PROGESTERONE DOES NOT AFFECT COCAINE-INDUCED CONDITIONED PLACE
PREFERENCE OR LOCOMOTOR ACTIVITY IN MALE RATS

Introduction: The present study aimed to
determine if, as occurs in female rats, proges-
terone attenuates cocaine-induced reward and
psychomotor responses in male rats.

Methods: The role of progesterone in the
acquisition and/or expression of cocaine-in-
duced conditioned place preference (CPP) and
locomotor responses of intact male rats was
studied. For chronic progesterone treatment,
rats received Silastic capsules with either
progesterone (100%) or vehicle 1 week prior
to conditioning. For acute progesterone treat-
ment, rats received subcutaneous injections of
progesterone (500 ug) or vehicle (sesame oil)
4 hours before intraperitoneal injections of
saline or cocaine administration (20 mg/kg) on
conditioning days (acquisition phase-formation
of reward associations) or before testing (ex-
pression phase-recall of reward associations).

Results: Both progesterone-treatment para-
digms produced equivalent progesterone se-
rum levels. Progesterone administered chron-
ically or acutely during the acquisition and
expression phases of cocaine conditioning did
not block cocaine-induced CPP. Nor did
progesterone affect ambulatory or rearing
behaviors after cocaine administration.

Conclusion: These results suggest that, unlike
the findings with female rats (in which similar
treatment paradigms inhibited the formation
and recall of cocaine-induced CPP), progester-
one plays a limited role in the cocaine-induced
reward or psychomotor responses of male rats.
(Ethn Dis. 2010;20:[Suppl 1]:51-73-51-77)
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INTRODUCTION

Both clinical and preclinical studies
conducted in females have shown that
progesterone attenuates some cocaine-
induced behavioral responses. Specifical-
ly, women who use cocaine have atten-
uated subjective responses and less desire
to smoke cocaine during the luteal phase
(when serum levels of progesterone are
the highest) than during the follicular

B

phase of the menstrual cycle."” Proges-
terone administration attenuates co-
caine’s subjective effects in women during
the follicular phase.>* Similarly, in
female rats, progesterone administration
inhibits cocaine-induced conditioned
place preference (CPP) and reduces the
acquisition, escalation, and reinstatement
of cocaine self-administration.”®” Fel-
tenstein and See demonstrated an inverse
relationship between cocaine-seeking be-
haviors and plasma progesterone levels in
female rats, thus suggesting that proges-
terone reduces craving of cocaine.® Pro-
gesterone also dose-dependently attenu-
ates cocaine-induced psychomotor
responses in female rats.” Few studies
have addressed whether progesterone
affects reward and psychomotor respons-
es to cocaine in males. This study aimed
to determine if progesterone inhibits the
development (acquisition) and/or recall
(expression) of learned association be-
tween environmental cues and cocaine-
induced reward effects in male rats.

METHODS

Animals

Intact male Fischer rats (8 weeks
old) purchased from Charles River
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(Raleigh, NC) were housed in single-
animal cages with free access to food
and water and maintained on a 12-hour
light/dark cycle. Rats were randomly
assigned to cocaine or saline adminis-
tration and then further subdivided into
two pretreatment conditions: vehicle or
progesterone, with a final »=10 per
experimental group. Separate sets of
animals were run for each experimental
manipulation, each of which consisted
of at least three cohorts. Animal care was
in accordance with the Guide for the
Care and Use of Laboratory Animals
(National Institutes of Health, Bethesda,
MD) and approved by the Institutional
Animal Care and Use Committee of
Hunter College.

Drug Treatments

Rats received 20 mg/kg (diluted in
saline [0.9%]) of cocaine or saline via
intraperitoneal injections. This dose has
previously been shown to represent the
optimal dose needed to produce co-
caine-induced CPP and locomotor re-

. 10,11
sponses 1n male rats.

Progesterone Administration
The progesterone administration
paradigms were as previously described
and were consistent with doses reported
in the literature.'®"" Briefly, for acute
progesterone administration, rats re-
ceived subcutaneous injections of either
vehicle (sesame oil) or 500 pg of
progesterone 4 hours before behavioral
testing. For chronic progesterone admin-
istration, rats were anaesthetized with
isoflourane and received an implant with
Silastic capsules (Dow Corning) contain-
ing either dry cholesterol (3 mm, 100%-
cholesterol, 40 mg cholesterol) or pro-
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gesterone (3 mm, 100%-progesterone,
40 mg of progesterone) inserted into the
nape of the animal’s neck. After 1 week
of administration of progesterone via
Silastic implantation, progesterone se-
rum levels were approximately 10 ng/mL
of serum. One week after surgery, rats
were conditioned for cocaine-CPP or
tested for locomotor activities.

