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Abstract

The peripartum period is accompanied by dramatic changes in hormones and a host of new

behaviors in response to experience with offspring. Both maternal experience and maternal

hormones can have a significant impact on the brain and behavior. This review outlines recent

studies demonstrating modifications in hippocampal plasticity across the peripartum period, as

well as the putative hormonal mechanisms underlying these changes, and their modulation by

stress. In addition, the impact of reproductive experience on the aging hippocampus will be

discussed. Finally, we consider how these changes in hippocampal structure may play a role in

postpartum cognitive function and mood disorders as well as age-related cognitive decline.
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Introduction

There are dramatic fluctuations of steroid and peptide hormones during gestation and the

postpartum period, with some of the highest concentrations of these hormones seen during

these stages of the female lifespan. In women, high levels of estrogen, progesterone and

cortisol are sustained for weeks and months at a time during gestation, while at parturition

these steroid hormones plummet with the expulsion of the placenta resulting in a

hypogonadal state (1). Gestation and lactation are physiologically demanding and thus it

perhaps should not be so surprising that there are changes in disease risk after pregnancy.

For example, there is not only a decreased risk for many reproductive cancers after giving

birth but an increased risk to develop depression, anxiety, psychosis and obsessive

compulsive disorder (2–5); in this issue see (6, 7). In addition, the peripartum period is

accompanied by changes to the brain (in this issue see (7)) and in cognition. For example,
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overall brain volume decreases across gestation by as much as 8% and returns to

preconception size within 6 months postpartum (8). Intriguingly, the reduction in brain

volume coincides with a decline in cognitive function across pregnancy (9) and early

postpartum (10). The mechanisms for these changes across the peripartum period are not

known but may be related to modifications in hippocampus morphology that occur in

response to fluctuations in steroid and peptide hormones during gestation and postpartum.

In rodents, there are a host of neural and behavioural changes that occur with pregnancy and

mothering across the maternal circuit (reviewed in (11, 12); in this issue see (13)). However,

there are also changes that occur in the hippocampus of the maternal brain, an area that is

not traditionally considered to be part of the maternal circuit. The integrity of the

hippocampus is critical for spatial ability as well as some forms of memory and has also

been implicated in the regulation of mood, functions which are often disrupted with

motherhood (14, 15). In addition, the hippocampus exhibits a great degree of plasticity in

adulthood and contains receptors for steroid and peptide hormones that are altered during the

peripartum period. Coupled with the fact that neuroplastic changes in the hippocampus are

seen in response to many of these hormones (14, 16–18), the hippocampus is an attractive

region to study in response to reproductive experience.

The dentate gyrus of the hippocampus retains the ability to produce new neurons throughout

adulthood in most mammalian species, including humans. Neurogenesis in the hippocampus

of adult rodents contributes at least in part to some forms of learning and memory (14, 19)

and has been proposed to play a role in mood disorders (14, 15). Neurogenesis is comprised

of four stages: cell proliferation, migration, differentiation and cell survival. There are

endogenous and exogenous proteins that can be used to examine these stages. Probably the

most common exogenous marker is bromodeoxyuridine (BrdU), which labels any cells in

the synthesis phase (within 2 hours after injection) and its progeny. Hence, BrdU can be

used as either a marker of cell proliferation or the survival of these new cells depending on

the timeline of administration and perfusion (14, 20). The reader is directed to reviews on

neurogenesis for more details (14, 20). In addition to neurogenesis, mature neurons in the

hippocampus exhibit plasticity in the form of dendritic and synaptic remodeling which may

also play a role in cognitive function and mood (14). This review will outline changes seen

in adult neurogenesis and other forms of hippocampal plasticity across the peripartum

period, the contribution of steroid hormones, stress and aging to these processes and their

potential functional significance.

