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Abstract

Prior exposure to phencyclidine (PCP) has been shown to decrease voluntary sucrose consumption in rats, which may indicate reduced reward
function. To further characterize the effects of PCP on sucrose consumption, we examined the dose–response relationship between PCP and
sucrose consumption, the longevity of the effect, the effects of repeated injections of PCP, variation of the PCP effect across sucrose
concentrations, and the effects of PCP on gustatory hedonic responses. A single injection of PCP (2.5–20 mg/kg) dose-dependently suppressed
sucrose consumption 20 h post-injection, with significant decreases after 15 and 20 mg/kg PCP. These decreases were sustained three days
following withdrawal from PCP. Repeated injections of PCP (7.5 mg/kg bid for 7 days) decreased sucrose consumption 20 h after withdrawal,
which returned to baseline on the second day. A single injection of PCP (15 mg/kg) suppressed 0.15 M sucrose more than 1 M sucrose
consumption, with no effect on 0.3 M sucrose, suggesting that PCP suppressed intake of moderately rewarding taste stimuli. Finally, a single
injection of PCP (15 mg/kg) suppressed brief access (20 s) licking for the majority of concentrations of sucrose solutions offered (0.031 M,
0.062 M, 0.125 M, 0.25 M, 0.5 M, and 1.0 M), while it had no effect on licking for 0.016 M sucrose, water, or for bitter quinine hydrochloride
solutions (range: 0.94 mM–30 mM), suggesting that the PCP effect is specific to palatable taste stimuli without disruption of sensitivity to taste
quality or intensity. We conclude that PCP produces moderate anhedonia as reflected through a specific decrease in the sustained consumption of
moderately palatable sucrose solutions.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Phencyclidine (PCP) is a dissociative anesthetic that
produces psychotomimetic symptoms in humans (Allen and
Young, 1978; Bakker and Amini, 1961) and has been
investigated for its usefulness in modeling the schizophrenic
condition in animals (Javitt and Zukin, 1991; Jentsch and Roth,
1999). Recent data suggest that PCP decreases reward functions
in rats, effects which have been argued to model the negative
schizophrenic symptom of anhedonia. Withdrawal from acute
(5 or 10 mg/kg) or chronic (10, 15, or 20 mg/kg/day for 14 days
via osmotic minipump) PCP increases the threshold for
intracranial self-stimulation (ICSS) of the lateral hypothalamus
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(Spielewoy and Markou, 2003), and withdrawal from acute
(15 mg/kg) PCP decreases voluntary sucrose consumption
(Turgeon and Hoge, 2003). A number of authors have relied
upon decreases in sucrose consumption as an indicator of the
presence of anhedonia (Papp et al., 1991; Papp and Moryl,
1994; Przegalinski et al., 1995; Willner et al., 1994; Zurita et al.,
1996, 2000; Zurita and Molina, 1999; Sammut et al., 2001).
However, volume intake measurements used as the sole
measure of anhedonia are problematic because of alternative
explanations for changes in intake as a function of treatment.
The goal of the current study, therefore, was to provide a
broader characterization of the effects of PCP on the
suppression of sucrose consumption. We examined different
doses of PCP, the longevity of the effect, the dependence of this
effect on sucrose concentration, and how gustatory responses
were modified under PCP treatment, in order to better pinpoint
the psychophysical processes contributing to the observed post-
PCP sucrose intake suppression.
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2. Materials and methods

2.1. Animals

Animals for all experiments were male Sprague–Dawley rats
(Charles River, Wilmington, MA) weighing 300–500 g at
experiment onset. Animals arrived in the facility at least five
days before experiments began, were housed individually, and
were maintained on a 12-hour light–dark cycle. Rats were
allowed ad libitum access to food (Purina rat chow 5001; Lab
Diets, St. Louis, MO) and water throughout the experiments.
All procedures were approved by the Amherst College
Institutional Animal Use and Care Committee.

2.2. Experiment 1: dose effects of PCP on 0.15 M sucrose
consumption

To train the rats to drink sucrose, water bottles were replaced
with 0.15 M sucrose solution for 30 min on three of the seven
days preceding the experiment, during the dark phase. If the rats
ingested less than 5 ml on the first day of sucrose exposure then
a fourth day of habituation was added. Thereafter, on day 1 of
the experiment, animals were given access to a 0.15 M sucrose
solution for 30 min 4.5 h after dark onset, which was then
replaced by water 5 h after dark onset. Volume intake during the
30 min test was recorded. On Day 2, rats were weighed and
water consumption for the prior 23.5 h was recorded 4.5 h after
dark onset. The rats were then given another 30 min sucrose test
as on the previous day. 4 h after the end of this sucrose test, rats
were injected with either PCP (2.5 (n=8), 5 (n=6), 10 (n=6),
15 (n=6), or 20 mg/kg (n=6) in 2 ml/kg saline, i.p.) or isotonic
saline (2 ml/kg, i.p.; n=6). On Days 3–5, 23.5 h water
consumption and 30 min sucrose consumption were recorded as
for Days 1 and 2. Consumption as a function of body weight
(ml/kg) is reported as %-Day 2 consumption (prior to drug
exposure). Due to bottle error, sucrose data for 1 animal in the
15 mg/kg group were lost after Day 3. In addition, sucrose and
water data on Day 5 were inadvertently only collected from 4
animals in the 10, 15, and 20 mg/kg groups and 5 animals in the
saline group.

