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(2) 193–199, 1999.—In two separate experiments, rats were given either an
intraperitoneal (IP) injection of 10 mg/kg cocaine once a day for 10 consecutive days (Experiment 1) or a single IP injection
of 40 mg/kg of cocaine (Experiment 2) prior to receiving repeated pairings of a novel saccharin solution with cocaine (32 mg/
kg; subcutaneous; SC). Although vehicle-preexposed subjects given saccharin–cocaine pairings readily acquired an aversion
to the cocaine-associated saccharin solution, subjects preexposed to cocaine (whether 10 times or only once) displayed a re-
tarded acquisition of the aversion. That is, cocaine preexposure attenuated the acquisition of cocaine-induced taste aversions.
There was no difference in the degree of attenuation between the two preexposure conditions. Thus, under conditions that
are effective in inducing sensitization within other behavioral preparations there was no evidence of sensitized cocaine-induced
taste aversions. The results from the present investigation are similar to reports from this laboratory and others demonstrat-
ing that preexposure to cocaine, as with a range of other psychoactive drugs, results in weaker taste aversions. The basis for
the attenuating effects of cocaine preexposure was discussed in terms of an adaptation to the aversive effects of cocaine.
© 1999 Elsevier Science Inc.
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ALTHOUGH rats readily avoid consumption of solutions
previously paired with one of a number of drugs [(34,74,81)
for a bibliography, see (80)], such conditioned taste aversions
are significantly attenuated if subjects have received exposure
to the drug prior to conditioning [for reviews, see (11,33)]. Ini-
tially demonstrated with apomorphine (12), the attenuating
effects of drug preexposure on taste aversion learning have
now been reported with a wide range of compounds (5,18,22,
29,38,39,46,62,78,90). Most recently, such an effect has been
reported with the stimulant cocaine [(77); see also (36)]. In the
Riley and Diamond report (77), cocaine (32 mg/kg) was ad-
ministered either SC or IP once a day (massed) or every fourth
day (spaced) for a total of five injections prior to taste aver-
sion conditioning in which consumption of a novel saccharin
solution was paired with a SC injection of cocaine (32 mg/kg).
Under all but one of these four preexposure conditions (IP/
massed), the acquisition of taste aversions was significantly at-
tenuated. This attenuation was evident both in terms of the

number of conditioning trials on which cocaine-preexposed
subjects drank greater amounts of saccharin than vehicle-pre-
exposed subjects and the number of trials on which the co-
caine-preexposed subjects did not differ from nonconditioned
controls. Interestingly, under none of the preexposure condi-
tions did cocaine-preexposed subjects drink less saccharin
than subjects preexposed to vehicle. That is, there was no evi-
dence that cocaine preexposure sensitized aversions to cocaine.

Although the fact that cocaine preexposure attenuated the
acquisition of cocaine-induced taste aversions is consistent
with the extensive literature reporting similar attenuating ef-
fects on aversion learning by preexposure to other psychoac-
tive drugs (see above), this attenuation contrasts with the results
from a variety of behavioral and physiological preparations in
which exposure to cocaine has been reported to sensitize sub-
sequent responsivity to cocaine (54,55,60,70–72,84,88,91,95).
In the context of the attenuating effects of cocaine preexpo-
sure, it is possible that the effects of such preexposure on
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aversion learning are parameter dependent, such that with
specific dosing, sequencing, and route parameters adaptation
or tolerance to the aversive effects of cocaine may occur,
which in turn, weaken or attenuate the acquisition of cocaine-
induced taste aversions [see (77)]. Accordingly, it is possible
that under yet other parametric conditions, those that more
closely match those producing sensitization within other
preparations, the acquisition of cocaine-induced taste aver-
sions would be facilitated by cocaine preexposure, i.e., aver-
sions would not be attenuated, but instead sensitized.

