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Abstract

Sex and estrous cycle stage affect psychostimulant responses in animals. Cycle stage is typically monitored by vaginal lavage. The present
studies tested the hypothesis that vaginal lavage modifies behavioral responses to acute cocaine. Female rats were restrained by briefly
holding the tail for either vaginal lavage or touching the thigh, or were undisturbed, for 7—10 days prior to testing. Although habituation to
the open-field test chamber was equal in each group, repeated lavage decreased horizontal activity relative to naive rats following acute
cocaine (10 mg/kg ip). Lavage and touch attenuated cocaine-stimulated vertical activity. A single lavage prior to testing did not affect
cocaine-stimulated motor behavior. Estrous cycle influenced motor activity only in nonlavaged rats. The high cocaine-induced responding
observed in proestrous and estrous nonlavaged rats was completely blocked by vaginal lavage. A separate experiment tested the ability of
vaginal lavage to establish a conditioned place preference. Vaginal lavage immediately prior to the conditioning session, but neither lavage
after conditioning nor touch before, induced a significant preference. These results suggest that vaginal lavage serves as a reinforcing

stimulus and interacts with a neural substrate that mediates enhanced locomotor responses to cocaine during proestrus and estrus.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Numerous behavioral responses vary across the female
estrous cycle (Becker et al., 2001; van Hartesveldt and
Joyce, 1986) and activational effects of ovarian steroids
may partly explain robust sex differences in psychostimu-
lant-induced behavioral responses in rodents (Becker et al.,
1982; Camp et al., 1986; Camp and Robinson, 1988; Haney
et al., 1994; Savageau and Beatty, 1981; Schneider and
Norton, 1979; van Haaren and Meyer, 1991). For instance,
cocaine induced more locomotion and stereotypy in estrous
females than in other stages of the cycle (Quinones-Jenab et
al., 1999). Intrastriatal injections of dopamine and amphet-
amine induced the most postural deviation and contralateral
rotation in estrous females (Joyce and van Hartesveldt,
1984). Electrical stimulation (Robinson et al., 1981; Rob-
inson et al., 1982) and systemic amphetamine (Becker and
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Beer, 1986) elicited more rotations in estrous females than
ovariectomized rats. The intensity of stereotyped behavior
following amphetamine was greatest during estrus (Becker
and Cha, 1989). These reports suggest that estrous cycle
stage, and probably fluctuating estradiol concentrations,
modulate a dopaminergic substrate on which psychostimu-
lants act (Becker, 1999). Thus, determining estrous cycle
stage is vitally important for interpreting results in most
behavioral and neuroendocrine experiments.

This laboratory has also shown that female rats are more
sensitive than males to cocaine (Bowman and Kuhn, 1996;
Kuhn et al., 2001; Walker et al., 2000; Walker et al., 2001b,
2001a). Our preliminary finding that cocaine-stimulated
locomotion was not different across the estrous cycle
(Walker et al., 1998) was unexpected in light of the
previously discussed literature. Also unexpected was our
observation that ovariectomy decreased cocaine-stimulated
locomotion only in experiments in which females had not
been vaginally lavaged to assess cycle status (Walker et al.,
2001a). Cocaine-stimulated locomotion was not different in
ovariectomized and sham females that were lavaged. Our
use of vaginal lavage to monitor estrous cycle stage (or lack
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thereof in ovariectomized rats) was a commonality in both
of these experiments that yielded contrary results.

Vaginal lavage or “smearing” is a routine technique used
to determine estrous cycle stage, and thereby fluctuating
ovarian steroid effects, on stimulant and stress responses.
This procedure involves inserting the tip of a medicine
dropper into the vagina and swishing saline in and out to
collect cells for histologic analysis (Long and Evans, 1992).
Despite the widespread use of this technique, essentially no
consideration has been given to possible adverse effects on
behavioral parameters. Cooper et al. (1993) summarized the
benign nature of lavage as a technique to monitor estrous
cyclicity “easily and noninvasively by observing changes in
the vaginal cytology”.