Sucrose, water, and total fluid consumption (sucrose+water)
were compared using separate repeated-measures ANOVAs
with DRUG (PCP vs. SAL) as the between-subjects variable
and DAY as the within-subjects variable. Student–Newman–
Keuls post-hoc tests were used to assess the effects of individual
doses of PCP on consumption.

2.3. Experiment 2: effects of subchronic PCP on voluntary
sucrose intake

The methods were identical to those described for Experi-
ment 1 except that rats were trained to ingest 0.15 M sucrose on
each of 7 days prior to the first administration of PCP. PCP
(7.5 mg/kg in 2 ml/kg saline, i.p.) or saline (n=6 per group) was
then administered twice a day at 12 h intervals for 7 days, during
which time sucrose consumption tests were not performed.
Beginning 24 h after the final PCP injection, the rats received
daily 30-min sucrose tests during the dark phase. Both 0.5 h
sucrose and 23.5 h water consumption were monitored for
5 days. One animal from the saline group was eliminated prior
to injections due to his failure to drink sucrose during the first
7 days (b3 ml/day). Consumption on each test day was
calculated as % of the consumption on the day that immediately
preceded the initial drug exposure. The data were analyzed
using a repeated-measures ANOVA with DRUG as the
between-subjects factor and DAY as the within-subjects factor.

2.4. Experiment 3: effects of PCP on a sucrose concentration–
intake function

The methods used were identical to those described in
Experiment 1, except that the concentration of sucrose was
varied across groups such that after PCP or vehicle injection rats
were offered either 0.15 M, 0.3 M, or 1.0 M sucrose, and only a
single dose of PCP (15 mg/kg) was administered. Rats received
habituation training with the concentration of sucrose to be
tested, as in Experiment 1. Also as in Experiment 1, rats were
then treated with PCP or isotonic saline (veh) on Day 2 (4 h
following sucrose exposure) and sucrose and water consump-
tion were evaluated on Day 3. Six groups were tested: veh-
0.15 M (n=6), PCP-0.15 M (n=6), veh-0.3 M (n=6), PCP-
0.3 M (n=6), veh-1 M (n=6), and PCP-1 M (n=6).

Because sucrose consumption was expected to vary as a
function of concentration, the amount of sucrose consumed on
Day 3 was compared using a 2×3 ANOVA with between-
subjects variables of DRUG (saline, PCP) and sucrose
concentration (0.15 M, 0.3 M, 1 M). Water consumption and
total fluid consumption were also examined on both Day 2 and
Day 3, as Day 2 water consumption was measured prior to drug
injection, so any Day 2–Day 3 difference may reflect drug-
induced changes in water consumption.

2.5. Experiment 4: effects of PCP on brief access licking for
sucrose or quinine

Experimentally naive rats were tested daily in an automated
lickometer referred to as the “Davis Rig” (Davis MS-160,
DiLog Instruments, Tallahassee, FL). Unlike single-bottle tests,
the Davis Rig allows the presentation of up to 16 different taste
stimuli (one at a time) within a single behavioral session, with a
minimum inter-presentation interval of 5 s (Rhinehart-Doty
et al., 1994; Smith, 2001). Rats were placed in a plastic
rectangular cage (30×14.5×18 cm) with a wire mesh floor and
had access to a single sipper tube (when a computer-operated
shutter was lifted) via an oval opening centered in the front wall
of the test chamber. Spout licks were recorded by microcom-
puter using a circuit that recorded the time of tongue contact
with the spout (in milliseconds). The data were collected and
stored in individual files for each trial, with licking behavior for
each taste trial presentation recorded separately.

Rats were assigned to either a sucrose (n=4) or a quinine
hydrochloride (QHCl; n=7) group and tested individually
during the first 3 h of the dark phase of the light cycle. The rats
were habituated to the Davis Rig over daily sessions under



Fig. 1. (A) Twenty hours following injection (Day 3), PCP produced a dose-
dependent decrease in voluntary sucrose consumption (expressed as a %-Day 2
consumption) with no effect on water consumption (inset). ⁎pb0.05 SNK post-
hoc test (B) Decreases in voluntary sucrose consumption seen following a single
injection of 15 or 20 mg/kg PCP lasted for 3 days.

