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Abstract
Neonatal exposure to antidepressants produces lasting impairments in male sexual behavior.
Although perturbation of the serotonin system during neonatal life has been implicated in the
long-term behavioral effects of neonatal antidepressant exposure, dose-response studies were
necessary to confirm that inhibition of the serotonin transporter during the neonatal period is
sufficient to produce impairments in sexual behavior. Therefore, the present study examined the
dose-response effects of neonatal citalopram exposure on sexual behavior. In addition, the effects
of exposure on anxiety-related behavior were examined since alterations in this behavioral
measure could affect sexual behavior. Male Long-Evans rats were injected subcutaneously with
citalopram (CTM) in one of three doses (5, 10 or 20 mg/kg/day), or saline (SAL) in a volume of
0.1 ml twice daily (07:00 and 14:00h) from PN8 to PN21. The rats were tested as adults (>PN90)
for anxiety-like behavior and exploration in the elevated plus maze test and sexual behavior.

Neonatal citalopram exposure produced persistent reductions in male sexual behavior
characterized by significant dose-dependent reductions in the percentage of male rats displaying
mounting as well as dose-dependent reductions in the number of mounts and mount latency.
Neonatal citalopram exposure also produced significant dose-dependent linear trends for
reductions in intromission and ejaculation behavior. However, neonatal SSRI exposure was not
found to produce any effects on exploration or anxiety-like behavior in the elevated plus maze test.
The present findings support the hypothesis that inhibition of the serotonin transporter during
neonatal life by an SSRI is directly responsible for the long-term effects on male sexual behavior.
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1. Introduction
Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed
medications for the treatment of major depression during pregnancy (Oberlander et al.,
2006). However, a number of studies suggest that perinatal treatment of women with an
SSRI may be harmful to the infant. For example, studies of the placental transfer of SSRIs
and their metabolites in infants exposed during pregnancy have shown umbilical cord blood
to maternal blood concentration ratios in the range of 0.12 to 0.86 at birth (Hendrick et al.,
2003; Rampono et al., 2009). Multiple studies have also reported that a significant fraction
of infants exposed to SSRIs in utero displayed adverse serotonergic symptoms during the
first two weeks of life (Laine et al., 2003; Nordeng et al., 2001; Sanz et al., 2005). These
data indicate that the fetus is being exposed to behaviorally active levels of the drugs in
utero. Moreover, alterations in the behavioral response to painful stimuli as well as subtle
delays in motor development in infants have been reported (Mulder et al., 2011; Casper et
al., 2011; Oberlander et al., 2005; Casper et al., 2003; Costei et al., 2002; Nulman et al.,
2002). Studies to date have not followed exposed children beyond early childhood (<72
months). Consequently, the long term effects of early SSRI exposure are not known.
However, very recent studies by Croen et al. have linked fetal SSRI exposure to increased
incidence of autistic spectrum disorder (Croen et al., 2011)

Serotonin is one of the first neurotransmitter systems to appear in the developing brain and
has been proposed to play a trophic role in brain development through the regulation of
processes such as cell proliferation, differentiation, and apoptosis (Lauder, 1990; Azmitia,
2001; Verney et al., 2002). Serotonergic activity in the developing brain is the highest in rats
during the neonatal period up to postnatal day (PD) 21 and throughout the first two to five
years in humans (Whitaker-Azmitia, 2005; Maciag et al; 2006a). Thus, disruption of the
serotonergic system during early postnatal life would be expected to affect the development
of neural circuits that control complex behaviors. In fact, neonatal exposure to serotonin
reuptake inhibitors (citalopram, clomipramine, zimelidine, LU-10-134C) from postnatal day
8 to 21 has been shown to produce persistent behavioral alterations in adult animals that are
evident long after drug withdrawal. These include impairments in sexual behavior,
reductions in shock-induced aggression as well as, increased locomotor activity, rapid eye
movement (REM) sleep, and ethanol consumption and increased immobility in the forced
swim test (Mirmiran et al., 1981; Hilakivi et al., 1984; Vogel et al. 1988; Neil et al., 1990;
Hansen et al., 1997; Maciag et al., 2006a; Maciag et al., 2006b). Moreover, our laboratory
reported that in addition to the deficits in male sexual behavior produced as a result of
neonatal exposure to the SSRI citalopram, exposure also resulted in significant reductions in
the expression of the rate-limiting synthetic enzyme tryptophan hydroxylase in the midline
subgroup of the dorsal raphe and the serotonin transporter in the frontal cortex in adult rats
(Maciag et al., 2006a). In contrast, chronic exposure to an SSRI in adult rats was not found
to produce any behavioral alterations or changes in serotonin circuitry proteins that persist
beyond drug withdrawal and washout (Maciag et al., 2006a; Ansorge et al., 2008).

