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GREENBERG, B. D. AND D. S. SEGAL. Acute and chronic behavioral interactions between phencyclidine (PCP) and
amphetamine: Evidence for a dopaminergic role in some PCP-induced behaviors. PHARMACOL BIOCHEM BEHAYV
23(1) 99-105, 1985.—Amphetamine and phencyclidine (PCP) are both proposed to exert effects on unconditioned behavior
through dopaminergic mechanisms. However, a relatively complete characterization of their effects in rats reveals mark-
edly different response profiles. Furthermore, whereas acute co-administration of amphetamine and PCP resulted in an
increase in one component of stereotypy, repetitive head movements, two measures of locomotor activation, i.e., ambula-
tion and nonfocused sniffing, were unchanged, and rearings were reduced. In addition, the response alterations which
occur with repeated administration of these drugs did not display cross-sensitization. Thus, although repeated daily
injections of amphetamine, which produced progressive locomotor augmentation, sensitized animals to the locomotor-
stimulating effects of PCP, repeated PCP treatment, which also resulted in locomotor augmentation, decreased the locomo-
tor response to a challenge injection of amphetamine. These findings suggest significant differences in the mechanisms

underlying the effects of acute and repeated administration of PCP and amphetamine.

Amphetamine Phencyclidine Locomotor activity

Stereotypy

PHENCYCLIDINE (PCP) and amphetamine, drugs which
can both induce a schizophreniform psychosis [24,32], also
have a number of similar behavioral effects in animals. The
two drugs produce similar changes in schedule-controlled
responding [5, 25, 34], and both drugs induce hyperactivity
and stereotyped behaviors [6, 29, 33]. Furthermore, repeated
administration of either drug may produce an augmented lo-
comotor response [15,31]. In addition, PCP and am-
phetamine are reported to have additive effects on operant
[25] and unconditioned behavior [2, 9, 22].

These findings have led to the suggestion that the re-
sponses to these drugs may have common underlying mech-
anisms [18,21]. There are, however, significant differences in
the behavioral effects of PCP and amphetamine. The two
drugs have dissimilar discriminative stimulus properties,
i.e., animals trained to respond to PCP as a cue do not gen-
eralize to amphetamine [26]. There are also marked qualita-
tive differences in the patterns of PCP- and amphetamine-
induced locomotion and stereotypy [16]. Although evidence
that combined acute administration of PCP and am-
phetamine produces a more intense amphetamine-like re-

sponse profile is suggestive of commonalities in their mech-
anisms of action, only a limited characterization of these
effects is available (see below). Furthermore, although re-
peated administration of both drugs may produce augmented
responses [6, 15, 31], there have been no attempts to deter-
mine the degree of cross-tolerance/sensitization they
produce. The first objective of the present study was to
further characterize the behavioral profile which results from
acute co-administration of PCP and amphetamine using a
relatively complete behavioral inventory and temporal
analysis. Second, we investigated whether the augmented
locomotor responses produced by repeated PCP and am-
phetamine treatment display reciprocal cross-sensitization.

GENERAL METHOD

Male Wistar rats (300-350 g; Charles River) were main-
tained under standard laboratory conditions for at least one
week prior to experimentation, then placed individually into
sound-attenuated activity chambers (30x30x38 c¢m) for at
least 24 hours prior to and for the duration of behavioral
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FIG. 1. Effects of combined PCP and amphetamine administration on locomotor activation in rats. Mean total crossovers
and rearings, and mean total sniffing duration (in sec) during the 0-200-min period following concurrent injection of saline
plus saline, saline plus PCP (1.0 mg/kg), amphetamine (0.5 mg/kg) plus saline, and amphetamine (0.5 mg/kg) plus PCP (1.0
mg/kg). Amphetamine-induced ambulation and sniffing were unchanged by PCP, whereas rearings were decreased. Signifi-
cant differences from saline-saline controls: *p<0.05;***p<0.01; significant differences from the PCP-saline group:

p<0.05; TT1p<0.01; n=12 animals/group.

testing. Food and water were freely available and a 12-hour
bright light (6 a.m. to 6 p.m.)/12-hour dim light cycle was
maintained.

