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ASIN, K. E. AND W. E. MONTANA. Studies on Dl and 02 dopamine receptor involvement in conditioned taste aversions. 
PHARMACOL BIOCHEM BEHAV 32(4) 1033-1041, 1989.-This series of studies investigated the ability of compounds selective 
for either the Dl or D2 dopamine receptor to induce a conditioned taste aversion (CTA) in thirsty rats. Neither the Dl antagonist 
SCH23390 (0.12Xl.60 mg/kg) nor the D2 antagonist haloperidol (0.125Xl.375 mg/kg) were able to induce CTAs to a saccharin 
solution. In contrast, the Dl agonist SKF38393 produced a dose-dependent taste aversion which was stereoselective to the (R -) 
enantiomer. The aversion to (R,S)-SKF38393 was not blocked by pretreatment with either SCH23390 or haloperidol, suggesting that 
the aversion is not mediated through stimulation of either dopamine receptor subtype. The D2 dopamine receptor agonist quinpirole 
was also found to produce a dose-dependent CTA. This aversion was blocked by injections of haloperidol and was attenuated following 
injections of domperidone, suggesting involvement of peripheral dopamine receptors in the aversion. Pretreatment with SCH23390 
failed to affect the quinpirole-induced CTA, providing additional evidence that the Dl and D2 dopamine receptor subtypes can function 
independently of one another in the control of behavior. Finally, it does not appear that the area postrema is importantly involved in 
these taste aversions since lesions of this brain region did not affect the CTAs induced by either SKF38393 or quinpirole. 

Dopamine Dl D2 
Conditioned taste aversions 

Quinpirole SKF38393 Haloperidol LY171555 Area postrema 

THE conditioned taste aversion (CTA) paradigm has been used 
extensively to detect aversive properties of drugs, and dopamine 
agonists have been among the most frequently studied compounds. 
Thus, both indirect (e.g., amphetamine, cocaine, methylpheni- 
date) and direct (e.g., apomorphine) dopamine agonists have been 
reported to potently inhibit the consumption of a novel fluid after 
being paired with it [e.g., (5, 7, 12, 16, 45)]. 

Recent evidence suggests that the Dl and D2 subtypes of 
dopamine receptors in the brain may be differentially (although 
sometimes synergistically) involved in the control and expression of 
certain behaviors [e.g., (2.4, 8, 29, 35)]. At present, dopaminergic 
agonists which have been demonstrated to produce CTAs result in 
either direct or indirect stimulation of both the Dl and D2 dopamine 
receptors. In contrast to the effects of agonists in taste aversion 
studies, however, when D2 dopamine antagonists have been exam- 
ined for their ability to induce CTAs, reports generally have been 
negative [(17,19), but see (5)]. The ability of selective Dl agonists 
or antagonists, and the ability of a selective D2 agonist, to induce 
taste aversions have not yet been studied. There are indications that 
the aversive, CTA-inducing properties of amphetamine and apo- 
morphine (which result in both Dl and D2 stimulation) are at least 
partially mediated via stimulation of the D2 dopamine receptor, 
since these CTAs can be attenuated by the D2 antagonist pimozide 
(21,42) (the effects of a Dl antagonist were not studied). However, 
many of the behavioral effects of drugs with selective affinity for the 

Dl or D2 dopamine receptor can be blocked by either Dl or D2 
selective compounds. For example, it has been reported that 
injections of Dl antagonists inhibit the stereotypy produced by 
injections of the selective D2 dopamine receptor agonist RU242 13 
(32,43) and that the catalepsy produced by SCH23390 is antago- 
nized by D2 receptor agonists (30,36). It would therefore be of 
interest to investigate: 1) whether CTAs could be induced by 
selective Dl or D2 receptor agonists or antagonists; and 2) whether 
any such agonist-induced CTAs could be blocked by injections of 
selective dopamine receptor antagonists. 

This series of studies was undertaken in order to examine the 
ability of compounds selective for either the Dl dopamine receptor 
(SKF38393) (48) or the D2 dopamine receptor (quinpirole) (50) to 
induce a conditioned taste aversion in rats. We furthermore studied 
possible DUD2 interactions in the development of these aversions 
by examining their reversal by selective dopamine receptor antag- 
onists, active either centrally and/or peripherally. Finally, we 
investigated one possible neuronal substrate for the agonist- 
induced CTAs by examining selective dopamine receptor agonist- 
induced taste aversions in rats with lesions of the area postrema. 
Portions of these data have been published in abstract form (3). 