The dose-response curve is the basic currency of receptor pharmacology (Ross and Kenakin,
2001) and therefore our group recently extended our previous findings and reported that
neonatal citalopram exposure resulted in dose-dependent reductions in the expression of the
serotonin transporter in the hippocampus in adult rats (Weaver et al., 2010), indicating that
selective inhibition of the serotonin transporter during neonatal life by an SSRI is directly
responsible for the long-term effects of neonatal SSRI exposure on serotonin transporter
expression. The aim of the present study was to determine whether inhibition of the
serotonin transporter during neonatal life is also directly responsible for the long-term
effects of neonatal SSRI exposure on adult behavior. Therefore, the dose-response effects of
neonatal citalopram exposure on male sexual behavior as well as behaviors that might
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indirectly affect sexual behavior, such as exploration and anxiety-like behavior were
examined. Moreover, we also sought to determine whether the effects of neonatal citalopram
exposure on male sexual behavior are related to the effects on the expression of key
enzymes within serotonergic neurons recently reported by our group (Maciag et al., 2006;
Weaver et al., 2011).

2. Results
2.1. Body Weight

The dose-response effects of neonatal citalopram exposure on the body weight of rats
following treatment were monitored daily throughout drug exposure (PD8-21) and
subsequently monitored following drug exposure weekly into adulthood (PD30-103).
Throughout the drug exposure period, there was a significant increase in body weight with
age for all groups (F4, 188 = 828.2, P < 0.0001). In addition, an effect of drug exposure
(F3, 188 = 3.403, P = 0.0252) and drug exposure by age interaction (F12, 188 = 4.504, P <
0.0001) was observed. Neonatal citalopram exposure produced a significant reduction in
body weight at PD21 only during the PD8-21 exposure interval in the rats exposed to 10 mg/
kg/d and 20 mg/kg/d of citalopram compared to saline treated rats (Figure 1A). During the
post drug exposure period, there was also a significant increase in body weight with age for
all the groups (F10, 370 = 4066, P < 0.0001). Again, an effect of drug exposure (F3, 370 =
4.992, P = 0.0052) as well as a drug exposure by age interaction (F30, 370 = 2.368, P =
0.0001) was found. A significant reduction in body weight was found from PD73-103 in the
rats exposed to 10 mg/kg/d of citalopram only compared to the saline treated group (Figure
1B). However, no significant effect of exposure on body weight at any age throughout the
PD30-103 period was found for the rats exposed to either 5 mg/kg/d or 20 mg/kg/d doses of
citalopram.

2.2. Elevated Plus Maze
No effect of neonatal CTM exposure at any dose was observed on either measures of anxiety
or exploration in the elevated plus maze. As for measures of anxiety-like behavior, there was
no significant effect of drug exposure on the number of open arm entries (F3, 51 = 0.9352, P
= 0.4310 – Figure 2A) or time spent in the open arms (F3,51 = 0.5591, P = 0.6446) (data not
shown). Similarly, no significant effect of neonatal CTM exposure was observed on
measures of exploration (number of closed arm entries: F3, 51 = 1.586, P = 0.2050 – Figure
2B; total arm entries: F3, 51 = 1.538, P = 0.2167 – data not shown). In addition, there was no
effect of drug exposure on the time spent in the closed arms (data not shown).

