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Abstract

Reproductive experience (RE), i.e., mating, pregnancy, parturition and lactation, has long-term physiological effects. It reduces the basal

levels of circulating prolactin in parous women, decreases the intensity of nocturnal and diurnal prolactin surges in multigravid rats during

early pregnancy, as well as the hormonal and neurochemical responses to the dopamine receptor antagonists metoclopramide and haloperidol.

In the present study, we evaluated the possible influences of RE on some dopaminergic-related behaviors: (1) acute responses to a new

environment represented by an open-field arena plus injection stress; (2) modulation of behavior after a short-term withdrawal subsequent to

7 days amphetamine (AMPH) pretreatment; (3) stereotypy elicited by AMPH and apomorphine (APO); and (4) APO-induced hypothermia.

In the 3-min open-field test, there was a decrease in locomotor activity as a function of RE. Behavioral depression was mild and AMPH

pretreatment revealed RE alterations. APO-induced stereotyped behavior was slightly more intense in primiparous animals, although no

significant differences were found in AMPH-induced stereotyped behavior. No differences were observed between intact and ovariectomized

primiparous and nulliparous animals in APO-induced hypothermia. Our data suggest that RE modifies some DA-related behavioral

responses. The physiological relevance of the phenomenon is discussed. D 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Reproductive experience (RE) is a very important event

in a female's life. In experimental animals, it can be

described as a rich social and hormonal experience, starting

with male interaction and mating, then pregnancy and

delivery and at last, lactation, pup relationship and weaning.

This paper addresses this whole experience as a possible

driving force behind brain modifications. Pregnancy and

lactation have shown long-term endocrine and behavioral

effects. Both metabolism and serum concentrations of

estrogens (Cole et al., 1976; Musey et al., 1987a; Tricho-

poulus et al., 1980), prolactin (PRL) and cortisol are

modulated by RE (Musey et al., 1987b; Vleugels et al.,

1986; Wang et al., 1988; Zuppa et al., 1988). In addition,

RE induces a long-lasting facilitation of maternal behavior

(Cohen and Bridges, 1981; Kinsley and Bridges, 1988;

Mann and Bridges, 1992; Mann et al., 1989). Parity reduces

circulating basal PRL levels in women (Musey et al.,

1987b) and rats (Mann et al., 1989). The decrease in plasma

PRL levels after an RE may be related to the decreased

incidence of breast cancer in parous women (Musey et al.,

1987a,b; Wang et al., 1988; Zuppa et al., 1988). The

reduced circulating levels of PRL in parous women as well

as in rats could be a consequence of changes in the

dopaminergic regulation of PRL secretion (Bridges et al.,

1993, 1997; Mohankumar et al., 1997). Inhibition of PRL

release depends on pituitary dopamine (DA) receptor acti-

vation (Ben-Jonathan et al., 1979; Bjorklund et al., 1974;

Mohankumar et al., 1997), which is a consequence of

tubero-infundibular dopaminergic neuron activity (Ben-

Jonathan et al., 1979; Bjorklund et al., 1974; Mohankumar

et al., 1997; Zabavnik et al., 1993). It has been already

reported that during lactation there is an increase in D2

receptor mRNA within the anterior pituitary (Zabavnik et
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al., 1993) that may be a consequence of decreased tyrosine

hydroxylase activity during this period (Escalada et al.,

1996). As the author suggests (Bridges et al., 1997), these

changes, if long-lasting, can be responsible for decreased

effectiveness of D2 antagonists in stimulating PRL in

experienced females (Bridges et al., 1997; Hucke et al.,

1998). This can also be a consequence of modifications of

endogenous dopaminergic activity/tone (Bridges et al.,

1997; Hucke et al., 1998). Previous data have suggested

that dopaminergic systems may be influenced by parity as

well. During pregnancy, nocturnal and diurnal PRL surges

are less intense in multigravid than in primigravid female

rats (Bridges et al., 1993) and suckling-induced PRL

release occurs later and with less intensity in multiparous

animals compared to primiparous lactating animals (Mann

and Bridges, 1992; Mann et al., 1989). Responses to the

DA antagonist metoclopramide are also decreased in parous

women (De Los Monteros et al., 1991). Other studies have

shown that the haloperidol-induced increase in striatal

dopaminergic terminals activity is less intense both in

pregnant (Felicio et al., 1996) and in cycling (Hucke et

al., 1998) experienced rats as compared to primigravid and

virgin rats respectively. Thus, a series of facts relate DA

and RE and there are few studies on the possible influences

of RE on motor activity and on dopaminergic striatal and

hypothalamic sensitivity (Byrnes and Bridges, 1999; Felicio

et al., 1996; Hucke et al., 1998, 1999).

