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CARROLL, M. E. Effects of pentobarbital and d-amphetamine on oral phencyclidine self-administration in rhesus mon-
kevs. PHARMACOL BIOCHEM BEHAYV 20(1) 137-143, 1984.—Three rhesus monkeys self-administered phencyclidine
(0.25 mg/ml) during daily 3-hr sessions. Water was also available under a concurrent fixed-ratio (FR) 16 schedule. In
Experiment 1, saline or three doses of pentobarbital (2.5, 5 or 10 mg/kg) were injected 10 min before phencyclidine (and
water) self-administration sessions. The 2.5 mg/kg pentobarbital dose increased phencyclidine-maintained responding, the
5 mg/kg dose produced mixed effects among the three monkeys, and the 10 mg/kg dose consistently decreased
phencyclidine-maintained responding. Subsequently, a saccharin solution (0.03% wt/vol) replaced phencyclidine, and the
pentobarbital pretreatment procedure was repeated. Pentobarbital produced dose-related decreases in saccharin-
maintained responding. In Experiment 2, saline or three doses of d-amphetamine (0.05, 0.1 or 0.2 mg/kg) were injected 10
min before the phencyclidine self-administration sessions. The 0.05 mg/kg dose produced increases in phencyclidine-
maintained responding, while the two higher doses produced dose dependent decreases in responding. When a saccharin
solution (0.03%, wt/vol) replaced phencyclidine during the daily sessions, d-amphetamine produced only dose-related decreases
in saccharin-maintained responding. These results indicate that pentobarbital and J-amphetamine have a biphasic effect

on phencyclidine-maintained behavior; low doses increased responding and high doses decreased responding.
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THERE has been considerable interest in the dissociative
anesthetic, phencyclidine, due to its broad spectrum of cen-
tral nervous system activity [19] and its widespread illicit use
[6]. Phencyclidine is often abused in combination with other
psychoactive drugs [40] as a result of its misrepresentation as
another substance [34] or due to intentional polydrug
abuse [20].

There have been a number of investigations of the effects
of parenterally administered phencyclidine in combination
with other psychoactive drugs. Generally, phencyclidine has
been found to potentiate the action of barbiturates. Phen-
cyclidine increased sleep time produced by hexobarbital and
ethanol [46] and the lethality of pentobarbital [15] in mice. In
rhesus monkeys [15,52] and patas monkeys [47] pentobarbi-
tal increased disruptive effects of phencyclidine on
schedule-controlled behavior. However, phencyclidine did
not increase pentobarbital’s depressant effects in squirrel
monkeys [14]. Phencyclidine has also been reported to in-
crease disruptive effects of A’-tetrahydro-cannibinol on
conditioned avoidance behavior, rotarod performance,
photocell activity and schedule-maintained performance in
rats [43]. Phencyclidine increased amphetamine stereotypy
in rats [3]; however, the two drugs produced infraadditive
effects on schedule-controlled responding in rats [42].

The purpose of the present investigation was to study the
effects of parenterally-administered pentobarbital and
d-amphetamine on oral phencyclidine self-administration.
With the exception of studies concerning specific blocking
agents (e.g., [22-25, 27, 51]), there have been few reports of
drug interactions in the self-administration context. While
previous studies have shown that phencyclidine enhances or
inhibits the disruptive effects of pentobarbital and
d-amphetamine on schedule-controlled behavior, it was the
goal of the present study to determine whether these drugs

would increase or decrease phencyclidine self-
administration. The effects of pentobarbital and
d-amphetamine  pretreatment on  saccharin  self-

administration were also studied to compare effects due to
drug interactions to the direct effects of pentobarbital and
d-amphetamine on schedule-controlled behavior.

METHOD
Animals

Three adult male rhesus monkeys (M-A, M-M1 and M-R)
were used in these experiments. Monkey M-A received pre-
vious exposure to phencyclidine and saccharin in a phency-
clidine tolerance study [9], M-R had previous experience with

'Send reprint requests to: Dr. Marilyn E. Carroll, Department of Psychiatry, Mayo Box 392, University of Minnesota, Minneapolis, MN 55455.