GENERAL METHOD 

Subjects were adult, male Sprague-Dawley derived rats weigh- 
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FIG. 1. Induction of conditioned taste aversions by selective dopamine 
receptor agonists. (a) Mean one-hour saccharin intakes for animals injected 
immediately after the drinking period (Days 1 and 2) with 0 (O), 1.0 (O), 
5.0 (A) or 20.0 mg/kg (A) (R,S)-SKF38393. (b) Saccharin intakes for 
animals injected with 0 (O), 0.075 (0),  0.15 (A) or 0.60 (&) mg/kg 
quinpirole. There were 6-8 animals/group. 

ing approximately 250-350 g. Rats were experimentally naive and 
were only used in a single experiment. Animals were individually 
housed in wire mesh cages and were maintained on a 12:12 
light:dark schedule, with food available ad lib. 

Procedure 

The procedure for inducing CTAs using a one-bottle test was as 
follows: Rats were maintained on a 23-hr water deprivation 
schedule with water available from graduated drinking tubes for 1 
hr per day on days 1, 2, 4, 5, 7, and 8. On the 3rd day of the 
schedule, rats were presented with a 0.1% saccharin Na solution 
instead of water. Although the solution was available for 60 min, 
40-minute intakes were recorded and animals were divided into 
experimental groups matched for these intakes. After one-hour 
access to saccharin, the solution was removed, and animals were 
injected with the appropriate treatment (vide infra). In experiments 
where agonist/antagonist interactions were studied, the antagonist 
was injected immediately following the drinking period and the 
agonist was injected 15-20 min later. A second saccharin/drug 
conditioning trial was given three days later (Day 6) and a final 
saccharin presentation was made on Day 9. Sixty-minute intakes 
were recorded daily. No drug treatment was found to alter 
subsequent water intakes so these data are not presented. 
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FIG. 2. Failure of DI or D2 dopamine receptor antagonists to induce a 
CTA. (a) Mean one-hour saccharin intakes in animals treated immediately 
after the drinking period (Days 1 and 2) with either 0 (O), 0.24 (~) or 0.60 
(A) mg/kg of the D1 antagonist SCH23390. (b) Saccharin intakes for rats 
treated immediately after the drinking period with either 0 (O), 0.125 (U]) 
or 0.375 (~) mg/kg of the D2 antagonist haloperidoI. There were 8-12 
rats/group. 

The paradigm for studying CTAs using a two-bottle test was 
essentially the same as that described above, except that on Day 9 
of the deprivation period rats were simultaneously presented with 
one bottle of the saccharin solution and one bottle of tap water. 
(The position of the bottles was counterbalanced across groups.) 
Only the saccharin solution and water intakes on this day are 
presented. 

Area Postrema Lesion Methods 

Subjects were adult, male rats, similar to those described 
above. Rats were anesthetized with sodium pentobarbital (50 
mg/kg) and were placed in the ear bars of a stereotaxic instrument. 
The neck was then flexed ventrally and an incision was made 
above the posterior border of the occipital bone. Following 
retraction of the overlying muscles, the atlanto-occipital mem- 
brane was punctured, allowing visualization of the obex with the 
aid of a dissecting microscope. Under visual guidance, a thermo- 
cautery lesion of the AP was made. Control animals underwent 
similar surgery except that the AP was not cauterized. Rats were 
allowed a three-week postoperative recovery period prior to 
testing, by which time body weights had stabilized. 

Following CTA testing, rats were sacrificed with an overdose 
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of sodium pentobarbital and were then perfused transcardially with 
isotonic saline followed by a 10% formalin solution. Brains were 
removed from the skull and stored in formalin for at least 1 week 
prior to histological analysis. Brains were then cut into 64-1~ thick 
sections throughout the extent of the lesion, stained with cresyl 
violet, and examined microscopically to determine the extent of 
damage to the AP and nearby structures. 

Compounds 

SKF38393 (the racemate and its enantiomers), SCH23390 (all 
from Research Biochemicals, Natick, MA) and quinpirole (Eli 
Lilly, Indianapolis, IN) were dissolved in distilled water; halo- 
peridol (Sigma, St. Louis, MO) and domperidone (Janssen Phar- 
maceuticals, Beerse, Belgium) were dissolved in a minimal 
amount of acetic acid and brought up to volume with distilled 
water. All compounds were injected in a volume of 1 ml/kg body 
weight except 20 mg/kg SKF38393, which was injected as 2 ml/kg 
body weight. The dopamine receptor agonists were injected 
intraperitoneally, while the antagonists were injected subcutane- 
ously. 

