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Abstract 

The aim of this study was to investigate the effect of maternal intake of a selective serotonin 

reuptake inhibitor (SSRI) on the fetus. The effect of SSRI is an increase of serotonin in the synaptic 

cleft. During fetal development, difference in concentration of serotonin due to pharmacological 

treatment or genetic variability, especially during early development of the central nervous system 

(CNS), may have a crucial effect on the brain structure. This can result in vulnerability to 

psychological disorder in adult life. In this study pregnant mice were divided into three different 

groups, one treated with SSRI during the whole gestation period, one group treated with saline and 

one group that was left untreated as a control. Brains from pups were dissected at postnatal day 

zero. The number of serotonin cell bodies in the lateral dorsal raphé wing was counted. We showed 

that there are more serotonergic cell bodies in offspring from SSRI treated dames compared to 

saline treated dames. The highest number of cell bodies could be observed in the control group. 

Although the largest amount could be observed in the control group it is not possible to rely on 

these results due to the small group size (n=1). We conclude from these results that treating 

pregnant mice dames with SSRI or saline seems to have an effect on the number of developing 

serotonin cells bodies in the dorsal raphé lateral wing. 

 

Introduction 

Establishing neuronal networks are crucial during fetal development. Alterations in the number of 
neurons that develop may underlie individual differences in susceptibility to psychological diseases. 

Serotonin selective reuptake inhibitors (SSRIs) were first used in the early 80´s are today among the 

most prescribed drugs for treatment of depression. According to WHO, 121 million people are 

suffering from depression world wide. Depressions in women are more frequent than in men, 
approximately 10% of all women are depressed (WHO, 2011). There is very little research done on 

how antidepressant medication will affect the fetus when prescribed to pregnant women. Earlier 

research has shown that SSRI and the metabolite are able to cross the placental barrier and can also 

be found in breast milk (Kim et al.,. 2006). Despite these findings, there are no firm guidelines on 
prescribing antidepressant drugs to pregnant women. Further research is therefore needed to 

investigate the influence of SSRI on fetal development. 
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The serotonin system 

Serotonin or 5-hydroxytryptamin (5-HT) is a biogenic amine transmitter that can be found in large 
extents in different parts of the human body. Due to its presence in the serum and its effect on 

vascular tone it was named serotonin (Hannon et al., 2008). Later, it has been shown that serotonin 

regulates many different functions, for example in the gastro-intestinal tract serotonin regulates 

bowel movement. Serotonin also has a crucial role in regulating interactions within the central 
nervous system. Projections from serotonin neurons can be traced to almost all parts of the brain 

(Mollivier et al.,, 1987). The serotonin system controls important functions such as cognition, 

attention, emotion, sleep, arousal, and stress responses (Oberland et al., 2007). The amount of 

serotonin in the synaptic cleft is to a large extent determined by the serotonin transporter (5-HTT). 
The gene encoding the serotonin transporter and its polymorphisms has been very well studied. The 

allele can both have a short and a long variant due to insertions or deletions of base pairs. The short 

allele has been related to e.g. alcohol dependence (Feinn el al. 2005). Canli and collegues 

investigated the role of allele variations in the genes encoding for the serotonin transporter and 
showed that it has a very important role in determining personality traits late in life (Canli et al., 

2007).  

 In the brain serotonin can be found in groups of neurons located along the midline of the brain stem. 

Serotonin is primarily found in a cluster of neurons called the Raphé nuclei. The dorsal raphé 
nucleus is located beneath the 4th ventricle, furthest away from the ventrical is the ventromedial part 

located. Further the nuclei can be divided into a dorsomedial part closest to the ventricle. Two 

bilateral groups called the lateral wing dorsal raphé nucleus (lwDR) are located adjacent to the 

dorsomedial cells (Molliver, 1987). 
Serotonin neurons are one of the first 

neurotransmitters to appear in the development of 

the human brain, and can be detected as early as five 

weeks into gestation. The serotonin neurons 
continue to develop during the whole gestation 

period and are not fully completed until after birth. 

