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Abstract
The discriminative stimulus effects of cocaine are typically attributed to its ability to increase
dopaminergic transmission, although drugs that have different mechanisms of action can substitute
for cocaine and modulation of the GABAA receptor system has been reported to alter its
discriminative effects. Therefore, a discrimination procedure was used to extend the characterization
of cocaine’s discriminative effects and to examine the interaction between cocaine and pregnanolone,
a drug that can modulate the GABAA receptor complex. Rats (n=15) were trained to discriminate
saline from 5.6 or 10 mg/kg of cocaine under a fixed-ratio (FR) 20 schedule of food presentation.
The dopamine releaser d-amphetamine and two monoamine uptake inhibitors bupropion and
desipramine substituted for cocaine. In contrast, the positive GABAA modulators pregnanolone and
lorazepam and the opioid agonist morphine did not substitute for cocaine. When administered prior
to cocaine, the D2 receptor antagonist haloperidol and pregnanolone, but not lorazepam, produced a
small rightward shift of the cocaine dose-effect curve. The results of the present studies suggest that
the discriminative stimulus effects of cocaine are not solely mediated by increases in dopaminergic
transmission and that positive modulation of GABAA receptors by pregnanolone can alter these
effects, albeit at doses that also decrease overall response rate.
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Introduction
There have been an increasing number of studies in the literature suggesting an important
interaction in the central nervous system between drugs that increase monoamine activity and
drugs that positively modulate the GABAA receptor (e.g., Barrett et al., 2005). For example,
positive modulators of the GABAA receptor such as the benzodiazepines have been shown to
decrease endogenous release of dopamine in different areas of the brain (Dewey et al. 1997;
Dewey et al. 1992; Finlay et al. 1992). Behaviorally, the positive GABAA modulators triazolam
and pentobarbital were shown to decrease cocaine-lever responding in monkeys trained to
discriminate cocaine from saline (Negus et al., 2000). In rats, midazolam and pentobarbital
attenuated the discriminative effects of cocaine, which would suggest that positive GABAA
modulators have the capacity to inhibit or attenuate certain cocaine-mediated behaviors.
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Recently, novel substances such as pregnanolone (5β-pregnan-3α-ol-20-one) have also been
shown to act as positive GABAA modulators in certain behavioral assays (Vanover, 2000;
Gerak et al., 2004), and similar to the benzodiazepines, Smolders et al. (1995) showed that
intrastriatal infusions of pregnanolone could decrease endogenous dopamine release. However,
another study by Rouge-Pont et al. (2002) found that allopregnanolone (5α-pregnan-3β-ol-20-
one) increased dopamine release in the nucleus accumbens of rats, suggesting differential
effects of pregnanolone and allopregnanolone in rats depending on the brain area. Another
possible explanation for these differential effects is differences in the pharmacology between
pregnanolone and allopregnanolone in rats. In humans, endogenous pregnanolone and its
stereoisomer allopregnanolone are putatively known as neuroactive steroids, and monoamine
reuptake inhibitors (e.g., desipramine) as well as selective serotonin reuptake inhibitors (e.g.,
fluoxetine) have been shown to increase low levels of endogenous pregnanolone and
allopregnanolone into the normal range in humans (Romeo et al. 1998; Uzunova et al. 1998).
Neuroactive steroids can also be found in the brain in pharmacologically relevant
concentrations following acute stress (Barbaccia et al. 1996; Purdy et al. 1991) and the
dopamine reuptake inhibitor cocaine has been shown to act as a stressor (Yang et al. 1992;
Knuepfer et al. 2001). Thus, there is the possibility that monoamine uptake inhibitors and
pregnanolone may share certain effects in humans. However, pregnanolone has not been
demonstrated to be a neuroactive steroid in rats and its positive GABAergic activity may
predominate in rats, which would suggest effects for cocaine and pregnanolone that are
mutually antagonistic.

