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a worldwide high prevalence. Fluoxetine (FLX), a selective serotonin reuptake
inhibitor (SSRI) antidepressant, has been widely prescribed for depression during pregnancy and/or lactation.
Since serotonin is a neurotrophic factor, the use of FLX bymothers could disrupt brain development resulting in
behavioral alterations in their progeny. The aim of the present study was to evaluate the effects of
developmental FLX exposure on sexual behavior, aswell as on endocrine parameters, ofmalemice. Swiss dams
were treated daily, by gavage, with 7.5mg/kg of FLX during pregnancy and lactation. Male pups were tested for
copulatory behavior and sexual incentive motivation. Male pups also had their anogenital distance, plasmatic
testosterone concentration and testis, epididymis, seminal vesicle and pituitary wet weights assessed.
Copulatory behavior, anogenital distance, plasmatic testosterone concentration and organs wet weights were
not affected by FLXexposure. However, this exposure eliminated preference for a sexual incentive on the sexual
incentive motivation test, which indicates reduced sexual motivation, a classic side effect of SSRIs in humans
who take these antidepressants.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Depression is common, affecting about 121 million people world-
wide (World Health Organization, 2007). Epidemiological studies indi-
cate that lifetime risk for depression ranges between 10 and 25% for
women, with a peak prevalence occurring between the childbearing
ages of 25–44 years (Burt and Stein, 2002; Sloan and Kornstein, 2003).
Approximately 10% of women will suffer from psychological distress
during pregnancy (McElhatton, 2003), and evidence suggests that
maternal depression during pregnancy is at least as common as post-
partum depression (Evans et al., 2001). In some women, treatment
with antidepressants cannot be avoided. The decision of prescribing
and taking psychotropic drugs during gestation and lactation is a
difficult task due to the paucity of studies investigating the safety of
these drugs for the babies, especially for their long-term neurobeha-
vioral development (McElhatton, 2003; Zeskind and Stephens, 2004).
Among antidepressants, fluoxetine (FLX), a selective serotonin (5-HT)
reuptake inhibitor (SSRI) drug, has beenwidely prescribed for depres-
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sion during pregnancy and lactation due to its high degree of select-
ivity and its minimal side effects compared with tricyclic and mo-
noamine oxidase inhibitor antidepressants (American Academy of
Pediatrics, 2000; Einarson and Koren, 2004). However, since FLX
readily crosses the placental barrier (Pohland et al., 1989) and is ex-
creted inmilk (Hendrick et al., 2001), fetuses and newborns ofmothers
who take this antidepressant are exposed to increased 5-HT levels
during early brain development.

During embryogenesis, 5-HT regulates the development of γ-
aminobutyric acid and monoamine systems and is involved in cell
migration, axon growth and synaptogenesis (Lauder, 1993; Whitaker-
Azmitia et al., 1996). In rats, increased prenatal levels of 5-HT
produced adverse effects, including reduction of phosphoinositide
hydrolysis induced by 5-HT receptor stimulation (Romero et al.,
1994), reduced numbers of 5-HT transporters (Montero et al., 1990) as
well as 5-HT and β-adrenergic receptors and abnormalities in the
brain 5-HT receptor binding (De Ceballos et al., 1985; Jason et al.,
1981).

The brain sexual phenotype of a developing fetus is essentially
undifferentiated and bipotential, being determined by exposure to
sexual hormones during an early critical period. As revised by Wilson
and Davies (2007), the hormone-induced brain sexual differentiation
is inpartmediated byneurotransmitters, including 5-HT. González and
Leret (1992) observed a long-term striatal and limbic increase in 5-HT
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Table 1
Anogenital distance and body weight of male mice at birth and on PND 120

Anogenital distance (mm) Body weight (g)

CON FLX CON FLX

PND 1 2.48±0.04 2.46±0.03 2.9±0.2 2.9±0.1
(19) (20) (19) (20)

PND 120 18.90±0.62 18.36±0.48 44.9±1.1 45.2±1.7
(7) (9) (7) (9)

