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GILL, K, K SHATZ, Z AMIT AND S O OGREN Conditioned taste aversion to ethanol induced by Zimeldine
PHARMACOL BIOCHEM BEHAYV 24(3) 463-468, 1986 —Conditioned taste aversions (CTA) were induced to both
ethanol and saccharin solutions with the serotonin uptake inhubitor Zimeldine When amimals were pretreated with Zimel-
dine prior to the presentation of a novel flavour a CTA did not result However, there 1s evidence that Zimeldine induces an
unconditioned suppression of drinking These results are discussed 1n terms of their relevance to Zimeldine’s effects on
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A number of investigators have attempted to alter voluntary
ethanol consumption in rats through manipulations of central
serotonin levels Those manipulations which tend to de-
crease brain serotonin, 1e , p-chlorophenylalanine or 5,6-
dihydroxytryptamine have met with little consistent success
(7, 11, 12, 15, 17] Studies which have employed agents such
as 5-hydroxytryptophan (5-HTP) to raise brain serotonin
levels, on the other hand, have consistently shown that such
treatment decreased voluntary free-choice ethanol con-
sumption [7, 8, 9, 16]

In addition, several studies have shown that treatment
with drugs such as Zimeldine, Fluoxetine or Indalpin which
block the reuptake of serotonin (5-HT), thereby increasing
synaptic availability of 5-HT, reduced the voluntary oral
consumption of ethanol [13, 20, 21, 22] While the effect of
these drugs 1s consistent, a clear uncerstanding of the mech-
anisms underlying this phenomenon has not been elucidated
(for a review of this literature see [1])

In 1978, Zabik, Liao, Jeffreys and Maickel [25] reported
that a single dose of S-HTP (50-200 mg/kg) admimistered to
rats chronically consuming alcohol as their only source of
fluid significantly reduced ethanol consumption In addition
the 5-HTP administration resulted in a pronounced rejection
of ethanol even to the point of death in 25% of the rats tested
Zabik and Roache [26] further reported a study using a con-
ditioned taste aversion (CTA) paradigm in which 5-HTP (100
mg/kg) was administered to rats following the consumption
of novel tasting saccharin, tartaric acid or ethanol solutions
5-HTP produced a CTA to all the novel flavours used, how-
ever only those rats which received the novel ethanol solu-
tion paired with the S-HTP injection exhibited persistent re-
fusal to consume the paired flud on subsequent test days
These authors stated that this particularly strong CTA may
not be a function of merely the associative learning mech-
amisms at work in the CTA paradigm but may involve some
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as yet undefined drug-drug interaction between 5-HTP and
ethanol

These studies by Zabik et al. [25,26] were seen as being
particularly relevant to the ongoing research project in our
laboratory examining the effects of 5-HT uptake blockers on
voluntary ethanol consumption The following experiments
were carned out to determine whether (1) Zimeldine 1s
capable of producing a CTA and (2) whether CTA induction
may contnibute to the reduction in voluntary free choice
ethanol consumption following treatment with Zimeldine.

In the CTA paradigm fluid deprived rats are imjected with
a drug following the ingestion of a novel tasting fluid The
CTA 1s measured by comparing the fluid consumption on the
drug painng day with the consumption on subsequent pre-
sentations of the fluld. CTA can be produced by a wide
variety of emetic and psychoactive agents and 1s presumed
to be a result of an association between the novel tasting
flud and some ‘‘aversive’ itroceptive cues produced by
the drug state [2]

In an attempt to answer the above questions the present
senies of expennments were carmnied out n which Zimeldine
treatment was paired with a series of novel tasting fluids
including ethanol solutions

EXPERIMENT 1

As reported above, other investigators [26] have shown
that the serotonin precursor 5-HTP appears to induce a
strong CTA to ethanol solutions. These authors have
suggested that there may be a unique mnteraction between
serotonergic drugs such as 5-HTP and ethanol which result
in particularly strong CTAs Therefore, in this study the
CTA induced by Zimeldine was examined using both ethanol
(8%) and saccharin (0.1%) as the novel flavours A dose of 20
mg/kg Zimeldine was chosen since 1t has been shown to be
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FIG 1 (A) Mean sacchann consumption for salme (n=7) and
Zimeldine (n=8) treated groups on conditioning and test days (B)
Mean consumption of an 8% ethanol solution for saline (n=8) and
Zimeldine (n=8) treated groups on conditioning and test days

an effective dose 1n reducing voluntary free-choice ethanol
consumption [20]