One way to compare and contrast the behavioral effects of pregnanolone in rats with the
monoamine uptake inhibitors and positive GABAA modulators directly is with a discrimination
procedure. If pregnanolone acts predominately as a positive GABAA modulator, then it might
attenuate cocaine’s discriminative effects as has been shown for other positive GABA
modulators such as the benzodiazepines in rats (Barrett et al., 2005) and monkeys (Negus et
al., 2000). If pregnanolone has effects more like allopregnanolone in the rat, then it might
enhance cocaine’s discriminative effects by further enhancing dopamine transmission.
Therefore, in this study, the discriminative stimulus effects of pregnanolone were compared
with a wide range of compounds, including those for d-amphetamine, bupropion, desipramine
and lorazepam in rats discriminating cocaine. The potentially opposing behavioral effects of
pregnanolone and cocaine were compared with haloperidol and lorazepam by administering
these drugs prior to cocaine in the same rats discriminating cocaine. The effects of morphine
were also evaluated because μ-opioid agonists should not share discriminative stimulus effects
with cocaine (Bowen et al. 2003; Broadbent et al. 1995).

Material and methods
Subjects

Drug-naive male Long-Evans hooded rats were housed individually in opaque plastic cages
containing hardwood-chip bedding and maintained on a 14-hr light/10-hr dark cycle (lights on
at 6:00 am) to mimic a natural long-day photoperiod. The housing room was maintained at 21
± 1ºC with 50 ± 10 % humidity. Testing occurred during the light phase of the cycle. Subjects
were fed a diet consisting of nutritionally balanced 45-mg food pellets (Research Diets, Inc.
New Brunswick, NJ, USA) earned during experimental sessions and supplemental rat chow
(PMI Nutrition, Brentwood, MO, USA) provided after session in order to maintain them at
85% of their free-feeding weight, which was determined at the beginning of the experiment.
Rats had unlimited access to water in their home cage. These studies were carried out in
accordance with the Institutional Animal Care and Use Committee of the Louisiana State
University Health Sciences Center, and guidelines of the Committee on Care and Use of
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Laboratory Animal Resources, as adopted and promulgated by the U.S. National Institute of
Health.

Apparatus
Experimental sessions were performed in six ventilated, sound-attenuated chambers (BRS/
LVE, Laurel, MD) equipped with two response levers, stimulus lights above each lever, house
lights and a food hopper. An interface (MedAssociates, St. Albans, VT) connected the
chambers and cumulative recorders to a microprocessor, which controlled experimental events
and collected data.

