EFFECTS OF RU 486 AND TAMOXIFEN ON COCAINE-INDUCED BEHAVIORAL AND
ENDOCRINOLOGIC ACTIVATIONS IN MALE AND FEMALE FISCHER RATS

Evidence suggests that sex differences in
response to cocaine administration may be
regulated by activation of progesterone and
estrogen receptors. To test this hypothesis, rats
were pretreated with either RU 486 (proges-
terone antagonist; 0, 3, or 25 mg/kg), tamox-
ifen (estrogen antagonist; 0, 1, or 3 mg/kg), or
vehicle followed by saline or cocaine admin-
istration (15 mg/kg). Although RU 486 did not
affect cocaine-induced locomotor activity in
female rats, it dose-dependently decreased
such activity in males (3 mg/kg significantly
attenuated locomotor responses in cocaine-
treated rats as compared with vehicle treat-
ment or 25 mg/kg of RU 486). RU 486 also
affected baseline serum levels of corticoste-
rone. Males treated with 3 mg/kg of RU 486
plus cocaine had higher progesterone and
corticosterone serum levels than vehicle-treat-
ed groups. In females, both doses (3 and
25 mg/kg) of RU 486 significantly attenuated
corticosterone serum levels compared with
vehicle treatment. For both sexes overall,
tamoxifen neither significantly influenced co-
caine-induced ambulatory and rearing re-
sponses nor altered cocaine-induced pro-
gesterone and corticosterone serum levels.
Taken together, our results suggest that pro-
gesterone receptors have a sexually dimorphic
role in cocaine-induced effects, but estrogen
receptors have only a limited role. Moreover,
both receptor antagonists modulate neuro-
chemical responses differentially. (Ethn Dis.
2008;18[Suppl 2]:52-81-52-86)
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INTRODUCTION

Accumulating evidence suggests sex
differences in response to cocaine ad-
ministration. For example, women re-
port more drug cravings, use greater
amounts of drugs, and are admitted to
the emergency department more fre-
quently than men.'™ Similarly, female
rats acquire cocaine discrimination at a
faster rate, display a greater motivation
to self-administer cocaine, and exhibit
more augmented behavioral responses
to cocaine than do male rats.* Female
rats also develop conditioned place
preference to cocaine with lower doses
and fewer conditioning days than male
rats require.5 These results suggest that
females are more sensitive than males to
the addictive properties of cocaine.

Through different experimental ap-
proaches, it has been shown that
gonadal hormones may contribute in
part to sex differences in behavioral and
endocrinologic responses to cocaine.
For example, rodent studies have shown
that hormonal fluctuations during the
female reproductive cycle modulate
cocaine-induced behavioral responses;
higher locomotor activities have been
shown during estrus and proestrus than
diestrus.*® Gonadectomy of female rats
decreases overall cocaine-induced loco-
motor responses, but in male rats the
effects of gonadectomy are inconsis-
tent.”'? In female rats, gonadal hor-
mone replacement affects cocaine-in-
duced locomotor response, ie, estrogen
increases cocaine-induced locomotor
responses, whereas progesterone attenu-
ates them.”'>™'> However, the mecha-
nisms by which estrogen and progester-
one influence cocaine-stimulated
responses are not well understood.
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RU 486 (mifepristone), a progester-
one receptor antagonist, and tamoxifen,
a selective estrogen-receptor modulator,
are commonly used to study the role of
steroid receptors in the modulation of
behavioral activities since both com-
pounds inhibit lordosis behaviors.'®™'®
In this study, these pharmacologic
agents were used to test the hypothesis
that activation of progesterone or estro-
gen receptors is a necessary step in
mediating some behavioral effects of
gonadal hormones on cocaine-induced
activity in both male and female rats.

METHODS

Animals

Eight-week-old intact male and
female Fischer rats purchased from
Charles River (Raleigh, NC) were
individually housed in standard cages
with free access to standard chow and
water ad libitum. Rats were maintained
on a 12-hour light/dark cycle (lights on
at 9 AM) and handled for 1 week before
experimental manipulations. RU 486
and tamoxifen studies were run sepa-
rately. Each study consisted of three
cohorts, run 1 month apart, with 8-12
rats per group. Because vaginal lavages
cause behavioral and neurochemical
changes that may account for the
differences observed between female
and male rats, females were randomly
assigned to experimental groups regard-
less of their estrous cycles.8 All National
Institutes of Health guidelines for the
care and use of laboratory animals were
strictly followed and were approved by
the Institutional Animal Care and Use
Committee of Hunter College.
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Drugs

