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Introduction

Up to 20% of women are diagnosed with depression or anxiety during the perinatal period. [START_REF] Almond | Postnatal depression: a global public health perspective[END_REF][START_REF] Burke | Depression and cortisol responses to psychological stress: a meta-analysis[END_REF][START_REF] Leung | Perinatal depression: prevalence, risks, and the nutrition link--a review of the literature[END_REF][START_REF] Pawluski | The Neurobiology of Postpartum Anxiety and Depression[END_REF] These affective disorders can have detrimental effects for both the mother and developing child and as such, treatment is needed. [START_REF] Pawluski | The Neurobiology of Postpartum Anxiety and Depression[END_REF][START_REF] Oberlander | Disentangling Maternal Depression and Antidepressant Use During Pregnancy as Risks for Autism in Children[END_REF] Many antidepressant treatments are available to treat maternal affective disorders, with selective serotonin reuptake inhibitor medications (SSRIs) being the recommended first line of treatment. [START_REF] Pawluski | The Neurobiology of Postpartum Anxiety and Depression[END_REF][START_REF] Oberlander | Neonatal outcomes after prenatal exposure to selective serotonin reuptake inhibitor antidepressants and maternal depression using population-based linked health data[END_REF][START_REF] Cooper | Increasing use of antidepressants in pregnancy[END_REF] SSRIs, with the exception of paroxetine, are considered safe for use during pregnancy as they have no major teratogenic effects on the fetus. [START_REF] Gentile | The safety of newer antidepressants in pregnancy and breastfeeding[END_REF] SSRI prescription rates for pregnant women in industrialized countries (including Canada, Iceland, Denmark, Sweden, UK, Italy, the Netherlands, and France) range between 2-7% in Canada and Western European countries, and between 5-13% in Australia and the USA. [START_REF] Oberlander | Neonatal outcomes after prenatal exposure to selective serotonin reuptake inhibitor antidepressants and maternal depression using population-based linked health data[END_REF][START_REF] Cooper | Increasing use of antidepressants in pregnancy[END_REF][START_REF] Hayes | Maternal antidepressant use and adverse outcomes: a cohort study of 228,876 pregnancies[END_REF][START_REF] Charlton | Selective serotonin reuptake inhibitor prescribing before, during and after pregnancy: a population-based study in six European regions[END_REF][START_REF] Zoega | Use of SSRI and SNRI Antidepressants during Pregnancy: A Population-Based Study from Denmark, Iceland, Norway and Sweden[END_REF][START_REF] Lupattelli | Medication use in pregnancy: a cross-sectional, multinational web-based study[END_REF] These medications are expected to promote maternal mental health and thus promote the health and wellbeing of both the mother and child. [START_REF] Kim | Pharmacotherapy of postpartum depression: an update[END_REF] However, SSRIs can cross the placenta and, to a lesser degree, are found in breast milk, modulating the serotonergic environment for the developing fetus and having potentially long-term effects on neurodevelopment. [START_REF] Oberlander | Sustained neurobehavioral effects of exposure to SSRI antidepressants during development: molecular to clinical evidence[END_REF][START_REF] Homberg | New perspectives on the neurodevelopmental effects of SSRIs[END_REF][START_REF] Glover | Of rodents and humans: A comparative review of the neurobehavioral effects of early life SSRI exposure in preclinical and clinical research[END_REF][START_REF] Gemmel | Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: Interactions with pre-gestational maternal stress[END_REF] Clinical research has shown that children exposed to SSRIs prenatally are at increased risk for behavioral abnormalities including attentional deficits, neuropsychiatric disorders, and neurodevelopmental disorders. [START_REF] Clements | Prenatal antidepressant exposure is associated with risk for attention-deficit hyperactivity disorder but not autism spectrum disorder in a large health system[END_REF][START_REF] Man | Exposure to selective serotonin reuptake inhibitors during pregnancy and risk of autism spectrum disorder in children: a systematic review and meta-analysis of observational studies[END_REF][START_REF] Oberlander | Externalizing and attentional behaviors in children of depressed mothers treated with a selective serotonin reuptake inhibitor antidepressant during pregnancy[END_REF] As the hippocampus is a key mediator of behavior and cognition, and receives substantial serotoninergic innervation, such effects are likely linked to SSRI-related changes in hippocampal development. Therefore, this mini review will focus on how perinatal SSRIs affect plasticity in the developing hippocampus. First, we will briefly review how SSRIs during the perinatal period may alter the developing serotoninergic system, and then we will review what is known about perinatal SSRI effects on biomarkers of neuroplasticity in clinical studies and measures of hippocampus plasticity from work in laboratory rodent models. Early life exposure to maternal mental illness, in the presence of SSRIs, can also have a persistent effects of offspring neurobehavioral outcomes. [START_REF] Brown | Association Between Serotonergic Antidepressant Use During Pregnancy and Autism Spectrum Disorder in Children[END_REF][START_REF] Mezzacappa | Risk for Autism Spectrum Disorders According to Period of Prenatal Antidepressant Exposure: A Systematic Review and Meta-analysis[END_REF] Thus, the implications of both perinatal SSRIs and maternal stress-related disorders will be discussed in terms of offspring outcomes, where possible. [START_REF] Haim | Gestational stress induces persistent depressive-like behavior and structural modifications within the postpartum nucleus accumbens[END_REF][START_REF] O'mahony | Gestational stress leads to depressive-like behavioural and immunological changes in the rat[END_REF] Understanding the long-term effect of perinatal SSRIs on hippocampus plasticity will aid in understanding the risks and benefits of exposure to these medications during the perinatal period.

