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DE BEUN, R., A. LOHMANN, R. SCHNEIDER AND J. DE VRY. EIhanol infake-reducing effects of ipsapirone in 
rats are not due to simple stimulus substitution. PHARMACOL BIOCHEM BEHAV 5314) 891-898. 1996.-The nresent 
series of experiments was conducted to investigate whether the previously reported ethanol’intake reducing effects-of the 
5-HTIA receptor agonist ipsapirone could be based on possible stimulus similarities between both compounds. Rats were 
trained to discriminate ethanol (12.5% w/v, 1000 mg/kg, IP) from saline in a two-lever food-reinforced drug discrimination 
(DD) procedure. Discrimination criterion was reached after a mean number of training sessions of 42. In subsequent general- 
ization sessions, a dose-response curve was established for ethanol (125-1000 mg/kg, IP, ED,, value: 355 mg/kg). In 
additional cross-generalization tests with ipsapirone (l-30 mg/kg, IP), stimulus substitution for the ethanol cue was not noted 
(maximal degree of generalization: 33%, at 10 and 30 mg/kg). To confirm the DD findings that ipsapirone does not substitute 
for ethanol, an alternative cross-familiarization conditioned taste aversion paradigm (CF-CTA) was utilized. In rats, 1000 
mg/kg IP ethanol was used as the reference drug producing a conditioned taste aversion (CTA). It was found that preexposure 
to ethanol (500-1500 mg/kg, IP) dose-dependently attenuates the CTA produced by this same drug. Full familiarization was 
noted with 1000 and 1500 mg/kg. In contrast with this, ipsapirone (l-30 mg/kg, IP) failed to abolish ethanol-induced CTA, 
suggesting again that the ipsapirone stimulus complex is dissimilar to that produced by ethanol. Because the present findings 
indicate that, in rats, ipsapirone does not substitute for ethanol, it is suggested that the reported ethanol intake-reducing 
effects of ipsapirone in animal models of alcoholism are not due to simple stimulus substitution. 

Alcohol intake Serotonin Ipsapirone Ethanol Drug discrimination Generalization 
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EVIDENCE is rapidly growing that central serotonergic (5 
hydroxytryptamine, S-HT) neurotransmission may play an 
important role in the regulation of ethanol intake (15,25,30, 
32,34,39,40,46,51). In line with this, a considerable number of 
drugs that alter 5-HT activity, such as 5-HT uptake inhibitors 
and 5-HT releasers, as well as compounds selective for partic- 
ular 5-HT receptor subtypes, have been found to suppress 
ethanol intake and to reduce ethanol preference in animal 
models of alcoholism (7,10,15,25,27,29,30,39,40,46,51). These 
positive results, deriving from animal research, prompted the 
idea that drugs acting on 5-HT neurotransmission may be 
potentially important as pharmacotherapeutics for the treat- 
ment of alcohol dependence and craving [see (10,30)]. Al- 
though it remains to be determined which 5-HT receptor 
subtypes provide appropriate targets for serotonergic pharma- 

cotherapy of alcoholism, 5-HT,, receptors appear to be 
among the most interesting candidates [for review, see (13)]. 
Thus, it has been demonstrated that a variety of selective 5- 
HT,, receptor agonists, such as the pyrimidinylpiperazine de- 
rivative ipsapirone (7,10,15,39,46,49) and the aminotetralin 
derivative &OH-DPAT (10,15,27,46), are able to suppress 
ethanol intake and preference in a number of rodent models 
of alcoholism. 

Although 5-HT,, receptor agonists appear to be highly ef- 
fective in reducing ethanol consumption, the behavioral mech- 
anism underlying such effects are not yet clear (14). One pos- 
sibility could be that these compounds possess stimulus 
properties that are similar to those of ethanol, providing the 
basis for the ethanol intake-reducing effects simply by stimu- 
lus substitution. Such an assumption is feasible because it has 
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been found that both ethanol and 5-HT,, receptor agonists 
can function as discriminative [see (2,9,36,45,50)] and affec- 
tive (i.e., rewarding or aversive) stimulus [see (12,17,31,33,42, 
43)]. Obviously, for the potential use in pharmacotherapy, it 
is important to know whether a given drug that reduces etha- 
nol intake substitutes for the stimulus effects of ethanol. If 
this should be the case, it might make this particular drug less 
attractive for its use in the treatment of alcoholism. 

The aim of the present studies was to reveal whether or not 
the 5-HT,, receptor agonist ipsapirone produces discrimina- 
tive stimulus effects that are sufficiently similar to the stimulus 
complex produced by ethanol to allow for stimulus substitu- 
tion. The dose range of ipsapirone was such chosen (I-30 
mg/kg) that it fully covered all dose ranges described in the 
literature as being effective in suppressing ethanol intake in 
different rodent models of alcoholism (i.e., roughly from 5 
to 20 mg/kg) (7,10,15,39,46,49). To detect possible stimulus 
similarities between ipsapirone and ethanol, a standard two- 
lever food-reinforced drug discrimination (DD) procedure was 
applied. In addition to this commonly used method to detect 
stimulus correspondence between drugs [see (8,36)], the less 
established cross-familiarization conditioned taste aversion 
(CF-CTA) procedure was utilized [see (5,20,26,35,48)]. Previ- 
ous studies have shown that the CF-CTA procedure can be a 
useful alternative method to detect stimulus similarities be- 
tween drugs, with results comparable to cross-generalization 
findings in two-lever DD studies (3,4,11,12), although others 
have failed to find drug class specificity by applying similar 
procedures (6,19,47,48). As an extension of the DD general- 
ization tests, CF-CTA studies were conducted with the same 
dose of ethanol used in the DD studies as the reference drug 
(inducing a CTA), in combination with various doses of either 
ethanol itself or ipsapirone as preexposure drug. Applying 
this alternative method allowed us to confirm the substitution 
results obtained in DD. 