EXPERIMENT I. ABILITY OF SELECTIVE D1 AND D2 DOPAMINE 
AGONISTS AND ANTAGONISTS TO PRODUCE CONDITIONED TASTE 

AVERSIONS: EFFECTS OF SKF38393, QUINPIROLE, SCH23390 AND 
HALOPERIDOL 

Results 

Saccharin intakes following (R,S)-SKF38393 (0-20 mg/kg) are 
shown in Fig. la. A two-way analysis of variance (ANOVA) 
(Dose x Days, with repeated measures on the Days factor) 
indicated significant Dose, F(3,24)= 10.26, p<0.001,  and Day, 
F(2,48) = 3.35, p<0.05,  effects and a significant Dose x Days 
interaction, F(6,48)=8.02,  p<0.001,  indicating that SKF38393- 
treated rats showed a decline in saccharin intakes across days 
compared to controls. Post hoc comparisons (Newman-Keuls 
procedure using the Satterthwaite approximation for degrees of 
freedom) (54) indicated that intakes of the animals injected with 
the highest dose (20 mg/kg) differed from controls across both test 
days, 7.4-<F(4,67)-9.9,  p<0.01 ,  and that the intakes of animals 
treated with 5 mg/kg differed significantly from control intakes on 
the second test day, F(3,67)= 3.9, p<0.01.  

The effects of various doses of quinpirole (0-0.60 mg/kg) on 
the establishment of a CTA are shown in Fig. lb.  Statistical 
analysis of group saccharin intakes indicated significant Dose, 
F(3,24)=7.4,  p<0.005,  and Day, F(2,48)=21.4,  p<0.001,  
effects and a significant Dose × Day interaction, F(6,48)= 9.9, 
p<0.001.  Post hoc comparisons for data collected on the first test 
day indicated significant reductions in saccharin intakes for 
animals injected with either 0.15 mg/kg, F(3,64) = 3.8, p<0.01 ,  
or 0.60 mg/kg, F(4,64)=5.5,  p<0.01,  quinpirole compared to 
control animals. Post hoc comparisons for intakes on the second 
test day indicated that the vehicle-treated group differed signifi- 
cantly from all quinpirole-treated groups, 0.075 mg/kg: F(2,64) = 
6.8, p<0.01;  0.15 mg/kg: F(3,64)=7.6,  p<0.01;  0.60 mg/kg: 
F(4,64) = 10.5, p<0.01.  As indicated in Fig. lb,  the intakes of all 
quinpirole-treated rats declined across days compared to controls. 

Injections of the D1 dopamine receptor antagonist SCH23390 
(22,25) at a dose of 0.12 mg/kg failed to induce a significant taste 
aversion compared to vehicle injections. A two-way (Dose x 
Day) ANOVA with repeated measures on the Days factor indi- 
cated a significant effect of Days, F(2,28)=7.3,  p<0.01 ,  but 
neither a significant Dose effect nor a Dose x Days interaction 
(F<I .0)  (data not shown). In another experiment using higher 
drug doses (0, 0.24 or 0.60 mg/kg), the ANOVA (Dose × Days) 
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FIG. 3. (a) Injections of SCH23390 fail to affect the acquisition of a 
(R,S)-SKF38393-induced CTA. Rats were treated with vehicle or the 
antagonist immediately after access to the saccharin solution and were then 
injected with either vehicle or (R,S)-SKF38393 (20 mg/kg) 15-20 min 
later. The four treatment groups were: Vehicle + vehicle (©), vehicle + 
SKF38393 ([]), SCH23390 (0.12 mg/kg) + SKF38393 (&), and SCH23390 
(0.24 mg/kg) + SKF38393 (0). (b) SCH23390 pretreatment fails to affect 
conditioning of a taste aversion to quinpirole (0.60 mg/kg). The four 
treatment groups were: Vehicle ~- vehicle (O), vehicle + quinpirole (O), 
SCH23390 (0.12 mg/kg) + quinpirole (A), and SCH23390 (0.24 mg/kg) 
+ quinpirole (&). There were 8-9 rats in each treatment group. 

(with repeated measures on the Days factor) also indicated a 
significant effect of Days, F(2,56)= 56.8, p<0.001,  but neither a 
significant Dose effect, F(2,28)<1, nor a significant Dose × 
Days interaction, F(4,56)= 1.8, p>0.10.  As shown in Fig. 2a, all 
treatment groups showed equivalent increases in saccharin intakes 
across days. 

