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ABSTRACT . »

The Effects of Seroiongd Uptake Blockade
on Voluntary Ethanol Consumption in Rats:
Studies on the Mechanism of Action |

Kathryn J. Gill-

Previous research has demonstrated that the“serotoqin

uptake hlocker, zimeldine, reduced voluntary ethanol

. A
consumption in rats and humans. However, the mechanism ot

» .

action of- this compound is not well undérstood. 1t has
been suggested that zimeldine interferes with the
progesses which mediate the reinforcement derived from
ethanol ingestion. On the othef1hand4,jh£1ﬁhi§__/ﬂ&u~~*d

\ . . .
considerable experimental evidence which has suggested

¢ . .
that serotonin plays a general inhibitory role in
consummatory behavior. The experiments in this thesis
were therefore designed to test several hypothesis Telated

to the effects of zimeldine on food apd fluid intake.

In the first study zimeldine was administered to rats

-~

.consuming solutions ot saccharin, dextrose and ethanol.

The drug produced a significant reduction in the absolute
consumption of and preference for all three fluids as well

as a loss of body weights The second experiment examined

e b

the effects of zimeldine on the diurnal-nocturnal patterns

>

of, and relationships between, food and fluid intake.

—




i e

Zimeidinergppeared to primariiy affept food intake, with
secondary decreases in the fluid ‘most clo:eLy associated
wicﬁrprandialrdrinking. In "the third éxperiment: tﬂe
ef?@cts of zimeldine on locomotor activity were
deteimined, using two behavioral measute;; The drug

. . . \ ,
appeared to have no overt sedative actions which could i

account for fts inhibitory effects on feeding. In the

final experiment, a more detailed analysis of zimeldine'g

effects on food intake was carried out. The data provided
* * \

some support for the hypothesis that zimeldine

"specifically enhanced the onset of satiety. The results

were discussed in terms of the effects of serotonin uptike

-
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INTRODUCTION °

i - The social and med}cal harm associated:with alcohol

[y

’ use and qhgse is well established. As outlined by Hofmann

—

S (1983), the magnitu}e of the medical problem alone is
7 staggering, and ‘arises as a‘direclrconsequence of the
tissue damage and metabolic aberratigns produced by
alcohol (i.e.‘gaétritls, hypert;nsion, liver Eirthsis;
Wernicke~Korsakoff syndrome) as well as a consequence of
intoxication (i.e, traffic accidents, labour accidents,
;suicide,attempis). The social harm caused by alcohol, . -
while not a;jeasily quantifiable, 1s also enormous and
?ncluhes aggrgssion, family violence, lost work hours and
.absenteeis@ (Chick, 1984; LeDain, 1973).
‘Reéentiy,‘thére have been two intetﬁationql symposia
devoted to the discussion of "pharmacological treatments

’ LS

'}qr alcoholism" (Edward§ & Littleton, 1984; Naranjo &
Séllers,fl985). 1t ts very clear from reading the
publfshed procegdings of both these symposia, that at '
. present there are no clinically effective pharmacological

treatment$ for alcoholism. Overall, the pharmaéeutical
‘i;dustry h;s been taken to task for ignoring and
neglecting this area of drug development (Naramjo, 1985;
Edw;ndé, 1984; Téeling-Smith, l§84). While there are some
compounds for the treatment of alcohol withdrawal sypmtoms
(i.e. benzodiazepines, chloromethigzole), there are no

3

available medicines which tackle problems related to the .

{

______




-

development and maintenance of the alcohol dependence

¢

‘Syndrome (Teeling=Smith, 1984).

o

AIn Clare”s (l98bla§rtic1e on the treatment of
alcoholism, he stated that thé alcogol abuser and
: clinician|have ‘different needs at variouéuéféges of the
t reatment ocess. ;?élowing the.rnitia] phases of

‘therapi (and deroxification where necessary), the

. clinician requires a phafmaco]ogical tool as an adjunct to

3

‘.. t herapy, wh?ch would help patients avoid relapse by
reducing the desire to drink over and above a mModerate
level, Virtually all patients in rehabilitaflon.programs

relapSe one or more timesaduring tiiatment (Hofmann, ’
. ' o TSN .
1983). The agents- currently used to ‘combat this tendency

for.relapse are the "alcohol sensitizing" compounds,

Antabuse-and'Temposil. These compounds, which inhibit the
t he %etabolish of alcohol, in effect, ﬁunish the patient
for consuming alcohol through ‘the qgﬁelopment of the

. ‘ ' aversive "acetaldehyde syndrome'". This hyndro&%iis -

| 4

typified by facial flushing, Headache, tachyca?’dia,O

a
° &

‘ sweating and nausea. These effects are due to the~:
o) o
accumulation of acetaldehyde, the primary metabolite of

, y ethanol (Fuller, 1984; Peachey & Annis, 1985). Théere are -

5

numerous problems aséoé+a1ed wgéh the use of these °
_-cqmpounds, which'liﬁit their usefulness 1l.e. variabilitf°

in the iﬁ;ensity of the reaction following ‘alcohol |

i ngestion (depen&ing 5r1mar1x on. the individ;al’é

o N

sensitivity to acetaldehyde), brdblems with patient "
v +



"complifance, and the development of adverse side effectsﬁ_
(Hofmann, 1983; Peachey & Annis, 1985). In addition, the

use of thése cdmpéunds is indicated only uhe@ a patien
b} ) ’ @
‘has”agreed that total abstinence 1s tpe goal of therapy '

"(Naranjo, Sellers, Wu & Lawrin, '1985). A more serious °

o

problem however, is that therelis ligtle evfﬂeqce tha} .
alcohol sensitizigg drugs reduce alcohol intake or ptevent‘
relgp&p»(Fuller. 1954; Nafa;jo et al., 1985; Peéahey &
Anﬁ&s. 1'985).

%hore has been aw appéél, by both cliniciang -and basic
Yescarchers, to intensify the search for new compouﬁds for /
L]
the treagment of alcohol abuse (Edwards, 1984; Naranjo, -

”
» .

19895)., There has been a call for the d9velopm§nt of

pharmacologiéal interventions which would reduce alcohol
craving, ﬁr96ent the development of tolerance and physical
dependence, reverse organic brain damage and reduce

‘, N N - \ N
ethanol-induced memory impairments. In addition, agents '

&

which would moderate ethanol intake and reduce the

reinforcrmeﬁt derived from intoxication have been °

ind

considered to be important areas Bfidrug development (Amit

& Sutherland, 1975; Clare, 1984, Littleton, 1984;

Tecling-Smith, 1984).

s N3 . Ma f ) '
. - Until several years ago, the seroton\g uptake blocker,

“ 2imeldine, appeared to hold considerable promise'as a new

s +

treatment for alcohol abuse. The drug was found to have a
t

potent fnhibitory effect on Joluntary ethanol consumption

X

in rats (Rockman, Amit, Carr,hBEoun & Ogren, 1979;

.

¥
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s &
.Rockman, Amit, Carr &FOgrfn, 1979) and wss hypothesited to

-

act by reducing the positive reinforéihg ettects of

ethanol. 1In human trials, the drug was shown to lncreamyo

[

"the number of abstinent-days in heavy social drinkers and
o~ . - . /
toa produce a slight reduction {n the number of daily

- f

-4 ~ -
“drinks (Naranjo, Sellers, -Roach, Woodley, Sanchez-Craig &

~ / . '
Sykora,tl984). Additional evidence for zimeldine s
’ »

effects in humans was provided by a doubfe—blind

$

cross-over study in which subjects were'admiqistered

zimeldine in combination with an acute dose of ethanél. .
Subects reportedfa redwction in'ethanol-induced euphoria

and ; reduced d;sire to drink during the week followimg

the experimental sessions in which zimeidige had been

paired with eth§nol§qgministration (Amit, Brown,

Sutherland, Roékman, G{ll % Selvaggi, 1985). Zimeldine

‘%AS also been reported tg antagonize ethanol-induc;h

memory impairments 1n'human subjects (Weingartner;

Rudorfer, Buchsbaum, & Linnoilay 1983).
. ”
The initial reports of t%e effects of zimeldine in

. = \
humans were highly encauraging. However\\the ﬁaka‘weré
preliminary, and extensive clinical 4e%t1ng was cl&arlyu

called -for. At the time that the above studies ‘were being -

4
conducted, zimeldine was also undergoing extensive

clinical testing as a treatment for depression., Zimeldine

\ Lt v~
proved to be an effective @ntidepressant (Aberg &

Holmberg, 1979).‘However, chronic administration of this o

.¢~compound was found to be associated with the development

)
' [



A\ .
\ >
\

of serious adverse side-effects (hepaaif and neurologic

toxicity) and in September 1983, the drug was withdrawn

from the market in Europe, and clinical trails in North
¢ ’ America ceased. Despite this setback, several groups of
. ah ¢

researchers have continued testing the effects of various

o ~ ”
* -

"serotonin uptéke.blockers on alcohol intake, in both

animals and humans (Naranjo et ala, 1985; Amit et al,
. L\

&

1985).

One of the problems which has plagued this area of

research however, is the -lack of understanding the >

E mechanism of action of these compounds. (Amit, Sutherland,
. L

& . Gill & Ogren, 1984)., In .addition to being of considerable-

14 . y
theoretical ifterest in terms of the interaction bﬁtween‘ .

pil

the secrotonin system and ethanol, an understanding of the
mechanism of action of zimeldine‘may possibly aid in the
development of new compounds for the treatment of alcohol-

related problemsa The difficulty“inhérgnt in this AN
- &

Znterprise is a reflection of a larger brobleﬁ; that is, ¢

the present lack of understanding of the factors 1nJolved

! ~ e

in regul%tlng ethanol consumption. Rational approaches to
! o R .

v

the development of pharmacologicdl treatments should be
based on an understanding of the central psychobiological

mechanisms ~underlying ethanol intake (Dietrich & Baker,

Al

-1984; Naranjo et al., 1985). To _this end, considerable

effort has been made in recent years to determine what
4

role, {f any, various central neurotransmitters play in

. regulating ethanol iggake (Holman, 1984). Furthermore, a
. »
- . L
v .




L S T e [ 2 . R
- - host of ‘endogenous peptides have been-implicated in some
. of ethanol”s actions fe.g. Kulkésky, 1985; Séhson S Doylé,
[ -~ kX "

_ . 1985), oOverall, the results oflsfhdief/;xamining the role

% oy

of neurotransmitters and peptides have begen inconsistent
- v g i 4 . >

v

~and the picture is far f.rom clear. For example, deplétion

of brain norepinephrine through the use df neurotoxins or .

synthesis inhibitors has been reported to reduce voluntary. \

e

ethanol intake in rats (Amit, Levitan & Lindrd%s, 1976; ' S

?rown & Amit, 1977; Davis, Smith & Werner, "1978) or .to

_ have no effect (Corcoran, Lewis & Fibiger, 1983; Gill, .. .

e . . s
PN Amit & Ogren, 1984). Thus, despite extensive réesearch 1t
. R v % . . ta .
is clear that the neurobiological underpinnings of é;;' “

»

. . t -

ethanol”s actions have not’ been. delineated (Amit et al.,
v . o PR

1984; Dietifch‘&'spker,Al98&i Holman, {98&; garanjo~e; )
al., 1985). . " P o
- : Studfgé ;ﬁ‘;he mechanism of ‘action of z;heldine ﬁave
- cqntinued. One issue, genetally'ignored by.reqea;chers in «

f . e
- -

the area related to serotonin and ethanol-intake, is tbg\
‘ ,
. ] » , . ' -
~ . large body of research devoted to the relationship between
’ . ¥ hd ' PR xde .
‘ serotonin’and consummatory behavior,in general. There'is

et
- - > @

ample evi@eﬁce that 5-HT is inyolvgd.in the regulation-of
B N\ ‘_ 4 - ‘r' \ * - .
both food and fluid intake (Blundell, 1984). In light of

this body of data, it was clear that the specifhcity of

Ny

Y . L -
3 vy ! , .
2zimeldine’s effects ideded to-be morw thoroughly | !
. Iy . X . .n
f'nvestigated. Therefore, td%e present series-of
LY -, . . -
) experiments was designed to specifically test the -
X \ 'Pﬂ ‘ R ;f P . .t 1

a - -

\
o,

- e



- - interattions between serotoni

-

hypothesis that zimeldine’s effects on ethanol intake were

+

.mediated through.more global effects.on.consummatory

behavior. The following sections uilligeviqw areas of the ,

\ literature pertinent to the.presena investigation. )

. R .
- -, -
. ’ LN -

. Serotonin and'Ethanol: Biochemical and

N

) , » -
Behavioral Interactions o "

v
-

" One of the first obsetvgt{:ns:to spark.intere;f in the
, n‘and emhgagl, was the

finding by Myers and Vgéle (1968), th§t the S<HT synthe'sis.
iﬂptbifor, p-Ehlorophenylalan&ne (PCPA), redpced*voluntgry
ethakol consumption 1%i§a§s. ‘This wouak led :eseardhér; to

2 -

e&am}neka number of rglated.areas,:-such as the.ef?ects of

~ethadol on 5-HT levels and metabo

f ' é ‘ ’
R . )

K%annax Kalant & Leblanc, 1974), the differences 1in

.

lism (e.g. Frankel, ..

-

emdégenous‘S-HT levels between high and low ethanol

.

*

lp}eferring strains of rats (e.g. Ahtee & Efikéson, 1972),

* 'as:well ‘as the effects of phasmacologipal maﬁipulanibns“gf
-\ N ¢ . ot I3

the 5-HT system on voluntary ethanol intake (e.gs G,él»ler,x

Yoy, f

1973). This field.of research has thus far;qielded,vegy'/

inconsistent data, some controveréy and has, overall,

v A

¢ -‘ \ ) ) . '
~ failed to firmly link the. serotonin system to the

3 a

regulation of ethﬁﬂol'intak@l.
to the effects oy

- -

There is disagreement with regards

7 »

both acute and chronic ‘ethanol admininstration on S5-HT

a3 L) - 4!

" LR - ' - .. ! .
.metabolism. For*éxample, acute doses of ethanol have been

»
.
¢ 1

. . ) . o )
found to elevate brain 5-HT levels in rats (Pohorecky; '
.y

Jaffe & Berkley, 1974) or to have no effect (Frankel etw .
, :

4 ' ' . .
. '

\ N P ’ .
N ¢ .

>

s

P
A

“t
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4 . g T .
: 8
N -
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al., 1974)., Attempts to examine the functional status of

~
-

the 5-HT system~ToTﬂow1ng ethanol administration, through

. measurement, of theOSLHT meiabolige, 54hydroxyindole acetic

.- adminlétjation.! The enhancement of 5-HT synthesis and

.

acid (5-HIAK), has .led to similar di§crepaﬁcfes,(Franke1

et ali, 1974; Hurt & Majchrowicz, fd?A;‘thorécky, Newman,

’ .

