
Depression during pregnancy: The dilemma 
The effects of SSRIs during pregnancy on social behavior of mothers and their offspring 

 

 

Laura Staal – s1855794 

Supervised by Dr. Jocelien Olivier - 2015 

Behavioral and Cognitive Neuroscience Research 

Behavioral track 

Major Report 

 

Abstract  

Depressive symptoms during pregnancy may have a tremendous impact on the developing 

child. Unfortunately, this is true for antidepressant treatment as well. So far, it is unclear 

whether antidepressants increase the risks for the offspring. We therefore studied the 

effects of antenatal depression, antidepressant treatment, and their combination on social 

behavior in mothers and their offspring. We maternally separated heterozygous serotonin 

transporter knockout (SERT+/-) rats for 6 hours a day from postnatal day (PND)2 to 15 and 

used this as a model for antenatal depression (F1). Control SERT+/- rats were handled for 15 

minutes from PND2 to 15. Once pregnant, depressed and control mothers (F1) were daily 

treated with 10 mg/kg fluoxetine (a selective serotonin reuptake inhibitor) or placebo until 

pups were weaned. Before treatment mothers were tested for sociability in the three-

chamber test and this was repeated after treatment. After weaning of the pups (F2), 

mothers were sacrificed and BDNF long 3’UTR expression was measured in the prefrontal 

cortex. Offspring (F2) was tested for social play behavior at juvenile age and social 

interaction and aggressive behavior (only males) during adulthood. Our results showed that 

fluoxetine decreased maternal weight gain during pregnancy, but did not alter litter sizes. 

However, the survival rate of the offspring (F2) exposed to fluoxetine was about 50% during 

the first postnatal week. No differences were found in sociability of depressed mothers (F1) 

before and after drug treatment. Also, fluoxetine treatment did not alter BDNF long 3’UTR 

expression in depressed mothers (F1) compared to controls. Offspring (F2) of depressed 

mothers showed an increase in social behavior in the social play and social interaction test. 

This effect was reduced by fluoxetine exposure. Overall we show that antenatal depression 

increases social behavior of the offspring (F2) and that fluoxetine reverses this effect. This 

may be of translational value as only depressed pregnant women take antidepressants. 

More research is necessary to give more insight in the effects of antidepressants on top of 

antenatal depression. 
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Introduction 

Although pregnancy is often portrayed as a time of great joy, that’s not the reality for all 

women. Depressive symptoms during pregnancy is not uncommon, in fact 20% of women 

experience some depressive symptoms during any time of their pregnancy (Ryan et al., 

2005). The number of women who suffer from major depression during pregnancy is 

estimated to be 4-8% (Melville et al., 2010; Kim et al., 2015). According to the DSM V, this 

disorder is characterized by a depressed mood or a loss of interest or pleasure in daily 

activities for more than two weeks. Depression is accompanied by impaired social, 

occupational, and educational functioning. Untreated antenatal depression may have a 

tremendous effect on the developing child. One of the underlying mechanisms that 

contributes to depression is the Hypothalamic-Pituitary-Adrenal (HPA) Axis, which is involved 

in stress regulation. Continued activation of the HPA-Axis in depressed patients causes an 

elevated stress response and increased cortisol levels (Field et al., 2004). Forty percent of 

the cortisol passes through the placenta (Gitau et al., 1998), consequently increased cortisol 

levels are found in the urine and saliva of the infants of depressed mothers (Kaplan et al., 

2008). Fetal exposure to increased maternal stress levels impacts the developing child. For 

example, high levels of maternal cortisol is associated with a reduced neurological 

development (Ellman et al., 2008) and altered cortisol responses of the unborn child to a 

stressor (Davis et al., 2011). Furthermore, antenatal depression has also been linked to 

reduced fetal growth (El Marroun et al., 2012; Henrichs et al., 2010), altered cardiovascular 

responses to stress (Fan et al., 2015), a higher chance of developing depression during 

adolescence (Plant et al., 2015) and adulthood (Pearson et al., 2013), or developing other 

psychopathologies (Pawlby et al., 2011). Thus, depression during pregnancy can negatively 

influence the unborn child on both physiological and behavioral levels. Treatment with 

antidepressants may relieve the symptoms of the depression of the mother and could help 

in reducing the impact on the unborn child.  

Nowadays, a considerable number of women is treated with antidepressants during 

pregnancy. In Europe this concerns 2-3% of the pregnant women (Kieler et al., 2012; El 

Marroun et al., 2012), while in the U.S. the occurrence is as high as up to 13% (Cooper et al., 

2007; Hayes et al., 2012). The most prescribed antidepressants are selective serotonin 

reuptake inhibitors (SSRIs), because of their good efficacy, few side effects and therapeutic 

safety (Barbey & Roose, 1998). SSRIs block the serotonin transporter and thereby inhibit the 

reuptake of the neurotransmitter serotonin into the presynaptic cell. As a result, the 

extracellular serotonin levels are increased. Although SSRIs are considered safe for antenatal 

use (Gentile, 2005), it has been reported that the use of SSRIs during pregnancy may 

negatively influence the development of the unborn child. SSRIs can cross the placenta and 

are found in the amniotic fluid (Hostetter et al., 2000; Loughhead et al., 2006), affecting 

therefore not only the mother but also the developing child. During brain development 

serotonin acts as a neurotrophic factor, regulating cell division, differentiation, migration, 

growth cone elongation, dendritic pruning, myelination, and synaptogenesis (Gaspar et al., 
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2003). Thus, changes in the serotonin levels during neurodevelopment, for instance by 

administration of SSRIs by the mother during pregnancy, potentially affect a number of 

processes in the offspring. Indeed, literature shows a number of side effects in the offspring 

due to prenatal SSRI exposure. First of all, SSRI exposure during pregnancy has been 

associated with attenuated basal cortisol levels in neonates (Brennan et al., 2008; Pawluski 

et al., 2012), and differential cortisol levels in 3 month old infants in response to a stressor 

(Oberlander et al., 2008). Also, the neonatal heart rate response to an acute noxious event is 

attenuated (Oberlander et al., 2002). Furthermore, several behavioral changes have been 

reported, such as increased internalizing behaviors of 3-year-old children (Oberlander et al., 

2010), increased externalizing behaviors in 4-year-old children (Oberlander et al., 2007), and 

disrupted sleep patterns in newborns (Zeskind & Stephens, 2004). Recently, there has been 

much interest in the link between SSRI treatment and autism spectrum disorders (ASDs). 

ASD is a neurodevelopmental condition characterized by difficulties in social communication 

and unusually restricted, repetitive behavior and interests. The available literature shows an 

association between the prenatal use of SSRIs and the increased risk of ASDs in the child 

(reviewed by Gentile, 2015). It is theorized that this is facilitated by an increase in 

serotonergic activity during brain development (Whitaker-Azmitia, 2005).  

Thus, several studies have shown an increased risk for the developing child both during 

antenatal depression and after prenatal SSRI exposure. However, it is difficult to discern 

between the effects of the SSRIs and the effects of the depression itself, as healthy mothers 

do not administer antidepressants. The effects could be due solely to the administration of 

the SSRIs, or alternatively, the SSRIs are only partially effective and therefore don’t eliminate 

all the adverse effects of the depression thereby adding up to the adverse effects of 

antenatal depression (reviewed by Olivier et al., 2015). Therefore, in this study we would like 

to disentangle the effects of maternal depression, maternal antidepressant treatment and 

their combination on the offspring.  

Almost all the pre-clinical experiments that study the effects of antidepressants during 

pregnancy have been conducted in healthy rats. Since healthy pregnant women do not take 

antidepressants the translational value of these studies is questionable. To make a valid 

translational step to humans this study makes use of the maternally separated heterozygous 

serotonin transporter knock-out rat (MS-SERT+/-). The serotonin transporter expression of 

the SERT+/- rat is decreased with 40-50% (Homberg et al., 2007), and this rat shows 

depression-like traits, such as increased CRH expression in the prefrontal cortex and 

increased immobility, especially after early exposure to early life stress (maternal 

separation) (Olivier, unpublished data). This is similar to humans who carry a short allelic 

variant of the serotonin transporter promoter (5-HTTLPR S-allele phenotype). When people 

with this polymorphism are exposed to stressors they have a higher risk to develop major 

depression (Non et al., 2014; Jirtle & Skinner, 2007). As the findings between the human 5-

HTTLPR S-allele phenotype and that of the SERT+/- rat are comparable, this rat is suited as a 

model for the human 5-HTTLPR-S allele phenotype.  
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In this study we focused on the effects of antenatal depression, treatment with SSRIs, and 

their combination on social behavior in both the mothers and their offspring. Moreover, we 

studied the gene expression of BDNF long 3’UTR in the prefrontal cortex, which has been 

shown to be affected by maternal separation (Calabrese et al., 2015). We hypothesize a 

decrease in social behavior of the offspring of healthy rats treated with a SSRI, based on 

previous research (Olivier et al., 2011). Maternal separation of the mother has an 

intergenerational effect on depressive-like-behaviors (Schmauss et al., 2014), which might 

be true for social behavior as well. Little is known about the interaction of a depressive state 

and treatment with SSRIs during pregnancy. Xiong et al. (2015) showed that an 

intergenerational effect of maternal separation on anxiety can be reversed by SSRI 

treatment. Although in the Xiong study the SSRIs were not administered during pregnancy 

but directly in the offspring, we expect to find similar results.  

Methods 

Overview experimental approach  

Both ‘depressed’ (maternally separated) and control SERT+/- females were used to breed 

with wildtype males. The depressed and control females were treated with either a SSRI or a 

placebo (1% methylcellulose), starting the first day of their pregnancy until weaning of the 

pups (figure 1). Sociability of the females/mothers was measured before and after the drug 

treatment to check for the effects of both the depression and the drug treatment on social 

behavior. After weaning of the pups the mothers were sacrificed and BDNF long 3’UTR gene 

expression was measured in the prefrontal cortex.  

The male and female SERT+/- and SERT +/+ offspring of these mothers was tested for social 

behavior in several behavioral tests. They were subjected to a juvenile social play test, social 

Figure 1 Schematic overview of the experimental approach. Depressed (maternally separated) or 

control mothers will be treated with either a SSRI or a placebo, leading to 4 different experimental 

groups. Both the male and female and SERT +/+ (wildtype) and SERT+/- (heterozygous) offspring of 

these groups will be tested on social behavior.  
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interaction test, and to a resident intruder test (only males), at the age of 4, 10 and 14-16 

weeks respectively. The body mass of the offspring was measured weekly.  