Rats were pretreated for 1 hour with
RU 486 (0, 3, or 25 mg/kg) or
tamoxifen (0, 1, or 3 mg/kg) followed
by intraperitoneal injections of saline or
cocaine (15 mg/kg dissolved in .9%
saline). Two different control groups
were run to offset differences in vehicle-
treatment and manner of administration
(dimethyl sulfoxide [DMSO, 100%]
and intraperitoneal injection for the
RU 486 cohort; sesame oil and subcu-
taneous injection for the tamoxifen
cohort). The cocaine dose was previous-
ly reported to effectively induce behav-
ioral and hormonal responses in both
male and female rats without pro-
ducing a maximal effect.'”*® The RU
486 and tamoxifen doses were chosen
because they decrease lordosis and noci-
ceptive behavioral responses in female

16,21,22
rats.

Behavioral Activity

All behavioral activities were record-
ed by using a spontaneous locomotor
activity (San Diego Instrument, San
Diego, Calif). Ambulatory and rearing
responses were recorded for 30 minutes
after drug treatment in the rat’s home
cage, as previously described.” Ambula-
tory activity represents the number of
counts produced by two consecutive
photobeam interruptions in the lower
frame. Rearing activity represents total
counts of vertical motion as recorded in
the upper frame.

Serum levels of Progesterone
and Corticosterone

After a brief exposure to CO,
(20 seconds), rats were decapitated,
and serum was collected after centrifug-
ing the trunk blood at 3000 rpm for
30 minutes. Samples (from the same
rats used for the behavioral analysis)
were analyzed for progesterone and
corticosterone by using Coat-A-Count
radioimmunoassay kits from Diagnostic
Products (Los Angeles, Calif). Intra-
assay coefficients of variation were
<10.0%*1.0%. Hormone levels were
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Fig 1. Effects of cocaine on ambulatory (A) and rearing counts (B) in male and
female rats. Data are represented as cumulative ambulatory and rearing counts for
the 30 minutes of behavioral testing. *Significant differences between saline- and
cocaine-treated rats. #Significant differences between male and female treatment

groups (P<.05).

determined by a log-logit analysis using
GraphPad Prism (GraphPad Software,
Inc., San Diego, Calif). Serum levels of
progesterone and corticosterone were
expressed in nanograms per milliliter.

Statistical Analysis

Data on locomotive activity and
hormone levels were presented as the
average of each treatment group plus or
minus standard error of the mean. For
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each behavioral measurement, two-way
analyses of variance were conducted to
determine within the sexes the effects of
cocaine and the antagonist’s pretreat-
ment (drug [cocaine or saline] x antag-
onist dose) or to determine, by sex, the
effects of cocaine and behavioral re-
sponses (drug [cocaine or saline] x sex
[male vs female]). When appropriate,
Fisher least significant difference post-
hoc tests were used. A P value <.05 was
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Fig 2. Dose effect of RU 486 on cocaine-induced ambulatory counts (A), rearing counts (B), progesterone serum levels (C), and
corticosterone serum levels (D) in male and female rats. For A and B, data are represented as cumulative ambulatory and rearing
counts for the behavioral testing. *Significant differences between saline- and cocaine-treated rats. “Significant main effect of RU
486 dose.”"Significant interaction effect of cocaine and RU 486 dose. For C and D, normalized progesterone and corticosterone
serum levels for cocaine-treated rats. #Significant difference between vehicle- and antagonist-treated group (P<.05).

considered significant in all statistical
analyses.

RESULTS

Sex Differences in Cocaine-
Induced Behavioral Activity

In both male and female rats, cocaine
increased all behavioral activities (ambu-
lation: F[1,28]=56.00, P<.05; rearing:
F1,28]=150.91, P<.05; Figure 1). A
main effect of drug and sex was observed
in ambulatory and rearing counts (am-
bulation: F1,28]=15.42, P<<.01; rear-
ing: F11,28]=16.08, P<.05); cocaine-
treated female rats ambulated and reared
significantly more than did cocaine-
treated male rats (P<<.01).