Procedure
Subjects were trained to discriminate cocaine from saline while responding under a FR-20
schedule of food presentation. During the initial training sessions, the house light was
illuminated and every response on either lever resulted in food presentation. After rats reliably
pressed the levers under this continuous reinforcement schedule (CRF), the number of
responses required for food presentation was progressively increased from 1 to 20. In addition,
a 1-min timeout component was added to the beginning of the session, and the duration of this
component was increased over succeeding sessions until the terminal timeout duration of 10
min was reached. During the timeout, the chambers were dark and responses had no
programmed consequence. Experimental sessions ended after a single timeout and a single 20-
min FR component. When responding stabilized under the terminal schedule and rats routinely
received at least 100 food pellets during each session, discrimination training began. In this
phase of training, reinforcement under the FR-20 schedule was contingent on an injection of
either saline or cocaine administered immediately before each timeout. For half of the rats in
each group, responding on the left lever resulted in food presentation following administration
of cocaine, and responding on the right lever resulted in food presentation following
administration of saline; the lever designations were reversed for the other half of the rats.
Responding on the incorrect lever reset the response requirement on the correct lever. In order
to establish the lowest discriminable dose of cocaine in all the rats (and therefore, an equivalent
effect in each rat), discrimination training began with a small dose of cocaine (e.g., 1 mg/kg).
The dose was then increased by 0.25 log units every other week until rate-decreasing effects
were observed or until the following criteria were satisfied for 9 of 10 sessions: ≥95% of the
total responses emitted on the correct lever and fewer than 20 responses emitted on the incorrect
lever prior to receiving the first food pellet. If rate-decreasing effects (80% of control rates or
less) were observed before these criteria were met, the training dose was decreased by 0.25 log
unit. When the criteria were satisfied, control of responding by the respective stimuli (i.e.,
cocaine or saline) was considered adequate for testing the effects of different doses or drugs.
Test sessions were identical to training sessions under the terminal schedule except that
responding on either lever resulted in food presentation, and the session was preceded by the
administration of different doses or drugs. Following test sessions, at least three training
sessions were conducted and subjects had to meet the training criteria during three consecutive
days for test sessions to continue. After dose-effect curves for cocaine were established during
test conditions, dose-effect curves for the other drugs (i.e., d-amphetamine, morphine,
bupropion, desipramine, pregnanolone or lorazepam) were determined, or a pretreatment of
haloperidol, pregnanolone or lorazepam was administered prior to cocaine in order to
determine if these drugs could alter the discriminative effects of cocaine. All the drugs were
not administered to every subject and this helped eliminate drug history as a variable for the
substitution studies. The number of subjects reported for each figure represents every data point
collected for that particular treatment.
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Drugs
Cocaine hydrochloride was obtained from the National Institute on Drug Abuse (Research
Technical Branch, Rockville, MD) and dissolved in saline (0.9%). D-amphetamine sulfate
(Sigma-Aldrich, St Louis, MO), desipramine hydrochloride (Sigma-Aldrich, St Louis, MO),
bupropion hydrochloride (Sigma-Aldrich, St Louis, MO) and morphine sulfate (Merck and
Co. Inc, Rahway, NJ) were also dissolved in saline. Haloperidol (McNeil laboratories Inc.,
Fort Washington, PA) was dissolved in 60% propylene glycol, 20% ethanol and 20 % saline.
Pregnanolone (5β-Pregnan-3α-ol-20-one; Steraloids Inc, Newport, R.I., USA) was dissolved
in 45% 2-hydroxypropyl γ-cyclodextrin in saline. Lorazepam (Wyeth Laboratories Inc,
Marietta, PA, USA) was dissolved in 18% polyethylene glycol, 2% benzyl alcohol and 80%
propylene glycol. All the drugs were administered intraperitoneally (i.p) and the injection
volume was 1 ml/kg. In each subject, the doses for each particular drug ranged from an
ineffective dose to a dose that produced significant rate-decreasing effects. In all cases, cocaine
was administered immediately prior to the start of the experimental session. Amphetamine and
morphine were administered immediately prior to the beginning of the session, whereas
desipramine and bupropion were administered 20 and 30 min before the experimental session,
respectively. Saline (control) injections were administered at the same pretreatment times as
the respective drugs. Pregnanolone and lorazepam were always administered 5 minutes before
the start of the session as were their respective vehicles. The doses of pregnanolone and
lorazepam selected for the interaction experiments with cocaine (10 and 0.32 mg/kg,
respectively) were chosen because these doses produced comparable rate-decreasing and error-
increasing effects under another operant baseline (Quinton et al., 2005). Haloperidol (0.032
mg/kg and 0.1 mg/kg.) was administered 25 minutes before cocaine or saline injections. These
pretreatment times were based on the onset of action of the various drugs as determined
preliminarily by unpublished observations.

Data analysis
The data for each session were expressed as the percentage of responses on the lever for which
cocaine was serving as a discriminative stimulus (i.e., “cocaine-lever” responding) and overall
response rate (responses/sec). Within-session changes in responding were monitored by a
cumulative recorder and a computer. Group data for each variable were expressed as the mean
and standard error of the mean (SEM); however, due to individual differences in the sensitivity
not all doses were studied in all rats, which led to differences in the number of subjects for
each data point. Because no differences in the results of the drug substitution or interaction
studies were observed between the two cocaine training doses (5.6 and 10 mg/kg), the data for
both training doses were combined. Full substitution was defined as 80% or more of cocaine-
lever responding. The overall response rate was considered different from saline when the
mean was not within 20% of the rate measured under saline conditions. The percentage of
cocaine-lever responses was not included in the analyses when the response rate was lower
than 0.08 responses/sec. Doses that generated 50% cocaine-lever responding (ED50s) were
estimated using a non-linear sigmoidal regression model (GraphPad Prism, GraphPad
Software, Inc.). Shifts in the ED50 values of the dose–effect curves were considered to be
significant when the ED50 values obtained following pretreatments were outside of the 95%
confidence intervals of the mean ED50 value (95% CI) for cocaine alone.

