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Graphic representation of infant loss-mediated impact on emotionality and neuropeptide

systems — what is known in women and rodents. lllustration by Carola Demarchi.
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e The mother-child bond is the most enduring bond in life

e Losing a child is devastating, increasing the susceptibility for grief disorders

e We provide evidence for potential roles of OXT and CRF systems in grieving mothers

e These neuropeptide systems are involved in maternal behavior and stress response

e Future research is needed to understand the neurobiology of grief in motherhood

Abstract

The bond between a mother and her child is the strongest bond in nature. Consequently, the

loss of a child is one of the most stressful and traumatic life events that causes Prolonged

Grief Disorder in up to 94% of bereaved parents. While both parents are affected, mothers

are of higher risk to develop mental health complications; yet, very little research has been



done to understand the impact of the loss of a child, stillbirth and pregnancy loss on key
neurobiological systems. The emotional impact of losing a child, e.g., Prolonged Grief
Disorder, is likely accompanied by dysregulations in neural systems important for mental
health. Among those are the neuropeptides contributing to attachment and stress
processing. In this review, we present evidence for the involvement of the brain oxytocin
(OXT) and corticotropin-releasing factor (CRF) systems, which both play a role in maternal
behavior and the stress response, in the neurobiology of grief in mothers from a behavioral
and molecular point of view. We will draw conclusions from reviewing relevant animal and
human studies. However, the paucity of research on the tragic end to an integral bond in a
female’s life calls for the need and responsibility to conduct further studies on mothers
experiencing the loss of a child both in the clinic and in appropriate animal models.
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1| Introduction

Positive and intact social bonds are important in the social life of humans as well as of many
other social species [1]; such positive social bonds ensure the individual’s psychological and
physiological well-being. Consequently, these can be dramatically impacted by the loss of a
bond, i.e., due to separation or death. Among the emotional bonds found in nature, the
maternal bond is arguably the most important and often the most long lasting in the course
of our lives ([2]; [3]).The early mother-child bond not only shapes the future ‘me’, but has a
great impact on the mother as she undergoes a number of peripartum adaptations in order
to become and stay maternal [4]. It is undisputed that a dramatic event in the peripartum
period like the termination of the mother-child bond due to, e.g., pregnancy loss, stillbirth,

crib death, illnesses or accidents, is considered an emotional trauma that devastates the



psychophysical well-being of the mother and family ([5]; [6]; [7]). The loss of a child,
consequently, is a dramatic and stressful event that afflicts many families around the world.
In fact, globally in 2019 it was estimated that for every 71 live births there was one stillbirth,
which is defined as no sign of life at 28 weeks of pregnancy or later [8]. In addition, the
global child mortality rate is estimated to be 4% [9]. Statistics on miscarriage are even
higher, as this is the most common complication of early pregnancy [10]. Among women
who are aware of their pregnancy, the miscarriage rate is 10% to 20% [11] with 45% of
pregnancies ending in miscarriage in women over the age of 40 [11]. Therefore, with so
many mothers experiencing the loss of a child there is an urgent need to understand the
neurobiology of bereavement in motherhood.

Conceptually, grief is an attachment reaction while bereavement is the period in which the
person suffers with the loss [12]. Psychological symptoms following the loss of a loved one
can range from feeling insecure, agitated, aggressive, anxious and having difficulties
accepting the loss to depressive states that can lead in 7% to 10% of the bereaved
population to Prolonged Grief Disorder (PGD) ([13]; [14]; [15]; [16]) i.e., when the symptoms
last more than 6 months. However, in bereaved mothers and fathers, up to 94% develop
PGD ([17]; [18]). Moreover, PGD is frequently comorbid with depression, anxiety and PTSD
with up to 75% of individuals with PGD developing symptoms of one or more of these
disorders [19]. Furthermore, recent research has shown that women who experience early
pregnancy loss (loss before 12 weeks of gestation) have high levels of posttraumatic stress,
anxiety and depression that remains clinical significant 9 months later [20]. It is also not
surprising that stillbirth is accompanied by high levels of anxiety and depression in the
mother for up to 3 years [21]. The neurobiology of grief is an emerging research field that is

constantly growing but unfortunately, scientific research has been influenced by a strong sex