Number in parentheses represent the number of litters (PND1) or animals (PND120) per
group. Data are means±SEM. Student's t test with Welch's correction (pN0.05).
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metabolism induced by early androgen-derived estradiol action.
Neonatal 5-HT antagonizes testosterone masculinizing effects on size
of sexually dimorphic hypothalamic nuclei and gonadotropin release
(Murray et al., 2004), and 5-HT hypothalamic concentration is reduced
in critical periods of male rat brain masculinization (Ladosky and
Gaziri, 1970; Giulian et al., 1973), probably to allow adequate testos-
terone action.

This study was carried out in mice in order to evaluate if maternal
exposure to FLX during pregnancy and lactation could disrupt sexual
behavior and induce endocrine alterations in the progeny.

2. Materials and methods

2.1. Animals and experimental protocol

Male and female Swiss mice (70–90 days) from the colony of the
State University of Londrina (UEL) were used as parent generation.
They were kept in a controlled environment with temperature at
25±1 °C; humidity of 55±5%; 12 h light/dark cycle (lights on at
6:00 a.m.) and had free access to regular lab chow and tap water.

Mice were mated (2 females and 1 male per cage) and gestational
day (GD) 0 was determined by the presence of a vaginal plug. Dams
were divided into two groups:

– Control group (CON): 19 dams received daily 0.25 ml of tap water
(by oral gavage) from GD 0 to post-natal day (PND) 21.

– Fluoxetine group (FLX): 20 dams received daily 7.5 mg/kg of FLX
(Daforin® liquid, Novaquimica, Brazil) by oral gavage from GD 0 to
PND21 (Lisboa et al., 2007). The dose of FLX was based on the
weight of dams on GD 0, and was not corrected according to
weight fluctuations during gestational and lactational periods,
since this correction is not carried out in humans.

At birth (PND1), all litters were weighed and on PND 4 they were
culled to 8 pups. Whenever possible, an equal number of male and
female pups was kept within the litter. Pups were weaned on PND 21.

All the experimental protocol was approved by the State University
of Londrina Ethics Committee for Animal Research (protocol number:
CEEA 24/05).

2.2. Behavioral evaluation

Sexual behavior was observed in adult mice (PND 90±10), during
the dark phase of a reverse light/dark cycle, under dim red light. The
animals were allowed a 15-day period of adaptation to reverse light/
dark cycle before the beginning of the experiments. The observations
always started 4 h after the onset of darkness and were recorded by a
video camera, linked to a monitor in an adjacent room. For behavioral
evaluation, only one pup from each litter was used, i.e., the litter was
the experimental unity (Organization for Economics Cooperation and
Development, 2006).

2.2.1. Copulatory behavior
Sexually naive male pups (7 males from control group and 9

males from fluoxetine group) were placed into a Plexiglas cage and,
after 10 min, a naturally receptive female was introduced. During
30 min, the latencies and numbers of mounts, intromissions and
ejaculations were observed as described previously (Gerardin et al.,
2006).

2.2.2. Sexual incentive motivation
The same animals (6 males from control group and 9 males from

fluoxetine group) evaluated for copulatory behavior were used for the
sexual incentive motivation test. The cage consisted of a plastic rec-
tangular arena (40×32 cm). On each longwall, an opening (10×10 cm)
was located and faced an incentive animal cage (10×10×10 cm) in
which one incentive animal was placed. The two openings were
diagonally opposed and covered with wire mesh. The incentives used
were an estrous female in one cage (sexual incentive) and a sexually
active male in the other cage (social incentive). A zone (9×14 cm)
outside each incentive animal cagewas designated the incentive zone.
The experimental male was placed in the center of the arena and
observed for 20 min. The number of visits and the total time spent
visiting each incentive zone were quantified, and a preference score
(time spent in female zone/total time spent in both incentive zones)
was calculated (Agmo, 2003).