To that end, in the present experiments subjects were ex-
posed IP to either a low dose of cocaine (10 mg/kg) once a day
for 10 consecutive days or to a single injection of a high dose
of cocaine (40 mg/kg) prior to repeated pairings of a novel
saccharin solution and cocaine (32 mg/kg, SC). Each of these
exposure conditions has been reported to produce sensitiza-
tion within other behavioral designs (45,67,72,73,85,94), and
should provide a test of the ability of cocaine preexposure to
sensitize aversion learning. It is important in this context to note
that aversions can be sensitized by a variety of behavioral, physi-
ological, and pharmacological manipulations (6,9,23,26,40,56,
61,68). For example, group housing significantly increases
aversions induced by naloxone (68). Also, footshock has been
reported to significantly potentiate LiCl-induced taste aver-
sions (56). Such potentiation has also been reported when co-
caine was used as the aversive agent. For example, ineffective
doses of alcohol significantly potentiate aversions induced by
cocaine (26). In addition, the pharmacological blockade of re-
ceptors mediating corticotropin-releasing factor enhances co-
caine-induced aversions (40). The ability to potentiate taste
aversion learning has also been reported within the UCS pre-
exposure design [(6,9,61); see also (4,63,65,93) for related dis-
cussions on multiple chemical sensitivity and the sensitization
to drug toxicity following repeated exposures]. For example,
six daily preexposures to the noncompetitive NMDA receptor
antagonist, dizolcilpine (MK-801) significantly enhance the
acquisition of ethanol-induced taste aversions, even at doses
that alone have no suppressive effects on consumption (6).
Similar potentiating effects within the UCS preexposure prep-
aration have been demonstrated when exposure to footshock
(30 0.5-mA footshocks every other day for two such expo-
sures) was given prior to aversion conditioning with amphet-
amine (9). Thus, given that the taste aversion preparation can
be sensitized, the sensitizing effects of cocaine preexposure on
the aversive properties of cocaine might be reflected in the
enhanced acquisition of cocaine-induced aversions.

 

GENERAL METHOD

 

Subjects

 

The subjects were 48 experimentally naive, female rats of
Long–Evans descent, approximately 120 days of age at the
beginning of the experiment. Guidelines established by the
Institutional Animal Care and Use Committee at American
University were followed at all times.

 

Apparatus

 

Subjects were housed in individual stainless steel, wire-
mesh cages, on the front of which graduated Nalgene tubes
could be placed for the presentation of either water or saccha-
rin. Subjects were maintained on a 12 L:12 D cycle, with lights
on at 0800 h and at an ambient temperature of 23

 

8

 

C for the
duration of the experiment. Food was available ad lib.

 

Drugs and Solutions

 

Cocaine hydrochloride (generously provided by the Na-
tional Institute on Drug Abuse) was prepared as a 10 mg/ml
solution in distilled water. Doses of cocaine refer to weight of
the free base. Saccharin (0.1% sodium saccharin, Sigma
Chemical Co., St. Louis, MO) was prepared as a 1 g/l solution
in tap water.

 

Procedure

Phase I. 

 

Habituation: following 23-h water deprivation,
subjects were given 20-min access to water. This procedure
was repeated daily until all subjects were approaching and
drinking from the tube within 2 s of its presentation (between
12–15 days).

 

Phase II. 

 

Preexposure: on day 1 of this phase, subjects
were given 20-min access to water during their scheduled
fluid-access period. Immediately following this exposure, sub-
jects were matched on water consumption and were assigned
to a preexposure condition. Approximately 5 h later, subjects
received either an IP injection of cocaine or of equivolume
distilled water. Cocaine was given either once a day for 10
consecutive days (Experiment 1) or once (Experiment 2). The
dose of cocaine was 10 mg/kg for Experiment 1 and 40 mg/kg
for Experiment 2. All subjects received two water-recovery
days following cocaine preexposure during which they were
given 20-min access to water. No injections were given follow-
ing water access on these sessions.

 

Phase III. 