Effects of RU 486 on Cocaine-
Induced Behavioral Activation
in Male and Female Rats

As shown in Figure 2, significant
interactions between drug and RU 486
treatments were observed in males for
ambulatory and rearing activities (am-
bulation: F[2,74]=4.22, P=.02; rear-
ing: F[2,74]=3.42, P=.04; Figure 2A
and B); 3 mg/kg of RU 486 significant-
ly attenuated ambulatory and rearing
activities in cocaine-treated male rats
when compared with vehicle- or 25 mg/
kg-treated rats (P<<.05 for all compar-
isons). In female rats, no significant
differences in cocaine-induced ambula-
tory or rearing counts were observed
between vehicle and any of the RU 486
pretreatments.
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Effects of RU 486 on Cocaine-
Induced Changes in Serum
Levels of Progesterone
and Corticosterone

In female rats, RU 486 administration
raised serum levels of corticosterone in
saline-treated controls (#]2,28]=10.89,
P<.05; Table); saline-treated rats receiv-
ing either 3 mg/kg or 25 mg/kg of RU
486 had higher serum levels of cortico-
sterone than those who received no RU
486 (P<.05). Similarly, RU 486 altered
serum levels of progesterone in saline-
treated male and female rats (P<<.05).
Thus, to account for these baseline effects
when analyzing for cocaine responses,
progesterone and corticosterone data were
normalized to percentage of saline (Fig-
ure 2C).
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In both male and female rats,
significant effects of drug and antagonist
interaction on serum levels of cortico-
sterone were observed (F[2,31]=7.95,
P<.05; F2,32]=10.06, P<.05, Fig-
ure 2D). In male rats, 3 mg/kg of RU
486 significantly increased cocaine-in-
duced corticosterone serum levels
(P=.04). However, in female rats, both
3 mg/kg and 25 mg/kg of RU 486
significantly attenuated corticosterone
serum levels as compared with their
respective vehicle controls (£<.05). In
male rats, RU 486 dose-dependently
affected cocaine-induced alterations in
serum levels of progesterone (P<.05);
3 mg/kg of RU 486 increased proges-
terone serum levels by sixfold (P<<.001).

Effects of Tamoxifen on
Cocaine-Induced Behavioral
Response and Serum Levels of
Progesterone and Corticosterone
As illustrated in Figure 3, a main
effect of drug was observed in cocaine-
treated male and female rats; in both
sexes, cocaine-treated rats had higher
ambulatory and rearing counts than
saline-treated groups (males: ambulato-
ry counts: F[1,61]=14.53, P<.05; rear-
ing counts: F[1,62]=22.18, P<.05;
females: ambulatory counts: F[1,66]=
48.60, P<.05; rearing counts: £[1,68]=
68.76, P<.05; Figure 3 A and B).
However, tamoxifen did not significant-
ly alter cocaine-induced behavioral re-
sponses in either sex. Nor did tamoxifen
significantly change cocaine-induced
effects on serum levels of either proges-
terone or corticosterone (Figure 3 C

and D).

DISCUSSION

Similar to the results of Chin et al*
and Festa et al,”® cocaine-treated female
rats in this study displayed greater
rearing and ambulatory responses than
did cocaine-treated male rats. However,
no sexually dimorphic responses were
observed in ambulatory activities after
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Corticosterone and
cocaine treatments

progesterone serum levels after RU 486 or tamoxifen and

Concentration  Drug Male Female
RU 486 Corticosterone 0 mg/kg Saline  417.4+70.5 185.8+33.7%
Cocaine 536.4+54.2 528.5%97.4
3 mg/kg Saline  407.6%68.1 737.2+129.7%#
Cocaine  644.8%65.1 868.7+£83.8
25 mg/kg Saline  558.8+88.0 848.01126.2%"
Cocaine  510.2%+97.1 830.2+104.1
Progesterone 0 mg/kg Saline 43%1.7 14.9+3.4
Cocaine 8.6+2.3* 21.3*4.8
3 mg/kg Saline 2.8%1.1 21.8+7.0°
Cocaine 16.7£4.2 36.3%£3.2
25 mg/kg Saline 10.9+3.7 32.7%3.0°
Cocaine 5.1x2.4 25.5%£5.5
Tamoxifen Corticosterone 0 mg/kg Saline 117.7+33.5 74.4*13.2
Cocaine 241.2+88.9* 227.4%46.5*
1 mg/kg Saline 124.4£51.5 68.5£22.6°
Cocaine  173.5%53.1* 139.9+28.3*
3 mg/kg Saline 82.2+8.5 156.7%+38.1
Cocaine 103.9+37.3* 634.0+103.4*
Progesterone 0 mg/kg Saline 9*1.7" 12.5+3.2
Cocaine .6%3.6 15.3%3.3
1 mg/kg Saline RE 8.3%£1.9
Cocaine 2+ 11.2%£2.3*
3 mg/kg Saline R 7.5+1.8
Cocaine 3£ 12.7%1.7*

Data are presented as mean * standard error of the mean of corticosterone and progesterone serum levels (ng/

mL).
# Significant main effect of saline-treated controls.