137



138

etonitazene self-administration [10], and M-M1 and M-R
previously self-administered quinine and phencyclidine
analogs, N-ethyl-l-phencyclohexylamine and 1-[1-(2-thienyl)
cyclohexyl] piperidine [7]. The monkeys were housed indi-
vidually in their experimental chambers in a room main-
tained at 24°C, with a 12-hr light/dark cycle. Each monkey
was maintained at 85% of his free-feeding body weight by
restricting food access (Purina High Protein Monkey Chow,
No. 5045). The 85% weights for monkeys M-A, M-M1 and
M-R were 7.2, 8.1, and 9.1 kg, respectively.

Apparatus

The monkeys were housed in individual stainless-steel
Hoeltge (No. HB-108) primate cages equipped with a work
panel on one wall. The work panel contained two drinking
spouts spaced 30 cm apart, with stimulus lights above and
beside each drinking spout that signaled experimental
events. Lip contacts on the brass drinking spouts were
counted as responses, and after the appropriate number of
responses were made, a solenoid released approximately
0.55 ml of liquid from the spout; liquid delivery terminated if
the monkey removed his mouth from the spout before 0.55
ml of liquid was delivered. Operation of the solenoid also
served as an auditory stimulus signaling a liquid delivery.
The brass drinking spouts contained no moving parts; there-
fore, visual feedback stimuli for responses or lip contacts
were provided by one of two pairs of small lights mounted
directly behind a Plexiglas plate supporting each spout.
When phencyclidine was available during the session, two
small green lights were illuminated for the duration of each
lip contact. Similarly, when water was available during the
session, lip contacts resulted in illumination of two small
white lights. In addition to these feedback lights, a larger
green light 12 cm above the drinking spout was illuminated
when water was available during sessions and intersessions.
This light blinked (10 times/sec) when phencyclidine was
available during the session. When a saccharin solution was
present during the session, yellow lights replaced the green
lights, and a green light continued to signal the presence of
concurrent water. Liquids were contained in covered
stainless-steel reservoirs to prevent evaporation. Complete
details of the control and recording equipment, experimental
chambers and drinking devices have been described
elsewhere [12, 29, 36].

Phencyclidine was provided by NIDA (Research Triangle
Institute, Research Triangle Park, NC) in the form of the
hydrochloride salt. Sodium pentobarbital (Nembutal®) was
obtained from Abbott Laboratories (North Chicago, IL).
Nembutal® contains 50 mg sodium pentobarbital per ml of
sterile saline containing 105 ethanol and 409 propylene glycol.
Additional sterile saline was mixed with this solution to provide
the desired dose. The d-amphetamine sulfate was obtained
from Sigma Chemical Co. (St. Louis, MO). It was mixed in
sterile saline, passed through a sterile 0.2 um filter, and sterile
saline was added to provide the desired dose. Pentobarbital and
d-amphetamine concentrations were determined such that a
constant injection volume of 2 ml for pentobarbital and 1 ml for
d-amphetamine was injected. Sodium saccharin was ob-
tained from the Sigma Chemical Co. (St. Louis, MO), and it
was mixed in room temperature tap water.

Procedure

The monkeys had been trained to respond under a con-
current fixed-ratio (FR) 16 schedule for phencyclidine (0.25
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mg/ml) and water during daily 3-hr sessions (9:30 a.m.-12:30
p-m.) according to methods previously described [11]. Both
phencyclidine and water (or saccharin and water) were
available throughout the session, and responding on one
drinking device was independent of responding on the other.
Side positions of the drug and water during sessions were
alternated daily, and water was available from both drinking
spouts during the intersession periods. Each session was
preceded and followed by a 1-hr timeout for changing solu-
tions and recording data. During the timeout, stimulus lights
were not illuminated, and behavior had no programmed con-
sequences. The monkeys’ behavior had been stable under
these conditions for several weeks before the start of these
experiments. Before Experiment 2, concurrent phency-
clidine (0.25 mg/ml)- and water-maintained responding were
allowed to stabilize for at least ten sessions. Concurrent sac-
charin (0.03% wt/vol)- and water-maintained responding
were allowed to stabilize for at least ten sessions before pen-
tobarbital or d-amphetamine injections were given. Stability
was defined as no steadily increasing or decreasing trend in
the number of liquid deliveries and no change in the temporal
pattern of responding.