Serotonin, SSRIs and the developing hippocampus

During development, serotonin (5-hydroxytryptamine or 5-HT) plays an important role in regulating proliferation, migration, and differentiation of neurons as well as axonal connectivity and synaptic pruning. [START_REF] Gaspar | The developmental role of serotonin: news from mouse molecular genetics[END_REF][START_REF] Herlenius | Development of neurotransmitter systems during critical periods[END_REF][START_REF] Pm | Serotonin and brain development: role in human developmental diseases[END_REF] A number of studies indicate that serotonin signaling during early life is critically involved in the development of neuronal circuits. [START_REF] Pm | Serotonin and brain development: role in human developmental diseases[END_REF][START_REF] Ansorge | Inhibition of serotonin but not norepinephrine transport during development produces delayed, persistent perturbations of emotional behaviors in mice[END_REF][START_REF] Ansorge | Early-life blockade of the 5-HT transporter alters emotional behavior in adult mice[END_REF][START_REF] Fernandez | Constitutive and Acquired Serotonin Deficiency Alters Memory and Hippocampal Synaptic Plasticity[END_REF][START_REF] Kurzepa | The 5HT level and MAO activity in rat brain during development[END_REF][START_REF] Baker | 5-hydroxytryptamine metabolism in early embryogenesis, and the development of brain and retinal tissues. A review[END_REF] Therefore, any changes to serotonin levels and/or serotonergic system functioning during the perinatal period could disrupt the development of not only the serotonergic system in infants, but also countless brain regions which receive serotonergic input, such as the hippocampus.

SSRIs act by blocking the serotonin transporter (SERT) on the presynaptic neuronal membrane and subsequently reduce serotonin reuptake, increasing serotonin's concentration in the synaptic cleft, and aiding in chemical transmission between neurons which can have moodstabilizing effects. As perinatal SSRIs target maternal SERT activity, and are present in both the placenta and at much lower levels in breast milk, [START_REF] Kristensen | Distribution and excretion of fluoxetine and norfluoxetine in human milk[END_REF] the use of such medications during pregnancy and lactation suggest an effect on infant neural development. The consequences of perinatal SSRI exposure may not occur immediately after birth, but may manifest later during childhood, adolescence or even in adulthood. [START_REF] Oberlander | Sustained neurobehavioral effects of exposure to SSRI antidepressants during development: molecular to clinical evidence[END_REF][START_REF] Gemmel | Perinatal selective serotonin reuptake inhibitor medication (SSRI) effects on social behaviors, neurodevelopment and the epigenome[END_REF][START_REF] Pawluski | Perinatal selective serotonin reuptake inhibitor exposure: impact on brain development and neural plasticity[END_REF] Perinatal SSRI treatment can increase hippocampal serotonin levels in adolescent and adult male mice [START_REF] Ishiwata | Selective serotonin reuptake inhibitor treatment of early postnatal mice reverses their prenatal stress-induced brain dysfunction[END_REF] and pre-adolescent male and female offspring. [START_REF] Gemmel | under review Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: interactions with maternal stress[END_REF] Interestingly, early life exposure to SSRIs also normalizes hippocampal levels of serotonin and serotonin's metabolite 5hydroxyindolacetic acid (5-HIAA) in prenatally restraint stressed offspring at weaning, [START_REF] Gemmel | Developmental fluoxetine and prenatal stress effects on serotonin, dopamine, and synaptophysin density in the PFC and hippocampus of offspring at weaning[END_REF] serotonergic transmission in the ventral hippocampus of adolescent rat offspring after prenatal dexamethasone treatment, [START_REF] Nagano | Early intervention with fluoxetine reverses abnormalities in the serotonergic system and behavior of rats exposed prenatally to dexamethasone[END_REF] and serotonin turnover (via 5-HIAA/5-HT ratios) in the hippocampus of prenatally stressed male mouse offspring (Table 1). [START_REF] Ishiwata | Selective serotonin reuptake inhibitor treatment of early postnatal mice reverses their prenatal stress-induced brain dysfunction[END_REF] Although not well studied in the hippocampus, perinatal SSRIs do affect serotonergic receptors in cortical and hypothalamic brain regions and thus many layers of the serotonergic system are likely altered with perinatal SSRIs. 40- 42 It should not be forgotten that maternal stress can also have enduring effects on serotonin, even when combined with perinatal SSRIs: Recently we have shown that pre-gestational chronic unpredictable stress results in significantly reduced hippocampal serotonin levels in pre-adolescent offspring, particularly in female offspring, regardless of perinatal fluoxetine exposure. [START_REF] Gemmel | Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: Interactions with pre-gestational maternal stress[END_REF][START_REF] Gemmel | Perinatal selective serotonin reuptake inhibitor medication (SSRI) effects on social behaviors, neurodevelopment and the epigenome[END_REF] Others have shown that pre-gestational stress increases serotonin levels and decreases serotonin transporter expression in the hippocampus of fetal rats, [START_REF] Huang | Pre-gestational stress reduces the ratio of 5-HIAA to 5-HT and the expression of 5-HT1A receptor and serotonin transporter in the brain of foetal rat[END_REF] and that prenatal stress increases serotonin in weanling offspring, regardless of fluoxetine exposure. Changes in early-life serotonin, and serotonin transporters, may have enduring effects on serotonergic functioning of offspring later in life. Together these findings show that there are long-term effects of both SSRIs and maternal stress on the serotonin system of the hippocampus and that the timing and duration of maternal stress (pre-gestational versus prenatal), as well as offspring age and sex, may mediate these effects on the developing serotonergic system. Therefore, understanding how fluctuations in serotonin and the serotonergic system impact developing neuroplasticity via early life SSRIs, and maternal stress, is critical in integrating what we know about hippocampal plasticity in offspring.

