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CALCAGNETTI, D. J. AND M. D. SCHECHTER. Conditioned place aversion following the central administration of a novel 
dopamine release inhibitor CGS 10746B. PHARMACOL BIOCHEM BEHAV 40(2) 255-259, 1991.--Numerous drugs of abuse 
that elevate brain extracellular dopamine concentrations by either increasing the fu'ing rate of dopaminergic neurons or producing 
dopamine release have been shown to reliably condition a preference for place. If dopamine release is a necessary component for 
conditioned place preference (CPP), one reciprocal hypothesis may be that inhibition of dopamine release will result in condi- 
tioned place aversion (CPA). This hypothesis has been tested pharmacologically by employing CGS 10746B (CGS), a novel neu- 
roleptic known to inhibit the release of dopamine via presynaptic mechanisms. In previous work the peripheral administration of 
CGS (1.25-20 mg/kg) produced place aversion at doses above 5 mg/kg. However, the contribution of peripheral mechanisms in 
the production of CGS-induced CPA is unknown. To test whether central administration of CGS would also result in CPA, rats 
were fitted with chronic intraventricular cannula. Groups of rats subsequently received four conditioning trials with one of four 
intraventricular (ICV) doses of CGS (1-30 I~g) when confined to their preferred side of a place conditioning apparatus. Vehicle 
was similarly administered on four interspersed days prior to confining these same rats to their nonpreferred side of the apparatus. 
At the conclusion of these eight conditioning trials, the rats were tested, on separate days, in a nondrugged and a CGS-drugged 
state. The highest dose of CGS (30 ixg) produced a CPA as evidenced by rats spending less time in the environment initially 
found to be preferred. Locomotor activity was also measured over a 30-min period with and without ICV injection of CGS (1-30 
txg). Activity was not reliably decreased at any dose tested in comparison to baseline. In conclusion, centrally administered CGS 
produces a CPA suggesting that inhibition of dopamine release contributes to place aversion conditioning. 

Dopamine CGS 10746B Locomotor activity Conditioned place preference/aversion 

SEVERAL drugs of abuse are believed to share a common 
mechanism of action in that they raise brain extracellular dopa- 
mine concentrations (6). This may be accomplished either di- 
rectly by increasing the firing rate of dopaminergic neurons (7), 
or indirectly, by increasing the release of dopamine into the 
synapse via a mechanism independent of neural f'Lring (4). Do- 
paminergic neural systems are believed to play a major role in 
the rewarding aspects of feeding (11), male sexual motivation 
(30), self-stimulation (29,31), drug self-administration (10) and 
place preference conditioning (12,20) in rats. These and other 
observations have led to the suggestion that dopamine release is 
necessary to confer "motivational relevance" in the expression 
of motivated behaviors (1). In accord with results from animal 
research, there is much evidence that supports the hypothesis 
that neural dopaminergic systems play a similar role in the de- 
velopment of stimulant drug abuse in humans [for review see 
(3, 14, 31)]. 

Rats conditioned to associate the environmental stimuli of a 
cue-specific "p l ace"  with a rewarding drug will show a signifi- 
cant increase in the time spent in that place when given a choice 

1Requests for reprints should be addressed to Daniel J. Calcagnetti, Ph.D,, 
Medicine, P.O. Box 95, 4209 S.R. 44, Rootstown, OH 44272-9989. 

between the drug-paired place and a nondrug-paired place. Con- 
versely, rats will spend less time in a place when confinement 
in that place was paired with a drug producing aversive intero- 
ceptive effects. In pharmacological research, place preference 
conditioning (CPP) has been demonstrated to be an effective 
method to assess the rewarding, as well as the aversive, effects 
of drugs of abuse, such as cocaine, amphetamine, morphine and 
nicotine [for review see (12,25)]. Since it has been hypothesized 
that these drugs of abuse exert their rewarding effects by increas- 
ing extracellular dopamine, one reciprocal hypothesis is the pos- 
sibility that inhibition of dopamine release during place conditioning 
will result in a conditioned place aversion (CPA). 