Cognitive function across the peripartum period

Pregnancy and the postpartum period are associated with alterations in hippocampus-

dependent cognition in both rodents and women (see (21) and (22) for review). In rodents,

spatial abilities are most often assessed and overall these studies demonstrate that early

pregnancy is associated with improved cognition, while late pregnancy and early postpartum

are associated with impaired hippocampus-dependent spatial cognition as compared to

nulliparous controls (10, 21). In women, pregnancy is similarly associated with cognitive

deficits in various domains including verbal memory, an effect which is still evident at three

months postpartum and which increases with parity (9). Although the reason for impaired

Galea et al. Page 2

J Neuroendocrinol. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



cognition during late pregnancy and early postpartum is not known, at least in rodents the

reduction in spatial abilities may be related to the better survival of offspring, as greater

reproductive success is seen in female meadow voles that have smaller home range sizes

(23).

There are also effects of motherhood on hippocampus-dependent learning that extend

beyond the early postpartum period. In rodents, Craig Kinsley and others have shown

enhanced spatial memory late postpartum as well as positive effects of reproductive

experience on spatial cognition after weaning (14, 21, 24, 25). These effects are attributable

to mothering and persist throughout the lifespan into aging (14, 24, 25). There is limited

evidence for similar long term positive effects of motherhood on cognition in women but the

majority of studies have only followed cognitive changes up to 24 months postpartum (26).

For example, Vanston et al. examined parous women until menstruation resumed (which

was up to 18 month after parturition) and found an enhancement over nulliparous women on

working memory tasks, but only if they had been pregnant with a boy (10). However, it is

important to note that the enhancing effects of motherhood on memory are not universally

seen with aging in either women or rodents (27, 28) (also see aging and motherhood

section).

Hippocampal plasticity across the peripartum period: dendritic architecture

and dendritic spines

Coupled with the changes in rodent hippocampus-dependent cognition are time- and

experience-dependent alterations in hippocampus structure and plasticity. For example, in

the CA1 region of the hippocampus, increased dendritic spine density has been observed

during the early (29) and late (30) postpartum periods of primiparous female rats. Spine

density does not remain elevated in primiparous female rats after weaning, indicating that

enhanced dendritic spine density might be transient and dependent on the presence of

offspring (31). Another possibility is that the persistence of dendritic spines may be

modulated by reproductive experience. Consistent with this are data showing that unlike

primiparous female rats, multiparous females after weaning have more dendritic spines on

CA1 basal dendrites compared to nulliparous females (31). Although spines are not altered,

primiparous females after weaning do exhibit structural alterations characterized by

decreased dendritic length and fewer dendritic branch points on pyramidal neurons in both

the CA1 and CA3 regions of the hippocampus (22).

Changes in hippocampal morphology have been linked to cognitive capacity in rats,

although these effects are sex dependent (14, 32). In virgin females, when levels of CA1

spine density are high (ie during proestrous) (33), spatial ability is reduced (34, 35).

Furthermore, while chronic restraint stress is associated with CA3 dendritic atrophy in

female rats (36) perhaps paradoxically it is also associated with better spatial working

memory (37). Likewise, early postpartum is characterized by increased spine density and

impaired spatial abilities, while improved spatial abilities late postpartum are associated

with reduced CA3 dendritic complexity (21, 29, 31). However, changes in dendritic

architecture and spines are not always linked to cognitive changes during the peripartum

period suggesting other mechanisms may be involved.
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Hippocampal plasticity across the peripartum period: adult neurogenesis

Along with peripartum associated modifications in dendritic spines and dendritic

architecture are changes in hippocampal neurogenesis. Although cell proliferation does not

seem to be altered during pregnancy in female rats (38–40), a number of investigators have

noted reduced cell proliferation in the dentate gyrus of the hippocampus during the early

postpartum period (41–43). This effect is transient such that by the time of weaning cell

proliferation is no longer reduced in postpartum mothers (42). Moreover, the early

postpartum reduction in cell proliferation does not seem to be modulated by reproductive

experience since it occurs in both primiparous and multiparous females (43). In contrast,

Pawluski and Galea (43) found that the number of new neurons surviving across the

postpartum period was reduced only in primiparous rats. This reduction in neurogenesis was

related to pregnancy alone as female rats that were pregnant but did not receive mothering

experience also showed the reduction in neurogenesis. Interestingly, mothering alone has the

opposite effect and increases neurogenesis in the hippocampus as demonstrated in studies

using ‘foster’ mothers (nulliparous rats given rat pups for 21 days; (43)).