METHODS 

Subjects 

For the drug discrimination (DD) studies, eight male 
Wistar rats were purchased from Harlan-Winkelmann (Hsd/ 
Win : WU, Borchen, Germany). Body weight upon arrival at 
the laboratory was around 200 g, which gradually increased 
up to about 350 g during the course of the studies. Rats were 
individually housed in Macrolon type 3 cages under a normal 
12 L : 12 D regime (lights on at 0700 h). Room temperature 
was maintained at 22-23°C. Throughout the studies, tap wa- 
ter was supplied ad lib in the home cages, but the animals were 
(after 1 week of adaptation to the laboratory conditions) food 
deprived in that food access was limited to daily portions of 
about 13 g (standard pellets; Snniff Spezialdiaten GmbH, 
Soest, Germany). 

For the conditioned taste aversion (CTA) and cross- 
familiarization CTA (CF-CTA) studies, male Wistar rats were 
used (Harlan-Winkelmann; Hsd/Win : WU, Borchen, Ger- 
many), eight animals per experimental group. Body weight of 
the animals was between 220 and 230 g upon arrival at the 
laboratory and the animals were throughout the studies main- 
tained in groups of four per cage (Macrolon type 3). A normal 
12 L : 12 D regime (lights on at 0700 h) was operative. Room 
temperature was held constant at 22-23°C. The animals were 
allowed to adapt to the laboratory conditions for 1 week prior 
to the experimental sessions. Food (standard pellets; Snniff 
Spezialdiaten GmbH, Soest, Germany) and tap water were 

supplied ad lib during the adaptation period. At the start of 
the experiments, the mean body weight of the animals was 
around 250 g. All procedures were approved by our institu- 
tional committee for the use of animals in research, following 
the guidelines as given by the german government. 

Apparatus 

Drug discrimination. DD sessions were performed in 
sound- and light-attenuated standard operant chambers (mod- 
ular test cage system, model EW-10 SF, Coulborn Instru- 
ments, Lehigh Valley, PA). The chambers were equipped with 
two levers equidistant from a food tray between the levers. 
Food reinforcement (45-mg precission pellets; Bio-Serv Inc., 
Frenchtown, NJ) was delivered by an automated food dis- 
penser located outside of the chamber. Data collection and 
experimental contingencies were programmed using OPN 
software (developed by D. G. Spencer, M. W. Emmett- 
Oglesby, and D. Arnoult) on a TRS-80 Model III microcom- 
puter interfaced with the operant chambers. Ventilation and 
masking noise were provided by a fan mounted on the wall of 
the chamber. A white houselight was switched on during the 
sessions, which were conducted during the light phase of the 
day/night cycle. 

Conditioned taste aversion and cross-familiarization condi- 
tioned taste aversion. CTA and CF-CTA sessions were con- 
ducted in a standard Macrolon type 3 cage (37 x 25 x 16 
cm) bedded with sawdust. Two bottles (of 300 ml content 
each) were placed next to each other on top of the cage, near 
the front wall. The drinking spouts (fitted with double stop- 
pers) protruded about 3 cm into the cage. The distance be- 
tween the drinking spouts was approximately 15 cm. Fluid 
consumption was measured by weighting the bottles manually. 
All sessions were conducted under white light conditions. 

Drugs 

Ethanol (ethanol absolute, 99.8% v/v) was purchased from 
Riedel-de Haen AG (Seelze, Germany). Ipsapirone (BAY q 
7821) was synthesized by Bayer AG (Leverkusen, Germany). 
Ethanol was dissolved in physiological saline (0.9% NaCI). 
lpsapirone was dissolved in distilled water. All doses of etha- 
nol were injected IP in a fixed concentration of 12.5% w/v 
and, accordingly, the injection volume was varied among 
doses. The adjusted application volumes for the 125, 250, 500, 
750, 1000, and 1500 mg/kg doses of ethanol were 1.04, 2.07, 
4.14, 6.20, 8.27, and 12.41 ml/kg, respectively. The saline 
vehicle of ethanol was in all cases administered in the same 
volume as the 1000 mg/kg dose of ethanol (i.e., 8.27 ml/kg). 
All doses of ipsapirone (including vehicle) were injected IP in 
a volume of 1 ml/kg. The saccharin (2,3-dihydro-3-oxobenz- 
isosulfonazole sodium salt) used for the CTA and CF-CTA 
experiments was purchased from the Sigma Chemical Com- 
pany (St. Louis, MO) and dissolved in tap water in a concen- 
tration of 0.1% w/v. 