This hypothesis has been tested through the use of an atypi- 
cal antipsychotic of the benzothiadiazepine class labelled CGS 
10746B (CGS). CGS has been reported to inhibit dopamine re- 
lease without interfering with dopamine metabolism or occupy- 
ing dopamine receptors (2,32). Intraperitoneally administered 
CGS (1.25-20 mg/kg) has recently been shown to produce a 
place preference aversion at doses above 5.0 mg/kg (16). Thus 
peripheral administration of CGS leads to aversive interoceptive 
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cues as indexed by place testing. However, it remains unknown 
to what degree peripheral and/or central mechanisms are in- 
volved in the development of CGS-induced place aversion. To 
test whether the effects of CGS have a centrally mediated com- 
ponent, rats were fitted with chronic intracerebroventricular (ICV) 
cannula and confined to their preferred side of a place condi- 
tioning apparatus following the administration of one of four 
doses of CGS (1.0, 5.0, 15 and 30 txg/rat) chosen as 1/looth 
(8,18) of the effective peripheral dose (16). Peripherally admin- 
istered CGS was also reported to significantly decrease locomo- 
tor behavior (16). Therefore, locomotor activity was also measured 
with, and without, ICV administered CGS. 

METHOD 

Subjects 

Adult male rats of Sprague-Dawley descent, weighing 175- 
195 g upon arrival, were purchased from Zivic-Miller Laborato- 
ries Inc. (Allison Park, PA). All subjects were individually 
housed in stainless steel hanging cages equipped for ad lib ac- 
cess to food (Purina 5008) and water. They were maintained in 
a colony room with a constant temperature and humidity on a 
12:12-h light:dark cycle (dark onset at 18:00 h). Place aversion 
conditioning/testing was conducted in a room separate from the 
colony room. 

Cannula Implantation Surgery and Drug Administration 

Rats, 240-330 g at the time of surgery, were anesthetized 
using 100 mg/kg of ketamine hydrochloride in combination with 
0.15 ml injection of xylazine (10 mg/ml, Sigma Chemical). Un- 
der aseptic conditions, a stainless steel outer guide cannula (22 
gauge; Plastics One, Roanoke, VA) was stereotaxically im- 
planted into the fight lateral ventricle using the coordinates: 0.5 
mm posterior to bregma, 1.5 mm lateral to midline, and 3.2 mm 
ventral to the surface of the dura, with the skull level between 
lambda and bregma. Subjects were allowed a 7-day postsurgical 
recovery interval prior to the start of conditioning. All manipu- 
lations with the rats complied with the "Guide for the Care and 
Use of Laboratory Animals," Department of Health, Education 
and Welfare Publication, 1985. 

Intracerebroventricular (ICV) injections were performed by 
backloading the drug solution up a 28-gauge internal cannula 
(Plastics One, Roanoke, VA) via a length of PE-20 tubing af- 
fixed to a 25 ixl Hamilton microsyringe. The internal cannula 
was cut to extend 0.5 mm beyond the guide cannula. 

CGS 10746B [5-(4-methyl-1 piperazinyl)-imidazol(22, I-b) 
[1,3,5] benzothiadiazepine maleate] (CIBA-GEIGY Corp., Sum- 
mit, NJ) was dissolved in sterile 0.9% saline which also served 
as the vehicle control injection. All doses tested (1, 5, 15 and 
30 ~g/rat) are expressed as the salt and were administered in an 
injection volume of 5 IXl. Drug solution was delivered at a rate 
of 1 txl/5 s while each subject was gently held by hand. The 
inner cannula remained in place for 10 s after the drug injection 
to allow for pressure equalization and for the complete delivery 
of the drug. 

Testing of Cannula Patency and Histological 
Verification of Placement 

In order to test cannula patency behaviorally, subjects under- 
went several postsurgical treatment phases: the determination of 
baseline angiotensin II (AGII)-induced drinking, followed by 
place preference conditioning/testing with CGS and, in the last 

phase, subjects underwent a second measurement of AGII dip- 
sogenic activity to reconfirm cannula patency. Thus cannula pa- 
tency was tested by measuring water intake following ICV 
angiotensin II administration (40 ng/5 Ixl) before and after CPP 
testing. Rats that failed to drink at least 5 ml of water by 15 
min after AG II administration were excluded from subsequent 
testing. 

After the last phase of AGH testing, all subjects underwent 
histological verification of cannula placements. Each subject was 
overdosed with sodium pentobarbital (200 mg/kg) and injected 
ICV with 4 ixl of Staedtler (#C745) ink. Approximately 10 min 
after injection of the ink, each subject was perfused transcar- 
dially with physiological (0.9%) saline followed by a solution of 
buffered formalin (10%). The brains were rapidly removed and 
bathed in formalin. Twenty-four h later, coronal sections were 
made in the brains along the cannula tract. Positive cannula 
placement was verified visually by the presence of ink through- 
out the ventricles. Only those subjects for which positive place- 
ment was visually verified were included in the results. Several 
subjects were excluded from the analyses resulting in unequal 
group sizes and differences in baselines among matched CPP 
dose groups. However, the exclusions failed to produce statisti- 
cally significant differences between the matched baseline group 
means. 

