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Chapter 1

InTroduCTIon

The placenta, the first organ any mammal ever makes, performs a vital role throughout 
pregnancy. This intimate connection between two living organisms is fundamental 
in the reproduction of mammals. Although it is a defining characteristic of placental 
mammals, placentas with varying levels of development are also found in some non-
mammals. The placenta exerts its role in embryonic development via the regulation of 
gas exchange, nutrient transport, removal of waste, hormone production and immune 
defence between maternal and fetal tissues.

Normal functioning of the placenta depends on intricate anatomical, physiological, 
genetic and endocrine interactions. However, this intimate maternal-fetal connection 
also implies a risk. Perturbations of the maternal milieu can be transmitted to the 
embryo through the placenta, potentially causing pregnancy-related complications or 
pregnancy failure. Of human pregnancies, 20-40% are complicated by adverse intra-
uterine conditions such as infections, medication and smoking1. These negative fetal 
exposures increase the risk for disease predisposition and growing evidence supports 
a critical role for the placenta in transmitting these deleterious effects. However, the 
specific mechanisms by which the placenta imparts critical signals to the developing 
embryo are so far unknown.

The eVoluTIon of VerTeBrATe PlACenTA

The placenta was defined as the apposition or fusion of the fetal membranes to the uter-
ine mucosa for physiological exchange by Mossman in 1991, and is one of the morpho-
logically most diverse organs in the animal kingdom2. It is believed that viviparity, the 
phenomenon whereby developing embryos are retained within the reproductive tract, 
has led to the emergence of placentation. Not much is known about how and why vivi-
parity and the placenta evolved, but there are several hypotheses. Current hypotheses 
fall into two categories3. The first category encompasses adaptive hypotheses, which 
propose that the placenta evolved as a result of selective environmental pressures. For 
example, a placenta allows species to increase brood size if sufficient resources are 
available to complete the development of a brood. In contrast, in species without a pla-
centa brood size is constraint at the time of egg fertilization4. Secondly there are several 
conflict hypotheses, such as the suggestion that the placenta evolved as a result of the 
parent-offspring conflict. Mothers will benefit most by providing as many offspring with 
resources as possible, while the offspring will demand most resources for itself. Selec-
tion pressures may have led to the active manipulation of the mother by fetuses via 
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chemical signals such as hormones to gain increased maternal resources. On the other 
hand, maternal adaptations that favour the mother’s fitness might have emerged, such 
as allocating nutrients to all fetuses over a lifespan rather than investing all resources in 
one fetus. Together, this could have led to a self-reinforcing process between maternal 
and fetal tissue, which ultimately may have resulted in placental tissues as we know 
them5–7. As the placenta has arisen independently multiple times within different classes 
it is likely that different processes have played a role in the origin of placentation.

AnImAl models of PlACenTAl funCTIonInG

The placenta is one of the organs with the highest evolutionary diversity among animal 
species, in shape, structure and functioning. Therefore, animal models reflecting human 
placentation have to be critically reviewed8. In this dissertation, placentas of human, 
rat, and two fish species of the genus Poeciliopsis with different degrees of placentation 
were studied. Here, the placental structure and functioning of these different placental 
types are described.

The mammalian placenta; human versus rat
The mammalian placenta consists of a fetal component, developing from the fertil-
ized egg, and a maternal component, developing from maternal uterine tissue. After 
fertilization, the fertilized egg develops in a blastocyst that implants into the maternal 
endometrium, which initiates the development of the placenta. The outer layer of the 
blastocysts becomes the trophoblast, the major part of the fetal placenta divided in a 
cytotrophoblast and syncytiotrophoblast layer, contributing to the placental transport 
function. Maternal-fetal exchange of nutrients and gasses takes place via diffusion be-
tween the maternal arteries and fetal arteries in the villi of the membrane surrounding 
the embryo. The gross morphology and functioning of the rat and human placenta are 
conserved, while at the micro level there are a number of important differences9.