 

Conditioning: following the second water-recov-
ery session, all subjects were given 20-min access to a novel
saccharin solution. Immediately following saccharin access,
subjects in each preexposure group within each experiment
were matched on consumption and given an SC injection of
either cocaine (32 mg/kg) or distilled water. On the following
3 water-recovery days, all subjects were given 20-min access
to water. No injections were given following water access on
these days. This alternating procedure of conditioning/water
recovery was repeated until all subjects had received four
complete cycles. On the day following the final water-recov-
ery session, all subjects were given 20-min access to saccharin
in a final one-bottle test of the aversion to saccharin. No injec-
tions were given following this test. The specific dose of co-
caine used in conditioning (i.e., 32 mg/kg) was based on prior
dose–response assessments of cocaine-induced taste aversions
in which various doses of cocaine (0, 18, 32, and 50 mg/kg)
were given SC following saccharin consumption [(28); see also
(26,35,77)]. In that analysis, 18 mg/kg was generally ineffec-
tive in inducing aversions, whereas 32 and 50 mg/kg produced
aversions of comparable strength. Given that 32 mg/kg was
the minimally effective dose in inducing aversions, it was used
in the present experiment. Aversions to this dose are gradu-
ally acquired and do not result in complete suppression of
consumption, even with repeated conditioning trials. As such,
aversions at this dose provide a baseline to assess the
strengthening or weakening effects of cocaine preexposure.

 

Statistical Analysis

 

Between-group comparisons in consumption on each con-
ditioning trial were assessed using a one-tailed Kruskal–Wallis
one-way analysis of variance. The specific 

 

H

 

 generated from
each test represents comparisons among all groups for each
trial and do not represent specific group contrasts. All deter-
minations of statistical significance are based on 

 

p

 

 

 

<

 

 0.05.
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EXPERIMENT 1: MULTIPLE COCAINE PREEXPOSURES

 

Specific Procedure

 

During drug preexposure, subjects were given an IP injec-
tion of cocaine or its distilled water vehicle once a day for a
total of 10 preexposures. During taste aversion conditioning,
subjects preexposed to cocaine were divided into two groups
and injected SC with either cocaine or equivolume distilled
water. Similarly, subjects preexposed to water were divided
into two groups and injected SC with either cocaine or water.
This two-by-two preexposure/conditioning design yielded
four groups of subjects (

 

n

 

 

 

5

 

 6 per group): groups CC, CW,
WC, and WW. The first letter in each group designation refers
to the compound given during preexposure, i.e., cocaine (C)
or water (W). The second letter refers to the compound given
during conditioning, i.e., C or W.

 

EXPERIMENT 2: SINGLE COCAINE PREEXPOSURE

 

Specific Procedure

 

During drug preexposure, subjects were given a single IP
injection of cocaine or its distilled water vehicle. During taste
aversion conditioning, subjects preexposed to cocaine were
divided into two groups and injected SC with either cocaine or
equivolume distilled water. Similarly, subjects preexposed to
water were divided into two groups and injected SC with ei-
ther cocaine or water. This two-by-two preexposure/condi-
tioning design yielded four groups of subjects (

 

n

 

 

 

5

 

 6 per
group): groups CC, CW, WC, and WW. The first letter in each
group designation refers to the compound given during preex-
posure, i.e., cocaine (C) or water (W). The second letter refers
to the compound given during conditioning, i.e., C or W.

 

RESULTS

 

Experiment 1: Multiple Cocaine Preexposures

 

At no point during the preexposure phase did subjects re-
ceiving the multiple cocaine or vehicle injections drink signifi-
cantly different amounts of water. The mean amount con-
sumed by each group over the 10-day preexposure period was
approximately 11 ml. Further, there were no significant differ-
ences in water consumption between groups immediately fol-
lowing preexposure. The mean amount consumed by each
group on the 2 days prior to conditioning was 11 ml.