Experiment 1. Effects of Pentobarbital on Phencyclidine-
and Saccharin-Maintained Behavior

Saline and three doses (2.5, 5, and 10 mg/kg) of pen-
tobarbital were tested five times each. The monkeys were
injected IM 10 min before the session started, and each in-
jection was separated by at least three sessions of stable
responding. The five saline injections were given first and
then pentobarbital injections were given in a nonorderly se-
quence. Saline injections were given before pentobarbital in-
jections to obtain control data that was not influenced by
possible conditioned increases or decreases in responding re-
sulting from the injection procedure. During the course of the
study, baseline phencyclidine-maintained responding gradu-
ally changed in two monkeys (M-A and M-M1), thus the ses-
sion before each drug injection was considered as the nondrug
control. Subsequently, a saccharin solution (0.3%, wt/vol) was
substituted for phencyclidine and concurrent saccharin- and
water-maintained responding (FR 16) was allowed to
stabilize for at least 10 sessions. Side positions of saccharin
and water were reversed every 21 days. This change in pro-
cedure was implemented to avoid contamination of other
monkeys' water and drug solutions by the potent saccharin
flavor. During intersession, water was available only from
the spout that provided water during the sessions. Saline and
pentobarbital (2.5, 5 and 10 mg/kg) injections were given as
previously described.

Experiment 2. Effects of d-Amphetamine on Phencvclidine-
and Saccharin-Maintained Behavior

Three doses (0.05, 0.1, and 0.2 mg/kg) of d-amphetamine
(given in ascending order) and saline (given last) were tested
five times each. Saline injections were given last to deter-
mine whether conditioned increases or decreases in respond-
ing would result from the injection procedure. Injections
were given IM 10 min before the session, and each injection
session was separated by at least three sessions of stable
responding. Subsequently, a saccharin control condition was
implemented as described in Experiment 1.

Throughout this study, the baseline number of phency-
clidine and saccharin deliveries changed and did not return to
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FIG. 1. Mean phencyclidine (0.25 mg/ml) and water (upper frames)
or saccharin and water (lower frames) deliveries are presented for
three monkeys (M-A, M-M1 and M-R) at three pentobarbital doses
(2.5, 5 and 10 mg/kg) and saline (S). Phencyclidine (0.25 mg/ml) and
saccharin (0.03%, wt/vol) were each available with water under a
concurrent FR 16 schedule. Filled triangles—phencyclidine (upper
frames) or saccharin deliveries (lower frames) when saline was in-
jected 10-min before the session. Open triangles concurrent water
deliveries. Filled squares—phencyclidine or saccharin deliveries
and open squares—water deliveries during the sessions immediately
preceding those sessions when saline was injected. Filled circles—
phencyclidine or saccharin (solid lines) and water (dotted lines) de-
liveries when pentobarbital was injected 10-min before the session.
Open circles phencyclidine or saccharin (solid lines) and water (dot-
ted lines) deliveries during the sessions immediately preceding those
when pentobarbital was injected. Each point represents a mean
(+£S.E.) of five sessions. Absence of vertical lines indicates that the
S.E. fell within the area of the point.

the initial saline pretreatment levels. Thus, the session be-
fore each drug injection was used as the nondrug control.

RESULTS

Experiment 1. Effects of Pentobarbital on Phencyclidine-
and Saccharin-Maintained Behavior

Figure 1 shows that at the low dose (2.5 mg/kg), pen-
tobarbital pretreatment produced increases in
phencyclidine-maintained behavior in all three monkeys. At
the intermediate dose (5 mg/kg) the results were mixed:
M-R’s phencyclidine deliveries increased, and M-A and
M-MI’s showed no changes. At the highest dose (10 mg/kg)
pentobarbital produced decreases in phencyclidine-
maintained responding, compared with the other two doses,
in all three monkeys. However, only monkey M-A showed a
decrease below control levels. There were no systematic
changes in water-maintained responding as a result of saline
or pentobarbital pretreatment in any of the monkeys at any
of the doses tested.