) Sun & Bailey, 1978).  More recently, Murphy, Cunningham

i
»

and McBr&ae (1985) repOTtethhgt acute ethanol admin-
~i.stration"haé no ;ffect éé S-H? releése. .
Dur;ng chronic éprSure to eghan&l,lbiain:ﬁth;leVUIS

have beeh:regorted‘to‘§e edevatédﬂ(Pohorecky ethpl., 1974)
I.decreased or unch;néed in rats (Frankel et'a}., 19747 Hunt

8 Majchrowiéz, 1974). Badawy and his coworkers on the

y . a
. —_

other hand, have consistently reporied elevations in brain

)

I

. , \ .
S—Hj and 5-HIAA content following-chronjc ethanol

5

turnover Wwas proposed to be due to an increased

{

. .4 . ~

related to.the biphasic action of ethanol on
* . [] o
‘neurotransmitter release. Therefore, perhaps/ more-

» .

¢

. . . . - f . ty;”
of rethanol, will:reveal more consistent eff Ggts on
. A \

+serotonin metabolism.



\ 16 humans, acutefethanol'administraéion'hfs béen shown
) ‘:o produce a shift, in the metabolism o S-HT (Davis,
Brown, Huff & Cashaw, 1967). The norJil bréakdﬁwn product
of serotonin, S-HIAA, is produced through a series of
oxidations, culminating'with‘the Jiction of the enzyme
.aldehyde - dehydrogenase. However,‘following etha%oL
administration there appeared to be a shift to the
reductive pathway, and thQs an increase in the productién
;ot the 5-HT metabolite, 5-hydroxytryptophol (S-HTUL).
This alterat{on in 5-HT metabolism from the oxidative to
the reductive pathway may be due to a competitive
inhibition of aldehydéﬁ&ehydrogenagg by acetaldeyhyde
(p;oduced duriﬂg the oxidation of ethanol) and/or by
‘ ‘ shifts‘ln the itdox state of the brain (Davis et al.,
1967; Beck, Borg, Eriksson & Lundman, 1982). Several
studies have shown altered cerebrospinal fluid
concentrations otIS—HTOL (Beck, Borg, Holmsté;;, Kvande &
Sdroder, 1980; Beck et al., 1982) as well as blood
platelet uptake of 5-HT (Kent, Campbell,; Pazdernik,
Hunter, Gunn & Goodwin, 1985) in alcoholics compared to
control subjects.w These investigators have suggested i%at
t he abnorm%g metabolism of 5-HT apbarent in alcoholiés,
may contr{gute to the pathophysiology of alcoholism.
However, no firm hypothesis as to the relatioqsﬁip between
the two has been suggested. . . N
4,
Another approach to the relatio:ship beween serotonin

_and ethanol has been the study of 5-HT metabolism in rats




10

[+] / ! - \
- g A
emonstrating a natural preference for ethanol-drinking.

€

For example, DQOust, Chfetien} Moo:e.,Saljgaut, Lhuintre

and Boismare (1985):rece§%fy demonstrated that although

the rates of striatal synéptosomQI 5-HT uptake were

simi‘lar in ethanol prefefring and non-pretérriag rats, tﬁe'

,// steady state.accumqlation gf 5-HT i preferring rats wvas

// higher. Differences in regional braf% S-HT.coﬁtant, have
previougly been dembnstrated in other preférrihg and
non-preferring sn@ains of rats. Ahtee and Eriksson (1972,
1973) demons}rg{ed chatIS—HT and 5-HIAA levels were hlérer
in th;‘genetLéally,sglected sfraih‘of ethanol preferring

(AA) rats tﬁantid the low preferring (ANA) rats. 1n

additiod,/S-HT content and turnover in the hypothélamus,

/
/

éhalamﬁs and midbrain regions appeared to be most

' /
affected. Comparison of this work to a more recent

. / .
gene%ic selection program by T.~K. Li and his colleagues,

“

yields an opposite sbectrum of results. In their

’ /ﬁreferring (P) rats, lower levels of 5-HT were observed in

/
’

the‘cortef, hippocampus,. striatum, thalamus .and
hypothalamus compared to the non-preferring (NP) rats
(Murphy, McBride, Lumeng é Li, 1982). Recently, Lumeng,
‘Wong, 'I"hrelkeld, Reid and Li (1986) reported that 5-HT™
receptor binding‘in membranes isolated from the frontal

cortex and hippocampus of P rats was significantly higher

¢
o

"/)//Lhan in NP rats. This increased receptor binding was -

accounted for by an increased number of 5-HT receptors

(j\ rather than a ch;nge in receptor affinity. In a very s

s



- . . ' 11

thorough turnover study, this group also demonstrated that.
following a variety of acute aﬁa chronié‘ethanol
treatments, no altefations in 5-HT metabolism could be

detected in any braingregion of the P strain of rats .

‘Q(Murpi)y, McBride, Lumeng & L1, 1983).

-

) As previously menéioned} muc§$o€»the interest in 5-RT
was stimulated by the Myers and Veale (1968) .study, in

which direct manipulation of 5~HT levels produced a

’

reduction in ethanol consumption. This study led to a

' \ .
very controversial area of researgch, The decrease in

ethanol prefererice ﬁroduced by PCPA abpeared to be very

long lasting (Veale and Myers, 1970) ?nd the drug affected
. ‘

both saccharip and water intake (Steix, Wéyae} & Tilson,

e

“71977)Y. This led several researchers te suggest that PCPA -

gliven by the oral route induced a conditioned taste

aversion (CTA) and that the effepts'were not specific' to

)
y \

-t thanol (Nachmann,.gesteq & LeMagnen, 1970; Holman,

Hoyland & Shillito, 1975). When PCPA was given

¥

intraperitongally) at doses producing comparable 5-HT

depletion to that produced by «6ral administration, no’

'

‘reductions in ethanol preference were observed (Holman et

.

al., 1975). - '

Other attempts to Pffect ethanol consumption by .
lovering braig‘S-HT contént have been somewhat more
congsistent, Intracerebfqventricularﬂ(ICV) application of

thé neurotoxin, 5,6-dihydroxytryptamine (5,b-DHT),

“produced an increase in ethanol consumption (Ho, Tsai,J
. . \

#
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Chen, Begleiter &\Kiiii?’ 1974; Myers~& Melchior, 1975).

Kiianmaa (1926) reportzd howevef. that despite sizable .

° - .

tdecreases in brain SFHT produced by the ﬁéurotoxig 5,6=DHT
or electrolytic lesion of the midbrain réphe“nuclei, there

was‘no effect on ethanol consumption in the AA strain of

. n
rats. Strain specificity however, was also demonstrated

3

by.Melchior and Myeré &1976), who found that 5,6-DHT

Broducgd long lasting increases in ethanol intake in
. " ‘
Spragug-Dawley and Holtzman rats and littl% effect in the

Long Evans and Wistar strains. In agreement with the
t

Ethgnol elevating effect of some neurotoxins, Geller,
' |

”

Hartmann_ and Mgssiha'(4975) reported that the 5~HT

’ L . : .
“antmgonist, cinanserin, produced an increase.in ethanol

¢
i

selection in Sprague-Dawley rats. ’ " .

1
v

As would be predicted by the data prese?ted&hbove.

manipulations which increase cerebral 5-HT release or

4

turnover, should be exﬁécted to produce a ggduction in

ethanol intake. This prediction has been bord'oualby

¢

© numerous studies employing agents which increase 5-HT .

neurotransmission. Zabik, Binkerd and Roache (1985)
reported that tryptophan and the 5-HT agonist, qujpazine,

‘reduced ethanol consumption in rats given access to
s ¢

ethanol as their only source of fluids. In addition, ICV

administration of.SjFT, as well as system{é or cerebral

administ;ation of {he.serotonin precursor 5~-HTP, have Leen
shown to decrease ethanol consumption (Geller, 1973; Hill,
1974; Myers~£‘Martin, 1973; Zabik, Liao, Jeffreys &

-
13

l
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Maikel, 1978 )~ Geller, Hartmann and Messiha, (1981)

demonstrated that the reduction in ethanol consumption

-

produced by 5 HTP could be blocked by the decarboxylase

.

{f nhibitor, R04-6602.‘ This agent blocks the conversion ot
S-H}P go 5“HT. Thus,, according to,fhese investigators,
chese data provided further’ supPO;C for the notion that =
c?ntral 5-HT 4is involved,  in vb&untary ethanol 1ntake.

F/ In a study employing chronic forced choice ethanol~

{ntake, Zabik et al., (1978) found that S5-HTP produced a
pronounced rej%;tion of ethanol .such that ZSZ)of‘theﬂ.

/ . 4 . > :
/Subjects died, due ro persistant rfiusal to -consume the -’

!

{ ethanol solution, 5-HTP was subsequently found to produce-

strong CTA’s to a number of hovél, flavoured solutions. .

v

i ncluding ethanol. However, only those rats which

A

received ethanol solutions, exhibited a persistant refusal
’ , J
to consume the paired fluid on test days (Zabik & Roache,

1983)% Subsequently, Zabik et al., (1985) repdérted that

the 5-HTP induced CTA to ethanol coald be blocked 'by’
pretreatment with the peripheral 5-HT blocker, Xylamidine

Tosylate, suggestinglthat the CTA: inducing effécts of the

.

drug were mediated peripherally. Thus far, this J

peripheral receptor blocker has not been tested against

3

5-HTP"s effects on voluntary ethanol comsumptﬁon. This

)

would be an interesting and necessary test of the notion
that the effects of,S-HTP'on voluntary ethanol intake are

indeed mediated centrally, as fsuggested by Geller et al.,

(1981). There is considerable data to suggest that ~



=

peripheral 5-HT is involved in the actions of'.s@rotone‘rgic
L ' NN .

compounds (Carter & App 1976). This ftssue wikl be

el,
~ - g e

- --r:iﬂ;"r , '
dealt with in more'detﬁ%,;,in a later section of this

~

thesis, -

In summary, it would appear that the most consistent

“

relationship between 5-HT and ethanol intake has t\:deen

established by studies employing agents which are direct

5 -
acting agonists or which increase the s-ynthesis and

releaSe of 5-HT., All of these manipulationg have been
shown to decrease 'voluntary ethanol 1n\caketi’n rats.
Directly related to tt;is_bod;' of research has been the
)sr.udy of the effeycts of 5-HT uptake blockers on et.han;)l"
intake. Much of th;e :_lni'tia'l wo;k’was carried out in this
. laboratory ﬁsi.ng the drug, zimeldine. An overview of the
.properties of zimeldine as well as behavioral s't‘udies

related to its effects on voluntary ethanol intake are
/- *
/ presented in the following sections,

4

s

2imeldine

.

S-HT uptake blockade results in a prolonged activity

-

of released S-HT within. the synaptic cleft and enhanced

S-HT neurotraﬁsmisgion‘.(Meek, Fuxe & Anden, 1970; Ogren,
Lundstrom & Mooi‘e, 1981). Zi'melz:iine (ZIM) has '
_consistent‘:ly been shown to‘bet a' specific and potent

inhibitor of S-QT \;ptake and to p’ote_ntiat? 'S-HT"recep‘tor

mediated activity (Ogren et al., 198la; Ogren, Rpss, Hall,
‘ ‘

by

-

Halm & Renyi, 1981; Pawlowski & Mazela, 1984).
N .
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Zimeldine 1s the generic name for (Z)-3~
(A-Bro§0phenyl)-N,N;Dimethyl-3(3~Pyridyl)-Ailylamlné
:"(Astra Alab-AB, Sweden). This bicylic compound, initially
developed fo; the treatment of depression, has been shown

to possess an{antid?pressang action comparable to .
tfiéyclics in severgl‘studies.(Aberg, 1981; Georgotas,
Krakowski & Gershon, 1982). |

ZIM and. its primary metabolite, Norzimel&ine (;ORZIM)
are pqiegt inhibitors of the darri;r mediated reuptake of
5-HT (Ross, Ogren & Renyi, 1976; Ross & Renyi,,l97f3. In

»

vitro, NORZIM has been shown to be approximately 10 times
'moj% potent on 5-HT u%take than ZIM. Howevef, in vivo
théy are equfpocent, ;ue-to the gapid demethylationngf ZIM
~to NORZIM. Ro§s and Renyi (i977) have demoqitrated that
when‘mhe formation of NORZIM was inhibited through
;dministratgon 9% the“metabolic inhibitor, SKF 525A, there
was a significant drop ‘in zimeldine“s potency om 5-HT )
/uptake blockade. This indicated that the largest par:‘of
ZIM 8 effect on 5-HT uptghg in viva, was in fact_dge to
NORZIM. In vitro, NORZIM appeared to have a slight NE

. uptake blocking capacity (Ross & Re;;i, 1977). Recently,

some studies have demonstrated that NORZIM behaved like a

weak norepinephrine uptake inhibitor in-behavioralltesﬁf \\
(Pawlowski & Hazelg, 1984)" Botﬁ compunds show negligible
effects on doﬁamine upta&e in vitro and in vivo (0gren et

al., léalb). Following oral or intraperitoneal

administration, peak effects on amine upiake dccurs within

<@
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. 1981b; Ross, & Renyi, 1977). At the doses used in the

- 16

2-4 hours, with ZIM and NORZIM sﬁowing plasma half-lives

of approximately 6 and 17 hours, respectively (Ogren et
al., 198la; Ross & Renyi, 1977).

Vgridus studies of the effects of Z1IM on receptor

- L)

binding have indicated that'this compound exhibits v

°

negligible affinity for mus@ariqic, alpha or

beta-adrenergic, histamine, dopamine, opiate or

&

yenzodiazqiine receptors (Hall & Ogren, 1981).c The drug

also possesses virtually no postsyaptic S-Hg receptor
Q

¢ o « /,
blocking activity and little 5-HT .releasing capacity (Ross

& Renyi, 1977, Ogren, et al., 1981b). B

o P

Acute administration ofﬁZIM_producedta‘mgrkwd

0 .
I3

reduction in 5-HT synthesis, release_  and turnovers -

-
o L <

measured respectively by chreéses in the accumplation -of
» 4 * !

