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Abstract

Environmental factors, including social interaction, can alter the effects of drugs of abuse on behavior. The present study was conducted to
examine the effects of social stimuli on oral phencyclidine (PCP) self-administration by rhesus monkeys. Ten adult rhesus monkeys (M. mulatta)
were housed side by side in modular cages that could be configured to provide visual, auditory, and olfactory stimuli provided by another monkey
located in the other side of a paired unit. During the first experiment, monkeys self-administered PCP (0.25 mg/ml) and water under concurrent
fixed ratio (FR) 16 schedules of reinforcement with either a solid or a grid (social) partition separating each pair of monkeys. In the second
experiment, a PCP concentration—response relationship was determined under concurrent progressive ratio (PR) schedules of reinforcement
during both the solid and grid partition conditions. Under the concurrent FR 16 schedules, PCP and water self-administration were significantly
higher during exposure to a cage mate through a grid partition than when a solid partition separated the monkeys. The relative reinforcing strength
of PCP, as measured by PR break points, was greater during the grid partition condition compared to the solid partition condition indicated by an
upward shift in the concentration—response curve. To determine whether the social stimuli provided by another monkey led to activation of the
hypothalamic—pituitary—adrenal (HPA) axis, which may have evoked the increase of PCP self-administration during the grid partition condition, a
third experiment was conducted to examine cortisol levels under the two housing conditions. A modest, but nonsignificant increase in cortisol
levels was found upon switching from the solid to the grid partition condition. The results suggest that social stimulation among monkeys in
adjoining cages leads to enhanced reinforcing strength of PCP.
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1. Introduction changes in the dynamics of a social group of rhesus monkeys.
Phencyclidine (PCP) has been shown to alter social behavior in
groups of nonhuman primates as well. Miller et al. (1973) found

that PCP, as well as amphetamine and chlorpromazine, altered

Environmental factors, including social activity, can modu-
late the behavioral effects of abused substances and contribute

to the perpetual cycle of drug use. Previous research using
human subjects has shown that social behavior was altered
following consumption of ethanol (Pliner and Cappell, 1974),
amphetamine (Griffiths et al., 1977), opiates (Babor et al.,
1976), and marijuana (Babor et al., 1974). The effects of drugs
on social behavior in laboratory animals have also been docu-
mented. In nonhuman primates, a relationship has been demon-
strated between social stimuli and the effects of psychoactive
drugs on social behavior. Sassenrath and Chapman (1976)
found that acute and chronic treatment with A°-THC produced
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performance on a cooperative shock avoidance task when
administered to one member of a pair of monkeys, and changed
the social behavior of a well-established group of monkeys.
Chronic, noncontingent PCP administration produced a dose-
dependent increase in affiliative behaviors, such as grooming
and playing, among group-housed capuchin monkeys (Linn
et al., 1999). The role of social stimuli, however, has not been
investigated as a factor mediating the reinforcing effects of PCP.

While drugs of abuse can alter social behavior, social stimuli
can, in turn, alter behavioral and subject-rated measures of drug
effects in humans. Jones (1971) found that when marijuana was
smoked in isolation, subjects reported higher rates of sedation,
relaxation, and dizziness, but higher levels of elation and lower
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levels of sedation when it was consumed in a group setting. Few
studies have been conducted in human subjects to determine the
influence of social context on the reinforcing effects of drugs.
Kelly et al. (1994) reported that subjects smoked more
marijuana when it was available during a period of social
access. Several studies have directly examined the role of social
stimuli on the reinforcing and behavioral effects of drugs in
laboratory animals. Tomie and colleagues (2005, 2004)
demonstrated that brief exposure to social stimuli provided by
a conspecific rat was associated with faster acquisition of
drinking an unsweetened ethanol solution and more rapid
escalation of ethanol intake compared to groups not exposed to
brief social stimuli, and greater levels of ethanol intake
compared to water intake.