2.3. Endrocrine parameters

2.3.1. Anogenital distance
At birth (PND 1) and on PND 120 the anogenital distances were

obtained through a vernier caliper. On PND 1 data are expressed as
litter mean and on PND 120, they are individual data.

2.3.2. Organs wet weights
Two weeks after behavioral evaluation, male pups (7 males from

control group and 9 males from fluoxetine group) were weighed and
anaesthetized with sodium pentobarbital (40 mg/kg, ip). Blood sam-
ples were collected and one testis, one epididymis, one seminal vesicle
and pituitary were removed for wet weight determination.

2.3.3. Plasmatic testosterone
Blood samples (7 males from control group and 9 males from

fluoxetine group) were collected by intracardiac puncture and blood
samples were immediately placed in heparinized vials which were
kept on ice until centrifuged (2500 rpm for 20 min at 2 °C). The plas-
matic testosterone concentrationwas assayed by chemoluminescence
technique.

2.4. Statistical analysis

Preference scores from sexual incentive motivation test were com-
pared with chance preference (i.e., a score of 0.5) by One sample
Student's t test (H0: m=0.5). The remaining data were evaluated by
Student's t test with Welch's correction. Differences were considered
significant if pb0.05.

3. Results

3.1. Body weight and anogenital distance

Student's t test with Welch's correction showed that FLX exposure
did not alter anogenital distance or body weight at birth as well as on
adulthood (Table 1).

3.2. Behavioral evaluation

In the copulatory behavior test, none of the animals ejaculated
within the 30 min of test. Student's t test showed that FLX exposure
did not alter any of the observed behavioral parameters (Table 2).



Fig. 1.Wet weight of organs of male mice at PND 120. Data are means±SEM. Student's t
test with Welch's correction (pN0.05).

Table 2
Copulatory behavior of adult male mice

CON (n=7) FLX (n=9)

Mount latency (s) 281.6±39.4 379.8±85.3
Intromission latency (s) 420.6±75.5 453.7±57.1
Number of mounts 5.6±1.2 4.9±0.9
Number of intromissions 32.8±4.8 27.4±3.7

Data are means±SEM. Student's t test with Welch's correction (pN0.05).
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In the sexual incentive motivation test, Student's t test showed
that, compared to CON, FLX-exposed males visited more (t(10)=2.3,
p=0.04) and spent more time (t(11)=3.1, p=0.01) in the social zone
(that contained an adult male) (Table 3). As expected one sample
Student's t test showed that the preference score of the CON group
was significantly different of 0.5 (t(5)=4.6, p=0.006), i.e., the time
spent within the sexual zone (containing a female) was significantly
higher than the time spent within the social zone (containing a male).
On the other hand, in the FLX-exposed group, the preference scorewas
statistically undistinguishable of 0.5, i.e., the animals spent equivalent
times within both zones, having no preference by the sexual zone
(Table 3).

3.3. Organs wet weights and plasmatic testosterone

Student's t test showed that FLX exposure did not influence testis,
epididymis, seminal vesicle and pituitary wet weight (Fig.1), as well as
mean plasmatic testosterone concentration (CON: 816.29±187.75;
FLX:1064.11±256.65 ng/dL).

4. Discussion

The present study evaluated the effects of FLX exposure during
pregnancy and lactation on sexual behavior and endocrine aspects of
male pups. The regimen of exposure adopted in the present study has
been used in our laboratory and it does not inducematernal toxicity or
litter size and weight alterations (Lisboa et al., 2007), which could be
responsible for occasional behavioral alterations observed in pups.

Anogenital distance is a sexually dimorphic parameter. Alterations
are believed to be due to an inadequate action of testosterone and
could be an early indicator of impaired sexual activity at adulthood
(Keshet and Weinstock, 1995). FLX exposure did not alter anogenital
distance at birth or adulthood as well as other endocrine aspects, such
as plasmatic testosterone concentration and wet weights of testis,
epididymis, seminal vesicle and pituitary. These observations suggest
that, in male mice, developmental FLX exposure does not disrupt
gonadal hormones function.

