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Abstract

Estrous female rats pace their coital contacts to control the rate of cervical/vaginal stimulation. Females that receive at least 10 paced

intromissions develop a reward state, evaluated by conditioned place preference (CPP), whereas females that do not pace their coital contacts

do not develop CPP. We asked if the blockade of androgen receptors could modify the number of intromissions needed during paced mating

to develop CPP. Pregnant females received daily injections of the androgen receptor antagonist flutamide from day 12 of pregnancy until

pups were born. When adults, females exposed prenatally to flutamide or vehicle were ovariectomized and hormonally primed to evaluate if

paced and non-paced mating induced CPP. The prenatal flutamide treatment did not affect the capacity of females to develop CPP to a

systemic morphine injection. Flutamide-treated females that paced their sexual contacts developed CPP with fewer intromissions than control

females. No effect on conditioning was observed when females were not allowed to pace their sexual contacts. The results suggest the

existence of a threshold of cervical/vaginal stimulation that correlates with the induction of a reward state and that this threshold can be

reduced by prenatal blockade of androgen receptors.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Sexual behavior in female rats has a receptive and a

proceptive component. Receptivity is characterized by the

lordosis posture: the female rat arches her back, raises her

head and rear, and deflects her tail, allowing the male rat to

intromit (Beach, 1976). Proceptivity is a complex pattern of

soliciting behaviors (hopping, darting, ear-wiggling, solicit-

ing mounting), that triggers copulatory mounts from the

male (Beach, 1976; Madlafousek and Hlinak, 1977;

Blaustein and Erskine, 2002). Under semi-natural condi-

tions (McClintock and Adler, 1978), in the wild (Calhoun,
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1962), or in laboratory settings (Erskine and Baum, 1982a;

Fang et al., 2000; Gans and Erskine, 2003; Lee and Erskine,

2000; Pfaus et al., 1999; Yang and Clements, 2000), estrous

female rats exhibit a recognizable solicitation pattern

consisting of approach toward, orientation to, and with-

drawals from the male (McClintock and Adler, 1978). This

pattern, named paced mating, has behavioral and physio-

logical characteristics that are crucial for female sexual

reproduction (reviewed in Blaustein and Erskine, 2002;

Erskine, 1989). We have shown that paced mating behavior

in females induces a reward state, evaluated by conditioned

place preference (CPP), whereas non-paced mating does not

induce CPP (Martinez and Paredes, 2001; Paredes and

Alonso, 1997; Garcı́a-Horsman and Paredes, 2004). In

males, sexual behavior also induces a reward state (Hughes

et al., 1990; Mehrara and Baum, 1990; Miller and Baum,

1987), and ejaculation appears to be an important factor for
ehavior 81 (2005) 871 – 878
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the induction of CPP (Agmo and Berenfeld, 1990). In

females, at least 10 paced intromissions, without receiving

an ejaculation, are enough to reach an affective-positive

state and induce conditioning (Paredes and Vazquez, 1999).

Male rats with prenatal androgen blockade, when

adults, show a decrease in their masculine coital behavior

(Clemens et al., 1978; Dominguez-Salazar et al., 2002) and

an increase in lordosis behavior (Gladue and Clemens,

1978). Clemens et al. (1978) showed that androgenic

substances secreted by the fetal testis of male rats

influence the morphology (increase the ano-genital dis-

tance) and later behavior of nearby fetal females (increase

male-like behavior). The changes in morphology and

behavior observed in female rats located near a male

during uterine development were blocked with the non-

steroidal androgen receptor blocker flutamide (Clemens et

al., 1978). However, treatment with the same androgen

receptor antagonist had no effect on feminine coital

behavior (Brand and Slob, 1991).

Females of others species, like hamster and ferrets, do

not show male-like coital behavior such as that seen in rats.

Female hamsters are not exposed prenatally to male-like

levels of testosterone (Vomachka and Lisk, 1986), and in

adulthood, they have a limited capacity to display male-

typical coital behavior (Fiber and Swann, 1996; Noble,

1977). The transplacental administration of testosterone to

female ferrets from embryonic days 16 to 34 (Baum, 1976)