Conditioned Place Preference Apparatus and Procedure 

Place conditioning/testing was conducted in one of four mod- 
ular test component units (Lafayette Inst. Co., IN). The three- 
chambered stainless steel apparatus consisted of a center section 
through which the subjects were allowed access into two end 
sections. A constraint wall served to restrict a subject's egress 
from the right or left side of the apparatus during conditioning. 

The right and left end sections (20.5 × 30.5 × 20 cm), origi- 
nally identical, were altered in three sensory modalities to pro- 
vide the following discriminable cues: the "dark" side of each 
unit was illuminated by a 6-W, 30-V red light bulb and had a 
smooth black plastic floor. The "light" side had white plastic 
walls, was illuminated with a 6-W, 30-V white light bulb and 
had a grid floor over pine shavings in the drop pan. Location 
throughout the chamber was detected by weight pivot sensors 
connected to a computer that automatically recorded the time (in 
s) spent in each section of the apparatus. 

Subjects underwent three treatment phases: habitation/base- 
line testing, drug conditioning and place preference testing. All 
subjects were given 2 days of habituation to the conditioning 
room and 15 min of free access in the place testing apparatus. 
On the third day, 15 min of free access served to establish a 
"preconditioning baseline" of place preference per subject. The 
side in which the rats spent more time (in s) was considered its 
preferred side for the remainder of the study. Given the estab- 
lishment of side preference baseline, the subjects were ranked 
from the highest to lowest time (in s) spent in their preferred 
side in blocks of four. Subjects were then randomly assigned to 
one of four dose groups (1.0, 5.0, 15 or 30 Ixg/rat). Place con- 
ditioning was then initiated and conducted daily for 30 min. 

The drug conditioning phase consisted of four days of con- 
finement in the preferred side after administration of CGS, alter- 
nated with four days of confinement in the nonpreferred side 
after vehicle injection. Rats were placed in the apparatus imme- 
diately after ICV administration of vehicle or drug. Twenty-four 
h following the 8th (last) day of conditioning, each subject was 
allowed free access, as on the baseline day, for 15 min to deter- 
mine place preference in a nondrugged state. On the following 
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TABLE 1 

MEAN AND STANDARD ERROR OF THE MEAN (SEM), TIME (S) SPENT IN THE PREFERRED SIDE OF THE CPP 
APPARATUS DURING BASELINE, TESTING WITHOUT CGS AND TESTING WITH ICV ADMINISTERED CGS 

Dose of ICV Administered CGS (~g/rat) 

1.0 5.0 15 30 
(n = 8) (n = 8) (n = 8) (n = 10) 

Baseline Mean 472.1 450.4 448.6 536.2 
SEM (58.8) (38.2) (56.9) (55.1) 

Without CGS Mean 362.5 335.4 471.5 288.1" 
SEM (33.7) (33.7) (35.9) (43.2) 

% Change - 23.3 - 25.5 +5.1 - 46.3 

With CGS Mean 380.5 360.7 350.0 359.9* 
SEM (47.7) (39.8) (41.0) (47.3) 

% Change - 19.4 -20.0 -22.0 -33.1 

*Significant difference from baseline, Newman-Keuls test; p<0.05. 
The exclusion of subjects based on histological results resulted in unequal group 

produce significant differences in the baseline matched CPP dose groups. 
sizes which failed to 

day, subjects were again allowed free access in the place appa- 
ratus immediately after an ICV injection of CGS. This allowed 
for a comparison between nondrugged and drugged-state perfor- 
mance of place preference/aversion testing. 

Spontaneous Locomotor Activity 

Activity was measured by the interruption of one of four 
photosensor light sources placed in the wall of a 45.5 × 35.5 × 
20.5 cm Plexiglas cage. The sensors were oriented 5.5 cm above 
the floor and 9.5 cm apart along the wall of the longer side. 
Each photocell interruption constituted one activity count. Ac- 
tivity counts were recorded from four cages by a computer at 
5-min intervals throughout the 30-min testing sessions. Activity 
testing was conducted in the light and began immediately after 
the ICV administration of vehicle on the day of nondrug CPP 
testing. On the day after CPP + drug testing, locomotor activ- 
ity was again measured following the ICV administration of 
CGS (1.0, 5.0, 15 and 30 p,g/rat). Rats remained in their as- 
signed dose groups and received the same dose of CGS as they 
did during CPA conditioning. Once again, rats were placed into 
the apparatus immediately after ICV administration of drug. 