During human gestation serotonin also functions as 

a tropic factor, regulating important functions such 
as cell division, migration and myelinization 

(Oberland et al., 2009). Serotonin also controls 

development of the neural crest, heart and CNS. 

Long before fully functional synapses are 
developed, 5-HT is released by growing axons. In 

cultures of Raphe neurons it has been shown that 5-

HT can have an autocrine effect. The effect leads to 

an amplification of its own synthesis and increase of 
the axon outgrowth. At the same time, production of 

5-HT during fetal development can also have an 

inhibitory effect on other neurons. An excess of serotonin levels during development of the fetus 

could alter the size and capacity of the serotonin system (Nordquist et al., 2010). When the serotonin 
neurons are developing, the ETS transcription factor, Pet-1 is essential. It also acts as an important 

player in developing 5-HT1a receptors, serotonin transporters, and tryptophan hydroxylase. Mice 

lacking the pet-1 transcription factor failed to develop most of the serotonin neurons (Hendricks et 

al., 2003). 
 

 

 

 

 Figure 1: The picture shows the structure of a 5-HT neuron. 

With the synthesis of serotonin, the receptors and the 

different transport systems. 
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Serotonin metabolism 
Serotonin is synthesized from the essential amino acid tryptophan. The majority of the amino acid 

comes from our diet. Tryptophan is absorbed into the neurons by a plasma membrane transporter. 

Within the neuron, hydroxylation of the amino acid is performed by the enzyme tryptophan-5-

hydroxylase (L-tryptophan) to the intermediate 5-Hydroxy-L-tryptophan (5-HTP), which is then 
further metabolized into 5-HT by AADC. The rate limiting step of synthesizing serotonin is the 

available amount of L-typtophan. Synthesized serotonin is then loaded into synaptic vesicles by 

vesicle monoamine transporter (VMAT). The vesicles loaded with 5-HT is then released into the 

synaptic cleft. After 5-HT is released and bound to a nearby cell, monoamine oxidase (MAO) 
catabolises the remaining serotonin within the synaptic cleft (Neuroscience, Dale Purves forth 

edition 2008). The metabolite 5-HIAA can be measured in the cererbospinal fluid and therefore be 

used as a biomarker for serotonin. A lower amount of 5-HIAA in the CSF is associated with 

aggressiveness and suicide attempts (Giovanni et al., 2001). A large number of receptors have been 
identified to bind to serotonin, most of these receptors are G protein-coupled. The responses from the 

activated receptors are connected to different higher functions like emotion, motor behavior and 

mental arousal. There are at least 13 known serotonin receptors today. The receptors are named from 

1 to 7 where some can have subclasses a to f (figure1) (Hannon et al.,. 2008). Since many of these 
receptors are strongly connected to different diseases, these receptors are popular targets for drugs, 

for example Zofran®, used to prevent nausea (Neuroscience, Dale Purves fourth edition 2008). In 

contrast many illegal drugs inhibits the serotonin neurons to create psychosis, for example the drug 

LSD (Aghajanin el al. 1969). 
 

SSRI 

The effect of 5-HT is determined by the amount of neurotransmitters in the synaptic cleft and 

additionally by the reuptake into the nerve terminal. This is done by the specific serotonin reuptake 
transporter (SERT or 5-HTT). Several mental disorders are connected to the 5-HT system, such as 

depression, anxiety disorders and schizophrenia (Nordqvist et al., 2009; Neuroscience, Dale Purves 

fourth edition 2008). Because of the relationship between these conditions and the 5-HT system, 

many antidepressive drugs are acting on the 5-HT system. SSRI drugs inhibit the serotonin reuptake 
transporter, this results in high concentration of serotonin within the synaptic cleft. Due to the 

inhibition, 5-HT will also remain over a longer time in the synaptic cleft. SSRI are used to treat e.g. 

anxiety, depression, premenstrual problems and bulimia (Landén, Eriksson 2008; FASS 2011). 