Mean total saccharin intake for rats injected with the D2 
antagonist haloperidol are shown in Fig. 2b, where it may be seen 
that fluid intakes increased similarly across days in all groups. As 
expected, the Days × Dose ANOVA (with repeated measures on 
the Days factor) indicated a significant Days effect, F(2,54)= 
134.0, p<0.001,  but neither a significant Dose effect, F(2,27)= 
2.1, p>0.10, nor a significant Days × Dose interaction, F(4,54)< 1.0. 

EXPERIMENT II. DI DOPAMINE ANTAGONIST EFFECTS ON D1 AND D2 
DOPAMINE AGONIST-INDUCED CTAS: ONE- AND TWO-BOTrLE TESTS 

Results 

The effects of SCH23390 (0.12 or 0.24 mg/kg) on agonist- 
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FIG. 4. Pretreatment with SCH23390 (0.60 mg/kg) fails to affect the 
acquisition of a (R,S)-SKF38393-induced CTA using a two-bottle test. 
The data are expressed as mean ( _ sem) group saccharin intakes as percent 
saccharin intakes of the control group. Total fluid intakes (water + 
saccharin) did not differ between groups. Abbreviations: SCH: SCH23390; 
V: Vehicle; SKF: (R,S)-SKF38393. Mean (--+ sem) intake of the control 
group is indicated by the dotted line. There were 8-9 rats/group. 
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FIG. 5. Enantiomeric selectivity of the effects of SKF38393 on the 
induction of a CTA. Rats were injected with either vehicle, ( - ) -  
SKF38393 (I0 mg/kg), (+)-SKF38393 (10 mg/kg), or the racemate 
( _ )-SKF38393 (20 mg/kg) immediately after the drinking period. There 
were 12 or 13 animals/group. Only injections of the (R - ) (+) enantiomer 
resulted in a significant CTA (see text). 

induced CTAs in two-bottle tests may be seen in Fig. 3a. When the 
effects of the D1 antagonist on an SKF38393-induced CTA were 
analyzed, the multivariate ANOVA (MANOVA) (using the profile 
technique to handle the days factor) indicated that in comparison to 
vehicle-treated animals, the agonist produced a significant sup- 
pression of intakes relative to baseline, F(2 ,27)=  7.1, p<0 .003 ,  
but that neither the low nor the high dose of the antagonist had any 
statistically reliable effect on the induction of a CTA by SKF38393 
(F<  1.0). Similar results were obtained for the effects of these 
doses of SCH23390 on a quinpirole-induced CTA (Fig. 3b). The 
MANOVA indicated that quinpirole produced a significant sup- 
pression of intakes relative to baseline, F(2,27) = 12.8, p<0 .001 ,  
but the effects of SCH23390 on the quinpirole-induced CTA did 
not approach statistical significance ( F<  1.0). In a separate series 
of experiments we examined the effects of a higher dose of 
SCH23390 (0.60 mg/kg) on SKF38393- or quinpirole-induced 
CTAs. Even at this high dose, the D 1 antagonist failed to attenuate 
the induction of either taste aversion. Significant effects of the 
agonists were obtained for both SKF38393, F(4 ,42)=0 .023 ,  
p < 0 . 0 2 ,  and quinpirole, F(4 ,82)=  16.0, p<0 .001 ,  but pretreat- 
ment with SCH23390 did not confer any protection from the 
CTA-inducing properties of either compound (F<  1.0) (data not 
shown). 

The failure of SCH23390 to block the D 1 agonist-induced CTA 
was indeed surprising given the in vivo and in vitro pharmacology 
of the two compounds. We therefore decided to investigate 
whether some effect of SCH23390 on a (R,S)-SKF38393-induced 
CTA might become apparent using a two-bottle procedure, which 
is generally more sensitive than is a one-bottle test. The results of 
this study, expressed as percent saccharin intakes of the control 
group, are shown in Fig. 4. Although total fluid intakes (saccharin 
+ water) on the test day did not differ between groups ( F<  1.0), a 
one-way ANOVA conducted on saccharin intakes on the two- 
bottle test day indicated a significant group effect, F(3,31) = 10.3, 
p<0 .001 .  Post hoc comparisons indicated that saccharin intakes 
were sharply suppressed in the (R,S)-SKF38393-treated group 
compared to vehicle-injected controls, t (15)= 3.6, p<0 .01 ,  and 
that this suppression was not attenuated by pretreatment with 
SCH23390, t(15) = 0.15, p>0 .50 .  Also of interest is the observa- 
tion that even in a two-bottle test, injections of SCH23390 failed 

to induce a CTA compared to injections of vehicle alone, 
t (16)=0 .11 ,  supporting the generality of our results using a 
one-bottle test. 

