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N-[1-(2-Benzo[b]Thiophenyl)Cyclohexyl]- 
Piperidine (BTCP) Exerts Cocaine-Like Actions 
on Drug-Maintained Responding in Rats

 

Rémi Martin-Fardon, Ph.D. and Friedbert Weiss, Ph.D.

 

The effects of N-[1-(2-benzo[b]thiophenyl)cyclohexyl]- 
piperidine (BTCP), a phencyclidine derivative that acts as a 
potent dopamine reuptake inhibitor, were examined on 
cocaine self-administration in rats. The effects of BTCP (0, 
4, 8, 16, and 32 mg/kg, i.p.) on cocaine self-administration 
were tested against cocaine doses on both the ascending 
(0.0625 mg/infusion) and descending (0.25 mg/infusion) 
limb of the dose-response function. BTCP decreased self-
administration of the 0.25-mg cocaine dose in a dose-
dependent manner. A 16-mg/kg dose of BTCP that strongly 
suppressed self-administration of the 0.25-mg cocaine dose 
increased the intake at the 0.0625-mg dose of cocaine. 

Moreover, cocaine and BTCP pretreatments produced 
similar patterns of decreases in self-administration of 
cocaine on the descending limb of the dose-response 
function. The results suggest that BTCP has cocaine-like 
actions and produces a leftward shift of the dose-response 
curve for cocaine self-administration, indicating that the 
phencyclidine analog may substitute under certain 
conditions for the reinforcing effects of cocaine in self-
administering rats.

 

[Neuropsychopharmacology 
23:316–325, 2000]
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Cocaine is a highly addictive substance that is abused
worldwide (Warner 1993; Higgins 1997). Cocaine also
acts as a potent reinforcer in laboratory animals (Pick-
ens and Thompson 1968; Koob 1992; Stolerman 1992;
Woolverton and Johnson 1992). It is widely accepted
that the addictive and reinforcing actions of cocaine are
the result of the drug’s ability to block the reuptake of
dopamine (DA) by inhibiting the dopamine transporter
(DAT) and, thereby, increasing DA neurotransmission
(Kuhar 1992; Ritz et al. 1987; Parsons et al. 1998; Wool-

verton 1992). N-[1-(2-benzo[b]thiophenyl)cyclohexyl]
piperidine (BTCP) is a phencyclidine (PCP) derivative
that has high affinity for the DAT (Chaudieu et al. 1989;
Vignon et al. 1988) but binds to a different site on the
transporter than cocaine (Maurice et al. 1991a,b, 1993;
Akunne et al. 1994).

BTCP, like cocaine, inhibits DA uptake (Chaudieu et
al. 1989; Vignon et al. 1988) and is, in fact, one of the
most potent inhibitors of DA reuptake known to date
(Chaudieu et al. 1989). Like cocaine, BTCP increases ex-
tracellular DA levels in the striatum and the nucleus ac-
cumbens (Martin-Fardon et al. 1996a; Maurice et al.
1992), and stimulates locomotor activity in rats (Slimani
et al. 1988) and mice (Ilagouma et al. 1993; Koek et al.
1989). Moreover, BTCP has been shown to substitute
for cocaine in drug discrimination (Koek et al. 1989)
and self-administration studies (French et al. 1995).

While the behavioral and neurochemical effects of
acute BTCP administration are similar to those of co-
caine (French et al. 1995; Ilagouma et al. 1993; Koek et
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al. 1989; Martin-Fardon et al. 1996a; Slimani et al. 1988),
differences between BTCP and cocaine have been ob-
served with chronic treatment (Martin-Fardon et al.
1996b; Prinssen et al. 1996). In contrast to cocaine, re-
peated BTCP administration in mice not only failed to
produce cocaine-like sensitization of locomotor activity
(Prinssen et al. 1996) but resulted in tolerance. Simi-
larly, BTCP attenuated cocaine-induced increases in ex-
tracellular DA levels in the striatum, and chronic treat-
ment with BTCP induced a tolerant dopaminergic
response to subsequent BTCP challenges (Martin-Far-
don et al. 1996b). These data suggest that BTCP can
mimic some of the behavioral actions of cocaine, but at
the same time may perhaps have a lower abuse poten-
tial and produce fewer adverse side effects than co-
caine. Such a behavioral profile would identify this new
compound as a possible candidate suitable for agonist
pharmacotherapy of cocaine addiction (Rothman 1990;
Kreek 1997). However, the actions of BTCP are not yet
sufficiently well known to support such a possible ago-
nist therapeutic profile. The purpose of the present
study was, therefore, to further characterize the effect of
BTCP, as well as its interaction with cocaine main-
tained-behavior in self-administering rats.