Interestingly, when treating women with SSRI for premenstrual anxiety disorder the effect is shown 
within hours, compared to when treating patients with depression where effects are shown only after 

4 weeks. This indicates that SSRI affect the plasticity of the neurons, and that this secondary effect is 

needed to treat depression (Landén et al., 2008.; Zhou et al., 2006). Early changes during fetal 

development in the plasticity of the 5-HT neuron due to pharmacological treatment could be 
involved in the development of conditions such as psychiatric disease and drug addiction.  

Today anti-depressive drugs are prescribed to pregnant women even though the 

research done on how it will affect the fetus is scarce. There have been some studies on the 

behavioral pattern of children to mothers who have taken SSRI during pregnancy (Oberland et al., 
2009, 2007). 

The purpose of this project was to study the effect of anti-depressive medication, SSRI, on the brain 

during fetal development of mice, with focus on the 5-HT system. The anti-depressive medicine used 

in this study was Fluoxetine (Fontex), a SSRI. We investigated whether the amount of neurons 
differs compared to control animals when treating the mother with SSRI. In this experiment the 

Raphé nuclei was the area that was analyzed.  
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Project outline 

The design of the project included treatment of pregnant mice with Fluoxetine. The brain tissue of 
postpartum day 0 (P0) offspring was investigated. 5-HT neurons are developed early in the mouse 

fetal development, on embryonic days (E) 10 to 12. The mice were transgenic for a fluorescent 

protein (EYFP) which gene is placed downstream of the gene for 5-HT neurons. When 5-HT neurons 

are expressed the fluorescent gene will also be expressed. The EYFP fluorescence is restricted to the 
cells in the Raphe nuclei. This makes all the 5-HT neuron in this area visible using a confocal 

microscope. Serotonin neurons were counted in the dorsal wing raphé nucleus. Methods for analysis 

that were used during the project were PCR for genotyping of the offspring, dissection of mouse 

brains, preparation and sectioning of the brain in a cryostate and confocal microscopy analysis.  
 

Material and methods 

Animals 

All animal experiments were approved by the Swedish ethical committee on animal research, 

Uppsala. The mice that were used expresses enhanced yellow fluorescent protein (ePet-EYFP) in the 

serotonergic neurons. The transgenic mice were provided from Dr. Evan Deneris at Case Western 

Reserve University, Cleveland (Scott et al., 2005). 
 

Procedure 

Male transgenic mice were bred with female wild type (wt) mice. Pregnant female mice were divided 

into three groups. One group was treated with the SSRI fluoxetine (10mg/kg) during the whole 
gestation period, the second group was treated with the same amount of saline as a control. The third 

group remained untreated as control. At postnatal day 0 the mice pups were killed. 

The brains from the mice pups were dissected and fixed in paraformaldehyde for 4 hours. After 

infusion in 20% sucrose for 24 hours, the brains were frozen in tissue tec. The brains were kept in an 
-80ºC freezer. The brain tissues were sectioned in coronal plane in 20 µm thick slices on glass 

microscope slides using a cryostat. The slides were stored at -20 ºC until staining. 

 

Staining 
After thawing the slides for 30 min the slides were washed in deionized water. The slides were dried 

for approximately 15 min and 2 drops of 4',6-diamidino-2-phenylindole (DAPI) was added to each 

section of brain tissue. The slides were mounted with Fluoroshield and sealed with nail polish. Slides 

were stored at -20 ºC until analyzed in the fluorescent microscope. 
 

DNA preparation and PCR 

Tail biopsies (1mm) were taken from the mice pups, 75 µl buffer I (250 nM NaOH, 2 nM EDTA) 

was added. After incubation for 45 min at 95 oC the tails was directly put on ice for 5 minutes. 
Seventy-five µL of buffer II (400mM Tris HCl pH 8.0) was added. The extracted DNA was then 

genotyped using PCR. 