Dopaminergic transmission was addressed through its

relationship to motor functions (CoteÂ and Crutcher, 1991;

Felicio et al., 1987, 1989; Ghez and Gordon, 1995; Mason,

1984; Palermo-Neto, 1984; Role and Kelly, 1991). Classi-

cal dopaminergic-related behaviors such as APO- and

AMPH-induced stereotypy and open-field activity were

studied in nulliparous and primiparous females (CoteÂ and

Crutcher, 1991; Felicio et al., 1987, 1989; Ghez and

Gordon, 1995; Mason, 1984; Palermo-Neto, 1984; Role

and Kelly, 1991) to evaluate the possible influences of RE

on motor activity in rats. Since DA is widely related to drug

abuse, open-field observations were also performed to look

at the possible influences of RE on the behavioral syn-

drome elicited by short-term AMPH withdrawal (Paulson

and Robinson, 1996; Paulson et al., 1991). In addition,

hypothalamic DA receptor sensitivity was indirectly

addressed using apomorphine's (APO) ability to induce

hypothermia (Onaivi, 1997; Vanzeler et al., 1990) by

stimulating hypothalamic DA receptors (Onaivi, 1997;

Vanzeler et al., 1990).

2. Method

2.1. Subjects

Age-matched female Wistar rats from our colony, 90

days old at the beginning of the experiments, were randomly

housed in polypropylene cages in groups of five animals per

cage under a 12/12 h light±dark cycle (lights on at 0600 h).

Food and water were available ad libitum throughout the

experiment. The animals used in this study were maintained

in accordance with the guidelines of the Committee on Care

and Use of Laboratory Animal Resources, National

Research Council (USA). A group of 146 females from

the original set was mated and allowed to give birth (litters

were culled to six pups), raise their litters to weaning (21

days) and rest for 15 more days. This is the primiparous

group and throughout this period, the nulliparous females

were kept waiting so that the experimental groups would be

age-matched. Females were tested in proestrus to avoid the

influences of the estrous cycle on behavior. Behavioral tests

were performed at least 4 h after vaginal smear procedures.

Proestrus was chosen because it is an estrogenic phase when

the females are more active. Estrogens are able to increase

DA receptor density (Joseph et al., 1989) and regulate

neural activity and plasticity (Keefe et al., 1991; McEwen,

1988, 1991; McEwen et al., 1991). In Experiment 4, females

were ovariectomized (ovex) under pentobarbital anesthesia.

After surgery, the animals were allowed to recover for 7

days before any experimental procedure.

2.2. Drugs

A freshly prepared aqueous solution of APO hydrochlor-

ide (Sandoz) was administered subcutaneously in a volume

of 1.0 ml/kg body weight. The same preparation was used

for amphetamine sulphate DL (AMPH; Sigma), which was

injected intraperitoneally.

2.3. Experiment 1: open-field behavior of intact nulliparous

and primiparous female rats

Locomotor activity in the open-field was measured as

described elsewhere (Broadhurst, 1960; Felicio et al., 1989;

Palermo-Neto, 1984) in a circular arena for adult animals

measuring 80 cm in diameter and 30 cm in height. Hand-

operated counters and stopwatches were employed to score

locomotion frequency (number of floor units entered),

rearing frequency (number of times the animal stood on

its hind legs), immobility duration (total number of seconds

without movement, freezing) and defecation (number of

fecal boli left after each test). Each animal was tested in

the open-field for 3 min. Two animal groups were tested:

intact primiparous (n = 11) and age-matched nulliparous

(n = 12) females injected with 1 ml/kg ip saline 10 min

before each test. The open-field experimental room had the

same light intensity as all other rooms in the animal

facilities. The open-field arena was washed with 5%

ethanol solution before each behavioral test to eliminate

possible influences of odors left by previous subjects. To

minimize circadian influences, the tests were performed

between 1400 and 1700 h with nulliparous and primipar-

ous animals intermixed. This experiment was designed to

evaluate the possible influence of RE on acute responses to
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a new environment represented by the open-field plus

injection stress.

2.4. Experiment 2: effects of amphetamine treatment on

motor activity of intact nulliparous and primiparous

female rats

The motor activity of another set of nulliparous and

primiparous females was measured in a circular arena for

adult animals measuring 97 cm in diameter and 32.5 cm in

height as recorded by a video camera attached to the ceiling.

This camera was connected to a computer system that works

with the software Etho Vision, Video Tracking, Motion

Analysis and Behavior Recognition System, Version 1.80

(Noldus Information Technology, Wageningen, The Nether-

lands). Each animal was placed in the center of the arena and

observed during a 20-min period. Parameters analyzed were

total distance moved (cm), time spent in movement (s), mean

velocity (cm/s) and rearing frequency. Rats from both groups

were injected with 2.5 mg/kg AMPH for 7 consecutive days

followed by a 3-day withdrawal period. AMPH stimulates

DA release, inhibits its reuptake in the presynapses and can

also affect the noradrenergic system. On the fourth day,

independent of the estrous cycle phase (experimental design

limits), animals received a 0.5 mg/kg AMPH injection 10 min

before being placed in the center of the arena to start the

behavioral test. This experiment was designed to study

possible RE modulation on short-term behavioral (3 days)

responses subsequent to 7 days AMPH pretreatment. AMPH

doses for pretreament and challenge were chosen according to

our previous laboratory data. Thus, our best choice of AMPH

dose was 2.5 mg/kg, known to increase locomotor activity and

to play a stimulant role during the 7-day period of pretreat-

ment. The 3-day withdrawal period was chosen to observe

possible changes in behavioral depression (Paulson et al.,

1991) with a very low AMPH challenge (0.5 mg/kg). Many

studies about AMPH withdrawal and behavioral depression

or sensitization are available in the literature (Barr and

Phillips, 1999; Caul et al., 1997; Chen et al., 1999; De Sousa

et al., 1999; Fiorino and Phillips, 1999; Laudrup and Wallace,

1991; McEwen, 1988; Schindler et al., 1994; Wise and Munn,

1995). Paulson et al. (1991) showed that the phenomenon is

time-dependent, i.e., there is a transient behavioral depression

characterized by a spontaneous decrease in locomotor activity

during the first week followed by a behavioral sensitization

characterized by an increase in locomotor activity.