The present studies tested the hypothesis that vaginal
lavage alters cocaine-stimulated motor behavior. Female rats
were lavaged for 7—10 consecutive days and compared to
nonlavaged and restrained females during habituation to a
novel open-field test chamber and subsequent injection with
10 mg/kg cocaine ip. Furthermore, we were interested to
know if vaginal lavage is a discriminable stimulus and if it is
aversive or rewarding. To test this possibility, we conducted
a conditioned place preference experiment using vaginal
lavage as the unconditioned stimulus. The present results
suggest vaginal lavage is more invasive than previously
thought and are therefore directly relevant to the many
studies of estrous cycle effects on psychostimulant behav-
ioral, neuroendocrine, and neurochemical effects that have
used vaginal lavage.

2. Materials and methods
2.1. Subjects

Adult female Sprague—Dawley rats were purchased from
Charles River Laboratories (Raleigh, NC, USA). They were
housed three per cage in plastic cages under a 12:12-h
light—dark cycle with lights on at 0600 h. Food and water
were provided ad libitum. Animals were moved to the
testing facility and weighed the day before observations.
Animal care was in accordance with the Guide for the Care
and Use of Laboratory Animals (NIH publication 865-23,
Bethesda, MD, USA) and approved by the Institutional
Animal Care and Use Committee.

2.2. Locomotor behavior methods

Motor activity was determined in photocell devices (San
Diego Instruments, San Diego, CA). The devices were
comprised of an open Plexiglas arena (18 in. (/) x 18 in.
(w) x 14 in. (h)) with wood chip bedding on the floor.
Horizontal activity and vertical activity were determined
from interruptions of photobeams spaced 1 in. apart. Com-
puter software supplied by the manufacturer recorded data at
5-min intervals. Horizontal activity is reported as the num-

ber of inches traveled and vertical activity, as the number of
beam interruptions.

Repeated lavage began 7—10 consecutive days prior to
behavioral testing. Rats were held by the base of the tail and
lifted slightly. The tip of a medicine dropper (3 mm outside
diameter) was gently inserted into the vagina and 0.25-ml
saline at room temperature was washed in and out several
times. This lavage fluid was then placed on a microscope
slide and allowed to dry. Other females, serving as controls
for the vaginal lavage, were also restrained by holding the
base of the tail but were stroked gently on the outside of the
thigh with a cotton-tip wood applicator for about 5 s (the
time required for lavage). All lavage and touch rats received
their respective treatments before the habituation session on
the morning of testing. A naive third group was undisturbed
prior to behavioral testing and lavaged afterward. A separate
experiment determined the effect of a single, acute lavage
prior to testing. This experiment utilized only lavage and
naive groups because maximal differences were expected.
Half of the rats were lavaged prior to habituation and the
others were lavaged after the cocaine challenge. Estrous
cycle stage was determined post-hoc by analysis of cell
types in vaginal smears. Cells were fixed with ethanol and
stained with 1% toluidine blue. Identification of cell types
was made microscopically according to published methods
(Cooper et al., 1993; Long and Evans, 1992).

Assignment to test chambers was counterbalanced across
days with respect to treatment condition (lavaged, touched,
or no treatment). Habituation test sessions began when rats
were placed in the open arena without injection. After this 1-
h session (40 min in the acute lavage experiment), all rats
were injected with 10 mg/kg cocaine ip and another 1-h
activity recording session was started. Behavioral testing
occurred between 0800 and 1600 h.

2.3. Estrous cycle effects in lavaged and nonlavaged rats

The effects of estrous cycle on cocaine-stimulated
locomotion were compared in female rats that had and
had not been vaginally lavaged repeatedly prior to testing.
Nonlavaged rats could not be preselected for cycle stage
and repeated lavage rats were not staged prior to testing.
To have a sufficient number of rats in each cycle stage to
enable this analysis, data from the acute and repeated
lavage experiments were combined. All data from the
touch and naive rats from the repeated lavage experiment
were combined with those from the acute lavage experi-
ment to form a nonlavaged group. All the rats in the acute
experiment are termed ‘“‘nonlavaged” because the results
indicated a single acute lavage did not affect cocaine-
stimulated activity.