Although the function of adult neurogenesis in the hippocampus is not completely known, it

has been linked to hippocampus-dependent tasks (14, 44, 45), with lower levels of

neurogenesis correlated with poorer performance. Thus, reduced production of new neurons

early postpartum may contribute to impaired spatial abilities seen at this time (41). It may

seem counterintuitive that hippocampal neurogenesis is decreased during the peripartum

period; a time of significant plasticity in many regions. But it is important to consider that

lactation is energetically expensive and thus it may be beneficial for the system to have

adapted a reduced capacity to exhibit behaviors that are not deemed necessary. Indeed, as

indicated above, reproductive success has been linked to smaller home range sizes and thus

the female physiology may have evolved to limit spatial ability (23).

Hormonal mechanisms underlying hippocampal plasticity during the

peripartum period

As previously indicated, the peripartum period is accompanied by vast endocrine changes

and these have the capacity to modulate hippocampal plasticity during this time (17, 46).

These include changes in the steroid hormones, corticosterone and estradiol, as well as

peptides hormones necessary for lactation such as oxytocin (in this issue see (6, 47)) and

prolactin. Importantly, receptors for these hormones are expressed within the hippocampus

(16, 18, 40, 48). Moreover, each has been shown to affect various aspects of hippocampal

plasticity in virgin rats. Specifically, high levels of corticosterone decrease dendritic arbors

in the CA3 region of the hippocampus (36, 49) and reduce adult neurogenesis (50, 51) while

estradiol increases dendritic spine density in area CA1 and enhances neurogenesis (33, 52,

53). Oxytocin and prolactin also promote neurogenesis in the hippocampus (16, 18, 54),

although their effects on dendritic spines and morphology have not been investigated.

Leuner et al. demonstrated that the early postpartum reduction in cell proliferation coincides

with lactation-induced elevations in basal glucocorticoid levels (41) and both were

prevented by removal of nursing pups (42). Moreover, eliminating increased basal
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corticosterone (CORT) levels in postpartum rats by means of adrenalectomy and low dose

CORT replacement blocked the reduction in cell proliferation (42). Thus, offspring

interactions and lactation inhibit hippocampal cell production in postpartum female rats via

increases in glucocorticoids. However, elevated circulating levels of CORT are not the only

hormonal factor mediating these effects. The postpartum period is also accompanied by a

decrease in estradiol levels (41) and it has been shown that manipulating estradiol using a

hormone-simulated pregnancy regimen produces a similar decrease in cell proliferation to

that found during the early postpartum period in rats (55). Taken together these data suggest

that both ovarian and adrenal steroids likely contribute to reductions in hippocampal cell

production during the postpartum period. In contrast, the increase in new neuron production

in nulliparous female rats following pup exposure (43) might reflect environmental

enrichment in the absence of hormonal changes associated with lactation and the postpartum

period. Indeed, environmental enrichment is known to stimulate hippocampal neurogenesis

in the dentate gyrus of virgin male and female rodents (14). In lactating females, however, it

appears that the possible enriching effects of pup exposure are secondary to the effects of the

postpartum hormonal environment.