 

MATERIALS AND METHODS

Animals

 

Male Wistar rats (Beckman Laboratories, The Scripps
Research Institute, La Jolla, CA) weighing 200–250 g
upon arrival were used. The rats were group-housed
(2–3 per cage) in a temperature and humidity con-
trolled vivarium on a 12/12 h light/dark cycle (lights
off at 6 P.M.) with 

 

ad libitum

 

 access to food and water,
except during operant training for food reinforcement
(see Self-Administration Training). All animals were
handled once daily for 5 min during the first week after
arrival. All procedures were conducted in strict adher-
ence to the National Institutes of Health Guide for the
Care and Use of Laboratory animals.

 

Drugs

 

BTCP was a gift from Dr. Jean-Marc Kamenka (CNRS
UPR 1086, ENSCM, Montpellier, France). Cocaine was
obtained from the National Institute on Drug Abuse.
BTCP was dissolved in sterile physiological saline and
administered intraperitoneally (i.p.) at a dose of 1.6 ml/
kg. Cocaine was filtered sterile and dissolved in sterile
physiological saline.

 

Surgery

 

Rats were prepared with chronic silastic jugular catheters
under halothane anesthesia (1.5–2.0 %) as previously de-
scribed (Caine et al. 1993). All the animals were treated

with antibiotic (Timentin

 

®

 

 10 mg, i.v.) during the first
four days post-surgery. Catheter patency was maintained
by flushing with 0.1 ml of sterile heparin/saline solution
(30 USP units/ml) before and after each self-administra-
tion session. Rats with compromised catheters were im-
planted with a new catheter in the controlateral jugular
vein when possible, or excluded from the experiment.

 

Behavioral Testing Apparatus

 

Self-administration training and testing was conducted
in standard 29 

 

3

 

 24 

 

3

 

 19.5 cm (L 

 

3

 

 W 

 

3

 

 H) operant
chambers located inside ventilated sound-attenuating
cubicles (BRS/LVE Inc., Laurel, MD). The chambers
were equipped with a retractable lever positioned 4 cm
above the grid floor on the right side of the front panel
and a white cue light located 6 cm above the lever. A
counterbalancing arm fitted with a single-channel liq-
uid swivel (Model 375; Instech Labs, Plymouth Meet-
ing, PA) was suspended above the operant chamber.
The inlet of the liquid swivel was connected with poly-
ethylene tubing to a 10 ml syringe containing the drug
solution, and the liquid swivel outlet was connected via
a cannula connector (C313G-5UP; Plastics One, Roanoke,
VA) to the chronic jugular catheter on the rat’s back. In-
travenous infusions were administered by activation of
a syringe pump (Razel Scientific Instrument, Stanford,
CT) located outside the sound attenuating boxes. Be-
havioral testing protocols and data collection was con-
trolled by an IBM-compatible microcomputer.

 

Self-Administration Training

 

Prior to implantation of intravenous catheters, rats were
food deprived for 24 hr and then maintained on a re-
stricted diet (20 g standard laboratory chow per day).
During this period, the animals were trained to lever-
press for 45 mg food pellets (PJ Noyes Company, Inc,
Lancaster, NH) on a fixed-ratio 5 (FR 5), time-out 20 sec
(TO 20) schedule. Operant training for food reinforcers
was continued until a criterion of at least 50 completed ra-
tio requirements per 30 min session over three consecu-
tive days was reached. All house lights and stimulus
lights were off during the food and cocaine self-adminis-
tration sessions. Completion of each ratio requirement re-
sulted in delivery of a food pellet and illumination of the
cue light above the lever for 20 sec. The animals were
then returned to 

 

ad libitum

 

 food availability and, 2–3 days
later, surgically implanted with chronic jugular catheters.

One week after recovery from surgery, cocaine self-
administration began in daily 3-hr sessions conducted six
days per week. Cocaine self-administration sessions were
initiated by administration of two non-contingent intrave-
nous cocaine infusions (0.25 mg/0.1 ml/infusion, deliv-
ered over 4 sec). Each infusion was followed by a 20-sec
period during which time the white cue light above the
lever was illuminated. Subsequently, the right lever was
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extended into the operant chamber at which time cocaine
(at the training dose of 0.25 mg/0.1 ml) was made avail-
able on a FR 5 schedule of reinforcement. After each infu-
sion, the lever remained inactive for 20 sec to avoid acci-
dental overdosing. This time-out period was signaled by
illumination of the white cue light. Testing began once all
rats reached stable baselines of responding, defined as no
more than 10% variation in the total number of drug infu-
sions over three consecutive days. The animals weighed
380.7 

 

6

 

 11.2 g (

 

n

 

 

 

5

 

 7) at the beginning of cocaine self-
administration training, and 559.6 

 

6

 

 26.5 g (

 

n

 

 

 

5

 

 5) after
completion of all behavioral testing.