2.4. Conditioned place preference methods

For place preference studies a dark Plexiglas box was
inserted into the clear arena described above. The insert
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(11 in. high) occupied exactly one-half of the floor area of
the open arena and fit snugly to one side of the clear
Plexiglas. An opening (4.5 in. (k) x 4 in. (w)) was located
in the center of the wall of the dark insert that separated
the dark chamber from the rest of the open arena. A dark
lid was placed on the dark box during behavioral testing.
A white background was placed under the clear Plexiglas
floor of the dark compartment, while a blue background
was placed under the floor of the white compartment.
White paper bordered the outside walls of the open
chamber that had no lid.

On the first day of testing, each rat was placed in the
white compartment and allowed to explore both sides for 15
min. The computer software reported the amount of time
spent in each compartment and the side in which each rat
spent the most time will be referred to as the preferred side.
The following morning each rat was confined on its pre-
ferred side for 15 min by placing a guillotine door in the
opening between compartments. Four to six hours later in
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the day, each rat was confined on the nonpreferred side for
15 min. One group of rats was vaginally lavaged immedi-
ately prior to placement on the nonpreferred side. Another
group was touched with a cotton applicator (as described
above), and a third group was placed without any treatment
but these rats were lavaged immediately after the session. A
total of 4 conditioning days preceded another 15-min choice
session. This final choice session began mid-way between
the morning and afternoon conditioning times. The time
spent on each side on the final choice day was determined.
A delta time on each rat’s initially nonpreferred side was
determined by subtracting the time on the nonpreferred side
on the first day from the time spent on the same side on the
final day.

2.5. Cocaine

Cocaine HCI was obtained from NIDA and the Research
Triangle Institute (Research Triangle Park, NC). Cocaine
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Fig. 1. Activity time courses in female rats repeatedly lavaged, touched, or naive (n=30-33/group) in an open-field. Horizontal activity in inches traveled is
shown during habituation (A) and following injection of 10 mg/kg cocaine (B). Vertical activity or rearing was measured by the number of photobeam
interruptions during habituation (C) and following cocaine (D). Group means + standard errors are shown in this and all figures. Error bars are subsumed by the
symbols in some cases. The inset graphs show session totals for each group. * Significantly different than naive and touch ( P<.05); "significantly different

than naive and lavage ( P<.05).
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HCI was prepared fresh in 0.9% saline and either the saline
vehicle (1 ml/kg) or cocaine was injected intraperitoneally.

2.6. Data analysis

The time courses of horizontal and vertical activity in 5-
min intervals (mean+ S.E.M.) beginning immediately after
animals were placed in the chamber for habituation or
injected with cocaine are shown. All 5-min intervals were
summed and session totals are also shown in Figs. 1-3.
Activity induced by cocaine was compared to the activity of
each rat during the habituation session using repeated meas-
ures ANOVA. The effect of repeated treatment (touch,
lavage, or none) on cocaine-stimulated activity was analyzed
using one-way ANOVA. The effect of estrous cycle on
cocaine-stimulated activity was analyzed in lavaged and
nonlavaged rats using one-way ANOVAs. The effect of
repeated treatment on conditioned place preference was
analyzed with one-way ANOVA. When significant main
effects were found (P <.05), post-hoc analysis was employed
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using Newman—Keul’s multiple-comparison test to deter-
mine differences between treatment groups. Statistical ana-
lyses used NCSS 2000 software (NCSS, Kaysville, UT).

3. Results
3.1. The effect of repeated lavage and touch in female rats

Fig. 1A and B shows activity time courses and session
totals for horizontal motor behavior or locomotion during
habituation to a novel environment and following injection
of 10 mg/kg cocaine, respectively (n=30 or 33/group).
Locomotion (Fig. 1A) gradually decreased throughout the
first 1-h exposure to the novel test chamber and no group
differences were observed. Subsequent injection of 10 mg/
kg cocaine ip (Fig. 1B) increased horizontal activity in all
rats relative to the habituation period (P <.0001). Cocaine-
stimulated horizontal activity was greatest in naive female
rats that were not handled before testing and lowest in the
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Fig. 2. Effect of a single, acute vaginal lavage on habituation and total horizontal and vertical activity. Female rats were lavaged prior to the habituation test
session (n=25) or received no treatment (n =28). Panels A—D and inset graphs are analogous to those in Fig. 1. In contrast to repeated lavage, acute lavage did
not affect behavior.
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Fig. 3. Effect of estrous cycle on cocaine-stimulated activity in repeatedly lavaged vs. a composite group of singly lavaged, touched, and control female rats
(here called nonlavage group). All data from the acute lavage experiment (Fig. 2—no effect of acute lavage) were combined with the control and touched rats
from the repeated lavage experiment (Fig. 1). Nonlavage and lavage groups sizes are, respectively, diestrus (41, 21), proestrus (14, 6), and estrus (30, 6).