Placental form
The first characteristic on which mammalian placentas can be classified is the gross 
morphology. In mammals, four types of placental forms can be distinguished: diffuse, 
cotyledonary, zonary, and discoid (Figure 1)10. The diffuse placenta surrounds the fetus 
completely and can for example be found in horses and pigs. The cotyledonary placenta 
attaches to the uterine wall in multiple discrete locations, as is for example seen in rumi-
nants. All carnivores, among other species, have zonary placentas, where the placenta 
forms a band around the fetus. Both humans and rats have discoid placentas, meaning 
that the contact of mother and fetal tissue is limited to a surface of discoidal shape.
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Maternal cell layers
Placentas can also be categorized by the number of cell layers separating maternal 
and fetal blood. There are three main categories varying in the number of cell layers 
separating fetal blood from maternal blood10. The least invasive form of placentation 
is epitheliochorial implantation, which occurs in horses, donkeys and pigs. Here, the 
trophoblast is simply attached to the uterine epithelium with minimal destruction of 
the maternal tissue12–15. In an endotheliochorial placenta, occurring in cats and dogs, the 
uterine endometrial epithelial cells are destroyed in the process of implantation, and 
the placental trophoblast cells are in direct contact with maternal endothelial cells10. In 
both epitheliochorial and endotheliochorial placentation there is no direct contact of 
maternal blood with fetal tissue. Further invasion occurs in haemochorial placentation. 
In this type of placentation, which takes place in primates and rodents, the placenta is 
in direct contact with maternal blood because all three maternal layers are eroded. The 
maternal endothelium is penetrated by chorionic (outermost fetal membrane) villi. The 
thin barrier between the maternal and fetal blood permits very efficient exchange of 
oxygen and nutrients.

Thus, both humans and rodents show haemochorial placentation, allowing direct 
contact between the maternal blood and the fetal chorion. However, the depth of tro-
phoblast invasion and vascular remodelling varies10. Although all three layers of cells 

figure 1: Gross morphology of placentas in different species. The fetus is surrounded by a fetal membrane (light 
pink). The placenta (light brown) is formed on the fetal membrane and its morphology varies by species. Figure 
adopted with permission from Nakaya & Miyazawa, 201511.
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surrounding maternal blood vessels are degraded in humans and rats, distinction exists 
as to how many trophoblast layers separate fetal blood from maternal blood.

Three different haemochorial placental types can be distinguished, haemomonochorial, 
haemodichorial and haemotrichorial placentas, with one, two and three trophoblast 
layers, respectively. Humans develop a haemomonochorial placenta while rodents have 
a haemotrichorial placenta. Among all species the deepest invasion of the trophoblast 
is found in humans16. The functional significance of this difference in the number of 
trophoblast layers is not well understood.

Interdigitation
Another difference in placentation in human and rats is the interdigitation of fetal 
and maternal tissue. In humans we see villous interdigitation, while rodents show a 
labyrinth interdigitation as an exchange region17. In the labyrinthine placenta maternal 
blood circulates through channels within the fetal syncytiotrophoblast, while in the 
villous placenta the chorion forms villi for oxygen and nutrient exchange. In rats, the 
zone between the labyrinth and the maternal part of the placenta, the junctional zone, 
consists of spongiotrophoblast cells and a layer of trophoblast giant cells that line the 
implantation site18.

Trophoblast giant cells & glycogen cells
Trophoblast giant cells are characteristic of rodent placentas and play an important role 
in rodent implantation. However, their function and gene expression are analogous to 
extra-villous cytotrophoblast cells in human placentas19. Besides the spongiotropho-
blast and trophoblast giant cells, the junction zone of rodents also contains glycogen 
cells. Glycogen cells are trophoblast cells of unknown origin, and their function remains 
largely unknown20.

Decidua
Most, but not all, species with a haemochorial placenta show the process of decidualiza-
tion. This process involves remodelling of the endometrium for optimal placentation. 
Changes occur for example in the endometrium stromal cells and maternal arteries. 
After this process the endometrium is changed into a structure called the decidua. 
The decidua is the region of maternal tissue that attaches the placenta. It has many 
receptors and secretes many hormones, making it an important component for the 
maternal-placental-fetal cross-talk during gestational development. In humans the 
decidua is formed prior to implantation. The uterine epithelial lining is transformed into 
a secretory lining after ovulation. If fertilization does not occur the uterine tissue is shed. 
In rats and mice, the uterine epithelium undergoes proliferation and differentiation into 
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decidual cells upon attachment of the blastocyst21. Thus, both rats and humans show 
the process of decidualization, but the onset is different.