5-HTP after deéa«boxylase 1qh1bitionwx’tcenuation of the

) N 4 ) ’ b . . . .
disappearance; of ;—HT after synthesi§\1n ibfrion- and a , -
, 'Y £ ’

reduction in whole brain 5-HIAA levels (Ogren et al.,,

I3
’ -

. 2 ,
present investilgatidn, the drug, has been shown not to

J

affect NE or Qopaminé~synthesis 'or turnover in several

brain regions (Og}en et'al., 1981b). Chronic treatment

[

D>}
with ZIM reduced brain and plasma levels of 5-HT.
o . -

°

However, over repeated .dosing TThere does not appear to be

~ Q ) ' « i
any development of tolerance to ZIM“s capacityw to block
3

/ ~ 0

5-HT uptake or enhancé'funetibnEI 5-HT activity (Ogren et

& ——

_ ] ]
al., 1981b; dkren, Fuxé” Archer, Johansson & Holm, 1982;

- -

Ross, Hall, Renyi & Westerlund, 1981).
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Zimelddne. appears to be devoid of any pharmacokinetic

1

AT - '
fnteractions with sedative/hypnotic drugs' including
' . 7

» s .
alcohol and does pot possess overt sedative actionsTwhen

1 N .
administered alone (Brown, Ang; Spthgrland. Rockman,

.

- .
Selvaggli & Ogren, I9&\j Cott & Ogren,.1980; Scott, Fagen &

Tiplaay, 1982; Seppala, Str mberg & Bergﬁan, 1984)., Only

-

,oue report in the literature has suggested that there are
. ) . . G . Y "\ -n.

any.deleterious interactions between the ZIM and .ethanol.

~1n,this study, ZIM was found to enhance eghanol-induced

. v ’
fmpairments in memory, body sway and manual tracking

(Naranjo, Sellers, Kaplan, Hamiltoh & Khouw, 1984),
‘. - ' AT ) 4 .
However, other studies have reported that ZIM antagonfzed

.élhanol-lnducé&k}mbairmcntx in body sway and‘meﬁory

; »
(Seppala, Stromberg:4 Bergman, L984; Weingartner et -al.,

-

19Ky,
. \ e

Serotonin Qytake"ﬂlockade and Ethanol Intake , -
The first report of the eftects of 5-HT uptake

blockade on ethanol intake appeared in 1979, ‘and has
. ’[
subséquently been followed up by numerous studies. In

. )
this study zimeldine was found to produce a dose degpendent

L

reduction in voluntary oral ethanol consumpé#on (Rockman,

A Amit, Carr, Brown & Ogren, l979). ZIM (20 mg/kg) produced

. . 4 ‘
a suppression of lQcomotor activity following the first
fnjection, whi:h disappeared over repeated dosing.
Howeve®] the drug had no ettect on body weight gain, total

fluid cnnSumptioﬁ or the ingestion of an aversive tasﬁing
y -
qu]nino-sucro‘y solution, suggesting that the drug effects
\ »

. .
R
.
. .« . . t

-
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vere specific to the consumption of ethanol solutions,

Two subsequent studies however, have shown that ZIM

produced a dose~-dependent reduction inithg voluntary oral

"consumption of a morphine-sucrose solution (Rockman, Amit,

¥
-~

Bourque, Brown & Ogren, 1980) as well as the comsumption

of a liquid diet containing morphine (Ronnback, Zeuchner,

Rosengren, Wronski & Ogren, 1984). Rockman et al., (1480)

suggostea that the inhibitory ettects of ZIM on both’
) - .éf ) , .
etthanol and torphine supported the notiodon that the
. J ‘ ’
reinforcLQi effects of .these drugs were mediated by a

common mechanism, perhaps via interactions with the NGt

»

o
svstem. -~ \

In a subseguent’é;periment, extinction ot ethanol

13

drinking behavior wa%faccomplished using\a paradigm in

which forcéd ¢cholce ethanol intake was combined with 20
Q I3

davs of ZIM treatment. When animals were subsequently

allowed voluntary.access to ethanol, there was a slow

reécquisiton‘of-th} ethanol drinking response (Rockman et

~ " . .
al., 1979a). These authors suggested that these results

provided additional support for the notion that serotonin

‘

is involved in rhe.acclons otf&tﬁanoi. specifically the

e . :
positive reinforcing properties of efhanol. Amit and his

.

colleagges examined the effects of several specific 5-HT
uptake inhibitors (norzimeldine, fluoxetine, citalopram,

. ' R *
alaproclate) as well as NE uptake blockers

(desmethylkimi pramine, doxepin) on ethanol intake. Only

those drugs known to be more sdlective for 5-HT uptake

«
! '



.reconciled with the Jéponstratiom that NORZIM acc¢oynts for

19

" blockade appearcd to have g significant inhibitory effect

iz ~ r

. :
on voluntary ethanol consumption (Rockman, Amit, Brown,

Bourgue & Ogren, 1982). " Subsequent to these studies,

‘severa]l other research groups.have confirmed the ethanol,

[ - S PRNSSS -

re%Pcing properties of 5-HT uptake blockers, using .

compounds sukh as Indalpin, Fluoxetine and Fluvoxamine -

~ . !

(Daoust%;Saligaut, Chadelaud, Chretien, Moore & Boismare,

F9&b; Le Bourhis,*Uzan, Autrere & LeFur, 1981; Murphy, T

e .
Waller, Gatto, McBride, Lumeng & Li, 1985; Zabik et al.,

3

1 91«;)\.

In studies examining the mechanism of actfon of ZIM,

partial blockade of the eféects of ZIM could be pnoduéed\

UY\gretreatment with DMI, as well as the alpba-Z NE

. . ('-"
receptor agonist, clonidine. However, the serotonin

™

receptor antagonist, metweréoline, p;oQuced no blockade of

- -

"21M°s actions (Rockman et al., 197Yb; Rockman et al.,

1

1982; Amit et 'al., 1984). In a similar serie; of studies,
employing NORZIM, a different pattern of results was
obtained. DMl and clontdine had no effect, whereas- A
methergoline (1 mg/Kg) significantly attenuated the NORZIM
i nduced redugtion in ethanol intake (Amit et al., 1984).

These results appear paradoxical and are not readily ' - -
] ts

much of the in vivo activity of ZIM (Ross & Renyi, 1977).

’

There are few known difterences between the two compounds
1 .

which could afcount for the differential actions following

~

DMI, clonidine or methergoline. Complicating the picture

- E
&F T
- .
N ! —~\ * ¢ St
\\ . ' .
- . ’
. , . .

t.
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‘studies), ,a CTA did not develop.

.20

further i1s the study by Murphy et al., (1985) in which

r

they reported the i{nability of a variety'of NE and 5-HT
receptor antagonists to block the ihhibitory etfects ot

fluoxetine. and fluvoxamine on ethanod intake. Ot her

attempts to block the actions of both ZIM and NORZIM have

&

yielded negetive results.l Prior depletion of central 5-H1
by the neurotoxin, p-Chloroamphetamine (2 x 10 mg/kg),
failed to alter the actions of these compounds, despite

substantial reductions in whole brain 5-HT levels (Amit et

'

al., 1984; Gill, Amit & Ogren, 1985). . : y

Uverall, these studies suggested that 5-HT uptake

LAY

blockers are not acting directly through a 5-HT receptor
mechanism (Amit et al., 1984; Murphy et al., 1985). fhg
inability to block the activity of these compounds by. a

variety of methods suggested that some non-spécific or

indirect action, perhaps thg‘inducglon of a CTA, was
responsible for reductions in ethanol intake. ZIM

produced CTA"s to a variety of novel,“f}aOoured solutions

.

fncluding ethanol (Gill, Shatz"t Amit, 1986). However,

whenp animals were pretreated with ZIM (using a time f rame

similar to that employed in voluntary consumption
~

These results suggested

[\ ]

that it is unlikely ‘that the.dewelopmegt'of_a TTA

accounted for ‘ZIM“s eftects on voluntary ethanol

‘
.

consumption. :

~

It is5 . clear from the data;reviewea above that. the

M v,

me%hanism&og actign of 5-HT uptake blockers oh ethanol
. " ~, M

! °

v . .
L . .
v . .~
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rintake is not well ‘undefgstood. ~Tn a review of ﬁhe etfects

> ®

of Zimeldine on-voLuntar& ethaﬁot consumpilqp. Kmit, .
. Sutherland, Gikl and Ogren (1984) outlined several .

-mecﬁanipms throdgh whfch.S-ﬁT uptake blockers may be -

~r \ ’ ‘
the suggestion that ZIM induces "anorexia"”, Iq the
following section a review of the role of S5zihT in feeding

behavior is presented. Similarities between .the effects -
“ . >

%) .
of serotonergic manifpulations on food and ethanol intake
. ‘ 0 i
. .
-~ - L

R Y o s .- @

e ; -
\\ . ! - 'é?e o

> Sercdtonin and‘Feedidg\je,_

\

4

NN : X . - 1\ -
. There is considerable ‘experimental evidence to suggest .

. . » 7 «
‘that manipulations of the serotonergic system indule .

changes in feeding behavior., In initial work, ICV .

N .

‘ infusion of the enzyme inhibitor;PCPA, ppoduced a severe ° -~

depletion of seket&pin and a concomitant hyperphagia; with

0
3 N - hd Ky

increases of up to 175% in‘baseline food intake for
' \
several days following a single 'administration of the drug

(Hoebel, Zelman, Trulson, MacKenzie, DuCret & Norelli, ;

- . ~

1978). Saller and Stricker (1976) reported that centpal

> Ly .
admimistration of the 5-HT neurotoxin 5,7-DHT induced ‘
- . ! . ' R -
' hyperphagia and increased body weight gain 1in rats.

‘Sdmilarly, S-HT antagonisgs such as cyproheptadine have
. . )
‘been reéorted to increase food fntake and are used
* clfnically as appetite stimulants in humans (Hoebel,

1977). As outlined in the 'section on serotonin and

“ ethanol, there is some evidence that depletion of cerebral

) )
N

' ‘ T

.

acting to reduce .ethanol intake. Among those listed was ' .

have been noted. T L . o




, N7

- te .

. 5-HT by cehtnal‘%dminisoration of neurotoxins, also

. -
ey . - -~

\@ncreased voluntary ethanol intake (Melchior & Myers,

3 -

" 1975) S ‘ _ -

‘On the other hand .agents that acutely increaée‘the

1evels~of brain serotonin (i:e the precursor 5-HTP),

ot ..‘. o,
incwease release (fenfluramine), act as direct acting

agoniSts (quxpazine), or 5-HT reupiake blockers

-

(fluoxetine) have, all been reported to decrease food*

’\

1ntake (Bgrrett & Mcsqfr(y, 1975; Blundell & Latham, 1978;
3 -

K Geudie, Thornton & Wheeler, 1976; Samanin, Mennini &

Garattinti, 1986). This work, taken as a whole, has

..+ suggested that serotonin plays a role in the proc§§§es
A\Rg o v L .
which mediate satiety; with reductions in_5-HT producing
v . A . [ -
overeating. and increases producing anorexia (Blundell,

1984), 1It-should be notgo that all the serotonefgné

agents lislédrabove (e.g. 5=HTP, quipazine, fiuoﬁqtine)
have been shown to reduce voluntary ethanal intake.
Py . < ’ - AN .

One of the most studied 5«HT apofexic agents 1is

n

»

>

fenfluramfne (kowland & Carleton, 1986). Silverstone and .
|

3

Kyriakides (1982) have extensively documented the-

.

. influence of fenf‘uramine (EEN) -on appetite and food

N

inbéke in humans; The dtug reduced supjecbive ratings of
. épﬁetite, increased the latency to start Fbéoing& slowed

/ . : '
‘the rate of eating and produced a total réduction 'in

. z e, .
caloric 1ntake. .Similar effects’dn food intake have pggn

demgnstrated 1n animals (Bf(odell, 1964; Blundell &

~y, :
Lathhm, 1982; Hogbel, l977).* Feﬁfluramine 8 effects on
' )

[



H

[

"~ action on free feeding via methanisms independenp’of

the 5-HT systen nas 7een established by the work of
Samanin and +Garattini (1982) who found that acute
administration of the drug increased the release of 5-HT
and inhibited its reuptake. Additional evidence for 5-HT
involvement comes from wqgk which showed that - FEN“s
eftects on food intake could be blocked by S HT
antngénists such as methergoline and methysergide (Barrett
& McSharry, 1975;\Blunde11) Latham & leesham, 1973;
Jesperson & Scheel-Kruger,1973; Thurlby, Garattini &
Samanin, '1985). Davies, Rossi, Panksgp;, Bean and
Zo&evick (1983), examining free feeding patterns in rats,
reported that FEN reduced meal stze witﬁept having any
effect on meal frequency. However, these authors further
reported that FEN significantly attenu;ted t?f rate of
éastric emptying lelowing stomach loading, suggesting

t hat perfpherai signals from the upper gastro-intestinal’
tract ngﬁt be ingolved in the control df FEN induced

L4
ssatifation. These results indicated that FEN may have an

central 5-HT. .

Serotonin containing neurons are abundant in the

e d )
periphery; with large quantities located in the enteric

"cells of the gut (Fletcher & Burton, 1984). A role for

peripheral 5-HT in feeding has been suggested by‘thef

demonstration that systemic édministration of 5-HT (1, Zf
4 mg) which does not cross the blood brain barrier,

produced a dose dependent reduction in food intake. This
. o b 't o~

~0
.




.etfect, observed in food deprived as well as in free

L4

.

- >

feeding.animals, appeared to be due to a selective:
. A3
reduction in bout size and duration (Fletcher & Burton,

1984, 1986a). The anorexic effects of the | and 2 mg doses

of 5-HT were attenuated by pretreatment with methysergide

-
t

(3 mg/kga but not by methergoline (Il mg/kg).

-

&

Administration of 5-HTP has been reported to reduce
; .

operant responding for water.and éde reinforcement
kCa;;et & Appel, 1976;‘Carter, Dykstra, Leander .& Appel,
1978), reduce food intake (Blundell & Lesham, 1975} Goudie
et al,, 1976), and to produce a CTA (Ervin, Carter,
Meb;ter, Moﬁr& & Cooper, 1984). Treatment with 5- HTP (50
mg/kg) significantly reduced responding for yater
reinfortemedt; an effect which‘could be blocked by
pretreatment with R04.4602 at doses sufficient to 1nh1b1t
perigheral ‘but ngiicenttaf decarboxylase (éarter & ‘Appel,
1976; Ervin et al., 1984}.' As was noted in the previous

section on serotonin and ethanol, Geller et-al., (1981)

1S
interpreted the RO4-4602-induced blockade of 5-HTP s

o

effects on ethanol intake to suggest that central 5~HT

~ L
.mediated voluntary ethanol‘&onsumption. Carter and Appel

L]

(1976) and E:J;n*et al., (1984) however,'suggested'that

their data suppbft the notion that the effects of 5-HTP

L.

L4

are mediated entirely in the periphery. As outlined \\\>\

- previously, Zabik et al,, (1985) have demonstrated that

the CTA to ethanol solutions produced by 5-HTP could be

o . 4

.
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‘

blocked'by the peripheral 5-HT antagonist, xylamidine ~

tosylate.— ) . ‘

=

The experiments reported above have dealt with the \

&, ' . - ).
behavioral effegts of 5-HT and 5-HTP when‘administgﬁed

\ ¢ .