The hippocampus is not a homogenous structure but instead exhibits differences in function

and connectivity along the dorsal-ventral axis (56). While the dorsal hippocampus is most

implicated in learning and memory, the ventral hippocampus is more generally thought to be

involved in anxiety regulation and unlike the dorsal hippocampus is interconnected with

various regions involved in maternal care and neuroendocrine function (56). Given these

differences, it is conceivable that there are regional variations in hippocampal neurogenesis

during the postpartum period. Indeed, the postpartum reduction in cell proliferation occurs

predominantly within the dorsal dentate gyrus whereas cell proliferation in the ventral

dentate gyrus is unaltered (B. Leuner and E. Gould, unpublished data). These data suggest

that not all areas of the hippocampus are equally affected and that perhaps neurogenesis in

the dorsal region may be most vulnerable to hormonal environment of the postpartum period

whereas the neurogenesis in the ventral region may be resilient. In this regard, oxytocin and

prolactin both prevent the adverse effects of stress and/or glucocorticoids on neurogenesis in

the hippocampus with oxytocin having a specific effect in the ventral dentate gyrus where

receptors for this peptide are most abundant (16, 48). Future studies are necessary to assess

the involvement of these neuropeptides on the observed regional differences in postpartum

hippocampal neurogenesis.

The hormonal mechanisms underlying alterations in other aspects of hippocampal

morphology during the postpartum period have yet to be determined. High levels of

circulating glucocorticoids during the postpartum period may contribute to hippocampal

dendritic remodeling observed in primiparous females after weaning (31) since they have

been associated with dendritic atrophy of pyramidal cells in the hippocampus of nulliparous

rats (14). The early postpartum increase in CA1 spine density on the other hand likely

involves pregnancy-related changes in estrogen and progesterone because nulliparous

female rats treated with these hormones in a regimen that mimics pregnancy were found to

undergo similar changes in spine number (29). Another possibility is that postpartum

increases in spine density result from the enriching effects of maternal experience given that
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environmental enrichment is also known to have a beneficial effect on dendritic spines in the

hippocampus (14).

Importantly, there are some notable differences in hippocampal plasticity between

primiparous and multiparous rats (31, 43). Although the mechanisms for these changes are

not known, hormonal variations with increasing parity have been documented. For example,

multiparity is associated with higher estradiol and lower prolactin during gestation compared

to primiparity (57, 58). Furthermore, primiparous rats have higher corticosterone and lower

corticosteroid binding globulin at various time points during the postpartum than

multiparous rats (59). In addition, there are alterations in opioid receptors in the medial

preoptic area with parity (60). Therefore, it remains to be determined whether hormonal

variations in primiparous versus multiparous females may also contribute to the differential

effects of parity on hippocampal plasticity that have been reported (43, 57, 59, 60). Even in

cases where primiparous and multiparous females exhibit the same response (ie reduced cell

proliferation) it will be necessary to determine whether similar or different mechanisms are

involved. Regardless of the exact mechanisms, when taken together these data suggest that

peripartum period is a time of significant plasticity and structural reorganization of the

hippocampus.

Neurogenesis and stress-related disorders

Women exhibit a higher susceptibility to stress-related illnesses, such as mood and anxiety

disorders than men (61). During the peripartum period, women are at great risk to develop

several psychiatric disorders such as postpartum depression (in this issue see (6, 7)), which

affects 15–20 % of mothers (3). Further, the greatest incidence for depression in women is

during the reproductive years (62). A number of risk factors have been identified that may

increase the risk of postpartum depression in mothers including previous depressive

episodes, antepartum depression, the dramatic fluctuation in sex steroids across the

peripartum period social factors such as marital and economic status and smoking. (63–66).

Stress exposure is another risk factor for postpartum depression, which can easily be

modelled in rodent studies (67). While it is unlikely that a specific rodent model of a

postpartum mood or anxiety disorder is achievable, assessment of the behavioral,

physiological, molecular and neuroendocrine alterations caused by such factors in basic

research can provide a better understanding of the etiology of the disorders.