Anmimals

Thirty-one male Long Evans (Charles River, Canada) rats
weighing 225-250 g at the start of the experiment were used
Rats were housed singly 1n stainless steel cages 1n our animal
colony under conditions of controlled humidity and tempera-
ture with a 12 hour dark-light cycle Food was available ad
lib

Procedure

Following a 5 day acclimatization period, a water depn-
vation schedule was initiated where rats had access to water
n thewr home cages for 30 minutes per day Water was pre-
sented 1n plastic stoppered drinking tubes fitted with steel
ball-bearing spouts This schedule was maintamed for 14
days and water consumption was recorded daily Rats were
handled and weighed every 5 days. On the 15th day (Condi-
tioning Day) the rats were randomly assigned to one of four
groups Two groups of rats received sacchann (0 1%, w/v) as
the novel fluid and were injected intraperitoneally with etther
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Zimeldine (20 mg/kg. n=8) or salne (2 mlkg, n=7) 1m-
mediately following the 30 minute drinking period The re-
maining two groups received ethanol (8% v/v, prepared from
95% ethanol diluted with tap water) as the novel fluid and
were 1njected IP with either Zimeldine (20 mg/kg, n=8) or
saline (2 ml/’kg, n=8) Zimeldine was dissolved 1n saline 1m-
mediately prior to injection and was administered n a vol-
ume of 2 ml/kg Fluid consumption was measured and was
considered as baseline consumption for subsequent com-
panisons For the following 5 days, rats received water 1n
their drinking tubes On the 6th day followmg Conditioning
Day rats again recerved their respective flavoured solutions
for a 30 minute pertod (Test Day)

RESULTS

Figure 1 shows the mean sacchann and ethanol con-
sumption on conditioning day and test day For the saccharin
consuming group (Fig 1A) a two-way ANOVA with re-
peated measures revealed a significant drug effect,
F(1,13)=22 45, p<0 001, as well as a significant drug x days
interaction, F(1,13)=29 65, p<<0 001 Analysis of the ethanol
consuming (Fig 1B) group also revealed a significant drug
effect, F(1,14)=10 31, p<0 01, and drug x days interaction,
F(1,14)=9 95, p<0 01

DISCUSSION

The results of this experiment demonstrated that a single
administration of Zimeldine produces a CTA to both novel
saccharin and ethanol solutions There were large differ-
ences 1n baseline intake of the two solutions as measured on
Conditioning Day however (1e, 14 04=1 16 ml saccharin
compared to 5 18+0 98 ml ethanol), which make any com-
pansons of the CTAs difficult In the study reported by
Zabik and Roache [26], the 5-HTP induced CTA to an
ethanol solution was found to be stronger and longer lasting
than that induced to a saccharin solution. In order to exam-
ne the possibility that Zimeldine may also produce differen-
tial CTAs to ethanol containing solutions the following ex-
pennment was carned out However, the solutions used for
conditioning were matched 1n terms of their imitial baseline
consumption prior to the conditioning trial, in order to rule
out possible confounds due to palatability and/or salience of
the novel flavours

EXPERIMENT 2

The relative strength of CTAs induced by Zimeldine was
examined in this study An effort was made to equate the
imtial palatability of the two novel flavours used for condi-
tioning, one of which contained ethanol This was attempted
by mixing ethanol with a *‘palatable’’ flavour

Ammals

Thirty-one male Long Evans rats (Charles River, Canada)
weighing approximately 300 g at the start of the experiment
were used Rats were housed and maintained as per Expen-
ment 1

Procedure

Foliowing a 14-day water deprivation penod rats were
divided mto two groups and were subjected to four prelimi-
nary preference tests on alternate days The aim of this pre-
liminary testing was to determine a pair of flavoured solu-
tions (one containing ethanol) which were comparable 1n
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FIG 2 (A) Consumption of the sacchann + quimine (S+Q) solution for those animals
treated with saline (n=8) or Zimeldine (n=8) (B) Consumption of the sacchann +
ethanol (S+E) solution for those animals treated with saline (n=7) or Zimeldine (n=38)

terms of preference, thus ensuring approximately equal
baseline consumption on conditioning day A total of eight
different flavour combinations were tested, 4 in each group
of amimals Half of these solutions contained ethanol (8%,
viv) Both groups had the same exposure to ethanol prior to
Conditioning Day and neither group was conditioned with a
flavour that 1t had previously experienced during the pre-
limmnary testing The flavoured solutions were presented in
the drinking tubes for 30 minutes at the regular drinking time
On the interveming days between presentations of the
flavoured solutions water was available in the drinking
tubes Following the prehminary preference testing it ap-
peared that of all the different solutions tested, saccharin
(0.1%) + ethanol (8%) (S+E) and saccharin (0 1%) + quinine
(0 005%) (S+Q) solutions were the most equally preferred
Therefore, on Conditioning Day the two groups were pre-