or from days 30 to 41, of a 41-day gestation period (Tobet

and Baum, 1987), failed to augment their ability to exhibit

masculine coital behavior, when tested in adulthood

following ovariectomy and concurrent administration of

testosterone. On the other hand, female ferrets do not pace

their coital interaction (Baum, 1990). This information

suggests to us that androgens, which induce male-like coital

behavior and cross the transplacental barrier in female rats

more easily than in female ferrets and hamsters, could

probably reduce the rewarding properties of mating. If this

is the case, pacing behavior could function to reduce these

negative aspects. To test the hypothesis that the rewarding

components of female rat sexual behavior could be

modulated by androgenic influences in perinatal life, we

evaluated the capacity of female rats with prenatal blockade

of androgen receptors to develop CPP by paced and non-

paced mating. In order to determine if the prenatal treatment

modified the ability of the females to develop CPP, in

experiment 1, we tested if females treated prenatally with

flutamide develop CPP to a morphine injection. In the

second experiment, we evaluated if flutamide treatment

could reduce the number of intromissions needed during

paced mating to develop CPP. Since, in previous studies, we

have shown that at least 10 paced intromissions are required

to induce CPP (Paredes and Vazquez, 1999), we allowed the

females to receive no more than 9 intromissions. In the last

experiment, we evaluated if prenatal flutamide treatment

could induce CPP when females are not allowed to pace

their sexual interaction.
2. General methods

2.1. Subjects

Sprague–Dawley rats obtained from the breeding colony

at the Instituto de Neurobiologı́a (INB, UNAM, Querétaro,

México) were maintained in a room with a reversed light–

dark cycle (12-h light/12-h dark; lights off at 9 AM) with

food and water available ad libitum. The INB/UNAM

Animal Care and Use Committee approved all procedures.

Different animals were used for each experiment, and all

subjects were sexually naive before the experiment.

2.2. Prenatal treatment

Nulliparous female rats were time-mated. Starting at day

12 of gestation, pregnant dams of the control group were

injected with vehicle (VEH) twice daily until birth.

Experimental dams were injected twice daily (10 AM and

8 PM) with flutamide (10 mg/kg, dissolved in propylene

glycol with 10% ethanol) until pups were born. Since

flutamide, and its active metabolite hydroxy-flutamide, have

a short serum half-life (about 8 h; Fuh and Stoner, 1998), we

injected the compound twice a day to increase the

probability of blocking androgen receptors completely. This

treatment has been successfully used in the past to block

androgen receptors prenatally (Brand and Slob, 1991;

Dominguez-Salazar et al., 2002). Moreover, male siblings

of the flutamide-treated females had an ano-genital distance

significantly reduced (3.6 cm) compared to male siblings

from vehicle-treated females (5.27 cm). These observations

clearly show that in the present experiment, flutamide

treatment reached the pups and had effects similar to those

previously described (Gladue and Clemens, 1978; Imperato-

McGinley et al., 1992). Pups were weaned at 25 days of age

and housed in groups of three to four of the same treatment

and sex to a cage. When adults of approximately 3 months,

females were gonadectomized under sterile conditions using

ketamine (70 mg/kg) and xylazine (6 mg/kg).

2.3. Behavioral procedures

2.3.1. Place preference paradigm

Three weeks after surgery, females were tested in a three-

compartment box. The central compartment (22�24�32

cm), painted gray, communicates with the lateral compart-

ments (23�37�32 cm) through a sliding door (10�10

cm). The lateral compartments offer distinct stimuli in color,

texture and odor. One compartment is white with sawdust

on the floor, and the other is black with the walls moistened

with a 2% solution of glacial acetic acid. The animals were

observed through the front wall of the central compartment

made of fine wire mesh. After determining the initial

preference, females were primed with a hormone replace-

ment treatment that induces high levels of proceptive and

receptive behavior and has been used repeatedly in experi-
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ments of CPP and mating (Martinez and Paredes, 2001;

Paredes and Alonso, 1997; Garcı́a-Horsman and Paredes,

2004). Estradiol benzoate (25 Ag) and progesterone (0.5 mg)

were injected 52 and 4 h, respectively, before exposing the

females to the reinforcing event (morphine in experiment 1,

mating in experiments 2 and 3). A procedure similar to that

used by Paredes and Alonso (1997) was followed. Placing

the subject in the middle compartment and recording the

time spent in each of the lateral chambers during a 10-min

session determined the initial preference (pretest). During

conditioning sessions, the animals were placed in the

preferred compartment for 30 min. On alternate days, the

females were exposed to the reinforcing event and placed in

the non-preferred (rewarded) compartment for 30 min. After

six conditioning sessions, three reinforced and three non-

reinforced, the preference for each chamber was tested again

(test) in exactly the same way as before conditioning

(pretest).