Perinatal SSRIs and biomarkers of neuroplasticity in Clinical Research

Findings from clinical studies start to point to an effect of prenatal SSRIs on fetal and neonatal neurodevelopment by investigating biomarkers in peripheral fluids related to central nervous system development. It has been reported that prenatal SSRIs decreases S100B, an astroglial-specific Ca2+-binding protein, [START_REF] Haring | Hippocampal serotonin levels influence the expression of S100 beta detected by immunocytochemistry[END_REF][START_REF]Stimulation of astroglial 5-HT1A receptors releases the serotonergic growth factor, protein S-100, and alters astroglial morphology[END_REF] in human neonates at birth. [START_REF] Pawluski | Neonatal S100B protein levels after prenatal exposure to selective serotonin reuptake inhibitors[END_REF] S100B mediates the positive outgrowth and survival of neurons, [START_REF] Bhattacharyya | S100 is present in developing chicken neurons and Schwann cells and promotes motor neuron survival in vivo[END_REF][START_REF] Gonzalez-Martinez | S-100 proteins in the human peripheral nervous system[END_REF] and stimulates glial cell proliferation [START_REF] Selinfreund | Neurotrophic protein S100 beta stimulates glial cell proliferation[END_REF] ; therefore, S100B levels in human biological fluids may be a useful indicator of brain maturation and suggest an impact of prenatal drug exposure on neural development. [START_REF] Pawluski | Neonatal S100B protein levels after prenatal exposure to selective serotonin reuptake inhibitors[END_REF] Since this reduction in S100B occurs when controlling for maternal levels of depression, which serves as a confounding variable in clinical work [START_REF] Oberlander | Disentangling Maternal Depression and Antidepressant Use During Pregnancy as Risks for Autism in Children[END_REF] , such outcomes suggest a significant effect of perinatal SSRI exposure itself on potential markers of neurodevelopment. In addition, reelin levels are decreased in neonates prenatally exposed to SSRIs. [START_REF] Brummelte | Antidepressant use during pregnancy and serotonin transporter genotype (SLC6A4) affect newborn serum reelin levels[END_REF] Reelin is an important glycoprotein which plays a critical role in neuronal migration and positioning during neurodevelopment, and these findings further suggest an effect of early life changes in serotonin, via SSRIs, on the brain of developing offspring. Recent imaging data has confirmed that prenatal SSRIs do indeed alter the developing brain, at least in very preterm infants, with prenatal SSRI exposed infants showing decreased activity in the basal ganglia and thalamus. [START_REF] Podrebarac | Antenatal exposure to antidepressants is associated with altered brain development in very preterm-born neonates[END_REF] However, due to limitations in the ability of clinical research to investigate central neurodevelopment in SSRI-exposed offspring, animal models have been used to gain insight into the specific effects of perinatal SSRIs on neurogenesis and synaptic plasticity in the hippocampus. Below is a summary of findings on how perinatal SSRIs affect the developing hippocampus of male and female offspring.