* Significantly different than diestrus (P <.05).

rats that had been lavaged repeatedly. Cocaine-stimulated
horizontal activity increased rapidly to a peak at about 15
min in the naive and touch rats. The time course in the
lavage rats differed most from the other two groups as
activity neither rose nor declined steeply. Activity in the
touch rats was most similar to the naive rats at early time
points but activity fell rapidly after 40 min to levels more
similar to those of lavaged rats. One-way ANOVA con-
firmed that repeated treatment significantly affected
cocaine-stimulated horizontal activity [F(2,96)=7.08,
P=.002]. Post-hoc analysis showed that nonlavaged females
locomoted more than lavaged females (P <.05). The main

effect of trial was highly significant (P<.0001) and a
significant interaction of treatment group and trial was also
found [ F(22,1152)=2.05, P=.003].

Rearing behavior or vertical activity of female rats also
habituated during the initial 1-h session (Fig. 1C). The three
groups did not differ during this habituation period. Fig. 1D
shows that cocaine increased vertical activity relative to the
habituation period (P <.0001). Similar to the pattern seen
for horizontal activity, rats that were lavaged exhibited the
lowest levels of cocaine-stimulated vertical activity and
naive rats, the most. Touched rats exhibited an intermediate
level of cocaine-stimulated rearing behavior. Vertical activ-
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ity increased rapidly from 5 to 20 min postinjection in the
naive group and then declined steeply to the end of the
session. The time course of cocaine-stimulated vertical
activity in the lavaged rats was much shallower than the
other two groups. ANOVA confirmed a significant differ-
ence between treatment groups [ F(2,95)=9.44, P<.0002].
Post-hoc analysis indicated that the naive group reared
significantly more than both the touched and lavaged
groups and that the touched group reared more than the
lavaged group (P <.05). The main effect of trial was highly
significant (P<.0001) and a significant interaction of
treatment group and trial was also found [F(1,86)=28.2,
P=.005].

Estrous cycle stage was assessed in this experiment to
determine if one of the three treatment groups had a skewed
distribution of cycle stages. Cycle stage was known on the
day of testing for all the rats except for about half of the
naive rats because they were not checked. Repeated lavage
did not induce pseudopregnancy in any rat and 26 of 33 rats
in this group exhibited normal 4- or 5-day estrous cycles.
The percentages of rats in diestrus were for each group:
lavaged (63%), touched (57%), and naive (75%). Thus, the
lavaged group was not disproportionately represented by
low-responding diestrous females (see Section 3.2 for
estrous cycle effects).

3.2. The effect of acute lavage in intact female rats

The effect of a single vaginal lavage performed prior to
behavioral testing on motor behavior of naive female rats is
shown in Fig. 2. Acute lavage had no effect on horizontal or
vertical activity during habituation or following injection of
10 mg/kg cocaine. Cocaine significantly increased both
horizontal and vertical activity (P’s<.0001).