Procedure 

Drug discrimination. After initial shaping to lever press for 
food reinforcement, the rats (N = 8) were trained to discrimi- 
nate 1000 mg/kg IP ethanol from saline under a fixed-ratio 10 
schedule of reinforcement. Daily sessions were conducted that 
were terminated after either 50 acquired reinforcers or after 
IO min. The injection session interval was 15 min. For half of 
the animals, responses on the left lever were reinforced after 
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ethanol, for the other half responses on the right lever were 
reinforced after ethanol. The rats were injected with ethanol 
or saline in the quasirandom sequence D-D-S-D-S // S-D-S-S- 
D // D-S-D-S-S // D-D-S-D-S (D = ethanol, S = saline, // 
= no sessions during the weekends) with repetition. The cri- 
terion for discrimination was set at less than 10 incorrect 
responses (on the nonreinforced lever) on 10 consecutive train- 
ing sessions prior to deliverance of the first reinforcer. Gener- 
alization tests were introduced when the number of incorrect 
responses was less than five on three consecutive training ses- 
sions. To establish a dose-response curve for ethanol, the 
animals received on test sessions the following doses of etha- 
nol: 0, 125, 250, 500, and 1000 mg/kg IP. For the cross- 
generalization tests with ipsapirone, the animals were treated 
with 0, 1, 3, 10, 30 mg/kg IP. For each ethanol and ipsapirone 
test condition, six animals were randomly selected from the 
available pool of eight animals and submitted to the respective 
substitution tests. Each dose of both drugs was tested once. 
The order of treatment for both the ethanol and ipsapirone 
doses was balanced and all injections were delivered 15 min 
prior to a session. During test sessions, responding on the 
selected lever (i.e., the lever on which 10 responses accumu- 
lated first) was reinforced for the remainder of the session. 
Substitution tests were separated by at least three training 
sessions in which vehicle and drug were correctly discrimi- 
nated. 

Conditioned taste aversion. Twenty-four hours before the 
first session, the animals were water deprived and fluid access 
was from then on restricted to daily experimental sessions of 
15 min, which took place individually in a Macrolon type 3 
test cage. After each session, the animals returned to their 
respective home cages. Food was freely available in the home 
cages throughout the procedure, but was not available during 
the sessions. For a given subject, all six sessions required to 
complete a CTA took place in the same test cage and the cages 
were not cleaned between sessions. Animals designated to the 
same experimental group were run in parallel. During the first 
four sessions, both bottles contained plain tap water. This 
phase of the procedure gave the animals the opportunity to 
learn to drink a reasonable amount of fluid in a short period 
of time. For the fifth session (conditioning session), both bot- 
tles were filled with a novel, saccharin solution and immedi- 
ately after completion of this session the animals were injected 
with either the appropriate vehicle or the test drug. The fol- 
lowing drug conditions were tested: for the ethanol CTA, the 
controls were injected with IP saline and the experimental 
groups received either 500, 750, 1000, or 1500 mg/kg IP etha- 
nol; for the ipsapirone CTA, the controls received IP distilled 
water and the experimental groups were treated with 1, 3, 10, 
20, or 30 mg/kg IP ipsapirone. Only one dose of a particular 
drug (or the corresponding vehicle) was tested per animal, 
making up a total of 15 groups of animals (N = 8 per group). 
Between the conditioning session and the final test session 
for CTA. the animals were left undisturbed for about 72 h 
(wash-out period) and during the first 48 h of this period they 
had free access to tap water in their home cages until they 
were again deprived of water, 24 h prior to the test session. 
During this last session, one bottle contained the saccharin 
solution used for conditioning and the other bottle was filled 
with tap water. To control for location bias, the saccharin was 
presented in the left bottle for half of the animals in each 
group and in the right bottle for the other half. By measuring 
the amount of fluid consumed from both bottles separately, 
drug-induced CTA could be determined by comparison of the 

relative saccharin intake in the drug-treated groups and their 
vehicle-treated controls. 

Cross-familiarization conditioned taste aversion. This pro- 
cedure was identical to the CTA procedure described above, 
with one essential difference in that the animals were not only 
injected with a drug immediately after the conditioning session 
with saccharin (fifth session), but also (with a delay of approx- 
imately 1 h) after the four preceding sessions with tap water. 
In the currently utilized CF-CTA design, the drug injected 
after the conditioning session is aimed (and known) to induce 
a CTA, and is designated the reference drug. The drug that is 
administered after each water session is intended to influence 
the magnitude of the reference drug-induced CTA and is 
called the preexposure drug. For the presently described CF- 
CTA studies, a lOOO-mg/kg IP dose of ethanol was used as 
the reference drug and various doses of either ethanol (500, 
750, 1000, and 1500 mg/kg IP) or ipsapirone (1, 3, 10, and 30 
mg/kg) served as preexposure drugs. Each subject received 
only one preexposure dose of a given drug. In this CF-CTA 
design, animals that were treated four times with a specific 
preexposure dose of a particular drug and, subsequently, were 
conditioned with the ethanol reference drug constituted the 
experimental groups. For each preexposure drug tested, a con- 
trol group was included that received the appropriate vehicle 
as both preexposure drug and reference drug. In addition, a 
reference group was incorporated that was also injected with 
the vehicle only as preexposure drug, but was (similar to the 
experimental groups) conditioned with the ethanol reference 
drug. Thus, the CF-CTA experiments were conducted with 17 
different groups of animals (N = 8 per group). On the final 
(sixth) session, where the animals had the choice between a 
bottle containing the saccharin solution used for conditioning 
and a bottle filled with tap water, development of CTA learn- 
ing was determined by measuring the amount of fluid con- 
sumed from both bottles. The capacity of the reference drug 
to produce a sufficient CTA was verified by comparing the 
relative saccharin intake in the reference group with the intake 
in the control group. A substantial CTA effect in the reference 
group allowed for using this group as baseline for the evalua- 
tion of preexposure drug effects on the reference drug-induced 
CTA, as measured in the experimental groups. 

Data Analysis 

Drug discrimination. Substitution results for ethanol and 
ipsapirone were expressed as the percentage of animals that 
selected the drug lever (To ethanol appropriate responding). 
Ethanol substitution data were submitted to least-square lin- 
ear regression analysis to estimate the dose inducing 50% drug 
lever selection (ED,,) and its 95% confidence limits. Due to a 
lack of full generalization, ipsapirone substitution data were 
not analyzed further. 