Fig. 2. (A) Subchronic PCP decreased voluntary sucrose consumption 20 h after
the cessation of treatment; however, the effect was only significant on the first
day following withdrawal. (B) Sucrose-induced water intake suppression was
reversed for 2 days following cessation of subchronic PCP treatment.
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23.75 h water deprivation conditions as follows. On training day
1, rats were offered a single 15-min trial of distilled water (clock
beginning with the first lick). On training day 2, rats were given
a series of 32 presentations of dH2O using 8 bottles housed on a
motorized track outside the test chamber, with 4 presentations
per bottle. Each bottle was presented for 20 s after licking onset,
with up to 60 s wait time for the first lick. The inter-presentation
interval was 40 s, during which time a metal plate covered the
access hole and the solution bottles were moved on their track to
position the next bottle. On session 3, rats in the sucrose group
received twenty presentations (using 4 bottles) of 0.5 M sucrose
using the same parameters as for water training, while the QHCl
group continued to receive water as in session 2.

After training, rats were presented with daily tests in which
licking for water and several concentrations of either sucrose
(15, 31, 62, 125, 250, 500, and 1000 mM) or QHCl (0.94, 1.88,
3.75, 7.5, 15, and 30 mM) was assessed. Rats remained on
complete water restriction for the QHCl tests but were only
water-deprived for 4 h before the sucrose tests. On each test day,
rats sampled tastants in 2 descending and 2 ascending con-
centration series (Rhinehart-Doty et al., 1994), in fully
counterbalanced order. After three days of stable baseline
responding, rats were given i.p. injections of either PCP (15 mg/
kg) or sterile isotonic saline (2 ml/kg), 4 h after tastant exposure.
Rats were then tested under identical conditions for an
additional three days. Stimulus bottles were weighed to the
nearest 0.01 g before and after the session to monitor intake for
each bottle.

The mean number of licks for each concentration trial of
each taste solution was determined. Licking for sucrose and for
QHCl was also standardized to water consumption using a
tastant/water lick ratio in which each rat's mean lick count for a
taste stimulus was divided by its mean lick count for water (see
also Baird et al., 2006; Eylam et al., 2005). Data were analyzed
using a 3-way repeated-measures ANOVA for each tastant
group (drug× tastant concentration× trial). Drug× tastant con-
centration interactions were explored using simple–simple
effects comparisons, which hold constant the risk of type I
errors (Keppel and Wickens, 2004).

3. Results

3.1. Dose effects of PCP on 0.15 M sucrose consumption

Because sucrose and water intake were measured over
different time periods in the same animals, separate repeated-
measures ANOVAs were run for the two data sets. PCP
significantly decreased sucrose consumption (F(5,24)=3.6,
pb0.05); however, there was no effect of DAY and no
significant interaction effect. For water consumption, there
was a significant effect of DAY (F(2,50)=6.7, p=0.01) but no
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effect of DRUG and no significant interaction, with water intake
on Day 4 significantly less than that on Day 5 (p=0.003). Total
fluid consumption was affected by DAY (F(3,72)=34.5,
pb0.001), but not DRUG, with peak consumption on Day 4,
then declining total volume thereafter. The dose–response
curves for sucrose and water consumption on Day 3 are shown
in Fig. 1A.

Student–Newman–Keuls post-hoc tests following this initial
ANOVA did not reveal significant differences in sucrose
consumption between any PCP dose and control. However,
the limited number of animals in the 15 and 20 mg/kg groups
tested through to Day 5 meant that animals in these groups
inadvertently not tested on Day 5 were excluded from the
analysis on Days 3 and 4. Therefore, another repeated-measures
ANOVA using all animals was run for Days 3 and 4 only. This
analysis revealed a significant effect of DRUG (F(1,31)=4.6,
Fig. 3. (A) PCP produced an overall decrease in voluntary sucrose consumption
across all sucrose concentrations 24 h after injection. (B) PCP did not alter water
consumption on Day 2 of the experiment (during which time PCP was
administered). (C) Water consumption on Day 3 (immediately following the
sucrose test) was increased by PCP.

Fig. 4. (A) Concentration–response curve for sucrose (mean±standard error) 4 h
before (filled circles) and 20 h after (open circles) 15 mg/kg PCP treatment
(n=4). (B) Same data standardized to the water response for each rat.
pb0.005) and the SNK post-hoc tests revealed that both the
15 and 20 mg/kg groups drank significantly less sucrose. In
order to determine if the effect of PCP was also significant on
Day 5, the 15 and 20 mg/kg groups were combined and
compared with saline-treated rats using a repeated-measures
ANOVA across the three days. Only data from animals for
whom data was available for Days 3 through 5 were included
(saline: n=5, PCP: n=7). This analysis revealed that PCP
significantly suppressed sucrose consumption (F(1,10)=35.5,
pb0.001; Fig. 1B). There was no significant effect of DAY
and no significant interaction effect. There were no significant
effects of either PCP or DAY on water consumption.

Animals treated with 15 mg/kg and 20 mg/kg drank 16.5+
8.0 ml and 16.8+1.3 ml of sucrose on Day 3 respectively,
indicating that the absence of a further decrease in the 20 mg/kg
groups was not due to a floor effect. Finally, paired t-tests
revealed that sucrose intake on the two days prior to PCP
administration (Day 1 vs Day 2) did not differ.