2.3. Sexual behavior
Data from two cohorts were analyzed to assess differences in measures of sexual behavior.
Two-factor analysis of variance did not reveal a significant effect of cohort or a significant
treatment by cohort interaction for any of the sexual behavior measures analyzed. Therefore,
the data from the two cohorts were pooled. Kaplan-Meier analysis of pooled experimental
data for mounting behavior showed a significant dose-dependent reduction in the percentage
of rats displaying mounting behavior for the citalopram treated groups compared to saline
(Log-rank (Mantel-Cox) Test = 12.94, df = 3, P = 0.0048) as well as a significant linear
trend in the reduction in the percentage of rats mounting as the dose of citalopram increased
(Log-rank test for linear trend = 8.906, df = 1, P = 0.0028) (Figure 3A). Individual
comparisons to saline showed a significant reduction in the percentage rats displaying
mounting behavior for each treatment group (SAL vs CTM5: Log-rank (Mantel-Cox) Test =
5.442, df = 1, P = 0.0197; SAL vs CTM10: Log-rank (Mantel-Cox) Test = 8.782, df = 1, P =
0.0030; SAL vs CTM20: Log-rank (Mantel-Cox) Test = 8.580, df = 1, P = 0.0034).
Moreover, there was a significant effect of treatment on mount number (F3, 57 = 3.658, P =
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0.0179) with a significant reduction in mount number for the rats exposed to both the 10 and
20 mg/kg/d doses of citalopram compared to saline (SAL vs CTM10: Bonferroni Multiple
Comparison Test, t = 2.901, P < 0.05; SAL vs CTM20: t = 2.715, P < 0.05). Post test for
linear trend also revealed a significant reduction in mount number as the dose of citalopram
increased (Post-test for linear trend: slope = −3.699, r2 = 0.1340, P = 0.0047 – Figure 3B).
As for mount latency, there was a significant effect of treatment revealed (F3, 57 = 3.196, P =
0.0306) with a significant increase in mount latency found in the rats exposed to 20 mg/kg/d
of citalopram compared to saline (Bonferroni Multiple Comparison test, t = 2.802, P < 0.05)
(data not shown). There was also a significant linear trend for an increase in mount latency
as the dose of citalopram increased (Pos-test for linear trend: slope = 254.1, r2 = 0.1264, P =
0.0064).

Kaplan-Meier analysis of the pooled data for intromission behavior showed that neonatal
CTM exposure did not produce a significant effect on the percentage of rats displaying
intromissions (Log-rank (Mantel-Cox) test = 4.983, df = 3, P = 0.1730 – Figure 4A).
However, a significant linear trend for a reduction in the percentage of rats displaying
intromissions as the dose of citalopram increased was revealed (Log-rank test for trend =
4.495, df = 1, P = 0.0340). As for the intromission number and intromission latency, no
significant effect of treatment was found (Intromission Number: F3, 57 = 1.923, P = 0.1369;
Intromission Latency: F3, 57 = 1.818, P = 0.1549), although a significant linear trend for a
decrease in intromission frequency as the dose of citalopram increased was observed (Post-
test for linear trend, slope = −0.8682, r2 = 0.08520, P = 0.0281 – Figure 4B).

As for ejaculation behavior, Kaplan-Meier analysis of pooled data did not reveal a
significant effect of treatment on the percentage of rats displaying ejaculations (Log-rank
(Mantel-Cox) Test = 4.502, df = 3, P = 0.2122 – Figure 5A). However, a linear trend for a
reduction in the percentage of rats ejaculating as the dose of citalopram increased was
evident (Log-rank test for trend = 4.102, df = 1, P = 0.0428). No significant effect of
treatment on the number of ejaculations or ejaculation latency was found (Ejaculation
number: F3, 57 = 1.716, P = 0.1747; Ejaculation Latency: F3, 57 = 1.490, P = 0.2275) (data
not shown).