In addition to the peripartum-associated changes described above, there are profound sex

differences in neurogenesis processes (31, 43, 65, 68). Intriguingly, neurogenesis has been

repeatedly implicated in the pathogenesis of stress-related disorders, such as depression, and

in the mechanism of action of current antidepressants (15, 69, 70). Thus, given that sex

steroids and stress exposure have been implicated in both postpartum depression and

alterations in neurogenesis in the hippocampus, a number of animal models, designed to

mimic the withdrawal of sex steroids or to interfere with HPA axis function in the

peripartum period have been investigated in relation to hippocampal plasticity.
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Animal models of postpartum depression based on steroid hormones

As stated above, the prevalence of postpartum depression is approximately 15–20% but up

to 80% of women experience postpartum blues (3). Two animal models of postpartum

depression were created based on steroid hormones (71, 72). One was based on ovarian

steroid withdrawal after birth (71) and the other one was based on administering high levels

of CORT to the dam postpartum (72). In terms of hippocampal plasticity, cell proliferation

in the dentate gyrus was decreased following withdrawal from pregnancy-related hormones

(55). Furthermore high levels of CORT to the dam during either gestation (40 mg/kg) or

high or low levels of CORT (10 or 40 mg/kg) to the dam during the postpartum reduced cell

proliferation in the female hippocampus at the time of weaning compared to oil-injected

primiparous rats (73). In addition, dendritic branching in the basal region of the CA3

pyramidal cells was reduced in CORT-treated postpartum dams (74), consistent with a study

showing 3 weeks of chronic restraint stress resulted the same basal region in nulliparous

female rats (36). Perhaps paradoxically dams treated with high CORT postpartum also

showed an increase in mushroom spine density (74) at weaning but this finding was

consistent with a study showing that chronic restraint stress increased spine density in the

CA3 region of male rats (75). The reader is directed to a review of steroid hormone

involvement in postpartum depression for further information (66).

Animal models of postpartum depression based on stress exposure

As mentioned above, stress during pregnancy represents one of the most prominent risk

factors for the development of postpartum mood disorders and is known to have differential

effects on neurogenesis in male and female rodents (76, 77). Although most studies that

employ maternal stress are primarily interested in the effect of such stress on the offspring

(in this issue see (78)), stress during both pregnancy and lactation has repeatedly been

shown to change maternal behavior, anxiety- and depression-like behavior as well as HPA

axis activity (see (65, 67, 77) for reviews). In addition to the peripartum-associated elevated

basal CORT levels, there are numerous alterations that act in concert to decrease the

response of HPA axis to external stressors (79, 80). This raises the interesting possibility

that stress during the peripartum period may affect neurogenesis in a different fashion to that

observed in male and female (virgin) rodents.

Repeated restraint stress from pregnancy days 11 to 17 (three times a day for 45 min)

increased cell proliferation in the hippocampus compared with controls as assessed using

Ki67, an endogenous protein expressed during most stages of the cell cycle, on pregnancy

day 21. This stress protocol also increased Ki67 staining in virgins, suggesting that this may

more related to females rather than the peripartum period per se. There was no effect of

stress on BrdU+ cell survival in either virgin or pregnant rats (BrdU injected on pregnancy

day 0; (77)). In a follow-up study, repeated restraint stress for 1h a day during the last two

weeks of pregnancy (e.g. pregnancy day 8 – 21) caused apical dendritic atrophy in CA3, but

not CA1, pyramidal cells in both virgin and pregnant rats. The reduction in dendritic length

and branches was more severe in pregnant rats and, of note; the dendritic complexity of

these cells was also reduced by pregnancy alone (49). Further, even early life environment

Galea et al. Page 7

J Neuroendocrinol. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



has been shown to affect peripartum-associated hippocampal plasticity when the offspring

become pregnant (72, 81).

David Slattery’s group has recently performed a study investigating the effect of repeated

restraint stress during the first weeks of lactation (lactation days 2 – 13; 2h per day), which

provides the first direct evidence that both hippocampal morphology and neurogenesis are

effected differentially during this period (82). The lactation-associated reduction in absolute

and relative brain weight, which has also been shown in humans (8) was shown to reversed

by exposure to the stress paradigm. This reversal was also reflected in hippocampal

neurogenesis, as the lactation-associated decrease in dentate gyrus cell proliferation 24 h

after the end of stress exposure (i.e. lactation day 14)) was also prevented by stress

exposure; despite an increase in basal CORT levels. In this study, BrdU+ cell survival was

also investigated by injecting BrdU during the first 4 days of stress (lactation days 2 – 5) and

assessing the number of BrdU+ cells on lactation day 21 (i.e. immediately prior to weaning).