The number of liquid deliveries from sessions when saline
was injected was close to the number of liquid deliveries
during sessions preceding those when drug injections were
given. That there were almost no differences between ses-
sions when saline was injected and the sessions immediately
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FIG. 2. Cumulative phencyclidine (circles) and water (triangles) de-
liveries are presented for three monkeys (M-A, M-M1 and M-R)
over successive [0-min intervals during 3-hr sessions. Filled
symbols—pentobarbital (2.5, 5. or 10.mg/kg) was injected IM 10 min
before the phencyclidine and water self-administration sessions.
Open symbols—sessions immediately preceding those when pen-
tobarbital was injected. Each point represents a mean of five ses-
sions. Phencyclidine (0.25 mg/ml) and water were available under a
concurrent FR 16 schedule.

preceding them, suggests that small differences (e.g., 5
mg/kg in M-R) between drug-pretreatment sessions and
those preceding them represent a significant drug effect.

Figure 2 shows cumulative phencyclidine and water de-
liveries as a function of pentobarbital dose. The increases in
total session phencyclidine deliveries at the 2.5 pentobarbital
dose were due to increased rates of responding during the
first half of the session and to occasional drinking bouts dur-
ing the last two hours of the session. Decreased
phencyclidine-maintained responding at the 10 mg/kg pen-
tobarbital dose was due to lowered response rates during the
first half of the session. However, two monkeys (M-MI and
M-R) showed increased responding during the last two hours
of the session.

Pentobarbital produced only dose-related decreases in
saccharin-maintained behavior (See Fig. 1). The number of
saccharin deliveries was higher than that reported for phen-
cyclidine in all three monkeys. The monkey with the highest
baseline rate of saccharin-maintained responding (M-R)
showed the smallest decrease in saccharin deliveries due to
pentobarbital, while the monkey with the lowest baseline
rate (M-A) showed the greatest disruption. Water-
maintained responding was low when saccharin was concur-
rently available, and it did not change systematically as a
function of pentobarbital dose. There were no changes in
saccharin- or water-maintained responding as a result of al-
tering side positions every 21 days.

Figure 3 shows cumulative saccharin and water deliveries
as a function of pentobarbital dose for pretreatment sessions
and the sessions immediately preceding them. The decreases
in saccharin deliveries after pentobarbital pretreatment were
due to lowered response rates during the first half of the
session. One monkey (M-R) showed high rates of responding
during the second half of the session at all three pentobarbi-
tal doses, while monkey M-MI1 showed this pattern of re-
sponding only at the lowest dose (2.5 mg/kg).
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FIG. 3. Cumulative saccharin (circles) and water (triangles) de-
liveries are presented for three monkeys (M-A, M-M1 and M-R)
over successive 10-min intervals during 3-hr sessions. Filled
symbols—pentobarbital (2.5, 5, and 10 mg/kg) was injected IM 10
min before the saccharin and water self-administration session.
Open symbols—sessions immediately preceding those when pen-
tobarbital was injected. Each point represents a mean of five ses-
sions. Saccharin (0.03%, wt/vol) and water were available under a
concurrent FR 16 schedule.

Experiment 2. Effects of d-Amphetamine on Phencyclidine-
and Saccharin-Maintained Behavior

Figure 4 shows that the lowest d-amphetamine dose (0.05
mg/kg) produced substantial increases in phencyclidine-
maintained responding (compared with responding during
the previous session) in all three monkeys. The other doses
resulted in dose-dependent decreases in phencyclidine-
maintained responding in all three monkeys. There were no
systematic changes in water-maintained responding, except
that M-A showed depressed water responding at the 0.1 and
0.2 mg/kg doses.

In two of the three monkeys (M-A and M-M1), the
number of phencyclidine deliveries before the
d-amphetamine injection session gradually increased, over
several months, as the drug dose was increased. When saline
was injected at the end of the drug series, the number of
phencyclidine deliveries remained at the elevated level.
However, there was very little difference in phencyclidine
deliveries between sessions when saline was injected and the
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FIG. 4. Mean phencyclidine (0.25 mg/ml) and water (upper frames)
or saccharin and water (lower frames) deliveries are presented for
three monkeys (M-A, M-M1 and M-R) at three J-amphetamine
doses (0.05, 0.1 and 0.2 mg/kg) and saline (S). Phencyclidine (0.25
mg/ml) and saccharin (0.03%, wt/vol) were each available with water
under a concurrent FR 16 schedule. Filled triangles—concurrent
water deliveries. Filled squares—phencyclidine or saccharin de-
liveries and open squares—water deliveries during the sessions im-
mediately preceding those sessions when saline was injected. Filled
circles—phencyclidine or saccharin (solid lines) and water (dotted
lines) deliveries when d-amphetamine was injected 10-min before
the sessions. Open circles—phencyclidine or saccharin (solid lines)
and water (dotted lines) deliveries during the sessions immediately
preceding those when d-amphetamine was injected. Each point rep-
resents a mean (+S.E.) of five sessions. Absence of vertical lines
indicates that the S.E. fell within the area of the point.

sessions immediately preceding them. Thus, it did not ap-
pear that the injection procedure alone was responsible for
increased phencyclidine maintained responding. Due to
shifts in baselines over time, data from sessions immediately
preceding drug injections were clearly a more appropriate
control than the saline data.