Antecedent variables related to social behavior, including
rearing conditions and hierarchical rank, can also influence
drug-taking behaviors in laboratory animals. Schenk and
colleagues (1987) found that rats reared in isolation later
acquired cocaine self-administration more rapidly than age-
matched rats reared in groups. Others have found that morphine
self-administration and physical dependence were greater and
more severe, respectively, in rats raised in isolation compared to
those raised in groups (Marks-Kaufman and Lewis, 1984).
Higley et al. (1991) found that peer-raised monkeys consumed
more alcohol, were more distressed, and had higher serum
cortisol levels than monkeys that were raised by their natural
mothers. Examination of ethanol consumption among monkeys
in established dominance hierarchies has yielded mixed results.
Peretti and Lewis (1969) found that an initially subordinate
male monkey consumed the most ethanol in the group and
increased his rank from the lowest to second highest after a
nine-day period of ethanol self-administration. Conversely,
Crowley et al. (1990) found that dominant monkeys consumed
more alcohol than subordinate monkeys. Morgan et al. (2002)
found that cynomolgus monkeys ranked as subordinate within a
social group had significantly lower levels of the D2 subtype of
dopamine receptors in the basal ganglia and self-administered
significantly more cocaine at intermediate doses than their
dominant counterparts, indicating that social status affected
neurobiological mechanisms that mediate the reinforcing effects
of cocaine. Changes in environmental context can also affect
drug self-administration. Isolating monkeys that were normally
housed in social groups produced increases in alcohol self-
administration (Higley et al., 1991; Kraemer and McKinney,
1985). Other findings, however, suggest that type of social
context did not necessarily influence ethanol self-administration
(Flory et al., 2006; Vivian et al., 1999).

Rhesus monkeys are inherently social animals living in
groups with highly developed social structures. Consequently,
social stimuli serve as robust reinforcers in individually housed
nonhuman primates (see Anderson, 1998 for a review). Butler
(1954) found that rhesus monkeys performed an operant task at
a greater rate to gain visual access to another monkey than to see
food, a toy train, or an empty chamber. These results were later
confirmed in another study in which monkeys were trained to
lever press by reinforcement with visual observation of another
monkey, compared to an empty room (Butler, 1958). Squirrel

monkeys discriminated between auditory stimuli in an operant
“g0/no-go” procedure when behavior was reinforced by contact
with another monkey (Hupfer and Maurus, 1975). More
recently, studies have shown that male monkeys relinquished
liquid deliveries in a choice procedure when the alternative
reinforcer was viewing pictures of the perinea of female
monkeys and the faces of high-ranking male monkeys (Deaner
et al.,, 2005). Thus, there is evidence suggesting that social
stimuli, as well as viewing images of other monkeys served as
reinforcing stimuli.

The finding that concurrent availability of nondrug alterna-
tive reinforcers reduces drug self-administration has been well-
established in human and nonhuman subjects. In humans,
heroin (Comer et al., 1998) and cocaine (Hart et al., 2000) self-
administration decreased when a monetary alternative was
concurrently available. In rhesus monkeys, concurrent access to
saccharin solutions reduced self-administration of orally de-
livered PCP (Carroll, 1985; Cosgrove and Carroll, 2003) and
smoked cocaine (Comer et al., 1994).

The present study was conducted to examine the effects of
exposing monkeys to social stimuli on PCP self-administration.
For the first experiment, the reinforcing effects of PCP
(0.25 mg/ml) and water were examined under concurrent
fixed ratio (FR) 16 schedules under three housing conditions: 1)
when the monkeys were housed in their original single cages, 2)
in new modular cages with a solid partition separating the pair,
and 3) when the solid partition was replaced with a grid partition
allowing access to social stimuli. A second experiment was
conducted to examine the reinforcing strength of several
concentrations of PCP (0.125, 0.25, 0.5, and 1.0 mg/ml) and
water using concurrent progressive ratio (PR) schedules for
water and PCP deliveries during the grid and solid partition
conditions. Given that social stimuli can serve as positive
reinforcing stimuli in individually housed monkeys, we
hypothesized that noncontingent exposure to a same-sex cage
mate would reduce PCP self-administration in a manner con-
sistent with providing nondrug alternative reinforcers. Addi-
tionally, because social stimuli can lead to activation of the
hypothalamic—pituitary—adrenal (HPA) axis (Gust et al., 1993),
we sought to determine whether exposure to a monkey in an
adjoining cage served as a stressful stimulus. Thus, in a third
experiment, cortisol levels obtained from saliva samples were
analyzed to examine the possible involvement of stress in
mediating changes in PCP self-administration as a result of
exposure to social stimuli.

