psychopharmacology, 1977a, 51, 225-
233, o

,
e e e Mmoo e e /
. e T - R



51

Hyttel, J. Effect of a selective 5-HT uptake inhibitor-
Lu-10-171- on rat brain turnover. Acta Pharmacol.
et Toxicol., 1977b, 40, 439-446.

Karoum, F., Wyatt, R. J., & Majchrowicz, E. Brain con-
centration of biogenic amine metabolites in acutely
treated and ethanol-dependent rats. British Jqurnal
of Pharmacology, 1976, 56, 403-411l. )

Kiianmaa, K. Evidence for involvement of noradrenaline
and against 5-hydroxytryptamine neurons in alcohol
consumption by rats. In: J. D. Sinclair & K.
Kiianmaa (Eds.) The Effects of Centrally Active
Drugs on Voluntary Alcohol Consumption, Satellite
Symp., 6th Int. Congr. Pharmac. The Finnish Founda-
tion for Alcochol Studies,'1975, 24, 73-84.

Kitsbn, T. M. The disulfiram-ethanol reaction. Journal
of Studies on Alcohol, 1977, 38, 96-113.

Lieber, C. S. The Metabolism of Alcohol. Scientific
American, 1976, 234, 25-33.

Lester, D., & Freed, E. X. Criteria for an animal model
of alcoholism. Pharmacology, Biochemistry and
Behavior, 1973, 1, 103-107. -

MacKintosh, N. J. The Psychology of Animal Learning,
Academic Press, London, New York, San Francisco, 1974.

Meek, J., Fuxe, K., & Andén, N.-E. . Effects of antide-
pressant drugs of the imipramine type on central
5-hydroxytryptamine neurotransmission. European
Journal of Pharmacology, 1970, 8, 325-332.

Meisch, R. A., & Beardsley, P. Ethanol as a reinforcer
for rats: Effects of concurrent.access to water and
alternate positions of water and ethanol. Psycho-
pharmacologia, 1975, 43, 19-23. ‘

Melchior, C. L., & Myers, R. D. Preference for alcohol
evoked by tetrahydropapaveroline (THP) chronically
infused in the cerebral ventricle of .the rat.
Pharmacology, Biochemistry and Behavioxr, 1977, 7,
15-35.

Mello, N. K. A review of methods to induce alcohol ad-
diction in animals. Pharmacology Biochemistry and
Behavior, 1973, 1, 89-101. :




52

Mello, N. K., & Mendelson, J. H. Experimentally induced
intoxication in alcoholics: A comparison between
Programmed and spontaneous drinking. The Journal
of Pharmacology and Experimental Therapeutics, 1970, .
173, 101-171s6. .

Mello, N. K., & Mendelson, J. H. Drinking patterns during
work-contingent and non-contingent alcohol acquisi-
tion. Psychosomatic Medicine, 1972, 34, 139-164.

Myers, R. D. Psychopharmacology of alcohol. Ann. Rev,
Pharmacol. Toxicol., 1978, 18, 125-144.

Myers, R. D., Evans, J. E., & Yaksh, T. L. Ethanol pref-
. erence in the rat: Interactions between brain sero-
tonin and ethanol, acetaldehyde, paraldehyde, S5-~HTP

and 5-HTOL. Neuropharmacology, 1972, 1l, 539-549.

Myers, R, D., & Martin, G. E. The role of cerebral sero-
tonin in the ethanol preference of animals. Annals
of the New York Academy of Sciences, 1973, 215,
135-144., . L

Myers, R. D., & Melchior, C. L. Alcohol drinking: Ab-
normal intake caused by tetrahydropapaveroline (THP)
in brain. Science, 1977a, 196, 554-556,

Myers, R. D., & Melchior, C. L. Differential actions of
centrally infused tetrahydroisgquinolines or a P-
carboline in evoking alcohol drinking in the rat.
Pharmacology,Biochemistry and Behavior, 1977b, 7,
381-392,

Myers, R. D., & Melchior, C. L. Aleohol and alcoholism:
Role of serotonin. In: W. B. Essman (Ed.) Sero-
tonifi in Health and Disease, Vol. II, Physiological
regulation and pharmacological action. New York:
Spectrum, 1977c. ' ‘

Myers, R. D., Stoltman, W. P. & Martin, G. E. Effects
of ethanol dependence induced artificially in the
rhesus monkey in the subsequent preference for
ethyl dlcohol. Physioclogy and Behavior, 1972, 9,
43-48.

Myers, R. D., & Veale, W. L. Alcohol preference in the
- rat: Reduction following depletion of brain sero-
tonin. Science, 1968, 160, 1469-1471.



53

Nachman, M., Lester, D., & Le Magnen, J. Alcohol aversion
in the rat: Behavioral assessment of noxious drug
effects. Science, 1970, 168, -1244-1246.

Pickel, V. M., Joh, T. H., & Reis, D. J. A serotonergic
innervation of noradrenergic neurons in nucleus
locus coeruleus: Demonstration by immunocytochemical
localization of the transmitter specific enzymes
tyrosine and tryptophan hydroxylase. Brain Research,
1877, 131, 197-214,

Pohorecky, L. A. Effects of ethandl on central and pe-

ripheral noradrenergic neurons. Journal of Pharma-~
cology and Experimental Therapeutics, 1974, 189,
380-391.