Animal model and housing  

As a model for antenatal depression the litters of twenty female heterozygous serotonin 

transporter knockout (SERT+/-) rats were maternally separated for 6 hours per day from 

postnatal day (PND)2 to 15. As control, ten SERT+/- rats were daily handled for 15 minutes 

from PND2 to 15.  

SERT +/- offspring (F1 generation) was used as depressed (maternally separated; MS-SERT+/-) 

and control (CTR-SERT+/-) females for breeding. The females were group housed (2-5) with 

their siblings of the same sex. At the age of approximately 10-11 weeks, these F1 females 

were bred with wildtype males, single housed until their pups (F2 generation) were weaned. 

After weaning the offspring (F2) was group housed with their same-sex siblings in group sizes 

varying from 2 to 4.  

All animals were housed under standard conditions (21±2°C, 50±5% humidity) in standard 

macrolon type 4 cages containing wooden shavings bedding, nesting material and wooden 

gnawing sticks. The rats were housed on a 12:12 hour light/dark cycle, with lights off at 11 

a.m. during the first sociability test and social play test, and light of at 10 a.m. during the 

second sociability test, social interaction test and resident intruder test. The animals had at 

libitum access to water and RHM-B chow (ABDiets, Woerden, The Netherlands).  

Breeding an drug treatment 

When the depressed and control females (F1) reached the age of 10-11 weeks we started 

the breeding protocol. Daily around 11 a.m. the estrous stage of the rats was assessed with 

an impedance checker (Impedance Checker MK-10-B, Muromachi; Ramos et al., 2001). 

When the estrous stage was reached the female was placed with a SERT +/+ (wildtype) male. 

The next day the male rat was removed and this day was considered gestational day 1 (G1).  

From G1, mothers were daily treated with 10 mg/kg fluoxetine (a SSRI) or placebo until pups 

were weaned, a total drug treatment period of 6 weeks. As a placebo, a 1% methylcellulose 

solution was used, which was the constituent of the fluoxetine pills. Before the drug 

treatment the females were tested for their sociability in a Three Chamber test. The females 

were ranked on sociability and then sequentially assigned to the fluoxetine or placebo 

group, in order to prevent a social bias in the groups. During the drug treatment period, the 

body mass of the females was measured daily. When the pups (F2) were born, the litter size 

was assessed and pups were weighed on postnatal day (PND)7, 14, 21, 28, 35, 42, 49, 56, 63, 

and 70. At PND21 pups were weaned and ear cuts were taken from the pups to determine 

their genotype. After weaning of the pups (F2) the mothers (F1) were again subjected to a 

sociability test and subsequently decapitated and several brain areas were collected.  
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Table 1 Sequences of forward and reverse primers used in qPCR analysis for genotyping. 

 

Genotyping  

The genotype of the animals was assessed via DNA isolation and qPCR. DNA was isolated 

from ear tissue via the protocol of Cuppen (2010). Subsequenlty the DNA samples were 

processed for quantitative real time polymerase chain reaction (qPCR) to assess genotype. 

Each sample was treated with TaqMan® Genotyping mastermix. Primers were used as a 

starting point for the PCR for the conding-strand (forward) and the template-stand (reverse). 

As a probe we used opposite DNA strands of the SERT gene and used 6-FAM and VIC dye-

labels (table 1). DNA was anlysed by a 7500 fast real time PCR system (Applied bio 

systems®). Thermal cycling was initiated with a 10 minute incubation of 95°C. After this 

initial step, 40 cycles of PCR were performed. Each PCR cycle consisted of heating the 

samples at 92°C for 15 seconds. Finally the plate was incubated for 1 minute at 60°C.  

 

Gene expression 

Gene expression of BDNF long 3’UTR was measured in the prefrontal cortex. RNA was 

isolated by guanidium isothicyanate (inactivation of RNases) with the use of TRIzol, and 

acidic chloroform was used for partitioning of RNA into aqueous supernatant for separation. 

Following RNA extraction, the RNA samples were processed for quantitative real time 

polymerase chain reaction (qPCR) to assess long 3’-UTR BDNF. RNA was anlysed by a 

TaqMan qRT PCR instument (CFX384 real time system, Bio-Rad Laboratories). Samples were 

run in 96 well formats in triplicate as multiplexed reactions with two normalizing internal 

controls. Thermal cycling was initiated with an incubation at 95°C for 10 min (RNA 

retrotranscription). Subsequently 40 cycles of PCR were performed. Each PCR cycle consisted 

of heating the samples at 92°C for 15 seconds followed by 1 minute annealing at 58°C. The 

log2 mean normalized expression was calculated per female. Subsequently the difference 

between the average gene expression of the control group (control handled and 

methylcellulose treated), and the experimental groups was calculated and expressed as the 

fold change.  

Behavioral tests  

Sociability – Three Chamber test: Social interest of the mothers (F1) was assessed before and 

after the drug treatment, with the use of a Three Chamber set-up (figure 2). The interest of 

the animal for a social stimulus (a conspecific placed in one of the wired cages) versus a 

neutral stimulus (an empty wired cage) was measured, as described previously (Kaidanovich 

et al., 2011). The rats were allowed to habituate for 5 minutes in the center chamber. 

Subsequently an age- and sex-matched novel rat was placed in one of the wired cages. The 
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Figure 2 Three Chamber apparatus. 

The cage (120 x 80 x 40 cm) 

contains a center chamber and two 

outer chambers (40 x 80 x40 cm). 

The outer chambers include wired 

cages for a stranger rat.  

 

doors dividing the center and outer chambers were 

removed and the subject rat was allowed to move 

freely through the apparatus for ten minutes. Time 

spent in the chamber where the wired cage contained 

the conspecific (novel) rat was taken as a measure for 

sociability. Testing before and after drug treatment 

both took place during the dark phase (between 10 

a.m. and 2 p.m.). The test before drug treatment was 

conducted in the dark, while the test after drug 

treatment was conducted under dim light conditions. 

Before the first but not the second test, the animals 

were habituated in their own cage in the 

experimental room for 30 minutes. A video camera 

was mounted above the apparatus, and EthoVision® 

XT (version 10) videotracking was used to analyze 

time spent in each of the chambers. Shortly after the 

test a smear was taken from each subject, to determine in which phase of the estrous cycle 

the animals were in.  

Social play: Social play behavior of the offspring (F2) was assessed when the rats were 28-35 

days of age, as described previously (Homberg et al., 2007; Olivier et al., 2011). The animals 

were tested in a plastic instrumented observation cage (45 x 30 x 50 cm) with approximately 

3 cm of wood shavings covering the floor. At the end of the light phase (between 9 and 11 

a.m.) the animals were singly habituated to the test cage for 5 minutes and afterwards 

socially isolated for 3.5 hours to induce a maximal increase in the amount of social play 

(Niesink & Van Ree 1989). After the isolation period, sex-, age-, and treatment-matched 

pairs were placed in the test cage and tested for social play for 15 minutes. Testing took 

place during the dark phase, between 12 p.m. and 3 p.m. The test pairs had no previous 

common social experience. Behavior of the animals was recorded with a PhenoTyper® 

topping including a camera on top of the cage, and analyzed afterwards with Observer® XT 

version 10. Duration and frequencies of the following behaviors were scored: (1) pouncing: 

play soliciting by nosing the partner’s nape; (2) pinning: one of the animals is lying with its 

dorsal surface on the floor with the other animal standing over it; (3) boxing/wrestling: the 

rats are facing each other in a vertical position and struggling using their forepaws; (4) 

following/chasing: moving towards the test partner, who moves away; (5) social exploration: 

sniffing or licking any body part of the test partner. The behaviors were assessed per pair of 

animals.  

Social interaction: When the offspring was 10-11 weeks (PND70-PN77) of age, the same 

pairs who were used in the social play test were tested again for social interaction. Except 

for the 15 minutes during the social play test the test pairs had no previous common social 
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experience. A wooden cage (85 x 55 x 40 cm) with plastic sliding doors covering the whole 

front of the cage was used as a test cage. The floor of the cage was covered with wood 

shavings. Prior to the test the rats were socially isolated for 48 hours. On the second and first 

day prior to the test the animals were singly habituated in the test cage for 20 minutes. On 

the test day the rats were placed in pairs in the test cage and their behavior was recorded 

for 15 minutes, with a camera placed in front of the cage, and analyzed afterwards with 

Observer® XT. Duration and frequencies of behaviors mentioned at the social play test were 

scored, however, social exploration was divided into: (1) social sniffing: sniffing any body 

part of the test partner ; (2) social grooming: grooming or licking the any body part of the 

test partner ; (3) passive contact: lying or sitting with body’s in contact but without 

interacting with each other. The behaviors were assessed per pair of animals. Shortly after 

the test a smear was taken from each female subject, to determine in which phase of the 

estrous cycle they were in. Habituation and testing took place during the dark phase 

between 11 a.m. and 3 p.m., the test was performed under dim light conditions.  

Resident intruder test: The male offspring was tested for aggression in the resident intruder 

test. Due to practical reasons the age of the SERT+/+ (wildtype) male offspring (F2) was 

around 14 weeks during the test, while the age of the SERT+/- (heterozygous) male offspring 

was around 16 weeks. The test was assessed as described previously (Koolhaas et al., 2013). 

The male subjects were housed in large observation cages, described in the social interaction 

test, each with a sterilized female. The cages contained wooden shavings on the floor, 2 

wooden chewing sticks, a tube for hiding, a water bottle, and a hand of food. After one week 

of social housing with a female, the baseline level of offensive behavior was measured on 

three consecutive days during a 10 minute confrontation with an unfamiliar male conspecific 

(intruder) in the home territory of the experimental (resident) rat. At least one hour prior to 

the confrontation the female partner of the resident was temporarily moved to another 

room. Also, the tube was removed, to prevent the rats from hiding in it. On day one to three, 

when the resident attacked the intruder, the attack latency was noted and the confrontation 

was stopped (even when the 10 minutes were not over). On the fourth day, the residents 

were challenged with an intruder again, and the behavior of the animals was recorded up to 

10 minutes after the first attack (up to a maximum recording of 20 minutes). The training 

and test sessions were performed under dim light conditions during the dark phase between 

11 a.m. and 3 p.m., all females were removed at 9.30 a.m., and placed back in the home 

cage after testing. The intruders were group housed, and each resident was challenged with 

another intruder on each of the four days. The residents were previously used in the social 

play and social interaction test, the intruders were naïve to behavioral testing. Behavior was 

analyzed afterwards with Observer® XT version 10. Duration and frequency of the following 

behaviors was scored: (1) attack latency; (2) move towards; (3) social exploration; (4) ano-

genital sniffing; (5) rearing; (6) lateral threat; (7) upright posture; (8) clinch attack; (9) keep 

down; (10); chase; (11) non-social exploration; (12) rest or inactivity. The behavioral 

elements are expressed as percentage of total duration of the confrontation.  
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Figure 3 Timeline. Mothers (F1) were maternally separated PND2-15, and tested for sociability at 

adult age. Once pregnant mothers were daily treated with fluoxetine or 1% methylcellulose until 

weaning of the pups. Afterwards, mothers were again measured for.  Offspring (F1) was tested 

for social behavior in the social play test, social interaction, and resident intruder test. 