bias that has created a lack of knowledge of female physiology [22], thereby also leading to
the little we know about grieving mothers’ neurophysiology and emotionality. Hence, we
aim to review the current literature on the neurobiological impact of losing a child on the
mother with focus on neuropeptide systems known to facilitate (oxytocin; OXT) or to hinder
(corticotropin-releasing factor; CRF) adequate mothering ([23]; [24]; [25]; [26]) (for a more
general review of neuroendocrine mechanisms in grief and bereavement see [27]). Given the
severe paucity of scientific research in this field, we decided to include examples of relevant
studies on repeated forced mother-offspring separation. This repeated mother-offspring
separation paradigm is not the same as permanent removal of the offspring but is a forced
and often unpredictable separation that can provide knowledge of the neurophysiological
systems at play when a mother-offspring bond is severed. The impact of repeated mother
offspring separation on the mother spans from changes in behavior to molecular levels in
experimental animal models and women, and could further help to identify gaps and

possible future research directions on neurobehavioral processes in grieving mothers.

1.1| The maternal bond

Among the central evolutionary force in life is the ability to develop specific and even long-
lasting bonds ([28]; [29]). In particular, the maternal bond is considered not only the basis to
form social bonds, but also the strongest and most enduring bond in life for both
participants in the mother-child dyad ([30]; [31]). The experience of becoming a mother
involves adaptations on hormonal, neuronal and, consequently, behavioral levels all of
which ensure the survival of the offspring ([32]; [33]; [34]; [35]; [2]; [25]; [26]). Maternal
behavior is defined as the sum of all behaviors aimed at maintaining the offspring's well-

being. After giving birth, the rodent mother is spontaneously attracted to her pups, which is



triggered by numerous sensory stimuli (olfactory, auditory, visual, chemical), ([36]; [37];
[38]).

In rodents, the reproductive experience itself is capable of affecting the maternal brain on
multiple levels, including emotionality, stress response and cognition [39]. Curiously, in
women the experience of pregnancy causes neuroplastic changes, i.e., reducing gray matter
volume in many brain areas associated with social cognition, that are predictive of greater
maternal postnatal attachment [40]. In line with this, lactating rodents, with lower levels of
neurogenesis in the hippocampus, show increased memory during the postpartum period
and even after weaning ([41]; [42]; [43]; [44]; [45]). This suggests a fine-tuning of neural
systems with the transition to motherhood to ensure offspring survival. The relationship
between the mother and the infant is directly linked to the neurobiological and behavioral
development and well-being of both subjects ([46]; [47]). For example, a better quality of
maternal care has long-term positive effects on pups, reducing anxiety and increasing
sociability ([48]; [30]). Consequently, disrupting the bond, either repeatedly or permanently
can have detrimental impact on the offspring, as has been shown over the past decades (for
reviews see: [49]; [50]). For example, a reduced quality of maternal care has a negative
effect on learning and memory and on the neuroendocrine response to stress in the adult
offspring [51]. The reduction in maternal care or repeated separation from the mother in the
postnatal period causes severe long-lasting consequences, such as increased anxiety [52],
altered stress response [53] and epigenetic changes in the central nervous system of the
adult offspring ([54]; [55]). It is unfortunate, though, that only a few studies have

characterized the infant-loss mediated impact on maternal neurobiology.

1.2| Role of the OXT and CRF systems in the healthy maternal brain



The aim of this review is to collect the information on the consequences of breaking the
mother-child bond on the maternal brain with respect to the “pro-maternal” OXT and “anti-
maternal” CRF neuropeptide systems [25]. As these neuropeptide systems are also involved
in the etiology of stress-related disorders in both rodents and humans, and that losing a child
is a severely stressful experience that dramatically affects the maternal brain, these
neuropeptide systems are promising candidates with respect to the underlying physiology of
emotional and behavioral consequences in grieving mothers. Our first step here is to briefly
summarize our knowledge of these neuropeptide systems in the maternal brain. See the

following for more in-depth reviews on the brain OXT ([2]; [56]) and CRF systems ([57]; [25]).