Conditioned taste aversion. Data obtained from the etha- 
nol and ipsapirone experiments were submitted separately to 
one-way analyses of variance (ANOVA), with the between- 
subjects factor Dose (5 and 6 levels, respectively, including the 
corresponding control groups as 0 mg/kg dose). Additional 
group-wise comparisons took place with two-tailed indepen- 
dent-samples t-tests. On all occasions, the dependent variable 
was the ratio of saccharin consumption divided by total fluid 
consumption. Fluid intake scores were calculated in grams 
and results were considered significant when p < 0.05. 

Cross-familiarization conditioned taste aversion. Initially, 
to check for the required CTA produced by the reference drug 
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in each experiment, data of control and reference groups were 
compared with two-tailed independent-samples t-tests. Subse- 
quently, data obtained from the ethanol and ipsapirone pre- 
exposure experiments were submitted to separate one-way 
ANOVAs, with the between-subjects factor Dose (with 5 levels 
for both drugs). Included in the ANOVA were the experimen- 
tal groups plus the reference group as the 0 mg/kg preexpo- 
sure dose, but excluded from the ANOVA was the control 
group. Where appropriate, group-wise comparisons were per- 
formed with two-tailed independent-samples t-tests. As with 
CTA, the dependent variable was the ratio of saccharin con- 
sumption divided by total fluid consumption. Fluid intake 
scores were calculated in grams and results were considered 
significant when p < 0.05. 

RESULTS 

Drug Discrimination 

All animals trained to discriminate 1000 mg/kg ethanol 
from saline reached discrimination criterion. The mean num- 
ber of training sessions required to reach criterion was 42 +- 
2.27, with a range of 35-53 sessions. 

In subsequent generalization sessions, a dose-response 
curve with ethanol was established (Fig. I), showing full gen- 
eralization to the 1000 mg/kg test dose (100% ethanol ap- 
propriate responding), with an estimated ED,, value of 355 
mg/kg. The lower and upper 95% confidence limits were 208 
and 604 mg/kg, respectively. A decrease in response rate was 
not noticed for any of the ethanol doses tested (i.e., response 
rate less than 50% of vehicle response rate). 

Figure 1 also depicts the results obtained in cross-gener- 
alization tests with ipsapirone. None of the ipsapirone doses 
tested (l-30 mg/kg) substituted for the ethanol cue (maximal 
degree of generalization: 33%, at 10 and 30 mg/kg). A de- 
crease in response rate was not noticed for any of the ipsa- 
pirone doses tested (less than 50% of vehicle response rate). 

Conditioned Taste Aversion 

Due to problems with some drinking spouts during data 
acquisition, no reliable CTA data could be obtained for four 

animals and these subjects were excluded from the statistical 
analyses. Therefore, in the 1500 mg/kg ethanol and in the 3, 
10, and 20 mg/kg ipsapirone groups, the number of cases was 
reduced to seven. 

Figure 2 shows the relative amount of saccharin consumed 
during the final test session, after conditioning with various 
doses of ethanol or the vehicle. The association of saccharin 
intake with ethanol injections resulted in a dose-dependent 
CTA. A significant main effect of DOSE was noted: F(4, 34) 
= 4.38, p < 0.01. Additional group-wise comparisons be- 
tween the control group and the experimental groups revealed 
that the 1000 and 1500 mg/kg doses of ethanol induced a 
significant CTA [t(14) = 4.19 and t(13) = 5.58, respectively, 
both p < O.OOl]. The 500 and 750 mg/kg doses were ineffec- 
tive in producing a CTA. 

Also depicted in Fig. 2, the CTA results obtained with 
five doses of ipsapirone plus the corresponding control group. 
lpsapirone was found to induce a dose-dependent CTA. The 
factor DOSE showed a significant main effect, F(5, 39) = 
9.61, p < 0.001. Subsequent group-wise comparisons re- 
vealed that the 20 and 30 mg/kg doses were clearly effective in 
producing a CTA compared to the control group [t(13) = 
3.42, p < 0.01 for the 20 mg/kg dose, and t(14) = 4.69, p < 
0.001 for the 30 mg/kg dose]. The three lowest doses tested 
(I, 3 and 10 mg/kg) showed no effect. 

Cross-Familiarization Conditioned Taste Aversion 

Because of difficulties with the drinking spout during data 
acquisition, one animal belonging to the 500 mg/kg ethanol 
preexposure group had to be excluded from the statistical 
analyses, reducing the number of cases in this group to seven. 

In both CF-CTA experiments, the 1000 mg/kg dose of 
ethanol produced a significant CTA in the reference group 
(animals only preexposed to the vehicle and injected with etha- 
nol as reference drug) compared to the control group (animals 
injected with vehicle as both preexposure and reference drug), 
as can be seen in Fig. 3. For the ethanol and ipsapirone CF- 
CTA, the results of the group-wise comparisons were t(14) = 
12.59 and t(14) = 4.32 (bothp < 0.001). 

The magnitude of the CTA induced by ethanol was dose 
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FIG. 1. Substitution results with ethanol (left panel) and ipsapirone (right panel) in rats trained to 
discriminate 1000 m&kg IP ethanol from saline. Ethanol-appropriate responding is expressed as percent- 
age of animals selecting the ethanol lever. Depicted are the data obtained with 4 doses of ethanol and 4 
doses of ipsapirone administered IP. N = 6 per dose. 



