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Abstract

Prior exposure to the psychotomimetic drug phencyclidine (PCP) produces a number of schizophrenia-like behaviors in animals. The goal
of the present study was to determine whether prior exposure to PCP produces decreased reward function, thereby modeling one aspect of
negative schizophrenic symptomatology. To this aim, the consequences of prior exposure to PCP were assessed on two types of appetitive
consumptive behavior. In the first set of experiments, the effects of PCP (15 mg/kg, 20 h before testing) on sucrose consumption were tested
for three consecutive days under conditions of deprivation and nondeprivation. In the deprivation condition, animals were water deprived for
4 h prior to injection of PCP or saline (SAL). Twenty hours following the injection (24 h after the onset of water deprivation), animals were
allowed access to either 5% sucrose or water for 30 min. In the nondeprivation condition, 5% sucrose consumption was measured for 30 min,
20 h after PCP or SAL injection and water consumption was measured during the 23.5 h preceding sucrose consumption. PCP decreased both
sucrose and water consumption under deprivation conditions on the second and third day of testing but selectively decreased sucrose
consumption under nondeprivation conditions on all three testing days. LiCl (50 mg/kg, 20 h before testing) did not significantly reduce
sucrose consumption in the nondeprivation paradigm, indicating that the effect of PCP was not due to conditioned taste aversion. In the
second experiment, PCP (15 mg/kg, 20 h before testing) decreased operant performance when animals were switched from a continuous
reinforcement schedule of food delivery to a fixed ratio (FR4) schedule. Apomorphine (APO, 30 pg/kg, 30 min before testing), a positive
control, induced a similar performance deficit. However, the PCP-induced deficit was not apparent until the third day of FR4 testing while the
APO deficit was apparent on the first day. The effects of PCP on sucrose consumption demonstrate PCP-induced decreases in reward
function. However, the delayed appearance of the PCP-induced decrease in operant performance suggests that these results may be better
explained by a PCP-induced attentional deficit, also characteristic of schizophrenic psychopathology.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Phencyclidine (PCP) is a dissociative anesthetic that
produces psychotomimetic symptoms in humans (Bakker
and Amini, 1961; Allen and Young, 1978) and has been
investigated for its usefulness in modeling the schizophrenic
condition in animals (Javitt and Zukin, 1991; Jentsch and
Roth, 1999). One of the reasons why PCP is touted as a
good pharmacological model for schizophrenia is its ability
to produce both positive and negative symptoms in humans
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(Javitt and Zukin, 1991). However, modeling the negative
symptoms of schizophrenia in animals has proven to be
somewhat difficult (Ellenbroek and Cools, 2000). Among
the negative symptoms of schizophrenia is anhedonia, or a
decrease in the experience of reward. A recent review of
animal models of the negative symptoms of schizophrenia
cited previous data from our lab as evidence that PCP does
not produce anhedonia (Ellenbroek and Cools, 2000). In the
context of a latent inhibition study, we demonstrated that
prior exposure to PCP did not produce a decrease in sucrose
preference 44 h after the last dose (Turgeon et al., 1998).
However, reanalysis of these data suggested that PCP might
decrease sucrose consumption 20 h following administra-
tion. In addition, a recent study reported elevated self-
stimulation reward thresholds in animals following with-
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drawal from acute (5 or 10 mg/kg) or chronic (10, 15, or 20
mg/kg/day for 14 days via osmotic minipump) PCP (Spie-
lewoy and Markou, 2003), suggesting that prior exposure to
PCP produces a decrease in reward function. Thus, the goal
of the current study was to investigate the hypothesis that
prior exposure to PCP produces behavioral changes reflec-
tive of decreased reward function.