2. Methods
2.1. Subjects

Ten adult rhesus monkeys (M. mulatta; eight males and two
females) served as subjects. All monkeys had previous experience
self-administering PCP concentrations ranging from 0.0625 to
1.0 mg/ml under both FR and PR schedules. Immediately prior to
this study, monkeys were maintained on concurrent FR 16
schedules of reinforcement for PCP (0.25 mg/ml) and water
deliveries. The monkeys were maintained at 85% of their free-
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feeding body weights (7.2—12.5 kg for males and 7.0-8.1 kg for
females) by adjusting their daily food allotment (Harlan Teklad
monkey chow, Bartonville, IL). Monkeys were given fresh fruit,
vegetables, or trail mix daily to supplement their diet. Following
the daily experimental sessions, movies were played for
enrichment. Other enrichment activities, including a hanging
wooden log and one loose toy, were provided to the monkeys
under all conditions. Experiments were conducted in 2 humidity-
and temperature-controlled vivarium rooms under a 12-h light/
dark cycle (lights on at 0600 h) that contained 10 or 12 monkeys
each. All procedures and protocols were approved by the
University of Minnesota Institutional Animal Care and Use
Committee under protocol number 0410A6475. Laboratory
facilities were accredited by the American Association for the
Accreditation of Laboratory Animal Care (AAALAC). Labora-
tory practices were carried out in accordance with the Principles
of Laboratory Animal Care (National Research Council, 2003).

2.2. Apparatus

At the beginning of the study, monkeys were individually
housed in two-tiered stand-alone units with top and bottom
cages measuring 76 cm in height x 83 c¢cm in widthx 100 cm in
depth (Lab Products, Maywood, NJ). Following a period of
self-administration in which PCP (0.25 mg/ml) and water were
concurrently available under FR 16 schedules in the original
cages, monkeys were transferred to new, modular two-tiered
pair-housing cages arranged in a side-by-side configuration to
allow interaction between pairs, such that one pair on the upper
row and one pair on the bottom row could interact. The pair-
housing units were stainless steel custom-made cages (84 cm in
heightx 86 cm in widthx79 cm in depth; Suburban Surgical,
Chicago, IL) consisting of solid back and side walls, a barred
front door, grid floors and a primate perch. The interior side
walls could be replaced with a grid partition that had
2.5 cmx 2.5 cm open links between each set of cross bars; the
solid exterior-facing side walls were modified to accommodate
intelligence panels. The cages could be configured to allow 1)
full unrestrained contact, 2) limited physical contact through the
grid partition while still allowing visual, auditory, and olfactory
exchange in an adjoining cage, or 3) no exposure with solid
partitions in place. The solid interior wall (3) or the grid
partitions (2) were the configurations that were compared in this
study.

Each intelligence panel contained 2 brass spouts (1.2 cm in
diameter) that extended 2.7 cm into the cage through circular
apertures in the wall about 45 cm above the cage floor and were
mounted equidistantly from the center and sides of the cage.
There were 3 stimulus lamps placed equidistantly on the panel.
Two green-colored stimulus lamps were located above the
spouts. One stimulus lamp flashed (10 Hz) to indicate drug
availability while the other remained continuously lit to indicate
water availability. A red center stimulus lamp remained
extinguished and was not used in this study. Each spout was
mounted on clear Plexiglas with 2 green and 2 white stimulus
lamps embedded within it. The small green and white stimulus
lamps were illuminated upon lip contact for PCP or water,

respectively. When the appropriate number of lip contact
responses had been made, a solenoid valve opened allowing
0.6 ml of liquid to flow from the 2000-ml reservoirs suspended
above and mounted to the outside of the panel attached to the
cage. Scheduling and recording of events were accomplished
using Med-PC software (Med-PC® for Windows) and associ-
ated interfaces (Med Associates, St Albans, VT) located in an
adjacent room.

2.3. Self-administration procedure

All monkeys were initially trained to self-administer PCP
(0.25 mg/ml) and water according to concurrent FR 16
schedules of reinforcement during 3-h daily sessions. Experi-
mental sessions were conducted 7 days per week from 1000 to
1300h. Completion of FRs for lip contacts on the two spouts
were independent of each other, such that responding toward the
FR on one spout was unaffected by responses on the other
spout. There was no scheduled timeout following completion of
the FR contingency and subsequent liquid delivery. Water and
PCP were available on alternating sides each day to control for
side preferences.