3.3. The effect of estrous cycle

Fig. 3 shows the effect of estrous cycle on cocaine-
stimulated activity in repeatedly lavaged (from Fig. 1) and
nonlavaged (from Figs. 1 and 2) female rats (see Section 2).
Estrous cycle did not significantly affect horizontal or
vertical activity during habituation and those data are not
shown. Levels of horizontal and vertical activity in diestrous
females were virtually identical in lavaged and nonlavaged
groups. However, activity levels in proestrus and estrous
females were markedly lower in lavaged than nonlavaged
rats. Estrous cycle stage significantly affected cocaine-
stimulated horizontal activity in nonlavaged rats
[F(2,84)=6.63, P=.002]. Fig. 3A shows that nonlavaged
rats in proestrus and estrus locomoted significantly more
than diestrous females after injection with 10 mg/kg
cocaine. A similar effect of estrous cycle stage on vertical
activity was observed [F(2,83)=4.04, P=.02]. Fig. 3C
shows that nonlavaged rats in estrus reared significantly
more than females in diestrus. In contrast, no estrous cycle-
related differences in cocaine-stimulated horizontal and

vertical activity were observed in females vaginally lavaged
repeatedly.

3.4. The ability of vaginal lavage to establish conditioned
place preference in female rats

The average initial preference for the dark compartment
was 65% (data not shown) and the three treatment groups
were not significantly different in this regard (P=.36). Fig.
4 shows the difference (delta) in time spent on the initially
nonpreferred side subtracted from the time spent on that
side after four conditioning sessions associated with either
vaginal lavage before the session, touch before, or lavage
after the session. Rats that were lavaged immediately prior
to placement on the nonpreferred side increased the
amount of time spent on that side as a result of the
conditioning by an average of 104 s. In contrast, the initial
side bias of rats that were touched before or lavaged after
the session did not change as a result of conditioning. One-
way ANOVA indicated a significant main effect of treat-
ment [F(2,29)=9.8, P=.002]. Post-hoc analysis showed
that the delta for the lavage before rats was significantly
greater than both the touched and lavage after groups
(P<.05).
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Fig. 4. Ability of vaginal lavage and touch to establish a conditioned place
preference. Female rats were either touched on the thigh before (n=9),
vaginally lavaged before (n=10), or lavaged after (n = 10) placement on the
initially nonpreferred side using a two-compartment design (see Section 2).
* Significantly different than touched and naive rats ( P<.05).
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4. Discussion

The present results show that vaginal lavage, a technique
previously considered a “noninvasive” method to deter-
mine estrous cycle stage, significantly decreased cocaine-
stimulated behavior. Repeated lavage attenuated cocaine-
stimulated horizontal and vertical activity relative to both
nonlavaged and touched rats. Our novel finding that vaginal
lavage established a place preference in female rats further
suggests that lavage is a profound signal to the animal
because it serves as a reinforcing stimulus. Thus, this
supposedly benign manipulation, through an as yet
unknown physiologic mechanism, proved a reinforcing
stimulus in female rats that substantially altered cocaine-
stimulated activity.

Cocaine-stimulated motor behavior was greatest in
female rats that had been handled least (naive group) before
testing. The effects of lavage and/or touch were specific to
cocaine-stimulated activity, as activity levels of all three
groups were identical during habituation to a novel envir-
onment. Touch induced disparate effects on the two behav-
ioral topographies. Cocaine-stimulated horizontal activity in
touched rats was not significantly different than that of naive
rats; however, touch induced intermediate levels of vertical
activity. Thus, vertical activity was more sensitive than
horizontal activity by detecting differences in magnitude
of the effects of touch and vaginal lavage. Similarly, our
previous report indicated that vertical activity was more
sensitive than horizontal activity for detecting ovariectomy-
induced decreases in cocaine-stimulated motor behavior
(Walker et al., 2001a).

The conditioned place preference paradigm has been
used to determine motivational properties of both drug
and nondrug reinforcers (Tzschentke, 1998). The present
studies used this paradigm to demonstrate that vaginal
lavage established a place preference in female rats. This
preference was seen in the group that was lavaged prior to,
but not after, the conditioning session. Similar strategies
have been used in contextual sensitization experiments with
cocaine (Post et al., 1981, 1987). Thus, the rats associated
the lavage effects experienced during confinement to one
particular side and reported an increased preference for the
conditioned side in the choice test session. This implies that
neural sequelae from the stimulation endured and thereby
enabled conditioning to the paired compartment. Touching
the rats before conditioning had no effect on place pref-
erence. Thus, the effect of touching was behavioral topo-
graphy-specific as it significantly decreased cocaine-
stimulated vertical activity, but did not affect conditioned
place preference or horizontal activity.