Figure 1 illustrates the mean (

 

6

 

SEM) amount of saccharin
consumed over the repeated conditioning trials for subjects in
groups CC, CW, WC, and WW. As illustrated, subjects given
water preexposure and injected with cocaine during condi-
tioning (group WC) acquired robust aversions to saccharin.
These subjects decreased consumption by approximately 50%
following only a single conditioning trial, and drank less than
2 ml (an 85% reduction in saccharin consumption) on the fi-
nal aversion test. Subjects injected with cocaine during both
preexposure and conditioning (group CC) displayed no clear
change in saccharin consumption following the initial condi-
tioning trial (a reduction of approximately 5%). With re-
peated conditioning, these subjects also acquired an aversion
to saccharin, drinking approximately 4 ml on the final aver-
sion test (a 70% reduction in saccharin consumption from the
initial conditioning trial). Control subjects injected with water
during conditioning maintained a high level of saccharin con-
sumption during conditioning, independent of whether they
had been exposed to cocaine or water during preexposure
(see groups CW and WW). For both control groups, con-
sumption increased with repeated access to saccharin.

Post hoc comparisons revealed that subjects in group WC
drank significantly less saccharin than both control groups on
the second, third, fourth, and fifth conditioning trials [all

 

H

 

s(3) 

 

.

 

 9.092]. Group CC drank significantly less than con-
trol groups on the third, fourth, and fifth trials [all 

 

H

 

s(3) 

 

.

 

12.997]. Subjects in group WC drank significantly less than
subjects in group CC on conditioning trials 2 and 3 [

 

H

 

(3) 

 

5

 

9.092 for trial 2 and 

 

H

 

(3) 

 

5

 

 12.997 for trial 3]. At no point in
conditioning did subjects in the two control groups differ in
the amount of saccharin consumed. Further, at no point dur-
ing this phase did subjects in any group differ in the amount of
water consumed on recovery sessions.

 

Experiment 2: Single Cocaine Preexposure

 

There were no significant differences in water consump-
tion between groups immediately following cocaine or water
preexposure. The mean amount consumed by each group on
the 2 days prior to conditioning was 10.5 ml.

Figure 2 illustrates the mean (

 

6

 

SEM) amount of saccharin
consumed over the repeated conditioning trials for subjects in
groups CC, CW, WC, and WW. As illustrated, subjects given
water preexposure and injected with cocaine during condi-
tioning (group WC) acquired robust aversions to saccharin.
These subjects decreased consumption by approximately 35%
following only a single conditioning trial, and drank less than
4 ml (a 70% reduction in saccharin consumption) on the final
aversion test. Subjects injected with cocaine during both pre-
exposure and conditioning (group CC) displayed no clear
change in saccharin consumption following the initial condi-
tioning trial (a reduction of approximately 5%). With re-
peated conditioning, these subjects also acquired an aversion
to saccharin, drinking approximately 5 ml on the final aver-

FIG. 1. Mean (6SEM) saccharin consumption by subjects receiving
saccharin–cocaine (groups CC and WC) or saccharin–distilled water
(groups CW and WW) pairings during taste aversion conditioning.
The first letter in the group designation refers to the drug received
during preexposure, i.e., cocaine (C) or water (W); the second letter
refers to the drug received during conditioning, i.e., C or W. During
preexposure, cocaine (10 mg/kg) was given IP once a day for 10 con-
secutive days.
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sion test (a 65% reduction in saccharin consumption from the
initial conditioning trial). Control subjects injected with water
during conditioning maintained a high level of saccharin con-
sumption during conditioning, independent of whether they
had been exposed to cocaine or water during preexposure
(see groups CW and WW). For both control groups, con-
sumption increased with repeated access to saccharin.

Post hoc comparisons revealed that subjects in group WC
drank significantly less saccharin than both control groups on
the second, third, fourth, and fifth conditioning trials [all 

 

H

 

(3) 

 

.

 

11.549]. Group CC drank significantly less than group CW on
the second trial [

 

H

 

(3) 

 

5

 

 11.48] and groups CW and WW on
the third, fourth, and fifth trials [all 

 

H

 

s(3) 

 

.