/ N
— through .a peripheral route. These experiments raised the

-

boésibilig} that many 5-HT manipulations (i.e. agonists,

.

releasing agents and uptéke blockers) are acting mainly

< through peripheral mechanisms, possibly by reducing the
rate of gastric clearance, through éeneral malaise or -
‘ A EY . ~

(3

aversion, Despitg this, Several 1ﬁ?estigators have found
that central adminlstration’of anorexic aggﬁ%s also reduce
food- intake. ' \ |

,'Traditioﬁal divisions‘of the central systems
qonirolling'feeding into excitatory andninhibitorg centers
in the lateral hypothalamu; (Lﬂ) and ventromedial

. , . oo &,
) hypothalamus'(VMH), are currently held to be inadequate .

and simpliétic'(Stricker, 1983; Stricker & Zigmond, 1984;
4, . .

Smith, 1982) or are supported (Hoebel & Leibowitz, .1981;
Hoebel, 1984). While the purpose here is. not to review

this controversy, some-reference to the VMH must be made
- . +

in assessing the role of central 5-HT in feeding. T

The VMH is associated with two major neural tracts: a

— v Iy
serotonergic input originating from the raphe nuclei of .

-~ o - 'y

the pontine-midbrain area ahd a noradrenergic input from
the ventral noradrenergic bundle originating in the dorsal

| pons, which connects the reticular formabipq with the

2

a
g&f}‘«i-‘»’f
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and %orley (1980) in reviewing the literature on brain ’
monoamines and feeding, have suggested that the medial‘
serotonergic system facilitates.sétiety théougﬁgan

"interaction with NE in the VMH and associated

{ .
Paraventricular Nucleus (PVN). Several studies have N

demonstrated Eﬁac NE had specific facilitory effects on
feeding when fnjected into the PVN, whereas destruction of

* o . . .
the‘ggcending NE input into the VMH and PVN by knife cuts
’ ®£

&
or lesions_led®™ o decreased food intake, weight loss, and

a blockade of NE or DMI-induced feeding. 1In addition, \ ,

- . L
.

lesions of the VMH or PVN regions produced hyperphagia,

increased mealtsize and obesity (Hbebel & Leibowictez, [§81;

’

Leibowitz, lb78; Leibowitz, Brown, Tretter &

»

-Kirschgessner, 1985). This data suggested therefbre, that

\

NE normally inhibited a putaﬁive satiety system ,%&'

functioning in these regions. On the other hand, a
teduCCEon in central S-HT{ produced by‘neurotoxins or
PCPA, has been reported to produce hyperphagia and obesity
(Hoebel et al., 1978), further sugfﬁgijng ‘that central,
serotonin normallyfﬁtimulated\the putative satietylsysc;m.

Serotonin injected directly into the PVN inhibits
feeding.' For éxample, mic}oiqjections of 5-HT produced a
dose dependent sdb;ression ;f deprivdtf@n 1 nduced feediqg
and the se;otonin precurso; S-ﬂTP suppressed NE-induced

‘

f eeding; an effect which could be reversed by ) -

J
administration of R0O4~4602 (Hoebel & Leibowitz, 1981; ,

Leibowitz & Papadakos, 1978). other gserotonergic



manipulations deséribed previously, which are known to

reduce feeding when injected peripheraliy (1.0 .

~

fluoxetine, quipazine, fenfluramine) also produced a . ;/)
dose-débendent blockade af_NE-indﬁced feeding. Taken

together, these results suggested that NE and 5-HT formed

v ¢

inhibitory and excitatory inputs, respectively, into the

VMH-PVN which controlled the activity of neurons directly

o “~

producimgvsatiety (Blundell, 1984; Hoebel & Leibowitz,-

1981; Morley, 1980).
There has been a great deal of speculation about the

nature of thisfputative s;ciéty system within-thg VMH-P VN,

Morley, Levine, Gosnell and Kra%n (1985) have recently

presence& the hypothesis that Corticotrophin Releasing
Hormone (CRF) may be the putative séiiéty~agentxon which .
N% ;na g-HT act to produce ;hgir'effects. Ségicker (1983) - '
pre;ented evidence to support the hypothesis ghat in,f@c{

the VMH-PVN is involved {n the régulation of peripheral
metAbolism,Jparticularly thé rate of gaétric clearance and
insulin Qecretion; Morley (1980) suggested that the - .,
peptide, Cholecystokinin éCCK) is also a likely candidate

for the satiety system within the VMH-PVN. At the present
time CCK 1is Féceiviqg a great deal of interest as a

putative satiety 1nducing agent which appears to have both
peripheral and cenpfgl actions to reduce food intake

(Hoebel, 1984; Morley, 1980; Morley et al., 1985; Smith,
1982). CCK i;‘wide+y distributed in the gnst;oinCesfinal
tract as well as the central nervou; system where hig&n

]
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concentrations have been localized in the dorsomedial

hyPothalamus aﬂd PVN (Moriey, 1982). Intraventricular or
cerebral applicatidn ;t CCK has be;n shown to have a
variéty of behavioral and physiolqgical effects iﬁcluding
‘a reduction in food intake, hypgrglycemia'and a redquction
of gastric motility., Morley (1980) demonst?ateg that the
S—HT piecursor,‘tryp;ophan, produced a rapid d;crease in
hypothalamic CdK. suggesting a link‘between the 5-HT and
CCK systems. Thus in Morley’s.modeIE 5-HT induces the
release of CCK in the VMH-PVN, which is 16h1bi:ory on

feeding. While the data at the present time are

insufficient to support any of these models, further

s
b

.research will no doubt yield some interesting resul}s. It
should be noted that CCK has recently been shown to reduce
voluntary ethanol intake (Kulkosky, 1985).

The literature reviewed above suggested ghat 5-HEF
affects consummatory behavior; however there is
considerable\aiscussion about Qhether the effects are .

‘ mediated centrally or peripherally and some suggestion
‘ F“{hat these effects are non-specific (Stricker, l983f.

v

Nevertheless, several invqstigato}s support the nétioﬁ/}x
that,5-HT plays a séecific role in feeding (Blupdell,
1984; Hoebel and Liebowitz, 1981; Morley, 1980).
Furthermore; a more detalled anaiysis of the effects ;E
various pharmacological manipulations has indicated that

serotonin may ge involved in the dietary selection of

particular nutrients (Li & Anderson, 1983, Wurtman &

y
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Wurtman, 1977; 1979), thus a;éuing against an overall

v

don-specific inhibition of behavior.

'

The Present Investigation

A

As is apparent from the previous discussion, the
similarities between the eftects of 5=HT mdnipulations on

food and on voluntary ‘ethanol consumption are numerous.
*
The interpretation of the effects of zimeldine on ethanol

intake has-rested on the hypotheéis that the drug produced
& 3‘\ *
a blockade of the positive reinforcing propertie’s of

ethanol (Rockman et al., 1979a). It may be possible
howevér, that ZIM’i act?ons are mediated through more
global effec;s on consummatory bEhaQior, rather than
specific effects -on etianol reinforcemenf.

iR In the first experiment, the speciticity of* /
.- i !
zimeldine’s effects were examined by administering the

13

drug to groups of animals consuming solutions of ethanol

0
f

and dextrose as well .as non-nutgitive saccharin. Fﬁ'the
! second study, zimeldine’s direct efféct on food intaie was
determined using a drinkometer paradigm, in which food and
fluid intake were monitored cant;nuously. Changes‘in
total food and fluid intakeé, the temporal patterns of
) intake as well as the frigquency and duration of food and.
fluid bouts were determined. The third study examined the

- actions of zimeldine in two measures of lo omotor

o ' activity. This experiment . was conducted in order to

‘determine whether sedat}on could account for zimeldine s

effects on consummatory behavior. ;, In the final study,

3 v

+

d



4

zimeldine®s effects on the consumption of highly

LN w S
-

reinforcing sucrose food pellets were examined,

to determine whether the drug had specific effec

.satiation, '

in order

ts on
+
S
v
L}
. . .
. a

o

0

©



31

\ -

2

EXPLRIMENT | .

. .

:
- - .

| | ¢

k]

Blundell and Lesham (1975) reported .that admin-

‘{stration of the serotonin precursor 5-HTP produced

.anorexia in rats. These aufthors proposed that an .
y )

fnhibidorv scrotonergic system was involved in the control
: o '
. 1

ot tood.intake. . Goudie et al. (1976) argued however, that

‘treatment with S-HTP could lead  to the formation of 3;HT

fn many- areas of the brain, (due to the presence of the

~

enzyme. L-Qtipﬁfgcid decarboxvlase), which in turn could
. - N e s

displace catecholamines leading to a non-specitic

-

- I3

disruption ot teeding.. Goudie et al., reasoned that it 4
the anorectic properties of S-HT? were fn fact
ispecifically me'diated by serotonin, it snbuld be possible |

to potentiafe/the dffects of whis drug by 5-HT uptake

q —

blockade. l;\thetr report, the 5-HT uptaké blocker

tluovetine ‘not only potentiated the ettects of 5-HTP but

- H
alsno had a potent anorexic action of {ts own.

Wurtman and Wyurtman (1977) confirmed the anorexic
- 9 -
d - . : e .
. properties“of fluoxetine and further reported that Cthe

4

1 .
drug specifically supressed the consumption of

’ ' .
cargkhydrntos relative to protein. \TDpse investigators

f. suggested that a ca(bgyydrate rich ' meal norma’lly increased

L,the synthesis and release of central 5-HT, through an

indirect route inwolving inaultﬁ which is released during

-

the ingestfon of a meal, Insulin alters plasma amino acid

pttterjﬁ'and enhances the entry of tryptophan into the

bra*tn relative to other amino acids with which it normally

}
A

b

T~

"N

~f




[} .
competes (Wurtman, 1978). In their model, enhanced

synthesis and release of 5-HT exerts a negative feedback
*» - B

effect on further selection of diets containing
carbohydrates. Thus, when synaptic levels of serotonin
are high, as for example after administration of d?ugs
which increase serotonin rélease (fentluramine).or inhibit

-«

5=HT uptake (fluoXétine), animals would tend to reduce
) ! .

their elective carbohydrate consumption.

'Th?se studies were considered to be particularly
signiffcant to the inve;tigation of the mechanishm of

. b : 1

action of iimératng‘on ethanol intake. If o#e considers
voluntary ethanol consumption as a potential source ot
"carbohydrates", then there is a possibility that the
decrease in ethanol eonsumption'seen afterwtreatm;nt~with
both fluoxetine and zimeldine cquld be due to this
Techanism. While ethan;l is not strictly speaking a - .
carbohyd;ate, it {s a ready source of eneréy. and {s known

\
to interact with carbohydrate metabolism; produtcing

hypoglycenmi

in fasted rats (Field, Williams & Mortimore,

. |
1963), hypergiycemia and enhanced gluconeogenesis in AA

l
.rats (Forsander\& Poso, 1986), and &~potentiatlon ot the

plasma insulin response to glucose (Metz, Berger & Mako,
’

1969).

"

Rockman et al., (1979a) however, demonstrated .that ~

! *

zimeldine did not altey the consdmptlon ot a
sdcrose-quinine solution. This finding would argue

against an "anorexia" hypothesis. However, subsequent

<

\ .
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studies demonstrated that ZIM reduced the cénsumptLon of

A

morphine-sucrose solutions as well as morphine added to a

-liquid diet (Rockman et al., 1980; Ronnback et al., 1984).

A feature Eommon to all these studies, was the presence of,

carbohydrates in the fluidswconéumed. ,Therefo;e, the

N 1

present experiment was designed to,compate the effects. of,

\

iimeldine on the consumption of ethanol as well as the

carbuhydrate, dextrose. A solution containing sacchartin

’ -

was {ncluded as a non-nutritive control.

. _ METHOD '
Subjects \ M N N ‘ l
. Sixty naive male Long Euang rats (Charlesifiver;
Cana&a) weighing d25-150 grams al tﬁe start of the
. ‘ Y v
experdiment were used. Rats wergggkdivﬁdually housed 1in

standard stainless steel cages and were maintained 'in a

Y

temperature and humidity controlled environment on a 12
hour dark-light cycle. Fluids were presented fo two

Richter tubes mounted on the front of the }ages. Food and

-

water were available ad libitum.
“ K

,
Procedure . s

Ethanol Screening: Following 5 days acclimation wmo the

animal colpny, the animals were divided into three groups

.and a screening brocpdure was initiated where rats

received ethanol, dextrose or saccharin solutions

+ presented in an ascending series of concentrations on
alternate days in a\free choice with water. Infctially

rats were presented with either a 2% (v/v) ethanol, 3%
w

o




I\
(wfv) dextrose or a 0.1% (w/v) saccharin solution. On

,each presentation the concentration of the ethanol and
N ‘ . -

" dextrose solutions were increased by 1% and the saccharin
4 solution by 0.05%., Once final concentrations of 10%
"ethanol, 14% dextWgie and 0.6% saccharin were reached,

rats were switched to a daily presentation schedule.
A, A ]

Quinine sulphate (0.0iSZ: w/v) was added to both the
- 7 .
dextrose and saccharin solutions in order to reduce g

LI «

consumption to a level cogdparable to that of the ethanol

- L

consuming group. The concentration of 14%Z dextrose was

~chosen to be approximately iso-caloric to the 10% p{ﬁanol
. ’ ’ J M .
solution. The position of the gater tubes was alternated

daily in order to control for position bias. Animals were
weighed and handled déi{y: Those animals in each group

‘consuming less than 50 % of their total daily fluid intake

r

as ethanol, dextrose or saccharin were eliminated from the

study., a - g - v '

Injection Period: Fol'lowing a 2 week baseline pértod,

. 4
, the remaining animals in each group were matched for

.
v »~ o~

baseline intake and were assigned to either a vehicle (2

ml/kg) or zimeddine (20 mg/2 ml/kg) group. Animals were

]

injécted intfaperitoneall&, approximately 2 hours prior to

-~ Y

the onset of the dark cycle, for 5 consecutive days, ~
- .