 

Behavioral Testing Procedures

 

All experiments were conducted in 3 hr limited-access
self-administration sessions on an FR 5 schedule of re-
inforcement, and all sessions were initiated by delivery
of two non-contingent cocaine injections (0.25 mg/infu-
sion). Before the beginning of tests of BTCP effects on
cocaine self-administration, dose-effect functions for co-
caine-maintained responding were established by de-
termining the total number of cocaine infusions per 3 hr
session obtained by rats (

 

n

 

 

 

5

 

 7) during self-administra-
tion of each of four different cocaine concentrations
(0.0625, 0.125, 0.25, and 0.5 mg/infusion). To control for
order effects, animals were tested with the four differ-
ent cocaine doses in a random sequence. Tests with all
drug doses were conducted only when responding for
cocaine was stable as defined by a criterion of less than 

 

6

 

10% variation of the total number of infusions over
three consecutive self-administration sessions. Addi-
tionally, in a replication of these dose-effect determina-
tions, the effects of saline administration (1.6 ml/kg,
administered 10 min before the beginning of self-
administration sessions) were examined in order to
control for any disruptive effects associated with the
drug injection procedure per se in the subsequent tests.

After the completion of the cocaine dose-response
tests, the rats (

 

n

 

 

 

5

 

 7) were again given daily access to co-
caine until stable baselines of cocaine self-administration
(at 0.25 mg/infusion) were reestablished. Subsequently,
the effects of four doses of BTCP (4, 8, 16, 32 mg/kg, i.p.)
and its vehicle (saline, 1.6 ml/kg) on self-administration
of the training dose of cocaine (0.25 mg/infusion) were
determined. BTCP was administered 10 min before the
beginning of 3 hr self-administration sessions. Each ani-
mal was tested with all doses of BTCP in random order.
Each animal was tested once with each dose of BTCP.

After reestablishing stable baselines of responding
for cocaine, the effect of pretreatment with cocaine (32
mg/kg, i.p., administered 10 min before onset of test-
ing) on selfadministration of the training dose of co-
caine was examined. This dose of cocaine was selected
in view of earlier findings documenting that BTCP is
more potent than cocaine with regard to its ability to el-
evate extracellular dopamine levels in the striatum and,

specifically, a given dose of cocaine is equivalent to one
half of the corresponding dose of BTCP (Martin-Fardon
et al. 1996a). Based on these previous observations, a 32
mg/kg dose of cocaine was considered to be equivalent
to a 16 mg/kg dose of BTCP.

For the last experiment, the dose of cocaine available
in daily self-administration sessions was lowered to
0.0625 mg/infusion (a sub-threshold dose for maintain-
ing cocaine-reinforced responding). Once stable base-
lines of responding were established, the effects of
BTCP vehicle (saline, 1.6 ml/kg) and BTCP (16 mg/kg,
i.p.) pretreatment on intravenous self-administration of
this dose of cocaine (0.0625 mg/infusion) were estab-
lished on two successive days.

 

Effect of BTCP on Water-Reinforced Behavior

 

To control for nonspecific inhibitory behavioral effects of
BTCP, the effects of this compound on responding for
water were examined. Twelve male Wistar rats were
placed on a 21 hour/day water restriction schedule. The
animals were then trained to lever-press on an FR 1
schedule for 0.1 ml water in daily 30 min sessions in the
same operant chamber used for all other experiments ex-
cept that the food hopper was replaced by a drinking
well (see Self-Administration Training). Water self-
administration sessions were conducted once per day
during five consecutive days per week. Once a stable
baseline of responding for water was established (

 

6

 

 15 %
over three consecutive sessions), the animals were di-
vided into two groups. Group 1 was treated with saline
(1.6 ml/kg, i.p.), and Group 2 with BTCP (16 mg/kg,
i.p.), 10 min before the beginning of water self-adminis-
tration sessions.

 

Statistical Analysis

 

Differences in the effects of drug treatments on the total
number of infusions per 3 hr session were analyzed by
planned contrasts among means. Dose-dependent dif-
ferences in the cumulative number of infusions were
analyzed by two-way within-subjects ANOVA fol-
lowed by analysis of Simple Effects and Newman Keuls
post-hoc tests. Water-reinforced responses were ana-
lyzed by a mixed-factorial ANOVA.

 

RESULTS

Dose-Effect Functions for Cocaine Self-Administration

 

Self-administration of the four different unit doses of co-
caine produced an inverted U-shaped dose-effect curve
with highest rates of responding maintained by the 0.125
mg/infusion dose. The mean (

 

6

 

 SEM) total number of
cocaine infusions/session at the four different doses
were 12.6 

 

6

 

 2.3 (0.0625 mg/infusion), 99.1 

 

6

 

 5.5 (0.125
mg/infusion), 51.1 

 

6

 

 1.3 (0.25 mg/infusion), and 30.0 

 

6
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1.7 (0.5 mg/infusion). The training dose of 0.25 mg/infu-
sion was located on the descending limb of the dose-
effect function and the lowest dose of cocaine (0.0625
mg/infusion) did not maintain behavior. Administration
of saline 10 min before self-administration sessions had
no effect on cocaine self-administration at any dose and
the mean (

 

6

 

SEM) total number of infusions at the differ-
ent cocaine doses were 11.6 

 

6

 

 1.8 (0.0625 mg/infusion),
100.7 

 

6

 

 5.3 (0.125 mg/infusion), 53.7 

 

6

 

 1.7 (0.25 mg/in-
fusion), and 31.3 

 

6

 

 1.3 (0.5 mg/infusion).