A number of authors have relied upon decreases in
sucrose consumption as an indicator of the presence of
anhedonia (Papp and Moryl, 1994; Papp et al., 1991; Will-
ner et al., 1994; Przegalinski et al., 1995; Zurita and Molina,
1999; Zurita et al., 1996, 2000; Sammut et al., 2001). In
light of recent evidence suggesting PCP withdrawal-induced
decreases in reward function (Spiclewoy and Markou,
2003), the first set of experiments (Experiment 1) investi-
gated the prediction that PCP would produce a decrease in
voluntary sucrose consumption. In the first experiment, the
effects of PCP on sucrose and water consumption were
assessed separately under conditions of water deprivation.
However, given the concern that water itself might be
considered rewarding under deprivation conditions, the
second experiment investigated the effects of PCP on
sucrose and water consumption in nondeprived animals. In
addition, a third experiment was conducted in which the
effects of lithium chloride (LiCl) were assessed in the
nondeprivation paradigm in order to rule out the possibility
that PCP could be producing conditioned taste aversion
(CTA) in this paradigm.

Drug-induced changes in operant responding for food
reward have also been argued to represent an animal model
for anhedonia (Carnoy et al., 1986a; Ellenbroek and Cools,
2000). In an attempt to investigate the ability for changes in
dopaminergic transmission to produce negative schizo-
phrenic symptomatology, Carnoy et al. (1986a) found that
low doses of apomorphine (APO) induced a performance
deficit when animals were switched from a continuous
reinforcement schedule of food delivery to a fixed ratio
(FR4) schedule. Given the hypothesis that prior exposure to
PCP produces a decrease in reward function, Experiment 2
tested the prediction that prior exposure to PCP would
produce a performance deficit similar to that seen following
APO.

2. Experiment 1: The effects of PCP on voluntary
sucrose intake

2.1. Methods

Animals for all experiments were male Sprague—Dawley
rats (Charles River, Wilmington, MA). Animals arrived in
the facility at least 5 days before experiments began, were
housed individually, and were maintained on a 12-h reverse
dark—light cycle (dark from 6:00 am. to 6:00 p.m.). All
procedures were approved by the Amherst College Institu-
tional Animal Use and Care Committee.

2.1.1. Experiment la: Effect of PCP on sucrose consump-
tion in water-deprived rats

Twenty-four Sprague—Dawley rats were used Experi-
ment la. All experiments were conducted in the home cage
and all solutions were presented in graduated water bottles,
which differed slightly from the usual water bottles in that
they had longer spouts. On the first day of the experiment,
animals were water deprived and only allowed access to
water during the course of the experiment. Four hours after
the onset of water deprivation, rats were injected with either
PCP (15 mg/kg in 2 ml/kg saline [SAL], ip) or SAL (2 ml/
kg, ip). On Day 2, 24 h after the onset of water deprivation
(20 h postinjection), rats were given access to either 50 ml
of'a 5% sucrose solution (SUC) or 50 ml of tap water (H,O)
for 30 min such that four groups were generated: SAL-
H,0, SAL-SUC, PCP-H,0, and PCP-SUC (rn=6 per
group). Rats were again injected with PCP or SAL 3.5
h after the end of the drinking session and then drinking was
monitored 20 h postinjection (Day 3). Rats were injected
again on Day 3 and drinking was monitored on Day 4. Daily
consumption as a function of weight (ml/kg) was compared
with a 2 X2 X 3 repeated-measures ANOVA with drug
(PCP vs. SAL) and drink (H,O vs. SUC) as between-
subjects variables and day as the within-subjects variable.
In order to examine drinking between groups on individual
days, one-way ANOVAs were conducted with post hoc
Student—Newman—Keuls tests.

2.1.2. Experiment 1b: Effect of PCP on sucrose consump-
tion in nondeprived rats

Sixteen Sprague—Dawley rats were used in Experiment
1b. These included the six animals from Experiment 2a that
received neither PCP nor sucrose (the SAL—H,O group)
evenly distributed between groups. Rats were allowed
access to food and water ad lib throughout the experiment.
Rats were trained to drink sucrose by replacing water bottles
with sucrose for 30 min on at least three of the 7 days prior
to the onset of the experiment. Two animals failed to drink
sucrose and one animal knocked out his water bottle on Day
3 of the experiment and were thus excluded from the
experiment.