Inverted yolk sac
Rats and humans differ with regard to the yolk sac, a membranous structure attached 
to the embryo. At early gestation the yolk sac is important for providing nutrition and 
gas exchange, because the placenta is not yet fully developed and equipped to exert its 
function22. In rats the inverted yolk placenta – sometimes referred to as the choriovitel-
line placenta – becomes active early in pregnancy and persists until term23. The inverted 
yolk placenta plays a critical role in rodent pregnancies, and malfunctioning of the 
inverted yolk placenta leads to embryo malformations24. This kind of yolk placenta is 
completely absent in humans. The difference in yolk placenta diminishes the value of 
rodent experiments greatly, as the development of the inverted yolk sac placenta can be 
affected by pharmaceuticals24,25. This is important in toxicity testing as this may result 
in false-positive observations of adverse effects26. This has to be taken into account in 
trying to mimic placental transfer in rodent models as substances may pass the inverted 
yolk sac placenta and therefore influence rodents differently than humans.

Placental hormones
The placental endocrine functions of rodent species and humans are very different27. 
For example, in most animal models, including the rat, there is an abrupt drop in pro-
gesterone levels before parturition28,29. Only in the guinea pig and humans, progesterone 
levels are maintained at a high and increasing concentration throughout gestation30. 
Another difference can be found in the placental expression of corticotropin-releasing 
hormone (CRH). CRH has several functions. For example, in the central nervous system 
CRH is involved in the stress response by inducing the production of glucocorticoids 
(cortisol in humans and corticosterone in rodents). The CRH gene is expressed by human 
placental tissue and found in maternal and fetal serum31–33, but not in rodents, as only 
primates are known to express CRH from their placenta34. Studies interested in endo-
crine functioning of the human placenta should therefore consider the translational 
value of a chosen animal model.

Gestation time
Rats have relatively short gestation times (about 22 days), which is an advantage in most 
animal experiments. However, this can diminish the translational value of pregnancy-
related research. Humans have relatively long gestation periods. Many of the develop-
mental processes that occur in humans during gestation are postnatal events in rats. 
For example, at parturition brain development of humans is further advanced relatively 
to the rat35. Researchers estimate that rat brain development during the first  days after 
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parturition is equivalent to brain development in the third trimester in humans36. There 
are models integrating over one thousand empirically-derived neural events to trans-
late neurodevelopment across several mammalian species including rats and humans 
(http://www.translatingtime.net). This neurodevelopment data originally assembled 
by Finlay & Darlington (1995)37 facilitates investigating and comparing rat and human 
pre- and postnatal brain development greatly.

In summary, the rat and human placenta appear to be similar in gross morphology and 
functioning. However, a more detailed look reveals substantial differences (summarized 
in Table 1). As the rat and human vary in their placental characteristics, the rat should 
be regarded very critically as a model for human placentation and pregnancy. However, 
as no placenta directly mimics human placentation, all researchers should consider the 
placental target of their experiment and evaluate whether the animal model of their 
preference is suitable.

The Poeciliopsis placenta
In this dissertation, two fish species of the live-bearing genus Poeciliopsis (family 
Poeciliidae) were used. This genus is especially interesting for placental research as, 
within this genus, there are species that lack placentas and species that have placentas 
with a great variety of complexity3. Poeciliopsis fish are live-bearing, which means that 
after fertilization the eggs are retained within the ovarian follicles. Poeciliopsis species 
without placentas are nourished by yolk reserves surrounding the developing embryo38. 
Placental Poeciliopsis species, by contrast, transfer nutrients via a follicular epithelium 
that meets the definition of the fusion of fetal and maternal membranes for physiologi-
cal exchange39. The rise and loss of this type of placental structure has occurred several 
times in Poeciliopsis, making it an excellent model of placentation40,41.

Table 1: Summary of the differences in pregnancy and placentation between humans and rats.
human rat

Placental form Discoid Discoid

maternal cell layers Haemomonochorial Haemotrichorial

Interdigitation Villous Labyrinthine

Trophoblast Giant Cells Scarce Abundant

Glycogen Cells No Yes

decidua Yes, develops before implantation Yes, develops with blastocyst 
implantation

Inverted yolk sac No Yes

Placental hormones High progesterone levels are 
maintained, placental CRH expression

Progesterone drop before parturition,
no placental CRH expression.