 

Effects of BTCP Pretreatment on
Self-Administration of a Cocaine Dose on
the Descending Limb of the Dose-Effect Function

 

Mean (

 

6

 

 SEM) baseline responding (51.1 

 

6

 

 1.3) for the co-
caine training dose (0.25 mg/infusion) after BTCP vehicle

injection (saline 1.6 ml/kg) remained unaltered compared
to self-administration performance in the preceding exper-
iment (52.6 

 

6

 

 2.1) (Figure 1A). BTCP pretreatments dose-
dependently decreased the self-administration of a cocaine
dose on the descending limb of the cocaine dose-effect
function (0.25 mg/infusion) (Figure 1A). Compared to the
vehicle condition, cocaine intake was significantly reduced
after BTCP doses of 8 mg/kg [F(1,6) 

 

5

 

 10.4, 

 

p

 

 

 

,

 

 .05], 16
mg/kg [F(1,6) 

 

5

 

 84.7, 

 

p

 

 

 

,

 

 .001], and 32 mg/kg [F(1,6) 

 

5

 

51.1 

 

p

 

 

 

,

 

 .001], but not after the 4 mg/kg dose of BTCP.
Examination of the temporal profile of BTCP effects on

responding for cocaine revealed that BTCP pretreatment
delayed the initiation of self-administration and decreased
the number of infusions self-administered per unit time,
once self-administration was initiated. As illustrated by the
slopes of the cumulative response plots shown in Figure
1B, both of these effects were dose-dependent. Overall, dif-

Figure 1. Effects of intraperitoneal BTCP or cocaine pretreatment on self-administration of a cocaine dose (0.25 mg/infu-
sion) on the descending limb of the dose-effect function. (A) Effects of saline and BTCP pretreatments on the total number of
infusions obtained during 3 h sessions (* p , .05; *** p , .001; significantly different from Saline). (B) Effects of saline and
BTCP pretreatment on the cumulative number of cocaine infusions (see Results for statistical comparisons). (C) Effect of
saline and cocaine (32 mg/kg, i.p.) pretreatment on the total number of infusions recorded during 3 h self-administration
sessions (*** p , .001). (D) Effect of saline and cocaine pretreatment on the cumulative number of cocaine infusions (see
Results for statistical comparisons).
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ferences in response patterns generated by the vehicle vs.
BTCP pretreatments were confirmed by a significant effect
for drug doses [F(4,14) 

 

5

 

 54.72; 

 

p

 

 

 

,

 

 .00001] and a signifi-
cant interaction between these factors [F(58,408) 

 

5

 

 35.55; 

 

p

 

 

 

,

 

.00001]. Newman Keuls tests further confirmed significant
differences from saline pretreatment for all (except the 4
mg/kg) BTCP doses (

 

p

 

 

 

,

 

 .01), as well as significant dose-
dependent differences among the effects of the four BTCP
doses (4 vs. 8 mg/kg, 

 

p

 

 

 

,

 

 .05; 8 vs. 16 mg/kg, 

 

p

 

 

 

,

 

 .01; 16
vs. 32 mg/kg, 

 

p

 

 

 

,

 

 .01). In addition, simple effects analysis
revealed that the effects of BTCP pretreatments were sig-
nificant at each (

 

p

 

 

 

,

 

 .0001) session interval.

 

Effects of Cocaine Pretreatment on
Self-Administration of a Cocaine Dose on the 
Descending Limb of the Dose-Effect Function

 

One animal died during this phase of the experiment
reducing the sample size to six rats. There were no
differences in baseline cocaine self-administration
(0.25 mg/infusion after saline pretreatment) measured
before (50.5 

 

6

 

 1.4) and after (54.0 

 

6

 

 1.8) completion
of the BTCP dose-effect experiment in the remaining
rats. Pretreatment with cocaine (32 mg/kg, i.p.) pro-
duced a significant decrease [F(1,5) 

 

5

 

 82.7, 

 

p

 

 

 

,

 

 .001]
in the number of self-administered cocaine infusions
(34.5 

 

6

 

 1.3), whereas cocaine vehicle pretreatment
(saline) had no effect (50.7 6 1.0) on responding for
cocaine (Figure 1C).