3.2. Effects of subchronic PCP on voluntary sucrose intake

The repeated-measures ANOVA examining the effects of
subchronic PCP on sucrose consumption revealed a significant
DAY×DRUG interaction (F(4,36)=3.1, pb0.05), with sucrose



Fig. 6. (A) Concentration–response curve for quinine hydrochloride (QHCl;
mean±standard error) 4 h before (filled circles) and 20 h after (open circles)
15 mg/kg PCP treatment (n=7). (B) Same data standardized to the water
response for each rat.
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consumption dropping initially in the PCP group and then
returning to the same levels as saline by Day 4 (Fig. 2A). A
repeated-measures ANOVA also revealed that subchronic PCP
increased water consumption (F(1,9)=10.1, pb0.05) but there
were no effects of DAY or DAY×DRUG (Fig. 2B). Total fluid
consumption varied by DAY (F(4,36)=8.6, pb0.001) but not
by DRUG.

Paired t-tests comparing sucrose consumption on the two
days prior to the onset of subchronic PCP administration (Day 0
vs. Day 1) revealed that consumption was higher on Day 1 than
Day 0 (t(10)=3.2, pb0.05). However, when the analyses were
rerun using the average of Day 0 and Day 1 as the baseline level,
the DAY (F(4,36)=5.7, pb0.005) and DAY×DRUG (F(4,36)=
2.8, pb0.05) effects remained significant.

3.3. Effects of PCP on a sucrose concentration–intake function

A 2×3 ANOVA revealed a significant decrease in sucrose
consumption with increasing sucrose concentration (F(2,30)=11.0,
pb0.001) and a PCP-induced decrease in sucrose consumption
(F(1,30)=5.5, pb0.05 but no significant DRUG × CONCEN-
TRATION interaction (Fig. 3A). Rats given higher concentrations
of sucrose also drank less water on Day 2 (F(2,30)=5.7, pb0.01;
Fig. 3B) and Day 3 (F(2,30)=4.1, pb0.01; Fig. 3C) and PCP-
treated rats drank more water on Day 3 (F(1,30)=8.9, pb0.005).
Total daily fluid intake was lower in animals given higher
concentrations of sucrose on both Day 2 (F(2,30)=22.4,
pb0.001) and Day 3 (F(2,30)=11.6, pb0.001), but there was
no effect of PCP on either day. SNK post-hoc tests revealed that
for all measures exceptDay 3water consumption, animals offered
1 M sucrose consumed less than animals in the other two groups.
For Day 3water consumption, 1Mwas only different from 0.15M.

Finally, paired t-tests revealed that sucrose intake on the two
days prior to PCP administration (Day 1 vs Day 2) did not differ.
Fig. 5. Interlick interval (ILI) frequency distribution (for ILIsb500 ms) for
sucrose data depicted in Fig. 4. While PCP reduced the number of licks (hence
ILIs) expressed for sucrose, there was no significant shift in the mean of the ILI
distribution, indicating no disruption of oromotor coordination after PCP
treatment.
3.4. Effects of PCP on brief access licking for sucrose or
quinine

3.4.1. Sucrose
Lick counts during the brief 20 s sampling trials increased

monotonically as sucrose solutions were more concentrated
(CONCENTRATION: F(7,21)=7.98, pb0.001; see Fig. 4A).
Overall, PCP appeared to significantly reduce licking for
sucrose at several concentrations, as supported by a statis-
tically significant DRUG × CONCENTRATION interaction
term (F(7,21)=7.92, pb0.04) and a marginally significant
main effect of DRUG (F(1,3)=7.47, pb0.07). When sucrose
responses were standardized to the water response, concen-
tration differences remained similar (CONCENTRATION:
F(6,18)=10.16, pb0.001) with a reversal of the statistical
significance of the DRUG × CONCENTRATION interaction
term (F(6,18)=2.36, pb0.07) and the main DRUG term
(DRUG: F(1,3)=23.10, pb0.02), indicating that the marginal
main drug effect in the raw data was due in part to the lack of a
difference across water licking conditions (Fig. 4B), and that the
lack of water difference also influenced the interaction term. A
separate ANOVA confirmed the former conclusion, as there was
no significant drug effect across water conditions (F(1,3)=1.04,
p=0.38). Simple–simple effects comparisons of baseline-PCP
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differences at each sucrose concentration (collapsed across trials)
indicated that PCP significantly suppressed licking at all sucrose
concentrations (psb0.01) except the 0.016 M concentration
(p=0.20). Analysis of inter-lick intervals (ILIs) indicated that
there was no significant effect of PCP on the mean rate of
licking among ILIs less than 250 ms (t(3)=−1.3, p=0.26; see
Fig. 5), or on the proportion of ILIs 250 ms–999 ms in
duration (t(3)=−0.75, p=0.51). Finally, PCP produced no
significant change in the number of taste trials (out of 32) in
which rats failed to sample from the spout (baseline mean=5.25±
1.25; PCP mean =7.50±2.10; t(3)=−0.90, p=0.43).