On Day 1 of the experiment, animals were given access to
5% sucrose for 30 min (10:30—11:00 a.m.) and then sucrose
bottles were replaced by water bottles (11:00 a.m.). On Day 2
of the experiment, rats were weighed and water consumption
for the past 23.5 h was recorded at 10:30 a.m. Animals were
then given access to sucrose for 30 min and consumption was
recorded. Four hours after the end of the sucrose session (3:00
p.m.) on Day 2, rats were injected with either PCP (15 mg/kg
in 2 ml/kg SAL, ip; n=7) or SAL (2 ml/kg, ip; n=6). On
Days 3 and 4, 23.5 h water consumption and 30 min sucrose
consumption were recorded and rats were again injected at
3:00 pm. On Day 5, 23.5 h water consumption and 30 min
sucrose consumption were recorded. Daily consumption as a
function of weight (ml/kg) is reported as a %-Day 2 con-
sumption (prior to drug exposure).
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Sucrose and water consumption were compared using
separate repeated-measures ANOVAs with drug (PCP vs.
SAL) as the between-subjects variable and day as the
within-subjects variable. T tests were used to examine the
effects of PCP on daily sucrose and water consumption.

2.1.3. Experiment Ic: Effect of LiCl on sucrose consumption

In order to ensure that PCP-induced taste aversion was
not a plausible explanation for the decrease in sucrose
consumption, the methods employed in Experiment 2b were
repeated replacing PCP with 50 mg/kg LiCl, which should
produce powerful CTA if conditioning was possible in this
protocol (Parker, 1995; Turgeon et al., 1998). Ten rats were
used in this experiment; one LiCl rat knocked his water
bottle out on Day 1 and was thus excluded. As in Exper-
iment 2b, rats were given access to 5% sucrose for 30 min
on three occasions prior to the onset of the experiment. On
Day 1 of the experiment, animals were given access to 5%
sucrose for 30 min (10:30—-11:00 a.m.) and then sucrose
bottles were replaced by water bottles (11:00 a.m.). On Day
2, rats were weighed and water consumption for the past
23.5 h was recorded at 10:30 a.m. Animals were then given
access to sucrose for 30 min and consumption was recorded.
Four hours after the end of the sucrose session (3:00 p.m.)
on Day 2, rats were injected with either LiCl (50 mg/kg in
10 ml/kg dH,0, ip; n=4) or dH,O (10 ml/kg, ip; n=5). On
Day 3, 23.5 h water consumption and 30 min sucrose
consumption were recorded. Days 4 and 5 were not tested
as the need to subject the rats to further LiCl-induced
malaise was deemed unnecessary. A ¢ test was performed
on Day 3 consumption (ml/kg) as a percentage of Day 2
consumption.

As a positive control for the effects of the LiCl, six
additional rats were tested for LiCl-induced CTA. Immedi-
ately following their first exposure to sucrose (Day 1), rats
were injected with either LiCl (50 mg/kg in 10 ml/kg dH,O,
ip; n=3) or dH,O (10 ml/kg, ip; n=3) and sucrose
consumption was tested 24 h later (Day 2). A ¢ test was
performed on Day 2 consumption (ml/kg) as a percentage of
Day 1 consumption.

2.2. Results

2.2.1. Experiment la: Effect of PCP on sucrose consump-
tion in water-deprived rats

A repeated-measures ANOVA revealed a significant ef-
fect of Day [ F(2,40)=35.9, P<.001] and Drug [ F(1,20)=
12.4, P<.005], but not of Drink (Fig. 1). There were
significant interaction effects of Day X Drink [F(2,40)=
17.8, P<.001] and Day X Drug [F(2,40)=7.1, P<.005],
but not of Drink X Drug. In addition, the three-way inter-
action of Day X Drink X Drug was not significant.