Progesterone Serum
Level Determinations

A separate cohort of rats was run to
determine serum levels of progesterone.
For chronic treatment, rats were sacri-
ficed 1 week after the capsule implant.
For acute treatment, rats were sacrificed
4 hours after progesterone administra-
tion. Animals were sacrificed by decap-
itation after a brief (20-second) expo-
sure to CO,. Trunk blood was collected
and centrifuged at 3,000 rpm for
20 minutes at 4°C. Serum was stored
at —80°C until use. To determine
serum levels, samples—run in tripli-
cates— were analyzed with a Count-A-
Count for progesterone (Diagnostic
Product Corporation, CA). An 7 of 8

per group was used for these analyses.

Cocaine-CPP Procedure

Place preference cages purchased
from Med Associates (Georgia, VT)
consisted of a rectangular box with
three distinct chambers—one neutral
chamber between two conditioning
chambers. Conditioning was conducted
as described plreviously.lo’11 For pre-
conditioning, rats were placed into a
neutral-gray chamber area (for a 5-
minute acclimation period) and then
allowed to freely explore all three
chambers for 15 minutes. Rats were
then randomly assigned to cocaine/
saline conditioning or saline/saline con-
trol groups and further sub-divided into
vehicle or progesterone pretreatment
groups. The next phase consisted of
4 days (2 cocaine/saline pairings) of
conditioning; rats received cocaine on
days 1 and 3 and saline on days 2 and 4
and were placed in alternate chambers.
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Control rats received saline on all 4 days
of conditioning. After each drug treat-
ment, rats were immediately placed into
the schedule CPP-chamber for 20 min-
utes. Chambers were counter balanced
to avoid bias. On the testing day, rats
were placed into the neutral gray
chamber (5-minute acclimation period)
and then allowed 15 minutes with free
access to all three chambers in a drug-
free state. Time-spent in each chamber
was recorded by a computerized photo-
beam system run within the MED PC
software.

To determine the effects of chronic
progesterone administration on cocaine-
induced CPP, rats received Silastic
capsules 1 week prior to being condi-
tioned for cocaine; thus, the hormone
was present throughout the entire CPP
paradigm. To determine the effects of
acute progesterone administration on
the expression of cocaine-induced CPP,
on the testing day of the paradigm rats
received vehicle or progesterone via
subcutaneous injections 4 hours before
placement in the CPP chamber. To
determine the effects of progesterone on
the acquisition of cocaine-induced CPP,
rats received either vehicle or progester-
one via subcutaneous injections 4 hours
prior to cocaine or saline on condition-

ing days (#=10 per group).

Locomotor Activity

Locomotor measurements were per-
formed in each rat’s home cage accord-
ing to previously described methods.’
Ambulatory (defined as breaking two
beams of lights) and rearing (defined as
vertical movements) activities were
monitored after cocaine or saline treat-
ment for 1 hour with a Photobeam
Activity System from San Diego Instru-
ments.

STATISTICS

For CPP analysis, dependent mea-
sure #-test analyses were used to deter-
mine statistically significant differences
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between time spent in each chamber.
To assess the effect of cocaine and its
interaction with progesterone on loco-
motor activities, cocaine CPP scores, or
progesterone serum levels, ANOVAs
were used (drug [saline, cocaine] x
hormone [vehicle, progesterone]).
When analysis identified significant
interactions, a Newman-Keuls post hoc
test was used to assess the differences
among treatment groups. Significance
was at the .05 level for all comparisons.

RESULTS

Although progesterone serum levels
were induced by hormone treatment
(F=31.13; P<.05), overall progester-
one levels were higher than in vehicle-
treated controls. However, no differenc-
es were observed between the two
manners of progesterone treatment
(F=1.31; P>.30; Table 1). Through-
out the study, vehicle-treated rats re-
ceiving saline treatment in both condi-
tioning compartments (saline-saline
pairing) did not exhibit significant
differences in the time spent in each
chamber (Table 2), confirming the
unbiased nature of the procedure.
Progesterone-treated rats receiving sa-
line-saline control did not exhibit
significant differences in the time spent
in each chamber (see Table 2), demon-
strating that progesterone has no basal
effect.