YFP primer:  

5’ GAA CTC CAG CAG GAC CAT GT 3’ 
5  ́TAT ATC ATG GCC GAC AAG CA 3’ 

YFP PCR product size=219 bp 

 

A master mix containing; H2O, 1 mM PCR buffer 10x with MgCl, 0.8 µM Forward primer, 0.8 µM 
Reverse primer, 0.2 µM dNTP and 0.5 U Fast Start taq polymerase was prepared. An amount of 30-

165 ng/ul DNA was added to the master mix in PCR tubes. 

 



6 
 

PCR program: 

1) 94 oC for 1 min 
2) 94 oC for 30 sec 

3) 56 oC for 30 sec 

4) 72 oC for 30 sec 

5) Go to step 2, 38 times 
6) 72 oC for 5 min 

7) 4 oC forever 

 

To separate the bands the PCR product was run on a 1.5% agarose gel for 45 minutes at 90V. 

 

Microscopy 

The dorsal raphé which is located beneath the 4th ventricle can be further divided into a ventromedial 

part, a drosomedial part and two bilateral groups called the lateral wing dorsal raphe nucleus (lwDR) 
(Molliver et al., 1987). To capture all the cells within this structure, microscopy pictures (z-stacks) 

were taken at 20x amplification in an Olympus BX61WI microscope (Olympus). The lwDR was 

further divided into two groups, right and left. Cell counting was performed by using ImageJ 1.43u 
software (NIH, USA). 

 

Statistic analysis 

An independent sample t-test was performed to compare cell bodies in the different treatment 

groups. This was done with the SPSS software. 

 

Results 

 

PCR 

PCR was preformed to confirm which offspring was positive for the YFP gene. The DNA extraction 

procedure yielded 500-1200ng/µl DNA/sample. The samples were run on an agarose gel with YFP 
as positive control and wild type (wt) as a negative control. Fig 2 shows an example of the result 

from the genotyping indicating that mouse 1 and 4 were transgenic and positive for the YFP gene.  
 

  
Figure 2: Gel electrophoresis of PCR products from 5 mice tail biopsies (1-5), negative control (wt) and positive control (YFP). The 
bands show that mouse 1 and 4 are positive for the YFP gene.  

 

 

Stege 1       2        3        4          5      wt    YFP   stege 



7 
 

Cell counting 

To count the serotonin cells, slices of 20 µm brain tissue was photographed in fluorescent 

microscope. Two z-stack pictures were taken from every slice. Figure 3 a and b shows a picture of 

the serotonin cells in the lwDR. 

 

  

Fig 3: Picture taken by the confocal microscope (A): 5HT neurons (green) in the lwDR. (B): a section showing the left lateral wing of 

dorsal raphé and the 4th ventricle.  

 

The number of serotonin cells bodies in the lwDR was counted from the pictures taken with the 

confocal microscopy using Image J, the results are shown in table 1. In the saline group five brains 

were analyzed and the mean number of serotonin cell bodies were 61.81. In the group treated with 

SSRI the average number was 73 and the control group had an average number of 124. It should be 

pointed out that only one control mouse have so far been counted and no statistically significant 

conclusions can be drawn. Table 1 shows the mean numbers of cell bodies in the different treatment 

groups.  

 
 Table 1. Number of mice in each treatment group and the mean number of 5HT cells in the lwDR. 

Treatment No of mice Mean number of 5HT cells in lwDR 

Saline 5 61.81 

Fluoxtine 4 73.70 

Control 1 125 

 

 

To compare the mean value of the cell bodies independent sample t-test was used. There were 

significant difference, p=0.036, between saline and fluoxetine treatment groups (figure 4). The 

control group was not included in statistical analysis because of the small group size so far (n=1).  
 