LACK OF STIMULUS SUBSTITUTION OF IPSAPIRONE FOR ETHANOL 895 

1.0 
1 ETHANOL 1 IPSAPIRONE 

DOSE (MGlKG IP) 

FIG. 2. Saccharin preference expressed as the ratio of saccharin intake divided by total fluid intake 
during the final test session for CTA, after conditioning with ethanol (left panel) and ipsapirone (right 
panel). Depicted are the mean + SEM scores for four doses of ethanol and for five doses of ipsapirone, 
administered IP (filled bars), together with the respective controls (C, open bars). N = 8 per group 
(except for the 1500 mg/kg ethanol dose and the 3, 10, and 20 mg/kg ipsapirone doses; N = 7). 
Significant differences from controls are indicated by asterisks (**p < 0.01, ***p < 0.001). 

dependently attenuated by preexposure to this same drug, in- 
dicated by a main DOSE effect: F(4, 34) = 24.30, p < 0.001 
(Fig. 3). Preexposure to 750, 1000, and 1500 mg/kg ethanol 
significantly suppressed the development of a CTA based on 
ethanol conditioning. In comparison to the reference group 
(vehicle preexposure), a marked reduction of the CTA effect 
was seen [t(14) values of -3.79 (p < O.Ol), -4.72 and 
- 10.18 (both p < O.OOl), respectively]. Only the lowest pre- 
exposure ethanol dose of 500 mg/kg was insufficient to 
weaken the ethanol-induced CTA. The 750 mg/kg ethanol 
preexposure dose only reduced the magnitude of the CTA, 
without preventing its development. This dose not only dif- 
fered from the reference group, but also differed from the 

control group, indicating that a significant CTA was still pres- 
ent: t(14) = 8.29, p < 0.001. However, the two highest pre- 
exposure doses of ethanol tested were found to be maximally 
effective and blocked CTA learning completely. No signifi- 
cant differences could be noted between the 1000 and 1500 
mg/kg groups and the control group. 

The preexposure effects of ipsapirone on ethanol-induced 
CTA are also depicted in Fig. 3. No preexposure effects of 
ipsapirone on CTA learning could be detected, as confirmed 
by the absence of a main effect of Dose: F(4, 35) = 1.03, 
NS. Not a single preexposure dose of ipsapirone resulted in a 
significant difference with the reference group with regard to 
the magnitude of the CTA produced by ethanol. 

1.0 

1 ETHANOL *** 1 IPSAPIRONE 

PRE-EXPOSURE DOSE (MGIKG IP) 

FIG. 3. Saccharin preference expressed as the ratio of saccharin intake divided by total fluid intake 
during the final test session for CF-CTA, after preexposure to ethanol (left panel) or ipsapirone (right 
panel) and CTA conditioning with 1000 mg/kg IP ethanol. Depicted are the mean + SEM scores for 
four preexposure doses of ethanol and for four preexposure doses of ipsapirone, administered IP (filled 
bars), together with the respective reference groups (vehicle preexposure, the open bars) and the 
respective control groups (vehicle preexposure and vehicle CTA conditioning, C bars). N = 8 per 
group (except for the 500 mg/kg ethanol preexposure dose; N = 7). Significant differences from 
reference group are indicated by asterisks (**p < 0.01, ***p < 0.001). 
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DISCUSSION 

The findings of the present study demonstrate that the 
5-HT,, receptor agonist ipsapirone does not substitute for 
the ethanol stimulus complex. In a two-lever drug discrim- 
ination (DD) procedure, where rats were trained to discrimi- 
nate a moderate dose of 1000 mg/kg ethanol from saline, at 
best only partial generalization from the ethanol cue to 
the ipsapirone stimulus was found, never exceeding a level 
of 33% of ethanol-appropriate responding. Absence of 
generalization from ethanol to ipsapirone could be con- 
firmed in a cross-familiarization conditioned taste aversion 
(CF-CTA) procedure, where it was found that none of the 
ipsapirone doses familiarized for the stimulus effect of eth- 
anol. 

It has been suggested previously that the discriminative 
stimulus produced by ethanol comprises a mixed or compound 
stimulus [see (16,22,23,37)]. Substitution for ethanol has been 
reported for a variety of drugs acting on different neurotrans- 
mitter systems. Thus, NMDA antagonists [e.g., (23,37,41), 
but see also (I)], as well as agents affecting GABAergic [e.g., 
(16,28,41)] and serotonergic [e.g., (22,44)] neurotransmission, 
were found to substitute for the ethanol cue. With respect 
to the latter neurotransmitter system, however, relatively few 
substitution studies have focused on drugs interacting selec- 
tively with 5-HT receptor subtypes. Until now, positive results 
have only been reported for the nonselective 5-HT, receptor 
agonist TFMPP. With moderate training doses of ethanol 
(1000-1500 mg/kg), this compound completely substitutes for 
the ethanol cue (22,44). The subtype of receptor that may 
mediate the discriminative stimulus effects of TFMPP that are 
similar to those of ethanol is, however, not completely clear. 
although it has been suggested that the 5-HT,, receptor is 
involved (22,38). In addition, it has been hypothesized that 
the effects of ethanol that mimic those of the serotonergic 
agent TFMPP in DD learning are relatively prominent at or 
near training doses of 1000-1500 mg/kg. At higher training 
doses, other components of the assumed mixed ethanol cue 
may overshadow the 5-HT, receptor-related effects of ethanol 
(22,23). The present negative cross-generalization results with 
ipsapirone after training with a similar moderate dose (1000 
mg/kg) of ethanol suggests that 5-HT,, receptors are not in- 
volved in the discriminative stimulus effects of moderate doses 
of ethanol. This conclusion is in accordance with the results 
of earlier studies with the 5-HT,, receptor agonists 8-OH- 
DPAT and buspirone, where it was found that these com- 
pounds do not to substitute for a low (600 mg/kg, IP) dose of 
ethanol (44). Taken together, it seems that the 5-HT,, receptor 
does not appear to be a primary site for central mediation of 
the ethanol cue. 