Control nulliparous and primiparous groups were treated

with saline (1 ml/kg) for 7 days, being challenged with the

same AMPH dose as done for the experimental group. The

experimental arena room had the same light intensity as all

other rooms in the animal facilities. The arena was washed

with 5% ethanol solution before each behavioral test to

eliminate possible influences of odors left by previous

subjects. To minimize circadian influences, the tests were

performed between 1400 and 1700 h with nulliparous and

primiparous animals intermixed.

2.5. Experiment 3: APO-induced stereotyped behavior in

intact nulliparous and primiparous female rats

Stereotypy was quantified in one set of females every 10

min (for 10 s) for 90 min immediately after APO (0.6 mg/

kg) or AMPH (9 mg/kg) injection in another set of nullipar-

ous and primiparous females. APO is a dopaminergic

agonist that binds both D1 and D2 receptors. The method

was proposed elsewhere (Setler et al., 1976; Standaert and

Young, 1996; Tieppo et al., 1995, 1997, 2000; Troncone et

al., 1988) and was modified for intact female rats in

proestrus. Scores ranged from 0 (asleep or still) to 7

(continuous gnawing on cage grids) and were assigned to

each animal at 10-min intervals for the presence of stereo-

typed sniffing, licking or gnawing of cage bars. Vaginal

smears were performed every morning to detect the estrous

cycle and females in proestrus were placed in behavioral

cages about 3 to 4 h before observations. A blind observer

recorded stereotypy. The tests were performed between

1400 and 1600 h to minimize circadian influences. The

aim of this experiment was to determine possible influences

of RE on stereotyped behavior.

2.6. Experiment 4: APO-induced hypothermia in

ovariectomized and intact nulliparous and primiparous

female rats

Rectal temperature was recorded 10, 20, 30, 60, 90 and

120 min after APO (1 mg/kg) injection. Before APO

Fig. 1. Open-field behavioral observation of intact nulliparous (open bars)

and primiparous (solid bars) female rats during a 3-min session. Nulliparous

and primiparous rats were tested always in proestrus and injected with 1 ml/

kg ip saline 10 min before each behavioral test (nulliparous = 12,

primiparous = 11). (A) Locomotion frequency; (B) Rearing frequency; (C)

Immobility duration in seconds; (D) Units of defecation. Means � S.E.M. *

indicates significant differences between primiparous and related nullipar-

ous control group ( P < .05; Student's t test).
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injection, three consecutive measurements of body tem-

perature were recorded every 5 min to determine the initial

basal temperature. For measurements, a digital thermo-

meter (Amarell Eletronic, Germany) was used, with a 5-

cm long rectal probe 1 mm in diameter lubricated with

petroleum jelly (Sidepal). Animals from both groups were

randomly intermixed and all experimental procedures were

performed between 0800 and 1200 h to minimize circadian

influences. Intact females were tested in proestrus, and

therefore, vaginal smears were taken before each experi-

mental session to determine the phase of the estrous cycle.

The aim of the experiment was to look at possible

influences of RE on hypothalamic DA receptor sensitivity

(Onaivi, 1997; Vanzeler et al., 1990, see also comments in

the Introduction).

2.7. Statistical analysis

Locomotor and body temperature data were analyzed

using parametric statistics, including student's t test, One-

way, Two-way or Repeated Measures Analysis of Variance

(ANOVA) followed by the Tukey±Kramer Multiple Com-

parisons Test. Stereotyped behavior data were analyzed

using nonparametric statistics, including the Mann±Whit-

ney U test, because these data only comprise an ordinal

scale. All comparisons were based on two-tailed probabil-

ities. The level of significance was set at P < .05.

3. Results

3.1. Experiment 1: open-field behavior of nulliparous and

primiparous female rats

Locomotion decreased as a function of RE. There was a

significant decrease in locomotion frequency in the primi-

parous group compared to the nulliparous control group

( P=.0092; t6 = 2.868; Student's t test). Rearing frequency,

immobility duration and defecation were not significantly

affected (Fig. 1).

Fig. 2. Motor activity recorded by a video camera connected to a software system (Etho Vision, 1.80; Noldus Information Technology). Nulliparous and

primiparous females were observed during a period of 20 min. Animals from both groups were treated with 2.5 mg/kg AMPH or 1 ml/kg saline for 7

consecutive days, with a 3-day withdrawal period and on the fourth withdrawal day, rats were injected with 0.5 mg/kg AMPH 10 min before the behavioral test.