2.3.1. Progressive ratio schedule

Following the demonstration of stable responding, defined as
no steadily increasing or decreasing trends in PCP deliveries
over a 5-day period, the relative reinforcing strength of PCP was
examined. Concurrent PR schedules of reinforcement were
used, whereby monkeys self-administered PCP and water as in
previous studies (e.g., Carroll et al., 2005). Successive liquid
deliveries were contingent upon a systematically increasing
progression of ratio values 8, 16, 32, 64, 128, 178, 256, 356,
512,712, 1024, 1424, 2048, 2848, and 4096. Upon completion
of each FR, 20 individual deliveries (0.6 ml each) were
available upon lip contacts with the spout (FR 1). There was a
30-s limited hold to allow for consumption of the 20 deliveries.
There was no timeout after each liquid delivery, but the
schedule terminated for the day once a 30-min period without
completion of a ratio occurred. The break point was defined as
the last completed ratio requirement. The session could last up
to 3 h, although break points were typically reached within
1.5 h. In the present study, no monkeys exceeded a break point
of 1424 responses. The break point was not likely constrained
by the 30-min limited hold period, as previous work from this
laboratory demonstrated that monkeys were able to complete a
ratio of 2848 within this period (Rodefer and Carroll, 1999).
After the break point was reached, the end of the session was
signaled by extinguishing the lights over the spouts and
deactivation of the lip contact input and associated stimulus
lamps mounted behind the spout. Self-administration under the
PR schedule was examined first under the solid partition
condition and subsequently under the grid partition condition.

Different concentrations of PCP were substituted when the
criterion for stability of 5 consecutive days with no steadily
increasing or decreasing trend in break points was met. PCP
concentrations of 0.125, 0.25, 0.5, and 1.0 mg/ml were tested in
a counterbalanced order across monkeys, and the break point
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was allowed to stabilize at each concentration for at least 5 days.
Water was concurrently available under the same, but
independent, PR schedule.

2.4. Salivary cortisol collection

In a third experiment, monkeys self-administered PCP and
water under concurrent FR 16 schedules during the solid and
grid partition conditions. Saliva samples were collected at 0900-
0930 h (prior to commencement of the self-administration
sessions) on the last day of the solid partition condition
(baseline), then subsequently on the first and the 14th days of
the grid partition condition. Salivary cortisol was collected
using the method modified from that developed by Roma
(2006) for obtaining saliva samples in infant rhesus macaques.
Salivary cortisol content is highly correlated with serum cortisol
levels (Salimetrics, 2006), and provides a low-stress, minimally
invasive alternative to sedation and venipuncture for serum
collection (Boyce et al., 1995). Flavored, braided absorbent
cotton dental rolls (15.2 c¢cm in length, 0.63 cm in diameter;
Richmond Dental, Charlotte, NC) were placed in a clamp
apparatus and clipped to the front of each monkeys’ cage. The
cotton rolls were prepared by soaking them in a solution that
consisted of 71.12% tap water, 28.45% granulated sugar, 0.28%
red food coloring (McCormick and Co., Hunt Valley, MD) and
0.14% flavoring oil concentrate (Tropical Punch, LorAnn Oils,
Lansing, MI). The cotton rolls were saturated with this solution
and then allowed to dry completely at room temperature. The
cotton rolls were refrigerated until ready for use. On the days of
sample collection, the dried cotton rolls were placed in the
clamp apparatus secured to the front of each monkey’s cage.
The clamp apparatus was modified from that described by
Roma (2006). Briefly, it consisted of a U-shaped cable bolt
mounted onto a 23-cm Plexiglas platform. Two eye bolts were
drilled into both ends of the platform and double-sided clips
attached the apparatus to the bars on the front of the cage.
Monkeys were allowed to chew on the cotton rolls for 10 min or
longer, if necessary, to obtain at least 0.6 ml of saliva. Following
the sample collection period, the clamp devices were removed
from the cages, the cotton rolls containing saliva were retrieved
and placed in Salivette tubes (Sarstedt, Newton, NC) and
centrifuged for 10 min at 3000 rpm. The saliva was extracted
from the Salivette tube by pipette and frozen until it was taken
for analysis by the Fairview-University Diagnostics Laboratory
at the University of Minnesota. Saliva samples were analyzed in
duplicate for their cortisol content using enzyme immunoassay
(EIA; Saliametrics, State College, PA). The inter-and intra-assay
coefficients of variance were 5.3% and 3.5%, respectively.