Analysis of the temporal profile of the cocaine pre-
treatment effects indicated a delay in the onset of intra-
venous self-administration and a decrease in the number

of infusions per unit time (Figure 1D). These behavioral
effects were nearly identical to those produced by BTCP
at the 16 mg/kg dose in the preceding experiment. The
decrease in the cumulative number of cocaine infusions
was confirmed by a significant main effect for drug pre-
treatment [F(1,5) 5 107.8, p , .001] and a significant in-
teraction between drug pretreatment and responses over
time [F(17,85) 5 32.6, p , .001]. Subsequent analysis of
Simple Effects indicated that the cumulative number of
infusions was lower compared to that after saline pre-
treatment at all time points (10 to 180 min, p , .001).

Effects of BTCP Pretreatment on Self-Administration 
of a Cocaine Dose on the Ascending Limb of the 
Dose-Effect Function

One rat was eliminated during this phase of the experi-
ment because of loss of catheter patency, reducing the
sample size to five animals. This experiment examined
the effects of BTCP on the self-administration of a co-
caine dose on the ascending limb of the dose effect-
function (0.0625 mg/infusion). Pretreatment with BTCP
(16 mg/kg, i.p.) but not its vehicle (saline) produced a
significant increase [F(1,4) 5 14.7, p , .05] in the total
number of self-infusions of the 0.0625 mg cocaine dose
(Saline: 6.2 6 0.6, BTCP: 102.4 6 25.1) (Figure 2A).

The difference between the cumulative number of
cocaine infusions in BTCP vs. saline pretreated animals
(Figure 2B) was confirmed by a significant main effect
for drug treatment [F(1,4) 5 11.9, p , .05] and a signifi-
cant interaction between drug treatments and the cu-
mulative number of cocaine infusions [F(17,68) 5 14.5,

Figure 2. Effect of BTCP (16 mg/kg,
i.p.) pretreatment on self-administration
of a cocaine dose (0.0625 mg/infusion)
on the ascending limb of the dose-effect
function. (A) Effect of BTCP on the total
number of infusions self-administered
during a 3 h session (* p , .05). (B) Effect
of BTCP on the cumulative number of
cocaine infusions (see Results for statisti-
cal comparisons).
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p , .001]. Twenty minutes after the beginning of the
session, BTCP-treated animals began to lever-press and
maintained stable levels of responding until the end of
the self-administration period. Simple Effects analysis
indicated that the BTCP-induced increase in cocaine in-
take was significant between 80 and 180 min of the self-
administration session (p , .05).

Effect of BTCP on Saline Self-Administration

To control for the possible contribution of priming ef-
fects of BTCP to the increased self-administration of the
low cocaine dose, the effects of BTCP were examined
after saline substitution. For this purpose, a group of
four additional rats was trained to self-administer co-
caine (0.25 mg/infusion) in a daily-3 hr session (see Be-
havioral Testing Procedures). Once the rats developed
stable cocaine intake (6 10% over three consecutive ses-
sions) the cocaine solution was replaced with saline. Sa-
line sessions were conducted until extinction responses
stabilized. At this time the effect of BTCP (16 mg/kg,
i.p.) (and its vehicle) was tested on two successive days.

Mean (6 SEM) baseline responding (48.3 6 4.5; n 5
4) for the cocaine training dose (0.25 mg/infusion) was
similar to that observed during the cocaine dose-effect
determination in the previously tested animals (see in
the Results section: Dose-Effect Functions for Cocaine
Self-Administration). Substitution of saline produced
an extinction of self-administration with a mean total
number of 4.4 6 1.7 infusions per session over 4.0 6 0.6
saline substitution days. Pretreatment with BTCP (16
mg/kg, i.p.) or vehicle did not modify the self-adminis-
tration of saline [BTCP: 12.0 6 2.8; vehicle: 6.8 6 1.9;
F(2,6) 5 1.5; NS].

Effect of BTCP on Water-Seeking Behavior

The baseline number of responses for water before the
drug treatments was identical in the two groups of ani-
mals subsequently tested with BTCP (138.0 6 12.2; n 5
6) vs. Saline (134.5 6 14.4; n 5 6). Neither saline (145.3 6
18.0) nor BTCP (124.8 6 26.5) pretreatment altered re-
sponding for water compared to baseline levels [F(1,10) 5
0.007; NS].

DISCUSSION

Pretreatment with the potent DA uptake inhibitor
BTCP dose-dependently decreased self-administration
of a cocaine dose on the descending limb of the cocaine
dose-effect function (0.25 mg/infusion). In addition,
BTCP increased the intake of a lower cocaine dose
(0.0625 mg/infusion) that by itself did not maintain re-
liable self-administration. In fact, BTCP pretreatment
resulted in maintenance of self-administration by this
cocaine dose throughout the session, but did not mod-

ify the self-administration of saline. Thus, BTCP de-
creased cocaine self-administration on the descending
limb of the cocaine dose-response curve while increas-
ing cocaine intake on the ascending limb (Figure 3).
These observations suggest that BTCP produces a left-
ward shift in the cocaine dose-response curve.