3.4.2. Quinine
Most concentrations of QHCl (3.75 mM–30 mM) strongly

suppressed licking relative to water (Fig. 6A), as supported by a
robust main effect of the CONCENTRATION term (F(6,36)=
34.37, pb0.001), with middling responses at the two weakest
QHCl concentrations (0.9 mM and 1.8 mM). PCP treatment had
no effect on any of these responses as indicated by a non-
significant main effect of DRUG (F(1,6)=0.42, p=0.54) and no
significant interaction terms (psN0.12). Standardizing QHCl
responses to water (Fig. 6B) similarly indicated no significant
effects for any terms, except for the main effect of CONCEN-
TRATION (F(5,30)=4.69, pb0.003).

4. Discussion

In this study a variety of tests were conducted in order to
further characterize the behavioral properties of PCP-induced
sucrose intake suppression, and to begin to gain insight into
some of the psychophysical processes that underlie this effect.
The effects of acute or subchronic PCP injections were
therefore characterized across a range of PCP doses, sucrose
and QHCl concentrations, and test days. To better characterize
whether the suppressive effects of PCP on sucrose consump-
tion reflected a sensory “anhedonia,” gustatory concentration–
response functions for palatable sucrose and aversive QHCl
taste stimuli were also determined using brief access licking
testing, an established paradigm for the evaluation of gustation
in rodents (Rhinehart-Doty et al., 1994; Mueller et al., 2005;
Smith, 2001; Spector et al., 1996, 2002). In this paradigm,
several concentrations of a taste stimulus are presented for
very brief (5–30 s) trials, allowing a concentration–licking
function to be determined. The brief nature of the taste trials
ensures that post-ingestive feedback influences are minimized,
allowing the effects of PCP on orosensory processing to be
revealed through curve shifts in the concentration–response
function (e.g., Eylam et al., 2005; Mueller et al., 2005;
Rhinehart-Doty, 1994; Spector et al., 1996; Spector and
Kopka, 2002). Comparisons with water responses also provide
a means to control for any non-gustatory effects of the drug
treatment. In addition, a detailed analysis of the temporal pattern
of licking (millisecond resolution) during these brief trials,
commonly known as licking microstructure analysis (Davis and
Levine, 1977), can reveal oromotor deficits, signs of conditioned
taste aversion, and other temporal features typical of palatable
and aversive taste evaluation (Baird et al., 2005).
The first experiment examined the dose–response relation-
ship between PCP and suppression of sucrose intake as well as
the longevity of this effect. Twenty hours after a single injection
of PCP, a dose–response relationship between PCP and
suppression of sucrose intake was observed with significant
suppression below baseline seen at 15 and 20 mg/kg PCP.
However, suppression appeared to level off after 15 mg/kg, as
20 mg/kg did not produce significantly more suppression than
15 mg/kg. Sucrose consumption remained suppressed in the 15
and 20 mg/kg groups for three days after injection.

Previous experiments examining the effect of different doses
of PCP on reward threshold for ICSS of the lateral hypothalamus
found that a single injection of either 5 or 10mg/kg PCP elevated
the electrical current threshold required to sustain reinforcing
behavior 24 h following injection, but that threshold had
returned to baseline by 48 h post-injection (Spielewoy and
Markou, 2003). These results differ from ours in that we did not
see any effect of 5 mg/kg PCP on sucrose consumption and only
a trend at 10 mg/kg PCP. In addition, the effect of 15 or 20 mg/kg
PCP in our study was longer-lasting than that seen in the prior
study (Spielewoy and Markou, 2003), which used lower PCP
doses. As in the present study, Spielewoy and Markou (2003)
found that PCP produced modest changes that were not further
enhanced by escalating doses: 10 mg/kg PCP did not increase
ICSS threshold above the level seen at 5 mg/kg.

The second set of experiments examined the effect of
subchronic PCP injection on sucrose consumption. There was a
significant DAY×DRUG interaction which appeared to be
driven by less sucrose consumption on the first day following
cessation of PCP treatment (Day 2), followed by a return to
saline condition levels by Day 4. The observation that a single
injection of PCP produces a longer-lasting decrease in sucrose
consumption than repeated injections is surprising and suggests
that the differences between the neurochemical effects of a
single injection and repeated injections is qualitative and not
merely quantitative. These results contrast with those of
Spielewoy and Markou (2003), who found longer-lasting
effects on ICSS threshold after long-term PCP exposure.
Spielewoy and Markou (2003) suggested that the increases in
ICSS threshold seen in the first day or two following withdrawal
from either single injections or continuous infusion of PCP
resulted from compensatory changes in the primary system
affected by the drug (presumably NMDA-mediated), whereas
the long-lasting changes seen only following continuous
infusion of higher doses of PCP result from compensatory
changes in secondary systems, perhaps involving dopamine-
serotonin balance (see Spielewoy and Markou, 2003 for
discussion). However, their long-term PCP studies used
continuous infusion of PCP whereas we used subchronic
injection, a difference that may have prevented compensatory
changes in secondary systems, due either to injection stress or
non-continuous levels of drug. Alternatively, the ICSS thresh-
old and sucrose consumption measures may simply have
assayed different aspects of motivation.