1.2.1| The OXT system is activated in lactation and promotes maternal behavior

OXT is a nonapeptide synthesized primarily in two hypothalamic nuclei, i.e., the
paraventricular nucleus (PVN) and the supraoptic nucleus (SON). The magnocellular OXTergic
neurons project from these two nuclei to the neurohypophysis, where OXT is stored in the
axon terminals and then secreted into the blood. The peripheral actions of OXT include the
stimulation of the myometrium contractions during labor and secretion of milk during
lactation [56]. Concurrently, OXT is also released in the central nervous system in regions
such as the PVN, SON, septum, hippocampus and olfactory bulb ([58]; [59]; [60]; [61]; [62];
[63]).

Central OXT acts as a modulatory factor of emotionality, reducing anxiety and the response
to stress on one hand and favoring social and emotional bonds, and social behavior on the
other hand ([64]; [23]; [65]; [66]; [56]). In this context, OXT is involved in mediating both
maternal care and maternal aggression as shown in rodents ([67]; [68]; [69]; [70]; [71]; [72];

for in-depth reviews see [2]; [73]; [56]). Therefore, it is not surprising that both central and



peripheral OXT levels increase during the postpartum period as demonstrated in rat and
sheep mothers ([59]; [74]; [75]; [64]). Additionally, OXT receptor (OXT-R) density increases
around parturition in several brain areas known to be involved in maternal behavior,
including the medial preoptic area (mPOA) and bed nucleus stria terminalis ([76]; [77]). In
parturient rats, central administration of an OXT-R antagonist blocks the onset of maternal
care [78]. In lactating rats, intracerebroventricular (icv) infusion of OXT does not further
increase maternal care [79], while an OXT-R antagonist lowers the level of pup-directed
behavior ([70]; [24]). In support, mice with a knockout for the OXT-R show impaired
maternal care [80]. In women, high levels of plasma OXT are associated with high levels of
maternal attachment ([81]; [82]). Conversely, low plasma OXT levels are thought to be a sign
for an increased risk for postpartum depression ([83]; [84]; [85]). However, it is important to
underline that the release of OXT into the peripheral blood stream can be independent of
central release and, thus, does not necessarily reflect brain OXT levels [86]. Recent genetic
studies in humans reveal that the quality of mothering is influenced by single nucleotide
polymorphisms in the genes for OXT (e.g., rs2740210; rs4813627; [87]) or OTXT-R (e.g.,

rs968389; [88]).

1.2.2| The CRF system activity is dampened in lactation and impairs maternal behavior
The CRF system consists of four polypeptidergic ligands (CRF, Urocortin 1-3), CRF binding
protein (binds free CRF and Urocortin 1 thereby reducing their availability for the receptors),
and two receptors (CRF-R1 and CRF-R2). These members of the CRF system are expressed
widely throughout the brain [57]. One of the main roles of CRF is driving the stress response
via the hypothalamo-pituitary-adrenal (HPA) axis. The response to stress is triggered in the

parvocellular part of the PVN leading to CRF release into the portal blood. Here, it elicits the



release of ACTH from the posterior pituitary gland into the main blood stream. In the
adrenal cortex, ACTH stimulates the release of cortisol (humans) or corticosterone (rats,
mice), which in turn exerts a negative feedback on various levels including PVN,
hippocampus, and pituitary gland. In the brain, increased CRF system activity is affecting
numerous behavioral outcomes including impairment of maternal behavior. Therefore, it is
not surprising that one of the peripartum adaptations is a dampening of the CRF system
activity (for a comprehensive review see [25]).

The HPA axis activity is significantly reduced in lactating rats, mice and humans ([89]; [90];
[91]); the brain of lactating rats, in general, is less responsive to CRF compared to virgin
females ([92]; [93]). This includes, e. g., decreased CRF mRNA in the central amygdala (CeA)
[94], and the parvocellular PVN ([89]; [94]; [95]; [96]). Consequently, a centrally activated
CRF system impairs maternal behavior in lactating mouse and rat mothers ([95]; [97]; [98]),
and can even induce pup-killing in ovariectomized female rats [99]. In addition, the
involvement of both CRF-R subtypes can differ. In the antero-dorsal BNST, e.g., CRF-R1
activation impairs maternal behavior to a greater extent compared to CRF-R2 activation [97],
whereas opposite effects are observed in the medial-posterior BNST ([100]; [101]).
Therefore, those and other studies (see review by [25]) demonstrate that a downregulation
of the CRF system peripartum is a prerequisite for mothers to exhibit adequate maternal
behavior. In support, an upregulated CRF system is thought to be a risk factor for
psychological disorders ([102]; [103]; [104]). Hence, any maladaptation of the CRF system in
general - and in the peripartum period in particular - likely results in serious consequences
like increased risk to develop emotional disorders, which affect at least 15% of mothers
[105]. Importantly, CRF is one of the factors known to contribute to such maladaptation

([106]; [107]).