sented with either the S+E or S+Q solution and were further
subdivided so that immediately following the 30 minute
drinking period they were mjected with either saline (2
ml/kg) or Zimeldine (20 mg/kg) Following five intervening
water days the four groups were again presented with their
respective solutions for 10 consecutive test days

RESULTS

The mean consumption for those rats consuming the S+Q
solution 1s shown 1n Fig 2A A two-way ANOVA with re-
peated measures indicated that there was a significant drug
effect, F(1,14)=62.42, p<0 001, and a significant drug X
days, F(10,140)=16 25, p<0 001, nteraction Post-hoc
(Tukey) tests revealed that the fluid consumption of the
Zimeldine treated rats remamned sigmficantly (p<0 01)



466
20|
15
¢10r
<
T
Q
Q
<
@ »
3 5
esees® SALINE
4
(=] -_— ZIM
Iy A
3
=]
Z
o
10}
-
o
4
<
X
[
ws
B
conditioning tost
day dey

FIG 3 (A) Mean saccharin consumption for saline (n=6) and
Zimeldine (n=7) treated animals (B) Mean ethanol consumption for
saline (n=7) and Zimeldine (n=7) treated animals Animals received
mjections 4 hours prior to fluid presentation

below that of the saline treated controls for the first 8 test
days When companng Test Day intake to baseline con-
sumption 1t appeared that the Zimeldine treated rats had re-
turned to their own baseline on Test Day 4

Figure 2B indicates that rats consuming the S+ E solution
also show a CTA following Zimeldine treatment A two-way
ANOVA with repeated measures indicated that there was no
significant drug effect, F(1,13)=2 25, p>0 05, but there was
a significant drug x days, F(10,130)=5 93, p<0 001, interac-
tion Post-hoc (Tukey) tests indicated that the flud con-
sumption of the Zimeldine treated rats remained significantly
(p<0 01) below control levels for the first three test days
Compansons of Test Day intake to baseline intake in the
Zimeldme treated group indicated that these amimals re-
sumed drinking baseline levels of the S+E solution on Test
Day 5

DISCUSSION

In this study the CTAs induced to both novel flavours
were of comparable strength and duration The results of this
study mdicate, therefore, that there does not appear to be
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any particular interaction between Zimeldine and ethanol in
terms of CTA The fact that the CTAs to both the S+Q and
S+E solutions extinguished at comparable rates (on Test
Days 4 and 3. respectively) lends credence to this notion

FXPERIMENT 3

In order to examine whether Zimeldine can induce a CTA
when given as a pretreatment (1 ¢ , backward conditioning)
the following experiment was carried out using a design n
which Zimeldine or saline pretreatment was paired with
novel sacchann or ethanol solutions on one conditioning
day Amimals were pretreated 4 hours prio1 to fluid presen-
tation since Zimeldine has been shown to be maximally ef-
fective 1n blocking brain S-HT uptake 2-4 hours following
admunistration [23]

Anmmals

Twenty-seven male Long Evans rats (Charles River,
Canada) weighing 225-250 g at the start of the experiment
were used Rats were housed and maintained under the
conditions described in Experiment 1

Procedure

Following the acclimatization and 14-day water depriva-
tion period as described 1n Experiment 1, rats were randomly
assigned to one of four groups Animals were pretreated (IP)
with either saline (2 ml/kg) or Zimeldine (20 mg/kg) four
hours prior to the presentation of novel saccharn (0 1%) or
ethanol (8%) solutions For the next five days water was
presented to the rats during the drinking period On the sixth
day (Test Day) all groups were pretreated with saline 4 hours
prior to presentation of their respective flavoured solutions