Perinatal SSRIs and plasticity in the hippocampus

With clinical work pointing to an effect of perinatal SSRIs on both S100B and reelin, key players in neural migration and plasticity, it is not surprising that there is growing interest in the long-term impact of SSRIs on hippocampal neurogenesis and plasticity. The hippocampus is one of two brain regions where there is a remarkably high rate of neurogenesis throughout the lifespan (the other region being the subventricular zone). [START_REF] Eriksson | Neurogenesis in the adult human hippocampus[END_REF][START_REF] Pawluski | Effects of steroid hormones on neurogenesis in the hippocampus of the adult female rodent during the estrous cycle, pregnancy, lactation and aging[END_REF] These new neurons, and their ability to form and establish new connections, in the hippocampus play an important role in learning and memory, stress regulation, and, more recently, social behaviours. [START_REF] Pawluski | Effects of steroid hormones on neurogenesis in the hippocampus of the adult female rodent during the estrous cycle, pregnancy, lactation and aging[END_REF][START_REF] Hammels | Differential susceptibility to chronic social defeat stress relates to the number of Dnmt3a-immunoreactive neurons in the hippocampal dentate gyrus[END_REF][START_REF] Dalla | Stressful experience has opposite effects on dendritic spines in the hippocampus of cycling versus masculinized females[END_REF][START_REF] Leuner | Structural plasticity and hippocampal function[END_REF][START_REF] Djavadian | Serotonin and neurogenesis in the hippocampal dentate gyrus of adult mammals[END_REF] The hippocampus consists of three main regions: cornu ammonis 1 (CA1), cornu ammonis 3 (CA3), and the dentate gyrus, the lattermost being a site with a high rate of continuous neurogenesis in adulthood (Figure 1). [START_REF] Altman | Are new neurons formed in the brains of adult mammals?[END_REF][START_REF] Altman | Postnatal neurogenesis in the guinea-pig[END_REF] Understanding how neurogenesis and neuroplasticity may shift following perinatal SSRIs will further clarify the role that early-life exposures have on neurobehavioral development.

To date, findings highlight long-term effects of perinatal SSRIs on hippocampal plasticity in rodent offspring, particularly after maternal stress. These studies have primarily focused on measures of brain derived neurotrophic factor (BDNF), neurogenesis, and synaptic modifications in the hippocampus. Of particular importance are alterations of BDNF signaling, epigenetic changes at the BDNF gene, and changes in hippocampal plasticity, which have been extensively implicated in the pathophysiology and treatment of mood disorders during adulthood. [START_REF] Boulle | Epigenetic regulation of the BDNF gene: implications for psychiatric disorders[END_REF][START_REF] Castren | The role of BDNF and its receptors in depression and antidepressant drug action: Reactivation of developmental plasticity[END_REF] Developmental exposure to SSRIs has resulted in long-term impact on BDNF in offspring; Early developmental treatment with fluoxetine can induce long-lasting behavioral impairment, via increased inhibition to stressful events and reduced behavioral despair, accompanied with upregulation of hippocampal BDNF mRNA and TrkB mRNA levels in adult male mice [START_REF] Karpova | Long-lasting behavioural and molecular alterations induced by early postnatal fluoxetine exposure are restored by chronic fluoxetine treatment in adult mice[END_REF] and a decrease in global DNA methylation in the hippocampus of male rats [START_REF] Toffoli | Maternal exposure to fluoxetine during gestation and lactation affects the DNA methylation programming of rat's offspring: modulation by folic acid supplementation[END_REF] . Serotonin transporter (5-HTT) knockout rats, which have elevated levels of serotonin throughout life, display decreased BDNF levels in the hippocampus, concomitant with increased DNA methylation at BDNF promoters IV and VI. [START_REF] Molteni | Reduced function of the serotonin transporter is associated with decreased expression of BDNF in rodents as well as in humans[END_REF] A exact comparison between perinatal SSRI exposure and 5-HTT KO rat models with regards to BDNF levels and methylation status has not been carried, however it is likely that the apparent differences between models on BDNF effects in the hippocampus are due to the fact that 5-HTT KO animals have elevated levels of serotonin throughout life and not just during the perinatal period. While this work suggests an effect of perinatal SSRI exposure on BDNF, these three previous studies did not investigate female offspring. We have recently reported in adult female rat offspring that early life exposure to SSRIs (fluoxetine) increases immobility in the forced swim test, decreases hippocampal BDNF exon IV mRNA levels, and increases levels of the repressive histone 3 lysine 27 tri-methylated mark at the corresponding promoter. [START_REF] Boulle | Developmental fluoxetine exposure increases behavioral despair and alters epigenetic regulation of the hippocampal BDNF gene in adult female offspring[END_REF] We also found a significant negative correlation between hippocampal BDNF exon IV mRNA levels and immobility in the forced swim test with higher hippocampal BDNF mRNA expression being associated with less immobility in the forced swim test. [START_REF] Boulle | Developmental fluoxetine exposure increases behavioral despair and alters epigenetic regulation of the hippocampal BDNF gene in adult female offspring[END_REF] In adult male offspring, developmental fluoxetine exposure decreased BDNF IV and TrkB mRNA expression in the hippocampus and these changes were not associated with changes in the immobility measure. [START_REF] Boulle | Prenatal stress and early-life exposure to fluoxetine have enduring effects on anxiety and hippocampal BDNF gene expression in adult male offspring[END_REF] In addition, adult male offspring showed an enduring effect of prenatal stress in decreasing hippocampal BDNF IV mRNA expression, [START_REF] Boulle | Prenatal stress and early-life exposure to fluoxetine have enduring effects on anxiety and hippocampal BDNF gene expression in adult male offspring[END_REF] further demonstrating these effects sexually differentiated effects following SSRI exposure. Regardless, perinatal SSRIs effects on epigenetic modifications and changes to BDNF signaling, a critical growth factor required for neuronal growth and development, suggest an impact on additional aspects of neurodevelopment such as neurogenesis and neuroplasticity.