2| Grief and bereavement of the offspring

Worldwide, approximately 2.6 million newborns die each year [108]. Infant loss is a tragic
life-changing event for parents which often causes PGD, including symptoms of depression
and anxiety ([109]; [110]; [111]), e.g., the bereaved parents show higher levels of emotional
distress and post-traumatic symptoms when compared to non-bereaved parents ([108];
[112]). In fact, the loss of one's child is considered the most vulnerable type of bereavement
([113]; [114]; [115]). It can even cause physical pain, i.e. significantly increasing pain
intensity, compared to the loss of a partner or parent [116]. It is not surprising that the first
six months following the death of a child are the most intense months of psychological stress
for mothers [117]. The extent to which mothers suffer from the consequences of child loss
can decline over time ([118]; [14]). A study reports that one month after their child dies, 17%
of parents (both the mother and father) suffer from post-traumatic stress disorder, which
decreases to 9% in the following 3-12 months [119]. While both parents are affected by the
loss of the child, mothers are of higher risk to develop mental health complications ([120];
[121]; [122]) with the majority suffering from chronic depression [113]. Surprisingly, the
form of grief following the loss of a child is still underestimated and not well understood ([5];
[123]; [124]). Studies on grieving mothers find no differences in the symptomatology across

the various types of infant loss (e.g., prenatal versus postnatal) [125].

3| The CRF system after offspring loss in rodents
The HPA axis underlies peripartum adaptations; its activity is different compared to virgin
female or male animals due to the role of components of the HPA axis in offspring care

[126, 127]. Under normal, non-stress conditions, lactating mothers show hypercortisolism,
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which is required to meet the constantly high energy demand in lactation ([128]; [129];
[130], [96]) as well as form maternal memory [127]. Under acute stress conditions, the HPA
axis reactivity is altered to enable the mother to react adequately ([128]; [131]; [132]; [133];
[96]; [94]; [134]). In the case of breaking the maternal-offspring bond, it is likely that this acts
as a chronic stressor, or abnormal event, thereby altering the function of the maternal HPA
axis on many levels and for a longer period time ([135]; [105]; [136]). In support of this
notion when looking at the studies that remove the litter completely from the mother
shortly after birth, more analogous to the clinical situation of infant loss, it has been shown
that these mother rats have increased depressive-like behavior, increased anxiety and an
impairment in memory weeks later ([137]; [138]; [44]). These behavioral effects weeks after
offspring removal occurred despite the fact that removal of the litter shortly after birth
resulted in serum levels of corticosterone returning to virgin levels 5 days later [139].
Unfortunately, we lack detailed knowledge on the effects of infant or child loss on the
maternal brain in rodent literature and how it may differ from both the maternal and virgin
states. This is despite the fact that a large body of research has analyzed the consequences
of mother-pup separation on neurobehavioral outcomes in offspring, perhaps most
popularized with the research of Harry Harlow. Of the few papers that have investigated the
effects of mother-offspring separation on the mother, the majority of studies have adopted
the maternal separation paradigm with slightly varying timelines and durations of
separation.

Given that there are no studies of offspring loss that thoroughly investigate the
neuroendocrine effects in the mother, we extend the discussion here to studies that
investigated the OXT and CRF systems by using repeated mother-offspring separation

paradigms. Such paradigms which consist of forced separation between mother and
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offspring are generally applied during the first postnatal days, typically during the first 2-3
weeks after giving birth, either for a short (15-30 minutes per day) or a prolonged period (3-
6 hours per day). The studies that adopt this paradigm demonstrate an impact of the
separation on both behavioral and molecular levels in the mother (Table 1). For instance,
maternal care is influenced by the duration of separation from the pups. Repeated short
separation induces an increase in licking and grooming and arched-back nursing ([140]),
whereas repeated prolonged separation leads to reduced maternal care ([141]; [142]).
However, a recent study that applied daily 4 hour-separations from postnatal days 2-20
reports increased licking and arched-back nursing behaviors in rat dams [143]. In addition,
the long-term separation can also impair the mothers’ short-term memory [144]. With
respect to emotionality, repeated prolonged separation between 3 and 6 hours for 2-3
weeks postpartum results in increased depressive-like behavior [145] and an anxious
phenotype in the mothers ([146], [144], [140], [147]; but also see [143]). The latter is
speculated to be due to an increased cellular activity of the CeA [144].