Gestational time 38 weeks 3 weeks



17

Chapter 1

Fish within the genus Poeciliopsis show the characteristic of superfetation, meaning that 
they can carry multiple broods at different gestational ages at the same time. In addition, 
the females are able to store sperm (B. J. A. Pollux & D. N. Reznick, unpublished data), so 
after copulation the female will remain pregnant and new broods will continuously be 
born. The gestation time is estimated to be roughly 30 days, based on data from closely 
related species (B. J. A. Pollux & D. N. Reznick, unpublished data). In addition, species 
within this genus differ greatly in their degree of maternal provisioning. A completely 
lecithotrophic species provides nutrients to the egg prior to fertilization via a yolk sac 
allocated to the egg. In contrast, in matrotrophic species the female provides nutrients 
throughout embryonic development via a placenta. Poeciliidae do not have true uteri, 
and embryonic development takes place in the ovarian follicle38. This placental structure 
is formed from the apposition of the ovarian follicle wall and yolk sac of the embryo, into 
highly folded follicular epithelium40.

Within this dissertation, Poeciliopsis gracilis and Poeciliopsis turneri were used. Poecili-
opsis gracilis is a lecithotrophy with a matrotrophy index (MI) value of 0.6942. The MI 
is calculated as the dry mass of the neonate at birth divided by the dry mass of egg at 
fertilization. Poeciliopsis gracilis contains a thin follicle, and the inner surface of the ma-
ternal follicular epithelium is flat, with a cellular layer covered by a non-cellular porous 
membrane40. The follicular blood vessels are suggested to facilitate gas exchange40,43. In 
contrast, P. turneri is an extensive matrotroph (MI value of 41.442) with a thicker follicle 
that is highly hypertrophied, extensively folded, covered with microvilli, and richly sup-
plied with capillaries40.

Although there is significantly more information available on mammalian placentation 
than on placentation in Poeciliopsis, we can conclude that they differ greatly. Poeciliop-
sis have no true uteri but have follicular placentas, where the ovaries are utilized in the 
transformation of the placenta, while rats and humans have haemochorial placentas 
that form from both modified extraembryonic membranes and the maternal uterine 
tissue. However, even if the morphological structures vary greatly, the present study will 
shed light on the functionality of the different placentas in transferring critical signals 
from the maternal milieu.

seroTonIn And ssrI use In deVeloPmenT

One key factor for the regulation of neuronal embryonic development across vertebrate 
taxa is the neurotransmitter serotonin. Serotonin is synthesized in maternal, placental 
and fetal compartments, and is important for early neurodevelopment. In fact, sero-
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tonin receptors and serotonergic metabolic enzymes are expressed before serotonin 
producing neurons are present in the embryonic brain44. This indicates that the mater-
nal-placental-fetal interaction can underlie the impact of serotonin on offspring health 
outcomes. During brain development serotonin acts as a neurotrophic factor, regulating 
cell division, cell differentiation, cell migration, growth cone elongation, dendritic prun-
ing, myelination and synaptogenesis45.

Serotonin plays an important role in the intrinsic and central nervous system, through-
out life, affecting among others, mood, memory and learning, the perception of pain 
as well as cardiovascular function, intestinal peristaltic movements, bladder control, 
etcetera. Dysregulation of serotonin and serotonin receptors in humans have been im-
plicated in many psychiatric and neurological disorders, hypertension, cardiac failure, 
migraine and functional bowel disorders (reviewed by Berger et al.46). Modulators of the 
serotonergic system have been developed as pharmaceuticals, including antidepres-
sants and neuropsychiatric drugs, which may also reduce the risk of myocardial infarcts 
and irritable bowel syndrome47. Thus, changes in maternal serotonin levels during 
pregnancy, for instance by the use of antidepressants can potentially affect a number of 
developmental processes in the offspring.