Measurements and Statistics 

The critical measurement was the actual time (in s) that the 
subjects spent in the preferred side of the apparatus during CPP 
testing without and, then, with CGS compared to their baseline. 
Thus measurements of the time spent in the preferred chamber 
of the place apparatus were analyzed by two-factor analysis of 
variance (ANOVA) with four levels of dose and repeated mea- 
sures on the three levels of days of place testing (28). Where 
appropriate, these measurements were compared post hoc by 
Newman-Keuls test (28). Additionally, ANOVA and Newman- 
Keuls were used to analyze activity measurements given a simi- 
lar design. The level of statistical significance was set at p<0.05.  

RESULTS 

The time (s) that rats in each of four CGS dose groups spent 
in the preferred side of the CPP apparatus were subjected to 

two-factor ANOVA with repeated measures on the days of CPP 
testing (baseline testing and postconditioning with and without 
CGS). The factor for dose failed to reveal a reliable main ef- 
fect, F(3,30)=0.27,  p = 0 . 8 4 ,  whereas the main effects of the 
repeated factor for days of CPP testing revealed significant dif- 
ferences, F(2,60)= 12.0, p<0.01.  The interaction was also sig- 
nificant, F(6,60) = 2.3, p<0.05.  

As dose was not a reliable factor, Newman-Keuls analyses 
were conducted only between treatment days within each dose 
of CGS. The baseline s spent in the preferred side of the place 
preference apparatus, failed to reliably differ (qs<3.0; ps>0.05) 
for rats given the three lowest doses of CGS (1.0, 5.0 and 15 
txg/rat) tested. However, Newman-Keuls comparisons revealed 
significant differences from CPP baseline and postconditioning 
CPP testing without (q--- 5.1, p<0.01)  and with (q = 3.6, p<0.05)  
CGS for rats in the 30 Ixg dose group. These results demon- 
strate that rats in the CGS 30 p.g dose group spent significantly 
less time in the preferred side of the apparatus when tested with 
(a 43.6% decrease) and without (a 33.1% decrease) CGS com- 
pared to baseline. Thus it appears that conditioning with the 30 
p.g dose of CGS produced a place aversion that was maintained 
regardless of whether the rats were tested without CGS or just 
following the ICV injection of CGS. The mean (and standard 
error of the mean) of the s spent in the preferred side of the 
CPP apparatus during baseline and postconditioning with and 
without ICV administered CGS are presented in Table 1. 

Two-factor ANOVA on activity scores revealed a significant 
main effect for dose, F(3,30)=6.2,  p<0.003.  However, the 
main effect of measurements from drug and vehicle treatment 
days failed to reveal significant differences, F(1,30)=0.38,  
p--0 .12.  The interaction was also nonsignificant. Subsequent 
analyses with Newman-Keuls failed to reveal reliable differences 
between vehicle and drug treatments within dose groups. As it 
was not possible to equate baseline activity between dose groups 
because the groups were already matched by CPP baseline, post 
hoc tests between dose groups were not performed. The impor- 
tant comparisons were between vehicle and drug treatments 
within each dose. As the simple main effects between vehicle 
and drug treatments failed to show reliable differences, these re- 
suits demonstrate that CGS did not significantly decrease activ- 
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TABLE 2 

MEAN (SEM) PHOTOCELL INTERRUPTIONS PER 30-MIN PERIOD AFFER VEHICLE 
AND CGS ADMINISTRATION AS A MEASURE OF ACTIVITY 

Dose of ICV Administered CGS (p~g/rats) 
1.0 5.0 15 30 

(n = 8) (n = 8) (n = 8) (n = 10) 

Vehicle Mean 316.1 277.1 205.8 230.3 
SEM (30.1) (32.5) (47.1) (28.1) 

CGS Mean 323.1 359.6 219.1 186.4 
SEM (19.7) (34.3) (29.2) (24.2) 

% Difference + 2.2 + 22.5 + 6.1 - 26.2 

ity scores compared to vehicle injections. Table 2 shows the 
mean and SEM for activity scores following the ICV injection 
of vehicle and CGS, as measured by photocell interruptions over 
a 30-rain period immediately after ICV administration of vehicle 
and CGS. 