A schematic representation of the timeline of the experimental protocol is displayed in 

figure 3.  

Statistical analysis 

Body mass of both the mothers (F1) and the offspring (F2) was analyzed with a two-way 

ANOVA for repeated measures, with maternal treatment and antenatal drug as between 

subject factors, where appropriate a least significant difference (LSD) post-hoc test was 

performed. The effect of drug treatment on behavior of the mothers (F1) in the sociability 

test was analyzed using independent sample t tests for the data before the drug treatment. 

Data before and after the drug treatment was analyzed with a two-way ANOVA for repeated 

measures, with maternal treatment and antenatal drug as between subject factors, where 

appropriate data was further analyzed with a LSD post-hoc test or a paired samples t test. 

BDNF long 3’UTR expression (F1) was analyzed with a two-way ANOVA with maternal 

treatment and antenatal drug as variables. Initial and final litter size was analyzed with an 

independent sample t test. Social play at juvenile age and social interaction at adulthood (F2) 

were analyzed with an independent sample t test if data of only two experimental groups 

was available. When the data of three experimental groups was available a one-way ANOVA 

was used, with LDS post-hoc testing if appropriate. The attack latency in the resident 

intruder test (F2) was analyzed with a one-way ANOVA. Level of significance was set at p< 

0.05 (n.s. = non-significant). All statistical analyses were performed using the Statistical 

Package for the Social Sciences version 22.0 for windows (SPSS Inc., Chicago, IL, USA). Error 

bars represent standard errors of the mean (S.E.M.).  
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Figure 4 Effect of fluoxetine 

on body mass of pregnant 

females expressed as the 

percentage of the body 

mass on the starting day of 

the treatment. The x-axis 

represents the treatment 

(G1= gestational day 1) and 

subsequently the age of the 

pups (PND1= post natal day 

1). Data are presented as 

mean ±S.E.M. body mass. 

C=control handled;  

MS= maternally separated; 

MC=methylcellulose treated; 

FLX=fluoxetine treated.  

Table 2 Overview of the various maternal treatment groups (F1) and group sizes.  

Results  

Of the thirty females (F1) only nineteen actually became pregnant during the day they were 

paired with a male rat. We have treated both pregnant and non-pregnant rats with 

fluoxetine or the placebo. Data of females who were not pregnant during the period of drug 

administration will not be discussed in this report and can be found in the supplementary 

data. Composition of the different treatment groups (F1) is shown in table 2. 

Effect of the drug treatment on body mass – F1 

Body mass of the mothers (F1) was measured daily during the period of drug treatment. A 

time x drug interaction was found for body mass. (F(1,41)= 5.09; p<0.001). Moreover, a time x 

maternal treatment x drug interaction was found (F(2,41)= 1.569; p<0.05).  

Further analysis showed that both the control and maternally separated group treated with 

fluoxetine had lower body mass than both the control and maternally separated group 

treated with methylcellulose (figure 4). This effect was evident from the third treatment day. 

F- and P-values for each treatment day are shown in supplemental 1. 
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Figure 6 The effect of fluoxetine treatment during 

pregnancy in maternally separated and control handled 

females. Bars represent the time spent in the social side 

before and after the drug treatment. Data are 

presented as mean ±S.E.M. time spent in the social side 

of the Three Chamber apparatus.  

C: control handled; MS: maternally separated; MC: methylcellulose treated; 

FLX: fluoxetine treated.  

 

Figure 5 The effects of maternal 

separation on sociability. Data 

are presented as mean ±S.E.M. 

time spent in the social and non-

social side of the Three Chamber 

apparatus. 

CNTRL: control handled; MS: maternally 

separated.  

Sociability before and after drug treatment - F1 

The females (F1) that were in oestrus during the sociability test did not show significant 

different sociability than the females that were not in oestrus, both before (t(1,27)= 1,79; n.s.) 

and after (t(1,28)= -1.16; n.s.) the drug treatment. Therefore, oestrus phase was not included 

as a factor for further analysis. Sociability was defined by the time the female spent in the 

side where the wired cage contained a novel rat (social side). Before the drug treatment 

there was no significant difference in sociability (t(1,28)= -1.64; n.s.) between the maternally 

separated and the control handled females (figure 5). When the sociability before and after 

drug treatment was compared, a trend was found in the time x drug interaction (F(1,17)= 3.56; 

p=0.08). One-way ANOVA revealed no differences between the different groups after drug 

treatment (F(1,17)= 0.746; n.s.) (figure 6).  

The average total distance moved of the females during the sociability test was also 

assessed. There was no effect of being in oestrus on total distance moved before (t(1,28)= -

0.00; n.s.) or after (t(1,28)= 0.17; n.s.) the drug treatment, therefore the oestrus stage of the 

females was excluded from further analysis. Before the drug treatment no significant 

difference was found for total distance moved between the maternally separated and 

control handled females (t(1,27)=-1.20; n.s.) (figure 7). When differences before and after drug 

treatment were compared, a trend was found for time x maternal treatment x drug 

interaction (F(2,16) = 13.0; p=0.08). Moreover, after drug treatment, groups significantly 
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Figure 7 The effect of maternal 

separation on total distance 

moved during a sociability test. 

Data are presented as mean 

±S.E.M. total distance moved 

(cm).  

CNTRL: control handled; MS: maternally 

separated 

 

Figure 8 The effect of fluoxetine treatment during 

pregnancy in both maternally separated and control 

females on total distance moved in a sociability test. 

Data are presented as mean ±S.E.M. total distance 

moved (cm) before and after drug treatment. 

*p<0.05,**p<0.01. 

C: control handled; MS: maternally separated; MC: methylcellulose treated; 

FLX: fluoxetine treated 

 

differed for total distance moved (F(1,17)= 4.40; p<0.05). Further analysis showed that the 

control-methylcellulose treated females had a significantly higher total distance moved 

compared to the control-fluoxetine treated females (p<0.01), the maternally separated-

methylcellulose treated females (p=0.01), and the maternally separated-fluoxetine treated 

females (p< 0.05) (figure 8). Furthermore, after drug treatment, an increase was found for 

total distance moved in the control-methylcellulose treated group (paired t test t(1,1)= -13.85; 

p<0.05).  

 

Gene expression – F1 

The BDNF long 3’UTR gene expression in the prefrontal cortex of the different treatment 

groups (F1) was assessed. Two-way ANOVA showed a trend for treatment x drug interaction 

in BDNF long 3’UTR gene expression (F(1,17) = 3,57; p=0.08). One-way ANOVA did not reveal 

differences between the treatment groups (F(1,17)= 3.56; n.s.). Although not appropriate, 

analysis with an independent sample t test revealed a significant increase in BDNF long 

3’UTR expression in the maternally separated females that were treated with fluoxetine 

compared to the maternally separated females that were treated with methylcellulose 

(t(1,13)= 2,34; p>0.05) (figure 9; table 3).  
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Figure 9 The effect of maternal 

separation and/or fluoxetine on BDNF 

long 3’UTR gene expression in the 

prefrontal cortex . Data are presented 

as mean ±S.E.M. log2 mean normalized 

expression (MNE).  

C: control handled; MS: maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

 

Table 3 Log2 fold change of different 

treatment groups compared to the control 

handled and methylcellulose treated group. 

A negative value indicates a reduction in 

expression levels. 

 
C: control handled; MS: maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

Figure 11 The cumulative survival rate of pups from 

mothers treated with fluoxetine (FLX) or methylcellulose 

(MC). The x-axis represents the age of the pups. All 

death of pups occurred within 4 days. 91% of the MC 

pups and 50% of the FLX pups survived.  

MC: methylcellulose treated; FLX: fluoxetine treated. 

 

Figure 10 Effect of fluoxetine 

exposure during pregnancy on 

the litter size at time of birth. 

Data are presented as mean 

±S.E.M. mean of pups per nest.  

MC: methylcellulose treated; FLX: 

fluoxetine treated. 

MC: methylcellulose treated; FLX: 

fluoxetine treated.  

 

  

Survival chance of the offspring – F2  

There was no significant difference in the litter sizes (F2) of the different treatment groups at 

time of birth (t(1,17)=-0.22; n.s.) (figure 10). However, regardless of the maternal treatment 

(maternal separation or control handling), the survival chance of the offspring of mothers 
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Figure 12 Effect of fluoxetine exposure 

during pregnancy on the final litter size. 

Data are presented as mean ±S.E.M 

number of pups per nest. **p<0.01  

MC: methylcellulose treated; FLX: fluoxetine treated. 

 

(F1) treated with fluoxetine was far lower than those of mothers treated with 

methylcellulose (figure 11). When the initial litter size at time of birth was compared to the 

final litter size, a time x drug interaction was found (F(1,18) = 9.01; p<0.01). Further analysis 

showed a significant difference between the final average nest sizes of fluoxetine and 

methylcellulose treated mothers (t(1,17)=3.21; p<0.01.) (figure 12). The differences between 

final nest sizes of the different treatment groups were less robust when maternal treatment 

was included as a factor (Supplemental 7).  

 

Growth of the offspring – F2 

The body mass of both the male and female offspring (F2 generation) was measured weekly, 

from PND7 until they were ten weeks of age (PND70). No significant differences in body 

mass were found between the SERT +/+ (wildtype) and SERT+/- (heterozygous) offspring in 

both male and females analyzed for all the different time points. Therefore, for further 

analysis genotype was excluded as a factor. 