Early life exposure to SSRIs reduces cell proliferation in the hippocampus of adolescent offspring. [START_REF] Rayen | Fluoxetine during development reverses the effects of prenatal stress on depressive-like behavior and hippocampal neurogenesis in adolescence[END_REF] However, when combined with a model of maternal stress, early life exposure to SSRIs prevents the effects of maternal stress on hippocampal neurogenesis (immature neurons), in adolescence and adulthood. [START_REF] Rayen | Fluoxetine during development reverses the effects of prenatal stress on depressive-like behavior and hippocampal neurogenesis in adolescence[END_REF][START_REF] Rayen | Developmental exposure to SSRIs, in addition to maternal stress, has long-term sex-dependent effects on hippocampal plasticity[END_REF] These effects occur in both male and female offspring. Others have shown similar effects with postnatal SSRIs preventing the reduction in hippocampal cell proliferation and increased cell death observed in juvenile rat offspring subjected to premature maternal separation. [START_REF] Lee | Fluoxetine enhances cell proliferation and prevents apoptosis in dentate gyrus of maternally separated rats[END_REF] Developmental exposure to fluoxetine can also have a sexually differentiated effect on the number of immature neurons after maternal corticosterone treatment, [START_REF] Gobinath | Maternal postpartum corticosterone and fluoxetine differentially affect adult male and female offspring on anxiety-like behavior, stress reactivity, and hippocampal neurogenesis[END_REF] with maternal postpartum fluoxetine increasing the density of immature neurons via doublecortin expression in the hippocampus of adult male offspring, but decreasing the density of immature neurons in adult female offspring. Interestingly, additional reports found no effects of perinatal fluoxetine on hippocampal neurogenesis in the dorsal hippocampus at weaning or in preadolescent offspring. [START_REF] Gemmel | under review Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: interactions with maternal stress[END_REF][START_REF] Gemmel | Developmental fluoxetine and prenatal stress effects on serotonin, dopamine, and synaptophysin density in the PFC and hippocampus of offspring at weaning[END_REF] Thus, it appears that after adolescence and puberty, the effects of perinatal SSRIs on hippocampal neurogenesis and plasticity become pronounced and sexually differentiated.

With regards to perinatal SSRI effects on spine densities and synaptic proteins, these effects appear to be primarily dependent on offspring age and sex. For example, early postnatal treatment with fluoxetine reverses the reduction in CA3 spine and synapse density observed in prenatally stressed juvenile and adolescent male mice (females were not studied). [START_REF] Ishiwata | Selective serotonin reuptake inhibitor treatment of early postnatal mice reverses their prenatal stress-induced brain dysfunction[END_REF] However, in rat offspring at weaning, we found no effect of early life exposure to fluxotine on pre-synaptic protein densities (via synaptophysin-immunoreactivity) in the CA3 or dentate gyrus. [START_REF] Gemmel | Developmental fluoxetine and prenatal stress effects on serotonin, dopamine, and synaptophysin density in the PFC and hippocampus of offspring at weaning[END_REF] Effects on spine density appear to emerge during pre-adolescence, with pre-adolescent female, not male, rat offspring perinatally exposed to fluoxetine showing increased hippocampal pre-synaptic density in the dentate gyrus. [START_REF] Gemmel | under review Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: interactions with maternal stress[END_REF] These effects are region-specific, with perinatal fluoxetine exposure increasing CA2 density in pre-adolescent females, but decreasing such density in combination with pre-gestational maternal stress exposure. As previously mentioned, although females seem particularly sensitive to the effects of perinatal fluoxetine exposure, male offspring appear particularly sensitive to maternal stress and depression. [START_REF] Gemmel | under review Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: interactions with maternal stress[END_REF] For example, pre-adolescent males, but not females, exposed to perinatal fluoxetine show reductions in pre-synaptic density and immature neurons in the dentate gyrus following pre-gestational maternal stress. [START_REF] Gemmel | under review Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: interactions with maternal stress[END_REF] Furthermore, SSRI exposure appears to affect the developmental trajectory of synaptic protein density, with adult female, but not male, offspring exposed during lactation/suckling to SSRIs showing significantly reduced pre-synaptic density in the dentate gyrus. [START_REF] Rayen | Developmental exposure to SSRIs, in addition to maternal stress, has long-term sex-dependent effects on hippocampal plasticity[END_REF] This enduring effect of SSRIs on synaptic proteins extends recent work showing that perinatal fluoxetine exposure can reduce perineuronal nets in the CA1 and DG region of juvenile mice hippocampi. [START_REF] Umemori | Distinct effects of perinatal exposure to fluoxetine or methylmercury on parvalbumin and perineuronal nets, the markers of critical periods in brain development[END_REF] In addition, postnatal fluoxetine treatment significantly alters gene expression related to hippocampal synaptic functioning and neurogenesis in selectively bred "Low Responder" rats predisposed for increased anxiety and behavioral abnormalities. [START_REF] Glover | Early-life exposure to the SSRI paroxetine exacerbates depression-like behavior in anxiety/depression-prone rats[END_REF] Thus, there is a likely role for perinatal fluoxetine exposure in altering hippocampal synaptic plasticity during development, however these effects of sexually differentiated and age-dependent (Table 1).