Selective serotonin reuptake inhibitors (SSRIs) are the most prescribed antidepressants, 
because of their good efficacy, few side effects, and therapeutic safety48. Fluoxetine, 
sold under the brand name Prozac, was the first SSRI that was released in the market 
(late 1980s), and quickly became the most widely prescribed drug in North America, 
and 2nd worldwide49. SSRIs block the serotonin transporter and thereby inhibit the 
reuptake of serotonin into the presynaptic cell. As a result, the extracellular serotonin 
levels are increased and more serotonin is available to bind the postsynaptic receptors. 
This enhances the serotonergic balance and can stabilize mood. The use of SSRIs dur-
ing pregnancy in both Europe and the U.S. has tremendously increased over the past 
decades50–53. In Europe, 2.5-3.3% of pregnant women use SSRIs54,55, while in the U.S. the 
occurrence is between 2.7-5.4%56,57. However, SSRIs can cross the placenta and are found 
in the amniotic fluid58,59, affecting therefore not only the mother but also the developing 
child. Although SSRIs are considered safe for antenatal use60, it has been reported that 
the use of SSRIs during pregnancy may negatively influence the development of the 
unborn child.

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 neonates61,62, and differential cortisol levels in 3-month-old infants 
in response to a stressor63. Also, the neonatal heart rate response to an acute noxious 
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event is attenuated64. Furthermore, several behavioural changes have been reported, 
such as disrupted sleep patterns in new-borns65, increased internalizing behaviours of 
3-year-old children66, and increased externalizing behaviours in 4-year-old children67. In 
addition, SSRIs reduce utero-placental blood flow, a mechanism thought to be involved 
with hypertension in preeclampsia and gestational diabetes68,69. Recently, there has 
been much interest in the link between maternal SSRI treatment during pregnancy and 
autism spectrum disorders in their offspring. However, the underlying maternal illness 
is more increasingly thought to be the cause of this link, and not SSRIs perse70–72. Taken 
together, these results imply serotonergic influences on the maternal-fetal interaction, 
although the exact mechanisms remain elusive.

The primary target of SSRIs, the serotonin transporter, is evolutionary and function-
ally conserved in vertebrates, and effects of SSRI exposure have been studied in both 
rodents73 and fish74. In rodents, the effect of prenatal SSRI exposure on developing 
offspring has also been studied. A recent systematic review and meta-analysis showed 
that an overall effect of perinatal SSRI exposure on several behavioural domains was 
found in rodents75. SSRI- versus vehicle-exposed rodents showed reduced activity and 
exploration behaviour, more passive stress coping, and less efficient sensory processing. 
In fish the effects of prenatal SSRI exposure have not yet been studied, but it is known 
that direct exposure to SSRIs can alter behavioural parameters such as aggressive and 
anxiety-like behaviour76–79. Therefore, we hypothesise that, like in humans and rodents, 
prenatal exposure to SSRIs will affect fish development.

ouTlIne of ThIs dIsserTATIon

Serotonin plays a key role in the early development across vertebrates. Alterations in 
the maternal serotonergic system, for instance by using SSRIs, may have detrimental 
effects for the developing embryo. The complex maternal-fetal interaction makes it 
unclear whether exposure to SSRIs through the placenta creates a potentially adverse 
environment for the developing offspring, whether SSRI uptake thus increases the risk 
for adverse outcomes in the offspring, and if so, through what underlying mechanisms 
this happens.

The overall aim of this dissertation is to unravel the mechanisms by which the placenta 
imparts the critical signals of disturbed serotonin levels from the maternal environment 
to the developing embryos. The focus of this study is the neurotransmitter serotonin, 
because it plays a crucial role in fetal programming. Serotonin plays a key role in 
neurodevelopment and placental functioning, and when altered during development 
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may result in deleterious effects in the offspring. Olivier and colleagues already showed 
that disturbances in the serotonergic system in humans influences gene expression in 
the placenta80. In this dissertation an innovative comparative approach was exerted to 
obtain important new insights into the mechanisms by which the placenta transmits 
critical serotonin signals, using fish, rats and humans, which vary greatly in the degree 
of embryo provisioning via a placenta.

The general approach in all experimental studies was to expose pregnant females to the 
SSRI fluoxetine and to measure potential effects in either the placenta or the offspring. 
As control for this fluoxetine treatment in the experiments, pregnant females were given 
the vehicle without fluoxetine.

In the two Poeciliopsis fish species (one species lacking a placenta and one having a 
complex placenta), the offspring was assessed for tissue fluoxetine concentrations, 
survival, and growth restriction. In rats and humans, RNA sequencing was performed 
on fetal placental samples to analyse placental gene expression after fluoxetine treat-
ment. In humans, it is difficult to discern between the effects of the SSRIs and the effects 
of the maternal depression itself, as healthy mothers do not take antidepressants. To 
disentangle confounding factors experimental research is needed, which is not war-
ranted in humans. There are strong similarities between placentas from rodents and 
humans in gene- and protein expression81. Therefore, we used the rat placenta as an 
experimental model. Both placentas nourishing male and female fetuses were included 
in RNA-sequencing analyses to examine sex-specific effects of SSRI exposure.