One-way ANOVAs conducted on each day revealed
significant group effects on all three days [Day 2:
F(3,20)=13.5, P<.001; Day 3: F(3,20)=5.2, P<.01; Day
4: F(3,20)=5.1, P<.01]. Student—Newman—Keuls post
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Fig. 1. Under conditions of water deprivation, animals offered 5% sucrose
drank significantly less than animals offered water regardless of drug
treatment on the first day of testing (Day 2). On the second and third days
of testing, PCP (15 mg/kg, 20 h prior to testing) decreased sucrose
consumption. However, a similar trend was observed for water consump-
tion (see text). Data represent mean £ S.E.M. * P<.05.

hoc tests revealed that on Day 2, the SUC groups drank
significantly less than the H,O groups; on Days 3 and 4,
SAL-SUC was significantly different from PCP—-SUC,
whereas SAL-H,O was not significantly different from
PCP-H,O0.

2.2.2. Experiment 1b: Effect of PCP on sucrose consump-
tion in nondeprived rats

Because sucrose and water were being measured over
different time periods in the same animals, separate repeat-
ed-measures ANOVAs were run for sucrose and water
consumption. For sucrose consumption, there were signifi-
cant effects of Day [F(2,22)=3.7, P<.05] and Drug
[F(1,11)=20.23, P=.001]. There was no significant Day X
Drug interaction (Fig. 2a). For water consumption, there
were no significant effects of Day, Drug, or Day X Drug
(Fig. 2b). T tests conducted on individual days revealed a
significant effect of PCP on sucrose consumption [Day 3:
#(11)=28.7, P<.005; Day 4: #11)=4.1, P<.005; Day 5:
t(11)=2.2, P<0.05] but not water consumption [Day 3:
t(11)=—1.8; Day 4: #11)=—0.8; Day 5: #(11)=—0.8] on
each day.

In order to ensure that the water deprivation experienced
by the six animals used from Experiment la did not skew
the data, another repeated-measure analysis was performed
with an additional between-subjects factor of experiment.
There was no significant effect of experiment or Experi-
ment X Drug for either water or sucrose consumption.
Despite the absence of a significant effect of experiment, ¢
tests were also run on daily consumption in non-naive
versus naive animals. The only significant difference un-
covered was for Day 3 sucrose consumption in SAL-treated
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Fig. 2. Under nondeprived conditions, PCP (15 mg/kg, 20 h prior to testing)
decreased 30-min sucrose consumption (a), but had no effect on 23.5 h
water consumption (b). Data represent mean + S.EIM. * P<.05 vs. SAL.

rats [naive=114.8 & 8.2; non-naive=98.6 + 1.3, #(4)=
— 3.8, P<.05]. However, the lower sucrose consumption
in the non-naive animals would have led to an underesti-
mation of the effect of PCP rather than an overestimation.
In addition, despite the lower numbers, the difference in
Day 3 sucrose consumption remained significant when
analyzed in naive and non-naive groups separately [non-
naive: #(4)=5.9, P<.005; naive: #5)=3.0, P<.05]. Thus,
the inclusion of animals used in Experiment 1a did not skew
the results.

2.2.3. Experiment Ic: Effect of LiCl on sucrose consumption

LiCl was unable to produce a decrease in sucrose
preference when administered in place of PCP [#(7)=1.3;
Fig. 3]. LiCl did induce CTA in the positive control.
Animals treated with dH,O drank 80.2 £ 17.5% of the
sucrose consumed on the first day while animals treated

with LiCl drank 6.7 + 6.7% of the sucrose consumed on the
first day [#(4)=3.92, P<.05].

2.3. Discussion

In Experiment la, animals treated with PCP consumed
less sucrose than animals treated with SAL. However, in any
study that utilizes sucrose consumption as a measure of
reward function, the results must indicate that the manipu-
lation in question selectively decreases sucrose consumption
without altering overall fluid consumption, so as to elimi-
nate the possibility that the manipulation resulted in a motor
deficit rather than a decrease in the rewarding properties of
sucrose (Ellenbroek and Cools, 2000). While ANOVAs run
on individual days in Experiment la indicate a significant
effect of PCP on sucrose consumption in the absence a
significant effect on water consumption, there was a clear
trend toward PCP-induced decreases in water intake as well.
In addition, the repeated-measures analysis did not reveal a
significant Drug X Drink interaction, which would have
been expected if there were an effect of PCP on sucrose
consumption in the absence of an effect on water consump-
tion. Thus, the results of this experiment do not convinc-
ingly demonstrate a selective PCP-induced decrease in
sucrose consumption.