Ambulation, measured as movement from one quadrant
of the cage to another (crossovers), was monitored automat-
ically through contacts in the floor of the chamber. Rearings
were measured by touchplates set 13 cm above the floor.
Both measures of behavioral activity were continuously
monitored with the use of a Sierra National 3000 computer.
In addition, animals were observed through viewing lenses
located in each experimental chamber and a closed circuit
videotape system. Observations were made for 30 seconds at
10 minute intervals throughout the duration of the drug re-

sponse by one rater (B.D.G.) unaware of treatment condi-
tions.

Stereotyped behaviors, including sniffing, repetitive head
movements, and oral stereotypies, both object-directed (lick-
ing and biting) and non-object-directed (chewing) were re-
corded as duration of occurrence of each behavior. Ataxia
was rated according to the following scale: O=normal
movement; 1=misplacement of limbs; 2=impaired righting,
falling; 3=hindlimbs dragging; 4=prone.

Statistical analyses used were one-way analysis of vari-
ance and the Neuman-Keuls range test for the automated
measures. Observational data were analyzed using the
Mann-Whitney U test.



DOPAMINERGIC ROLE IN PCP-INDUCED BEHAVIOR

All drug injections were subcutaneous and were given
between 10-11 a.m. The drugs used were phencyclidine HCI1
(PCP, obtained from NIDA via Dr. Arthur Cho, Dept. of
Pharmacology, UCLA), and d-amphetamine sulfate (Smith,
Kline and French). PCP and amphetamine doses were calcu-
lated as the salt and as the free base, respectively. The vehi-
cle for PCP and amphetamine was saline.

EXPERIMENT 1: ACUTE PCP/AMPHETAMINE INTERACTIONS

The acute PCP and amphetamine response profiles in-
clude some similar component behaviors. One strategy fre-
quently used to assess possible commonalities in their under-
lying mechanisms is to characterize alterations in these be-
haviors resulting from co-administration of the two drugs
[2,9]. Response components modulated by similar neuronal
actions might be enhanced by the combined drug treatment
at behaviorally submaximal doses of the drugs. However,
although it has been reported that PCP may shift the am-
phetamine dose-response curve to the left [2,25], the avail-
able data are difficult to interpret, in part because changes in
individual response components have not been assessed.
Thus for example, combined PCP and amphetamine treat-
ment reportedly increased one composite measure of
locomotion and stereotypy [2], and also increased locomo-
tion [9]. In contrast, one global measure of stereotypy was
reported to increase [22], whereas another was unaffected
[9]. Therefore, it is difficult to determine whether PCP and
amphetamine co-administration produces a response similar
to effects of a higher amphetamine dose, as has been specu-
lated [2]. We characterized the response exhibited by
animals administered PCP and amphetamine in combination
by obtaining a relatively complete behavioral inventory for
the duration of the drug response.

Method

After two days of continuous exposure to the activity
chambers, animals were injected with saline or amphetamine
(0.5 mg/kg). Within 30 seconds, the animals received a sec-
ond injection of saline or PCP (1.0 mg/kg). The doses of
amphetamine and PCP were selected because they produce
submaximal levels of locomotor activation and stereotypy,
thus precluding ceiling effects. Each animal was used only
once. Behavioral measures were obtained as described
above.

Results

As previously described [29], amphetamine (0.5 mg/kg)
induced relatively pure locomotor activation consisting of
ambulation, rearings, and sniffing in the absence of stereo-
typed behaviors. Phencyclidine (1.0 mg/kg) also stimulated
ambulation and sniffing, but unlike the amphetamine re-
sponse there was no parallel increase in rearings (Fig. 1). In
addition, PCP produced a significant increase in repetitive
head movements (Fig. 2), and mild hindlimb ataxia (Fig. 3).