Results
Figure 1 shows the percentage of cocaine-lever responses and the overall response rate for the
group following the administration of cocaine, d-amphetamine or morphine. The average
number of sessions required for the subjects to satisfy the testing criteria was 44.9 ± 3. 4 and
the mean response rate was 3.42 ± 0.12 responses/sec (data above S, Figs. 1 and 2). Regardless
of the training dose, cocaine produced dose-dependent increases in cocaine-lever responding,
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with doses larger than 5.6 mg/kg generating greater than 80% cocaine-lever responding in all
the subjects. The mean ED50 values for cocaine lever–responding in the rats trained with the
5.6 and the 10 mg/kg dose of cocaine were 1.843 ± 0.347 and 3.11 ± 0.357 mg/kg, respectively.
When doses of d-amphetamine were administered prior to test sessions, there was also a graded
increase in cocaine-lever responding in all subjects with substitution occurring at doses larger
than 0.56 mg/kg. The ED50 values for amphetamine-induced cocaine-lever responding were
0.972 ± 0.455 and 0.597 ± 0.239 mg/kg for the 5.6 and the 10 mg/kg training doses of cocaine,
respectively. Because these ED50 values represented less than a twofold shift in the dose-effect
curve, the data for the two training doses were averaged together. Both cocaine and d-
amphetamine produced dose-dependent decreases in response rates, but decreases in rate
occurred at doses larger than those required to produce greater than 80% cocaine-lever
responding. Unlike d-amphetamine, morphine did not substitute for cocaine in any rat, up to
doses that substantially decreased rates of responding.

As shown in Figure 2, both bupropion and desipramine substituted for cocaine. In the 7 of 8
subjects for which bupropion and desipramine administration led to greater than 80% cocaine-
lever responding, substitution was observed at doses smaller than those that produced decreases
in rates of responding. However, in one subject for which desipramine only partially substituted
for the effects of cocaine (i.e., 33.9% cocaine-lever responding), responding on the cocaine-
lever occurred at doses that produced rate-decreasing effects (e.g., 18 mg/kg). Similar to
amphetamine, the training dose of cocaine did not affect the ED50 values for the percentage of
cocaine-lever responding following bupropion and desipramine (bupropion: 15.381 ± 4.644
and 22.607 ± 4.697 mg/kg; desipramine: 7.932 ± 3.043 and 5.545 ± 0.0175 mg/kg for rats
trained with 5.6 and 10 mg/kg of cocaine, respectively). The relative potencies of substitution
for the discriminative stimulus effects of cocaine were amphetamine> cocaine> desipramine>
bupropion (Table 1).

As indicated by the significant increase in ED50 value (Table 2), the dose-effect curve for
cocaine-lever responding was shifted to the right in most subjects after 0.1 mg/kg of
haloperidol, although these shifts were not evident in the grouped data depicted in Figure 3.
More specifically, haloperidol produced a 2-fold increase in ED50 values in 4 of the 6 subjects
following pretreatment with 0.032 mg/kg and a 2- to 3-fold increase in 4 of the 6 subjects
following pretreatment with 0.1 mg/kg. Neither dose of haloperidol alone (points above H,
Fig. 3) substituted for cocaine. Unlike the 0.032-mg/kg dose of haloperidol, which did not
decrease response rates compared to control rates (i.e., 3.32 ± 0.11 responses/sec), the 0.1-mg/
kg dose markedly decreased response rates in all the subjects when administered alone (Figure
3, bottom panel) and when administered in combination with doses of cocaine smaller than 3.2
mg/kg. Interestingly, the rate-decreasing effects of 0.1 mg/kg of haloperidol were attenuated
by cocaine doses of 3.2 mg/kg or larger.