Following the inYection period, consumption was monitored

. .

for an additional 5 day perfod. Zimeldine was dissolved
- ' . ’ ' - N r

in saline immediately prior to injection,

Pal
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Zimeldine at a dose of 20 mg/kg has previously been shown
to reduce voluntary ethanol intake (Rockman et al.,

19798)- | -

RESULTS

-

The data shown in Figures 1-3 are expressed as the
. - .

mean preference ratio (calculated as percent of total

fa

daily'fluid intake) for the ethanol, dextrose and

]

saccharin consuminh groups respectively.
Analysis of Varfance (with repeated measures) yielded

® ingnificunt drug by days interaction effects as follows:

. ethanol, F(14,140)="2,63, p<0.002; dextrose, F(14,140)=

_5.14, p<0.001; saccharin, F(14,140)= 4.5, p<0.001. During

I's

the injection period the preference for all three fluids‘

. was reduced in those rats treated with zimeldine, compared .
- - ' , l\ —
(to their respective vehicle injected controls. Preference .

remained low during the post~-injection period. The
absolute cqohsumption (mls.) ééﬁwell as tqtal‘fluid
consumption,.for all groups injected with ZIM were also
~significantlx (p< 0.05) reduced d;ring the injectz:n
perioa.AIn add{tion, those animals treated w%tﬁ ZIM lost a “

" mean of 2.4 % 1 grams of body weight during the injection

period compared to the normal-body weight gain of 12.5 % 2
. . F

. t t
© . grams in the control animals. This difference was
. significant (p< 90.05). ' - .
. ' N )
. [
’ . 3
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v ' ' ~p1sébssion

! N 4
Zimeldine induced significant reductions in the

-

) " " voluntary consumption of ethanol as well as dextrose

solutions. However, saccharin consumption was also

)

reduced by the drug treatment. / Given the non-nutritive

B}

arin, it appears that the consumption of

1

- -

¢
k : .nature of sac

highly pref rred‘éolutions in general, rather than only

those solutions containing ethanol or carbohydratesgqyere

-

) - reduced following zimeldine treatment.

| . L 4 ;.
These data do not :appear to support Wurtman and

" Wurtman®s (1977,1979) hypothesis that serotonin fg
specifically involved in the cgntrol of carbohydrate
» s
] N
consumpiion. However, one .could argue that saccharin was

not the correct flavour choice for the non-nutritive

~

control solution in this study. The flavour of sweet

Y subs’tances may be innately associated with the

A

(¥

consequences of carbohydrate consumption., Evidence to

- . & -

support this hygothesis has been provided by Nicolaidis

‘¢ ‘ .
(1981), whd has %hown that aral saccharin administration

produces an immediate plasma hypergf&cemic response 1in

»
© .

X "\\\fats. Thus, rats may respond to saccharin as though it
were a carbohydrate-containing solution (Montgomery &

_ Burton, I986; Mook, 1974). While the validity of this '

a

presented in this experiment,’ recently zimeldine has been

shown to produce a supression in the consumption of a

-»

> variety of flavoured solutions. Fl deprived animals

) *\\\\VJ(;yp o
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Were given a two bottle choice between water and one ,

. ] :
concentration of sodium chloride (0.5, 1.0%), saccharin ‘
. ' | (0.05, 0.1%) or ethanol (2, 4%)./ Zimeldine (20 mg/kg) )
. ’ .prodiced similar degrees of flufd suppression in all

o groups‘(unpublisheh observatiofis). 'Thus, it would appear

N (3

th;s ZIM has a general fluid suppressant acfion, that 1is
independent of carbohydrates. M
The amount of fluid consumed by animals has, in

general, been found to be highly correlated to dry food

~intake (Fitzsimmons & LeMagnen, 1965). 1t may be possible
therefore, that the aner§1 fluid sup;:ngant action of
zimeldine is an effect secondary to & reduction fn food -
consumption.,, The significant difference in body weight
between ZIM treated animals and controls would support

this interpretation, This notion was examined in the

following experiment. . .

< : ) .
¥
. . .
&> . . \
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EXPERIMENT 2

.~

While the food reducing or anorexic effects of ZIM-

have not been systematically studied, there is some

evidence t6 suggest that chronic ZiM treatment produces a
weight\réductibn in humans (Simpson, Lawton, Watt &
Tiplady, l98£; Gottfries, 1981). Non-depressed subjects
attending a weight loss clinic received ZIM (2 x 100
mg/day) for an 8 week period. These subjects lost an
av;rage of 2.5 Kg of body weight’, which was significant
compared to controls (S{mpson et al., 198l1). Studies
examining the efficacy of ZIM as an‘antidepressant, have
reported significant weight’loss (Aberg & Holmberg, 1979)
or no changes in weight (Coppen, Rama Réo,'Swade & Wood,

1L979; Dewi’lde, Mertens & Gustafsson, 1983) following

chronic treatment.

Within Ehe animal li{erature, fluoxetine has beeﬁ'

extensivelr studied with regards to its specific/effects,

+

oé food intake. In an fnitigl repor
mgyké) significantly reduced food 1;take in 18 hour
deprived rats aqd potéﬁgiated the anorexic actions of the
serotonin precun;or 5-HTP (Goudie et al., 1976). Tﬁe
ano;eﬁtc action of the drug was found to be of short

duration, 1asting approximately EEE first 2 hours of a 6

[

“"hour food access periods Similarly, Rowland, Antelman and

Kocan (1982) reported that fluoxetine (10 & 15 mg/kg)

significantly reduced food intake in 20 hour food deprived
& ot .
rats. During an 8 day’treatment - period no tolerance to




..f s ~ 1‘2

the anorexic effects of fluoxetine developed and animals .

exhibited "a significant body we{ghr_‘ loss éompare_d to

J ~

v

sa.line controls. Wurtman and Wurtman (1977) found that .

s

fluoxetjine (5‘&\1,U'mg/kg) produced significant reductions

in food intake only durfing the first hour of access to

<

food in rats maintained on a schedule\of 16 hours

"deprivation. It should be noted that the drug appeared to

have a short duration of.action'and in some studies the
4
animals consumed sufficient food in the latter portions ot

the test sessions to maintain normal food ifitake - an
unusual finding considering the ext remely long half-life

of this}’compound (Goudie et al,, 1976). In a.very brief
) ‘ sy ,

report, "Sugrue, Charlton, Mireylees and Mclndewar (1978)

found that 30 mg/kg of ZIM reduced food irntake by 54.3 %

in 18 hour food deprived rats; an effect which could bel
[ A3

blocked by methergoline (1 mg/kg). No at tempt was made to
monitor fluid intake in‘any of these studies.

A. more recent trend within the feeding literature has

L

been the use of .,"microstructural" analyses of the action,

of anorexic agents, For example, Blundell and Latham
, \ ~ .

(1978) extensively studied the effectmw of a variety of o
anorexic agents (am;')h.etamine, pimozide, fluoxetine) in ~

free feeding animals using g paradigm in which foosd intake
was. monitored continuously. This type of study has
3

produced a more detalled description of the temporal

A

- [A
patterns of meals, meal fré/guency and bout duration in

free feeding animals, and are considered to.provide a more
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1

accurate assessment of the types of changes in feeding

fnduced by anorexic agents (Blundell’ & Lajtham; 1982;
Fletcher & Burt&on, 1386). Therefore, modelled on this
type of “mi‘crostructural" analysis, the flollow 'ng
experiment was designed {in order to sgsess the effects of
anacute dose of ilM on food, ethanol a‘nd water intake.

-

This study was carried out in two phagses, 1In fhe

e Qo
first phase, high ethanol preferring rats wer ‘used as
subge'cts. Based on the results of the first phase, a
replication of the experiment was carried out using low

\ .
ethanol preferring rats, whose main fluid o& choice was

water. The methods and procedure for both phase‘s of this

study were identical. The data were analysed in terms of

»

zimeldine’s effects on total food and fluid iptake, the

temporal patterns of intake as well as effects on bout
frequer;cy and duraction. &
ME&)OD

Subjects: / £

. ~N
Fitty male Long Evans rats (Charles River, Canada)

°

weighing between 125-150 grams at the  beginning of the
experiment were used. Rats were housed individually in

standard stainless steel cages and were maintdined on a 12

hour light-dark cycle. The light cycle changed at 8:00

pe.n.~a.m. Fluids were presented in two Kichter tubes

U o ' ‘
mount'ed on the front of the cages. St andard, rat chow and

-~ s
.

water were available ad libitum.

4

¥
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Procedure

Ethanol Screening: Following acclimatization to the

animal colony, animals were screened for ethanol {ntake by
presenting an ascendiqg series of concentrations on h

alternate days in a free choice with water. Inftially

’

rats received access to a 2% (v/v) ethanol solution

!
i \

.prepared from 95% et¥anol diluted with tvap water. On each

]

subsequent ethanol presentation the concentration was

o v

increased by 1%. The position of the ethanol and water

tubes was a}tern;ted daily in orde{ to eliminate posigion
biés. On the inte;vening water day, the 3n;ma}s had access’
to two tubes oﬁ water. )

Once ; final cg:centration of BZ‘ekhanol‘was reachcq
the schedule was switched to dail} ethanol presentations

~

and baseline .intake was monitoﬁed for two weeks. ‘nimals

were handled and weighéd every 2 days.

Drinkometer Procedure: ‘Following the screening and

baseline periods, rats were placed in . operant chambers set
. L Y ’ ) : ~
up for contifivous monitoring ot food, water and ethanol
~ .

A

»

consumption. Each operant box (Grason-Stadler rat
chamber) was equipped with a single lever for fooé pellet

delivery and two.plastic drinking tubes fitted with steel
‘ball-pearing spouts which were connected to Grason-

Stadler drinkometer circuits¢ Each lever press resulted
N ¢
in the delivery of a single 45 mg standard Noyes pellet.

»

Animals were not shaped to bar press for tood. Those

EY
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a ¢ .

/a” anfaals which did not learn to lever press within one 21

r

o bour perfod were climinated from the study. . .
" ‘ Cromgvat L3

' ’ The cusulative number of lever presses and licks on
the tluid dispensers were rccorded.én counters. In order

.L(annitnuously monitor feeding and drinking behavior aover

. s 24 hour period, all circufts were connected to a

-

mulii~pen recorder. The time, duration and frequgncy of "

-

} fndividual tcod or drinking houts, as well as the number

-

of pellets consumed per tood dout, were determined

directly from the recording chart's ., ,

- In order &o avoid 'scSring inadvertent lever presses or .
!

closbres of the drinkometer circuits as bouts, a minimum

vriterion .was established tor bout detinition. JIn order

to be scored as a bout, contact with the lever or drinking

] -

. tube must have lasted a minimum of 18 seconds. Additional

4 .
° l1cks or bar presses within 5 minutes of the last event

—— -~
wore counted as part of the same bout. ‘

Sy

“The amount gf fluid consumed pex. bout was estimated by . R

converting bout duration scores to’;olumc equivalents by
R . - ' 7

calculated calfbration factors, based on the a(gumptloﬁ

4
4 £ .

that a constant volume of tluid was cousumed per unit

L | . . R « . -
Thus the total volume of fluid consumed during the - -
”

Lime,
& ’ (\

24 hour perfod was ;edxstrlbuted auong'the 13fividual
» . -
‘drinking bouts, relative to the duration of each bout. .

0

A The %alldity of the underlying assumption was supported by

.

the constancy (for each drinkometer circuit) of the .

calculated calibration factor over days. In additfon, the '

.
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p :
ratio of ligck counts/;l consumed was constant (for %gch

drinkometer circuit) over days, indicating that little

élf1u1d~spillage occurred huring‘the 24 hour periods. : It
N &

dny drinkometer failed to yield a constant calibration

factor (within a 10% efror margin), data tor the rat were
d;opéed from the analysis. Of 22 rats run through the
entire procedure, 3 were eliminated on thls basis. " An
additional rat was eliminated due to equipment failure on

. P :

test day. This tresulted in group sizes of n=8 for the -

.

ig)" ethanol preferring rats.(Group 1-HIGH) run ino phase 1

of fthis study and n=10 for the low;eth:nol preterring rats

(Group 2~-LOW) run in phase 2. v .
. . Eghanél.and w&ter cgnsumy-ibn were measured and_tluids
ch?nged daily at 6'p.ﬁ.; 2 urs p}ior to ihp on;et ot the
. " dark cycle., Animals were;main;ained_in‘t%e operant

J

‘chambers for an 8-12 day period priér to testing.,

Injection Period:* Unce stable basgline idtake was

>, .
- establishedﬁhgach animal was treated with vehicle solutiom
/ 3 . . . .

. (2 ml/kg) on 2 consecutive days. This was followed by a
test day where animals received ZIM (20 mg/2 ml{kg). ALl

o injeations were given 1ﬁtraperitoneally, at 6-.p.m.

<
7
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. - 'Y \
J o
¥ -
. ' L4 *
v/ . : .
- .‘.
*
« ’“
o 4 !
~ L
"
' N
4 - I3
. ¢ . / & -
' - " \r ’ .
hed ' o
a - & -



“wt

47

Nt

RESULTS

The results for both groups of animals are presented

-

concurrently. All statistical tests were within-group
analyses. Analyses oflVariance (ANOVA) wit? repeated
measures were carried out using the statistical package
BMD P2V,

\ ! &5

Total Food and Fluid Consumption < v

' Total food, ;thanol and water consump::;F‘bn the last
ehiclé ;njection day (baseliné day) were compared to

(§§;;¥e’on the ZIM injection day (test day). The data for

N
“

each group are presented in Table 1. fhe absolute;amouhts.
of ethanol consumed (gm/kg) a's well as the mean ethanol
prefe}ence ratio (calculated as percent of total daily
fluid intake) are also listed. As outlined in the

introduction, animals in Group | were sedected for high

&.
_ethanol preference, indicating that" the largest portion of

. . |
their daily fluid intake was consumed as ethanol. This

group exhibited a mean et%anol preference ratio of 90 = 4%
on baseline dqy. ﬁf\‘hifﬂ im this ﬁreference raEio was.
_observed on test da}. f%;re was'however, a 46 % reduction
of ethanol consumption in terms of gm/kg (t(7)= 7.05,

P<0.001). There was also a maphed 47 % decrease in totaﬁ
' -
food consumption (t(7)= 7+.55, p<0.001). No changes in

a

water intake were obberved.

)

als in Group 2, initially selected on the
¢

[y

The an

basis of low ethanol preference exhibited a mean

e ratio of 24 £ 6 X.on baseline day indicating

prefere

7 S




food
(pellets)

Water
(mls)

Ethanol
(mls)‘

Ethanol
(gm/kg)

Ethanol

Preference

-
-

TABLE

1

Tortal Food and‘Fluid Consumption

N
Group 1

Baseliﬁe
487130
2,921
Tlti.9

4.31.48

90147

Test

259123 *

2.120.9

1721.9 *

2.32.32 *

B7£6%

Group 2

Baseline

616237

30£3.7

8.6x1.3

belz.17

»

2Qx4%

\ )
Data are expressed as group mean + SEM.

* Significantly different from baseline day,

t-test for dependent samples.

i

/‘

by

48

N e

Test

342455 *

18£3.8 *

7T.46x1,1

.97t.16

35x06%

¢

Students

[ S
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that the major portion of their daily fluid inﬁak&-was/;(
consumed as water. There was no statistically reliable

shift in the ethanol preference ratio on test day
e .

(t(9)==-1.7, p)0.0S%- Water consumption however, was

signiticantly reduced (ct(9)= 4.82, p<0.0}), as was food

s

intake (t(9)= 8.63,bp<0.00]). The decreases from baseline

were 40 Z and 44 %, for water and food respectively.