Phencyclidine had no effect on amphetamine-induced
ambulation or sniffing, but significantly reduced
amphetamine-induced rearing (Fig. 1). In contrast, animals
receiving combined PCP and amphetamine treatment dis-
played a supraadditive increase in repetitive head move-
ments (Fig. 2); whereas the degree of ataxia was comparable
to the effects of PCP alone (Fig. 3).
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FIG. 2. Effects of combined PCP and amphetamine administration
on repetitive head movements in rats. Mean repetitive head move-
ment duration (in sec) during the 0-200-min period following concur-
rent injection of saline plus saline, saline plus PCP (1.0 mg/kg),
amphetamine (0.5 mg/kg) plus saline, and amphetamine (0.5 mg/kg)
plus PCP (1.0 mg/kg). Head movements displayed a supraadditive
increase after combined PCP/amphetamine treatment. Significant
differences from saline-saline controls: *p <0.05; ***p<0.01; signifi-
cant differences from PCP-saline group: Tp<0.05; #t{p<0.01; n=12
animals/group.

Discussion

We found that amphetamine-induced ambulation was un-
changed by PCP, in contrast to a previous report of en-
hanced ambulation after combined PCP/amphetamine treat-
ment [9]. Methodological differences may account for this
discrepancy. The previous study used a relatively high dose
of amphetamine (5.0 mg/kg) which produces a complex tem-
poral pattern of locomotion and stereotyped behaviors;
however, the time course analysis was limited and therefore
accurate interpretation of the response alterations is not
possible [29,31]. Our findings are in accord with evidence
suggesting significant differences in mechanisms modulating
the locomotor responses to PCP and amphetamine. For
example, amphetamine- and PCP-induced locomotion are
differentially affected by the opiate antagonist naloxone [12,
15, 17, 30], and also by hippocampal lesions [14]. In addition,
it was recently reported that various recombinant inbred
mouse strains displayed different patterns of responsivity to
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FIG. 3. Effects of combined PCP and amphetamine administration
on ataxia in rats. Mean total ataxia rating during the 0-200-min
period following concurrent injection of PCP (1.0 mg/kg) and am-
phetamine (0.5 mg/kg). Phencyclidine (1.0 mg/kg) produced signifi-
cant ataxia alone or in combination with amphetamine (0.5 mg/kg).
Significant differences from saline-saline control: ***p<0.01; signif-
icant differences from amphetamine alone: Ttp<0.01; n=12
animals/group.

the locomotor activating effects of PCP and amphetamine
[11].

We found that one component of the locomotor activating
effects of amphetamine, i.e., rearings, was actually inhibited
by PCP. In this regard the locomotor response to combined
PCP and amphetamine administration resembled the effects
of PCP alone, since PCP stimulates ambulation and sniffing
in the absence of a corresponding increase in rearings typi-
cally produced by amphetamine and related stimulants [15].
It should be noted, however, that the decrease in rearing
may have resulted from the PCP-induced hindlimb ataxia,
rather than reflecting a mechanistic difference between am-
phetamine- and PCP-induced locomotor activation. _

Our observation of a supraadditive increase in repetitive
head movements is consistent with previous reports that
combined PCP and amphetamine administration enhances
stereotyped behaviors [2,22]. The present data suggest,
however, that the previously reported enhancement of
stereotypy may have been due primarily to elevation in this
response component, in conflict with the notion that PCP-
and amphetamine-induced stereotyped behaviors in general
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are mediated by common mechanisms (2,19]. In this regard
our results are consistent with a recent report that PCP and
amphetamine stereotypy are differentially antagonized by
neuroleptic drugs [10]. Our findings are in accord with a
recent report that repetitive head movements produced by
PCP, like those induced by amphetamine, depend upon the
integrity of dopamine (DA) systems in the corpus striatum
[23]. It should also be noted that because of the competitive
interaction between locomotion and stereotypy [29,31], the
potentiation of repetitive head movements complicates in-
terpretation of the locomotor response to combined PCP and
amphetamine treatment. That is, although we found
amphetamine-induced ambulation was unchanged by PCP,
the increase in head movement might have interfered with
the expression of a locomotor enhancement. Further studies
in which stereotypy is excluded as a confounding influence
(e.g., in rats with specific lesions of the corpus striatum),
might better elucidate the effects of PCP/amphetamine co-
administration on ambulation.