Pohorecky, L. A., & Jaffe, L. 8. Noradrenergic involve-
ment in the acute effects of ethanol. Research Com-
munications in Chemical Pathology and Pharmacology,
1575, 12, 433-447.

Pohorecky, L. A., Jaffe, L. S., & Berkeley, H. A. Ef-
feects of ethancl on serotonergic neurons in the rat
brain. Research Communications in Chemical Pathology
and Pharmacology, 1974, 8; 1-11.

Pohorecky, L. A., & Newman, B. A correlated study of the
effects of acute ethanol on serotonin metabolism in
rat. 1In: F. A, Seixas (Ed.). Currents in Alcohol-
ism. Biological, Biochemical and Clinical Studies,
Vol. IXIT, New York, Grune and Stratton, 119-139.

- Pujol, J. F., Stein, D., Blondaux, C. h., Petitjean, F.,
Froment, J, L. & Jouvet, M. Biochemical evidence
for interaction phenomena between noradrenerqgic and
serotonergic systems in the rat brain. Frontiers

in Catecholamine Research, 1973, Permagon Press,
771-772. :

Ratcliffe, F. ,Ethanol dependence in the rat: Its pro-
duction and characteristics. Arch. Pharmacodyn.
Thérap., 1972, 196, 146-156.

Roach, M. K. (Ed.). Biological Aspects of Alcohol. Uni-
versity of Texas Press, Austin and London, 1971.

Rosloff, B. N., & bavis, J. M. Decrease in brain NE
turnover after chronic DMI treatment: no effect with
iprindole. Psychopharmacology, 1978, 56, 335-341.




Ny

54
Ross, $. B., Ogren, S.-0., & Renyi, A. L. (Z)-Dimethyl-
amino-1-(4-bromophenyl)-1-(3-pyridyl) propene
(H102/09), a new selective inhibitor of the neurcnal
5-hydroxytryptamine uptake. Acta Pharmac. Tox., 1976,
39, 152-166. v

Ross, 5. B., & Renyi, A. L. Inhibition of the neuronal
uptake of 5~hydroxytryptamine and noradrenaline in
- rat brain by (2)- and (E}-3-(4-Bromophenyl)}-N,
N-Dimethyl-3-(3-Pyridyl) allylamines and their sec-
ondary analogues. Neuropharmacology, 1977, 16, 57-
63.

Sardesai, V. M, (Ed.). Biochemical and Clinical:Aspects
of Alcohol Metabolism. Thomas, c¢.c., Springfield,
Illineis, U.S.A., 1969. .

Sauter, A. M., Boss, D., & Von Wartburg, J. P. Reevalu-
ation of the Disulfiram-alcohol reaction in man.
Journal of Studies on Alcohol, 1977, 38, 1680-1695.

Schubert, J., Nyback, H., Sedvall, G. Effect of anti-
depressant drugs on accumulation and disappearance
of monoamines formed in viveo from labelled pre-
cursors in mouse brain. Journal of Pharmacy and
Pharmacology, 1970, 22, 136-139.

Sh;%kan; E. G., &.Snyder, S. H. Kinetics of serotonin
- accumulation into slices from rat brain: Relation-
ship to catecholamine uptake. The Journal of
Pharmacology and Experimental Therapeutics, 1970,
175, 404-418. '

Sheard, M. H., Zolovick, A., & Aghajanian, G. ‘K. Raphe
neurons: Effect of tricyclic antidepressant drugs.
Brain Research, 1972, 43, 690-694.

Shellenberger, M. K., & Gordon, J. H. A rapid, simpli-
fied procedure for simultaneous assay of norepi-
nephrine, dopamine, and S-hydroxytryptamine from
discrete brain areas. Analytical Bidchemistry,
1971, 39, 356-372.

Smith, S. G., Werner, T. E., & Davis, W. - M. _Comparison
between intravenous and intragastric alcohol self-
administration. Physiological Psychology, 1976,
4, 91-93.

Spealman, R. D., & Goldberg, S. R. Drug self-adminis- .
tration by laboratory animals: Control by schedules.
pof reinforcement. Ann. Rev. Pharmacol. Toxicol.,
1378, 18, 313~339. )




53

Stein, J. M., Wayner, M. J., & Tilson, H. A. The effect
of papa-chlorophenylalanine on the intake of eth-
anol and saccharin solutions. Pharmacology, Bio-
chemistry and Behavior, 1977, 6, 117-122. -

Tabakoff, B., & Boggan, W. 0. Effect of ethanol on .,
serotonin metabolism in brain. Journal -of Neuro-
chemistry, 1974, 22, 759-764.

Thompson, T., & Pickens, R. An experimental analysis of
behavioral factors in drug dependence. Federation
Proceedings, 1975, 34, 1759-1770.

'Veale, W. L., & Myers, R. D. Decreases in ethanol intake
in rats following administration of p-chlorophenylal-
anine. Neuropharmacology, 1970, 8, 317-326.

Wikler, A. Dynamics of drug dependence. .Implications of
a conditioning theory for research and treatment.
Archives of Geheral Psychiatry, 1973, 28, 611-616.

Winger, G. D., & Woods, J. #. The reinforcing property
of ethanol in the rhesus monkey. I. Initiation,
maintenance and termination of intravenous ethanol
reinforced responding. Annals of the New York
Academy of Sciences, 1973, 215, 162-175.