EXPERIMENT III. ENANTIOMERIC SELECTIVITY OF SKF38393'S ABILITY 
TO INDUCE A CONDITIONED TASTE AVERSION: STUDIES COMPARING 

(R)-, (S)-, AND (R,S)-SKF38393 

Results 

Fluid intakes across the three saccharin presentation days were 
analyzed using a MANOVA [(R)-SKF38393 x (S)-SKF38393 x 
(Days)]; the Days factor was handled using the profile technique. 
The analysis indicated an overall significant ( R - )  x (Days) 
interaction term, F(2 ,44)=  22.6, p<0 .001 .  There appeared to be a 
trend for the (S - ) enantiomer to produce a CTA on its own, but 
the MANOVA indicated that neither the ( S - )  x (Days) interac- 
tion, F(2,44) = 2.5, p < 0 . 1 0 ,  nor the ( R - )  x (Days) interaction, 
F(2,44) = 1.9, p < 0 . 1 6 ,  reached the 0.05 level of significance. 
Thus, only the ( R - )  enantiomer of SKF38393, either alone or in 
combination with the (S - ) enantiomer, led to the development of 
a significant conditioned taste aversion; furthermore, the presence 
of the (S - ) enantiomer did not significantly modify the potency of 
the ( R - )  enantiomer. Mean total intakes for the four groups are 
shown in Fig. 5. As may be seen, the animals receiving either the 
( R - )  enantiomer alone or in the racemate showed reduced 
consumption of saccharin across days compared to either the 
vehicle group or the group receiving only the (S - ) enantiomer. 

Although there was a trend for the ( S - )  enantiomer to affect 
subsequent saccharin consumption (individual group comparisons 
using t-tests indicated that the ( S - )  enantiomer significantly 
reduced intakes compared to controls on the first, t (22)=3 .1 .  
p < 0 . 0 1 ,  but not second, t(22) = 1,9, p > 0 . 0 5 ,  test day, the effect 
was not significant when intakes were analyzed using a MANOVA, 
the most appropriate test for these data. Furthermore, the intakes 
of the two groups of animals injected with the (R - ) enantiomer 
were indistinguishable from one another and were significantly 
lower than the intakes of rats injected with either vehicle or 
(S - ) -SKF38393  on the second test day, t (23)= 3.6, p<0 .01 .  In 
any case, even if the ( S - )  enantiomer has some aversive 
properties, they are significantly less than those of the ( R - )  
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FIG. 6. (a) Haloperidol pretreatment fails to significantly affect a (R,S)- 
SKF38393-induced (20 mg/kg) CTA. The four treatment groups were: 
Vehicle + vehicle (O), vehicle + SKF38393 (A), haloperidol (0.12 
mg/kg) + SKF38393 (A), and haloperidol (0.375 mg/kg) + SKF38393 
(O). (b) Haloperidol successfully blocks the acquisition of a quinpirole- 
induced (0.6 mg/kg) CTA. The four treatment groups were: Vehicle- 
vehicle (O), vehicle + quinpirole (O), haloperidol (0.125 mg/kg) + 
quinpirole (A), and haloperidol (0.375 mg/kg) + quinpirole (A). There 
were 7-8 animals/group. 

enantiomer. Our results suggest that (R,S)-SKF38393 may have 
actions at non-D1 dopamine receptor sites and that the aversive 
properties of this compound are primarily mediated through 
non-D1 mechanisms. 

EXPERIMENT IVA. EFFECTS OF THE CENTRALLY ACTIVE D2 
ANTAGONIST, HALOPERIDOL, ON THE ESTABLISHMENT OF A CTA BY 

(R,S)-SKF38393 AND QUINPIROLE 

Results 

The effects of haloperidol pretreatment on the establishment of 
CTAs by SKF38393 and quinpirole are shown in Fig. 6a and b. 
The MANOVA conducted on the effects of haloperidol indicated 
that, in comparison to vehicle-treated rats, (R,S)-SKF38393 pro- 
duced a significant suppression of intakes relative to baseline, 
F(2,26) = 17.0, p<0.001,  but neither the low dose, F(2,26) = 1.3, 
p<0.29,  nor the high dose (F< 1.0) of haloperidol significantly 
modified the SKF38393-induced CTA (Fig. 6a). 