Four experimental groups were tested: nulliparous and primiparous rats injected with saline (7 days) + AMPH on the test day (nul sal = 9; prim sal = 9);

nulliparous and primiparous rats injected with AMPH (7 days) + AMPH on the test day (nul amph = 9; prim amph = 9). (A) Distance moved (cm); (B) Mean

velocity (cm/s); (C) Rearing frequency; (D) Time spent in movement (s); (E) Distance moved in the central area of the arena (cm). Means � S.E.M. # indicates a

significant difference from nulliparous saline-pretreated females; * indicates a significant difference from nulliparous AMPH-pretreated females ( P < .05;

ANOVA followed by the Tukey± Kramer test).
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3.2. Experiment 2: effects of amphetamine treatment on

motor activity in nulliparous and primiparous female rats

The results show differences between nulliparous and

primiparous females after AMPH pretreatment (Fig. 2).

Since two-way ANOVA showed no significant interaction

between the factors analyzed, i.e., reproductive status and

drug treatment, data were evaluated by one-way ANOVAs.

There were significant differences between nulliparous and

primiparous females pretreated with AMPH. Primiparous

females showed an increase in total velocity ( P =.006;

F3,32 = 5.066; ANOVA), total distance moved ( P =.006;

F3,32 = 5.069; ANOVA) and total time spent in movement

( P=.0162; F3,32 = 3.979; ANOVA) compared to nulliparous

females. The same difference was observed in total distance

moved in the central area of the arena, i.e., AMPH pretreat-

ment revealed that primiparous females showed an increased

central distance moved ( P=.006; F3,32 = 7.465; ANOVA)

compared to nulliparous females. Also, nulliparous females

pretreated with AMPH showed a decrease in the central

distance moved compared to the nulliparous control group

pretreated with saline ( P=.0006; F3,32 = 7.465; ANOVA).

This can be a consequence of increased anxiety or fear

elicited by AMPH pretreatment in the nulliparous group.

3.3. Experiment 3: APO-induced stereotyped behavior of

nulliparous and primiparous female rats

The scores assigned to nulliparous and primiparous

females after APO injection demonstrated a slight difference

between nulliparous and primiparous females. Only at 20

min of score assignment did we observe significantly higher

stereotypy in primiparous compared to nulliparous females

( P=.04; U = 161.5; Mann±Whitney test; Fig. 3). However,

the intensity of stereotyped behavior, sum of scores,

observed over a period of 90 min, did not differ significantly

between nulliparous and primiparous animals. AMPH-

induced stereotyped behavior did not differ significantly

between nulliparous and primiparous females.

3.4. Experiment 4: APO-induced hypothermia in

ovariectomized and intact nulliparous and primiparous

female rats

Body temperature did not differ significantly between

intact and ovex nulliparous and primiparous females

( P > .05; Repeated Measures ANOVA; Fig. 4).Fig. 3. Effects of reproductive experience on apomorphine-induced (APO;

0.6 mg/kg sc) and amphetamine-induced (AMPH; 9 mg/kg ip) stereotyped

behavior scored every 10 min during a 90-min session, respectively. Arrows

indicate the time of drug injection. Inset figures show respective stereotypy

intensity (total sum of scores). (A) APO-treated nulliparous rats (n = 15;

open circles and bars) and primiparous rats (n = 15; solid circles and bars).

(B) AMPH-treated nulliparous rats (n = 14; open circles and bars) and

primiparous rats (n = 17; solid circles and bars). Means � S.E.M. *P=.04

(Mann± Whitney's U test).

Fig. 4. Body temperature measured 10, 20, 30, 60, 90 and 120 min after the

injection of 1 mg/kg sc APO in nulliparous (open circles) and primiparous

(solid circles) female rats. Arrows indicate the moment of drug injection.

(A) Intact females in proestrus (nulliparous = 11; primiparous = 10); (B)

Ovariectomized females (nulliparous = 13; primiparous = 11). Mean-

s � S.E.M.
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4. Discussion

The present results show that RE modulates some DA-

related behavioral responses. Both 3 and 20 min motor

activity, and APO-induced stereotypy showed some differ-

ences between primiparous and nulliparous rats. DA has

been widely related to motor activity (CoteÂ and Crutcher,

1991; Felicio et al., 1989; Ghez and Gordon, 1995; McE-

wen et al., 1991; Palermo-Neto, 1984). RE-induced changes

in behavioral responses may reflect some RE influence on

dopaminergic neurotransmission (Bridges et al., 1993; Feli-

cio et al., 1996; Hucke et al., 1998). The main central DA

pathways are the mesocortical, nigrostriatal, mesolimbic and

tuberoinfundibular pathways (Ungerstedt, 1971). The beha-

vioral results presented here may reflect alterations in one or

all of these pathways. However, since the nigrostriatal

system is the one more related to motor function (Mason,

1984), it is the first to be chosen.

Motherhood influences behavioral responses to aversive

stimuli in rodents (Kinsley et al., 1999; Silva et al., 1997).

Other authors have reported parity-induced decreases in

anxiety as well as improvement in learning (Kinsley et al.,

1999). Our data showed a decrease in locomotion in

experienced animals in the 3-min session, an acute response.