While BrdU+ cell survival was not affected, stress exposure reduced neuronal differentiation

(82).

Taken together, these studies, as well as those described above following exogenous CORT

administration, suggest that the hippocampus may be more vulnerable to the effects of stress

during the peripartum period compared with virgins. Moreover, they suggest that CORT

levels are only partly involved in the regulation of adult hippocampal neurogenesis under

stress conditions during the peripartum period. Thus, fluctuations in other hormones that

occur classically during the peripartum period may also play a major role, such as oxytocin

and prolactin, which, as mentioned above, have been shown to influence hippocampal

neurogenesis (16, 18). Alternatively differential interactions with pups after restraint stress

may contribute to the lack of pregnancy/lactation-induced decrease cell proliferation since as

pointed out earlier, pup exposure can increase cell proliferation in nulliparous rats (43, 83).

In support of this, restraint stress during the first weeks of lactation increased active nursing

behavior in dams for the first two hours after stress compared with control dams (82).

Clearly high maternal CORT or stress can adversely affect the offspring, for a review on the

effects of early life stress and environment on offspring development see reviews in this

issue (78, 84, 85).

Animal models of postpartum depression based on selective breeding

Selective breeding models such as animals bred for high or low anxiety- related behavior

(HAB and LAB, respectively) or depressive-like behavior, namely the Flinders Sensitive

Line (FSL) have been investigated during the peripartum period. While HAB rat and mouse

mothers have been repeatedly demonstrated to display elevated nursing behavior, LAB and

FSL rat dams show decreased maternal care towards their offspring (86–89). HAB females

have been shown to display reduced cell proliferation and survival compared with non-

selected CD-1 mice, while prenatal stress decreased cell survival only in HAB offspring (90,

91). Similarly, FSL rats display decreased hippocampal volume and neuron and glial

numbers in various hippocampal subregions (92). Although, it has not been studied to date

in dams, these findings suggest that hippocampal plasticity may be further altered in HAB

and FSL dams and play a role in their maternal phenotype.
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Aging and motherhood

Given the profound changes a woman’s body goes through to carry a fetus successfully it is

perhaps not surprising that there may be long-lasting effects of motherhood on the female

brain. There is a growing body of evidence to indicate that previous motherhood can affect

the aging brain in both rodents and humans. Previous reproductive experience increased cell

proliferation in the hippocampus to estrogens (93), and brain derived neurotrophic factor

levels in the hippocampus (94), while it reduced the age-related decline in spatial memory

and levels of amyloid precursor protein in the hippocampus (95) in middle-aged rats.

However perhaps in contrast, parity is associated with an increased risk to develop

Alzheimer’s disease (96, 97), and parous women present with dementia at an earlier age (96,

98). The effect of parity on the age of onset of Alzheimer’s disease is modulated by the

apolipoprotein E genotype (99) and by the genetic variation in the CYP19 gene (100). An

earlier age of onset of Alzheimer’s disease in parous women was seen if they possessed the

TT allele of the rs4646 genotype but remarkably this same relationship was not seen in

nulliparous women (100). These findings suggest that genotype interacts with reproductive

experience to affect earlier age of onset of Alzheimer’s disease in women. In addition, one

study found increased levels of Alzheimer’s-related neuropathology (senile plaques) in

women with increasing parity (101). Intriguingly a recent study may reconcile these

seemingly contradictory findings of aging and parity on brain health from the human and

rodent literature. Rena Li and colleagues found that reproductive experience differentially

affected cognition along with cortical and hippocampal synaptophysin levels depending on

the genotype of the female mouse (wildtype or APP23 (an Alzheimer’s mouse model);