The ability of pregnanolone and lorazepam to substitute for cocaine is depicted in Figure 4.
Pregnanolone administration did not result in more than 20% cocaine-lever responding in any
rat. Doses larger than 5.6 mg/kg of pregnanolone produced significant rate-decreasing effects
in most subjects. Similar to pregnanolone, lorazepam did not produce more than 20%
responding on the cocaine lever. Rate-decreasing effects were observed in most subjects at
doses larger than 0.56 mg/kg of lorazepam.

As shown in Figure 5, 10 mg/kg of pregnanolone prior to the session produced a rightward
shift in the mean dose-response curve for cocaine-lever responding. This dose of pregnanolone
also produced rate-decreasing effects when compared to control rates (2.96 ±0.21 responses/
sec), but they were attenuated by cocaine. This was most evident at the 5.6-mg/kg dose of
cocaine where the response rate obtained following the pregnanolone pretreatment was similar
to the saline control rate. In contrast to pregnanolone, pretreatment with 0.32 mg/kg of
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lorazepam did not noticeably alter the discriminative stimulus or rate-decreasing effects of
cocaine. The ED50 values for cocaine following the pregnanolone and lorazepam pretreatments
are shown in Table 3. Although the mean ED50 values following both pretreatments fell outside
of the confidence interval established for the control data, the mean ED50 value for the
combination of cocaine and 10 mg/kg of pregnanolone was approximately 2.5-fold higher than
the ED50 value for cocaine alone, whereas the lorazepam pretreatment produced a more modest
(less than 2-fold) shift. Furthermore, the pregnanolone pretreatment produced a rightward shift
of the cocaine dose-effect curve in every subject tested, whereas the lorazepam pretreatment
only produced a comparable shift in 2 out of 6 subjects, and actually produced a leftward shift
of the cocaine dose-effect curve in subject PR-443.

Discussion
In the present study, rats were successfully trained to discriminate cocaine from saline. D-
amphetamine, bupropion and desipramine substituted for cocaine. In contrast, morphine and
two positive GABAA modulators, pregnanolone and lorazepam, engendered predominantly
saline-lever responding, indicating that these compounds do not share discriminative stimulus
effects with cocaine. When pregnanolone was administered prior to cocaine, there was a
significant attenuation of the discriminative stimulus effects of cocaine. Attenuation of the
discriminative stimulus effects of cocaine only occurred in 2 out of 6 rats when the
benzodiazepine lorazepam was administered as the pretreatment. The D2 receptor antagonist
haloperidol produced a small shift to the right in the cocaine dose-effect curve in most subjects,
but the effect was not statistically significant for the group. The differences in the training dose
of cocaine did not appear to change the outcome of the substitution or interaction studies. This
is probably due to the training conditions that were designed to ensure an equivalent effect of
the training dose of cocaine in all subjects.