DISCUSSION 

Several dopamine receptor antagonists have been found to 
produce neutral effects when tested for place preference affects. 
Thus spiroperidol and d-butaclamol (13), haloperidol (15, 21-  
23), pimozide (3) and sulpiride (9) have all been shown to pro- 
duce neither a CPP nor a CPA. In addition, all of these agents 
have been systemically administered. CGS 10746B is an atypi- 
cal antipsychotic which has been reported to decrease dopamine 
release without either changing dopamine metabolism or occu- 
pying dopaminergic receptors (2). Thus this agent may allow for 
a third mechanism to decrease dopaminergic activity, i.e., one 
differing from inhibition of catecholamine biosynthesis or 
postsynaptic dopaminergic blockade. 

The three lowest doses of CGS tested had no significant ef- 
fect upon place preference. Central administration of 30 txg of 
CGS in rats confined to their preferred side in a place testing 
apparatus resulted in a significant (p<0.05) CPA, with a reduc- 
tion of the time spent in the initially preferred side. CPA was 
observed regardless of whether or not rats received an ICV ad- 
ministration of CGS just prior to testing suggesting that the shift 
in preference was not due to the presence of drug during testing 
(17). That is, it is possible that the inability to express a prefer- 
ence for a cue specific place may reside in the fact that training 
and testing are conducted in different drug states. Previous work 
found that amphetamine produced a robust CPP when the test- 
ing occurred in a drug or nondrugged state (19). Similar results 
were reported from other investigators when either morphine 
(17) or diazepam (24) were used as drugs to produce CPP. in 
reference to producing a CPA, Swerdlow et al. (27) found that 
CCK produced a place aversion when rats were tested with or 
without the drug. A similar CPA produced by ethanol was clear 
whether the subjects were drugged or undrugged (5). It is of in- 
terest to note that the CPA obtained with the 30 wg dose of CGS 
during place preference testing without drug was slightly larger 
than during testing with drug. 

It has been reported that peripheral administration of CGS 
(5.0-20 mg/kg) produced both a CPA and a significant decrease 
in locomotor activity (16). It is unknown to what degree this 
decrease in activity contributes to place aversion. In contrast, 

many reports have linked the production of a CPP with increased 
locomotor behavior after conditioning with psychostimulants (12). 
In fact, one group of investigators has suggested that preference 
may be related to increased exploration due to hypermotility 
(26). Importantly, there was no significant change in activity at 
any dose of CGS tested and this suggests that the place aversion 
produced by the 30 Ixg dose of CGS was not due to a decrease 
in the subjects' activity level. To our knowledge, there have 
been no reports of ICV administered drugs which act at dopami- 
nergic neural systems to produce CPA without attenuating loco- 
motor behavior. In general, dopaminergic antagonists (e.g., 
haloperidol and pimozide), at doses which produce place aver- 
sions, also decrease activity (3, 21, 23). 

One research group has hypothesized that increased brain do- 
pamine release confers "motivational relevance" to a given sit- 
uation (1). One assumption of CPP testing is that drugs of abuse 
interact with neural mechanisms via specific biochemical mech- 
anisms that produce their rewarding effects which, in turn, re- 
sult in the formation of a preference so that subjects spend more 
time in the drug-paired environment. Thus the mechanism of ac- 
tion by which amphetamine and related stimulants are believed 
to produce condition place preference is by increasing the extra- 
cellular levels of neural dopamine (16,20). Additional support 
for this view resides in the observation that drugs which block 
dopamine receptors (SCH 23390, sulpiride, haloperidol and al- 
pha-flupenthixol) effectively prevent amphetamine conditioning 
of place preference [for review see (12)]. Furthermore, results 
from 6-hydroxydopamine produced lesions in the mesolimbic 
dopaminergic pathway has been found to likewise attenuate 
place conditioning (21). Taken together, these results support the 
notion that dopaminergic systems have a definite role in the de- 
velopment of CPP. 

In conclusion, the present data are consistent with the hypoth- 
esis that ICV administration of CGS, which may act by inhibit- 
ing neural dopamine release presynaptically, produces CPA. 
CGS may, therefore, serve as a tool to study the blockade of 
at~labe~amine and related stimulant-induced CPP. However, other 
mechanisms by which CGS may produce CPA, that are not re- 
flected in a chtu~$¢ in activity level, cannot yet be ruled out, 
e.g., toxicity or ger, eral malaise. 
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