An analysis of the time course of responding revealed that
increases in phencyclidine deliveries at the 0.05 mg/kg dose
resulted from increased response rates during the first hour
of the session; there was almost no responding during the
last two hours of the session (see Fig. 5). Decreases at the
other two doses (0.1 and 0.2 mg/kg) were generally due to
lowered response rates during the first hour of the session.

There were no differences in saccharin-maintained re-
sponding at the lowest d-amphetamine dose (compared with
the sessions before injections); however, there were dose-
dependent decreases at the higher doses (See Fig. 4). Con-
current water-deliveries remained low and unaffected by
d-amphetamine dose. There were no changes in saccharin-
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FIG. 5. Cumulative phencyclidine (circles) and water (triangles) de-
liveries are presented for three monkeys (M-A, M-M1 and M-R)
over successive 10-min intervals during 3-hr sessions. Filled
symbols—d-amphetamine (0.05, 0.1 and 0.2 mg/kg) was injected IM
10 min before the phencyclidine and water self-administration ses-
sions. Open symbols—sessions immediately preceding those when
d-amphetamine was injected. Each point represents a mean of five
sessions. Phencyclidine (0.25 mg/ml) and water were available under
a concurrent FR 16 schedule.

or water-maintained responding as a result of altering side
positions every 21 days.

Figure 6 shows cumulative saccharin and water deliveries
for the d-amphetamine pretreatment sessions at each dose
and the sessions immediately preceding them. At the lowest
dose (0.05 mg/kg), cumulative saccharin delivery functions
were nearly identical. Decreases in total saccharin deliveries
at the two higher doses were reflected in decreased respond-
ing during the first half of the session.

DISCUSSION

Previous investigations of the effects of pentobarbital on
schedule-controlled behavior have shown rate increasing ef-
fects at low to moderate doses and dose-dependent rate de-
creases at higher doses (e.g., [26, 30-32, 48, 52]). Others
have shown only rate decreasing effects (e.g., {33, 37, 38]).
The present study extended previous findings to behavior
maintained by orally-delivered phencyclidine and saccharin.
Pentobarbital pretreatment increased phencyclidine-
maintained behavior at the lowest dose; it had no systematic
effect at the intermediate dose, and it produced no change or
only a small decrease in the number of phencyclidine de-
liveries at the highest dose. In contrast, pentobarbital pre-
treatment resulted in substantial decreases in saccharin-
maintained responding. These differences were probably not
due to differences in control rates of responding [17, 18, 45].
As the control rates among the three monkeys differed sub-
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FIG. 6. Cumulative saccharin (circles) and water (triangles) de-
liveries are presented for three monkeys (M-A, M-M1 and M-R)
over successive 10-min intervals during 3-hr sessions. Filled
symbols—d-amphetamine (0.05, 0.1 and 0.2 mg/kg) was injected IM
10 min before the saccharin and water self-administration sessions.
Open symbols—sessions immediately preceding those when
d-amphetamine was injected. Each point represents a mean of five
sessions. Saccharin (0.03% wt/vol) and water were available under a
concurrent FR 16 schedule.

stantially, and decreases in saccharin-maintained responding
did not differ systematically as a function of control rate.
Furthermore, the number of water deliveries did not increase
as a result of pentobarbital pretreatment.