 

 

 

 

 

 

 

 

A B 
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Figure 4: Boxplot showing the different treatment groups with mean values marked as a line within the boxes. Whiskers represent 

highest and lowest values in the group. The control group included only one mouse therefore this was excluded from the statis tical 

evaluation. There were more cells in the SSRI treated group that in the saline group (p=0.036; t=-2.13)  

 

 

Discussion 

 

Today anti-depressive drugs are prescribed to pregnant women even though there is very little 

research done on how this could affect the fetus. Exposure of SSRI to fetus occurs in almost 15 % of 

all pregnancies (Oberland et al.,. 2006). There have been some studies done on the behavioral 

patterns of children to mothers who have taken SSRI during pregnancy. When investigating the 

differences in the behavioral patterns due to fetal intake of SSRI no correlations could been shown. 

Shortcomings with these types of studies are that it is hard to distinguish between the effect of the 

drug treatment and the effect from being exposed to the mother’s depression (Oberlander et al., 

2008). Humans that have a genetic difference in the number of serotogenic cells can be exposed to a 

larger risk of developing different psychological diseases. It is therefore important to investigate if 

antidepressant drugs can affect the development of serotoneric neurons. The purpose of this project 

was to study the effect of anti-depressive drugs (SSRI) on the brain during fetal development of 

mice, with focus on the 5-HT system. The differentiation of the serotonin neurons is a very sensitive 

system that starts developing as early as day 10 in rodent fetuses (Mollivier et al.,. 1987). The 

differentiation and production of 5-HT neurons continues through the whole gestation period and is 

not completed until after birth. Previous experiments has shown that when treating pregnant mice 

with fluoxetine, the offspring showed increased anxiety-like behavior and in male mice an impaired 

sexual motivation was also observed (Gouvea et al., 2008). In this study the number of serotonin 

cells was investigated after exposing the offspring with fluoxetine. The present study shows that 

offspring treated with SSRI have a larger number of serotonin cell bodies in the lwDR compared to 

saline-treated offspring. Our results indicate that treatment with SSRI influences the amount of 

serotonin cell bodies. The highest amount of cell bodies was shown in the control group which had 

almost twice as many as both SSRI and saline treated offspring. Due to the small group size, no 

significant conclusion can be drawn from this observation. The low amount of cell bodies in the 

  
 

*

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oberlander%20TF%22%5BAuthor%5D
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saline treated group could be explained by stress caused by the injections. It would be of interest to 

further study how the effect of stress in the mother could affect the amount of serotonin cell bodies 

developed in offspring. Stress elevates the amount cortisone in the plasma and if the mother is 

pregnant the cortisone can be observed in the fetus and might have effects on fetal development. Rats 

exposed to stress during fetal development showed reduced hippocampal synaptic density (Hayashi 

et al., 1998). More interestingly, rats exposed to stress during fetal development have increased 

amounts of 5-HT in their brain up to 10 days after birth. This indicates that there are similar results 

between stress related and pharmacology related exposure. This could explain similarities in the 

results between the fluoxetine treated and saline treated groups. Therefore it would be interesting to 

study the late effects of the decreased serotonin cell bodies with focus on the behavioral patterns. 

This could be investigated by using the plus-maze test which measures anxiety in animals. Angsorge 

et al., have shown that treating mice with SSRI during early brain development resulted in abnormal 

emotional behavior in the adult. Earlier studies have been made on the characterization of the 5-HT1a 

receptor by positron emission tomography (PET). An antagonist to the 5-HT receptor was radio-

labeled with 11C. This could be further developed to investigate the amount of serotonin cell bodies 

in humans, and this non-invasive approach could be utilized to characterize and diagnose patients 

with psychological disease.  

 

Our investigations on exposure of SSRI during pregnancy show that SSRI may affect the number of 

serotonin cell bodies in early development of the brain in offspring. Effects of SSRI need to be 

further investigated, but we here show that there is a relationship between number of serotonin 

neurons developing and exposure to SSRI.  
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