This may have been due to an RE-induced decrease in

response to stress and novelty. Decreased locomotion fre-

quency is accompanied by a trend to increasing defecation,

although this effect failed to achieve statistical significance.

This could be suggestive of an increase in fear or anxiety

and the consequence would have been a decrease in loco-

motion. Furthermore, in the 20-min session (Experiment 2),

differences were observed only between AMPH-pretreated

primiparous and AMPH-pretreated nulliparous females but

not in saline-pretreated control animals. AMPH pretreat-

ment revealed RE-induced changes on behavioral responses.

The decreased distance moved by the nulliparous group

particularly in the central area of the arena after AMPH

pretreatment may have been due to an RE-sensitive increase

in fear or anxiety responses elicited by pretreatment with the

stimulant. In addition, AMPH pretreatment may have

reversed the anxiety or fear suggested to have occurred in

the primiparous group in the 3-min session.

It was observed that AMPH-pretreated primiparous

females moved significantly longer distances in total area

of the arena, and displayed more velocity and time in

movement than nulliparous animals. AMPH pretreatment

revealed RE-induced differences in motor activity. Though

the expression of behavioral depression (Paulson and Robin-

son, 1996; Paulson et al., 1991) was mild, i.e., statistically

significant only for the central distance moved by the

nulliparous group, the AMPH challenge revealed an impor-

tant RE-induced change in a dopaminergic response. Since

AMPH challenge after a short period of withdrawal does not

modify DA concentration responses (Paulson et al., 1991;

Paulson and Robinson, 1996), this different response pattern

may have been due to RE-induced differences in compensa-

tory mechanisms of dopaminergic synapses in response to

AMPH pretreatment.

It is well known that dopaminergic overstimulation leads

to stereotyped behavior in different species (Tieppo et al.,

1995, 1997, 2000; Troncone et al., 1988). This behavior can

be induced by the DA receptor (D1/D2) agonist APO

(Ljunberg and Ungerstedt, 1977, 1978) or by the DA-

releasing agent AMPH (Robbins, 1978; Tieppo et al.,

2000). The effects are dose-dependent in both cases (Clark

et al., 1991; Felicio et al., 1989; Kihara et al., 1993; Mueller

et al., 1990). The main components of stereotypy differ both

in qualitative and quantitative terms depending on the drug

used to elicit the phenomenon (Fray et al., 1980; Tieppo et

al., 2000). This was also observed in the stereotypy studies

reported here. AMPH-induced stereotyped behavior showed

no significant differences between virgin and experienced

females, a fact possibly suggesting that presynaptic mechan-

isms involving acute DA release stimulation and reuptake

block might not be altered by RE. On the other hand, APO-

induced stereotypy, although only significant at one point,

showed a trend to greater intensity up to 60 min in

primiparous females compared to nulliparous animals. This

difference may have been due to an RE-induced increase in

sensitivity to a direct stimulation of the DA receptors by this

agonist, suggesting an RE-induced modification of postsy-

naptic striatal mechanisms. Increases in APO-induced

stereotypy as a function of RE were observed by other

authors (Byrnes and Bridges, 1999).

APO-induced hypothermia is due to the stimulation of

DA receptors in the hypothalamus (Paulson et al., 1991;

Vanzeler et al., 1990). Our results showed no differences

between groups. An intact hypothalamic±pituitary±gona-

dal axis is important for behavioral expression and steroid

hormone mediation of neural plasticity (McEwen, 1988,

1991; McEwen et al., 1991). In addition, the ovariectomy-

induced influence on hypothalamic DA concentrations may

be modulated by RE (Hucke et al., 1999). The present data

did not show significant changes in body temperature

between ovex and intact females after APO injection.

These results suggest that RE does not influence hypotha-

lamic sensitivity to dopaminergic stimulation and ovariect-

omy does not help to reveal any differences. Alternatively,

APO-induced hypothermia may not be a sensitive enough

approach to reveal RE-induced changes in hypothalamic

sensitivity to DA. Different dosages, challenges with

different drugs or physiological states such as lactation

may help to reveal RE-induced functional alterations in

hypothalamic DA receptors. Also, these results are sugges-

tive of different kinds of RE-induced regulation of dopa-

minergic function.

Taken together, our data show that parity influences

dopaminergic-related behavioral responses, possibly by

modulating dopaminergic function in different ways accord-

ing to the brain region. This may be a relevant physiological

phenomenon, although its significance still remains

unknown. Would this be a way of optimizing system

E.E.T. Hucke et al. / Pharmacology, Biochemistry and Behavior 68 (2001) 575±582580



homeostasis after a successful reproductive event? Alterna-

tively, would it reveal different kinds of behavioral

responses after a rich previous behavioral experience? Is

the whole RE important for the expression of this phenom-

enon? Authors have suggested that changes occurring dur-

ing lactation are crucial for brain modifications (Kinsley et

al., 1999; Kolb et al., 1998; Lee et al., 1999a,b). Maternal

behavior and pup care plus hormonal changes can contribute

to these changes (Kinsley et al., 1999; Kolb et al., 1998; Lee

et al., 1999a,b). Finally, our data add information about

changes in brain functions due to previous reproductive

history. Also, these results may have implications for drug

abuse during, or following, reproductive periods and repro-

ductive senescence.