3. Discussion
This study is the first to our knowledge to report on the dose-response effects of neonatal
SSRI exposure on male sexual behavior. We demonstrate that inhibition of the reuptake of
serotonin by the highly selective SSRI citalopram during the neonatal period is directly
related to the impairments in male sexual behavior as evidenced specifically by dose-
dependent impairments in mounting behavior. Although neonatal citalopram exposure
resulted in a significant reduction in long-term body weight at the end of the treatment
interval as well as during the post-treatment interval in the adult rats, it is unlikely that this
effect is related to the effects of exposure on sexual behavior given that the long-term effects
of citalopram on body weight in the adult rats were only evident for the rats exposed to 10
mg/kg/d dose and not the highest dose given. Similarly, the effects of neonatal citalopram
exposure on sexual behavior are not likely related to an increase in anxiety-like behavior or
exploration because there was no change in either of these behavioral indices in the rats
tested in the elevated plus maze. Consequently, alterations in anxiety-like behavior or
general motor activity are not thought to contribute to the effects of neonatal citalopram
exposure on adult sexual behavior.

Neonatal citalopram exposure resulted in deficits in sexual behavior with significant
reductions in mounting behavior characterized by dose-dependent reductions in the
percentage of rats displaying mounting behavior, mount number and mount latency.

Harris et al. Page 4

Brain Res. Author manuscript; available in PMC 2013 January 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



However, maximal effects were achieved for mount number at the intermediate dose with no
further decrement observed at the highest dose given. There were no significant effects of
neonatal citalopram exposure on intromission and ejaculation behavior, although there was a
significant dose-dependent linear trend for a reduction in the percentage of rats displaying
both intromission behavior and ejaculation behavior. Although not statistically significant,
the effects on these measures were also found to be maximal at the intermediate dose. It is
important to note that, among the control group, only 70% of the rats displayed intromissive
behavior and 50% displayed ejaculatory behavior and it is likely that the lack of statistical
effect found was due to low performance by the control group on these measures. It is
possible that the use of naïve male rats contributed to this effect. However, a recent study by
our laboratory found that sexual behavior examined on the third sexual exposure resulted in
a similar percentage of rats engaging in intromissive and ejaculatory behavior in the control
group (i.e. 70% displaying intromissive behavior and 55% displaying ejaculatory behavior)
(Rodriquez-Porcel et al., in press). Moreover, earlier reports on the effects of neonatal
antidepressant exposure on male sexual behavior have also reported less than 100% of the
rats displaying intromissive and ejaculatory behavior even after two previous sexual
exposures (DeBoer et al., 1987; Neil et al., 1990; Velaquez-Moctezuma et al., 1993). A
recent report on sexual performance in male rats stated that even after nine previous sexual
exposures up to 40% of the rats showed low or no sexual behavior, with the previous
exposure contributing to a reduction in ejaculation latency in rats with optimal levels of
sexual behavior (Alvarenga et al., 2010). These data suggest that the low performance of
intromissive and ejaculatory behavior found in the present study are unlikely to have been
solely due to the use of naïve male rats. However, the sexual behavior data from the present
study are in line with our previous studies (Maciag et al., 2006a, 2006b, 2006c) as well as
others using the non-selective antidepressant clomipramine (Velazquez-Moctezuma et al.,
1993; Vogel et al., 1996; Neill et al., 1990, Feng et al., 2001, 2003).

Given that citalopram is a racemate consisting of the S(+)-enatiomer (escitalopram) and the
R(−)-enantiomer and the S(+) entantiomer is responsible for the antidepressant effects of
citalopram and the R(−)-enantiomer has been shown to disrupt the effects of the S(+)-
entantiomer on the serotonin transporter (Sanchez, 2006), it is possible that the effects of
neonatal citalopram on male sexual behavior were limited due to an increase in the
concentration of R(−)-enantiomer with increasing dose that opposed the impairments in
male sexual behavior thought to be produced by the S(+)-enantiomer. Previous studies have
in fact shown a small dose-dependent increase in the ratio of the R(−)-entantiomer
compared to the S(+)-enantiomer in adult rats chronically administered citalopram within
the dosing range examined in the present study (i.e. 10–20 mg/kg/d) (Kugelberg et al.,
2001). However, examination of the effects of these doses on locomotor activity in the open
field did not reveal a clear effect of an increase in dose on the parameters measured
(Kugelberg et al., 2002). Similarly, the effects of neonatal citalopram exposure on male
sexual behavior revealed maximal effects at the intermediate dose for some parameters
(mount number) but not others (percentage of rats mounting and mount latency). Therefore,
it is not likely that differences in the ratio of the R(−)-entantiomer versus the S(+)-
enantiomer were involved in the dose effects produced on male sexual behavior.