For the female offspring a two-way ANOVA for repeated measurements showed a time x 

maternal treatment interaction (F(1,77) = 3.58; p=0.001) as well as a time x drug interaction 

(F(1,77) = 4.07; p<0.001). Further analysis with a one-way ANOVA revealed significant 

differences on PND7 (F(1,77) = 2.99; p<0.05), PND14 (F(1,77) = 5.96; p=0.01), PND21 (F(1,77) = 

5.05; p<0.01), and PND28 (F(1,77) = 11.64; p<0.001). Post hoc LSD testing showed that on 

PND7 the body mass of the pups from the control handled and methylcellulose treated 

mothers was higher than of the pups from the maternally separated mothers treated with 

fluoxetine or methylcellulose. On PND14, PND21, and PND28 the body mass of the pups 

from maternally separated and methylcellulose treated mothers was significantly lower than 

that of the pups of the other treatment groups (figure 13). The corresponding p-values can 

be found in supplemental 8.  
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Figure 13 The effect of maternal separation and/or fluoxetine treatment of the mother 

(F1) on the body mass of the female offspring (F2) on PND7-PND70. Data are presented 

as mean ±S.E.M. body mass.*p<0.05.  

C: control handled; MS: maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

For the male offspring a two-way ANOVA for repeated measures revealed a time x maternal 

treatment interaction (F(1,75) = 9.97; p<0.001) as well as an time x drug interaction (F(1,75) = 

4.33; p<0.001). Moreover, a time x maternal treatment x drug interaction was found (F(1,75) = 

4.44; p<0.001). Further analysis with a one-way ANOVA showed a difference between the 

treatment groups on PND7 (F(1,78) = 4.82; p<0.01), PND14 (F(1,78) = 7.71; p<0.001), PND21 

(F(1,78) = 6.89; p<0.001), PND28 (F(1,78) = 21.83; p<0.001), PND35 (F(1,78) = 5.75; p=0.01), PND49 

(F(1,78) = 6.91; p<0.001), and PND56 (F(1,78) = 3.58; p<0.05). Post hoc testing with LSD revealed 

that on PND7 the pups from control handled and fluoxetine treated mothers had the lowest 

body mass compared to the pups of other groups. Furthermore, on PND7 the body mass of 

methylcellulose exposed pups was lower if the mothers were maternally separated 

compared to control handled. On PND14 and PND21 the pups from maternally separated 

and fluoxetine treated mothers had higher body mass than the other treatment groups. 

Moreover, methylcellulose exposed pups from maternally separated mothers had lower 

body mass than other treatment groups on PND28, PND35, PND49 and PND56 (figure 14). 

The corresponding p-values can be found in supplemental 8.  
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Figure 14 The effect of maternal separation and/or fluoxetine treatment of the mother 

(F1) on the body mass of the male offspring (F2) on PND7-70. Data are presented as 

mean ±S.E.M. body mass. *p<0.05.  

C: control handled; MS: maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

Table 4 Group sizes of the different treatment groups for male and female, wildtype (SERT 
+/+) and heterozygous (SERT+/-) offspring (F2). Treatment groups represent offspring from 

mothers that were control handled (Control) or maternally separated (MS), subsequently 

the offspring was prenatally exposed to either fluoxetine or methylcellulose. Group size 

represents the number of age-, sex-, and treatment-matched pairs that were in that 

specific experimental group.  

  

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

Social play behavior of the offspring – F2 

Due to the unexpected low survival rate of the offspring, we were not able to create 

sufficient group sizes for each of the experimental groups (F2). Especially since for the social 

play and social interaction test age-, sex- and treatment-matched pairs had to be formed. 

The group sizes for the different treatment groups are displayed in table 4. Only group sizes 

of two or more pairs have been taken into account for analysis of the social play and social 

interaction test.  
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Figure 15 The effect of maternal 

separation of the mother and/or 

prenatal fluoxetine exposure on 

social exploration during social play 

in male heterozygous offspring Data 

are presented as mean ±S.E.M 

duration spent on social exploration. 

*p<0.05,** P<0.01.  

C: control handled; MS: maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

 

Figure 16 The effect of treatment on 

pinning during social play in female 

heterozygous offspring (SERT +/-). Data 

are presented as mean ±S.E.M. time 

spent on pinning.** p<0.01.  

C: Control handled; MS: Maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

 

For the wildtype male offspring only the 

methylcellulose exposed offspring from control 

and maternally separated mothers could be 

compared. No effect of maternal separation 

was found for any of the behaviors in the social 

play test (supplemental 9).  

With regard to the heterozygous male offspring 

methylcellulose exposed offspring from control 

and maternally separated mothers and 

fluoxetine exposed offspring from maternally 

separated mothers were compared. The groups 

did significantly differ in the time spent on social 

exploration (F(1,12)=8.67; p<0.01). Further analysis 

showed that the methylcellulose exposed 

offspring from maternally separated mothers 

spent more time on social exploration than both 

the methylcellulose exposed offspring from 

control mothers (p<0.01), and the fluoxetine 

exposed offspring from maternally separated 

mothers (p<0.05) (figure 15). For the others 

behaviors during social play no effect was found 

(supplemental 10).  

 

For the heterozygous females only the fluoxetine 

or methylcellulose exposed offspring from 

maternally separated mothers were compared. 

Fluoxetine exposure led to an increase in time 

spent on pinning (t(1,9)=-4.66; p<0.01) (figure 16). 

Non-significant effects on other behaviors can be 

found in supplemental 11.  

Regarding the wildtype female offspring, 

methylcellulose exposed offspring from control 

and maternally separated mothers, and fluoxetine 

exposed offspring from maternally separated 

mothers were compared. The groups did 

significantly differ on frequencies of social 

exploration (F(1,11)= 4.46; p<0.05), following 

(F(1,11)= 4.28; p<0.05), and boxing (F(1,11)= 4.11; p=0.05). Moreover, differences were found on 

the duration spent on pouncing (F(1,11)= 5.40; p<0.05) (figure 17). Further analysis revealed 

that methylcellulose exposed offspring from maternally separated mothers more frequently 
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Figure 17 Effect of maternal separation of the mother and/or fluoxetine exposure on social 

play in female wildtype offspring. Duration spent on and frequency of a certain behavior are 

shown on the left and right respectively Data are presented as mean ±S.E.M time or 

frequency spent on a certain behavior. * p<0.05, #p<0.08  

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

showed social exploration, boxing, and following than both the methylcellulose offspring 

from maternally separated mothers (all p<0.05) and the fluoxetine exposed offspring from 

maternally separated mothers (p<0.05, p=0.06, p=0.06 respectively). Also, in offspring from 

maternally separated mothers, duration of pouncing was increased in as a result of 

fluoxetine exposure (p<0.05). Non-significant effects can be found in supplemental 12.  

 

Social interaction of the offspring – F2 

To date, only the behavior of the male wildtype offspring was analyzed for social interaction 

at adult age. Only groups with more than two pairs were taken into account for the analysis. 

Therefore, only the methylcellulose exposed offspring from both maternally separated and 

control mothers were evaluated.  

Maternal separation of the mother led to a significant increase in duration for both pouncing 

(t(1,11)=-2.95; p<0.01) and following (t(1,11)=-2.43; p<0.05). Furthermore, a trend was found for 

an increase in pouncing frequency (t(1,11)=-2.05; p=0.07). Also, for the duration of passive 

contact, a trend was found for a decrease as a result from maternal separation of the 

mother (t(1,11)=2.05; p=0.07). Non-significant effects can be found in supplemental 13.  

Aggressive behavior of the male offspring – F2  

For the resident intruder test, only attack latency (time it took for the resident to attack the 

intruder) was evaluated so far. Due to practical reasons the wildtype males were tested 

around the age of 14 weeks, while the heterozygous males were tested around the age of 16 
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Figure 18 The effect of maternal separation of 

the mother on social interaction of the male 

wildtype methylcellulose exposed offspring at 

adult age. Data are presented as mean ±S.E.M. 

time spent on or frequency of a certain 

behavior.  

 #p<0.08, *p<0.05, ** p<0.005.  

C: Control handled; MS: Maternally separated 

weeks. Therefore, the effect of genotype on the attack latency was not analyzed, since a 

confounding effect of time could not be excluded. The attack latency was assessed during 

the three training sessions and during the final test. As with the other behavioral tests, 

fluoxetine exposed offspring from control mothers is missing. A two-way ANOVA for 

repeated measurements ANOVA did not reveal any interaction effects for the wildtype or 

heterozygous offspring. Furthermore, a one-way ANOVA did not show significant results for 

attack latency on any of the three training days (F(1,33)= 0.38; n.s., F(1,33)= 1.45; n.s., F(1,33)= 

0.23; n.s. respectively), the test day (F(1,33)= 0.63; n.s.), or the average attack latency of the 

total four days (F(1,33)= 0.67; n.s.) (Supplemental 14).  

Discussion 

The aim of the present study was to disentangle the effects of antenatal depression, 

antenatal treatment with SSRIs, and their combination on mothers and their offspring. We 

studied the effect on body mass, sociability, and BDNF long3’UTR expression in the 

prefrontal cortex of the mother (F1). In addition the effect on body mass, juvenile social 

play, and social interaction and aggression during adulthood in the offspring (F2).  

During drug treatment, fluoxetine administration led to a decrease in maternal weight gain 

during pregnancy. This was expected, as weight loss is a recognized side-effect of fluoxetine 

(Michelson et al., 1999). Interestingly, we found an over-time interaction of the drug with 

maternal treatment. The time course for weight changes as a result of fluoxetine treatment 

was different for maternally separated females than for the controls. However, no 

differences on body mass were found between maternally separated and control females 

treated with the same drug at any time point. It would be interesting to assess whether the 

decrease in weight gain is caused by a reduction in feeding behavior, a metabolic change, or 

both. And more interestingly, how the depressed animals relate to the control animals in this 

matter, as depression is associated with both weight loss and weight gain (Wit et al., 2015).  
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The sociability of the females (F1) was not altered as a result of maternal separation. Similar 

results were found in a study on the effects of maternal separation in chemokine receptor 

type 7 deficient mice (CCR7-/-) (Harrison et al., 2014). CCR7-/- mice show have higher levels of 

anxiety, and is an interesting model to investigate the effects of early life stress-induced 

changes in behavior. They found no effect of maternal separation on sociability. However, 

when a second stranger mouse was placed in the previously empty wired cage, the 

maternally separated mice had less preference for social novelty. In our research only 

sociability was measured, not the preference for social novelty. For future research it might 

be interesting to see how the animals in our research respond to social novelty. 