Acknowledgments

This work was supported by a grant from FundacÎaÄo de

Amparo aÁ Pesquisa do Estado de SaÄo Paulo awarded to

L.F.F. (FAPESP Proc. 96/04193-0) and a fellowship

awarded to E.E.T.S.H. (FAPESP Proc. 95/9870-8). The

authors are grateful to Dr. Craig H. Kinsley and Dr. Antonia

Gladys Nasello for their suggestions in the preparation of

this manuscript.

References

Barr AM, Phillips AG. Withdrawal following repeated exposure to D-am-

phetamine decreases responding for a sucrose solution as measured by a

progressive ratio schedule of reinforcement. Psychopharmacology (Ber-

lin) 1999;141(1):99± 106.

Ben-Jonathan N, Arbogast LA, Hyde JF. Neuroendocrine regulation of

prolactin release. Prog Neurobiol 1979;33:399± 477.

Bjorklund A, Flack B, Nobin A, Stenevi U. Organization of the dopamine

and noradrenaline innervation of the median eminence±pituitary region

in the rat. In: Knowles F, Vollarath L, editors. Neurosecretion: the final

pathway. New York: Springer-Verlag, 1974. p. 209.

Bridges RS, Felicio LF, Pellerin LJ, Stuer AM, Mann PE. Prior parity

reduces post-coital diurnal and nocturnal prolactin surges in rats. Life

Sci 1993;53:439± 45.

Bridges RS, Henriquez BM, Sturgis JD, Mann PE. Reproductive experience

reduces haloperidol-induced prolactin secretion in females rats. Neu-

roendocrinology 1997;66(5):321±6.

Broadhurst PL. Experiments in psychogenetics. In: Eysenk HJ, editor. Ex-

periments in personality, vol. 1. London: Routledge and Kegan Paul,

1960. pp. 3 ± 102.

Byrnes EM, Bridges RS. Parity potentiates the effects of apomorphine on

sensorimotor gating and stereotypy. Soc Neurosci Abstr 1999;25:2137.

Caul WF, Stadler JR, Barrett RJ. Amphetamine-induced withdrawal re-

sponding: effects of repeated drug administration. Psychopharmacology

(Berlin) 1997;133(4):351± 5.

Chen JC, Huang LI, Hsieh MM. Reductions in binding and functions of D2

dopamine receptors in the rat ventral striatum during amphetamine

sensitization. Life Sci 1999;64(5):343 ±54.

Clark D, Furmidge LJ, Petry N, Tong ZY, Ericsson M, Johnson D. Beha-

vioral profile of partial D2 dopamine receptor agonists. Psychopharma-

cology 1991;105:381± 92.

Cohen J, Bridges RS. Retention of maternal behavior in nulliparous and

primiparous rats: effects of duration of previous maternal experience. J

Comp Psychol 1981;95:450±9.

Cole P, Brown JB, MacMahon B. Oestrogen profiles of parous and nulli-

parous women. Lancet 1976;2:596.

CoteÂ L, Crutcher MD. The basal ganglia. In: Kandel ER, Schwartz JH,

Jessel TM, editors. Principles of neural science. USA: Appleton &

Lange, 1991. pp. 647± 59.

De Los Monteros AE, Cornejo J, Parra A. Differential prolactin response to

oral metoclopramide in nulliparous versus parous women throughout

the menstrual cycle. Fertil Steril 1991;55:885± 9.

De Sousa NJ, Wunderlich GR, De Cabo C, Vaccarino FJ. The expression of

behavioral sensitization to amphetamine: role of CCKA receptors. Phar-

macol, Biochem Behav 1999;62(1):31 ± 7.

Escalada J, Cacicedo L, Ortego J, Melian E, Sanchez-Franco F. Prolactin

gene expression and secretion during pregnancy and lactation in the rat:

role of dopamine and vasoactive intestinal peptide. Endocrinology

1996;137:631±7.

Felicio LF, Nasello AG, Palermo-Neto J. Dopaminergic supersensitivity

after long-term bromopride treatment. Physiol Behav 1987;41:433±7.

Felicio LF, Palermo-Neto J, Nasello AG. Perinatal bromopride treatment:

effects on motor activity and stereotyped behavior of offspring. Physiol

Behav 1989;45:1081±5.

Felicio LF, FloÂrio JC, Sider LH, Cruz-Casallas PE, Bridges RS. Reproduc-

tive experience increases striatal and hypothalamic dopamine levels in

pregnant rats. Brain Res Bull 1996;40:253± 6.

Fiorino DF, Phillips AG. Facilitation of sexual behavior and enhanced

efflux in the nucleus accumbens of male rats after D-amphetamine-

induced behavioral sensitization. J Neurosci 1999;19(1):456± 63.

Fray PJ, Sahakian BJ, Robbins TW, Kobb GF, Iversen SD. An observation

method for quantifying the behavioral effects of dopamine agonists:

contrasting effects of d-amphetamine and apomorphine. Psychopharma-

cology 1980;69:253± 9.