2.5. Drugs

Phencyclidine HCI was obtained from the National Institute
on Drug Abuse (Research Triangle Institute, Research Triangle
Park, NC). The PCP solutions were mixed in tap water 24 h
prior to each session, and they were stored at room temperature.
The PCP concentrations (0.125, 0.25, 0.5, and 1.0 mg/ml) refer
to the weight of the HCI salt.

2.6. Data analysis

Numbers of PCP and water deliveries obtained under con-
current FR 16 schedules of reinforcement during various cage
conditions (i.e., new cage with a solid partition, new cage with a
grid partition, and subsequent replacement of the solid partition)
were analyzed using separate one-way (cage condition X PCP or
water) repeated measures analyses of variance (ANOVAs). A
two-tailed paired t-test was used to determine whether
statistically significant differences in PCP self-administration
occurred when monkeys were moved from their original cages
to the new cage with a solid partition. Numbers of PCP and
water deliveries obtained under the PR schedule were analyzed
using separate two-way (PCP concentration*grid or solid
partition) repeated measures ANOVAs. Break points for PCP
deliveries were analyzed similarly; however, since break point
data violate the homogeneity of variance assumption (Richard-
son and Roberts, 1996), break points (final ratios completed)
were log transformed and subsequently analyzed using a two-
way repeated measures ANOVA. Newman—Keuls post-hoc
tests were performed when overall significant effects were
detected (P<0.05). Salivary cortisol levels were analyzed using
a one-way repeated measures ANOVA comparing cortisol
levels on the last day in which the solid partition was in place,
and the first and 14th days that the grid partition was in place. A
Spearman nonparametric correlation was used to examine the
relationship between cortisol levels and numbers of PCP
deliveries.

3. Results
3.1. Overt behavior

During the grid partition (social) conditions, monkeys inter-
acted with each other through various non-vocal submissive
gestures (e.g., lip-smacking, grimacing), aggressive gestures
(e.g., lunging at each other), and displayed non-interactive
behaviors such as vocalizations (e.g., barking) and pacing.
There were no formal quantifications of overt behaviors in the
present study, and no attempts were made to determine domi-
nance among the pairs.

3.2. Self-administration of PCP and water under concurrent
FR 16 schedules

Fig. 1 shows the mean (+ SEM) numbers of PCP and water
deliveries obtained during 3-h experimental sessions when the
monkeys were in the new cages with the solid partitions in place
(solid partition), when the grid partitions replaced the solid
partitions (grid partition), and when they were returned to the
solid partition condition (solid partition 2). The results from a
paired two-tailed #-test comparison indicated that there was no
significant change in PCP deliveries when monkeys were
transferred from their original cages to the new cages with the
solid partitions in place (#(9)=1.11; data not shown). However,
PCP self-administration was significantly altered by changing
partition conditions from solid to grid and back to solid [F(2,
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Fig. 1. Mean (+SEM) numbers of PCP (filled bars) and water (unfilled bars)
deliveries obtained under various cage conditions for the group of monkeys
under concurrent FR 16 schedules of reinforcement. Each bar represents mean
(+SEM) liquid deliveries obtained during 5 consecutive days when monkeys
were housed in the new cage with solid partition in place (solid partition), the
new cage with the grid partition in place (grid partition), and when the solid
partition was restored (solid partition 2). *P<0.05 compared to PCP deliveries
obtained under the initial solid partition condition; *P<0.05 compared to water
deliveries obtained under the initial solid partition condition.

29)=4.22, P<0.05]. Upon exposure to their cage mates through
the grid partition, monkeys self-administered significantly more
PCP than when the solid partitions initially separated them
(P<0.05). When the solid partitions were restored following
exposure to the cage mate, the number of PCP deliveries did not
significantly decrease, but remained significantly greater
compared to the previous solid partition condition (P<0.05).
A separate one-way repeated measures ANOVA indicated that
water deliveries also differed as a function of partition condition
[F(2, 29)= 4.58; P<0.05). Specifically, the number of water
deliveries increased when the grid partition was in place
(P<0.05) and remained significantly greater during the
subsequent solid partition condition when compared to the
initial solid partition condition (P<0.05).