Nevertheless, the influence of maternal separation on social behavior in the SERT+/- rat 

remains largely unknown. Moreover, fluoxetine treatment didn’t result in an altered 

sociability either. Literature on the effects of SSRIs on sociability are scarce and mainly 

focused on mice models for autism. The effects of fluoxetine in autism models with impaired 

sociability show different results. In one of the cases the preference for social novelty was 

more susceptible to disruption than sociability (Moy et al.., 2013). Another case showed 

specific effects of fluoxetine; sociability was increased, while preference for social novelty 

was impaired (Chadman, 2011). The social novel test measures social cognition, which is 

known to be altered as a result from prenatal SSRI treatment in humans (El Marroun et al., 

2014). This indicates the importance of not only measuring sociability, but preference for 

social novelty as well, to examine the effects of both maternal separation and fluoxetine. 

Total distance moved was also assessed in the sociability test to determine the locomotor 

activity of the animals (F1). The locomotor activity in the 3 Chamber apparatus was not 

altered as a result of maternal separation. However, after drug treatment the control rats 

treated with methylcellulose showed a higher distance moved than control rats treated with 

fluoxetine and maternally separated rats treated with methylcellulose or fluoxetine. Of 

interest is that the locomotor activity of the maternally separated rats was not altered 

before drug treatment, while both methylcellulose and fluoxetine treatment led to decrease 

in locomotor activity in maternally separated rats compared to control rats treated with 

methylcellulose. The differences in the two tests might be explained by an effect of light 

conditions. The first three-chamber test was conducted in the dark, while the second test 

was performed under dim light conditions. The light conditions during the second test may 

have provoked more fearful reactions. Hence, fear could have been a more important factor 

during the test after drug treatment than during the test before drug treatment. This is in 

compliance with data on Wistar rats, who explore less in an open field test as a result from 

maternal separation (Rana et al., 2015). This theory could also explain the reduced 

locomotor activity in the control rat treated with fluoxetine, as chronic fluoxetine treatment 

has been previously classified as anxiogenic after testing with an open field (Gray & Hughes 

2015) or elevated plus maze (Silva et al., 1999). However, the control group increased their 

locomotor activity during the second test compared to the first test. This contradicts the 

theory that the second test was more fearful. Another possibility is that the rats treated with 

fluoxetine experienced more handling and injection stress. Injecting these animals was 
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noticeably harder, perhaps due to aversive effects of SSRIs and therefore these animals were 

handled more firmly. This may have led to the emergence of differences between control 

rats and rats treated with fluoxetine.  

Although it was not totally statistically substantiated, it appeared that the expression of 

BDNF long 3’UTR in the prefrontal cortex (PFC) was increased as a result of fluoxetine 

treatment in the maternally separated rats (F1). BDNF long 3’UTR expression in the 

dorsomedial PFC, but not in the ventromedial PFC was previously shown to be increased in 

SERT+/- rats (Calabrese et al., 2015). Maternal separation did not alter these expression 

levels. Since, we measured the expression in the total PFC it is difficult to compare this with 

our results. Total BDNF is decreased in major depression (Brunoni et al., 2008), and animal 

studies show that experimentally induced stress reduced BDNF transcription and synthesis 

(Bath et al., 2013; Fuchikami et al., 2013). Furthermore, treatment with SSRIs in depressed 

patients has been shown to increase serum BDNF levels in (Gonul et al., 2005; Aydemir et al., 

2005). It would therefore be interesting to see if total BDNF expression in maternally 

separated rats is decreased and whether or not this can be rescued by fluoxetine treatment.  

Thus, we were not able to demonstrate a clear effect of maternal separation on any of the 

parameters measured in the mothers (F1). Previous research has demonstrated a 

disturbance in the serotonergic system during early brain development (Ohta et al., 2014). 

And maternal separation in the SERT+/- rat has shown to lead to depression-like traits in 

these (Olivier, unpublished data). However, finding a depression marker that predicts the 

strength of the depression would be assisting in drawing conclusions about the effects of 

fluoxetine during depression on both the mother and the offspring. 

Not all the females (F1) became noticeably pregnant. We’ve established that this was not 

due to the fluoxetine treatment, since a similar fraction of methylcellulose and fluoxetine 

treated females failed to get pregnant. We observed that repeated daily use of males for 

breeding led to a decrease in the chance of pregnancy. When the males were used for the 

first time all of them succeeded in impregnating the female. However, the day after 

impregnating a female only one third of the males succeeded again. After a day of rest, 

about 45% of the males succeeded, and the success rate increased with each extra day of 

rest. Four days after mating with a female, all males succeeded to impregnate a second 

female. Thus, the repeated use of the same males for breeding, with only an intermittent of 

one or a few days, likely led to failure to impregnate all the females.  

The litter size of the mothers treated with fluoxetine was not significantly altered at the time 

of birth. However, fluoxetine treatment led to a severely reduced survival change for the 

pups. This was also seen in a study by Noorlander et al. (2008), they treated mice with 0.8 

mg/kg fluoxetine from day 8 till 18 of pregnancy. About 80% of the pups prenatally exposed 

to fluoxetine died within 20 days, and cross-fostering experiments demonstrated that 

mortality was due to fetal aspects. They observed that the majority died of heart failure, due 

to dilated cardiomyopathy. Another study (van den Hove et al., 2008) investigated the 
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effects of 10 mg/kg paroxetine (a SSRI) during the last week of gestation in rats, and also 

found pre-weaning mortality rates of about 80% in the offspring. A small cross-foster 

experiment led to the death of all pups, suggesting that SSRIs affect both the mother and the 

pups. On the other hand, fluoxetine injections (12mg/kg) from gestational day 11 until birth 

did not lead to higher neonatal mortality (Olivier et al., 2011). But, fluoxetine-treated dams 

gave birth to fewer pups suggesting prenatal mortality. Own observations during our study 

suggest reduced postnatal care in dams treated with fluoxetine leading to higher pre-

weaning mortality rates. Often, pups were not in the nest, and the umbilical cord and 

placenta were still attached to the pups until a few days after birth. Recording and 

identifying the postnatal maternal care, together with a pathological exam of the pups, and 

possibly cross-fostering experiments should give insight in the high postnatal mortality rates 

due to fluoxetine. An important consequence of the low survival rate for fluoxetine exposed 

offspring is the resulting difference in litter sizes between fluoxetine and methylcellulose 

exposed rats. These confounding factors must be kept in mind in interpreting the differences 

in behavioral and physiological parameters in the fluoxetine or methylcellulose exposed 

offspring. 

The body mass of the female offspring (F2) from methylcellulose or fluoxetine exposed rats 

from maternally separated mothers was lowered on PND7 compared to the methylcellulose 

exposed pups from control mothers. Furthermore, on PND14-28 the methylcellulose 

exposed pups from maternally separated rats had lower body mass than the other 

treatment groups. A well known side effect of fluoxetine is weight loss, we did not observe 

this effect in the female offspring. This might be due to the fewer pups of the fluoxetine-

treated mothers, these pups had more access to mother milk. Previous research (Olivier et 

al., 2011) also showed that body mass was increased as a results of prenatal fluoxetine 

exposure (PND14, 21, 28, and 35). However this was not the case on PND7, where the 

fluoxetine exposed pups had a higher body mass. We did observe lower body mass of the 

female pups from maternally separated dams. This effect disappears from PND 35, 

suggesting a role for maternal aspects. This is in accordance with the reduced fetal and 

infant growth found as a result from antenatal depression (El Marroun et al., 2012; Henrichs 

et al., 2010; reviewed by Stewart 2007). 

In male offspring (F2) different effects were found. On PND7 pups from maternally 

separated dams showed lower body mass than from control mothers if they were exposed 

to methylcellulose. Moreover, the body mass of fluoxetine exposed pups from control 

mothers was lower than that of all the other groups. On PND14 and 21 the fluoxetine 

exposed pups from maternally separated mothers had higher body mass than all other 

groups, while on PND35, 49, and 56 the methylcellulose exposed offspring from maternally 

separated mothers had lower body mass than the other groups. Also, a time x maternal 

treatment x drug interaction was found. It appears that in pups from maternally separated 

mothers, prenatal fluoxetine exposure led to a higher body mass compared to 

methylcellulose exposed on PND14, 21, 28, 35, 49 and 56. This effect was not visible in pups 
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from control mothers. As in the case of the female offspring maternal separation led to a 

lower body mass, however, this effect started at PND28 and vanished after PND56. The 

increased body mass for fluoxetine treated rats from maternally separated mothers but not 

fluoxetine treated rats from control mothers compared to the methylcellulose treated rats 

could be due to the fact that for the control mothers fluoxetine treatment did not lead to 

significantly smaller litter sizes, probably due to the low sample size (Supplemental 7). 

Furthermore the decreased body mass of the methylcellulose exposed pups from maternally 

separated rats is, as for the females, in accordance with low infant growth found as an effect 

of human antenatal depression. Though, this effect appears to persist longer than in the 

female offspring.  

Due to the low survival rate of the offspring some treatment groups were not represented at 

all, and some treatment groups contained only a small number of individuals for the 

assessment of social play at juvenile age and social interaction during adulthood.  

In the social play test no effect was found for the male SERT+/+ offspring. In the male SERT+/- 

offspring, the duration of social exploration was higher as a result from maternal separation 

of the mother in methylcellulose exposed pups. Moreover, the duration of social exploration 

was reversed by fluoxetine in the offspring from maternally separated mothers. For the 

SERT+/+ female offspring, methylcellulose exposed offspring had higher frequencies of social 

exploration, boxing and following when their mothers were maternally separated. This effect 

was also reversed by fluoxetine in offspring from maternally separated mothers. However, 

the duration of pouncing was increased as a result from fluoxetine exposure in offspring 

from maternally separated rats. In the SERT+/- female offspring, fluoxetine exposure led to an 

increase in time spent on pinning behavior in offspring from maternally separated mothers. 

It is difficult to draw any firm conclusions for the social play test, because of the small group 

sizes. Although the results are conflicting to a certain extent, a comprehensive look at the 

results indicates that maternal separation increases social behavior, which is reversed by 

fluoxetine treatment. Total duration spent on pouncing in the SERT+/+ females and total 

duration spent on pinning in the SERT+/- females contradicts this theory. However, these 

typical play behaviors are better defined by frequency than duration (Van Kerkhof et al., 

2013). Hence, during scoring of the behaviors, more emphasis was put on determining their 

frequencies instead of duration, which may have led to inattentive scoring with regard to the 

duration of these specific behaviors.  