The data from the present study provide evidence that neonatal citalopram exposure is
directly responsible for the long-term deficits in male sexual behavior as demonstrated by
the dose-dependent impairments in mounting behavior. Overall, the data from this study
indicate that neonatal exposure to citalopram primarily produces an impairment in the
initiation of sexual behavior or more specifically, the motivational aspect of sexual behavior
(i.e. reductions in mount latency and the percentage of rats mounting), with lesser effects on
the consummatory aspects of sexual behavior (i.e. number of mounts, intromission and
ejaculation behavior) in naïve male rats (Everitt, 1990; Meisel and Sachs, 1994). In fact,
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exposure to fluoxetine throughout the gestational and neonatal period in mice was found to
impair sexual motivation as assessed using the sexual incentive test, although no effects
were found on male sexual behavior (Gouvea et al., 2008). The lack of effects on male
sexual behavior in this study are likely due to the low baseline level of sexual activity
observed among both the control and treated rats.

Sexual behavior is a complex behavior that involves neural and hormonal regulation. It is
possible that alterations in the sex organs and/or gonadal hormones may have led to the
deficits in the present study. However, previous studies have not shown any long-term
effects of early antidepressant exposure in rodents on plasma testosterone levels or
alterations in the weight of the male sex organs (i.e. testes, epididymis, seminal vesicle)
(Mirmiran et al., 1981; Bonilla-Jaime, 2003; Gouvea et al., 2008). On the other hand, given
that serotonin is known to play a role in brain development, being transiently present during
early postnatal life in neuronal populations that control the processing of sensory
information (i.e. tactile, visual, auditory) (Lebrand et al., 1996) it is possible that the effects
of neonatal exposure on sexual behavior are due to more global deficits in sensory
perception. SSRI exposure during the neonatal period in rodents and throughout the third
trimester in humans has been shown to alter behavioral reactivity to tactile stimuli
(Oberlander, 2002; Ansorge et al., 2008; Lee 2009). A recent study from our laboratory has
provided further evidence that neonatal SSRI exposure results in abnormalities in the
behavioral response to sensory stimuli in rats (Rodriguez-Porcel et al., 2011). Consequently,
additional testing will be necessary to elucidate the specific sensory alterations that play a
role in the long-term impairments in male sexual behavior as a result of neonatal SSRI
exposure.

As previously mentioned, our group recently reported that neonatal citalopram exposure
results in dose-dependent reductions in the expression of the serotonin transporter in the
hippocampus of adult male rats (Weaver et al., 2010). The results of this study showed clear
dose-dependent reductions in the expression of the serotonin transporter in both the dorsal
and ventral hippocampus with significant reductions in the rats treated with 20 mg/kg/d of
citalopram. On the other hand, although the results of the present study showed dose-
dependent reductions in male sexual behavior, specifically mounting behavior, maximal
effects were achieved at the intermediate dose of 10 mg/kg/d with no further reductions in
behavior shown at the 20 mg/kg/d dose. This suggests that the effects of neonatal citalopram
exposure on expression of the serotonin transporter in the hippocampus and male sexual
behavior are not likely to be directly related. However, a recent study showed deficits in the
sexual behavior of serotonin transporter knockout rats characterized by a reduction in
ejaculation number compared to control rat and rats with a partial knockout of the serotonin
transporter (Chan et al., 2010). The present study also showed reductions in the number of
ejaculations achieved with increasing doses of neonatal citalopram exposure, although this
effect was not statistically significant. Our results in conjunction with the data reported by
Chan et al., (2010) suggest that functional inactivation of the serotonin transporter either by
pharmacological or genetic means during a critical period of brain development sensitive to
disruption of serotonergic system function leads to long-term alterations in male sexual
behavior. Further studies are needed to determine the specific mechanism(s) underlying the
long-term effects of neonatal citalopram exposure on male sexual behavior.