Regarding behavioral evaluation, FLX exposure did not alter any of
the parameters assessed on the copulatory behavior test. On the other
hand, alterations in sexual incentive motivation test were observed. In
this test, the percentage of time spent in the vicinity of an estrous
female has been regarded as ameasure of sexualmotivation, a putative
correlate to human libido (Matuszcyk et al., 1998; Agmo 1999, 2003;
Table 3
Sexual incentive motivation test of adult male mice

CON (n=6) FLX (n=9)

Time spent in male zone 236.8±17.8 353.1±33.4*
Time spent in female zone 439.8±32.2 436.2±30.6
Number of visits in male zone 29.0±2.9 37.4±2.2*
Number of visits in female zone 36.2±3.0 42.1±3.0
Preference score 0.65±0.03† 0.55±0.03

Data are means±SEM.
*pb0.05 compared to CON group (Student's t test with Welch's correction).
†pb0.01 (One sample Student's t test, H0: m=0.5).
Portillo and Paredes, 2004). As expected, CONanimals spent significant
more time in the sexual zone. However, FLX-exposed males explored
both social and sexual zones indiscriminately, resulting in no sexual
preference and suggesting that developmental FLX exposure reduced
sexual motivation. Reduced libido is a classic adverse effect of chronic
FLX treatment in humans (Gregorian et al., 2002; Clayton et al., 2006),
and was already observed in adult rats chronically exposed to FLX
(Matuszcyk et al., 1998). The novelty of our data is to suggest long-
lasting reduced sexual motivation in male pups exposed to FLX during
neurodevelopment.

Traditionally, dopamine (DA) has been linked to sexual motivation
(Everitt, 1990; Hull et al., 2004; Dominguez and Hull, 2005) and
unpublished data from our laboratory suggests that the same regimen
of exposure to FLX adopted in the present study seems to disrupt do-
paminergic neurotransmission, which could play a role on the de-
creased sexual motivation observed. However, it has been suggested
that DA is not the neurotransmitter involved in the sexual motivation
evaluated in the test employed in the present study (Agmo, 2003;
Paredes and Agmo, 2004) and that serotonergic neurotransmission
could be involved. In fact, administration of 5-HT2A receptor
antagonists (ketanserin or cyproheptadine) in adult mice diminished
time spent in the sexual zone (Popova and Amstislavskaya, 2002). This
same effect was also observed after neonatal treatmentwith the 5-HT2
agonist DOI in rats (González et al., 1996), whereas an opposite effect
(i.e. increased sexual motivation) was observed after neonatal inhi-
bition of 5-HT synthesis (Farabollini et al., 1988). Taken together,
these data indicate the importance of adequate serotonergic neuro-
transmission mediated by 5-HT2 receptor on the sexual motivation.
Interestingly, the reduced number of 5-HT2 receptors has been des-
cribed in the hypothalamus of rats after prenatal FLX exposure
(Cabrera and Battaglia, 1994) and in the frontal cortex of prepubertal
rat after prenatal tryciclic antidepressant exposure (De Ceballos
et al., 1985). If long-term 5-HT2 receptor downregulation after
maternal FLX exposure is involved in the reduced sexual motivation
observed in the present study remains to be investigated in future
researches.

In conclusion, our data suggest that maternal FLX exposure has an
enduring negative influence on the sexual motivation of male mice
descendants, bringing about the necessity of more researches about
the effects of maternal exposure to selective serotonin reuptake
inhibitor antidepressants during critical periods of brain development.

Acknowledgement

We are grateful to CNPq/PIBIC for the financial support.



419T.S. Gouvêa et al. / Pharmacology, Biochemistry and Behavior 90 (2008) 416–419
References

Agmo A. Sexual motivation: an inquiry into events determining the occurrence of
sexual behavior. Behav Brain Res 1999;107:129–50.

Agmo A. Lack of opioid or dopaminergic effects on unconditioned sexual incentive
motivation in male rats. Behav Neurosci 2003;117:55–68.