In the social interaction test only the behavior of the male SERT+/+ offspring was scored, and 

only methylcellulose offspring from maternally separated and control mothers was 

evaluated. Maternal separation led to an increase in duration and frequency of pouncing, an 

increase in the duration of following, and reduction in time spent on passive contact. Thus, 

even though the data on passive contacts contradicts this, a global look at the results again 

suggests that maternal separation leads to an increase in social behavior.  
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Although with cautious interpretation, our results on social play and social interaction 

suggest that maternal separation has an intergenerational effect, and increases social 

behavior. Moreover, this effect appears to be reversed by fluoxetine. Little is known about 

the intergenerational effect of the antenatal depression model (maternally separated SERT+/- 

mother) on social behavior. Epigenetics are often suggested as a possible mechanism for the 

intergenerational effect. Low maternal care has shown to lead to altered DNA methylation 

profiles and increased anxiety-like behaviors (Weaver et al., 2004). Furthermore, recent 

research (De Palma et al., 2015) suggests a role for intestinal bacteria in the effect of 

maternal separation. The authors show that maternal separation alters the colonic milieu 

which leads to intestinal dysbiosis, which then triggers, likely trough the production of 

microbial metabolites, the abnormal behavioral patterns caused by maternal separation. 

Since, the microflora of the mother is transferred to the offspring during delivery, this is a 

possible mechanism for the intergenerational effect.  

In the offspring from maternally separated mothers, fluoxetine exposure decreased social 

behavior in the social play test. SSRIs are well described in literature in reducing social play 

behavior when prenatally (Olivier et al., 2011) or postnatally (Homberg et al., 2007) 

administered. However, these studies were in offspring from healthy mothers, and a 

comparable treatment group could not be included in our assessment of offspring social 

behavior. The underlying molecular mechanisms remain to be established, but the 5-HT1A 

receptor plays a potential key role. This receptor is important during early brain 

development, and involved in neuronal growth and survival (Sikich et al., 1990, Fricker et al., 

2005). One of the proposed mechanisms of the therapeutic action of SSRIs is the 

desentizitation of the 5-HT1A receptors (Pineyro and Blier, 1999). But surprisingly, prenatal 

and postnatal SSRI exposure are indicated to increase the 5-HT1A receptor sensitivity 

(reviewed in Olivier et al., 2013). So far, only one study has looked into the possible role for 

epigenetics in this mechanism. Toffoli et al. (2014) looked into the epigenetic effects of 

prenatal fluoxetine exposure in rats, and showed that DNA methylation patterns of global 

DNA methylation were altered in the hippocampus and cortex. However, they only 

measured after the weaning period and it is not known if these effects are persistent on the 

long term.  

Aggressive behavior was not fully assessed yet, and thus far we cannot evaluate the effect of 

fluoxetine, we can merely speculate. Postnatal antidepressant treatment is known to impair 

aggressive behavior (Manhães de Castro et al., 2001). 5-HT1A receptor agonists are known to 

suppress aggressive behavior (Reviewed in Olivier & Van Oorschot, 2005). As mentioned, 

there are indications that the 5-HT1A receptor sensitivity is increased due to pre and/or 

postnatal SSRI exposure. Increased 5-HT1A activation due to the enhanced sensitivity might 

explain why SSRI exposure leads to attenuated aggression responses.  

The strength of this study was that we studied the effects of antenatal depression itself, 

fluoxetine itself and especially their combination on social behavior. Which is of more 
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translational value to the human situation than previous studies, since healthy pregnant 

women do not take antidepressants. A potential limitation of this study is that we started 

fluoxetine treatment during pregnancy. SSRIs are known to have a delayed onset of action 

(Taylor et al., 2006), with a continuous improvement at a decreasing rate for at least 6 

weeks. This might not be representative for women who continue the intake of SSRIs during 

pregnancy rather than starting with it during pregnancy. However, if we started fluoxetine 

treatment before pregnancy it would not be possible to ensure equally long treatment 

periods, since it is impossible to exactly determine the onset of pregnancy. Furthermore, we 

did not determine if the females treated with maternal separation actually showed 

depressive-like behaviors, although this was established in earlier research (Olivier et al., 

unpublished data). Also, the fluoxetine significantly lowered body mass of the dams, led to 

lower nest sizes, and altered the growth of the offspring. These are all confounding factors 

of which the influence on social behavior cannot be excluded. Finally, a major limitation of 

this study was that we missed the group of fluoxetine exposed offspring from control 

mothers. Besides, other treatment groups contained only a small number of animals. At this 

time the data is supplemented, and this should provide us with more inside on the effects of 

antenatal depression, fluoxetine treatment, and their combination on social behavior of 

mothers and their offspring.  

In conclusion, our study showed that fluoxetine treatment increases the mortality rate of the 

offspring. Moreover, we showed that our antenatal depression model increased social 

behavior in the offspring. Pre- and postnatal fluoxetine exposure reversed this effect. Yet, 

supplementation of our data needs to elucidate this.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



27 | P a g i n a  
 

References 

Aydemir C, Deveci A, Taneli F (2005) The effect of chronic antidepressant treatment on 

serum brain-derived neurotrophic factor levels in depressed patients: a preliminary 

study. Prog Neuropsychopharmacol Biol Psychiat 29: 261-265.  

Barbey J T & Roose S P (1998) SSRI safety in overdose. J. Clin. Psychiatry 59: 42–48 (Suppl. 

15).  

Bath K G, Schilit A, Lee F S (2013) Stress effects on BDNF expression: effects of age, sex, and 

form of stress. Neuroscience 239: 149-156. 

Brennan P A, Pargas R, Walker E F, Green P, Newport D J, Stowe Z (2008) Maternal 

depression and infant cortisol: influences of timing, comorbidity and treatment. J. 

Child Psychol. Psychiatry 49: 1099–1107. 

Brunoni A R, Lopes M, Fregni F (2008) A systematic review and meta-analysis of clinical 

studies on major depression and BDNF levels: implications for the role of 

neuroplasticity in depression. Int J Neuropsychopharmacol 11: 1169-1180. 

Calabrese F, van der Doelen R H, Guidotti G, Racagni G, Kozicz T, Homberg J R, Riva M A 

(2015) Exposure to early life stress regulates Bdnf expression in SERT mutant rats in 

an anatomically selective fashion. J Neurochem. 132(1):146-154. 

Chadman K K (2011) Fluoxetine but not risperidone increases sociability in the BTBR mouse 

model of autism. Pharmacol Biochem Behav. 97(3): 586-594. 

Cooper W O, Willy M E, Pont S J, Ray W A (2007) Increasing use of antidepressants in 

pregnancy. Am. J. Obstet. Gynecol. 196: 544–545.  

Cuppen E (2010) DNA isolation from rat tail or ear. Cold Spring Harb Protoc. 5:pdb.prot5434. 

Davis E P, Glynn L M Waffarn F, Sandman C A (2011). Prenatal maternal stress programs 

infant stress regulation. J. Child Psychol. Psychiatry 52: 119–129.  

De Palma G, Blennerhassett P, Lu J, Deng Y, Park A J, Green W, Denou E, Silva M A, Santacruz 

A, Sanz Y, Surette M G, Verdu E F, Collins S M, Bercik P (2015) Microbiota and host 

determinants of behavioural phenotype in maternally separated mice. Nat Commun 

6: 7735. 

El Marroun H, Jaddoe V W, Hudziak J J, Roza S J, Steegers E A, Hofman A, Verhulst F C, White 

T J, Stricker B H, Tiemeier H (2012) Maternal use of selective serotonin reuptake 

inhibitors, fetal growth, and risk of adverse birth outcomes. Arch. Gen. Psychiatry 69: 

706–714.  

El Marroun H, White T J, van der Knaap N J, Homberg J R, Fernández G, Schoemaker N K, 

Jaddoe V W, Hofman A, Verhulst F C, Hudziak J J, Stricker B H, Tiemeier H (2014) 

Prenatal exposure to selective serotonin reuptake inhibitors and social 

responsiveness symptoms of autism: population-based study of young children. BR J 

Psychiatry 205(2): 95-102. 

Ellman L M, Schetter C D, Hobel C J, Chicz-Demet A, Glynn L M, Sandman C A (2008) Timing 

of fetal exposure to stress hormones: effects on newborn physical and 

neuromuscular maturation. Dev. Psychobiol. 50: 232-241.  



28 | P a g i n a  
 

Fan F, Zou Y, Tian H, Zhang Y, Zhang J, Ma X, Meng Y, Yue Y, Liu K, Dart A M (2015) Effects of 

maternal anxiety and depression during pregnancy in Chinese women on children's 

heart rate and blood pressure response to stress. J Hum Hypertens. doi: 

10.1038/jhh.2015.64.  

Field T, Diego M, Dieter J, Hernandez-Reif M, Schanberg S, Kuhn C, Yando R, Bendell D (2004) 

Prenatal depression effects on the fetus and newborn. Infant Behav. Dev. 27: 216-

229.  

Fricker A D, Rios C, Devi L A, Gomes I (2005) Serotonin receptor activation leads to neurite 

outgrowth and neuronal survival. Brain Res Mol Brain Res 138(2): 228-235. 

Fuchikami M, Yamamoto S Bath KG, Schilit A, Lee F S (2013) Stress effects on BDNF 

expression: effects of age, sex, and form of stress. Neuroscience 239: 149-156. 

Gaspar P, Cases O, Maroteaux L (2003) The developmental role of serotonin: news from 

mouse molecular genetics. Nat. Rev. Neurosci. 4: 1002-1012.  

Gentile S (2005) The safety of newer antidepressants in pregnancy and breastfeeding. Drug 

Saf. 28(2): 137-52. 

Gentile S (2015) Prenatal antidepressant exposure and the risk of autism spectrum disorders 

in children. Are we looking at the fall of Gods? J Affect Disord. 182: 132-137. 

Gitau R, Cameron A, Fisk N M, Glover V (1998) Fetal exposure to maternal cortisol. Lancet 

352: 707–708. 

Gonul A S, Akdeniz F, Taneli F, Donat O, Eker C, Vahip S (2005) Effect of treatment on serum 

brain-derived neurotrophic factor levels in depressed patients. Eur Arch Psychiatry 

Clin Neurosci 255: 381-386. 

Gray V C, Hughes R N (2015) Drug-, dose- and sex-dependent effects of chronic fluoxetine, 

reboxetine and venlafaxine on open-field behavior and spatial memory in rats. Behav 

Brain Res 281: 43-54. 

Harrison E L, Jaehne E J, Jawahar M C, Corrigan F, Baune B T (2014) Maternal separation 

modifies behavioural and neuroendocrine responses to stress in CCR7 deficient mice. 

Behav Brain Res 263: 169-175. 

Hayes R M, Wu P, Shelton R C, Cooper W O, Dupont W D, Mitchel E, Hartert T V (2012) . 