The third experiment examined the effect of PCP on sucrose
consumption using different concentrations of sucrose to
provide a range of solutions varied in taste and caloric reward
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value. Higher concentrations of sucrose are more palatable and
produce greater levels of learned preference due to higher
caloric content (Sclafani and Nissenbaum, 1988). The results of
this experiment suggest that the effects of PCP on reward are
moderate, as the greatest effects (although not significantly
different from other concentrations) were seen with 0.15 M
sucrose, which is only mildly palatable and produces only
moderate learned preferences. When more reinforcing concen-
trations of sucrose were tested, the effects of PCP were less
marked.

In Experiments 1–3, rats consumed approximately 20% less
water after they were introduced to sucrose in baseline testing
conditions, probably due to the volume of water also consumed in
the sucrose solution. In Experiments 2 and 3, PCP significantly
reversed this effect, in most cases returning water consumption to
pre-sucrose baseline levels. This likely represents a compensatory
rebound due to the PCP-induced suppression of sucrose
consumption, as there were no effects of PCP on total daily
intake. This result also indicates that water intake regulation was
not hindered by PCP, and thus the decreases in sucrose
consumption were not related to motor deficits—a result
confirmed in Experiment 4 (discussed below). One exception to
this general pattern was observed in Experiment 3. Rats offered
1M sucrose consumed less total fluid than animals offered 0.15M
or 0.3 M sucrose. This may have resulted from decreased water
consumption due to enhanced negative contrast (Flaherty and
Largen, 1975) such that the water seemed much less palatable
when offered after the 1 M solution. However, PCP-treated rats
drank more water, suggesting that they possibly experienced
reduced negative contrast, which would be an effect consistent
with a decrease in the perceived reward value of the sucrose.

Consistent with Experiments 1 through 3, brief access
responses to a majority of sucrose concentrations were
suppressed after PCP treatment in Experiment 4. Under baseline
conditions, rats expressed preferentially more licks for sucrose
over water at concentrations greater than 0.031 M sucrose, with
asymptotic (maximal) responses for sucrose concentrations of
0.25 M and greater. PCP treatment suppressed licking for all but
the weakest (0.016 M) concentration of sucrose tested,
producing a noticeably flatter concentration–response function,
most clearly seen when corrected for water consumption
(Fig. 4B).While PCPwithdrawal suppressed licking for sucrose,
there was no similar effect on responses to bitter QHCl (Fig. 6),
and no effect on responses to water in either group. These results
indicate that the PCP effects were specific to palatable taste
stimuli.

4.1. PCP intake suppression: incapacity, aversion, apathy,
ageusia, or anhedonia?

Previous studies have measured anhedonia by demonstrating
reductions of intake in sucrose consumption measured volu-
metrically in long-term tests, as also shown in Experiments 1 to
3. Long-term volumetric consumption analyses, however, are
difficult to use as measures of perceived reward value or taste
evaluation per se, even when used in preference tests, because
volume intake is influenced by numerous other factors,
including inhibitory ingestive feedback derived from the caloric
content of the ingestate (enhanced satiety), visceral malaise,
conditioned taste aversion (CTA), motoric disruption or
dyscoordination, and the evocation of competing behaviors
such as locomotion, sleep, or stereotypy.

Several of our findings rule out the hypothesis that PCP
produced a motor disruption that constrained either the rats'
ability to approach and maintain presence at the spout or their
oromotor coordination. There was no decline in water responses
after PCP in any experiment, nor did PCP suppress licking for
the moderately aversive concentrations of QHCl (0.9 mM and
1.8 mM). Analysis of ILIs also revealed that PCP treatment did
not affect the shape of the ILI frequency distribution (Fig. 5),
indicating no deficit in the capacity of the oromotor pattern
generator in the reticular formation to produce lick cycles of
normal frequency and duration (Travers et al., 1997).

It is possible that PCP selectively suppressed sucrose
consumption because it produced a CTA due to the association
of the sucrose taste with a putative PCP-induced malaise.
However, several findings do not support this conclusion.
Parker (1993) previously showed that PCP (10 mg/kg)
produced no increase in oromotor rejection behaviors (aversive
taste reactivity) and no decline in oromotor ingestive responses
to a 0.5 M sucrose solution, effects that were obtained after the
induction of a CTA using a lithium chloride injection. Recently,
we also determined that the formation of a CTA is characterized
by a more than twenty-fold increase in the ratio of longer (250–
999 ms) to shorter (b250 ms) ILIs (Baird et al., 2005). There
was no significant increase in this ratio after PCP treatment
(Experiment 4). Finally, as a positive control, there was no
deficit in the capacity of the rats to respond to aversive stimuli
as indicated by unchanged responses to the 0.9 mM and 1.8 mM
QHCl solutions. We conclude, therefore, that PCP-treated rats
did not subsequently avoid sucrose because they found it to be
aversive.