. ]

,

Temporal Pattérns of Food and Fluid Intake

In order to examine the temporal changes in intake
over the 24 hour baseline and test day periods,'hourly
consumption of tood, water and ethanol were collapsed into

4 hour time blocks. Time block | commenced at 6 p.m., and
. & N

represents group mean consumption during the four hour
period immediately following ‘the vehicle or’drug

injections. Lights were turned off at the midpoint of
1 .

time block | and were turned on again during time block 4,

Baseline and test day consumption across the 6 time
<

blocks for Group 1-HIGH are'presented in Figure 4.

Baseline consummatory behavior followed a distinct pattern
] ‘.

with the majority of intake occurring during the dark

cycle. There was a strong diurnal reduction of
consumption during time blocks 5 and 6, On test day there
was a reduction in both food and ethanol intake during the

first 12 hourq\fcllowing the 2ZIM injection. Consumption

b’

gradua}ly increased during the latter part of the dark
cycle. ‘kowever, animals showed a normal reduction during
!

the light cycle (time blocks 5 & 6)., Water consumption
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Figure 4. Temporal patterns of food, water and ethanol

consumption for Group l1-HIGH, on baseline and test days.
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was 1initially very low in this group and there did not

appear to be any consistant changes due to ZIM tfeatmenc.
Statistical analyses (2 way ANOVA with repeated

measures) on the days factor (baseline vs test dgys) and\

time factor (time blocks 1-6) for food, water and ethanol,

)

héonfirmed this visual inspection of the data. The ;Esults

a;% listed below:
Food: The analysis yielded a significant days effect
[F(1,7)= 59.54, p<0.001)], time effect [F(5,35)= 5,08,

p<0.01], as well as a significant day x time interactiop ’
b

IF(5,35)= 8.88, p<d.01]. Post hoc (Tukey) tests indicated

t hat tést‘day food'yntake was significantly (q(2,35)=3.89,
;(0.01) below baseline during time blocks | to 3. i‘

~ Water: No significant days or day x time interactibn
effects were found. . "

Ethanol:. The analysis yieﬁded a significant da&s
effect [F(1,7)= 57.92, p<0.001l], .time effect [F(5,35)=
12.54, p<0,001] as well as a significant day x time .
interaction [F(5,35)= 3.37;.p<0.05].~ Post-hocl(Tukey)
tests indicated that test day ethanol intake was Belou
baseline during time blocks 1 and 2 (q(2,35)= 3.89,
p<0.01).

The data for Group 2-LOW are presented in Figure 5.
Baseline intake and tHhe Cemﬁoral distribution of food and

oy

fluid across the time blocks were very similar to those of

@Qfoup 1. The majority of food and fluid were consumed

du}lng the dark cycle with a sharp decline in activity
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during time blocks 5 and 6. On test day, waterwand food
1htake appearea t; be suppressed during the first three
time blocks. Rec;very occurred'in timé,block 4, twelvye
hours after ZIM administration. The' animals maintained a
normal diurnal pac;ern of intakg'on.test day. Statistical
analysks of these data by ANUQA yielded results as
follows; - p

Food: A significant'dafs effect [F(1,9)= 75.8,
p<0.001], time effect [F(5,45)= 11.28, p<0.001] and day x
"time interaction [F(5,45)= 5,26, p<0.01] were found, Post
hoc (Tukey) tests {indicated that test day {éod intake was,
significantly below baseline during timg blocks 1 to 3 ©
(q(2,45)= 3.82, p<0.0l).
) Water: The analysis xielded significant days iF(1,9)f
r /21‘.9. p<0.01}, time [%(5,45)= ll.O{%,?p<U.001] an\d day x
time [F(5,495)= 5.19,,p<0.01] interaction effects. Post hoc
. Tukey tests indicated that test day intake was supp}essea
during time blocks 1 to 3 (q(2,45)= 3.82, p<0.01).

"Ethanol: No statistically reliable day or day x time

’ H o
rqsﬁtactﬂon effects were observed. '

Frequency and Duration of Bouts ,

£

The data for group mean frequency and durgtion of food
and fluiy bouts on Baseline vs Test day are presented in

Table 2.' Data were analysed by-Students t-tests for y

)

dependent samples. : L.

In Group 1-HIGH, ZIM treatment did not appear to

affect food bout frequency (t(7)= 1.35, p>0.05). Food
\

S>3
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. TABLE 2

A3

Frequency and Duration of
}Food,and Fluid Bouts
g AY

\

: Bout Bout
-~ Frequency Duration * L
(Min)
Béseline Test Baseline Test
" GROUP |
Food - 104,71 8.6+.98 7.32.77 4,9%,40 *
Water © 5.3%l.4 % 4.1%1.3 0.47+.13 0.452.14
Et hanol 11.6x1.4 7.9£.,9 * 2.0x.30 l1.8x.24
s "
GROUP 2 *
L 4
Food 12.3x) 9,.4+.87 * 7.1%2.62 5.6x.61 *
oM I’ -
Water 17%1.4 1241.8 *  .1.,6%.17 1.5%.26
i — 0
Et hanol , 6l 6.2x1.1 lalx. 17 D.92.11 .
Data are expressed as group mean * SEM. -

* Significantly different from baseline by Students t-test
for dependent samples.
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on te;t day (t(7)= 3.47, p<0.05). It would appea

- therefore, that the reduction in food intake produce by .

ZIM cannot be accounted for by‘a reduction in the numbe
of meals Put rather 1s prodJced as a result‘of a rehuction
in the size:d% individual meals. It is possible however,
that there was a/rebound increase in the frequency of
meals during the latter part of the night c¢ycle, thus
accounting for the overall lack of effect on total food -
bout frequency. “1n order to test this hypothesis a food ¥
bout frequency by time blocks analysis was carried out .
using ANOVA with repeateqwmeasuresf :?hese.dqca; shoqn in

Figure 6 (top panel) demongtrate that there was no rebound

.t

b

increqsé in the numbér df food bouts. The anal&sis
yielded no significant_days (F(1,7)= 1.82, p>0.2) or day x
t ime inieraction effects (F(S 35)= 1.73, p>0.15). There

'was a significant reduction in: the number of ethanol

’ édrinking bouts on test day eompared to baseline (t(7)-

[

30,91, p<0.01)o A [
The analyses of Group 2-LOW indicate a slightly

different pattern of results. There was a significant

- reduction in food bnht du}qtion (t(9)= 2.91, p<0.02) as é&

well as frequency (t(9)= 2.49, p<0.05). A temporal '

"énalysis of food bout frequency (Figure 6, bottom panel)
yielded a significant days effect [F(f,9)- 5.9, p<0.035]).
: Thus‘tne strong food suppressant effects of Zlﬁ,

» particularly apparent in time blocks 1-3 (see Figure 5)
. S N ‘
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Figure 6. Frequency Jf food bouts across the 6 time

blocks,
2.

on baseline and test days, for Group 1 and Group

3
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'
can be accounted for by a reduction in the number and size

\

of individual meals. On test day there was also a

significant reduction in the number of water drinking
. .

bouts (t(9)= 2.9, p<0.02).

.
\

. DISCUSSION
} ‘ .
Zimeldine treatment produced a significant reduction

in food intake. The reduction was very robust,-and was
seen irrespective of whether the subjects were high or low
ethanol preferring animals. In both groups, the volume of

preferred fluid consumed was also reduced following ZIM

treatment. Thus,/raﬂs in Group-1 which normally consumed

. ethanol as their'flul¢ of choice, significantly reduced

consumption on test day. Contrary to previous reseatch

(e.g. experiment 1) there was no reduction in the ethanol
preference ratio, indicating that rats did not consume

more water in order to compensate for the loss of fluid.

This lack of effect on the ethanol preference ratio was,

]
[

highly unusual. While total fluid consumption was
decreased in the etha:ol consuming group in Experiment'1,
there was a larger decrease in ethanol relative to water.
The very high ethano{ ;reference exhibited by Group ! in
this experinni, compared to those animals in Experiment | T
(see Figure 1) may account for these differences.

81milarly in Group 2, consumption of the most preferred-,;

tluid, in this case water, was significantly reduced and

there was no compensatpry 1ncrff;e in ethanol intake.

Ty

~
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L

OGerall, the temporal patterns of food,and fluid

lintpketappeared°to be tightly llnked.l Feeding, almost

without exception occgrred in discrete bouts, separated by

long periods of i{inactivity. These food bouts were often

AN <7 - -

preceeded”by a short fluid.-bout and followed by a slightly

2
longer bout of drinking. Kraly (1984) has stated that .
"eating is a potent stimulus for drinking" and a% such

drinking appears to be related to the patterns and amount
: v
of food consumed. As.mentioned previou§ly; food related

&
‘4 [}

drinking has been found to be highly correlated with’thw
amount of éfy food eaten (Fitzsimmons & LeMagnen, 1969).
Under the igtluence of ZIM, there appedred to be lillle
change ‘in this basic pattern ot feeding Qnd“dfinklng.

While food and fluid abpeéred to be primarily supptéksed o

during the first 12 hours following drug dadministration,

-«
the animals maintained a normal pattern of diurnal

behavior and no evidence of rebound incteases were tound.

- 1

These results would seem to suggest that ZzTM has a

primary\eftect on food intake and that preferred fluids

are decreased by virtue of their normal association with >

prandial drinking. Thus as food imtake {s suppressed,

fluid requirement is reduced. 1f this were the case, then
r .

one would expect ZIM to suppress the intake of any flutd

that is presented in association with food. However, {1t
should be noted that é@veral serotonergic anorexic agents -

have been found tu reduce both food and fluid intake.
S-HTP reduced food intake (Goudie el'al.. 1976), dperant
' [ . .t Q

) ‘. =

=,
\S
]
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responding for water or sweet mf 1k réintorcment (Carter, _
. * . . N
Dyksfrn. Lepnder: & Appclk 1978) as well as ethanol '

cémlunptxon (Zabik et al., 1983). The apparent general

suppression of a wide variety of'oral and operant *
. Yow

- .\ N . M
behaviors ,safses scrious questions abeut 'the specificity

. - A

of scrotonergic anorexics. As previously outlined, ) 0

> ‘ ‘ . -
Blundell and his coworkgrs havc.ﬁftenaively examined the
< = “

[ * »
ef{fects of tenfluramine on meal inftiation and duration,

v
-

Blundell has, matintained that while non-speclfic etfects on .
s 4
behavior are not entirely ruled out. h regardb to 5-HT

.

unnlp\ﬂatlom‘. Lht Height' ot evidenc«: points to a s'gecitic k\/\

role {n uttctv (Blundell & Latham, 1982; Blundell 19810)'.

Iln nuppart q{ his hypothesis, Blundell has demé\\?rate

that l(nllurumlne and fluoxettne suppressed total food

f*atake by rfduclng mcal size and eating rate rathe? than )
a R N (s »
ava; frequency, These data suggeéteq that the drug
‘f . . ' - S
sjfecitically enhanced the processes which normally serve
R . ’ ’ R
to yt;t the size of meals and left intact those processes

-

» co. : - -
responsible for meal infetiacian (Blundell, 198%4),

Lime ldine had nalarge and consistent ettect on the .

durdition ot teeding bouts. In Cr&up 1-HIGH, the =

. ~ }
suppresdton “n food 1nq‘ke was entirely acRounted IQt by a
« i

reduction fn food bout duragtion., 1In Group 2-LUW, eftects ™~

7 -

on both duratton and t®equency of %ood'bouts were °

-

obscrved. Therefore, some support for Blundell”s ,

’

pypotpcufn fs provided by the resulfg of . the preseat

) -
experiment., ] . " . . "glﬁ
. \ ‘

f‘ ’ R . . . . .
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‘ EXPERIMENT 3
3 ' . > * -
The previous experiments estaglished that zimeldine

[N

produced m significant reduction in ingestive behavior, in

terms of both fluid and food intake. wgile it would

~

appear thhi*specific aspects 4f feeding were disrupted,

I3 ‘AB
particularly the duration of feeding bouts, it is

A

'difficult. to assess the nature of these changeé. In
<

general, feeding may be disrupted by a number of

non-specific effects.of a pharmacological manipulation;

. e

including the induction of a conditioned taste aversion

(CTA), gegperal malaise, disruption of motor coordination
%
as well as a decrease in sensery processing (Blundal&,
" ”

196&).,€Nhilg'zimeld}ne has been shown to produce a potént

CTA to a variety of tlavJCred solutions'SGill et al.,

i

LY

’ 1986), this type of conditioning does not‘%ppear to play a

role in rgddciné voluntary fluid ingakb.'

Of part{culhr relevence to the present investigation,
is. a4 congsideration of sérotoninLq role in motd{ behévior.
S;HT has a well dbcu;ented. cohplex ro{e in motor ’

behaviors, appearing to have both inhibitory and -

excitatory effects (Gershon & Baldessarini, 198U). The

“"serotonergic motor.syndrohe" Eonsi;tiné of hyperactlvity;

forepaw treading, lateral head weévlng, ataxia, and straub

tall, appears to be critically related to levels of 5-HT
recéeptor stimulation (Green & Heel, 1985; Gerson &
2

BaPUessar{qi, 1960?.,“while zimeldine has been shown to

potentiate the 5+HTP induced serotonin syndrome, it

A .
o - ° . .

f

;J.’\
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"produces no such effects when adminisstered alone (Ogren et

al, 1981b). 1In addition, zimeldine has been found to be
devoid o; any capacity to directly stimulale(S—HT
receptors by a series of behavioral tests and in vitro
binding assays (Ogren et ;1, 1981b). .
Anatomically, ferotonin veurons'are highly ///
collaterallized with a diffédse and branched terminal
network, énd appear to tonically m;dulate,mgltiple
neuronal networks throughout the brain. Consistent with
its anatoﬁical organization, 5-HT has been implicated in a
wide variety of behavioral procegses including pain,
feeding, sleep, sexual behavior and aggression (Méssing:

\

Pettibone, Kaufman & Lytle, 1978). Due to the scope and

Jacobs (1979) suggested that 5-HT plays a general, -
modulatory role in'behavior,“}ath;r than a specific one,
by controlling the level of general arousal. Arousal was
detined behaviora}ly as stages along a sleep-wakefulness

continuum as measured through electrographic procedures.
These researchers demonstrated that level of arousal was
highly correlated to serotonin dorsal aphe unit activiy.
Consié&entnwith these{data, is Stricker”s (1983) statement

that 5-HT may play a general role {n he non-specific

activational component of motivated. behavior" rather than
a specific one in feeding.
While 1t is unlikely that zimeldine produces motor
4

. B} »
activation, it may have important effects on arousal and

] -

" . %

4 B . 14/"
diversity of behaviors affect%p by 5-HT, Trulson and \\

)

~

L
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level of activity. Enhancement ot serotonergic

\ 1
-«

neurotransmissian has also been reported to dec¢rease
locomotor activity in rats, however the conditions ot

testing ( i.e. fgﬁiliar vs novel environments) appear to

-

fnfldence the results (Gershon & Baldessarini, 1980).
‘Consistently across both human and animal research

zimeldine has been reported to produce little or no
-

locomotor depression (Cott & Ogren, 1980). 1In one report,

(Rockman et al., 1979a) animals were treated with

zimeldine (20 mg/kg) for 5 consecutive days. Locomotor

'actiNitycwaE monitored in an open field apparatus on days

I, 3 and 5, bour h&urs following the ‘drug injection.
Following the first°d§§g administratidn, the animals

exhibited a slight, though significant, reduction in

s
g

activity levels. This&egfect ‘disappeared %ver repeated
drug administrations. Since it has been shown that

zimeldine suppressed fluid inf%ke over chronic treatment‘

1

periods (Gitl et'al., 1985f. it seems unlikely that a -

slight motor deficit following the first dosing is
' .

responsible for the suppression of consummatory behavior.