RESULTS

Figure 3 presents the Conditioning and Test Day fluid
intake for the saccharn and ethanol consuming groups Both
Zimeldine pretreated groups exhibited reduced fluid con-
sumption on Conditioning Day as compared to their respec-
tive saline pretreated controls On the other hand, Test Day
mtake of the saccharin and ethanol solutions increased 1n all
groups, indicating that a CTA had not developed Figure 3A
presents the Conditioning and Test Day intake for the sac-
charin consuming groups A two-way ANOVA with re-
peated measures revealed significant drug, F(1,11)=11 14,
p<001, day, F(1,11)=96 03, p<0 001, and drug x day in-
teraction, F(1,11)=16 62, p<0 01, effects Figure 3B shows
fluid intake on Conditioning and Test Days for the ethanol
consuming groups Analysis revealed sigmificant drug,
F(1,12)=7 32, p<0 05, and day, F(1,12)=41 95, p<0 001, ef-
fects

DISCUSSION

It appears from these data that pretreating animals with
Zimeldine prior to the presentation of an ethanol or saccha-
rin solution did not result in a CTA These data indicate that
since a CTA did not develop 1t appears unlikely that the
reduction of voluntary free-choice ethanol consumption
normally seen following pretreatment with Zimeldine [1] 1s
due to this mechamism Of interest is the data from Condi-
tioning Day which show that Zimeldine was capable of
producing an unconditioned suppression of both ethanol and
saccharin mtake These findings must be further explored.
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particularly considenng the fact that Zimeldine has previ-
ously been shown to have no effect on the consumption of
fluids other than ethanol solutions [20] (See note added in
proof )

GENERAL DISCUSSION

The results of this series of experiments demonstrated
that Zimeldine 1s capable of inducing 2 CTA to a number of
novel flavours However, when amimals were pretreated with
Zimeldine 1n a manner similar to that employed in a volun-
tary consumption paradigm no CTA developed This indi-
cates that CTA induction does not account for the action of
Zimeldine on voluntary ethanol consumption This was evi-
dent upon examination of Experiment 3, where reduced fluid
intake was exhibited only on Conditioning Day where
Zimeldine 1njections actually preceded the presentation of
the flavoured solutions rather than on the Test Day Ths
pretreatment-induced suppression of drinking 1s not readily
explained considering that Zimeldine 1s not known to pos-
sess sedative or general depressant effects on behavior
[18,19] There 1s considerable evidence 1n the literature that
5-HT plays an inhibitory role 1n regulating consummatory
behavior [10,24] Manpulations which increase central
serotonin (1 e , 5-HTP) or block the reuptake of serotonin
(1 e , Fluoxetine) have been shown to produce anorexia in
rats [10] It 1s possible, therefore, that Zimeldine possesses
an anorectic action similar to that reported for Fluoxetine
Another possible explanation for this unconditioned sup-
pression of saccharin intake 1s that Zimeldine alters taste
perception This will require further investigation to sub-
stantiate

Another point concerns not only the results of Experi-
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ment 3 but also the effects of serotonergic manipulations 1n
general which result, for example, in CTAs [26], anorexia
[10,24] or decreases i voluntary ethanol consumption [9, 13,
22] There 1s considerable new evidence which suggests that
peripheral serotonin should be considered as a possible
mediator of these effects [3, 5, 6] Therefore, before ascrib-
ing an exclusive role to cerebral serotonin in the effects of
5-HTP [9,26] or Zimeldine [1] we should examine the possi-
ble role of peripheral serotonin 1n the actions of these com-
pounds

The results of Expertment 2 indicate that Zimeldine, un-
like S-HTP [26], induced CTAs of approximately the same
strength and duration to alcoholic and non-alcoholic novel
flavours It 1s apparent, however, that when an ethanol con-
taining solution 1s used as the CS, 1t 1s more salient and
possesses aversive taste and post-ingestional pharmacologi-
cal properties [4,14] which may have served to limit con-
sumption even 1n saline treated controls That taste and
orosensory factors are particularly important in the self-
selection of ethanol solutions 1s well known [4,14] and 1s
evident when examining the baseline intake of the ethanol
containing solutions across all groups used 1n the present
studies We must conclude, therefore, that CS-UCS as-
sociative learning mechanisms are responsible for the ob-
served CTAs induced by Zimeldine

In conclusion, it appears unhkely that reduction 1n volun-
tary ethanol consumption produced by Zimeldine [20, 21, 22]
1s due to the induction of a CTA It may, however, affect
general sensitivity to taste or produce anorexia which re-
sulted 1n the suppression of fluid intake in Experiment 3
Further research 1s necessary to determine whether this
phenomenon 1s particular to water deprived amimals and
whether 1t plays a role in Zimeldine’s effects on the volun-
tary consumption of ethanol
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NOTE ADDED IN PROOF

Subsequent to the submussion of this manuscript addi-
tional data relating to this 1ssue has been collected, see [27]