We did not find any changes in behavior in the rat tested the elevated plus maze test as
adults (PD90). Although only a handful of studies have examined the effects of neonatal
antidepressant exposure on behavior in the elevated plus maze test, the majority of the
studies, like our study, did not report any changes in anxiety-like behavior in rats or mice
(Ansorge et al., 2008; Popa et al., 2008; Ribas et al., 2008). Our data suggests that neonatal
citalopram exposure does not have any long-term effects on anxiety-like behavior or
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exploration in adult rats. Although the effects of neonatal citalopram exposure on
depression-related behaviors were not assessed in the present study, we previously reported
that neonatal exposure to the 10 mg/kg/d dose of citalopram did not result in alterations in
either immobility in the forced swim test or saccharin-sweetened fluid consumption (Maciag
et al., 2006c). Consequently, the effects of neonatal citalopram exposure on male sexual
behavior are unlikely to be related to alterations in measures of depression.

Although it is difficult to definitively compare brain development between humans and
rodents, studies suggest that in terms of brain maturation, the neonatal exposure period of
PD8-21 used in the present study is approximately equivalent to exposure in humans during
the third trimester and throughout early childhood (Bayer et al., 1993; Clancy et al., 2001;
Ansorge et al., 2008). Therefore, the long-term impairments in an adult-specific behavior
(i.e. sexual behavior) in rodents as a result of neonatal SSRI exposure in the present study
suggest that studies on the long-term effects of SSRI exposure in utero or through
breastfeeding are warranted. Given the widespread use of SSRIs during pregnancy and the
lack of studies to date on the effects of in utero SSRI exposure beyond early childhood, it is
possible that there may be unforeseen effects in humans that are not manifested until
adolescence or adulthood.

4. Material and Methods
4.1. Animals

The male offspring of 12 timed-pregnant Long-Evans rats (Harlan, Illinois, USA) were used
in this experiment. All procedures were approved by the UMMC Animal Care and Use
Committee and complied with AAALAC and NIH standards. The dams were allowed to
deliver undisturbed and the sex of the pups was determined on PD3. Both female and male
pups were allowed to remain with their dam throughout the treatment period. Litter sizes
were not adjusted and ranged from 6–12 pups. The male pups were tattooed for
identification on PD6. Beginning on PD8, the male pups with atleast one pup/treatment
group represented in each litter were assigned to one of four treatment groups and
subcutaneously injected with citalopram (CTM) at a dose of 2.5 mg/kg (CTM5 = 5 mg/kg/
d), 5 mg/kg (CTM10 = 10 mg/kg/d), 10 mg/kg (CTM20 = 20 mg/kg/d) (Tocris, Ellisville,
MO), or saline (SAL) (Sigma-Aldrich, St Louis, MO) in a volume of 0.1 ml twice daily
(0700 and 1400 hours) from PD8-21. We previously reported that neonatal exposure to
citalopram at the dose of 10 mg/kg/d resulted in a serum concentration of 58±13 ng/ml
which was well within the human therapeutic range of 28–247 ng/ml found in the literature
(Maciag et al., 2006a). Therefore the doses used were designed to still be within the
therapeutic range while allowing us to assess dose-response effects of treatment. During
treatment, the pups were handled only for daily weighing and drug injections. After PD28,
the pups were weaned from their dams and same-sex housed in groups of 2–3/cage. The
animals were housed under standard laboratory conditions on a reverse light/dark cycle with
the lights out from 12 pm-12 am and given access to food and water ad lib. The animals
were left undisturbed with the exception of weekly weighing until the start of behavioral
testing. All behavioral testing was conducted during the dark phase of the light/dark cycle.