EXPERIMENT 2: EFFECTS OF REPEATED AMPHETAMINE AND PCP:
CROSS-SENSITIZATION

Drugs with similar mechanisms of action may display
cross-tolerance or cross-sensitization. For example, cross-
tolerance (cf. [7]) and cross-sensitization (Segal, unpublished
observations) have been found among amphetamine-like
stimulants, and also between PCP and the sigma opiate
agonist N-allylnormetazocine (NANM) [15]. Cross-
augmentation observed in animals may have particular clini-
cal relevance, since repeated administration of am-
phetamine- and PCP-like agents increases the probability of
a schizophreniform reaction in humans [4,32].

Phencyclidine and amphetamine-like stimulants produce
augmented locomotion when repeatedly administered in low
to moderate doses [15, 29, 31]. Whether the enhanced loco-
motor responses to PCP and amphetamine display cross-
augmentation has not been investigated. A reciprocal cross-
augmentation between PCP and amphetamine would suggest
that the response alterations observed following chronic
administration of these drugs may involve common or re-
lated mechanisms. In addition, comparison of the effects of
repeated amphetamine and PCP treatment may aid in further
developing animal behavior models of drug-induced psy-
choses.

Method

Rats habituated to the residential activity chambers were
injected with doses of amphetamine (0.75 mg/kg) or PCP (2.5
mg/kg) in the locomotor-augmenting range [14,29] once daily
for 4 days. Separate groups of animals received 4 daily injec-
tions of saline vehicle. On the fifth day, amphetamine-
treated animals received a challenge injection of PCP (2.5
mg/kg), PCP-treated animals received amphetamine (0.5
mg/kg), and vehicle-treated animals received the same doses
of either drug. The PCP and amphetamine challenge doses
were selected because they produce submaximal locomotor
activation under our experimental conditions; any cross-
augmentation would therefore be readily detectible. Behav-
ioral measures were recorded as described above.

Results and Discussion

Consistent with previous findings {31], repeated adminis-
tration of amphetamine increased the locomotor response to
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FIG. 4. PCP- and amphetamine-stimulated locomotion after repeated pre-
treatment with amphetamine or PCP, respectively. Mean total crossovers
during the 0-200-min period after acute PCP (2.5 mg/kg) or amphetamine
(0.5 mg/kg), after PCP (2.5 mg/kg) challenge in rats pretreated with am-
phetamine (0.75 mg/kg, once daily for 4 days), and after amphetamine (0.5
mg/kg) challenge in rats pretreated with PCP (2.5 mg/kg, once daily for 4
days). Repeated amphetamine administration produced an enhanced loco-
motor response to PCP challenge. Repeated PCP administration decreased
the locomotor response to amphetamine challenge. Significant differences
from chronic vehicle control: ***p<0.01; significant differences from acute
drug treatment: T1ip<0.01; n=7 animals/group.

the drug. Ambulation was also enhanced with repeated PCP
treatment, in accord with our recent results [15]. Despite the
apparent similarity in these chronic effects, however, we
observed an asymmetric cross-sensitization between am-
phetamine and PCP (Fig. 4). That is, PCP-induced ambula-
tion was enhanced after multiple amphetamine injections,
whereas amphetamine-stimulated locomotion was actually
reduced in animals pretreated with PCP. Furthermore, un-
like the effects of repeated treatment with either am-
phetamine or PCP, there were no corresponding changes in
rearings in response to amphetamine or PCP challenge after
pretreatment with the other drug. These results suggest that
there are important differences in the processes underlying
response alterations resulting from repeated administration
of PCP and amphetamine.