From a molecular point of view, the literature on neuroendocrine effects of mother-
offspring separation on the maternal brain is limited and mostly focuses on glucocorticoids.
Following repeated short separation, maternal plasma corticosterone levels increase [146].
Curiously, in another study, complete removal of the offspring from the postpartum dams
for 3 days decreased corticosterone to levels observed in virgin rats [148]. Repeated
prolonged separation during the first week postpartum increases glucocorticoid receptor
gene (Nr3C1) expression in the mothers' hippocampus ([140]; but also see [143]). Previous
studies show that variations in the expression pattern of this gene in the hippocampus could
induce a vulnerability to potential injuries following chronic stress [149]. Furthermore, the

expression of Morcl mRNA, which is connected to chronic stress experience and depression
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([150]; [151]; [152]), is increased in the medial prefrontal cortex (PFC) of mothers after
repeated prolonged pup-separation [143]. Repeated prolonged separation decreases the
density of positive CRF cells in the PVN of the mother when compared to mothers exposed
to repeated short separation [153]. These data demonstrate a strong impact of pup
separation on the maternal stress axis and emotionality which may have life-long effects on
the well-being of the mother. More concentrated research efforts are needed on the
neurophysiology of grieving mothers in order to identify potential treatment targets to

regulate the HPA system and ease the impact of the loss.

4| The OXT system after offspring loss in rodents

The OXT system plays a fundamental role in maternal behavior and at the same time in
regulating the stress response ([2]; [56]). During pregnancy and lactation, OXT system
activity is elevated ([2]; [154]); e.g., the expression of, and binding to, OXT-R as well as the
number of OXT positive cells in hypothalamic regions is increased in non-stressed mothers
([155]; [156]). Chronic central OXT infusion attenuates the neuronal and neuroendocrine
responses to stress in virgin female rats [157] further supporting the involvement of
endogenous OXT in the attenuated stress responses during the peripartum period.
Importantly, the stress system is also capable of manipulating the OXT system as
demonstrated in an animal model of partner loss in the monogamous, biparental prairie vole
(Microtus ochrogaster) [158], which have evolved as an important animal model to study
social bonds (for detailed reviews on their social system and studies on loss see [159]; [160];
[161]; [3]). Briefly, losing the female partner, i.e. permanent separation, acts as a chronic
stressor on the male [162], thereby causing increased CRF-R2 activation, which suppresses

OXT mRNA expression in the PVN and reduces local OXT signaling in the nucleus accumbens
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(NAcc) shell. The result is an adverse emotional state that shares common mechanisms with
bereavement ([3]; [1]). Importantly, this state can be reversed by chronic administration of
OXT or deactivation of CRF-R2 in the NAcc shell [158]. Interestingly, the OXT and CRF
systems might interact directly via neuronal coexpression of OXT-R and CRF-R [163]. For
example, in the NAcc CRF positive parvocellular PVN neurons express OXT but not OXT-R,
while magnocellular PVN neurons coexpress CRF, CRF-R2, OXT and OXT-R, allowing these
positive CRF neurons to respond to OXT release and vice versa ([164]; [163]). Similarly,
separation from the male partner induces chronic stress in the lactating female prairie vole,
increasing the anxious phenotype and passive stress-coping [165]. In socially separated
female prairie voles, i.e. being isolated from a female sibling for 4 weeks, repeated
subcutaneous administration of OXT buffered the separation-induced increase in depressive-
like behavior and cardiac dysfunction [166]. However, the OXT systems’ role in female prairie
vole mothers following separation remains to be investigated.