4.2. Elevated Plus Maze
The elevated plus maze test was performed on PD90 as detailed by File (2004). The maze
consisted of four arms formed in the shape of a plus sign made of black Plexiglas with two
open arms and two closed arms, both of equal length and width (50 × 10 cm). The height of
the enclosed walls of the closed arms was 40 cm. The four arms were arranged around a
central platform that was 10 × 10 cm in diameter with each of the closed or open arms
opposite of each other. The entire unit was built on a platform that was 50 cm high. The
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maze was located on a table in a sound attenuated room and the camera for video-recording
each test was hung from the ceiling directly above the maze. The test began after the animal
was placed in the center of the maze facing an open arm. Each test animal was allowed to
explore the maze freely for 5 min. The number of entries and time spent in the open arms
was used to determine measures of anxiety-like behavior and the number of closed arm
entries and the total number of arm entries were used to determined measures of exploration.

4.3. Sexual behavior
Sexual behavior was tested in adult rats after PD100 as previously described (Maciag et al.,
2006a). Naïve male rats were currently used to assess male sexual behavior in keeping with
what was previously done to allow us to compare and build on our reported findings.
Moreover, naïve male rats depend heavily on the display of appropriate behavior by the
female rat for the initiation of sexual behavior whereas the initiation of sexual behavior in
experienced males is largely independent of the female’s behavior and is influenced by
associative learning to a degree that previous sexual experience can buffer the effects of
physiological and pharmacological treatments (Agmo and Picker, 1990; Pfaus et al., 2001).
Therefore, naïve male rats were preferentially used in the previous and present studies. The
ovariectomized females were brought into behavioral estrus by subcutaneous injections of
estradiol benzoate (15 µg, 48 and 24 hours prior to testing) (Sigma Aldrich, St. Louis, MO)
and progesterone (1 mg, 4–6 hours prior to testing) (Sigma Aldrich, St. Louis, MO) both
dissolved in mineral oil. On the day of testing, each male rat was allowed to habituate to the
testing chamber for 10 minutes prior to introduction of the female rat. Each test lasted 60
minutes and was analyzed for number of and latency to the first mount, intromission and
ejaculation. The male rats were tested with the female rats in a clean cage with fresh
bedding. The sexual encounters were videotaped and analyzed for number of mounts,
intromissions, ejaculations, latency (time) to first mount, intromission and ejaculation as
previously described (Maciag et al., 2006b). An experienced rater blind to treatment
observed and scored sexual behavior. Rats from two separate cohorts were tested for sexual
behavior. Behavioral analysis of the first cohort of rats showed that the females did not
consistently display the characteristic proceptive and receptive behaviors necessary to
ensure initiation of sexual behavior by untreated male rats (Ferraz et al., 2001). Therefore,
the tests where there was an inadequate display of proceptive and receptive behavior by the
female rats were eliminated from analysis and a total of 20 sexual behavior tests from the
first cohort were analyzed. A total of 38 tests from a second cohort of rats were analyzed for
sexual behavior and the proceptive and receptive behavior of the female rats was pretested
prior to the start of testing in this cohort to ensure the display of a high level of these
behaviors in the females used.

4.4. Statistical Analysis
The data were analyzed using Graphpad Prism statistical software (version 5.02 for
Windows, GraphPad software, San Diego, CA). Single factor analysis of variance
(ANOVA) was used to analyze the data from the elevated plus maze test. For sexual
behavior, Sexual behavior data was analyzed for percentage of rats exhibiting mounting,
intromission and ejaculation behavior using Kaplan-Meier survival analysis with Log-Rank
(Mantel-Cox) statistic as well as Log-rank test for linear trend. Parametric measures of
sexual behavior (number and latency to first mount, intromission and ejaculation) were
analyzed using Single factor ANOVA followed by Bonferroni correct t-test and Post-test for
linear trend. For sexual behavior, the data from two cohorts of rats were analyzed by two-
way ANOVA to determine if there were any significant effects of cohort or cohort by
treatment interactions. Given that no significant effects of cohort or cohort by treatment
interactions were observed, the data from the two cohorts were pooled and analyzed as
previously described.
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Highlights

>We examined the dose-response of early life SSRI exposure on adult behavior in
rats.