Maternal antidepressant use and adverse outcomes: a cohort study of 228,876 

pregnancies. Am. J. Obstet. Gynecol. 207 (49): 1-9. 

Henrichs J, Schenk J J, Roza S J, van den Berg M P, Schmidt H G, Steegers E A, Hofman A, 

Jaddoe V W, Verhulst F C, Tiemeier H (2010) Maternal psychological distress and fetal 

growth trajectories: the Generation R Study. Psychol. Med. 40: 633–643. 

Homberg J R, Olivier J D, Smits C M, Mul J D, Mudde J, Verheul M, Nieuwenhuizen O F, Cools 

A R, Ronken E, Cremers T, Schoffelmeer A N, Ellenbroek B A, Cuppen E (2007) 

Characterization of the serotonin transporter knockout rat: a selective change in the 

functioning of the serotonergic system. Neuroscience 146: 1662-1676. 

Homberg J R, Schiepers O J, Schoffelmeer A N, Cuppen E, Vanderschuren L J (2007) Acute 

and constitutive increases in central serotonin levels reduce social play behaviour in 

peri-adolescent rats. Psychopharmacol 195:175–182. 



29 | P a g i n a  
 

Hostetter A, Stowe Z N, Strader Jr J R, McLaughlin E, Llewellyn A (2000) Dose of selective 

serotonin uptake inhibitors across pregnancy: clinical implications. Depress. Anxiety 

11: 51–57. 

Jirtle R L, Skinner M K (2007) Environmental epigenomics and disease susceptibility. Nat Rev 

Genet. 8: 253-262. 

Kaidanovich-Beilin O, Lipina T, Vukobradovic I, Roder J, Woodgett J R (2011) Assessment of 

social interaction behaviors. J Vis Exp. 48. 

Kaplan L A, Evans L, Monk C (2008) Effects of mothers' prenatal psychiatric status and 

postnatal care giving on infant biobehavioral regulation: can prenatalprogramming be 

modified? Early Hum. Dev. 84: 249–256. 

Kieler H, Artama M, Engeland A, Ericsson O, Furu K, Gissler M, Nielsen R B, Norgaard M, 

Stephansson O, Valdimarsdottir U, Zoega H, Haglund B (2012) Selective serotonin 

reuptake inhibitors during pregnancy and risk of persistent pulmonary hypertension 

in the newborn: population based cohort study from the five Nordic countries. BMJ 

344: d8012. 

Kim D R, Snell J L ,Ewing G C, O’Reardon J (2015) Neuromodulation and antenatal 

depression: a review. Neuropsychiatr Dis Treat. 11: 975-982.  

Koolhaas J M, Coppens C M, de Boer S F, Buwalda B, Meerlo P, Timmermans P J A (2013) The 

Resident-intruder Paradigm: A Standardized Test for Aggression, Violence and Social 

Stress. Journal of Visualized Experiments 77: 4367. 

Loughhead A M, Fisher A D, Newport D K, Ritchie J C, Owens M J, DeVane C L, Stowe Z N 

(2006) Antidepressants in amniotic fluid: another route of fetal exposure. Am. J. 

Psychiatry 163, 145–147.  

Melville J L, Gavin A, Guo Y, Fan M Y, Katon W J (2010) Depressive disorders during 

pregnancy: prevalence and risk factors in a large urban sample. Obstet. Gynecol. 116: 

1064-1070.  

Moy S S, Nonneman R J, Shafer G O, Nikolova V D, Riddick N V, Agster KL , Baker L K, Knapp D 

J (2013) Disruption of social approach by MK-801, amphetamine, and fluoxetine in 

adolescent C57BL/6J mice. Neurotoxicol Teratol. 36: 36-46. 

Niesink R J, Van Ree J M (1989) Involvement of opioid and dopaminergic systems in isolation-

induced pinning and social grooming of young rats. Neuropharmacology 28: 411-418. 

Non A L, Binder A M, Kubzansky L D, Michels K B (2014) Genome-wide DNA methylation in 

neonates exposed to maternal depression, anxiety, or SSRI medication during 

pregnancy. Epigenetics 9: 964-972. 

Noorlander C W, Ververs F F, Nikkels P G, van Echteld C J, Visser G H, Smidt M P (2008) 

Modulation of serotonin transporter function during fetal development causes 

dilated heart cardiomyopathy and lifelong behavioral abnormalities. PLoS One 3(7): 

e2782. 

Oberlander T F, Eckstein G R, Fitzgerald C, Ellwood A L, Misri S, Rurak D, Riggs K W (2002) 

Prolonged prenatal psychotropic medication exposure alters neonatal acute pain 

response. Pediatr. Res. 51: 443–453. 



30 | P a g i n a  
 

Oberlander T F, Grunau R, Mayes L, Riggs W, Rurak D, Papsdorf M, Misri S, Weinberg J (2008) 

Hypothalamic-pituitary-adrenal (HPA) axis function in 3-month old infants with 

prenatal selective serotonin reuptake inhibitor (SSRI) antidepressant exposure. Early 

Hum. Dev. 84: 689–697. 

Oberlander T F, Papsdorf M, Brain U M, Misri S, Ross C, Grunau R E (2010) Prenatal effects of 

selective serotonin reuptake inhibitor antidepressants, serotonin transporter 

promoter genotype (SLC6A4), and maternal mood on child behavior at 3 years of age. 

Arch. Pediatr. Adolesc. Med. 164: 444–451.  

Oberlander T F, Reebye P, Misri S, Papsdorf M, Kim J, Grunau R E (2007) Externalizing and 

attentional behaviors in children of depressed mothers treated with a selective 

serotonin reuptake inhibitor antidepressant during pregnancy. Arch. Pediatr. Adolesc. 

Med. 161: 22–29. 

Ohta K, Miki T, Warita K, Suzuki S, Kusaka T, Yakura T, Liu J Q, Tamai M, Takeuchi Y (2014) 

Prolonged maternal separation disturbs the serotonergic system during early brain 

development. Int J Dev Neurosci 33: 15-21. 

Olivier B & van Oorschot R (2005) 5-HT1B receptors and aggression: a review. Eur. J. 

Pharmacol. 526: 207–217. 

Olivier J D, Åkerud H, Kaihola H, Pawluski J L, Skalkidou A, Högberg U, Sundström –Poromaa 

(2013) The effects of maternal depression and maternal selective serotonin reuptake 

inhibitor exposure on offspring. Front Cell Neurosci 7(73).  

Olivier J D, Åkerud H, Sundström Poromaa I (2015) Antenatal depression and antidepressants 

during pregnancy: unraveling the complex interactions for the offspring. Eur J 

Pharmacol. 753: 257-262. 

Olivier J D, Vallès A, van Heesch F, Afrasiab-Middelman A, Roelofs J J, Jonker M, Peeters E J, 

Korte-Bouws G A, Dederen J P, Kiliaan A J, Martens G J, Schubert D, Homberg J R 

(2011) Fluoxetine administration to pregnant rats increases anxiety-related behavior 

in the offspring. Psychopharmacology 217: 419-432.  

Pawlby S, Hay D, Sharp D, Water C S, Pariante C M (2011) Antenatal depression and offspring 

psychopathology: the influence of childhood maltreatment. Br. J. Psychiatry 199: 

106–112. 

Pawluski J L, Brain U M, Underhill C M, Hammond G L, Oberlander T F (2012) . Prenatal SSRI 

exposure alters neonatal corticosteroid binding globulin, infant cortisol levels, and 

emerging HPA function. Psychoneuroendocrinology 37: 1019–1028. 

Pearson R M, Evans J, Kounali D, Lewis G, Heron J, Ramchandani P G, O’Connor T H, Stein A 

(2013) Maternal depression during pregnancy and the postnatal period: risks and 

possible mechanisms for offspring depression at age 18 years. JAMA Psychiatry 70: 

1312–1319. 

Piñeyro G & Blier P (1999) Autoregulation of serotonin neurons: role in antidepressant drug 

action. Pharmacol Rev 51(3): 533-591. 



31 | P a g i n a  
 

Plant D T, Pariante C M, Sharp D, Pawlby S (2015) Maternal depression during pregnancy and 

offspring depression in adulthood: role of child maltreatment. Br J Psychiatry. [Epub 

ahead of print]. 

Rana S, Pugh P C, Jackson N, Clinton S M, Kerman I A (2015) Inborn stress reactivity shapes 

adult behavioral consequences of early-life maternal separation stress. Neurosci Lett. 

584: 146-150. 

Ramos S D, Lee J M, Peuler J D (2001) An inexpensive meter to measure differences in 

electrical resistance in the rat vagina during the ovarian cycle. J Appl Physiol 91: 667-

670.  

Ryan D, Milis L, Misri N (2005) Depression during pregnancy. Can. Fam. Physician 51: 1087-

1093.  

Schmauss C, Lee-Mcdermott Z, Medina L R (2014). Trans-generational effect of early life 

stress: the role of maternal behavior. Sci. Rep. 4.  

Sikich L, Hickok J M, Todd R D (1990) 5-HT1A receptors control neurite branching during 

development. Brain Res Dev Brain Res. 56(2): 269-274. 

Silva M T, Alves C R, Santarem E M (1999) Anxiogenic-like effect of acute and chronic 

fluoxetine on rats tested on the elevated plus-maze. Braz J Med Biol Res 32: 333-339. 

Stewart R C (2007) Maternal depression and infant growth:a review of recent evidence. 

Matern Child Nutr 3: 94-107.  

Taylor M J, Freemantle N, Geddes J R, Bhagwagar Z (2006) Early onset of selective serotonin 

reuptake inhibitor antidepressant action: systematic review and meta-analysis. Arch 

Gen Psychiatry 63(11): 1217-1223. 

Toffoli L V, Rodrigues G M Jr, Oliveira J F, Silva A S, Moreira E G, Pelosi G G, Gomes M V 

(2014) Maternal exposure to fluoxetine during gestation and lactation affects the 

DNA methylation programming of rat's offspring: modulation by folic acid 

supplementation. Behav Brain Res 265: 142-147. 

Van den Hove DL, Blanco CE, Scheepens A, Desbonnet L, Myint AM, Leonard BE, Prickaerts J, 

Steinbusch HW (2008) Prenatal maternal paroxetine treatment and neonatal 

mortality in the rat: a preliminary study. Neonatology 93(1):52-55. 

Van Kerkhof L W, Damsteegt R, Trezza V, Voorn P, Vanderschuren L J (2013) Social play 

behavior in adolescent rats is mediated by functional activity in medial prefrontal 

cortex and striatum. Neuropsychopharmacology 38(10): 1899-1909. 