Under conditions of deprivation, both water and sucrose
solutions have been shown to produce similar patterns of
activation in certain populations of neurons within the
nucleus accumbens (Roop et al., 2002). Thus, one possible
explanation for the observed decreases in water and sucrose
consumption in Experiment 1a is that both are rewarding to
these animals and PCP induces a decrease in the reward
value of both substances. In order to control for this
possibility, Experiment 1b examined sucrose and water
consumption in nondeprived animals.

1254
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Fig. 3. Under nondeprived conditions, LiCl (50 mg/kg, 20 h prior to testing)
failed to alter either sucrose or water consumption.
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Experiment 1b revealed a significant effect of PCP on
sucrose consumption but not water consumption in non-
deprived animals. There was a small but significant effect of
Day in the repeated-measures ANOVA for sucrose con-
sumption, which appears to be driven by small overall
decreases in consumption on Days 4 and 5. The reason
for this decrease is not clear, but in the absence of a
Drug X Day interaction, this result does not affect the
interpretation of the effect of PCP.

The significant effects of Day in Experiment 1a appear to
be driven by differences in drinking patterns on Day 2 as
compared to Days 3 and 4. On Day 2, there was a significant
effect of Drink as revealed in the significantly higher levels
of consumption in the SAL—H,0 and PCP-H,O groups as
compared to the SAL-SUC and the PCP—SUC groups.
However, the difference between SAL-SUC and PCP-
SUC seen on Days 3 and 4 was not apparent. This effect is
most likely due to the novelty of the sucrose solution on
Day 2. Animals will drink less of a novel solution, presum-
ably to avoid ingesting a harmful substance. However,
another possible interpretation is that repeated exposure to
PCP is required in order to see an effect on sucrose
consumption. The first explanation seems to be the most
likely as in Experiment 1b, where sucrose was not a novel
stimulus, an effect of PCP was observed on the first day of
testing.

In order to make the argument that the decrease in
voluntary sucrose consumption reflects a decrease in the
experience of reward, the possibility that PCP is inducing a
CTA to sucrose needs to be ruled out. The 4-h gap between
sucrose presentation and PCP injection was designed to
reduce the likelihood of pairing between sucrose and PCP.
However, in order to ensure that the PCP-induced decrease
observed here was not due to a conditioned response, the
effect of LiCl on sucrose consumption was tested. The dose
of LiCl tested has been shown to produce profound CTA in
this and other studies (Parker, 1995; Turgeon et al., 1998)
when administered immediately following sucrose exposure
in sucrose-naive animals. LiCl was unable to decrease
sucrose consumption in this paradigm. Thus, the 4-h time
gap, in combination with prior unpaired sucrose exposures,
prevents conditioning from taking place.

Parker (1995) reported that following repeated pairings
with sucrose, PCP, like a number of other drugs of abuse,
produces a decrease in sucrose preference. However, this
decrease is not accompanied by the presence of aversive
taste reactivity, suggesting that it does not represent sick-
ness-induced CTA. The absence of LiCl-induced CTA in
this paradigm, combined with the absence of aversive taste
reactivity in animals receiving repeated pairings of sucrose
with a higher dose of PCP (20 mg/kg) than that used in this
study, suggest that the PCP-induced decrease in sucrose
consumption observed here is not due to CTA. In addition,
the observation that PCP can produce a decrease in sucrose
consumption in the absence of conditioning suggests that
perhaps Parker’s finding that prior pairings between a

number of drugs of abuse and sucrose produce decrease in
sucrose preference results from drug withdrawal-induced
decreased reward function rather than conditioning.