Our finding of an asymmetric cross-sensitization involv-
ing amphetamine is consistent with some results obtained
using the drug discrimination paradigm. That is, rats trained
to discriminate hallucinogens such as THC and LSD do not
generalize to amphetamine or to the direct DA agonist
apomorphine [1,28]; in contrast, animals trained to discrimi-
nate amphetamine or apomorphine may generalize to THC
or LSD [1,3]. Our results suggest an analogous asymmetry
could exist for the stimulus generalization between PCP and
amphetamine. That is, available evidence only shows that
rats trained to discriminate PCP do not transfer stimulus
control to amphetamine (e.g., [26]). The converse experi-
ment, i.e., testing the stimulus properties of PCP in animals
trained to discriminate amphetamine, has not been reported.

The enhancement of PCP-induced ambulation after re-
peated amphetamine pretreatment is consistent with evi-

dence that common neuronal substrates may modulate some
aspects of the locomotor responses to the two drugs. A re-
cent study indicates that PCP-induced ambulation involves
the mesolimbic DA system [13], which has also been impli-
cated in the acute [20] as well as the chronic [30] behavioral
response to amphetamine. Repeated amphetamine adminis-
tration appears to increase the responsiveness of DA release
mechanisms [27]; therefore, the enhanced locomotor re-
sponse to PCP after chronic amphetamine pretreatment may
result from an increase in the PCP-stimulated release of
mesolimbic DA.

In contrast to the PCP locomotor augmentation which
occurs in PCP pretreated animals, amphetamine-induced
locomotion was reduced following chronic PCP administra-
tion. This finding cannot be attributed to the emergence of
competing responses, as occurs with subacute administra-
tion of moderate to high doses of amphetamine [29], since
our observations revealed no qualitative change in the am-
phetamine response profile. Our previous findings suggested
that an alteration in sigma receptor mechanisms may be re-
sponsible for the locomotor augmentation associated with
chronic PCP administration [15]. The present results suggest
the possibility that the repeated interaction of PCP with
sigma receptors may reduce the sensitivity of dopaminergic
mechanisms  which  modulate  amphetamine-induced
locomotion.

GENERAL DISCUSSION

Although the behavioral effects of PCP are similar in
some respects to those of amphetamine and related stimu-
lants [2, 18, 21], these drugs produce significantly different
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acute response profiles. With regard to the behaviors which
appear to be similar, combined administration of PCP and
amphetamine produced no alteration in ambulation, and en-
hanced only one component of stereotypy, i.e., repetitive
head movements. These findings argue against the interpre-
tation, based on global behavioral ratings, that combined
PCP and amphetamine administration produces a higher
dose amphetamine profile [2].

While both PCP and amphetamine produce enhanced
locomotion with repeated administration, the lack of recip-
rocal cross-augmentation suggests that different mechanisms
underlie the respective augmentation effects. These resuits
are consistent with the clinical observation that PCP-induced

GREENBERG AND SEGAL

psychotic reactions in normal human subjects may result
from single acute low doses [8], while amphetamine-induced
psychosis is typically associated with chronic high dose drug
exposure. However, that PCP-induced locomotion was en-
hanced by chronic amphetamine pretreatment is consonant
with the involvement of DA mechanisms in the locomotor
response to PCP. Furthermore, regardless of possible differ-
ences in underlying mechanisms, the finding that repeated
administration of either drug alone produces behavioral sen-
sitization may be relevant to the clinical observations that
the likelihood of a schizophreniform reaction to either am-
phetamine or PCP increases with chronic treatment [4,32].
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