3.3. Progressive ratio performance and concentration—response
determination

As shown in Fig. 2 (upper panel), break point values were
significantly higher when monkeys were exposed to their cage
mate under the grid partition condition [F(1, 79)=15.13;
P<0.01]. Post-hoc tests indicate significant differences in
break points at 0.125 (P<0.05), 0.25 (P<0.01) and at 0.5 mg/
ml (P<0.05). The effect on break point values was also
concentration-dependent within the grid and solid partition
conditions [F(3, 79)=5.27; P<0.01]. Under the grid partition
condition, break points reached at 0.5 mg/ml were significantly
greater (P<0.05) than break points reached when 0.125 mg/ml
was the available solution. Under the solid partition condition,
significant differences in break points were found between

0.125 and 0.5 mg/ml (P<0.01) and 0.125 and 1.0 mg/ml
(P<0.05), as well as between 0.25 mg/ml and 0.5 mg/ml
(P<0.05).

Similarly, monkeys self-administered significantly greater
numbers of PCP deliveries when they were exposed to social
stimuli compared to the solid partition condition (Fig. 2, lower
panel) [F(1, 79)=19.87; P<0.01]. Post-hoc tests revealed
significant differences in PCP deliveries at 0.125 (P<0.05),
0.25 (P<0.01), and 0.5 mg/ml PCP (P<0.05) during the grid
partition condition compared to the solid partition condition.
The effect was also concentration-dependent within each
partition condition [F(3, 79)=5.74; P<0.01]. Under the grid
partition condition, significantly greater numbers of PCP
deliveries were obtained at 0.5 mg/ml than at 0.125 mg/ml
(P<0.05). Under the solid partition condition, significantly
greater numbers of PCP deliveries were obtained at 0.5 mg/ml
(P<0.01) and at 1.0 mg/ml (P<0.05) compared to 0.125 mg/ml.
A separate two-way ANOVA conducted on water deliveries
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Fig. 2. Upper panel. Mean (+SEM) PR break points (final ratio completed)
obtained in the group of monkeys during the grid partition (open symbols) and
solid partition (filled symbols) conditions as a function of PCP concentration.
*P<0.05, **P<0.01 compared to the solid partition condition. Lower panel.
Mean (+SEM) numbers of PCP deliveries obtained under concurrent PR
schedules of reinforcement as a function of PCP concentration. Other details as
in upper panel.
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Table 1
Mean (+SEM) cortisol levels and PCP deliveries as a function of cage partition
configuration

Cage partition
configuration

Mean (+SEM)
cortisol (png/dl)

Mean (+SEM) PCP
deliveries

Solid partition 0.54 (0.11) 139.6 (19.11)
Grid partition day 1 0.50 (0.07) 122.5 (12.21)
Grid partition day 14 0.68 (0.16) 160.0 (15.12)

failed to reveal a statistically significant difference between
partition conditions or between concurrent PCP concentrations.

3.4. Salivary cortisol

Salivary cortisol was collected in 8 of 10 monkeys. Reliable
samples could not be collected from 2 monkeys because the
dental rolls were destroyed before samples could be obtained.
Cortisol levels were modestly, but not significantly [F(2, 23)=
1.92, P=0.18], elevated during the grid partition conditions
(Table 1). Further, on the days that cortisol was collected, no
significant differences were found in the number of PCP deliv-
eries under the solid and grid partition conditions [F(2, 23)=
2.48, P>0.05]. No significant correlation was found between
the change in numbers of PCP deliveries and the change in
cortisol levels from the solid to grid partition conditions
(Spearman r=-.0004).