The combined study of fish, rat and human placentas, representative of the great variety 
of evolutionary placental stages in the vertebrate lineage, is unparalleled in the scientific 
literature to date and can reveal important novel insight into the mediating role of the 
placenta during pregnancy. This approach combines a ‘proximate’ research question: 
how does the placenta respond to a changing maternal environment, with an evolution-
ary research question: is this response to the maternal environment conserved among 
different vertebrate species. The central role of the placenta in fetal physiology and 
development, together with the possibility that variation in placental gene expression 
patterns might be linked to important abnormalities in fetal health or even variations in 
later life, asks for further investigation of the placenta.

To this end, the following studies were conducted and described in this dissertation:
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Chapter 2: influences of maternal vulnerability and SSRI treatment on 
developing offspring
This chapter provides a literature review of the interplay between maternal adversity 
and SSRI treatment and their effect on the developing offspring. Specifically, it discusses 
animal models addressing behavioural outcomes of maternal adversity and/or SSRI 
treatment to understand how the prenatal environment influences the health of the 
offspring across its life-span.

Chapter 3: ssrI treatment in Poeciliopsis with and without a placenta
In chapter 3, prenatal chronic exposure to different dosages of the SSRI fluoxetine and its 
impact on reproduction and offspring development in two fish species with (P. turneri) 
and without (P. gracilis) a placenta was examined. Both the concentration of fluoxetine 
and its active metabolite norfluoxetine were measured in the pregnant females and their 
embryos. In addition, body development of the offspring born during SSRI treatment 
was assessed. The expression of the serotonin transporter and serotonin 1a receptor 
was examined in the brain of both the mothers and their offspring. In addition, repro-
ductive success of both species during SSRI exposure was measured. Although adverse 
effects in the placental species P. turneri were more notable and larger, we did see that 
P. gracilis, without a placenta, was not completely shielded from adverse effects. Thus, 
even without a placenta there was a negative effect of fluoxetine, but this was seriously 
increased in the species with a placenta.

Chapter 4: transcriptomic changes in the human placenta after SSRI 
exposure
The aim of chapter 4 was to assess whole transcriptome alterations in the placentas 
of women who were prenatally exposed to the SSRI fluoxetine. To this end the fetal 
part of term placentas (after delivery) were collected and RNA-sequencing was used to 
identify differentially expressed genes. Both placentas that nourished male as well as 
female fetuses were included, allowing us to examine sex-specific effects. We showed 
that gene expression was altered for many genes in the placenta of male offspring, while 
transcriptomic changes after fluoxetine treatment in female offspring placentas was less 
affected. In addition, we identified extracellular matrix organization related genes to be 
significantly enriched in association with fluoxetine.

Chapter 5: transcriptomic changes in the rat placenta after SSRI 
exposure
In chapter 5, rats were treated with the SSRI fluoxetine during the whole pregnancy. 
Term placentas were collected and gene expression in the fetal parts was assessed with 
whole transcriptome RNA-sequencing. The placentas of both male and female offspring 
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were included to assess sex-specific effects. Less genes were differentially expressed 
after fluoxetine exposure than were found in the human study. This suggests that a 
large part of the effects on placental gene expression in humans are probably due to the 
underlying maternal illness, rather than the SSRI treatment. In addition, the previous 
findings that the extracellular matrix in the human placenta is linked to fluoxetine treat-
ment were replicated in rats. However, it has to be noted that these effects were not as 
strong as in the human placenta.

Chapter 6: general discussion
In the final chapter, all studies and their results are summarized, and strengths, limita-
tions and implications are discussed. The results of the individual studies are linked 
to reach an overall conclusion. This dissertation shows that the placenta imparts 
disturbed serotonin levels from the maternal environment to the developing embryo. 
Furthermore, shared annotations in differentially expressed genes in human and rat 
placentas exposed to SSRIs were identified. Finally, recommendations for future studies 
are proposed.
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