SSRIs and sex effects on hippocampal plasticity

As mentioned above, there is a persistent effect of sex in mediating perinatal SSRI exposure effects on hippocampal plasticity in adulthood. For example, adult female offspring, but not male offspring, exposed early in life to SSRIs have increased new cell survival, decreased BDNF mRNA expression, and reductions in hippocampal synaptophysin density in the granule cell layer. [START_REF] Boulle | Developmental fluoxetine exposure increases behavioral despair and alters epigenetic regulation of the hippocampal BDNF gene in adult female offspring[END_REF][START_REF] Boulle | Prenatal stress and early-life exposure to fluoxetine have enduring effects on anxiety and hippocampal BDNF gene expression in adult male offspring[END_REF][START_REF] Rayen | Developmental exposure to SSRIs, in addition to maternal stress, has long-term sex-dependent effects on hippocampal plasticity[END_REF] Others have shown that maternal postnatal fluoxetine treatment increases adult male immature neuron density in the hippocampus via doublecortin expression, while reducing such density in the adult female hippocampus. [START_REF] Gobinath | Maternal postpartum corticosterone and fluoxetine differentially affect adult male and female offspring on anxiety-like behavior, stress reactivity, and hippocampal neurogenesis[END_REF] Changes in steroid hormone levels during puberty likely contribute to sex-dependent SSRI sensitivity and structural changes in the hippocampus, as a result of altered estrogen and androgen receptor expression. [START_REF] Galea | Gonadal hormone modulation of hippocampal neurogenesis in the adult[END_REF][START_REF] Tabori | Ultrastructural evidence that androgen receptors are located at extranuclear sites in the rat hippocampal formation[END_REF][START_REF] Weiland | Distribution and hormone regulation of estrogen receptor immunoreactive cells in the hippocampus of male and female rats[END_REF] Serotonin plays a key role in sexual differentiation through its role in the development of the hypothalamic-pituitary-gonadal (HPG) axis. [START_REF] Dohler | Influence of neurotransmitters on sexual differentiation of brain structure and function[END_REF][START_REF] Jarzab | Serotoninergic influences on sexual differentiation of the rat brain[END_REF] The inhibition of the natural drop in serotonin in the first week of life resulting from SSRI exposure, likely antagonizes the perinatal masculinization effects of testosterone during the second and/or third week postpartum and alters feminization of the brain. Previous work shows that postnatal stimulation of serotonin synthesis, by injection of L-tryptophan, inhibits female sexual behavior and has an inhibitory effect on postnatal "organization" of female sexual behavior as well as on "activation" of female sexual behavior in adulthood. [START_REF] Dohler | Influence of neurotransmitters on sexual differentiation of brain structure and function[END_REF][START_REF] Jarzab | Serotoninergic influences on sexual differentiation of the rat brain[END_REF] In addition, a de-feminization of sexually dimorphic brain structures in females results from early-life stimulation of the serotonin synthesis [START_REF] Wilson | The effect of neonatal manipulation of hypothalamic serotonin levels on sexual activity in the adult rat[END_REF] and, conversely, treatment with parachlorophenylalanine, a serotonin synthesis inhibitor, enhances masculinization and defeminization. [START_REF] Wilson | The effect of neonatal manipulation of hypothalamic serotonin levels on sexual activity in the adult rat[END_REF][START_REF] Rayen | Developmental fluoxetine exposure and prenatal stress alter sexual differentiation of the brain and reproductive behavior in male rat offspring[END_REF] Therefore, sexually differentiated effects of perinatal SSRIs on hippocampal plasticity may be a result of changes to the serotonergic system early in life, as serotonin plays a role in sexual differentiation of the brain via development of the hypothalamic-pituitary-gonadal axis. [START_REF] Dohler | Influence of neurotransmitters on sexual differentiation of brain structure and function[END_REF][START_REF] Jarzab | Serotoninergic influences on sexual differentiation of the rat brain[END_REF] 