The positive CTA results obtained with ipsapirone (with 
an effective minimal dose of 20 mg/kg) extend the findings 
reported previously with other 5-HT,, receptor agonists in 
CTA learning. Thus, it has recently been reported that buspir- 
one and gepirone are capable to induce a CTA in rats (31). In 
addition, these authors were able to show that the quality of 
the affective stimulus effect is apparently rewarding for both 
drugs, by applying a conditioned place preference (CPP) para- 
digm (31). In another paper, CTA effects of 8-OH-DPAT and 
buspirone were described in mice (12). Similar to buspirone 
and gepirone, 8-OH-DPAT also appears, at least with rela- 
tively low doses, to be rewarding in the CPP paradigm 
(17,33,43). To our knowledge, no CPP data are at present 
available for ipsapirone, but based on the already available 

5-HT,, data it can be predicted that this 5-HT,, agonist may 
also show rewarding effects in a CPP design. 

After having established that ethanol and ipsapirone have 
the capacity to act as an affective stimulus in the CTA proce- 
dure, CF-CTA studies were conducted with either ethanol it- 
self or ipsapirone as the preexposure drug. As reference drug, 
producing a CTA towards saccharin, the 1000 mg/kg dose of 
ethanol provided a suitable baseline to investigate the effects 
of multiple preexposure to various doses of ethanol itself on 
the magnitude of the ethanol-induced CTA. Making the ani- 
mals familiar with the ethanol stimulus, prior to conditioning, 
resulted in an unambiguous and dose-dependent attenuation 
of the ethanol-induced CTA. In contrast to ethanol, ipsapi- 
rone preexposure failed completely to prevent the develop- 
ment of a CTA induced by ethanol. Within the dose range 
tested (l-30 mg), none of the ipsapirone doses resulted in a 
significant difference in saccharin intake as compared to the 
reference group (vehicle preexposure). Thus, although ipsapi- 
rone in itself possesses affective stimulus properties, as indi- 
cated by clear CTA learning, the stimulus aspects responsible 
for this effect seem to be qualitatively different from the stim- 
ulus complex produced by ethanol. 

Although it has become clear that drug preexposure may 
influence the formation of a CTA, a variety of explanations 
for preexposure effects have been proposed (5,6,19). Among 
these is the suggestion that drug-induced CTAs are, on many 
instances, mainly based on novelty. The animals avoid a taste 
associated with the first-time experience of certain (psychotro- 
phic) drug effects, leaving open the possibility that drugs 
shown to function as a rewarding stimulus (as measured with 
conditioned place preference) or to act as a positive reinforcer 
(as measured with self-administration) can also have the ca- 
pacity to induce a CTA [e.g., (18,21,24,26)]. Thus, the essen- 
tial factor is that a drug possesses stimulus properties per se, 
which need not necessarily be aversive in nature to result in 
CTA learning. Acceptance of the presumption that novelty of 
the drug stimulus is a crucial aspect of CTA learning is a 
prerequisite of the CF-CTA paradigm. By preexposing ani- 
mals to the drug effects prior to the actual conditioning with 
this drug, the novelty of the stimulus complex produced by 
the drug is eliminated and, as a consequence, the formation of 
a CTA is weakened or prevented. Extending this rationale to 
preexposure drugs other than the conditioning drug, the more 
the stimulus complex produced by the preexposure drug re- 
sembles the stimulus of the conditioning drug, the less the 
magnitude of the induced CTA will be. 

Taken together, the present study indicates that ethanol 
and ipsapirone have stimulus properties of a qualitatively dif- 
ferent nature. Demonstration of a lack of substitution-to- 
gether with the absence of familiarization-of ipsapirone for 
ethanol is important in light of the consideration that 5-HT,, 
receptor agonists may provide a suitable pharmacotherapy for 
alcoholism (13). It has been repeatedly demonstrated that ip- 
sapirone, as well as other 5-HT,, receptor agonists, suppresses 
ethanol intake and preference in animal models of alcoholism 
[e.g., (7,10,15,39,46,49)]. The present study suggests that 
these effects of ipsapirone are not merely the result of stimulus 
substitution. Further studies are required to elucidate the 
mechanism underlying this intriguing “antialcohol” effect. 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the support of Dr. Thomas 
Glaser for the project that embodies the presently described studies. 



LACK OF STIMULUS SUBSTITUTION OF IPSAPIRONE FOR ETHANOL 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 

11 

12 

13 

14 

15 

16 

17 

18. 

19. 