The substitution of d-amphetamine, bupropion and desipramine for cocaine was consistent
with the idea that discriminative stimulus effects of cocaine comprise more than an increase
in dopaminergic transmission. The CNS stimulant d-amphetamine, which has the ability to
release dopamine and norepinephrine, substituted for cocaine and this was replicated from
several previous studies (Colpaert et al. 1978; de la Garza R. et al. 1985; Garza et al. 1983).
Both the typical (desipramine) and the atypical (bupropion) antidepressants substituted for
cocaine despite large differences in dopamine transporter binding affinities. These effects with
desipramine were somewhat surprising because Jones et al. (1980) reported that cocaine
produced full substitution in rats trained to discriminate 20 mg/kg of bupropion from saline,
and desipramine resulted in saline-lever responding. In another study by Baker et al. (1993),
desipramine produced only partial substitution in rats trained to discriminate 10 mg/kg of
cocaine from saline, suggesting differences between the discriminative stimulus effects of
cocaine and those of desipramine. Given that desipramine is more selective for the
norepinephrine transporter than the serotonin transporter (Richelson et al. 1984; Koe 1976),
and that bupropion has some affinity for the norepinephrine transporter, norepinephrine seems
to play an integral role in the discriminative stimulus effects of cocaine. This has been supported
by other studies where norepinephrine reuptake inhibitors have produced partial substitution
for cocaine or enhanced the discriminative stimulus effects of cocaine in rats (Kleven et al.
1998; Baker et al. 1993) and monkeys (Spealman 1995), although alpha and beta adrenergic
receptor agonists do not substitute for cocaine. The alpha1 receptor antagonist prazosin was
shown to antagonize the discriminative stimulus effects of cocaine in monkeys (Spealman
1995). Consistent with the idea that other monoamines play a role in the discriminative stimulus
effects of cocaine, was the fact that haloperidol only produced a small rightward shift of the
cocaine dose-effect curve.
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Unlike bupropion and desipramine, which substituted for cocaine in the present study,
pregnanolone was similar to morphine and lorazepam in that it did not produce cocaine-lever
responding. Morphine, in particular, was chosen as a comparison drug because of previous
studies indicating a lack of interaction between cocaine and mu opioids in drug discrimination
(Broadbent et al. 1995), whereas lorazepam was chosen because it is another positive
GABAA modulator (Galpern et al. 1990). The assumption that both pregnanolone and
lorazepam are working via positive modulation of the GABAA receptor is based largely on
previous findings indicating that pregnanolone can act as a positive GABAA modulator (Gerak
et al. 2004) and on data from drug discrimination studies indicating that lorazepam can share
discriminative stimulus effects with pregnanolone (Vanover 2000).

Positive GABAA modulators have been reported to reduce basal or cocaine-induced dopamine
release (Dewey et al. 1997; Dewey et al. 1992; Schiffer et al. 2003). Accordingly, high efficacy
benzodiazepines as well as pentobarbital have been shown to attenuate the discriminative
stimulus effects of cocaine in primates (Negus et al. 2000) and rats (Barrett et al. 2005). In the
present studies, although both pregnanolone and lorazepam in combination with cocaine
produced a significant rightward shift in the ED50 values when compared to the ED50 value
for the dose-effect curve for cocaine alone, the individual data clearly indicate that
pregnanolone was more effective than lorazepam at antagonizing the discriminative stimulus
effects of cocaine. In contrast to lorazepam, which only produced a shift to the right in 2
subjects, pregnanolone produced a shift to the right in every subject. Unfortunately, this
difference cannot be attributed to differences in the drugs capacity to interact with GABAA
receptor because the doses were not as equivalent under this discrimination procedure as they
had been in rats responding under a multiple schedule of repeated acquisition and performance
(Quinton et al. 2005). In that study, both pregnanolone (10 mg/kg, i.p.) and lorazepam (0.32
mg/kg, i.p.) produced very similar error-increasing effects when administered alone or in
combination with cocaine, suggesting that the effects of these doses of pregnanolone and
lorazepam might be somewhat task dependent.

Of course, the attenuation of cocaine’s discriminative effects by pregnanolone might be
attributable, in part, to its capacity for producing rate-decreasing effects at higher doses. Similar
to pregnanolone’s effects in another discrimination study (Vanover, 2000), 10 mg/kg of
pregnanolone decreased responding from baseline levels by approximately 50%. This,
however, is not an entirely likely explanation for the observed attenuation of cocaine’s
discriminative effects as the two dependent measures, response rate and drug appropriate-lever
responding, should be considered independently. That is, rate-decreasing effects are not
synonymous with either a greater or lesser magnitude of drug-appropriate responding as
evidenced by a host of drug discrimination studies and by the haloperidol in the present study.
For example, similar to the pregnanolone interaction, the response rate after the combination
of 0.1 mg/kg of haloperidol and 10 mg/kg of cocaine was about 50% of baseline levels;
however, cocaine-lever responding was still over 90% and approximated that for cocaine alone.