(27)). The normal cognitive enhancement seen with reproductive experience in 12 month old

mice was not apparent in the APP23 mice in either the Y maze or spontaneous alternation

behavior (27). Furthermore reproductive experience increased synaptophysin levels in

wildtype female mice but reduced synaptophysin levels in APP23 female mice. In addition,

reproductive experience increased the number of plaques seen in the cortex and

hippocampus in the APP23 mice compared to nulliparous APP23 mice. A somewhat similar

finding was observed in women as nulliparity was associated with less cognitive decline in

aging women (28). Cindy Barha and Liisa Galea (93) examined the effects of acute

injections of various estrogens on cell proliferation in middle-aged female rats that had

either no reproductive experience or were retired breeders (having had at least 4 litters).

They found that all estrogens tested were sufficient to increase the level of cell proliferation

in retired breeder females (those females with reproductive experience) but none of the

estrogens significantly influenced cell proliferation in middle-aged females without

reproductive experience. Furthermore, ovariectomy in middle-aged female rats reduced cell

proliferation of reproductively-experienced female compared to sham controls, a similar

finding is seen in young adults (52). These studies illustrate that the aging maternal

hippocampus responds differently to ovarian hormones compared to the non-maternal

hippocampus and may have implications for treatment and disease risk especially for sex-

related neurological diseases. It is important to note that these are early days in

understanding the significance of reproductive experience on aging in the female brain.

Researchers are just beginning to explore the interactions between parity, genes, and

hormone exposure on age-related dementias.
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Conclusions

In this review, we have highlighted the dramatic changes that a mother undergoes during the

peripartum period, which include substantial changes in hippocampal plasticity and

hippocampus-based cognition. Thus, in the hippocampus of the mother cell proliferation,

neurogenesis and dendritic architecture are reduced during the peripartum period. In more

detail, while increased spine density has been observed in the CA1 region during the

postpartum period, primiparous rats show decreased dendritic length and branch points in

both the CA1 and CA3 regions compared with virgins. The decreases in dendritic length and

branch points are still observed after weaning whereas spine density normalizes; except in

multiparous females. These changes coincide with alterations in both ovarian and adrenal

steroids in the mother and appear to require the presence of the pups. Interestingly, pup

exposure in nulliparous rats leads to increased hippocampal neurogenesis suggesting that the

hormonal profile of the mother may be the driving factor in her hippocampal plasticity. It

should be noted that in biparental species significant changes in hormones as well as

alterations in neuroplasticity are seen in fathers (as reviewed in this issue, see (85, 102)).

Such changes in hippocampal plasticity as those observed in the peripartum period have

been implicated in stress-related disorders and this time represents a risk factor for woman

to develop psychiatric disorders such as postpartum depression. Indeed, it has been

demonstrated that withdrawal from pregnancy-related hormones and daily administration of

high-doses of CORT during either pregnancy or lactation reduce cell proliferation in the

hippocampus. Further, postpartum CORT administration also reduced dendritic branching of

CA3 pyramidal cells, which reflects similar stress-related effects observed at the end of

pregnancy. Stress during pregnancy and the postpartum period have also been shown to

increase proliferation while not affecting new cell survival; although neuronal differentiation

was reduced by stress in the postpartum period. However, whether these changes play a

causal role in postpartum mood disorders remains to be determined.

Ageing is another factor known to affect hippocampal plasticity and reproductive experience

has been shown to enable estrogens in later life to increase cell proliferation in the dentate

gyrus. While reproductive experience reduces the age-related decline in spatial memory this

effect appears to be offset in animal models of Alzheimer’s disease. However, the effects of

reproductive experience on the onset of Alzheimer’s disease appear are more controversial

and influenced by genetic variation in the CYP19 gene.

Taken together, these studies show that hippocampal architecture undergoes substantial

peripartum-associated plasticity and interference with these processes by ovarian and/or

adrenal steroid alterations may play a role in postpartum mood disorders. Finally,

reproductive experience continues to affect hippocampal plasticity later, which impact on

cognition and Alzheimer’s disease.
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