2.3.2. Paced and non-paced mating

The mating cages (40�60�40 cm) were equally

divided by a removable wood partition with a small hole

(4�7 cm) through which the female could enter or exit the

other half of the cage in which the male was confined. In

experiment 2, females paced their coital interaction; in

experiment 3, the partition was removed and the females

were not able to pace their sexual contacts. During mating

tests, the following parameters of sexual behavior were

recorded: latencies and number of mounts, intromissions

and ejaculations. The interintromission interval (III, ejac-

ulation latency divided by the number of intromissions)

was calculated. Lordosis intensity was rated on a scale of

0–2 as follows: 0, no lordosis; 1, partial lordosis

characterized by lateral tail deviation with moderate

concave back flexion and neck extension; 2, full lordosis

characterized by lateral tail deviation with pronounced

back and neck flexion. In this way, the mean lordosis
Table 1

Prenatal treatments and reinforced events of each group in the three experiments

Experiment Group name N Prenatal trea

of group

1) Morphine 1) VEH-SAL 9 Vehicle

2) VEH-MOR 9 Vehicle

3) FLU-MOR 10 Flutamide

2) Paced mating 1) VEH-0-Intro 10 Vehicle

2) VEH>10-Intro 10 Vehicle

3) VEH<9-Intro 10 Vehicle

4) FLU<9-Intro 10 Flutamide

3) Non-paced

mating

1) VEH 10 Vehicle

2) FLU 10 Flutamide
intensity (MLI, the sum of points divided by the number of

mount plus intromission received) and the lordosis quotient

(LQ, the total number of lordosis responses divided by the

number of mounts and intromissions multiplied by 100)

were calculated. For pacing behavior, percent of exits

(percent of exits from the males’ side of the pacing

chamber following mounts or following intromissions or

following ejaculation) and return latencies (time between

an exit and the return to the cage in which the male was

confined) after mount, intromission and ejaculation were

calculated.

Table 1 summarizes the groups and treatments during

conditioning for each experiment.

2.4. Statistical analysis

2.4.1. Sexual behavior

The number and latencies of mount, intromission, and

ejaculation; the LQ and percent of exists after mount,

intromission, or ejaculation were evaluated by an ANOVA

for independent groups followed by LSD’s Fisher post hoc

test when the ANOVA revealed a significant effect. The

return latencies after mount, intromission and ejaculation

were evaluated by a 3 (group)�3 (behavioral measure)

ANOVA in order to compare within and between groups. In

cases with a significant effect, an LSD’s Fisher post hoc test

was performed. For these parameters, we calculated the

mean for each animal in each test and obtained the average

of the three conditioning sessions.

2.4.2. Conditioned place preference

We used two criteria to consider that a treatment

induced a change in place preference: the time in the

reinforced compartment and the preference score (time in

reinforced compartment / [time in reinforced compart-

ment+ time in non-reinforced compartment]). Both should

increase between pretest and test. It was considered
reported

tment Treatment before

being placed in the

preferred compartment

Treatment before being

placed in the reinforced

compartment

Saline Saline

Saline Morphine

Saline Morphine

– Without mating

(0 intromission)

– More than 10 paced

intromissions

– Less than 9 paced

intromissions

– Less than 9 paced

intromissions

– More than 10 non-paced

intromissions

– More than 10 non-paced

intromissions
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Fig. 1. Effect of morphine on CPP. Time (seconds) spent in the reinforced

compartment in control and flutamide-treated females injected with

morphine. MeanTS.E.M, *Different from pretest condition, p <0.05;

**p <0.01.
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important to use both criteria because either of them alone

could indicate a false preference change. The preference

score and the time spent in the reinforced compartment

were evaluated by t tests. Since subjects were randomly

assigned depending on the treatment, to the different

groups before the pretest, the important comparison is

within groups, that is, pretest vs. test. In this way, each

animal serves as its own control. Comparisons between

groups are not adequate because they could differ in their

base line scores.
3. Experiment 1: conditioning with morphine

3.1. Methods

This experiment was designed to determine if the general

reward system was modified by the prenatal flutamide

treatment. It was important to show that a common

manipulation that reliably induces CPP, a systemic injection

of morphine, was also effective in our prenatally treated
Table 2

Feminine coital behavior of experimental females and masculine coital behavior

GROUP ML IL EL NM

Experiment 2: paced mating

VEH>10-Intro 51T16 78T19 439T76 10T2

VEH>9-Intro 20T4 48T8 256T33* 8T2

FLU>9-Intro 35T6 62T12 308T28 5T1

Experiment 3: non-paced mating

VEH 47T18 73T21 372T68 12T2
FLU 46T22 69T29 429T84 9T1

ML—mount latency; IL—intromission latency; EL—ejaculation latency; III—in

ejaculations (NE); lordosis quotient (LQ) and lordosis intensity (LI). Latencies are

behavior.