The present study appears to be the first demonstration
that conditioned place preference can be acquired by manual
vaginocervical stimulation. Prior reports have shown place
preference can be induced in females by mating and related
stimulation from males. For instance, Meisel and Joppa
(1994) showed that both sexual and aggressive activity with

male hamsters induced a place preference in ovariectom-
ized, hormone-primed female hamsters. Also, in ovariec-
tomized, hormone-primed female hamsters, Paredes and
Alonso (1997) demonstrated specifically that paced mating
produced a place preference to a separate compartment in
which the hamsters were placed after mating. Oldenburger
et al. (1992) conducted a similar place preference study with
ovariectomized, hormone-primed female rats that showed a
place preference to the compartment in which sexual inter-
actions with a male rat occurred. The preference was only
seen during the final 5-min period of the 15-min choice
session, however. Our study, which has the advantage of
being conducted in intact, cycling females, suggests that this
brief insertion of the dropper into the vagina represents a
sexual signal that is reinforcing like the stimulation from
mating in the studies discussed above.

The physiologic mechanism through which vaginal lav-
age decreased cocaine-stimulated motor activity and pro-
duced a place preference is unclear. Previous literature
shows that afferents from the vagina and cervix influence
neural functions and behavior. Vaginocervical stimulation
induced an increase in basal firing rate of units in the mitral
cell layer of the main olfactory bulb when rats were in
proestrus or estrus, but decreased firing rate when rats were
in metestrus or diestrus (Guevara-Guzman et al., 1997). This
report and another (Estrada-Palma et al., 1993) indicate that
an afferent pathway from the vagina and/or cervix influen-
ces the olfactory bulb, a brain region known to affect female
reproductive behavior (McGinnis et al., 1985).

Vaginocervical stimulation has also been reported to
affect dopaminergic neurotransmission. Such reports are
particularly relevant to the present findings because psy-
chostimulant drugs like cocaine induce behavioral and
reinforcing effects by binding to the dopamine transporter
and inhibiting the uptake of dopamine (Heikkila et al.,
1979; Ritz et al., 1987; Wise and Rompre, 1989). Mermel-
stein and Becker (1995) have shown that dopamine in
striatal dialysates increases in female rats during mating.
Pfaus et al. (1995) have shown that extracellular dopamine
increases more in the nucleus accumbens than in the
striatum of female rats during mating. Kohlert et al.
(1997) have further shown that intromission by the male
is the essential part of mating that increases nucleus accum-
bens dopamine in female hamsters. Meredith et al. (1998)
found that vaginocervical stimulation increased phosphor-
ylation of DAARPP-32, a postsynaptic D; receptor medi-
ated response likely evoked by increased extracellular
dopamine. Thus, these reports indicate that vaginocervical
stimulation increases extracellular dopamine and thereby
may alter the dopaminergic systems that mediate the loco-
motor responses to cocaine.

The ability of vaginocervical stimulation to increase
dopamine release could be a mechanism for establishing
a conditioned place preference. However, the present
finding that vaginocervical stimulation depresses sub-
sequent cocaine responses seems counterintuitive since



750 Q.D. Walker et al. / Pharmacology, Biochemistry and Behavior 73 (2002) 743—752

prior exposure to stimulants (and thereby increased dop-
amine stimulation) typically sensitizes subsequent behav-
ioral responses to stimulants. Two reports offer limited
support for the possibility of diminished dopaminergic
response following mating and parturition. One study
found decreased dopamine metabolite concentrations in
dialysate from primiparous relative to nulliparous rats in
response to onset of dark-cycle and haloperidol (Hucke et
al., 1998). The same group found attenuated dopamine-
related behavioral responses in primiparous relative to
nulliparous rats (Hucke et al., 2001). Because the effects
of vaginocervical stimulation induced by mating in these
primiparous rats are confounded by parturition, etc., addi-
tional studies are needed to support diminished dopami-
nergic activity due to vaginocervical stimulation.