REFERENCES 

Balster, R. L.; Grech, D. M.; Bobelis, D. J. Drug discrimination 
analysis of ethanol as an N-methyl-D-aspartate receptor antago- 
nist. Eur. J. Pharmacol. 222:39-42; 1992. 
Barry, H. Distinctive discriminative effects of ethanol. In: 
Glennon, R. A.; Jarbe, T. U. C.; Frankenheim, J., eds. Drug 
discrimination: Applications to drug abuse research. National In- 
stitute on Drug Abuse Research Monograph 116; 1991:131-144. 
Berendsen, H. H. G.; Broekkamp, C. L. E. Comparison of stim- 
ulus properties of fluoxetine and 5-HT receptor agonists in a 
conditioned taste aversion procedure. Eur. J. Pharmacol. 253:83- 
89; 1994. 
Bluthe, R. M.; Dantzer, R.; Le Moal, M. Peripheral injections of 
vasopressin control behavior by way of interoceptive signals for 
hypertension. Behav. Brain Res. 18:31-39; 1985. 
Braveman, N. S. What studies on preexposure to pharmacologi- 
cal agents tell us about the nature of the aversion-inducing agent. 
In: Barker, L. M.; Best, M. R.; Domjan, M., eds. Learning mech- 
anisms in food selection. Waco: Baylor University Press; 1977: 
51 l-530. 
Cappell, H. D.; LeBlanc, A. E.; Herling, S. Modification punish- 
ing effects of psychoactive drugs in rats by previous drug experi- 
ence. J. Comp. Physiol. Psychol. 89:347-356; 1975. 
Chen, C.-C.; Fujiwara, Y.; Akiyama, K.; Ujike, H.; Moriya, F.; 
Otsuki, S. Voluntary intake of alcohol is attenuated by ipsapirone 
in mice and role of 5-HT,, receptor. Jpn. J. Psychiatry Neurol. 
46:197-203; 1992. 
Colpaert, F. C. Drug discrimination: Behavioral, pharmacologi- 
cal, and molecular mechanisms of discriminative drug effects. In: 
Goldberg, S. R.; Stolerman, I. P., eds. Behavioral analysis of 
drug dependence. New York: Academic Press; 1986:161-193. 
Cunningham, K. A. Neuropharmacological assessment of the dis- 
criminative stimulus properties of the novel anxiolytic ipsapirone. 
Drug Dev. Res. 16:345-358; 1989. 
De Beun, R.; Klein, A.; Schneider, R.; Lohmann, A.; Kuhl, E.; 
De Vry, J. Effects of serotonergic drugs in alcohol preferring AA 
rats. Alcohol Alcohol. 30:547; 1995. 
De Beun, R.; Peeters, B. W. M. M.; Broekkamp, C. L. E. Stimu- 
lus characterization of estradiol applying a cross-familiarization 
taste aversion procedure in female mice. Physiol. Behav. 53:715- 
719; 1993. 
De Beun, R.; Rijk, H. W.; Broekkamp, C. L. E. The cross- 
familiarisation conditioned taste aversion procedure as a method 
to reveal stimulus resemblance between drugs: Studies on the 5- 
HT,, agonist 8-OH-DPAT. Psychopharmacology (Berlin) 112: 
121-128; 1993. 
De Vry, J. 5-HT,, receptor agonists: Recent developments and 
controversial issues. Psychopharmacology. 121:1-26; 1995. 
De Vry, J.; Lohmann, A.; Schneider, R.; De Beun, R. Studies on 
the behavioral mechanisms underlying the alcohol intake- 
reducing effect of the 5-HT,, receptor agonist ipsapirone. Behav. 
Pharmacol. 5:98; 1994. 
De Vry, J.; Schreiber, R.; De Beun, R.; Opitz, K. 5-HT,, recep- 
tors and alcohol preference. Eur. Neuropsychopharmacol. 3:218- 
219; 1993. 
De Vry, J.; Slangen, J. L. Effects of training dose on discrimina- 
tion and cross-generalization of chlordiazepoxide, pentobarbital 
and ethanol in the rat. Psychopharmacology (Berlin) 88:341-345; 
1986. 
Fletcher, P. J.; Ming, Z.-H.; Higgins, G. A. Conditioned place 
preference induced by microinjection of I-OH-DPAT into the 
dorsal or median raphe nucleus. Psychopharmacology (Berlin) 
113:31-36; 1993. 
Gamzu, E. The multifaceted nature of taste-aversion inducing 
agents: Is there a single common factor? In: Barker, L. M.; Best, 
M. R.; Domjan, M., eds. Learning mechanisms in food selection. 
Waco: Baylor University Press; 1977:477-509. 
Goudie, A. J.; Thornton, E. W. Effects of drug experience on 
drug induced conditioned taste aversions: Studies with amphet- 
amine and fenfluramine. Psychopharmacologia 44:77-82; 1975. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