MeanTS.E.M. ANOVA followed by LSD Fisher test. *Different from vehicle wi
females. For this purpose, 18 vehicle-treated females and 10

flutamide-treated females were used. Females were injected

with saline in the non-reinforced sessions. During reinforced

sessions, of the 18 females prenatally exposed to vehicle, 9

were injected with saline (VEH-SAL) before being placed in

the reinforced compartment for 30 min. The other 9 females

exposed prenatally to vehicle (VEH-MOR) and the 10

females prenatally exposed to flutamide (FLU-MOR) were

injected with morphine (1 mg/kg) 1 min before being placed

in the reinforced compartment.

3.2. Results: all females developed CPP after morphine

administration

A clear change of preference was produced in both

groups treated with morphine demonstrating that prenatally

flutamide-treated females as well as females prenatally

treated with vehicle have a functional reward system. No

change in the time spent in the reinforced compartment

between the pretest and test [t(8)=�1.01, P=0.28] was

found in the VEH-SAL group. Fig. 1 illustrates the clear

change of preference in the control [t(8)=�4.98, P <0.01]

and flutamide groups [t(9)=�2.42, P <0.05] after the

injection of morphine.
4. Experiment 2: conditioning with paced mating

4.1. Methods

We have previously shown that females receiving at

least 10 paced intromissions develop CPP (see Introduc-

tion). In order to evaluate if flutamide-treated females

needed fewer intromissions than control females to induce

a reward state, 30 vehicle- and 10 flutamide-treated

females were used. Ten control females were introduced

in the reinforced compartment directly from their home

cage without mating (VEH-0-Intro). Another 10 control

females were gently introduced in the reinforced compart-

ment after receiving between 10 and 15 intromissions with

or without ejaculation (VEH>10-Intro). The remaining 10
of stimulus males

NI NE III LQ LI

11T1 0.7T0.1 49T7 96T1 1.7T0.05

6T1** 1T0** 44T4 95T2 1.6T0.07

7T1** 1T0** 45T6 96T2 1.7T0.05

11T1 0.8T0.1 43T6 99T1 1.8T0.07
9T1 1T0 48T9 98T1 1.7T0.04

terintromission interval; number of mounts (NM), intromissions (NI) and

shown as seconds. The data represent the average of the three tests of coital

th more than 10 intromissions (V>10Intro), p <0.05; **p <0.01.
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Fig. 2. Effect of paced mating on CPP. Time spend in the reinforced

compartment (seconds) in control and flutamide-treated females allowed to

paced their sexual interaction receiving different number of intromissions.

MeanTS.E.M. *Different from pretest condition, p <0.01; **p <0.01.
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control females were introduced in the reinforced compart-

ment after receiving no more than 9 intromissions with or

without ejaculation (VEH<9-Intro). Flutamide-treated

females received no more than 9 intromissions (FLU<9-

Intro) with or without an ejaculation before being placed in

the reinforced compartment.

4.2. Results: flutamide-treated females needed fewer intro-

missions than control females to induce a reward state

Table 2 summarizes the sexual behavior displayed by

stimulus males and experimental females. The ANOVA

revealed significant differences in the number of intro-

missions (Group: F(2,27)=15.9, p <0.001), which was

our criteria to differentiate the groups. With respect to

pacing behavior, the ANOVA revealed differences in

return latencies (groups, F(2,27)=9.81, p <0.001) and

percent of exits (group, F(2,27)=30.5, p <0.001; behav-

ioral pattern, F(2,27)=3.1, p =0.048) after mount, intro-

missions and ejaculation. Post hoc analysis showed that

the percent of exits after ejaculation was increased with

respect to percent of exits after mount and intromission in

all groups (see Table 3). The return latency after

ejaculation was increased with respect to the return

latency after mount and intromission in the VEH>10-

Intro group and in the FLU<9-Intro group. Differences in

return latencies were not observed in the VEH<9-Intro

group. Moreover, the ejaculation return latency in the

VEH<9-Intro group was significantly reduced in compar-

ison to the ejaculation return latency of the other 2 groups

(Table 3).