 

 14.301]. Subjects
in group WC drank significantly less than subjects in group
CC on trials 2 and 3 [

 

H

 

(3) 

 

5

 

 11.549 for trial 2 and 

 

H

 

(3) 

 

5

 

14.468 for trial 3]. At no point in conditioning did subjects in
the two control groups differ in the amount of saccharin con-
sumed. Further, at no point during this phase did subjects in
any group differ in the amount of water consumed on recov-
ery sessions.

 

GENERAL DISCUSSION

 

Previously, we reported that preexposure to cocaine atten-
uated the subsequent acquisition of cocaine-induced taste
aversions (77). This attenuation was evident when cocaine
was given SC (every day for 5 consecutive days or every
fourth day for five total injections) and IP (every fourth day).
IP preexposures given every day for 5 consecutive days re-
sulted in a nonsignificant attenuation of taste aversion learn-
ing. Although the effects of cocaine preexposure were clearly
parameter dependent, it is important to note that under none
of the four conditions was there any evidence of sensitized

aversions, i.e., aversions in the preexposed subjects were
never greater than those in subjects preexposed to the cocaine
vehicle.

Given that the attenuating effects of cocaine preexposure
on the subsequent acquisition of cocaine-induced taste aver-
sions were dependent upon the specific parameters of drug
preexposure, it is possible that the display of sensitized aver-
sions would be parameter dependent as well. That is, if the
preexposures were given under parameters that more closely
parallel those under which sensitization has been reported
within other preparations, cocaine preexposure may result in
sensitized aversions. This was tested in the present experi-
ment in which rats were given either a daily injection of a low
dose of cocaine (10 mg/kg) for 10 consecutive days or a single
injection of a high dose of cocaine (40 mg/kg) [for descriptions
of comparable parametric conditions producing sensitization,
see (45,67,72,73,85,94)]. As described, independent of whether
subjects were exposed to the low dose of cocaine repeatedly
or the high dose acutely, aversions were attenuated. Cocaine
preexposed subjects drank significantly greater amounts of
saccharin than vehicle-exposed subjects on the second and
third conditioning trials. Further, cocaine preexposed subjects
differed from control subjects on fewer trials than subjects
preexposed to the cocaine vehicle. Both of these indices sug-
gest that aversion learning was retarded in the cocaine-preex-
posed subjects.

Thus, similar to our previous work assessing the effects of
cocaine preexposure on aversion learning (77), there was no
evidence of sensitization to the aversive effects of cocaine (as
indexed by taste aversion learning). Similar to other psycho-
active drugs assessed within this design, aversion learning was
attenuated by such preexposure. Given that taste aversions
are generally assumed to reflect the aversive properties of the
drug paired with the taste [see (79)], the present results with
cocaine are consistent with the position that preexposure to
cocaine reduced its aversive effects, possibly through habitua-
tion, adaptation, or tolerance [for related discussions with
other compounds, see (13–17,19–21,30,38,39,42,57,75,76,78);
though see (10,89)]. Although consistent with this position,
there was no independent assessment of such processes in the
present experiment. Several sources of evidence, however,
suggest that tolerance may have mediated the weaker aver-
sions following cocaine preexposure. First, cocaine-induced
aversions are dose dependent [see (28,35,53)]. Specifically, as
the dose of cocaine increases aversions increase. Interestingly,
the aversions induced in subjects preexposed to cocaine (ei-
ther 10 daily exposures of 10 mg/kg or a single exposure of 40
mg/kg) in the present experiments resemble those induced by
lower doses of cocaine [for comparison, see (26)], i.e., the
dose–response function for cocaine appears to be shifted to
the right by the cocaine preexposure, a shift generally sugges-
tive of the development of tolerance. Again, it is important to
note that these descriptions are based on cross-study compari-
sons, and there was no independent assessment of tolerance
in the present series of studies. Exposure to cocaine under
other parametric conditions, however, has been reported to
produce tolerance, indicating that such a process can occur
with cocaine. For example, Emmett-Oglesby and Lane (24)
reported that cocaine exposure (5 mg every 8 h for a week) re-
sulted in a decrease in the interreinforcer time for cocaine self
administration, an effect indicative of the loss in the reinforc-
ing effects of cocaine with chronic exposure. Under similar
conditions, cocaine exposure shifted to the right the dose-
response function for the threshold dose supporting self-
administration. Such tolerance develops under both contingent