The failure of PCP to suppress licking for weakly aversive
concentrations of QHCl also eliminates the possibility that PCP
produced a generalized diminution of perceived taste intensity,
or a global flattening of affective taste responses. If PCP
reduced the perceived gustatory intensity of weak taste stimuli,
PCP would be expected to have left-shifted the QHCl
concentration–licking curve in concert with the right shift that
was observed for sucrose. However, PCP did not enhance QHCl
licking despite significant thirst and several QHCl concentra-
tions tested at which licking increases could have been
expressed. It is unlikely that an increased state of thirst in rats
in the QHCl tests blocked an effect of PCP because rats
exhibited a wide behavioral range of licking responses to QHCl
indicating that their state of thirst did not drive licking
indiscriminately. Moreover, PCP never suppressed responding
for water whether the rats were non-deprived (Experiments 1–
3), mildly water-deprived (Experiment 4 sucrose), or thirsty
(Experiment 4 QHCl). Conversely, one might expect PCP to
enhance sensitivity to QHCl, as clinical depression commonly
involves a tendency to focus on the aversive nature or qualities
of events. However, PCP did not enhance the suppressive
effects of QHCl, as the middling responses to the low
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concentrations of QHCl were unchanged. The results suggest,
rather, that PCP treatment reduced the hedonic appraisal of only
palatable tastants, a result consistent with the report that PCP
also increased the threshold for rewarding ICSS (Spielewoy and
Markou, 2003). Overall, the prevailing data support the
hypothesis that PCP treatment reduces the rewarding experience
of sucrose.

In recent years, distinctions within the concept of reward have
been proposed. Tastants or other objects of consumption give rise
to unlearned sensations that reinforce subsequent acquisition and
correspond to reports of pleasurable sensation, an aspect of
reward that has been termed “liking” (Berridge and Robinson,
1998). PCP at a dose comparable to this study (10 mg/kg) was
reported to produce no deficit in the ingestive oromotor reactions
to an intraoral 0.5 M sucrose injection, suggesting that PCP does
not suppress rapid orosensory affective responses to sucrose
(Parker, 1993). The differential effects of PCP across sucrose and
QHCl responses observed in this study also support the
conclusion that PCP appears unlikely to change the sensory
character or quality of the tastant.

A second distinction of reward relates to the motivation to
acquire or to continue to acquire the stimulus/object of intent,
termed incentive motivation or “wanting” (Berridge and
Robinson, 1998). While the results of this study suggest that
PCP did not suppress the motivation to approach the spout
because rats continued to sample sucrose with no significant
reduction in the number of times they engaged the spout
(Experiment 4), PCP did appear to cause a reduction in the
capacity of the sucrose solution to sustain prolonged sampling,
as indicated by relatively less licking during the 20 s access
periods to several concentrations of sucrose. Together, these
results suggest a diminution in the hedonic evaluation of the
tastant at a phase of processing that occurs after the initial
sensory identification of the tastant and after the decision to
ingest the stimulus. Overall, the results support the interpreta-
tion that PCP treatment produced anhedonia through a specific
reduction of the incentive motivation to sustain ingestion of
palatable sucrose solutions.

Acknowledgements

This research was supported by Amherst College and by
NIH Grants R03-DC05326 to JPB and R15-MH65915 to ST.
The authors also wish to thank Rusty McIntyre for the advice
regarding statistical analysis. Portions of these data were
collected in partial fulfillment of the senior honors thesis of AW.

References

Allen RM, Young SJ. Phencyclidine-induced psychosis. Am J Psychiatry
1978;135(9):1081–4.

Baird JP, Rios C, Gray NE,Walsh CE, Fischer SG, Pecora AL. Effects of melanin-
concentrating hormone on licking microstructure and brief-access taste
responses. Am J Physiol Regul Integr Comp Physiol 2006;291(5):R1265–74.

Baird JP, St John SJ, Nguyen EA. Temporal and qualitative dynamics of
conditioned taste aversion processing: combined generalization testing and
licking microstructure analysis. Behav Neurosci 2005;119(4):983–1003.
Bakker CB, Amini FB. Observations on the psychotomimetic effects of Sernyl.
Compr Psychiatry 1961;2:269–80.

Berridge KC, Robinson TE. What is the role of dopamine in reward: hedonic
impact, reward learning, or incentive salience? Brain Res Brain Res Rev
1998;28(3):309–69.

Davis JD, Levine MW. A model for the control of ingestion. Psychol Rev
1977;84(4):379–412.

Eylam S, Moore M, Haskell-Luevano C, Spector AC. Melanocortin-4 receptor-
null mice display normal affective licking responses to prototypical taste
stimuli in a brief-access test. Peptides 2005;26(10):1712–9.