Baseline levels of cocaine-reinforced responding at
the training dose (0.25 mg/infusion) remained essen-
tially unaltered throughout the entire experiment in
spite of increases in the animals’ body weight. This ob-
servation is in agreement with previous findings show-
ing that under conditions of limited daily access to co-
caine, rats maintain a highly constant level of cocaine
intake over long periods of time, and resume respond-
ing at the same levels after periods of forced abstinence
(Ahmed and Koob 1998). This stability of cocaine intake
has been interpreted as reflecting a constant “hedonic
set point” in limited-access cocaine self-administration
models (Ahmed and Koob 1998).

Previous studies in rats have shown that pretreat-
ment with dopamine agonists can decrease self-admin-
istration of amphetamine and cocaine doses on the de-
scending limb of the dose-effect function for these
stimulants (Tella 1995; Yokel and Wise 1978). Similarly,
pretreatment with cocaine decreased subsequent self-
administration of cocaine in monkeys (Herling et al.
1979). Consistent with these reports, cocaine pretreat-
ment lowered the amount of cocaine self-administered
by rats in the present study. Interestingly, pretreatment

Figure 3. Summary of the effects of the BTCP (16 mg/kg)
pretreatment effects in Figures 1A and 2A, and on saline
self-administration. Comparison of these effects with the
data obtained during the cocaine dose-response tests (see
Results) suggests that BTCP shifted the cocaine dose-effect
function to the left.
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with BTCP produced similar behavioral effects as co-
caine pretreatement (Figure 1), but with greater po-
tency.

Comparison of the effects of equimolar doses of BTCP
(32 mg/kg z59.6 mM) and cocaine (32 mg/kg z59.0
mM) indicates that BTCP pretreatment resulted in a net
reduction of cocaine self-administration that was ap-
proximately 30% greater than that produced by cocaine
pretreatment (Figures 1A and 1C). This observation ex-
tends previous findings showing that BTCP produces
greater locomotor activation as well as greater increases
in striatal dopamine efflux than equivalent doses of co-
caine (Martin-Fardon et al. 1996a,b; Prinssen et al. 1996).
However, it was recently shown that the self-administra-
tion of equimolar concentrations of BTCP or cocaine on a
progressive-ratio schedule produces identical breaking
points (French et al. 1995), suggesting that BTCP and co-
caine have equal reinforcing potency. This discrepancy
may be related to differences in the test paradigms em-
ployed to assess the reinforcing actions of the two drugs
(i.e., self-administration of BTCP vs. BTCP “pre-loading”
effects on cocaine self-administration).

The apparent greater behavioral potency of BTCP
compared to cocaine in modifying self-administration of
cocaine in the present study may, therefore, reflect spe-
cific interactions of the phencyclidine analog with co-
caine, rather than a greater intrinsic reinforcing potency
of BTCP itself. A possible explanation for the greater ap-
parent potency of BTCP over cocaine may be differences
in elimination profiles and generation of active metabo-
lites between the two compounds. Cocaine’s main me-
tabolite, benzoylecgonine, has little pharmacological ac-
tivity (for review see Benowitz 1992). In contrast, BTCP
has two active metabolites with high affinity for the DA
transporter, 1-[1-(2-benzo[b]thiopheneyl)cyclohexyl] pi-
peridin-4-ol and 1-[1-(2-benzo[b]thiopheneyl) cyclo-
hexyl]piperidin-3-ol (Deleuze-Masquefa et al. 1997). The
greater delay in the onset of responding and the decrease
in cocaine intake per 10 minute interval induced by
BTCP compared to cocaine may, therefore, be attribut-
able to an action of these active metabolites (see Figures
1B and 1D for comparison).

Under limited-access schedules of cocaine self-
administration, rats exhibit a very stable and reproduc-
ible pattern of behavior that is characterized by an
initial “loading phase” followed by the development of a
regular response pattern and dose-titration (Koob et al.
1987; Roberts et al. 1980; Roberts and Koob 1982). Dur-
ing this latter phase, the length of interinjection intervals
is highly constant with the number of injections per unit
time inversely related to the dose of cocaine. The high
frequency of cocaine intake during the loading phase
as well as the behavioral titration to a given unit dose
of the drug suggests that animals regulate cocaine in-
take in a manner that induces and maintains a specific
level of dopaminergic activation (Wise et al. 1995; Pettit
and Justice 1991). BTCP, administered intraperitoneally

10 minutes before the beginning of the sessions, dose-
dependently delayed the onset of intravenous cocaine
self-administration and reduced the number of re-
sponses during the “loading phase” once animals be-
gan responding for cocaine compared to rats pretreated
with intraperitoneal saline. After the end of the loading
phase, BTCP continued to produce dose-dependent re-
ductions in cocaine intake by increasing the length of
interinjection intervals. Pretreatment with cocaine (32
mg/kg) produced effects that were essentially identical
to the 16-mg/kg dose of BTCP (see Figures 1A and 1C).