While it appears unlikely that zimeldine-induced
- ‘ B .
sedation is responsihle for the observed effects on

>

consummatory behavior, it is not possible to predict the
degree to which even a slight seﬂative action can inhibit
motivated behavior. Therefore, in this experiment, the

effects of zimeldine were examined in two measures of

b
{

locomotor activity.

N
' .
. . ﬂ
. "
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EXPERIMENT 3A

”»

In this experiment zimeldine was tested for its

i

effects on locomotor activity in an open field apparatus
as descr1$ed by Rockman et al., (1979a). Anipals were

habituated to the locomotor activity chambers prior to

being tested.

4

.METHOD

Subjects

‘Sixteen naive male Long Evans rats weighing 250—?75
grams atjxhe start of the experiment werq'useda Animals
were dai;tained in.our animal colony under® the conditions
described in Experiment l.’ ‘
Apparatus R

Activity was measured in open field chamgers; The .
boxes were constructed of wood and measured 45 cm s&uare X
39 ¢cm high, &4 intersecting photocells were placed'insiAe
the chambers, 3.8 c¢cm above the floor, 15.2 cm apart.
Locomotor activity was automaticall; registered on
.counters connectea to the photocells,
Proceéure

Animals were habituated to the open field chambers 10
L 2
minutes per day, for 6 days prior to testing. For the

lask 2 days of the habituation period, animals were

' -,

injected with vehicle solution (2 ml/kg). Average ’
' . o

actiivity was calculated and animals were assigned to one

"

~
of 2 groups (n = 8/group); vehicle (2 ml/kg) or zimeldine

’

’ t
.
» ! ‘
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(20 pglz ml/kg). All injectiofis were given

intraperitoneally, 4 hours prior to being placed 'in the

open field chambers. - - .

A\
RESULTS .

The cumulative locomotor activity counts over the 10

minute testing period were 168 £ 22 and 146 £ 28, for the

‘ o4 .
vehicle and zimeldine treated animals respectively. There

was no significant difference between the two groups.

o

EXPERIMENT 3B . ‘

/ 3

File and Wardhill (1975) have extensively documented

the effects of various drugs on exploratory behavior and

locomoc;r activity using a hole board apparatus. These
investigators have concluded that‘a 4 hole board 1; a
reliable and particularl;\sensitive measure of locomotor
activity. Therefore; in this scudylthe hole board

apparatus was used to examine the effects of .Z1M on, .

locomotor activity, in a novel environment.

: . METHOD

. .

Subjects » . . ) ‘ '

©

Sixteen naive Male Long'Evans rats (Charles River,
C;nada) weighing 250-275 grams at the start of the
gxberiment were used. Animals wete housed sing{y in
staipless steel caées in a temperature and humidity

controlled environment. Food and'watep were available aa

libitum.
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i

Apparatus 4]

) ¢

The hole board was constru%ted according to the
specifications of File and Wardhill (1975). The box was
éonstructed‘q}‘wood with a floor 66 x 56 cm and walls 47

cm high, The interior of the boxf was painted black. Four

equally spaced holes were plac in the floor. Objects,

including an alumindm bo t{ssue paper, soap and a glass

jar containing paper chips were placed beneath the holes.

Procedure \
The animals were handled daily for | week prior to

testing. Qn test day, the animals were divided into two

groups (n=" 8/group) and treated with either vehicle (2

ml/kg) or zimeldine (20 mg/2 ml/kg), intraperitoneally.
Injections were given12 hours prior to the test. Animals
wepe placed in the center of the hole board and observed
by a sdingle obse;ver“for a 10 minute period. ‘the observer
was blind to the treatment each animal had received. A ~
g;&eralxactivtty measure for each animal was determined by

counting the-total number of head dips, as well as

rearing, crossing and grooming. In order to score

t

crossing the box was divided into 4 quadrants, A crossing

was scdred only when the animal had placed all four paws

into the néxt quadrant. The total time spent head dipping

.

was recorded on a stop wétch. A head dip was scored only
o~

when the animal’s eyes disappeared beneath one of the
' \ H ,
holes,

0 / P
o .

14/
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" TABLE 3

Hole Board Activity

Saline . Zimeddine
. (n=8) (n=8)
N . .
e’ o ot
. Groaming 6.5 £ 1.6 7.1 £ 1.6
Crossing h?baf 4 28 t 4
Rearing 33 ¢ 3° . 29 £ 5
Head =10, ¢ 3.3 4.5 &2
Dips ' o
i ] v ? . '.Y . s
Time Spent 18.4 £ 7 7.3 £ 3
Head Dipping ‘ ’
(seconds)
3

66
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: ' RESULTS

'
The results were analyzed using Students t-tests for

i ndependent samples. 1t is apparent from the data in

* .

Table 3 that in Long Evans rats zimelaine produced 'no

-~

locomotor deficit as measured by crossing or rearing.

Zlﬁ,appeared to reduce the number of head dips, however

‘there was no statistically reliable difference between the

groups (ckl&)- J+54, p>0.1). Similarly, there was no

difference between the groups in terms of the seconds

. - -
spent head dipping (t(14)=~1.49, p>0.1).

DISCUSSION
Zigelh}ne, tested under the:condﬁmions.described in
both experiments, had no significant effect on activity
levelgi Tﬁus it would appear that‘the.Arug does not have

any overt- sedative actions. These results do not -preclude

1)

the possibility that zimgld}ne affects either some

specific aspects  of motor activity not measuqed in the

paradigms uwused here or ghe perforﬁance of more complex

motor tasks. However, it is apparent from these ddta that
o v LI

grouss locomotor deffptts are not likely to be responsible
for the changes in consummafory»behavior observed 1in, the-

previous experiments.

2}
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EXPERIMENT 4

As described in Experiment 2, zimeldine appearad to
have a significant anorexic action which included a
general suppressant effect on fluid intake. The most

consistent factor which accounted for the decrease in food

intake, was a reduction in the size of individual meals.
In order to further examine the effects of ZIM on meal
duration and size, the following study Qas carried out
using a paradigm where animals were prgsented with a’
single meal.of highly palatable &oyes sucrose reward

. pellets, divided&ineo multiple segments, ZIM’; effegcs on
the initiation of feeding aiiwell as ea;iﬁg rate were
determined. In the tirst phase of this study, a group of
r-ats was given the opportunity to obtain a total of:3a
Noves pellets presented in 17 segments., . Based on the
resulés obtained, a second group of rats were rdn where 66

pellets were presented in 33 segments.

-

METHOD

- Subjects - -

Sixteen male Long Evans rats (Charles River, Canada)

weighing 250-275 grams, were used as subjects in‘this
experiment, The rats were housed singly in stainless
steel cagewrin a humidity and temperature controlled

environment. Food and water were available ad libfgum, in

o -

tthe home cages.



Apparatus ‘ . : ..
Specially‘equipped fee&ingjchambbrs, described b&"wiéé

and Rapéis (1985) were used fby't;aining and testing tﬁe

animals. The boxes, copgtéucteﬂ’oﬁ aluminum with a metal

grid floor, measured 25 x 25 cm. The autométic feeding

rﬂ_;~m_f-—~ﬁv«dispenser consisted of a circular aluminum platter in

which 36 food cups were drilled. The platter was indexed

into the chamber one food'cup at a time, by rubber drive
whéefg pul led against the cirumferénge of the platter by a

sollnoid; The system was controlled by a timer.’

+

Procedure
Animals were traingd to eat /sucrose pellets during

daily 20 min feeding sessions./ Under the first feeding

,cegimen (Grgge/l), animals were presented with 17 meal

\

segments, each consisting of 2 pellets, Each segment was

B

y automatically introduced into the chamber, for 36 sec at

\

72 sec intervals. In thé second regimen (Group @).)33
meal segments.were,preéénted at 3é,sec intervals. for
both groups, fhe laceﬁcy to initiate teeding as well time
taken to eat both pellets (duration) in each éegﬁént were
measured using two stop watches connected in series., The
first stop watch was activatgd‘with the entry of the‘food
cup into the chamber. Tﬁis watch was stopped (providing
the latency score) and the second activated following oral
contfct with the food. Tﬁe second watch was stopped when
o

both pellets in each segment had been removed from the

food cup (duration score). If an animal failed to

K




N

initiate feeding on any given segment a maximum latency

A v

" score of 3b sec was assigned. If‘EBy pellets were missed

2

, .
on any given segment, A maximum durat ion score of 36b sec

was assigned. The animdls in both groups were tradned
Voo ¢

-

dailx fog a 3 week peréod prior to testing. Inittally 10O

4

4
-

’

animals were trained under the 17 segment condition.,

‘However, as the training period progtessed, 4 of these’

“ -
"

animals learned to pufl the next food cup into the

~

chamber, thus consuming the pellets for the next trial
§
ahead .0of schedule. These animal had to be eliminated trom

the study leaving a final group size of b. . None of the

o a
animals in the 33 segment condition learned to turn the

4 [

food platter (n=6).

Folléwing the training period animals were treated
with vehicle solution (2 ml/kg) for 2 consetutive days

f rllowed by a test day where the} received zimeldine (20

‘mg/2 ml/kg). All injections were given {ntraperitoneally,

Z hours prior to the feeding session. Llatency and

'

duration scores on the last vehicle injection day were

compared to drug day. Thus.each animaf served as 1its own

¥

control. .

RESULTS - GROUP 1 -

.

As outlined in the procedure, animals were not food
deprived‘ac any time during this experiment. xfihough
food was frégly available }n the home cages, animals
quicgiy learn;d to eat the sucrose pelléts Quring the

daily feeding sessions. As shown in Figure 7, baseline

L3
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r . .
latency scores across the 17 meal segments were very low
(approx ) sec) and all animals initiated and completed

each segment of the meal. On test day, the animals

appeared to inftiate feeding during the first 6 segments

normally, However, in the later trials the animals failed

to respond to the introduction of new—meal segments, A

~

~

2 -way ANOVA'on the latency scores with treatment (vehicle
vs drug).énd trials (segments 1-17) factors was carried
out. fhe aﬁalyads xielded a significant main eftect for
t reatment [F(1,5)=40.66, p<0.01], trials [F(6,80)= 5.8,
p<0.,00}1] and a treatment x trials interaction [F(6,80)=
5.48, p<0.601). '

Un the vehicle injection day animalslﬁonSumed both
pellets in each ségment very quickly (approx 2-4 sec). O
test day‘dll animals consumed both(pellets in each~ \

segment, up until segment 10. Thereafter, some animals

tailed to initiate feeding, and duration scores could not

o

duration scores for those animals still continuing to

t

respond on the later trials were calculated and the data

. s ; .
.was plotted in Figure 8. Due to the problem of mtssing

duftation scores for those animals which did not 1‘n1‘t£ate
feedfmg on the.later’trlals. no statisttcal analysis was

carried out on the.data presented 'in Figure: 8.

4

n

be assigned. However; for illustrative purposes, the mean

)
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Overall, zimeldine treated animals latiated teeding

-

during the first meal segments. However, in the later

trialt“ tﬂ\e animals failed to c‘onsis'lently‘respond eh t he
- : ’ ) '.

, .
introduction of pewsmeal segments’, and mot;v. animals had

stopped fcc;ﬂng \by‘ the end ot the session. This pattern ot

changes” suggest that under drug treatment, "satiat{on"

o‘ccure,d as the meal progreted. On the‘))ther hand, one
A - ¢
could also argue that zimeldime produced .1‘{ "mmr deticig

» v S
which reduced thjc ability of wshe Emirncll to maintain v\

id \

responding over multiple scgments. .However, it this were’

{
the casce, perhaps one would expect a gradual Yncrease (n

Y

) .
the response latency and ‘duratir‘n SCOresS ACTuss SCegments

’ -~
L

-

, o« L4
r.n&hc@ than anjzabrupt cessation of responding. while the
N . . L 3

\ . - .
data Yor the group as whole (Figure 7) uppear to show a
- P I i - =]

gradual increase .in the latency fcores over segmeits, this

*®

D

~ . )
is not a true represenetion of the animal’s ptf(tnrm.ulcc.

. « . ‘
The data tor individual antmals in Group | are ptcsmntuf

in Figyres 9-11. The majority -of animals appearcd to

. P
-

a’arupt‘ly ceésc;res‘pon’dinp_ following the consumpliun'S ol.

’
. -

several meal segments. Uvprall duration scores tor those

segments on which ‘the animals inftiated feeding appeared
. "\ N ¢

relativel‘y normal. Tntormal observation of tl:l‘: ;/,nlmalu

\
1Y

I

sSupports .t inference that the drug treatment reduced the .

» , . ; »
animal’8 motivation to feed. , Un.baseltnk daysg, the
) ) ~

., . .
’ atﬁmlr, remained®close to the food cups and nosed then

.. $ _
continuously, engaging in little explnratory activity.
v e . + v

Al v
= - L .

°/
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In contrast, on test day, the animals fafled to nose the

B

food cups and spent a great deal of the time between

°
\

segments)explorlng and gfobming. It @hould bg noted that

-

under vehicle .treatment the animals {in Group | maintainegd
congistently low latency and duration scores across the 17
A I'4
meal segments, nbt'ippearing to satiate,. In order to
- R ¢

~

further examine the notion that zimeldine treatment

enhanced the onsct of satiel the second phase of this

»

- -

‘study was carried out fbed in the prodedure
section. Group 2 was given fhe opportunity to respond to

v

33 meal segments.