American Academy of Pediatrics Committee on Drugs. Use of psychoactive medication
during pregnancy and possible effects on the fetus and newborn. Pediatrics 2000;
105:880–7.

Burt VK, Stein K. Epidemiology of depression throughout the female life cycle. J Clin
Psychiatry 2002;63:9–15.

Cabrera TM, Battaglia G. Delayed decreases in brain 5HT-2A/2C receptor density and
function in male rat progeny following prenatal FLX. J Pharmacol Exp Ther
1994;269:637–45.

Clayton A, Keller A, McGarvey EL. Burden of phase-specific sexual dysfunction with
SSRIs. J Affect Disord 2006;91:27–32.

De Ceballos ML, Benedi A, Urdin C, Del Rio J. Prenatal exposure of rats to antidepressant
drugs down-regulates beta-adrenoceptors and 5-HT2 receptors in cerebral cortex:
lack of correlation between 5-HT2 receptors and serotonin mediated behaviour.
Neuropharmacology 1985;24:947–52.

Dominguez JM, Hull EM. Dopamine, themedial preoptic area, andmale sexual behavior.
Physiol Behav 2005;86:356–68.

Einarson A, Koren G. New antidepressants in pregnancy. Can Fam Physician
2004;50:227–9.

Evans J, Heron J, Francomb H, Oke S, Golding J. Cohort study of depressed mood during
pregnancy and after childbirth. BMJ 2001;323:257–60.

Everitt BJ. Sexual motivation: a neural and behavioral analysis of the mechanisms
underlying appetitive and copulatory responses of male rats. Neurosci Biobehav
Rev 1990;14:217–32.

Farabollini F, Hole DR, Wilson CA. Behavioral effects in adulthood of serotonin depletion
by P-chlorophenylalanine given neonatally to male rats. Int J Neurosci 1988;41:
187–99.

Gerardin DCC, Bernardi MM, Moreira EG, Pereira OCM. Neuroendocrine and
reproductive aspects of adult male rats exposed neonatally to an antiestrogen.
Pharmacol Biochem Behav 2006;83:618–23.

Giulian D, Pohorecky LA, McEwen BS. Effects of gonadal steroids upon brain 5-
hydroxytryptamine levels in the neonatal rat. Endocrinology 1973;93:1329–35.

González MI, Leret ML. Role of monoamines in the male differentiation of the brain
induced by androgen aromatization. Pharmacol Biochem Behav 1992;41:733–7.

González MI, Albonetti E, Siddiquij A, Farabollini F, Wilson CA. Neonatal organizational
effects of the 5-HT2 and 5-HT1A subsystems on adult behavior in the rat. Pharmacol
Biochem Behav 1996;54:195–203.

Gregorian RS, Golden KA, Bahce A, Goodman C, Kwong WJ, Khan ZM. Antidepressant-
induced sexual dysfunction. Ann Pharmacother 2002;36:1577–89.

Hendrick V, Stowe ZN, Altshuler LL, Mintz J, Hwang S, Hostetter A, et al. Fluoxetine and
norfluoxetine concentrations in nursing infants and breast milk. Biol Psychiatry
2001;50:775–82.

Hull EM, Muschamp JW, Sato S. Dopamine and serotonin: influences on male sexual
behavior. Physiol Behav 2004;83:291–307.
Jason KM, Cooper TB, Friedman E. Prenatal exposure to imipramine alters early
behavioral development and beta adrenergic receptors in rats. J Pharmacol Exp
Ther 1981;217:461–6.

Keshet GI, Weinstock M. Maternal naltrexone prevents morphological and behavioral
alterations induced in rats by prenatal stress. Pharmacol Biochem Behav 1995;50:
413–9.

Ladosky W, Gaziri LC. Brain serotonin and sexual differentiation of the nervous system.
Neuroendocrinology 1970;6:168–74.

Lauder JM. Neurotransmitters as growth regulatory signals: role of receptors and
second messengers. Trends Neurosci 1993;16:233–40.