Goudie, A. J.; Thornton, E. W.; Wheeler, T. J. Drug pretreat- 
ment effects in drug induced taste aversions: Effects of dose and 
duration of pretreatment. Pharmacol. Biochem. Behav. 4:629- 
633; 1976. 
Goudie, A. J.; Stolerman, I. P.; Demellweek, C.; D’Mello, Cl. D. 
Does conditioned nausea mediate drug-induced conditioned taste 
aversion? Psychopharmacology (Berlin) 78:277-281; 1982. 
Grant, K. A.; Colombo, G. Substitution of the 5-HT, agonist 
trifluoromethylphenylpiperazine (TFMPP) for the discriminative 
stimulus effects of ethanol. Psychopharmacology (Berlin) 113: 
26-30; 1993. 
Grant, K. A.; Colombo, G. Discriminative stimulus effects of 
ethanol: Effect of training dose on the substitution of N-methyl- 
D-aspartate antagonists. J. Pharmacol. Exp. Ther. 264:1241- 
1247; 1993. 
Grant, V. L. Do conditioned taste aversions result from activa- 
tion of emetic mechanisms? Psychopharmacology (Berlin) 93: 
405-415; 1987. 
Higgins, G. A.; Tomkins, D. M.; Fletcher, P. J.; Sellers, E. M. 
Effect of drugs influencing 5-HT function on ethanol drinking 
and feeding behaviour in rats: Studies using a drinkometer sys- 
tem. Neurosci. Biobehav. Rev. 16:535-552; 1992. 
Hunt, T.; Amit, Z. Conditioned taste aversion induced by self- 
administered drugs: Paradox revisited. Neurosci. Biobehav. Rev. 
11:107-130; 1987. 
Kostowski, W.; Dyr, W. Effects of 5-HT,, receptor agonists on 
ethanol preference in the rat. Alcohol 9:282-286; 1992. 
Lytle, D. A.; Egilmez, Y.; Rocha, B. A.; Emmett-Oglesby, M. 
W. Discrimination of ethanol and of diazepam: differential cross- 
tolerance. Behav. Pharmacol. 5:451-460; 1994. 
McBride, W. J.; Murphy, J. M.; Lumeng, L.; Li, T.-K. Seroto- 
nin, dopamine and GABA involvement in alcohol drinking of 
selectively bred rats. Alcohol 7: 199-205; 1990. 
McBride, W. J.; Murphy, J. M.; Yoshimoto, K.; Lumeng, L.; 
Li, T.-K. Serotonin mechanisms in alcohol drinking behavior. 
Drug Dev. Res. 30:170-177; 1993. 
Neisewander, J. L.; McDougall, S. A.; Bowling, S. L.; Bardo, 
M. T. Conditioned taste aversion and place preference with 
buspirone and gepirone. Psychopharmacology (Berlin) 100:485- 
490; 1990. 
Ollat, H.; Parvez, H.; Parvez, S. Alcohol and central neurotrans- 
mitters. Neurochem. Int. 13:275-300; 1988. 
Papp, M.; Willner, P. 8-OH-DPAT-induced place preference and 
place aversion: Effects of PCPA and dopamine antagonists. Psy- 
chopharmacology (Berlin) 103:99-102; 1991. 
Parvez, H.; Nero, J.; Elisabeth, P.; Burow, Y.; Nagatsu, T. Role 
of central 5-HT neurons upon predisposition to alcohol intake. 
Neuroendocrinol. Lett. 11:83-89; 1989. 
Rondeau, D. B.; Jolicoeur, F. B.; Merkel, A. D.; Wayner, M. J. 
Drugs and taste aversion. Neurosci. Biobehav. Rev. 5:279-294; 
1981. 
Samele, C.; Shine, P. J.; Stolerman, I. P. Forty years of drug 
discrimination research: A bibligraphy for 1951-1991. Adminis- 
trative Report of the Institute of Psychiatry, London; 1992. 
Sanger, D. J. Substitution by NMDA antagonists and other drugs 
in rats trained to discriminate ethanol. Behav. Pharmacol. 4:523- 
528; 1993. 
Schechter, M. D. Use of TFMPP stimulus properties as a model 
of 5-HT,a receptor activation. Pharmacol. Biochem. Behav. 31: 
53-57; 1988. 
Schreiber, R.; Opitz, K.; Glaser, T.; De Vry, J. Ipsapirone and 
I-OH-DPAT reduce ethanol preference in rats: Involvement of 
presynaptic 5-HT,, receptors. Psychopharmacology (Berlin) 112: 
loo-1 10; 1993. 
Sellers, E. M.; Higgins, G. A.; Sobell, M. B. S-HT and alcohol 
abuse. Trends Pharmacol. Sci. 13:69-75; 1992. 
Shelton, K. L.; Balster. R. L. Ethanol drun discrimination in 
rats: Substitution with GABA agonists and NMDA antagonists. 
Behav. Pharmacol. 5:441-450; 1994. 



898 DE BEUN ET AL. 

42. 

43. 

44. 

45. 

46. 

Sherman, J. E.; Jorenby, D. E.; Baker, T. B. Classical condition- 
ing with alcohol: Acquired preferences and aversions, tolerance 
and urges/cravings. In: Chaudron, C. D.; Wilkinson, D. A., eds. 
Theories on alcoholism. Toronto: Addiction Research Founda- 
tion; 1988:173-237. 
Shippenberg, T. S. Conditioned reinforcing effects of 8-hydroxy-2- 
(di-N-propylamino)tetralin: Involvement of 5-hydroxytryptamine,, 
and D, dopamine receptors. Neurosci. Lett. 121:136-138; 1991. 
Signs, S. A.; Schechter, M. D. The role of dopamine and seroto- 
nin receptors in the mediation of ethanol interoceptive cues. Phar- 
macol. Biochem. Behav. 30: 55-64; 1988. 
Spencer, D. Cl.; Traber, J. The interoceptive discriminative stim- 
uli induced by the novel putative anxioiytic TVX Q 7821: Behav- 
ioral evidence for the specific involvement of serotonin 5-HT,,,, 
receptors. Psychopharmacology (Berlin) 91:25-29; 1987. 
Svensson, L.; Fahlke, C.; Hard, E.; Engel, J. A. Involvement of 
the serotonergic system in ethanol intake in the rat. Alcohol 10: 
219-224; 1993. 

47. 

48. 

49. 

50. 

51. 

Switzman, L.; Fishman, B.; Amit, Z. Preexposure effects of 
morphine, diazepam and A”-THC on the formation of condi- 
tioned taste aversions. Psychopharmacology (Berlin) 74:149-157; 
1981. 
Vogel, J. R.; Nathan, B. A. Reduction of learned taste aversions 
by preexposure to drugs. Psychopharmacology (Berlin) 49:167- 
172; 1976. 
Wilde, C. H.; Vogel, W. H. Influence of the 5-HT,, receptor 
agonist ipsapirone on voluntary alcohol intake in rats. Alcohol 
11:411-415; 1994. 
Winter, J. C. Generalisation of the discriminative stimulus prop- 
erties of 8-hydroxy-2-(di-iV-propylamino)tetralin (I-OH-DPAT) 
and ipsapirone to yohimbine. Pharmacol. Biochem. Behav. 29: 
193-195; 1988. 
Wong, D. T.; Murphy, J. M. Serotonergic mechanisms in alcohol 
intake. In: Sun. G. Y.: Rudeen. K.: Wood. W. G.: Wei. Y.-H.: 
Sun, A. Y ., eds. Molecular mechanisms of alcohol: Clifton: The 
Humana Press; 1989:133-146. 