Weaver I C, Cervonu N, Champagne F A, D’Alessio A C, Sharma S, Seckl J R, Dymov S, Szyf M, 

Meaney M J (2004) Epigenetic programming by maternal behavior. Nat Neurosci 7: 

847-854. 

Wit L M, van Straten A, Lamers F, Cuijpers P, Penninx B W (2015) Depressive and anxiety 

disorders: associated with losing or gaining weight over 2 years? Psychiatry Res. 

227:230-237.  

Whitaker-Azmitia P M (2005) Behavioral and cellular consequences of increasing 

serotonergic activity during brain development: a role in autism? Int. J. Dev. Neurosci. 

23: 75–83. 



32 | P a g i n a  
 

Xiong G J, Yang Y, Cao J, Mao R R, Xu L (2015) Fluoxetine treatment reverses the 

intergenerational impact of maternal separation on fear and anxiety behaviors. 

Neuropharmacology 92: 1-7.  

Zeskind P S, Stephens L E (2004) Maternal selective serotonin reuptake inhibitor use during 

pregnancy and newborn neurobehavior. Pediatrics 113: 368–375. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 | P a g i n a  
 

S1 .The p-values for differences in body mass of mothers (F1) between different 

treatment groups. P values were obtained via a one-way ANOVA for each of the 

measurement days, with subsequently LSD post hoc testing.  

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

Supplementary data  

The p-values for differences in body mass of mothers (F1) between different treatment groups.  

Treatment 
day  

One way 
ANOVA 

F=                    P=  

C-MC vs 
C-FLX   

C-MC vs 
MS-MC 

C-MC vs 
MS-FLX 

C-FLX vs 
MS-MC 

C-FLX vs 
MS-FLX  

MS-MC vs 
MS-FLX 

1 - - - - - - - - 

2 2.28 n.s.  - -  -  -  -  - 

3 4.53 <0.05 p<0.05 n.s. p<0.05 P=0.06 n.s.  p<0.01 

4 5.80 <0.01 P=0.06 n.s. p<0.05 p<0.05 n.s. p<0.01 

5 7.33 <0.01 p<0.05 n.s. p<0.05 p<0.05 n.s. p<0.01 

6 11.65 <0.001 p<0.01 n.s. p<0.05 p<0.001 n.s. p<0.01 

7 11.12 <0.001 p<0.01 n.s. p<0.05 p<0.001 n.s. p<0.01 

8 12.54 <0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

9 8.159 <0.01 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.01 

10 12.41 <0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

11 13.13 <0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

12 13.52 <0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

13 10.71 0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

14 12.91 <0.001 p<0.01 n.s.  p<0.01 p<0.01 n.s. p<0.001 

15 9.80 0.001 p<0.01 n.s. p<0.01 p<0.01 n.s.  p<0.01 

16 9.14 0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.01 

17 6.82 <0.01 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.01 

18 6.43 <0.01 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.01 

19 4.85 <0.05 p<0.05 n.s. p<0.001 p<0.05 n.s. p<0.05 

20 4.76 <0.05 p<0.05 n.s. p<0.001 p<0.05 n.s. p<0.05 

21 4.78 <0.05 p<0.01 n.s. p<0.01 p<0.05 n.s. P=0.06 

22 5.60 <0.05 n.s. n.s. p<0.01 n.s. n.s. p<0.01 

23 43.86 <0.001 p<0.001 n.s. p<0.001 p<0.001 n.s. p<0.001 

24 27.28 <0.001 p<0.001 n.s. p<0.001 p<0.001 n.s. p<0.001 

25 19.28 <0.001 p<0.01 n.s. p<0.01 p<0.001 n.s. p<0.001 

26 18.22 <0.001 p<0.01 n.s.  p<0.01 p<0.001 n.s. p<0.001 

27 10.30 0.001 p<0.05 n.s. p<0.05 p<0.01 n.s.  p<0.001 

28 13.38 <0.001 p<0.01 n.s. p<0.01 p<0.01 n.s. p<0.001 

29 11.30 <0.001 p<0.05 n.s. p<0.05 p<0.01 n.s. p<0.001 

30 8.96 0.001 p<0.05 n.s. p<0.05 p<0.01 n.s. p<0.01 

31 6.54 <0.01 p<0.05 n.s. p<0.05 p<0.05 n.s. p<0.01 

32 8.071 <0.01 p<0.05 n.s. p<0.05 p<0.05 n.s. p<0.01 

33 4.81 <0.05 n.s. n.s. n.s. P=0.06 n.s. p<0.01 

34 4.42 <0.05 n.s. n.s. n.s. P=0.06 n.s. p<0.01 

35 4.48 <0.05 p<0.05 n.s. p<0.05 P=0.07 n.s. p<0.05 

36 4.37 <0.05 P=0.07 n.s. n.s. n.s. n.s. p<0.01 

37 5.76 <0.01 p<0.05 n.s. p<0.05 p<0.05 n.s. p<0.01 

38 6.00 <0.01 p<0.05 n.s. p<0.05 p<0.05 n.s. p<0.01 

39 4.17 <0.05 n.s. n.s. n.s. n.s. n.s. p<0.01 

40 5.59 <0.05 p<0.05 n.s. p<0.05 P=0.06 n.s. p<0.01 

41 5.16 <0.05 P=0.07 n.s. P=0.07 n.s. n.s. p<0.01 

42 7.48 <0.01 p<0.05 n.s.  p<0.05 p<0.05 n.s. p<0.01 
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S2 The effect of fluoxetine 

on body mass of non-

pregnant females 

expressed as the 

percentage of the body 

mass on the starting day 

of the treatment. Data are 

presented as mean 

±S.E.M. body mass.  

MC: methylcellulose treated; 

FLX: fluoxetine treated.  

S3 Left) The effect of fluoxetine in maternally separated and control handled females. The 

recording of one of the two maternally separated rats prior to the methylcellulose treatment 

was disturbed. Therefore this group(MS-MC) only contains one female with repeated test 

data, thus performing a paired t-test in this group was not possible. Data are presented as 

mean ±S.E.M. time spent in the social side (sec) before and after drug treatment.  

 Right) Control handled females spent less time in the social side of the three-chamber 

apparatus after treatment with fluoxetine (t(1,2)= 4.53; p<0.05). Data are presented as 

duration spent in the social side for each individual before and after the drug treatment.  

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated. 

The effect of fluoxetine treatment on body mass – F1 not pregnant   

 

The effect of drug treatment on sociability – F1 not pregnant  
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S4 The effect of fluoxetine treatment in 

both maternally separated and control 

females on distance moved in a 

sociability test. Data are presented as 

mean ±S.E.M. total distance moved 

before and after the drug treatment.  

C: Control handled; MS: Maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated 

 

S6 Log2 fold change of different treatment 

groups compared to the control handled and 

methylcellulose treated group. A negative 

value indicates a reduction in expression levels. 

 
C: control handled; MS: maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

 

S5 The effect of maternal separation and/or 

fluoxetine on BDNF long 3’UTR gene 

expression in the prefrontal cortex . Data are 

presented as mean ±S.E.M. log2 mean 

normalized expression (MNE).  

C: control handled; MS: maternally separated; MC: 

methylcellulose treated; FLX: fluoxetine treated.  

 

 

The effect of fluoxetine on maternally separated and control handled rats on total distance 

moved – F1 not pregnant 

 

BDNF long 3’UTR expression in females – F1 not pregnant 
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S7 Effect of fluoxetine exposure during pregnancy on the final litter size (F2). A one-way ANOVA 

revealed a trend (F(1,18)=3.11; p=0.06). LSD post hoc testing was used for further analysis. Data are 

presented as mean ±S.E.M number of pups per litter.  

*p<0.05, #p=0.07 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

S8 The p-values for differences in body mass of female (above) and male (below) 

offspring (F2) between different treatment groups. Only days that had at least one 

significant difference between two groups are shown. P values were obtained via a 

one-way ANOVA for each of the measurement days, with subsequently LSD post hoc 

testing.  

C: control handled; MS: maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

The effect of fluoxetine treatment on the final litter size of maternally separated and 

control treated females  

 

P values for differences in body mass of the offspring- F2 
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S9 The (non-significant) effects of maternal separation of the mother and/or 

fluoxetine exposure on the different behaviors of wildtype (WT) male 

offspring in the social play test. Frequency’s of and duration spent on a 

certain behavior are shown on the left and right respectively. Data are 

represented as mean ±S.E.M. 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

S10 The (non-significant) effects of maternal separation of the mother and/or 

fluoxetine exposure on the different behaviors of heterozygous (HZ) male 

offspring in the social play test. Frequency’s of and duration spent on a 

certain behavior are shown on the left and right respectively. Data are 

represented as mean ±S.E.M. 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

The (non-significant) effects of maternal separation of the mother and/or fluoxetine 

exposure on social play in wildtype and heterozygous male offspring – F2 
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S11 The (non-significant) effects of maternal separation of the mother and/or 

fluoxetine exposure on the different behaviors of wildtype (WT) female 

offspring in the social play test. Frequency’s of and duration spent on a 

certain behavior are shown on the left and right respectively. Data are 

represented as mean ±S.E.M. 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

S12 The (non-significant) effects of maternal separation of the mother and/or 

fluoxetine exposure on the different behaviors of heterozygous (HZ) female 

offspring in the social play test. Frequency’s of and duration spent on a 

certain behavior are shown on the left and right respectively. Data are 

represented as mean ±S.E.M. 

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine treated.  

 

The (non-significant) effects of maternal separation of the mother and/or fluoxetine 

exposure on social play in wildtype and heterozygous female offspring – F2 
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S13 The (non-significant) effect of maternal separation of the mother on social 

interaction of the male wildtype offspring exposed to methylcellulose. Data are 

presented as mean ±S.E.M. time spent on or frequency of (pinning) a certain behavior.  

C: Control handled; MS: Maternally separated 

The (non-significant) effects of maternal separation on social interaction in the offspring – 

F2 wildtype males, methylcellulose treated  
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S14 .No effect of maternal separation of the mother and/or 

fluoxetine exposure on attack latency was found. Above the 

attack latency of the wildtype males is shown, and below the 

attack latency of the heterozygous males. Since the test only took 

10 minutes, the maximum attack latency was 600 sec. Data are 

represented as mean ±S.E.M. attack latency.  

C: Control handled; MS: Maternally separated; MC: methylcellulose treated; FLX: fluoxetine 

treated.  

 

Attack latency’s of the males in the resident intruder test –F2 

 

 

 

 

 

 

 

 

 