As mentioned in the Introduction, a previously reported
absence of an effect of PCP on sucrose consumption during
a test for PCP-induced CTA (Turgeon et al., 1998) was cited
as evidence against PCP-induced anhedonia (Ellenbroek
and Cools, 2000). However, this test of PCP-induced CTA
was run 44 h after the last PCP injection, as opposed to the
20-h delay at which we see the decrease in sucrose con-
sumption in the present experiment. The possibility that the
effects of prior exposure to PCP on reward function might
be short lived is consistent with the finding that PCP-
induced elevations in self-stimulation reward threshold seen
following a single dose of PCP are evident at 24 but not 48
h postinjection (Spielewoy and Markou, 2003).

3. Experiment 2: Effect of PCP on operant performance
for food reward

3.1. Methods

Twenty-one animals were used in Experiment 2. They
received free access to water throughout the experiment but
had restricted access to food beginning 24 h prior to the first
day of training such that they were maintained between 80%
and 85% of their normal body weight.

Training and testing were conducted in an operant
chamber (21 X 30 x 21 cm; Lafayette Instruments, Lafay-
ette, IN) centered in a black-walled testing room with red
lighting. The chamber had a food receptacle centered on one
wall 4 cm above the floor and a lever requiring 12 g of force
to operate to the left of the receptacle. Rewards were 45 mg
Noyes pellets. Animals were trained on a continuous rein-
forcement schedule of pellet delivery, receiving one pellet
for every bar press, for 15 min a day for 14 days. Animals
that had not acquired the continuous reinforcement response
by the sixth day of training were trained by the experimenter
on the seventh day. In all animals, a constant number of
rewards (approximately 150 rewards/15 min session) was
obtained for the last 4 days of training. Following 14 days of
continuous reinforcement, animals were switched to a fixed
ratio (FR4) schedule of reinforcement, receiving one pellet
for every four bar pressess, and were tested under these
conditions for 4 days.

Animals were injected with 15 mg/kg PCP (n=6) in
SAL (2 ml/kg, ip) 20 h before each FR4 session or 30 pg/
kg APO (n=6) in dH,O (1 ml/kg, sc) 15 min before each
FR4 session. Vehicle controls (VEH; n=9) were injected
with either SAL (2 ml/kg, ip) 20 h prior to FR4 sessions or
dH,O (1 ml/kg, sc) 15 min prior to FR4 sessions. No
differences were observed between control groups so they
were combined.

Comparisons between the performance of different
groups over the 4-day FR4 testing period were made with
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repeated-measures ANOVAs. Comparisons of the number
of rewards obtained during 15-min training sessions be-
tween groups on individual days were made with one-way
ANOVAs with post hoc Student—Newman—Keuls tests.

3.2. Results

There was no significant difference in the number of
rewards obtained on Day 14 of continuous reinforcement
training among different treatment groups (VEH=150.2 &
9.8, APO=149.2 £ 11.3, PCP=148.5 £ 13.4). During the 4
days of FR4 testing, a repeated-measures ANOVA revealed a
significant effect of Group [ F(2,18)=10.48, P<.005] but not
of Day or Day X Group. One-way ANOVAs conducted for
each day revealed a significant effect of Group on each day
[Day 1: F(2,18)=10.71; Day 2: F(2,18)=5.56; Day 3:
F(2,18)=6.66; Day 4: F(2,18)=5.65]. Student—Newman—
Keuls post hoc tests revealed significant differences between
APO versus VEH and PCP on Day 1, APO versus VEH
on Day 2, and APO and PCP versus VEH on Days 3 and
4 (Fig. 4).

3.3. Discussion

In this experiment, the effects of APO were assessed as a
positive control for the procedure. The observation that
APO produces a performance deficit replicates the findings
of Carnoy et al. (1986a). Prior exposure to PCP was found
to produce a similar performance deficit; however, the APO-
induced deficit appeared on all four test days while the PCP-
induced deficit did not appear until the third and fourth days
of testing.