In summary, these data suggest that the discriminative stimulus effects of pregnanolone in rats
are not similar to monoamine inhibitors such as cocaine. This was most evident from the
substitution of other drugs that inhibit monoamine uptake and the lack of substitution of drugs
that have completely different mechanisms of action such as morphine and lorazepam.
Furthermore, pregnanolone attenuated the discriminative stimulus effects of cocaine to a
greater extent than lorazepam, providing additional evidence that pregnanolone has effects that
are similar to many positive GABAA modulators and that there may also be important
differences between pregnanolone and other positive modulators of the GABAA receptor.
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Figure 1.
Percentage of cocaine-lever responding (upper panel) and overall rate of responding (lower
panel) in subjects administered either cocaine (n=8, filled circles), amphetamine (n=7, unfilled
circles) or morphine (n=7, grey diamonds). All three drugs were administered i.p. immediately
before the start of the session. Values adjacent to a data point indicate the number of subjects
represented by that point, if less than 8 for cocaine, or 7 for amphetamine and morphine.
Percentages of cocaine-lever responding and response rates are expressed as mean ± S.E.M.
The shaded area on the bottom panel represents the mean response rate following saline
administration ± 20 %.
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Figure 2.
Percentage of cocaine-lever responding (upper panel) and overall rate of responding (lower
panel) in subjects administered either cocaine (n=8, filled circles), bupropion (n=8, grey
triangles) or desipramine (n=8, unfilled triangles). Bupropion and desipramine were
administered i.p. 30 and 20 min before the start of the session, respectively. Values adjacent
to a data point indicate the number of subjects represented by that point, if less than 8.
Percentages of cocaine-lever responding and response rates are expressed as mean ± S.E.M.
The shaded area on the bottom panel represents the mean response rate following saline
administration ± 20 %.
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Figure 3.
Percentage of cocaine-lever responding (upper panel) and overall rate of responding (lower
panel) in subjects administered either cocaine alone (filled circles) or cocaine following
pretreatment with haloperidol [0.032 (unfilled circles) and 0.1 (grey diamonds) mg/kg] (n=6).
Cocaine and haloperidol were administered i.p. immediately or 25 minutes before the start of
the session, respectively. Percentages of cocaine-lever responding and response rates are
expressed as mean ± S.E.M. The shaded area on the bottom panel represents the mean response
rate following saline administration ± 20 %.
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Figure 4.
Percentage of cocaine-lever responding (upper panel) and overall rate of responding (lower
panel) in subjects administered either cocaine (n=10, filled circles), pregnanolone (n=6,
unfilled triangles), or lorazepam (n=6, grey diamonds). Cocaine was administered i.p.
immediately before the start of the session and pregnanolone and lorazepam were administered
i.p. 5 minutes before the start of the session. Percentages of cocaine-lever responding and
response rates are expressed as mean ± S.E.M. The shaded area on the bottom panel represents
the mean response rate following saline administration ± 20 %.
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Figure 5.
Percentage of cocaine-lever responding (upper panel) and overall rate of responding (lower
panel) in subjects administered either cocaine alone (n=9, filled circles) or cocaine following
a pretreatment with 10 mg/kg of pregnanolone (n=5, grey diamonds), or 0.32 mg/kg of
lorazepam (n=6, unfilled diamonds). Cocaine was administered i.p. immediately before the
start of the session and pregnanolone and lorazepam were administered i.p. 5 minutes before
the start of the session Percentages of cocaine-lever responding and response rates are
expressed as mean ± S.E.M. The shaded area on the bottom panel represents the mean response
rate following saline administration ± 20 %.
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Table 1
Mean ED50 values and their 95% CIs for the percentage of cocaine-lever responding following cocaine, amphetamine,
desipramine, and bupropion administration.

Cocaine d-amphetamine Desipramine Bupropion

ED50 (mg/kg) 3.067 0.865 7.851 18.665

95%CI 1.055 to 5.079 0.068 to 0.1.662 3.236 to 12.466 10.075 to 27.255
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