>We found that citalopram exposure dose-dependently impaired male sexual
behavior.

>In contrast citalopram exposure had no effect on measures of anxiety or activity.

>Inhibiting the serotonin transporter in early life disrupts adult male behavior in rats.

>Similar exposure may have behavioral effects in humans that persist to adulthood.
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Figure 1.
Effects of neonatal citalopram dose on body weight. The body weight of neonatal exposure
to SAL (n = 9), CTM5 (n = 14), CTM10 (n = 9) and CTM20 (n = 9) was assessed (a.) during
the treatment exposure between PD8-21. (b.) following treatment exposure between
PD30-100. Data represents the mean ± SEM. Two-way analysis of variance (ANOVA) with
repeated measures followed by Bonferroni corrected t-test. (* P < 0.05).

Harris et al. Page 12

Brain Res. Author manuscript; available in PMC 2013 January 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Effects of neonatal citalopram dose on measures of exploration in the elevated plus maze
test. The effects of SAL (n = 14) CTM5 (n = 14), CTM10 (n = 12), and CTM20 (n = 12) on
(a.) the number of closed arm entries. (b.) the number of total arm entries. Data represents
the mean ± SEM.
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Figure 3.
Effects of neonatal citalopram dose on mounting behavior. The effects of SAL (n = 16),
CTM5 (n = 16), CTM10 (n = 15) and CTM20 (n = 11) on (a.) the percentage of rats
displaying mounting behavior. Kaplan-Meier survival analysis of mounting behavior using
Log-Rank (Mantel-Cox) statistic showed an overall impairment in mounting (Log-Rank =
12.94, df = 3, P = 0.0048) with a significant reduction in each treatment group compared to
SAL group (SAL vs. CTM5 = 5.442, df=1, P = 0.0197; SAL vs. CTM10 = 8.782, df=1, P =
0.0030; SAL vs. CTM20 = 8.580, df=1, P = 0.0034) (b) the number of mounts. Data
represents the mean ± SEM. Single-factor ANOVA followed by Bonferroni corrected t-test
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and Post-test for linear trend (* P < 0.05). A significant dose-dependent trend for a reduction
in mount number was found.
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Figure 4.
Effects of neonatal citalopram dose on intromission behavior. The effects of SAL (n = 16),
CTM5 (n = 16), CTM10 (n = 15) and CTM20 (n = 11) on (a.) The percentage of rats
displaying intromission behavior. Kaplan-Meier survival analysis of intromission behavior
using Log-Rank (Mantel-Cox) statistic did not reveal a significant effect of treatment on
intromission behavior (Log-Rank = 4.495, df = 3, P = 1730). A significant linear trend for a
dose-dependent reduction in the percentage of rats intromitting was found (Log-rank test for
trend = 4.495, df =1, P = 0.0340). (b.) number of intromissions. Single-factor ANOVA
followed by Bonferroni corrected t-test and Post-test for linear trend. A significant dose-
dependent trend for a reduction in intromission number was found.
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Figure 5.
Effects of neonatal citalopram dose on ejaculation behavior. The effects of SAL (n = 16),
CTM5 (n = 16), CTM10 (n = 15) and CTM20 (n = 11) on (a.) The percentage of rats
displaying ejaculation behavior. Kaplan-Meier survival analysis of ejaculation behavior
using Log-Rank (Mantel-Cox) statistic did not reveal a significant effect of treatment on
ejaculation behavior (Log-rank = 4.502, df = 3, P = 0.2122). A significant linear trend for a
dose-dependent reduction in the percentage of rats ejaculating was found (Log-rank test for
trend = 4.102, df = 1, P = 0.0428). (b.) number of ejaculations. Data represents the mean ±
SEM.
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