As shown in Figure 1A, acute-vehi-
cle-treated male rats acquired place
preferences for the cocaine-paired
chamber (acute-vehicle administration
during the acquisition phase: t=2.45;
P<.05; acute-vehicle administration
during the expression phase: t=4.72,
P<.05). Acute administration of pro-
gesterone during conditioning (acquisi-
tion phase) or testing (expression phase)
of the CPP paradigm did not alter the
development or expression of cocaine-
induced CPP (acute-progesterone ad-
ministration during the acquisition
phase: t=3.21, P<<.05; acute-progester-
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Table 1. Serum levels of progesterone after acute and chronic progesterone
administration in male rats
Length of hormone Hormone Drug Progesterone
treatment treatment treatment levels (ng/mlL)
Acute vehicle saline 40=*25
vehicle cocaine 6.1 =20
progesterone saline 28.4 £ 3.5*
progesterone cocaine 30.5 = 3.6*
Chronic vehicle saline 22+ 5
vehicle cocaine 25+ 4
progesterone saline 25.0 = 3.5*
progesterone cocaine 27.5 £ 4.8*

Data are expressed as mean + SEM.

* Represents a hormone main effect. n=8 rats per group.

one administration during the expres-
sion phase: t=2.72, P<.05; see Fig-
ure 1). No differences were observed in
the intensity of cocaine conditioning
(CPP-scores) within the acute-treatment
paradigm (F=.07, P>.05; Figure 1B).

As shown in Figure 1C, when
progesterone was present throughout
the cocaine-induced CPP paradigm
(chronic-treatment paradigm), both ve-
hicle- and progesterone-treated rats
developed a significant CPP for cocaine
(vehicle-treated: t=5.93, P<.05; pro-
gesterone-treated: t=2.91, P<<.05). No
differences were observed in the inten-
sity of cocaine conditioning (CPP-
scores) within chronic-progesterone-
treatment paradigms (F=1.33, P>.3;
Figure 1C).

Overall, cocaine increased rearing
and ambulatory activities (main drug
effect; rearing: F=38.18, P<.000001;
ambulatory: F=28.56, P<.00001; Fig-
ure 2). However, acute progesterone
administration did not affect ambulato-

ry or rearing responses to acute cocaine
administration (Figure 2).

DISCUSSION

In female rats progesterone admin-
istration has consistently been shown to
attenuate cocaine-induced reward
CPP,”'° but in this study of male rats,
progesterone did not alter the formation
or recall of cocaine-reward associations.
This finding is consistent with human
studies in which progesterone did not
alter cocaine’s subjective effects in men.?

The observed sex differences in
progesterone’s inhibitory effects on the
acquisition and expression of cocaine
CPP between our previous study in
females and this investigation in males
were not due to differences in serum
levels of progesterone.” Equivalent se-
rum levels after acute progesterone
administration were found in female
rats in the Russo et al study and in male

Table 2. Time-spent in the cocaine unpaired and paired chambers on the test day

of saline/saline control groups

Replacement Paradigm Hormone Unpaired Paired
Chronic vehicle 278.5 = 30.0 200.1 = 41.0
progesterone 258.6 = 259 2455 * 6.7
Acute-Acquisition vehicle 310.1 + 56.6 215.1 = 21.0
progesterone 235.0 = 39.0 2745 = 36.5
Acute-Expression vehicle 215.1 *+ 22.6 200.1 = 28.0
progesterone 248.6 = 25.0 2545 =179

All data are expressed as the mean (seconds)=SEM.
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rats in this study.” Moreover, because
cocaine-induced locomotor and rearing
activities also were equivalent between
our present study and our earlier one
using female rats,” we postulate that sex
differences in progesterone’s ability to
inhibit cocaine-induced CPP responses
are not related to sex differences in
cocaine-induced motor effects. It is yet
to be determined whether sex disparities
in progesterone’s effects on the forma-
tion of regulation of cocaine-CPP are
mediated through intrinsic differences
between the sexes in progesterone-
mediated responses. Still, the lack of
progesterone effects on cocaine’s CPP
responses in males indirectly supports
the hypothesis that sex differences in
how progesterone alters cocaine-in-
duced responses may be partly respon-
sible for known differences in how the
sexes develop and recall reward effects of
this psychostimulant. In most studies,
however, males and females are given
equivalent progesterone doses, regard-
less of intrinsic differences in progester-
one plasma levels or progesterone re-
ceptor distribution. The possibility that
males may need higher progesterone
concentrations than females to inhibit
cocaine’s rewarding/subjective effects
still needs to be tested.