The compensatory delays in responding during the
loading phase and increases in interinjection intervals
during the maintenance phase resemble dose-titration
changes in self-administration induced by increasing
the unit dose of cocaine. This observation as well as the
similarity between the effects of BTCP and cocaine pre-
treatments suggests that BTCP enhanced the behavioral
actions of intravenous cocaine by exerting effects similar
to those of higher unit doses of cocaine. This conclusion
is further supported by similarities in dopaminergic ac-
tivation produced by cocaine and BTCP established in
previous work. Both cocaine and BTCP increase extra-
cellular dopamine levels 10–20 minutes after intraperi-
toneal administration with maximum effects at 60 minutes
and a return to baseline levels approximately 2 hours after
administration, albeit with a somewhat more shallow
and sustained temporal profile of BTCP effects compared
to cocaine (Martin-Fardon et al. 1996a). In the present
study, rats were injected with BTCP or cocaine 10 min
before the sessions which began by administration of two
non-contingent cocaine infusions. Thus, rats were sub-
jected to the additive effects of the BTCP or cocaine pre-
treatment and the two intravenous cocaine infusions.
The behavioral changes induced by these treatments
seemed to parallel the time course of their neurochemical
effects. This was particularly evident at the higher
doses of BTCP (16 and 32 mg/kg) and after cocaine (32
mg/kg) pretreatments that delayed the onset of cocaine
self-administration in a manner that seemed to corre-
spond to the decline in the effects of BTCP or cocaine
pretreatments on accumbal extracellular dopamine levels.

While BTCP lowered self-administration of a cocaine
dose located on the descending limb of the dose-effect
function (i.e., the 0.25 mg/infusion training dose), BTCP
(16 mg/kg) produced a robust increase in self-adminis-
tration of a cocaine dose (0.0625 mg/infusion) on the as-
cending limb of the dose-response curve (Figure 2) that
did not maintain responding by itself. As shown in Fig-
ure 2B, BTCP-pretreated animals began responding after
a delay of 10 minutes and developed stable rates of co-
caine self-administration which were maintained for the
remainder of the session. This observation is consistent
with the interpretation that the 16-mg/kg cocaine dose
effectively maintained behavior in BTCP-pretreated ani-
mals. Since BTCP did not increase the self-administration
of saline, the BTCP-induced maintenance of responding
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by a non-reinforcing dose of cocaine cannot be attributed
to a priming effect by BTCP. Therefore, the present be-
havioral results suggest that BTCP initially substituted
for cocaine and inhibited responding, while exerting ad-
ditive effects to those of the low intravenous cocaine
dose at later stages and, thereby, maintaining reliable
self-administration of this subthreshold dose of cocaine.

The delay in the onset of cocaine self-administration
induced by BTCP seems to be specific to cocaine-rein-
forced responding rather than being the result of non-
specific behavioral inhibition. This conclusion is sup-
ported by the lack of suppressant effects of BTCP (at the
16-mg/kg dose) on water-reinforced responding. How-
ever, Koek et al. (1989) reported that a BTCP dose as
low as 10 mg/kg (i.p.) suppressed responding for food
in a drug discrimination paradigm. In the latter experi-
ment, BTCP was injected 15 min before the beginning of
the session and the behavior was monitored for another
15 min. It is possible that the suppression of lever-
pressing for food observed by Koek et al. (1989) might
be an expression BTCP’s anorexic effects (Duterte-
Boucher et al. 1990). Given that the behavioral and neu-
rochemical effects of a 32 mg/kg cocaine dose seem to
be equivalent to the16-mg/kg BTCP dose, it seems rea-
sonable to assume that the lack of responding during
the early phase of the session after 32 mg/kg cocaine
was similarly not the result of general behavioral sup-
pression (stereotypy), but rather reflected a compensa-
tory delay in responding in response to the high intra-
peritoneal cocaine dose.