A nondopaminergic mechanism for vaginocervical
stimulation inducing oxytocin release and thereby attenu-
ating cocaine-stimulated activity is possible but speculat-
ive. Vaginal distension induces oxytocin release (Dreifuss
et al.,, 1976; Kendrick et al., 1993; Negoro et al., 1987).
Systemic oxytocin administration has been shown to
decrease cocaine-stimulated exploratory activity in rats
and mice (Kovacs et al., 1998). Both subcutaneous and
intracerebroventricular oxytocin administration inhibited
cocaine-induced sniffing (Sarnyai et al., 1991). Moreover,
injections of oxytocin into the nucleus accumbens and
olfactory tubercles also inhibited cocaine-induced sniffing
(Sarnyai et al., 1991). Thus, oxytocin is another potential
mediator between vaginocervical stimulation and cocaine-
stimulated activity.

The vaginal stimulation employed in the present study is
minimal in comparison to that employed in other studies to
show neural effects (Guevara-Guzman et al., 1997; Mer-
edith et al., 1998). However, such minimal stimulation has
been shown to produce a short-term facilitation of lordosis
(Rodriguez-Sierra et al., 1977) and to induce Fos immunor-
eactivity in the medial preoptic area, lateral septum, bed
nucleus of the stria terminalis, and ventromedial hypothal-
amus (Pfaus et al., 1996). Thus, our finding that vaginal
lavage is a reinforcing stimulus is not surprising in light of
this literature showing substantial behavioral effects of
minimal vaginal stimulation.

The decrease in cocaine-stimulated activity after vagi-
nocervical stimulation required repeated stimulation in con-
trast to the previously discussed effects of vaginocervical
stimulation and oxytocin administration that occurred
immediately after a single stimulation. The fact that a single
lavage did not affect cocaine-stimulated activity in these
studies suggests that one or more of the acute effects of
vaginocervical stimulation induce an enduring neural
effect(s) that subsequently influences locomotor responses
to cocaine. These data show that acute effects of vaginal
lavage are sufficient to produce conditioned place pref-
erence but require either more time following a single
stimulation or multiple stimulations to alter cocaine-stimu-
lated activity.

The current results may explain the variable effect of
ovariectomy on cocaine-stimulated locomotion in our pre-
vious report (Walker et al., 2001a). That study showed that
ovariectomy decreased cocaine-stimulated activity only in
rats that had not been vaginally lavaged. The current results
indicate that lavage attenuates high behavioral responses in
intact nonlavaged rats (in proestrus and estrus) and should
thereby attenuate the difference between intact and ovariec-
tomized females.

The current results also clarify another previous report
from this laboratory that cocaine-stimulated activity does
not vary across the female estrous cycle (Walker et al.,
1998). The females in that study were vaginally lavaged
prior to testing like the repeated lavage animals in the
present report. The present results in nonlavaged rats indic-
ate that estrous cycle does influence cocaine-stimulated
locomotion, an effect apparently masked by repeated lavage
in our previous studies. Sell et al. (2000) recently reported
that horizontal locomotion was greater in estrous and pro-
estrous than diestrous 2 but not diestrous 1 females admin-
istered 5 mg/kg cocaine ip. Their study also showed that
rearing was greater in proestrous than diestrous 2 females.
Why repeated lavage masked estrous cycle effects in this
laboratory but not another is unclear. The present finding is
fortuitous nonetheless because it points to a putative target
for modulating high cocaine sensitivity in females. A most
exciting aspect of these studies is the possibility that cocaine
effects may be attenuated through a neural site or circuit
other than antagonism of the dopamine transporter, where
much research is currently directed.

In conclusion, we have shown that repeated but not
acute vaginal lavage attenuated cocaine-stimulated hori-
zontal and vertical activity. Repeated lavage decreased the
enhanced cocaine-stimulated activity observed in nonlav-
aged proestrous and estrous females. Furthermore, vaginal
lavage induced a conditioned place preference. The impli-
cations of these studies are two-fold. First, the use of
vaginal lavage in rodent behavioral studies of psychosti-
mulant action may influence the results of these experi-
ments and a less invasive technique like vaginal swabbing
might therefore be useful. Lastly, the central nervous
system mechanism supporting this lavage effect merits
further investigation, in particular, against cocaine self-
administration in animals.
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