Fig. 2 illustrates the clear increase of preference induced

by pacing only in the control females with 10 or more

intromissions [t(9)=�3.25, P <0.01] and in the flutamide-

treated females with less than 9 intromissions [t(9)=�2.55,

P <0.05]. No changes in the time spent in the reinforced

compartment were observed in non-copulating females

[t(9)=�0.81, P=<0.43] or in control females with less

than 9 intromissions [t(9)=�0.978, P=0.35], nor was any
Table 3

Return latency (in seconds) after mount (MRL), after intromission (IRL)

and after ejaculation (ERL), and percent of exits after mount (%EM),

intromission (%EI) or ejaculation (%EE) displayed by the females during

paced mating (experiment 2)

Pacing behavior

GROUP MRL IRL ERL %EM %EI %EE

VEH>10-Intro 17T3a 32T6a 68T24 15T5 22T6 65T11*
VEH>9-Intro 20T3 22T5 37T6b 20T7 30T8 80T9*

FLU>9-Intro 16T3a 29T6a 74T18 34T9 43T8 77T11c

The data represent the average of the three tests.

MeanTS.E.M. ANOVA followed by LSD Fisher test.
a Different from ERL in the same group, p <0.01.
b Different from the ERL of the other two groups, p <0.05.
c Different from %EM and %EI in the same group, p <0.05.

* p <0.01.
change in the preference score observed in this control

group [t(9)=�1.71, P=0.11].
5. Experiment 3: conditioning with non-paced mating

5.1. Methods

In experiment 2, we demonstrated that prenatal blockade

of androgen receptors reduces the number of intromissions

that females need to develop a reward state. In order to

determinate if the prenatal blockade of androgen receptors

inhibits the need to pace the coital contacts to induce a

positive affective state, we evaluated if non-paced mating

could induce a change in CPP. Ten vehicle (VEH)- and 10

prenatally flutamide-treated (FLU) females were used.

Females were introduced in the non-preferred compartment

after receiving 10 to 15 intromissions with or without

ejaculation during the non-paced mating test.

5.2. Results: non-paced mating did not induce CPP

No differences were founded in masculine sexual

behavior displayed by the stimulus males towards the

VEH and FLU groups (Table 2). No change in preference

was observed in the VEH [t(9)=�2.22, P=0.062] and FLU

[t(9)=�1.74, P=0.12] groups not allowed to pace their

sexual interaction (data not shown).
6. Discussion

Previous studies from our group have shown that the

injection of the opiod antagonist naloxone prior to mating

blocks CPP induced by paced mating, suggesting that the
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reward state induced when females control the rate of sexual

stimulation is mediated by opioids (Paredes and Martinez,

2001). The results of experiment 1 showed that morphine

can induce a reward state in females prenatally treated with

flutamide, suggesting that the opiod system is functional in

these females and hence, that conditioned place preference

induced by pacing behavior could be evaluated. The results

of experiment 2 showed that flutamide-treated females were

able to develop CPP after pacing; however, flutamide-

treated females needed fewer intromissions than control

females to induce a reward state. Previous observations

showed that female rats need at least 10 paced intromissions

to reach an affective positive state that induces CPP

(Paredes and Alonso, 1997). Experiment 2 confirmed these

observations; control females that received less than 9

intromissions with or without ejaculation showed no

changes, whereas control females that received at least 10

intromissions with or without ejaculation showed a signifi-

cant increase in the time in the reinforced compartment.

Flutamide-treated females that received less than 9 intro-

missions with or without ejaculation also showed a

significant increase in the time spent in the reinforced

compartment, suggesting that the prenatal blockade of

androgen receptors reduces the number of paced intromis-

sions necessary to induce a reward state.

It is clearly established that cervical/vaginal stimulation

is critical for the initiation of pregnancy (Adler, 1969;

Lehmann and Erskine, 2004), but it is also well documented

that this type of stimulation can be aversive for the female

rat (Hardy and DeBold, 1972; Komisaruk and Whipple,

2000). In fact, vaginal stimulation can produce pleasure,

pain and analgesia in rats and humans (see Komisaruk and

Whipple, 2000 for a review). One of the possible adaptive

significances of the analgesia induced by vaginal stimula-

tion is that it could reduce the aversive sensory stimulation

that occurs naturally during coitus. This in turn will increase

the positive effects, pleasurable aspects, of the sensory

stimulation (Komisaruk and Whipple, 2000). Pacing behav-

ior allows the female to control the intensity of the

stimulation (Erskine, 1989; Erskine and Baum, 1982b;

Erskine et al., 1989; McClintock and Adler, 1978), reducing

the aversive properties of mating and hence making sex

rewarding (Martinez and Paredes, 2001; Paredes and

Alonso, 1997; Garcı́a-Horsman and Paredes, 2004). Indi-

vidual differences in paced mating behavior have the

potential to cause variation in fertility among female rats.