FIG. 2. Mean (6SEM) saccharin consumption by subjects receiving
saccharin–cocaine (groups CC and WC) or saccharin–distilled water
(groups CW and WW) pairings during taste aversion conditioning.
The first letter in the group designation refers to the drug received
during preexposure, i.e., cocaine (C) or water (W); the second letter
refers to the drug received during conditioning, i.e., C or W. During
preexposure, a single IP injection of cocaine (40 mg/kg) was given.
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and noncontingent cocaine administration within a cocaine
self-administration procedure, using either single or multiple
dose methods (25). Tolerance is not limited to the reinforcing
effects of cocaine. For example, Katz et al. (51) have reported
tolerance to the suppressive effects of cocaine on schedule-
controlled responding, i.e., on an FR30 schedule for food rein-
forcement. Specifically, chronic exposure to 10 mg/kg/day
shifted the ED

 

50

 

 for behavioral suppression to the right.
Kleven and Woolverton (52) have also found that tolerance
develops to the rate-decreasing effects of chronic cocaine (be-
tween 4.0–32.0 mg/kg/day) on FR (50–100) schedules of rein-
forcement. Similar tolerance has been demonstrated on fixed-
interval schedules following chronic exposure to 13 mg/kg cocaine
(87). Cocaine-induced stereotypy is also reduced to baseline
levels after 5 days of cocaine exposure (47). Although the ex-
tent to which such results apply to the present findings re-
mains unknown given the different parametric conditions un-
der which tolerance was assessed among the various studies,
these examples and others [see (37,41,43,59,82,83,92,96)] clearly
indicate that tolerance can occur with cocaine exposure.

Although exposure to cocaine under some conditions has
been reported to produce tolerance (see above), under other
conditions and with other measures cocaine reliably produces
sensitization, i.e., responsivity to cocaine increases with re-
peated exposure to cocaine [see (1,8,44,48–50,58,88,95)]. The
failure to demonstrate a sensitizing effect of cocaine preexpo-
sure on aversion learning is, thus, inconsistent with these re-
ports of cocaine sensitization [for an alternative interpretation
of the UCS preexposure effect that assumes sensitization to
the reinforcing effects of psychoactive drugs, see (31) and
(32); for related discussions, see (27,69,86)]. It is possible that
this failure of sensitization is a function of the relative insensi-

tivity of the aversion design to such an effect. As noted above,
however, cocaine-induced taste aversion learning can be sen-
sitized by a number of pharmacological manipulations, and
amphetamine- and ethanol-induced taste aversions have been
sensitized by shock (9) and dizolcilpine (6), respectively,
within a crossdrug preexposure design. Thus, the failure is un-
likely an insensitivity of the design to such potentiation. The
failure to see sensitization may also reflect the specific param-
eters of drug preexposure used in the present experiments. As
noted above, the specific parameters chosen were based on
reports that cocaine (given at these doses and injection fre-
quencies) produced sensitization (see above). Although such
parameters did not support sensitization to cocaine’s aversive
effects, the fact that under identical parametric conditions dif-
ferent behavioral and physiological responses become sensi-
tized at different rates (or to different degrees) [see (2,3,8,43,
44,48,60,66,67)] suggests that it is possible that under different
parametric conditions sensitization may occur to the aversive
effects of cocaine [see also (7,64)].

Although the basis for the effect of cocaine preexposure
on the acquisition of cocaine-induced taste aversions is not
known, it is nonetheless clear that such aversions are attenu-
ated with cocaine preexposure, and that there is no evidence
that cocaine preexposure increases its aversiveness within the
taste aversion design, i.e., cocaine-induced taste aversion
learning is not sensitized by cocaine preexposure.
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