With regard to haloperidol's effects on a quinpirole-induced 
CTA, the MANOVA indicated a significant effect of quinpirole, 
F(2,26)= 14.6, p<0.001,  and a significant attenuation of the 
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FIG. 7. Domperidone dose-dependently attenuates the induction of a CTA 
by quinpirole (0.6 mg/kg). Rats were injected with domperidone (or 
vehicle) immediately after the drinking period and 15-20 min before the 
second injection. The four treatment groups were: Vehicle + vehicle (©), 
vehicle + quinpirole (O), domperidone (2 mg/kg) + quinpirole (A), and 
domperidone (12 mg/kg) + quinpirole (&). There were 8-9 rats/group. 

quinpirole effect by both the low dose, F(2,26)= 3.4, p<0.05,  
and the high dose, F(2,26)=8.2,  p<0.005,  of haloperidol. 
Individual comparisons indicated that, relative to baseline scores, 
the effects of haloperidol pretreatment at either dose were statis- 
tically reliable across both days of testing compared to the group 
receiving vehicle + quinpirole treatment, 5.0--F(1,27)--<16.9, 
p<0.03,  for all comparisons. As may be seen in Fig. 6b, the 
higher dose of haloperidol produced a virtually complete blockade 
of quinpirole's effects. 

EXPERIMENT IVB. EFFECTS OF THE PERIPHERAL D2 ANTAGONIST 
DOMPERIDONE ON A QUINPIROLE-INDUCED CTA 

Results 

The results of this experiment may be seen in Fig. 7. A 
MANOVA conducted on saccharin intakes indicated that quinpi- 
role treatment produced a suppression of intakes from baseline 
compared to vehicle-injected controls, F(2,28)= 13.45, p<0,001.  
There was a trend for the low dose of domperidone (3 mg/kg) to 
attenuate the quinpirole-induced CTA, but the effect did not 
achieve statistical significance at the 0.05 level, F(2,28)=2.3,  
p<0.12.  A significant effect was obtained for the higher dose of 
domperidone, F(2,28) = 4.8, p<0.02,  and analysis of contrasts 
indicated significant attenuation of quinpirole's effect on both the 
first, F(1,29)=10.0,  p<0.004,  and second, F(1,29)=5.1,  
p<0.03,  test days. 

EXPERIMENT V. INVESTIGATIONS OF ONE POSSIBLE NEURONAL 
SUBSTRATE OF THE AGONIST-INDUCED CTAS: EFFECT OF AREA 

POSTREMA LESIONS 

Results 

Only data from rats with virtually complete destruction of the 
area postrema were included in the statistical analysis. In most 
animals there was minimal to extensive damage to the solitary tract 
and to the nucleus of the solitary tract; in about 30% of the animals 
there was damage to the nucleus gracilus. The extent of damage 
for the smallest and largest AP lesion is shown in Fig. 8. 

Group intakes across the three days of saccharin presentations 
were analyzed with multivariate statistics using the profile tech- 
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FIG. 8. The least (darkened area) and greatest (hatched area) amount of 
tissue damage following cauterization of the area postrema in rats. Figure 
modified from (41). 

nique (i.e., drug x lesion x days); data from quinpirole and 
SKF38393 groups were analyzed separately. 

The results of the area postrema study are presented in Fig. 9a 
and b. Analysis of the data from rats treated with (R,S)-SKF38393 
indicated an effect of SKF38393 across both test days, F(2,44) = 
19.4, p<0.001,  but neither the Lesion effect nor the Lesion x 
Drug interaction approached significance (F< 1.0 in both cases). 
With regard to quinpirole, statistical analysis also indicated a 
significant overall drug effect across both test days, F(2,46)= 
31.8, p<0.001,  and the absence of either a significant Lesion 
effect or Lesion x Drug interaction (F< 1.0). 

GENERAL DISCUSSION 

The series of studies reported here provides new information 
regarding the aversive properties of compounds selective for the 
D1 or D2 dopamine receptor subtype. 

In the first experiment we were able to demonstrate that 
injections of either the D1 agonist (R,S)-SKF38393 or of the D2 
agonist quinpirole can induce a CTA to a saccharin solution in 
rats. Studies which have examined potential reinforcing or aver- 
sive properties of these selective agonist compounds using the 
conditioned place preference paradigm have reported a place 
aversion to an environment paired with SKF38393 (10 mg/kg) and 
a place preference to an environment paired with quinpirole (1 
mg/kg) (21). Additionally, self-administration studies have re- 
ported that quinpirole will sustain such behavior, whereas SKF38393 
will not (55). Thus, quinpirole, but not SKF38393, appears to 
have reinforcing as well as aversive properties, which liken it to 
other CNS stimulants. 