A variety of possible explanations for the observed PCP-
induced performance deficit need to be considered. The
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Fig. 4. Both APO (30 pg/kg, 15 min prior to testing) and PCP (15 mg/kg,
20 h prior to testing) produce a performance deficit during 4 days of an FR4
schedule of reinforcement following a switch from a continuous reinforce-
ment schedule of reinforcement. The APO deficit was observed on all 4
days, while the PCP deficit was only significant on Days 3 and 4. Data
represent mean + S.EM. * P<.05 vs. VEH.

effect of prior exposure to PCP could induce motor impair-
ments that interfere with the animals’ ability to respond
under FR4 conditions. However, this explanation seems
unlikely since Okuyama et al. (1995) reported no change
in swimming ability, posture, or speed 24 h after 15 mg/kg
PCP. Similarly, Haggerty et al. (1984) reported no effect on
motor performance in a variety of tasks 12 to 16 h after PCP
administration at doses up to 54.4 mg/kg. In addition, while
there was a decrease in the number of rewards obtained
following the switch from continuous reinforcement to FR4,
the number of bar presses increased, suggesting that motor
performance was not compromised by PCP. PCP could also
be inducing appetite suppression that could interfere with
performance. However, this seems unlikely as Fotlin (1989)
found that overall food consumption was unchanged for a
24-h period following PCP treatment in baboons. In addi-
tion, PCP has not been found to interfere with memory of
previously learned tasks (Handelmann et al., 1987), a result
that seems to be mirrored in our study by the increase in bar
pressing following the switch from continuous reinforce-
ment to FR4 and the absence of an effect of PCP on Day 1
performance.

Withdrawal from chronic PCP has been shown to de-
crease operant responding in both primates (0.05 mg/kg/h for
10 days; Slifer et al., 1984) and rodents (0.05 mg/kg/h for
10 days; Beardsley and Balster, 1987) (5.6, 10, or 17.8 mg/
kg/day; Wessinger and Owens, 1991), which recovers upon
reinstatement of PCP (Slifer et al., 1984; Beardsley and
Balster, 1987). This decrease in operant responding has
been argued to be indicative of behavioral dependence,
defined as a state in which behavioral disruptions occur
following withdrawal from chronic drug treatment. While
these studies used chronic administration and higher cumu-
lative doses, the effects of prior exposure to PCP on operant
responding observed here could reflect similar processes.
However, the decrease in responding seen following with-
drawal from chronic PCP was apparent 6—12 h (Beardsley
and Balster, 1987) or 24 h (Wessinger and Owens, 1991)
after withdrawal. We did not observe an effect of PCP until
the third day of testing, indicating that withdrawal from the
single dose used here does not produce evidence of behav-
ioral dependence. In addition, chronic (10 or 17.8 mg/kg/
day for 10 days) PCP produced an initial decrease in operant
responding on the first 3 days of treatment which recovered
by the fourth day (Wessinger and Owens, 1991). The
opposite pattern was observed here as the PCP-induced
deficit was not seen until Day 3 and no recovery was
evident on Day 4. However, given that the prior study used
chronic infusion, these animals were currently receiving
drug, whereas ours had not received a dose for 24 h. While
the different methods of drug administration make compar-
ison between the studies difficult, the pattern of the PCP-
induced deficit seen here argues against behavioral depen-
dence as an explanation.

Finally, PCP could be producing an attentional deficit
that might be responsible for the observed behavioral
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effect. As suggested as a possible explanation for the APO-
induced deficit observed by Carnoy et al. (1986b), if PCP
decreases the animals’ ability to ignore the fact that three
out of four presses are not being rewarded during the FR4
trials, they may decrease their level of response. Prior
exposure to PCP has been shown to disrupt latent inhibition
(Turgeon et al., 1998), a phenomenon whereby previous
experience with a stimulus retards subsequent conditioning
of that stimulus. A person or animal displaying disrupted
latent inhibition will acquire a conditioned response to a
stimulus which has been previously presented without
consequence more easily than an individual with intact
latent inhibition. In other words, individuals with disrupted
latent inhibition switch too quickly from the old contin-
gency of stimulus irrelevance to the new contingency of
stimulus relevance (Weiner, 1990). The effect of PCP in the
current experiment could be explained by a similar type of
disruption; animals that have been trained on a continuous
reinforcement schedule, upon being switched to an FR4
schedule, may attend to the association between bar press-
ing and not getting reward (three out of four times) more
quickly than control animals and thus experience a mild
extinction. The observation that the PCP-induced deficit
did not appear until the third day of testing seems consis-
tent with this explanation; a number of trials may be
required to produce the hypothesized extinction.