That pentobarbital pretreatment did not increase saccha-
rin- or water-maintained behavior indicates that the increase
in phencyclidine-reinforced behavior can not be attributed to
nonspecific increases in behavior reinforced by a liquid sub-
stance. These data confirm other reports that there is a spe-
cific interaction between pentobarbital and phencyclidine [3,
14, 47, 52]. The interaction may be due to a number of fac-
tors or a combination of effects. For instance, pentobarbital
may decrease or antagonize the reinforcing efficacy of phen-
cyclidine, it may increase the reinforcing efficacy of the
drug, or it may alter the metabolism and distribution of
phencyclidine. It is unlikely that tolerance contributed to the
effects of the drug combination, since (1) pentobarbital in-
jections were given only after behavior had returned to
baseline levels, (2) several days intervened between injec-
tions and (3) pentobarbital doses were given in a nonorderly
sequence, but similar results were obtained among monkeys.
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Generally, d-amphetamine, at low to moderate doses, af-
fects schedule-controlled performance by decreasing high
baseline rates of behavior and increasing low rates, and at
high doses it decreases responding [5, 16, 28, 50]. In the
present study, d-amphetamine produced results similar to
those found with pentobarbital; at low doses d-amphetamine
increased phencyclidine-maintained behavior. However, at
higher doses it decreased the number of phencyclidine de-
liveries. Similarly, the low dose did not produce any sys-
tematic changes in saccharin-maintained behavior; however,
higher doses resulted in dose-dependent decreases in the
number of saccharin deliveries. The increases in
phencyclidine-reinforced responding due to d-amphetamine
pretreatment are assumed to result from interactive effects
of the drugs rather than to nonspecific increases in behavior,
as saccharin- and water-reinforced behavior did not increase
after d-amphetamine. Rates of behavior maintained by sac-
charin were considerably higher than those maintained by
phencyclidine in two of the three monkeys; however, similar
relationships between saccharin- and drug-reinforced behav-
ior were found in all three monkeys. Thus, it is unlikely that
the differences were due to rate-dependent effects. Time
course data for both pentobarbital and d-amphetamine pre-
treatment indicate that both the rate increasing and decreas-
ing effects occurred early in the 3-hr sessions.

The effects of orally-delivered phencyclidine on
phencyclidine-maintained behavior must also be considered
in an analysis of the results of the present experiments. The
effects of phencyclidine alone on schedule-controlled behav-
ior have been described as being more like d-amphetamine
than the barbiturates [1, 2, 14, 15, 39, 50]. Orally delivered
phencyclidine has been shown to increase saccharin-
maintained performance [9] and food-reinforced respond-
ing [11], while self~administration of higher concentra-
tions decreased saccharin- and food-reinforced respond-
ing. This biphasic effect has previously been shown with
parenterally-administered phencyclidine in the pigeon [49],
mouse [41], and rat [35,39]. However, others have reported
only dose-dependent decreases in responding under a food-
reinforced chain fixed interval (FI) FR schedule in rhesus
monkeys [2]. and squirrel monkeys [14], and in FR respond-
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ing in the rat [44]. Thus, the apparent interactions between
phencyclidine and pentobarbital or Jd-amphetamine may
have been greatly altered if a different phencyclidine concen-
tration had been used.

The oral route of phencyclidine and saccharin self-
administration provided a long-lasting preparation to study
drug interactions. However, substantial shifts in the number
of liquid deliveries occurred over time. For instance, from
the time pentobarbital was initially tested until
d-amphetamine injections were given, the baseline number
of phencyclidine deliveries had increased nearly two-fold.
This gradual increase in phencyclidine deliveries has previ-
ously been reported (cf., [8,13]), although it is not known
whether it is due to tolerance, increased reinforcing efficacy
of the drug. increased efficiency with the lip-operated drink-
ing spouts or to a combination of factors. Given the long
term instability of baselines, the most appropriate control
condition appeared to be the sessions before drug injections
rather than the saline pretreatment sessions.

In conclusion, the present experiment showed that oral
phencyclidine self-administration was consistently elevated
by low doses of pentobarbital or d-amphetamine. The same
pentobarbital or -amphetamine doses produced no effect or
response-rate decreases in saccharin-maintained behavior. It
is difficult to interpret the nature of this interaction, since
each of the drugs produce both biphasic (increased respond-
ing at low doses and decreased responding at high doses) and
rate-dependent effects. The generality of this result may be
limited by the rate and pattern of responding, schedule of
reinforcement, type of dependent measure (e.g., accuracy
vs. response rate [4, 37, 47]), and type of drug. However, the
present results emphasize the importance of considering
drug interactions as a variable controlling drug self-
administration.
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