Our results also indicate that conditioned nausea is unlikely to 
be a prerequisite for the induction of a CTA by dopamine agonists 
since the selective DI dopamine receptor agonist SKF38393 fails 
to produce emesis in dogs (48). Previously, Goudie e t  al.  (17) 
demonstrated that injections of antiemetics do not affect the 
acquisition of an amphetamine-induced CTA and other evidence, 
recently reviewed (18), also support this conclusion. 
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FIG. 9. Lesions of the area postrema fail to affect the acquisition of either 
(a) (R,S)-SKF38393- or (b) quinpirole-induced CTAs in rats. Abbrevia- 
tions: AP: Area postrema-lesioned; C: Control (i.e., "sham"-operated); V: 
Vehicle; SKF: (R,S)-SKF38393 (20 mg/kg); Q: Quinpirole (0.60 mg/kg). 
There were 10 rats in each of the three lesioned groups and 14-17 rats in 
each of the three operated control groups. 

Our failure to obtain a haloperidol-induced CTA in the first 
experiment is consistent with the findings of other investigators 
(15) who have reported the inability of haloperidol (1 mg/kg), 
pimozide (I mg/kg) or chlorpromazine (20 mg/kg) to induce taste 
aversions when injected after the drinking trial. Haloperidol has 
been reported to be relatively selective for the D2 dopamine 
receptor (23,24) and has been demonstrated to block pergolide- 
induced rotation in rats with unilateral nigrostriatal bundle lesions 
at approximately 1/2oo the dose needed to block SKF38393-induced 
rotation (1). Haloperidol has the property of being relatively 
fast-acting compared to other D2 antagonists, which allows its 
injection following the drinking period rather than prior to it. This 
is an important advantage since neuroleptics have been shown to 
reduce unconditioned drinking [e.g., (13,56)], which may con- 
found the interpretation of results from CTA studies. 

The results of our studies also indicate that injections of 
SCH23390 at doses well above those needed to produce catalepsy 
fail to induce significant CTAs using either one- or two-bottle 
tests. These new findings provide additional evidence for the 
similar behavioral profiles of the D1 antagonist SCH23390 and 
classic neuroleptic drugs with D2 receptor properties. Since 
SCH23390 produces behavioral effects (i.e., catalepsy) within 15 
rain after injection, it is unlikely that its inability to induce a CTA 
is due to a prolonged CS-UCS interval. Our failure to induce a 
CTA with either a D 1 or D2 antagonist suggests that the affective 
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state produced by them either is nonaversive, fails to be condi- 
tionable to ingested stimuli, or is not easily discriminable by 
animals, as suggested by drug discrimination studies [e.g., (9)]. 
Neither haloperidol (0.2 mg/kg) nor SCH23390 (0.05 mg/kg) have 
been shown to be aversive (or reinforcing) using a conditioned 
place preference paradigm (28). 

In the present study we found that only the R-enantiomer was 
capable of inducing a significant CTA. There was a nonsignificant 
trend for ( S - )  SKF38393 to induce a CTA and others have 
reported behavioral effects of this enantiomer (34). Previous 
studies have reported enantiomeric selectivity of (R - ) SKF38393 
in producing behavioral effects (4,31) and only the ( R - )  enanti- 
omer is capable of displacing 3H-piflutixol binding in the stri- 
atum (39). 

Although there was stereospecificity to (R,S)-SKF38393's 
effects on the development of a CTA, injections of neither the D 1 
nor the D2 antagonist were capable of attenuating the agonist- 
induced CTAs. The failure of SCH23390 to affect a SKF38393- 
induced CTA was unexpected since, to our knowledge, this is the 
first demonstration of a (R,S)-SKF38393-induced behavior that 
has not been blocked by the antagonist; however, there is 
preliminary biochemical evidence supporting non-Dl receptor 
mediated effects of SKF38393 on DA synthesis in vitro (38). 
Those results, as well as ours, emphasize the need for caution 
when interpreting the behavioral effects of (R,S)-SKF38393 with 
regard to neurochemical substrates in the absence of enantiomeric 
and/or antagonist studies. Injections of the D1 antagonist also 
failed to influence a quinpirole-induced CTA, suggesting minimal 
involvement of D1 receptors in the acquisition of this aversion. 
Since other behavioral effects of SCH23390 are extremely long in 
duration (47), it is unlikely that its failure to reverse the effects of 
the agonist compounds on taste aversion learning is due to its 
having a short time course of action. 