Flaherty CF, Largen J. Within-subjects positive and negative contrast effects in
rats. J Comp Physiol Psychol 1975;88(2):653–64.

Javitt DC, Zukin SR. Recent advances in the phencyclidine model of
schizophrenia. Am J Psychiatry 1991;148(10):1301–8.

Jentsch JD, Roth RH. The neuropsychopharmacology of phencyclidine: from
NMDA receptor hypofunction to the dopamine hypothesis of schizophrenia.
Neuropsychopharmacology 1999;20(3):201–25.

Keppel G, Wickens TD. Design and analysis: a researchers handbook. 4th ed.
Upper Saddle River NJ: Pearson Prentice Hall; 2004.

Mueller KL, Hoon MA, Erlenbach I, Chandrashekar J, Zuker CS, Ryba NJ. The
receptors and coding logic for bitter taste. Nature 2005;434(7030):225–9.

Papp M, Moryl E. Antidepressant activity of non-competitive and competitive
NMDA receptor antagonists in a chronic mild stress model of depression.
Eur J Pharmacol 1994;263(1–2):1–7.

Papp M, Willner P, Muscat R. An animal model of anhedonia: attenuation of
sucrose consumption and place preference conditioning by chronic
unpredictable mild stress. Psychopharmacology (Berl) 1991;104(2):255–9.

Parker LA. Taste reactivity responses elicited by cocaine-, phencyclidine-, and
methamphetamine-paired sucrose solutions. Behav Neurosci 1993;107(1):
118–29.

Przegalinski E, Moryl E, Papp M. The effect of 5-HT1A receptor li-
gands in a chronic mild stress model of depression. Neuropharmacology
1995;34(10):1305–10.

Rhinehart-Doty JA, Schumm J, Smith JC, Smith GP. A non-taste cue of sucrose
in short-term taste tests in rats. Chem Senses 1994;19(5):425–31.

Sammut S, Goodall G, Muscat R. Acute interferon-alpha administration modulates
sucrose consumption in the rat. Psychoneuroendocrinology 2001;26(3):261–72.

Sclafani A, Nissenbaum JW. Robust conditioned flavor preference produced by
intragastric starch infusions in rats. Am J Physiol 1988;255(4 Pt 2):R672–5.

Smith JC. The history of the "Davis Rig". Appetite 2001;36(1):93–8.
Spector AC, Kopka SL. Rats fail to discriminate quinine from denatonium:

implications for the neural coding of bitter-tasting compounds. J Neurosci
2002;22(5):1937–41.

Spector AC, Redman R, Garcea M. The consequences of gustatory nerve
transection on taste-guided licking of sucrose and maltose in the rat. Behav
Neurosci 1996;110(5):1096–109.

Spielewoy C, Markou A. Withdrawal from chronic phencyclidine treatment
induces long-lasting depression in brain reward function. Neuropsycho-
pharmacology 2003;28(6):1106–16.

Travers JB, Dinardo LA, Karimnamazi H. Motor and premotor mechanisms of
licking. Neurosci Biobehav Rev 1997;21(5):631–47.

Turgeon SM, Hoge SG. Prior exposure to phencyclidine decreases voluntary
sucrose consumption and operant performance for food reward. Pharmacol
Biochem Behav 2003;76(3–4):393–400.

Willner P, Lappas S, Cheeta S, Muscat R. Reversal of stress-induced anhedonia
by the dopamine receptor agonist, pramipexole. Psychopharmacology (Berl)
1994;115(4):454–62.

Zurita A, Martijena I, Cuadra G, Brandao ML, Molina V. Early exposure to
chronic variable stress facilitates the occurrence of anhedonia and enhanced
emotional reactions to novel stressors: reversal by naltrexone pretreatment.
Behav Brain Res 2000;117(1–2):163–71.

Zurita A, Murua S, Molina V. An endogenous opiate mechanism seems to be
involved in stress-induced anhedonia. Eur J Pharmacol 1996;299(1–3):1–7.

Zurita A, Molina V. Prior morphine facilitates the occurrence of immobility and
anhedonia following stress. Physiol Behav 1999;65(4–5):833–7.


	Behavioral processes mediating phencyclidine-induced decreases in voluntary sucrose consumption
	Introduction
	Materials and methods
	Animals
	Experiment 1: dose effects of PCP on 0.15 M sucrose consumption
	Experiment 2: effects of subchronic PCP on voluntary sucrose intake
	Experiment 3: effects of PCP on a sucrose concentration–intake function
	Experiment 4: effects of PCP on brief access licking for sucrose or quinine

	Results
	Dose effects of PCP on 0.15 M sucrose consumption
	Effects of subchronic PCP on voluntary sucrose intake
	Effects of PCP on a sucrose concentration–intake function
	Effects of PCP on brief access licking for sucrose or quinine
	Sucrose
	Quinine


	Discussion
	PCP intake suppression: incapacity, aversion, apathy, ageusia, or anhedonia?

	Acknowledgements
	References