4. Discussion

The findings of the present study indicate that PCP self-
administration is sensitive to changes in social context. Under
both concurrent FR 16 and concurrent PR schedules, PCP self-
administration increased when monkeys were exposed to social
stimuli in adjoining cages through a grid partition, compared to
when they were individually housed (solid partition). Initially,
monkeys were tested under concurrent FR 16 schedules for
0.25 mg/ml PCP and water deliveries. The numbers of PCP
deliveries were comparable when the monkeys were transferred
from their original cages to new pair-housing cages under solid
partition conditions, indicating a transition between cages was
not sufficient to alter self-administration. However, both PCP
and water deliveries increased significantly when the grid
partition replaced the solid partition exposing the monkeys to
their cage mates. Upon reexamination of self-administration
under solid partition conditions, PCP and water deliveries
remained elevated instead of returning to levels obtained prior
to exposure to another monkey in an adjoining cage. The
concomitant increase in PCP and water deliveries during
exposure to social stimuli may reflect a general increase in
consummatory behavior.

When subsequently tested under a PR schedule, in which
deliveries were obtained under increasingly demanding condi-
tions, a significant difference between social conditions was
observed, but water deliveries remained unaffected by the
change in social condition. Under the PR schedule, PCP self-
administration was concentration-dependent during both the
grid and solid partition conditions. At low and intermediate

concentrations, the numbers of PCP deliveries obtained and
break points reached were significantly greater during the grid
partition conditions. These results suggest that PCP’s reinfor-
cing strength was modulated by the presence of social stimuli.
The effect of social stimuli on water deliveries obtained under
the FR, but not PR schedule, may be attributable to the schedule
of reinforcement under which responding was being
maintained.

Based on previous findings with consummatory rewards
(Carroll et al., 2001), we hypothesized that, because social
stimuli provided by another monkey may serve as an alternative
reinforcer, PCP self-administration would decrease when the
monkeys were exposed to cage mates in an adjoining cage.
However, the opposite effect was observed. Previous studies
have demonstrated that concurrent access to nondrug consum-
matory substances reduce PCP and cocaine self-administration
by monkeys (Carroll, 1985; Comer et al., 1994), presumably
because rewarding substances compete with, or substitute for
one another. In the case of consummatory substances, the
drug and nondrug reinforcers may function as substitutes in
behavioral economic terms (Carroll and Bickel, 1998), as intake
of one substance decreases due to increased price, intake of the
other increases. In the present study, the introduction of social
stimuli increased PCP intake. This may have been due to the
stimuli functioning as complements (i.e., when one increases,
the other increases; Carroll and Bickel, 1998; Carroll et al.,
2001). Complements (e.g., alcohol and cigarettes) tend to
facilitate drug intake. Thus, in this study, social stimuli may be
viewed as factors that complement drug self-administration.

An important consideration, however, is that the social
stimuli provided by the cage mate was an involuntary situation,
as the monkeys had no control over the opening or closing of
the solid partition. This forced, or passive, condition may not
have operated in the same way as nondrug incentives that are
response contingent. The results of the present study are con-
sistent with previous studies in rats orally self-administering
ethanol and receiving involuntary access to social stimuli.
Tomie et al. (2005, 2004) found that rats exposed to a con-
specific rat during an experimental session in which ethanol was
available demonstrated faster acquisition, more rapid escalation
of ethanol consumption, and greater ethanol intake (g/kg)
than rats not exposed to a conspecific rat, and rats exposed to
conspecifics consumed greater volumes of ethanol than a
similar group of rats that only received water.

Another possible determinant causing an increase in PCP
self-administration in the presence of social stimuli was a
reaction to novelty in environmental conditions. Several studies
have demonstrated the existence of a relationship between
reactivity to novel stimuli and drug self-administration (Cain
et al., 2005; Larson and Carroll, 2005; Nadal et al., 2002). The
monkeys used in the present study had long histories of being
individually housed; thus, the exposure to the social stimulus of
another monkey in close proximity was novel, possibly
stimulating an increase in self-administration. Another potential
explanation for the present results is that the grid partition
enabled the monkeys to watch other monkeys drink, and this
may have stimulated both monkeys of the pair. It was noted in a
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previous study of monkeys smoking cocaine base that one
monkey typically initiated his smoking trials earlier in the
session and this, in turn, prompted the other monkeys to begin
smoking (Carroll et al., 1990).