Ghez C, Gordon J. Voluntary movement. In: Kandel ER, Schwartz JH,

Jessel TM, editors. Essentials of neural science and behavior. USA:

Appleton & Lange, 1995. pp. 529± 49.

Hucke EETS, Cruz-Casallas PE, Florio JC, Felicio LF, Bridges RS. Prior

parity reduces the light± dark shift-related increase in striatal dopami-

nergic and serotoninergic activity in rats as measured using in vivo

microdialysis. NeuroReport 1998;9:3589± 93.

Hucke EETS, Florio JC, Felicio LF. Neurochemical changes induced by

reproductive experience in female rats. Soc Neurosci Abstr 1999;25:2136.

Joseph JA, Kochman K, Roth GS. Reduction of motor behavioral deficits in

senescence via chronic prolactin or estrogen administration: time course

and putative mechanisms of action. Brain Res 1989;505(2):195± 202.

Keefe DL, Michelson DS, Lee SH, Naftolin F. Astrocytes within the hy-

pothalamic arcuate nucleus contain estrogen-sensitive peroxidase, bind

fluorescein-conjugated estradiol, and may mediate synaptic plasticity in

the rat. Am J Obstet Gynecol 1991;164(4):959± 66.

Kihara T, Ikeda M, Matsubara K, Matsushita A. Differential effects of

ceruletide on amphetamine-induced behaviors and regional dopamine

release in the rat. Eur J Pharmacol 1993;230:271± 7.

Kinsley CH, Bridges RS. Parity-associated reduction in behavioral sensi-

tivity to opiates. Biol Reprod 1988;39:270±8.

Kinsley CH, Madonia L, Gifford GW, Tureski K, Griffin GR, Lowry C,

Williams J, Collins J, McLearie H, Lambert KG. Motherhood improves

learning and memory. Nature 1999;402:137±8.

Kolb B, Forgie M, Gibb R, Gorny G, Rowntree S. Age, experience and the

changing brain. Neurosci Biobehav Rev 1998;22(2):143 ±59.

Laudrup P, Wallace LJ. Sensitization elicited by directly and indirectly

acting dopaminergic agonists: comparisons using neural network ana-

lysis. Psychopharmacology (Berlin) 1991;141(2):169± 74.

Lee A, Clancy S, Fleming AS. Mother rats bar-press for pups: effects of

lesions of the mpoa and limbic sites on maternal behavior and

operant responding for pup-reinforcement. Behav Brain Res 1999a;

100(1± 2):15± 31.

Lee A, Li M, Watchus J, Fleming AS. Neuroanatomical basis of maternal

memory in postpartum rats: selective role for the nucleus accumbens.

Behav Neurosci 1999b;113(3):523± 38.

Ljunberg T, Ungerstedt U. Differential behavioral patterns induced by apo-

E.E.T. Hucke et al. / Pharmacology, Biochemistry and Behavior 68 (2001) 575±582 581



morphine: evidence that the method of administration determines the

behavioral response to the drug. Eur J Pharmacol 1977;46:41 ±50.

Ljunberg T, Ungerstedt U. Classification of neuroleptic drugs according to

their ability to inhibit apomorphine-induced locomotion and gnawing:

evidence for two different mechanisms of action. Psychopharmacology

1978;56:239± 47.

Mann PE, Bridges RS. Neural and endocrine sensitivities to opioids decline

as a function of multiparity in the rat. Brain Res 1992;580:241±8.

Mann PE, Kinsley CH, Ronsheim PM, Bridges RS. Long-term effects of

parity on opioid behavioral and endocrine responses. Pharmacol, Bio-

chem Behav 1989;34:83 ± 8.

Mason ST. Catecholamines and motor behavior. Catecholamines and beha-

vior. London: Cambridge Univ. Press, 1984. pp. 96±176.

McEwen BS. Steroid hormones and the brain: linking `̀ nature'' and `̀ nur-

ture''. Neurochem Res 1988;13(7):663 ±9.

McEwen BS. Nongenomic and genomic effects of steroids on neural activ-

ity. Trends Pharmacol Sci 1991;12:141±7.

McEwen BS, Coirini H, Westlind-Danielson A, Frankfurt M, Gould E,

Schumacher M, Woolley C. Steroid hormones as mediators of neural

plasticity. J Steroid Biochem Mol Biol 1991;39:223±32.

Mohankumar PS, Mohankumar SMJ, Quadri SK, Voogt JL. Chronic hy-

perprolactinemia and changes in dopamine neurons. Brain Res Bull

1997;42(6):435± 41.

Mueller K, Whiteside DA. Enkephalin prevents CCK-induced en-

hancement of amphetamine-induced locomotor stereotypy. Brain

Res 1990;513:119±24.

Musey VC, Collins DC, Brogan DR, Santos VR, Musey PI, Martino-Saltz-

man D, Preedy JRK. Long term effects of the first pregnancy on the

hormonal environment: estrogens and androgens. J Clin Endocrinol

Metab 1987a;64:111 ±8.

Musey VC, Collins DC, Musey PI, Martino-Saltzman D, Preedy JRK.

Long-term effect of a first pregnancy on the secretion of prolactin. N

Engl J Med 1987b;316:229± 34.