Cocaine self-administration is modified not only by
pharmacological manipulation of dopaminergic trans-
mission, but also by ligands acting at glutamate recep-
tors (De Vries et al. 1998; Ranaldi et al. 1996; Schenk
et al. 1993). In particular, administration of the non-
competitive N-methyl-D-aspartate (NMDA) antagonist
MK-801 can enhance the reinforcing effects of cocaine
(Ranaldi et al. 1996), and reinstate cocaine seeking be-
havior after extinction (De Vries et al. 1998). Moreover,
there is evidence that the abuse liability of NMDA an-
tagonists is not entirely DA dependent (e.g., Carlezon
and Wise 1996; Nicholson et al. 1997, 1998). Since BTCP
is a phencyclidine derivative and has some affinity for
the PCP receptor, some of its behavioral actions may be
the result of an action at the NMDA receptor. However,
while BTCP is a PCP derivative, its predominant phar-
macological action is a potent and highly selective inhi-
bition of DA reuptake (Chaudieu et al. 1989; Vignon et
al. 1988), but has only low affinity for the PCP receptor
itself. Moreover, in contrast to the non-competitive
NMDA antagonists MK-801 and PCP, BTCP does not
antagonize NMDA-induced convulsions in mice (Koek
et al. 1989). Thus, the pharmacological mechanism of
action of BTCP does not seem to be linked to possible
NMDA effects as might be inferred from this com-
pound’s chemical structure. Consequently, it appears
unlikely that the modification of cocaine reinforcement

by BTCP in the present study can be attributed to some
residual non-competitive NMDA antagonist action
rather than a direct effect on DA uptake.

The reinforcing actions of cocaine are mediated by its
action to inhibit DA reuptake (Ritz et al. 1987), but co-
caine also inhibits the reuptake of DA, noradrenaline
(NA) and serotonin (5-HT) and these effects may con-
tribute to, or modulate the reinforcing behavioral con-
sequences of cocaine administration. The potency of
BTCP for inhibition of 5-HT and NA transporters is
about the same as that for DA reuptake (Lebel et al.
1994), but there is much evidence that it is specifically
the inhibition of DA reuptake that accounts for the be-
havioral cocaine-like effects of BTCP (Giros et al. 1996;
Roberts et al. 1999; Silvia et al. 1997). BTCP has also
been reported to interact with the NA system by inhib-
iting the electrical activity of NA neurons in anesthe-
tized rats (Chergui et al. 1992). However, in a recent
study, PCP-induced place preference in mice was
blocked by coadministration of the DA synthesis inhibi-
tor a-methyl-r-tyrosine or 6-hydoxydopamine lesions
of DA neurons but not by lesion of NA neurons using
N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine, a NA
neurotoxin, nor by risanterin, a 5-HT2 receptor antago-
nist (Noda et al. 1998). These observations suggest that
PCP-induced place preference is mediated by dopamin-
ergic rather than serotonergic or noradrenergic sys-
tems. Therefore, neither a possible action of BTCP on
noradrenergic systems, NMDA receptors or 5-HT re-
ceptors would seem to account for the effects of BTCP
on the cocaine self-administration in the present study.

Together, these findings indicate that BTCP shifted
the dose-response function for cocaine self-administra-
tion to the left. The BTCP-induced leftward shift is sim-
ilar to that induced by higher unit doses of cocaine and,
therefore, suggestive of an enhancement of the reinforc-
ing actions of cocaine. BTCP inhibits dopamine re-
uptake and, in this respect, exerts similar, albeit more
potent, pharmacological actions as cocaine (Chaudieu
et al. 1989; Vignon et al. 1988). Moreover, cocaine and
BTCP produced identical decreases in self-administra-
tion of a cocaine dose on the descending limb of the
dose-response function, confirming earlier findings that
BTCP and cocaine have similar behavioral actions
(French et al. 1995; Koek et al. 1989; Martin-Fardon et al.
1996a). These observations are consistent with the hy-
pothesis that BTCP and cocaine interact with the same
neurochemical system and that inhibition of dopamine
reuptake by BTCP is the mechanism of action underly-
ing the enhancement of cocaine reinforcement by this
phencyclidine derivative.

One strategy for the treatment of cocaine addiction
focuses on the use of compounds that substitute for the
actions of the primary drug of abuse but have a longer
duration of action paired with lower intrinsic abuse po-
tential and toxic side effects (Rothman 1990; Kreek
1997). In the case of cocaine, therapeutic agents with in-
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direct agonist properties (e.g., uptake inhibitors) are likely
to be more effective than direct dopamine receptor ago-
nists because of emetic and other side effects associated
with drugs of the latter class. The present results indicate
that BTCP can substitute for the reinforcing effects of
cocaine and does so with greater potency than cocaine.
However, whether the behavioral profile of BTCP iden-
tified by the results qualifies this drug as a possible ago-
nist substitution drug remains unclear. Indeed, a single
intraperitoneal injection of BTCP before access to a sub-
threshold dose of cocaine rendered this dose of cocaine
reinforcing which may reflect a short-acting pharmaco-
kinetic profile of BTCP. However, the route of adminis-
tration (i.e., intraperitoneal vs. oral) as well as the dura-
tion of action and the examination of the effects of
single versus chronic administration are other impor-
tant issues that require systematic exploration. Thus,
further studies, particularly of BTCP’s duration of ac-
tion and its intrinsic abuse liability, will be essential to
more conclusively assess its potential as an agonist
therapeutic compound for cocaine addiction.
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