.. The latencies ta initiate feeding ove

* \

on vehicle and drug davs are presented in Figure 12, ‘Q

he 33 segments

N

‘twn—uay ANOVA‘w}th repeated measuresryielded/éignlfiCdnL

treatment [F(1,5)= 67.3, p<0.0U1]; trials [F(3Z,160)=
. )

12,37, p<0.v01) and treatmunt x trials intéractian -

[F(32,160)< 2,72, p<0.01] etfects. The data for

individual rats are preéentedatn Figures [3-15."
.. ’ . N . .
As shown in Figure 12, vehicle treated rats falled to .

maintain responding across all the meal segménts. thus
appearing to satiate. Under zime}dyne/creatment the shape

of the curve appeared to be similar, .except that {t vas
Ay » " \ M M ’
shifted to the left, such that responding ceased after "the
- . i" . "
consumption of ‘fewer meal segments.

*

’
’ \

-
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. . DISCUSSION

s A .
'There were several notable differences between Grodps

+ .
s ' - 37

!l and 2 in terms of baseliné beh@yiér.on_tﬁe vehicle

4

injection day. First, the overall latencies to initiate

’

. feeding appeared higher in Group 2 (compare vehicle

treated anlmalsutn tigures 7 and 12). This may have besn -
‘ ¢

a reflection of the different presentation schedules in

effect between the twp regimens (i.e. animals responded

every 36 seconds in the 33 éegment condition as opposed to

every 72 seconds in the 17 segment condition). This

L
* .
change in scheduleq&esulted in both a higher density of
.

reinfor;emenﬁkﬁ.e. more'pellets were consumed in a

shorter time period) as well as a higher response demand. . x
Sezond. in Group | (Figures 7-&)\ vehicle treated animals

did not appear to satiate and displayed very short latency

and duration scores over the entirebsessionw However 1in

Group 2, there 15 a clear indication that satiation/

occurred over meal segments. When' examining the response
pattefns of individual rats iun Group 2 (Figures 13-15),

normal satiation appeared to be typified by an‘'increase in )
sporadic responding, followed by cessation of feeding .
altogether, However, on trials that animals did initiace,

they consumed both pellets at a normal rate. Thus,

responding appeared to be all orpnone and no gradual

increases infeither the latency or duration scores were

noted. The most salient feature of normal satiation in

thls'paradigm. theredfore, appeared to be the failure to

L
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after the consumption of fewer meal segments (in both

84

initiate responding to she introduction of new weal
segments, rather than a gradual slowing of the rate ot -
eétlng. Once feeding ﬂfaéed, the anima-ls ehénggd in

exploratory activity, grooming and finally resting.
- “?

3

Under zimeldine treatment animals in both groups

responded to the introduction ot the first few meal

!

segments. This was followed b; sporadic initiaction and

finally cessation. However, .animals ceased }espoqdlng

*

»

grodps 1 and b) ,/suggesting that the drug ecnhanced, the

onset ot satiety. There i{s some evldqpcé that animals

failed to respond to the introduction of the first meal

segment., This was observed in Rats 9. 10 and 11 of Group

<

2., This failure to initiate was observed in 3 ra&s out of

a total of 12, and therefore did not appear to be typlcal
ot 21M7s eftécts.

These data suppo;t and extend the thg ;btained in
Experiment 2; It is clear that ZIM has potent inhibitory
e}fects on feeding behavior. In both studies, the drug ..
appeared to reduce meal size. These data provide §ome

support for the hypothesis that serotonergic manipulations

enhance the processes which mediate the onset.of satiety.

! ) -
” .

~
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GENERAL DISCUSSION

\

Z{meldine significantly reduced the consumption of l
- ,
solutions containing ethanol, dextrose and saccharin. in {
v 4 r R .
Vo

addition, zimeldine treatment reduced total fluid NN
consumption and body weight gain. Th; second experimentﬂ N
demoné{rated that zimeldine haa a potent ano;éxlc actton,

which was observed {n both high and low ethanol preferring
'rats. The most parsimornious explanation for these data is

that zimeldine produced a primary reduction 1h tood )

’

-

,consumzfion with secondary decreasces in the consumption dy

fluids most closely associated with prahdlal drinking. It"(\

'

wwould appear,lheré(ore, that zimeldine”s effects on :?*s

ethanol “consumption may be qédiated through global effects
on consummatory behavior.

The mechanism underlying these changes in feeding Is
ot considerable theoretical interest. As outlined
previously, the interpretation of behavioral changes - !
fnduced by serotonergic manipulations has been a matter of !
some debate, particularly with regards to.thelr .
specificity for food and fluid intake (Blun?ell; 1984).

,As demonstrated by Trulson and Jacobs (1979) the serotonin
system appears to have an {important influence on arousal,
orientation to stimulf and level of general activity.

.

Since zimeldine failed to significantly alter open field

activity or exploratory activity, as demongtrated in
Experiment 3, it appears unlikely that sedation accounts

for the inhibitory effects of zimeldine on food and flutde

VT &

v
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"consumption of

highest and most preferred concemtragion ol

N *

consumption. Recently, HBntgomcry and Burton (i980) .

v

tn addition

3

reported that systemic administration of 5- HT

to reducing !ood 1ntakc alsu pcduccd the cpnsuiptlnn ot
< [ 9 '
snccﬁar!n

f

while incréasing the

and preference for.sucruge.

. r

solutions, consumpgﬁpn,o! quidnine,

.

Thesod results appeared

¥ s

naline and citric acid solutions,

to rule out non-specitjic eftects on”bchavlpr since there
, . G .
was a differential eftcct on fluid {ntake, dependiag on
t ' ' ¢ F)
the flavour .ot .the solution., These fesults have been,

’

interprctcd tq suggest that 95-HT reduced the "incentive

food-related %tinuli
»

value" ot

& Burgon, ¢

TN

(Montgomery

198ba), Recently, zimeldi'ne "has been shown .to producie a

digtcrcntial_supprcssibn of water compardd to the

varfious concentrations of {n

saccharin
. ‘

.
o <
i o [

fluid deprived razs' (GLil & Auup‘wsb). Zimeldine (2095,

and sweet milk f

-

-

.o \ , 0
5, l” &< mé/kg) p&oduced a4 doge dcpcndcu ‘auppression in ..\\j///\a

Pl

the the

ol
[

tntakg ot all solutions. Hochcr. cunnuapllon

saccharin vas

-

fgnificantly

more aftected than that of ‘the lowest
¢ - . /' L. Ve
saccharin concentratfon or water. Taken tokclhcfﬁ~g?,je
o . . BRI L% Y
. i ) N oM ..
Jqla-shpgest that the dchcStnﬁln food and fluid intake

prdduced hy'scrotuncrgtp nnplpulnt{ons,suchnns zinv?dlnc.
. ‘ ' o 3

may r;umly from spcct{!ck bn the p?litabtlit§"

changes " . aof
* . ! .
consumed substances,. g ‘ coo IR

v *

oy \
Acknoulédgihg$lhe tnhercnt dl!ttc&lty

v

fhanges dn behuvlur pruduccd by

T 3
in interpyeting

the nature of -

pharaatu!uq\cnl uanlpulatlon , Blundell nnd nia collleaguen’

. . I » .
i i ) 3

-
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have attempted. to deal with the problem, by providing a .~

~ ~.

more detailed analysis of consumha?bry behavior (Blyndeil

& Latham, 1982)," The use of “microstrﬁ?ﬁural":ana}ySes\

)

have bien particularly~jmportant in relation to the

AY
motivatiomal aspects ot consummatory behavior. &telﬁar
\ s . ™, » ‘

- ™~
and Stellar (l985)\stated that motivated behavior is goal

4

directed behavior which is "dependent ‘upon specific states

¢ ~

of arousa\ or.drive of the organism", ln this schema,__>»

. ' v
——

fgeding behavior is a motivated beﬁavior\ghlch is under

mu&tifactorial-control[ with a variety of internal,

v o
13

“external and conditioned stimuli, contributing to the
O\ - -

initiétia%. maintenance arid cessation of the behavior
(Stellar & Stellar, 1985; Blundell & Latham, 1982). The

processes which stimulate the onseé of eating, i.e.
s ! . ,
"hunger", maintain feeding once it; has begun.i.e,

"a%petite“ or "reward" and those which terminate eating

v
v
"

-"{.e. "satiation", have been proposed to correspond to

[

differgnt:*mqgiiacionafkstases" and to Q; mediated through:
différent physiological and neuroc;ém{cal éyentg in gpe
brain (Blundelf. 19845 Smith, 19825). Thus, if feeding
//ﬂ%an be viewed ;s a §éguenge of'disc{ete behaviors,'thé
. influence ot various pharmacological manipulations should
Qe determined in relation to these different behavforal
and motivational states. The terms "hunger avnd
satiation”. have been opexationaliied through a vaxigty of

experimental measures, (e.g. latency to initiate féeding,

‘f requency and duration of feeding bouts, rate of eating,

™

.

No—
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interbout interval, etc). Some attempf teo:analyze the
o T | . '

effects of zimeldine in these terms has been made in the
\

psesent invéétigation. In Experiment 4, zimeldine reduced

the consumption of highly retnforcing sucrose Noyes’ J
P N ’

' AN . “

pellets, in a manner which suggested that the drug N

- . N

enhanced the onset of satiety. As shown in Expe}imeqt 2, N
zimeldine appeared to produce its most.consistept effects RN

-~ ~ ‘\43 . .
onffeeding through a reddc??%j in the duration of feeding

r

bouts. Thus, anjmals terminated feeding after the l *-

)
4 . »

coﬁsumption_of fewer food pellets, The§g/ﬁata would .

appear to suppd¥t the-‘work carried.out by Blunde;i and

’

1

‘coworkers (1978X 1982) which demonstrated that many

\\
~

serotonergic manipulations affect the amount of food
consumed per meal, rather than meal frequency. However,
in Grbup‘Z-LOW; Experiment 2 (Figure 6) théFe was also a
»signific;nt reducti&n in the frequency of food bout;.
The term satiation has been definéd as the “"cessation of
feeding due to the consequences of feeding"”" (Blundell,
 1984). ZIM, while dégréasing the latency to termination
of feeding, also appea;ed to alter)éhe subsequent

L3 ’ )
initiation of feeding., Further examination of z}meldine‘s

eftects on satiation is clearly called for. .

N . < N .
Perhaps it 1s pertinent at this ‘point to 'suggest that . B

while the use of the construct, "satiation", has heurdstic R
. 1 ’
~value;- it is basically a descriptive term. The-process of
satiation can be described behaviorally, however it is .

puzzling phenomenon which cannot be easily explained in - -
\ .

L
\

\ ' A ~N [
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,

-~

physiological terms. Nicolaidis (1981) refers to " .

3

s'atiation as a pre-absorpive evénc,_wherein the cessation

of:faeding occurs.beforq nutrients ;re absogbed. The

- N

signels which inducé satiation thegefore, do not appear 80’

w

o A . : .
arise as a consequence of nutrient repletion per. se, which

- I3

- .
necessarily must occur in the post-absorptive period

#

following food ingestion, Fantino (1984) suggested that

_"satiatjon" is a process ;related to "negetive\alimentarx

alliesthesia",' -This term has been usgﬁ to denote the ¢
. - )

- -

.change 'in the hedonic or reinforcing aspects of-taste,

which result from the stimulation of internal sensors'®

.
1 [y

(Fantino, 1964; Waldbillig & 0°Callaghan, 1980). Fantino

(1984) proposed that as feeding proceeds, signals from

»

various peripheral (visual, olfactoyy, oral and
"gascrointestihal) sensors are relayed to the brain through

neural and humoral patHways. ‘These signals, folloﬁing

/

iptégration in the hypoihalamus, produce an alteration 1n

the rewarding propertiés of food. Numerous reports have
empHasized'the.possible relationships between satiatioh

[}

and reward (Fantino, 1984; Smith, (1982b;. Wise & Raptis,

1985%). Smith'(l982b) suggested that “reward" has both
-

¢

imfediate as well as delayed effects on feeding. The

impediate effect guides feeding ouce-it has begun, and is

-~

related to the palatability or ﬁleasure derived from a. - -
food item.” The delayéd effect ‘of "reward" is one which e
produces changes in_subsequent feeding. Thus, a

pharmacological manipulation, such as zimeldine which
N

. .
' T \
* . . I} . .

o
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: . * . o .

st

appears to reduce the size of iadividual meals, and in

-

. s .
sqme cases the frequency of meals, may be producing its
effects by reducing’ the ﬁalatabillty or réwarding

p{Pperties,of.foo&\and‘YLuids; However,‘this i highly
ﬁ:‘\"~ \

IS

sﬁeculative at the present time. This dig%ussion however,

~

2 N
points out the difficulties inherent in interpreting

v
.

changes in feeding behavior as well as the‘conceptual

difffcmlties associate& with the use of terms such as

* . .
.

hunger, reward and satiation. : : Con

-

. As, diécussed‘in the introduction to this thesis,
serofoﬁiﬁ\has been prop&sed to Qodulatg food and fluid
‘ th;ough mult{PIe sites of action. One site is dirgctly in
the brain where it may affect the release of a pﬁthtiye
setiety~agent (CCK or CRF); Serotonin may also act\by
reddcing t he cénsumption of carbohydrates, indirectly
through an insulin ;;diated’alteraéion in plasma amino
‘acid pattﬁing, and in the,;eriphgry to inhibit the rate of
gastric clearance. Perjipheral sifes of action have also
' .
b;en,implicated for serotoﬁergic compounds that alter
g:han31 intake (Zabik et al., 1985). Similarly, in
various models of feeding control currently di;cussed
‘{dithin ;he feéding literature (see Nicolaidis, 1981,
Strickdr & McCaan, l9§5, Fantino, 1984) these same factors
(Lee. 1n3u116, rate of gastric clearance as well as
hypothalamic facgors) are impiicatedJin food intake

~

-regulation. Despite 'he\conteptuél difficulties diseussed
- . Y »

above, there hhs been a very interesting attempt to
\ Lo
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, !
integrate information concerned with the hypo%palamic
control of teeding with the body‘of evidence” that visceral
and sensory. factors also contribute to "hunger'and

satiation". There is little doubt that serotonin

y

participates in the control of feeding behavior. -Furthef-
clarification of its role and of the effects of agenté
such as zimeldine, will go hand in hand with advanEemen;

in our knowldge of the physiological controls of o0
. “W

consummatory behavior, , . :
i

v

In the ﬁontext of the original qdeéf;dns posed by this .
thesis it is perhaps important to emphasis that while the .

effects of zimeldine are clearly not "specific" to the

\

consumption of ethanol solutions, they ma;
\ : - :
“non-specific" either. That is to say, the drug may have

produced specific changes in consummatory behavior that

-

are motivational in nature, This distinction has

I

considerable importance with regards use of 5-HT uptake

blockers for the treatment of alcohol abuse. If 5-=HT
-

uptake blockade indeéd produced a reduction in the o
P

"reward" derived from food and fluids, it is possible that

”

_such cohpounds may have considergble therapeutic value, N

particulary when considering the abuse of alcohol within

the context of a motivated behavior.

s
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