Clemens et al. (1978) demonstrated that females receive

androgens from adjacent males in prenatal life. This

androgenic stimulation facilitates the expression, when

adults, of masculine characteristics and can be blocked by

flutamide (Gladue and Clemens, 1978). The ano-genital

distance of prenatally flutamide-treated males from the same

litters as the experimental females used in the present study

was reduced. In addition to the feminization of the external

genitalia, these males, from the same litters as our subjects,

showed no intromission or ejaculation patterns (data not
shown). These results confirm previous observations

(Clemens et al., 1978; Imperato-McGinley et al., 1992;

Dominguez-Salazar et al., 2002) and show that flutamide

reached our subjects in uterus. The degree to which females

are exposed to androgens during development is a potential

explanation for individual differences in mating behavior,

particularly in paced mating.

In the present experiment flutamide-treated females had a

lordosis quotient and intensity similar to that displayed by

control females. These results clearly indicate that our

treatment with flutamide had no effect as an agonist of

androgen receptors. Otherwise, a change in lordosis behavior

would have been observed as is the case when females are

prenatally treated with testosterone (Ward, 1969; Whalen

and Edwards, 1967; Whalen and Robertson, 1968).

The display of pacing behavior is dependent upon

different intensities of cervical–vaginal stimulation. If the

perineal/vaginal area is anesthetized, females fail to pace

(Bermant and Westbrook, 1966), and pelvic nerve trans-

ection increases the time females spend with a sexually

active male (Emery and Whitney, 1985). In addition,

cervical–vaginal stimulation alters subsequent behavior,

such as an increase of the return latencies after each

intromission (Erskine, 1989; Peirce and Nuttall, 1961).

These observations suggest that motivation to mate

decreases with the degree of cervical–vaginal stimulation;

with higher stimulation, the time to return with the male is

increased. It is interesting to note that control females with

less than 9 intromissions did not increase the return latencies

after ejaculation. Bermant and Westbrook (1966) suggested

that continued vaginal distension or cervical stimulation

provided by the deposition of vaginal plug after an

ejaculation served to intensify the preceding stimulus. In

our case, no differences in return latencies were observed

within the less than 9 intromissions group (that included 1

ejaculation). Moreover, the ejaculation return latency of this

group was significantly shorter that that observed in the

control group with more than 10 intromissions and in the

flutamide group with less than nine intromissions. These

results suggest that a threshold of stimulation needs to be

reached to observe a significant increase in the return

latencies and early androgen levels might influence this

threshold. For example, females treated with a small dose (5

Ag) of testosterone propionate (TP) on day 3 postpartum

showed delayed anovulatory syndrome but were genitally

unaltered and maintained fertility during their young adult

lives. However, during paced conditions, their III was

increased (Gans and Erskine, 2003). The effect of TP

treatment was to amplify the large effect that paced mating

itself had on III, namely increased the return latencies after

intromission. The authors explained this effect as a

consequence of a decreased motivation to mate induced

by testosterone. In agreement with this hypothesis, when we

blocked the effect of testosterone with flutamide, females

needed less than 9 intromissions to reach the stimulation

threshold and develop CPP, whereas control females needed
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more than 10 intromissions. These results are in agreement

with early studies showing that under standard laboratory

conditions, where females do not pace their sexual

contacts, around 10 intromissions are needed to induce

pseudopregnancy (Adler, 1969; Terkel and Sawyer, 1978)

while under conditions where females can pace the sexual

interaction, only 5 intromissions are necessary to induce

pseudopregnancy.

We have previously demonstrated that only paced mating

induces CPP (Paredes and Alonso, 1997), suggesting that

during paced mating, female rats can dissociate the appetitive

from the aversive components. In experiment 3, with non-

paced mating, females were not able to develop CPP,

suggesting that the prenatal blockade of androgen receptors

did not modify the rewarding properties of mating in a non-

paced mating test. To summarize, these experiments demon-

strate that prenatal flutamide treatment reduced the number of

intromissions needed to develop CPP only after paced

mating, supporting our hypothesis that perinatal androgens

can modulate the rewarding properties of mating in females.

Further studies are needed to determine the role of perinatal

aromatization of testosterone or mating-induced analgesia in

the rewarding aspects associated with pacing behavior.
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