4. General discussion

Taken together, these results support recent evidence that
prior exposure to PCP is able to produce behaviors that
model the schizophrenic state. The results of the first set of
experiments clearly support the presence of PCP-induced
decreased reward function and are thus in agreement with
the recent results of Spielewoy and Markou (2003). De-
creased reward function could conceivably contribute to the
PCP-induced performance deficit observed in the second
experiment; however, a more likely explanation for the
deficit involves a PCP-induced attentional deficit similar
to impaired latent inhibition. The results of Experiment 1b
indicate that PCP can produce a decrease in sucrose con-
sumption on the first day of testing, suggesting that the
deficit observed in Experiment 2, which did not appear until
the third day of testing, may not have resulted from PCP-
induced decreases in reward function. The delayed appear-
ance of the PCP-induced deficit in Experiment 2 is consis-
tent with the argument that PCP produces an attentional
deficit that leads to a gradual extinction of the response.
Such attentional deficits also characterize schizophrenia;
disruption of latent inhibition has been demonstrated to be
present in certain subgroups of schizophrenic patients (Ba-
ruch et al., 1998; Gray et al., 1992; but see Swerdlow et al.,
1996). Therefore, the PCP-induced deficit observed in
Experiment 2 may reflect the induction of cognitive changes
resembling those seen in schizophrenia.

PCP is a noncompetitive antagonist at the glutamate N-
methyl-p-aspartate (NMDA) receptor (Anis et al., 1983;
Javitt and Zukin, 1991), as well as a sigma receptor agonist
(Sonders et al., 1988). The NMDA receptor antagonist MK-
801 has been found to reverse stress-induced decreases in
sucrose consumption (Papp and Moryl, 1994). This obser-
vation is consistent with evidence suggesting that acute PCP
produces decreases in reward threshold (Carlezon and Wise,
1993; Spielewoy and Markou, 2003). In addition, rats will
bar press for intracranial administrations of either PCP or
MK-801, an effect that appears to be independent of any
dopamine agonist action of PCP as it is not blocked by
sulpiride (Carlezon and Wise, 1996b). Intracranial adminis-
tration of MK-801 has also been shown to mimic PCP-
induced potentiation of reward following lateral hypothalam-
ic stimulation (Carlezon and Wise, 1996a). Taken together,
these results suggest that PCP’s action as an NMDA receptor
antagonist is involved in the rewarding effects of acute PCP.
However, it remains to be determined whether PCP’s action
as an NMDA receptor antagonist is responsible for the
effects of prior exposure to PCP on sucrose consumption.

It has been suggested that the anhedonia associated with
schizophrenia may be similar neurobiologically to anhedo-
nia associated with depression (Markou and Kenny, 2002).
In an attempt to examine depression-related decreases in
reward function, a number of researchers have found that
stress decreases sucrose consumption. While the precise
mechanism is not clear, stress-induced decreases in sucrose
consumption are reversed by low-dose AD treatment and
have been found to involve opiates (Zurita and Molina,
1999; Zurita et al., 1996, 2000), DA (Willner et al., 1994),
and SHT (Przegalinski et al., 1995). Thus, PCP-induced
decreases in sucrose consumption may involve changes in
these systems as well.

Clearly, generalization from the observed decrease in
sucrose consumption to the complex symptom of decreased
reward function must be made with caution. Given the
probability that the effect of PCP on operant performance
reflects PCP-induced attentional deficits rather than de-
creased reward function, future studies need to verify the
effects of PCP on reward function in a variety of behavioral
procedures. However, while apparently reflecting different
underlying processes, both of the present findings provide
support for hypothesis that prior exposure to PCP produces
behavioral changes that model the schizophrenic state.
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