The role of maternal stress

As shown above, the effects of perinatal SSRIs can differ in the presence of maternal stress in some regards; the effects of maternal stress are more pronounced and enduring than the effects of SSRIs. For example, maternal stress, regardless of perinatal SSRI exposure, significantly reduces pre-synaptic densities in pre-adolescent male, but not female, offspring and decreases the number of immature neurons in the granule cell layer of dentate gyrus in pre-adolescent and adult male, but not female, offspring. [START_REF] Rayen | Developmental exposure to SSRIs, in addition to maternal stress, has long-term sex-dependent effects on hippocampal plasticity[END_REF] Interestingly, pre-gestational maternal stress effects on offspring are in agreement with a number of studies showing that perinatal maternal stressors reduce hippocampal neurogenesis and plasticity later in life, particularly in males. [START_REF] Maccari | The consequences of early-life adversity: neurobiological, behavioural and epigenetic adaptations[END_REF][START_REF] Mirescu | Stress and adult neurogenesis[END_REF][START_REF] Lucassen | Prenatal stress reduces postnatal neurogenesis in rats selectively bred for high, but not low, anxiety: possible key role of placental 11beta-hydroxysteroid dehydrogenase type 2[END_REF] In line with this, an increasing amount of clinical research is reporting that child development outcomes are often more affected by maternal depression and associated risk factors prior to conception than by perinatal SSRI exposure. [START_REF] Oberlander | Disentangling Maternal Depression and Antidepressant Use During Pregnancy as Risks for Autism in Children[END_REF][START_REF] Brown | Association Between Serotonergic Antidepressant Use During Pregnancy and Autism Spectrum Disorder in Children[END_REF][START_REF] Mezzacappa | Risk for Autism Spectrum Disorders According to Period of Prenatal Antidepressant Exposure: A Systematic Review and Meta-analysis[END_REF] Thus, a mother's level of stress and depression during the perinatal period and prior to gestation can have a long-term impact on neurobehavioral outcomes in offspring, regardless, or in addition to, of perinatal SSRI effects. More research is needed to investigate additional therapeutic approaches which treat the effects of perinatal depression in both mothers and offspring.

Summary and Future directions

It is clear the perinatal SSRIs can have a long-term effect on plasticity in the hippocampus of exposed offspring. SSRIs can, at times, protect against the effect of maternal stress, have effects independent of maternal stress, and have effects on offspring that are sexually differentiated. The effects of perinatal SSRIs on hippocampal plasticity may be both direct, due to perinatal drug exposure, and indirect, with effects mediated by maternal care as well as SSRI effects on the placenta. [START_REF] Gemmel | Perinatal fluoxetine effects on social play, the HPA system, and hippocampal plasticity in pre-adolescent male and female rats: Interactions with pre-gestational maternal stress[END_REF][START_REF] Laurent | Human placenta expresses both peripheral and neuronal isoform of tryptophan hydroxylase[END_REF][START_REF] Muller | Impact of Maternal Serotonin Transporter Genotype on Placental Serotonin, Fetal Forebrain Serotonin, and Neurodevelopment[END_REF][START_REF] Bonnin | Fetal, maternal, and placental sources of serotonin and new implications for developmental programming of the brain[END_REF] Apart from effects on hippocampal plasticity, a growing body of literature shows that perinatal exposure to SSRIs affect a number of neuroendocrine systems and neurobehavioral outcomes which may be linked to the hippocampus. For example, developmental exposure to SSRIs alters the hypothalamic-pituitary-gonadal axis, [START_REF] Rayen | Developmental fluoxetine exposure and prenatal stress alter sexual differentiation of the brain and reproductive behavior in male rat offspring[END_REF][START_REF] Rayen | Developmental fluoxetine exposure facilitates sexual behavior in female offspring[END_REF] the hypothalamic-pituitary adrenal axis, [START_REF] Ishiwata | Selective serotonin reuptake inhibitor treatment of early postnatal mice reverses their prenatal stress-induced brain dysfunction[END_REF][START_REF] Pawluski | Developmental fluoxetine exposure differentially alters central and peripheral measures of the HPA system in adolescent male and female offspring[END_REF][START_REF] Pawluski | Prenatal SSRI exposure alters neonatal corticosteroid binding globulin, infant cortisol levels, and emerging HPA function[END_REF] and has been linked to poor social behaviors and increased mood disorders in children. [START_REF] Gemmel | Perinatal selective serotonin reuptake inhibitor medication (SSRI) effects on social behaviors, neurodevelopment and the epigenome[END_REF] However, there are also persistent effects of maternal stress and maternal mood on childhood outcomes, even with maternal treatment of SSRIs. [START_REF] Oberlander | Disentangling Maternal Depression and Antidepressant Use During Pregnancy as Risks for Autism in Children[END_REF][START_REF] Brown | Association Between Serotonergic Antidepressant Use During Pregnancy and Autism Spectrum Disorder in Children[END_REF][START_REF] Mezzacappa | Risk for Autism Spectrum Disorders According to Period of Prenatal Antidepressant Exposure: A Systematic Review and Meta-analysis[END_REF] What is abundantly clear is that untreated maternal depression is not an option for the mother or developing child. SSRIs are the first line treatment for maternal mood disorders and these medications are more effective if combined with psychotherapy. However, there are also a number of treatments available that may also be beneficial to the mother such as psychotherapy alone, parenting classes, exercise and diet change. [START_REF] Kim | Pharmacotherapy of postpartum depression: an update[END_REF][START_REF] Bodnar | Nutrition and depression: implications for improving mental health among childbearing-aged women[END_REF][START_REF] Swain | Parent-child intervention decreases stress and increases maternal brain activity and connectivity during own baby-cry: An exploratory study[END_REF] Regardless, the goal is to effectively treat the mother as the risk of untreated maternal depression out way the risk of the SSRI treatment exposure. However, many pregnant women prescribed SSRIs also remain depressed and anxious and this is detrimental to the mother, child and family. Therefore, SSRI treatment for maternal affective disorders during pregnancy should be treated on an individualized basis, which takes into account depression severity, likelihood of treatment response and probability of adverse fetal effects, and individual patient values and health. [START_REF] Angelotta | Treating Depression during Pregnancy: Are We Asking the Right Questions?[END_REF] The data reviewed here suggest that future treatment for maternal affective disorders, may also need to consider offspring sex, as well as SSRI timing and dosage.