Lisboa SFS, Oliveira PE, Costa LC, Venâncio EJ, Moreira EG. Behavioral evaluation of male
and female mice pups exposed to fluoxetine during pregnancy and lactation.
Pharmacology 2007;80:49–56.

Matuszcyk JV, Larsson K, Eriksson E. The selective serotonin reuptake inhibitor
fluoxetine reduces sexual motivation in male rats. Pharmacol Biochem Behav
1998;60:527–32.

McElhatton PR. Drug use in pregnancy. Part 1. Pharm J 2003;270:270–2.
Montero D, De Ceballos ML, Del Rio J. Down-regulation of 3H-imipramine binding sites

in rat cerebral cortex after prenatal exposure to antidepressants. Life Sci 1990;46:
1619–26.

Murray JF, Dakin CL, Siddiqui A, Pellatt LJ, Ahmed S, Ormerod LJ, et al. Neonatal 5HT
activity antagonizes the masculinizing effect of testosterone on the luteinizing
hormone release response to gonadal steroids and on brain structures in rats. Eur J
Neurosci 2004;19:387–95.

Organization For Economics Cooperation and Development (OECD). Guideline number
426 — Developmental Neurotoxicity Study. 2006. Available at http://www.oecd.
org/dataoecd/20/52/37622194.pdf, accessed in 03/12/2008.

Paredes RG, Agmo A. Has dopamine a physiological role in the control of sexual
behavior? A critical review of the evidence. Prog Neurobiol 2004;73:179–226.

Pohland RC, Byrd TK, Hamilton M, Koons JR. Placental transfer and fetal distribution of
fluoxetine in the rat. Toxicol Appl Pharmacol 1989;98:198–205.

Popova NK, Amstislavskaya TG. 5-HT2A and 5-HT2C serotonin receptors differentially
modulate mouse sexual arousal and the hypothalamo-pituitary-testicular response
to the presence of a female. Neuroendocrinology 2002;76:28–34.

PortilloW, Paredes RG. Sexual incentivemotivation, olfactory preference, and activation
of the vomeronasal projection pathway by sexually relevant cues in noncopulating
and naive male rats. Horm Behav 2004;46:330–40.

Romero G, Toscano E, Del Río J. Effect of prenatal exposure to antidepressants on 5-HT-
stimulated phosphoinositide hydrolysis and 5-HT2 receptors in rat brain. Gen
Pharmacol 1994;25:851–6.

Sloan DM, Kornstein SG. Gender differences in depression and response to anti-
depressants treatment. Psychiatr Clin North Am 2003;26:581–94.

Whitaker-Azmitia PM, Druse M, Walker P, Lauder JM. Serotonin as a developmental
signal. Behav Brain Res 1996;73:19–29.

Wilson CA, Davies DC. The control of sexual differentiation of the reproductive system
and brain. Reproduction 2007;133:331–59.

World Health Organization. Depression. 2007; Available in: bhttp://www.who.int/
mental_health/management/depression/definition/en/N. Access on: Dec 07. 2007.

Zeskind PS, Stephens LE. Maternal selective serotonin reuptake inhibitor use during
pregnancy and newborn neurobehavior. Pediatrics 2004;113:368–75.

http://www.oecd.org/dataoecd/20/52/37622194.pdf
http://www.oecd.org/dataoecd/20/52/37622194.pdf
http://www.who.int/mental_health/management/depression/definition/en/
http://www.who.int/mental_health/management/depression/definition/en/

	Maternal exposure to the antidepressant fluoxetine impairs sexual motivation in adult male mice
	Introduction
	Materials and methods
	Animals and experimental protocol
	Behavioral evaluation
	Copulatory behavior
	Sexual incentive motivation

	Endrocrine parameters
	Anogenital distance
	Organs wet weights
	Plasmatic testosterone

	Statistical analysis

	Results
	Body weight and anogenital distance
	Behavioral evaluation
	Organs wet weights and plasmatic testosterone

	Discussion
	Acknowledgement
	References