Onaivi ES. APO induced hypothermia, stereotypy and changes in dopamine

D2 mRNA expression. NeuroReport 1997;4:703±5.

Palermo-Neto J. Supersensitivity, drug withdrawal and open-field behavior.

Psychopharmacol Bull 1984;18:11 ±2.

Paulson PE, Robinson TE. Regional differences in the effects of ampheta-

mine withdrawal on dopamine dynamics in the striatum. Analysis of

circadian patterns using automed on-line microdialysis. Neuropsycho-

pharmacology 1996;14(5):325 ±37.

Paulson PE, Camp DM, Robinson TE. Time course of transient behavioral

depression and persistent behavioral sensitization in relation to regional

brain monoamine concentrations during amphetamine withdrawal in

rats. Psychopharmacology 1991;103:480±92.

Robbins TW. The acquisition of responding with conditioned reinforce-

ment: effects of pipradol, metylphenidate, D-amphetamine, and nomi-

fensine. Psychopharmacology 1978;58:79 ± 87.

Role LW, Kelly JP. The brain stem. In: Kandel ER, Schwartz JH, Jessel TM,

editors. Principles of neural science. USA: Appleton & Lange, 1991.

pp. 683± 99.

Schindler CW, Persico AM, Uhl GR, Goldberg SR. Behavioral assessment

of high-dose amphetamine withdrawal: importance of training and test-

ing conditions. Pharmacol, Biochem Behav 1994;49(1):41 ±6.

Setler P, Sarau H, McKenzie G. Differential attenuation of some effects

of haloperidol in rats given scopolamine. Eur J Pharmacol 1976;39:

117±26.

Silva MRP, Bernardi MM, Nasello AG, Felicio LF. Influence of lactation on

motor activity and elevated plus maze behavior. Braz J Med Biol Res

1997;30:241±4.

Standaert DG, Young AB. Treatment of central nervous system degenera-

tive disorders. In: Hardman JG, Limbird LE, Molinoff PB, Ruddon RW,

Gilman AG, editors. Goodman & Gilman's The pharmacological basis

of therapeutics 9th ed. McGraw-Hill, USA. 1996;503±20.

Tieppo CA, Silva AMP, Palermo-Neto J, Nasello AG, Felicio LF. Intracer-

eborventricular administration of cholecystokinin reduces stereotypy in

dopamine-supersensitive rats. Braz J Med Biol Res 1995;28:351± 4.

Tieppo CA, Nasello AG, Felicio LF. Modulation of apomorphine-induced

stereotyped behavior by cholecystokinin. Prog Neuro-Psychopharmacol

Biol Psychiatry 1997;21:683± 95.

Tieppo CA, Ferreira FS, Sassatani AS, Felicio LF, Nasello AG. Differen-

tial modulation of apomorphine- or amphetamine-induced stereotyped

behavior by CCK1 and CCK2 antagonists. Eur J Pharmacol 2000;387:

189± 96.

Trichopoulus D, Cole P, Brown JB, Goldman MB, MacMahon B. Estrogen

profiles of primiparous and nulliparous women in Athens, Greece. J

Natl Cancer Inst 1980;65:43.

Troncone LRP, Ferreira TMS, Braz S, Silveira-Filho NG, Tufik S. Reversal

of increase in apomorphine-induced stereotypy and aggression in REM

sleep deprived rats by dopamine agonists pretreatment. Psychopharma-

cology 1988;94:79 ± 83.

Ungerstedt U. Stereotaxic mapping of the monoamine pathways in the rat

brain. Acta Physiol Scand 1971;367:1 ± 48 (Supplement).

Vanzeler MLA, Felicio LF, Nasello AG. Effects of acute domperidone

treatment on several behavioral parameters and thermoregulation in

male rats. Neuroendocrinol Lett 1990;12(4):334.

Vleugels MP, Eling WM, Roland R, De Graaf R. Cortisol levels in human

pregnancy in relation to parity and age. Am J Obstet Gynecol 1986;

155:118.

Wang DYZ, De Stavola BL, Bulbrook RD, Allen DS, Kwa HG,

Verstraeten AA, Moore JW, Fentiman IS. The permanent effect of re-

productive events on blood prolactin levels and its relation to breast

cancer risk: a population study of postmenopausal women. Eur J Cancer

Clin Oncol 1988;24:1225.

Wise RA, Munn E. Withdrawal from chronic amphetamine elevates base-

line intracranial self-stimulation thresholds. Psychopharmacology (Ber-

lin) 1995;117(2):130± 6.

Zabavnik J, Wu WX, Eidne KA, McNeilly AS. Dopamine D2 receptor

mRNA in the pituitary during the oestrous cycle, pregnancy and lacta-

tion in the rat. Mol Cell Endocrinol 1993;95:121± 8.

Zuppa AA, Tornesello A, Papacci P, Tortorolo G, Segni G, Moneta E,

Diodato A. Relationship between maternal parity, basal prolactin levels

and neonatal breast milk intake. Biol Neonate 1988;53:144.

E.E.T. Hucke et al. / Pharmacology, Biochemistry and Behavior 68 (2001) 575±582582