Several authors have reported that in rats with normosensitive 
dopamine receptors, DI or D2 agonist-induced behaviors that 
contain a large locomotor component (e.g., stereotypy or general 
locomotor activity) can be blocked nonselectively by injections of 
either a D1 or D2 antagonist (vide infra). However, our results, 
and those of others, suggest that more subtle agonist-induced 
behaviors are more sensitive to the appropriate, selective receptor 
antagonist. Thus, although D1 antagonists inhibit D2 agonist- 
induced stereotypy (32,43), SCH23390 does not interfere with the 
interoceptive cues produced by quinpirole, as demonstrated in the 
current study and in drug discrimination tasks (53). In parallel 
fashion, although metoclopramide inhibits some aspects of loco- 
motor activation by SKF38393 (33), haloperidol is unable to block 
the discriminative stimulus properties of SKF38393 (11). Simi- 
larly, SCH23390, but not the D2 antagonist sulpiride, is capable of 
attenuating SKF38393-induced changes in EEG activity (40).These 
results suggest that blockade of either the D1 or D2 dopamine 
receptor may render an animal incapable of demonstrating behav- 
iors requiring a large motor output, whether induced by a D1 or D2 
agonist. Agonist effects with minimal motoric requirements, 
however, are more selectively affected by the appropriate D1/D2 
antagonist. [Some evidence indicates that D2 antagonists may 
actually enhance some of the behavioral effects of D1 stimulation 
with minimal motoric demands (i.e., perioral movements) (46).] 

In the present study we demonstrated that the quinpirole- 
induced CTA most likely involves stimulation of the D2 dopamine 

receptor since injections of either haloperidol or domperidone 
were able to antagonize development of the CTA. The attenuation 
of the quinpirole taste aversion by haloperidol was not likely to be 
due to a general associative impairment of neuroleptic-treated rats 
since the drug did not affect the induction of a CTA in (R,S)- 
SKF38393-treated rats. The failure of haloperidol to affect the D1 
receptor agonist-induced CTA indicates that D2 receptors do not 
contribute to the actions of SKF38393 in this behavior. 

Our studies with domperidone suggest that D2 receptors lying 
outside of the blood-brain barrier are at least partially involved in 
the aversive properties of quinpirole. Based on behavioral and 
biochemical data, domperidone is believed to cross the blood- 
brain barrier poorly, if at all (10, 27, 35, 44). Although there is 
evidence to suggest that systemic (SC) injections of the compound 
may influence DA turnover in central sites (olfactory tubercle, 
striatum) (14) eight hours or more after injection, quinpirole elicits 
behavioral changes in less than 15 min (personal observations). 
Therefore, it is unlikely that the delayed CNS effects of dom- 
peridone would be responsible for its attenuation of the quinpirole- 
induced CTA. Using doses of domperidone which were similar to 
those of the present study, Pratt and Stolerman (42) were unable to 
block the establishment of an apomorphine-induced CTA. How- 
ever, injections of pimozide did attenuate the aversion, suggesting 
central D2 mediation of apomorphine's effects. 

One possible neuronal substrate for the CTA produced by 
quinpirole is the area postrema, which lies outside of the blood- 
brain barrier and has been shown, in dog, to contain D2 dopamine 
receptors (49) and to be involved in the emetic actions of 
apomorphine [e.g., (52)]. Additionally, since the area postrema 
has been shown to be importantly involved in the induction of 
some taste aversions but not in others [e.g., (6)], we decided to 
compare the ability of (R,S)-SKF38393 and quinpirole to produce 
CTAs in rats with and without AP lesions. Lesions of this brain 
region were found to be without effect on the induction of CTAs 
by either agonist compound. Area postrema lesions also fail to 
affect the acquisition of CTAs following systemic injections of 
apomorphine or amphetamine (6,51). Since these compounds 
would be expected to act as agonists at both D 1 and D2 dopamine 
receptor subtypes, a lesion of the AP might "select ively" atten- 
uate D2 effects of the drugs without affecting any D1 receptor- 
mediated contribution to the CTA. However, our finding that AP 
lesions fail to affect a quinpirole-induced CTA suggests that the 
structure is not importantly involved in the aversive actions of D2 
agonists following systemic injections in rats. Since the gut has 
been shown to be sensitive to compounds with affinity for the D2 
receptor [e.g., (20,26)], it is possible that at least some of the 
aversive properties of quinpirole are mediated through stimulation 
of these receptors. However, the almost complete reversal of the 
quinpirole-induced CTA by haloperidol, compared to only an 
attenuation of the CTA by the relatively high dose of domperi- 
done, suggests that there is some centrally-mediated D2 contribu- 
tion to quinpirole's effects. 
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