Unfortunately, to date, there is very little research on the neurobiology of maternal mental illness even though 1 in 7 women suffering from perinatal depression or clinical levels of anxiety postpartum. [START_REF] Pawluski | The Neurobiology of Postpartum Anxiety and Depression[END_REF] Thus, more research is needed to understand the mechanisms behind maternal mental illness in order to develop effective and safe treatments for these disorders. Only then will we be able to improve the health and well-being of the mother and child. 

Figure 1 .

 1 Figure 1. Photomicrographs of A) synaptophysin-immunoreactivity (ir) in the hippocampus (2x) and B) immature neurons in the granule call layer (doublecortin-ir) (40x) of pre-adolescent rat offspring. CA=cornu ammonis, DG=dentate gyrus. The arrows indicate immature neurons. Scale bar = 200µm (A) and 10µm (B).

Table 1 . Summary of rodent research investigating how perinatal SSRIs affect the developing hippocampus. P=postnatal day, G=gestation day, s.c.=subcutaneous, i.p.=intraperitoneal, pSSRI=perinatal SSRI, M=male, F=female.
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	Age studied Sex	Species	SSRI (dose/day)	pSSRI days admin	Results	SSRI admin method	Reference
	Hippocampus Serotonergic System					
	P7, P21,	M	C57bl/6J	Fluoxetine	P1-21	-Fluox increases 5-HT at postnatal week 3 and 6	Oral administration to	Ishiwata et al
	P42, and		mice	(5mg/kg)		regardless of prenatal maternal stress.	offspring; Prenatal	2005
	P63					-Fluox restores 5-HIAA/5-HT in prenatally stressed	restraint stress	
						offspring at postnatal week 3.		
	P130	M	Long Evans	Citalopram	P8-21	-Citalopram decreases rate-limiting serotonin	s.c. injections to	Maciag et al
			rat	(10mg/kg)		enzyme, tryptophan hydroxylase, in dorsal raphe.	offspring	2006
	P21 and	M	Sprague-	Fluoxetine	P2-21	-Fluox restored reduction in ventral 5-HT following	Administration via	Nagano et al
	P84		Dawley rat	(Approximately		prenatal DEX at postnatal week 3.	drinking water to	2015
				17mg/kg)			dams; Prenatal	
							dexamethasone	
							(DEX)	
	P22	M/F	Sprague-	Fluoxetine	P1-21	-Fluox reverses effects of prenatal maternal stress 5-	Osmotic minipump to	Gemmel et al
			Dawley rat	(5mg/kg)		HT and 5-HIAA levels and altered the dopaminergic	the dam; Prenatal	2016
						system.	restraint stress	
	P27-30	M/F	Sprague-	Fluoxetine	G10-	-Fluox increases 5-HT and decreases 5-HIAA/5-HT	Oral biscuit	Gemmel et al
			Dawley rat	(10mg/kg)	P21	in all offspring and reverses effects of prenatal	administration to	2017
						maternal stress on 5-HT in female offspring.	dam; Pre-gestational	
						-Pre-gestational stress, regardless of fluoxetine,	maternal stress	
						decreased 5-HT, particularly in female offspring.		
	Hippocampal Plasticity					
	P21	?	Sprague-	Fluoxetine	P14-21	-Fluox increased BrdU cells and prevented apoptosis	i.p. injections to	
			Dawley rat	(5mg/kg)		(via TUNEL-positive cells) in the dentate gyrus of	offspring; maternal	
						maternally separated pups.	separation	
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