The findings of the present study are inconsistent with
previous studies demonstrating greater self-administration of
drugs by monkeys that are housed individually compared to
those housed socially. Kraemer and McKinney (1985) demon-
strated that monkeys that were normally group-housed
consumed more alcohol when they were isolated from their
cage mates, suggesting that a change in social situations was
sufficient to alter self-administration. Hudson and Singer (1979)
demonstrated that polydipsia could be generated by visual
presentation of other monkeys, indicating that the effect of the
social stimuli may not be leading to increased drug-seeking
behavior, but rather a change in schedule-induced behavior. The
results from the present study also support a possible effect of
adjunctive behavior under simple reinforcement schedules, as
both water and PCP consumption were affected by changing of
partition condition under the concurrent FR 16 schedules of
reinforcement, but not under the concurrent PR schedules.
These results suggest that a separation of effects could be
observed under more complicated schedules. Further research
using different schedules of reinforcement on the effects of
social stimuli on drug-maintained behaviors is warranted.

In contrast to serving as reinforcing stimuli, social stimuli
can also induce stress responses, and stress, such as that which
is evoked in a social defeat situation can enhance the reinforcing
effects of cocaine in rats (Haney et al., 1995; Miczek et al.,
2004; Miczek and Mutschler, 1996). Exposure to other types of
stress, including exogenous administration of glucocorticoids,
can potentiate cocaine self-administration (Deroche et al., 1997;
Goeders, 2002; Piazza and Le Moal, 1998). Thus, one possible
cause for increases in PCP self-administration was that the
social stimuli generated a stress response. To determine whether
a heightened stress response may have mediated an increase in
PCP self-administration under the social condition (grid parti-
tion condition), salivary cortisol levels were compared under the
solid and grid partition conditions. A slight, but nonsignificant,
increase in salivary cortisol was observed 14 days after the grid
partition was in place. It should be noted that no difference in
PCP deliveries was observed as a function of partition condition
on the days that cortisol was measured. This finding is in
contrast to those results obtained in the first two experiments,
indicating that PCP self-administration may have reached
ceiling levels after prolonged exposure to the social stimulus
condition. A dissipation in differences following an extended
period of cocaine self-administration among socially housed
monkeys was also noted by Czoty et al. (2004).

While some studies conducted in nonhuman primates have
shown that changes in social context were related to increases in
stress responses (Higley et al., 1991; Ziegler et al., 1995), others
have shown that serum cortisol does not necessarily increase in
the monkey during exposure to social stimuli. Previous studies
have shown that pair-housing in rhesus monkeys failed to result in
increased serum cortisol levels (Reinhardt et al., 1991). In further
support of the present findings, Tomie et al. (2005) demonstrated

that corticosterone levels did not differ among groups of rats
exposed to social stimuli during ethanol drinking sessions
compared to those not exposed to the social stimuli. A conclusion
regarding stress and the reinforcing effects of PCP during
exposure to social stimuli in the present study remains tentative,
as cortisol was not collected during the initial stages when robust
differences in PCP self-administration were observed.

The role of HPA axis activity in facilitating drug self-
administration may also depend on the substance of abuse under
investigation (Moffett and Goeders, 2005; but see Sarnyai et al.,
2001 for a review). Cocaine increased, while the mu-opioid
agonist, fentanyl, decreased cortisol and adrenocorticotropic
hormone in rhesus monkeys (Broadbear et al., 2004). Review of
the literature suggests that the effect of NMDA antagonists on
cortisol levels is equivocal. Broadbear et al. (2004) found that
self-administered ketamine reduced plasma cortisol levels in
rhesus monkeys. However, others have found that cortisol
levels initially decreased, but later increased with sustained
PCP-induced anesthesia in rhesus monkeys (Setchell et al.,
1975). Others have shown that PCP and ketamine increased
serum cortisol in rhesus monkeys (Elvidge et al., 1976), or
failed to alter cortisol levels in baboons (Bentson et al., 2003).
The activation or suppression of cortisol release may also
depend on whether the drug was being self-administered or
given noncontingently by the experimenter. Thus, it is possible
that, due to their extensive histories of PCP self-administration,
the monkeys had an altered HPA tone that consequently altered
PCP’s reinforcing effects.

In the present study, exposure to social stimuli provided by
another monkey in an adjoining cage increased the reinforcing
strength of PCP in rhesus monkeys. This finding has
translational relevance, as social stimuli can alter the effects
of drugs and drug-taking patterns in humans. While the
possibility remains that increased PCP self-administration was
mediated by the novelty of social context or stress resulting
from it, it is important to acknowledge that social stimuli
facilitate increased drug self-administration in rhesus monkeys.
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