" Significant main effect of RU 486 or tamoxifen doses from saline-treated groups.
* Significant differences between saline- and cocaine-treated rats.

cocaine and RU 486 coadministration.
This outcome may be partly due to the
DMSO pretreatment in control groups,
which has previously been shown to
affect behavioral activities.?* Indeed, sex
differences in ambulatory activity were
observed in vehicle- and saline-treated
rats in the tamoxifen study, further
supporting the hypothesis that DMSO
abolished the known sex differences in
ambulatory responses.

In male rats, the attenuation of
cocaine-induced ambulatory and rearing
behavioral responses after pretreatment
with lower doses of RU 486 suggests
that activation of progesterone receptors
may be a necessary step in mediating
some of those responses. RU 486’s
binding affinity for the progesterone
receptors is dose dependent; lower doses
of RU 486 are potent antiprogestins,
whereas higher doses have both ant-
glucocorticoid and antiprogestin activi-
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ties.”> The dose-dependent effects of
RU 486 on the inhibition of ambula-
tory and rearing responses to cocaine
may be partly explained by this phar-
macologic effect. Because female rats
have higher intrinsic concentrations of
progesterone receptors in areas impor-
tant for cocaine-induced motor activa-
tion (unpublished observations), the
RU 486 doses used here may have been
unable to completely block progester-
one receptors in the mesocorticolimbic
areas and thus failed to alter the females’
responses to cocaine.

Consistent with previous findings in
humans,”® RU 486 dose-dependently
increased corticosterone serum levels in
control groups of both male and female
rats. Pretreatment with DMSO also
increases corticosterone serum levels.?’
Moreover, the fact that in the vehicle-
treated groups of the tamoxifen study
no baseline effects on corticosterone
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Fig 3. Dose effect of tamoxifen on cocaine-induced ambulatory counts (A), rearing counts (B), progesterone serum levels (C), and
corticosterone serum levels (D) in male and female rats. In A and B, rats were pretreated for 1 hour with tamoxifen (1 or 3 mg/kg)
followed by 30 minutes of saline (white bars) or cocaine (solid bars) administration. *Significant differences between saline- and
cocaine-treated rats. C and D show normalized progesterone and corticosterone serum levels. #Significant difference between
vehicle- and antagonist-treated group (P<.05).

serum levels were observed further
confirms that RU 486 or DMSO may
alter corticosterone serum levels.

RU 486 affected cocaine-induced
corticosterone and progesterone  re-
sponses in a dose-dependent and
sexually dimorphic manner. In male
rats, 3 mg/kg RU 486 increased co-
caine-stimulated corticosterone and
progesterone serum levels; in female
rats, both 3 mg/kg and 25 mg/kg RU
486 significantly attenuated cocaine’s
effects on corticosterone levels. How-
ever, the mechanism by which sex

alters the direction of these effects has
yet to be determined. Because females
have higher corticosterone and proges-
terone serum levels than males and
both hormones are drastically induced
in females after cocaine administration
as compared with males,”'”?®  the
pharmacokinetics of RU 486 in fe-
males may differ from that in males.
However, because of the strong effect
of the solvent DMSO on the hypotha-
lamic-pituitary-adrenal axis and the
possible indirect effect on progesterone
serum levels, caution must be exercised
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when interpreting our observations.
Interestingly, 3 mg/kg RU 486 attenu-
ated cocaine-induced ambulatory and
rearing responses as well as increased
progesterone serum levels by 10-fold in

Thus,

previous observations that demonstrat-

male rats. on the basis of
ed that progesterone attenuates co-
caine-induced locomotor and reward-
ing responses,”'™"> RU 486 attenua-
tion of cocaine-induced behavioral
responses may in part be mediated
through this induction of progesterone

serum levels.
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Tamoxifen neither altered cocaine-
induced ambulatory and rearing activities
nor had an effect on corticosterone or
progesterone serum levels. Thus, estrogen
receptor activation may play a limited
role in behavioral and neuroendocrino-
logic responses to acute cocaine admin-
istration. Indeed, estrogen replacement
consistently has been shown to have no
effect on cocaine-induced behavioral
responses after acute administration.
However, chronic estrogen replacement
enhances cocaine-induced behavioral re-
sponses regardless of concentration or
replacement p;au'adigm.10’15’28‘29 This, in
turn, suggests that estrogen’s effects may
pertain only to behavioral responses after
chronic cocaine administration. Taken
together, our results suggest that the role
of progesterone receptor activation in
cocaine-induced responses is sexually
dimorphic, but estrogen receptor activa-
tion plays only a limited role in behav-
ioral responses to acute cocaine adminis-
tration in both male and female rats.
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