Romieu et al demonstrated that in
male mice progesterone blocked co-
caine-induced CPP.'? Discrepancies
between the Romieu study'® and the
reported observations herein could be
related to species differences and/or
doses and length of progesterone re-
placement. Anker et al showed that
although both progesterone and allo-
pregnanolone (ALLOP) decreased co-
caine-primed reinstatement in females,
ALLOP had no effect on cocaine-
primed reinstatement in males.” How-
ever, the progesterone metabolite, preg-
nanolone, attenuated discriminative
stimulus effects of cocaine in male
rats."> A similar dichotomy in locomo-
tor activity was observed. Although
progesterone administration did not
alter locomotor or rearing responses to
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Fig 1. (A, B) The effects of acute progesterone administration during the acquisition
and expression of the CPP paradigm in male rats. Data are represented as the (A)
mean (*=SEM) time spent in each chamber (white bar=saline side and black
bar=cocaine side) or (B) CPP score (checkered bars). (C) The effects of chronic
progesterone administration on the development of cocaine-induced CPP in male
rats. The left side of the figure shows the mean (+SEM) time spent in each chamber;
the right side shows the CPP score. * Represents statistically significant difference
between cocaine- and saline-paired sides. [P=progesterone administration; V=ve-

hicle administration]. n=10 rats per group

cocaine, a recent study by Wu et al
showed that inhibition of progesterone
receptor activation via administration
of RU486 (a progesterone receptor
antagonist) attenuated locomotor re-
sponses to cocaine in male rats, thus
suggesting a possible effect of proges-
terone on cocaine-induced responses.'®
In female rats, progesterone’s effects on
cocaine-induced psychomotor respons-
es were dose and time dependent.’
Thus, it is feasible that under different
experimental conditions, progesterone
might inhibit cocaine-psychostimula-
tion in males. This possibility needs
testing.
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Several studies have demonstrated
that progesterone is involved at a certain
level with other cocaine-induced behav-
ioral responses and neurochemical ad-
aptations in male rats (eg, progesterone
attenuated sleep deprivation associated
with cocaine-enhanced genital reflexes
in male rats'”) Furthermore, Wu et al
demonstrated the activation of proges-
terone receptors in males’ nucleus
accumbens after acute cocaine adminis-
tration."” Cocaine also increased pro-
gesterone serum and brain levels in
males.”>'® In this study, however,
although progesterone serum levels were
higher in male rats after cocaine admin-
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istration than in their respective con-
trols, this induction failed to reach
statistical significance. Wu et al dem-
onstrated that progesterone serum levels
were transiently induced in male rats 10
and 15 minutes after 15 and 30 mg/kg
(respectively) of cocaine administra-
tion." Thus, discrepancies between the
findings of Wu et al and our observa-
tions may be due to differences in the
time course of tissue collection and/or
cocaine doses.'* However, the current
literature consistently has shown that in
male rats, progesterone may mediate
some cocaine-induced behavioral re-
sponses, and the activation of proges-
terone-mediated responses is in part
involved in regulating cocaine-induced
responses. Although the mechanisms of
action of progesterone’s effects are yet to
be established, as recently reviewed in
Quinones-Jenab and Jenab,'” progester-
one and/or its metabolites may affect
cocaine responses either through its own
receptor-mediated mechanisms or
through other responses such as activa-
tion of GABA, sigma-1, or dopamine
receptors.

IMPLICATIONS FOR
IMPROVING
HEALTH DISPARITIES

Studies of cocaine abuse have shown
that the user’s sex affects treatment
outcomes and relapse rates; women
report shorter abstinence periods be-
tween cocaine uses than do men. To
date, all of the published studies have
shown that in females progesterone
attenuates reward, initiation and relapse
of cocaine self-administration, and pos-
itive subjective effects, and so it is
feasible to predict that progesterone
may be a potential treatment to regulate
cocaine abuse in women.

Similar to our results, progesterone
has also been shown to be ineffective in
reducing drug-related responses in
men.'® However, further studies are
needed in males to determine if differ-
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Fig 2. Ambulatory and rearing behavioral responses in male rats after acute
progesterone and cocaine administration. Intact rats received progesterone (500 ug,
s.c., 4 hr before cocaine) or vehicle and cocaine or saline. Behavior was recorded for
30 minutes after cocaine/saline administration. * Represents statistically significant
difference from respective saline-treated male rats. [P=progesterone administration;
V=vehicle administration]. n=10 rats per group

ent concentrations and/or length of
treatment may be needed to attenuate
cocaine’s reward. The data presented in
this article have important clinical
applications because they indicate that
the observed sexual incongruities in
overall cocaine use and rates of relapse
may in part be explained by progester-
one’s effects on cocaine reward associa-
tions.
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