With respect to mother-offspring bond disruption, most studies use the paradigm of
repeated short or long maternal separation, as mentioned in section 3, to analyze potential
dysregulations of the OXT system (Table 1). For example, repeated short separation from
postnatal days 1 to 22 increases OXT-R expression in numerous brains regions involved in
the response to stress and/or maternal behavior, including the hippocampus, CeA, PFC,
mPOA, lateral septum, and NAcc shell compared to a control group [167]. Furthermore,
repeated short separation from pups increases the number of OXT-immunoreactive cells in
the PVN whereas repeated prolonged stress reduces it in the caudal PVN compared to non-
lactating rats [153]. This is an interesting finding as it suggests that prolonged maternal
separation stress is able to reverse the peripartum adaptation-associated increase in OXT-

immunoreactive cells [153]. Different to those effects on the OXT system in the brain,
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plasma OXT levels are similar in rat mothers exposed to repeated short or prolonged
separation from offspring [146]. Moreover, even total deprivation of pups for 20 hours over
4 consecutive days does not alter plasma OXT levels compared to control in rat mothers
[168]. However, it is important to keep in mind that removal of pups from the mother also
results in the absence of the milk ejection reflex and, consequently, an absence of
stimulation of the mammary glands, which can stop lactation. Therefore, it is not surprising
that the same study reports a cessation of lactation in the long-term separated group [168].
The cause of this cessation of lactation is the abnormal electrical activity of OXT neurons,
which do not respond adequately when not being stimulated regularly by suckling [168].
Another factor that needs to be considered when studying the maternal brain is the age of
the pups or rather the progress of lactation. In the biparental, monogamous prairie voles,
removal of the pups for 30 minutes strongly activates OXT neurons in the PVN on postnatal
days 2 and 9, whereas there is only minimal activity on postnatal day 21 suggesting that the
functional plasticity of the OXT system is associated with parental behavioral and the growth

of the pups [169].

5| The CRF systems after infant loss in humans

Studies in humans evaluating the endocrine effects following bereavement use blood
cortisol levels as a primary indicator of stress or rather of chronic stress (Table 2). Cortisol is
released from the adrenal gland, and activation of the HPA axis increases circulating cortisol
levels. Moreover, high cortisol concentrations can cause a dysregulation of the HPA axis, a
process that has been related to a state of chronic stress as seen, e.g., in major depressive
disorders [170]. The first studies that have analyzed the relationship between psychological

stress and adrenal gland activity date to more than 50 years ago. In 1964, Wolff and
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colleagues analyzed plasma levels of 17- hydroxycorticosteroid (17-OHCS) in parents of
fatally ill children, affected by leukemia or other fatal childhood neoplasms. This study
demonstrates that the more effectively a parent “fights” against the threat of loss, i.e. the
more that control is exercised over feelings, the lower their chronic 17-OHCS excretion rate
is [171]. A few years later, a study indicated that the 17-OHCS excretion levels during a pre-
child loss period can be significantly different from the bereavement period and that the
direction of the difference is an important characteristic of the individual subject [172]. An
evaluation of pairs of parents who experienced sudden child death demonstrates no
difference in cortisol levels compared with non-bereaved subjects, whereas the bereaved
parents score higher on the Beck Depression Inventory test and have increased helper T cells
as an indicator of an immunological response [173].

Due to a lack of further data on grieving mothers, we also must consider studies on women
suffering from the loss of close persons. In the literature, most studies have analyzed women
and men in mourning as one group, without considering potential gender differences or
even distinguishing the type of bereavement, i.e., whether a child, a partner, or a family
member has deceased. In 2009, Buckley and colleagues analyzed the plasma cortisol level in
non-bereaved versus bereaved men and women 2 weeks and 6 months after the loss of a
loved one (a partner or a child). Comparing the two time points, the morning cortisol level
increased in the bereaved compared to the non-bereaved participants, regardless of gender,
suggesting an evident reaction of the HPA axis to the stress of loss. Furthermore, elevated
depressive symptoms were found in the bereavement group at both time points [174].
Curiously, a study found that men show lower cortisol levels while women show higher
levels at 6 months post bereavement [175]. In a small sample of widows, within the first 6

months of partner loss plasma cortisol levels were significantly higher compared to a sample
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of women who were still married [176]. In support of long-term effects, daytime cortisol
levels were increased in men even many years after the loss of a loved one [177].
Furthermore, morning and daytime cortisol levels were higher in participants with PGD than
in normal grieving or non-grieving participants, the latter two being no different from each
other [178]. In a recent review, it emerged that the loss of a loved one can be associated
with neuroendocrine alterations both in the early / acute stage and in the late / chronic
stage of bereavement [27]. In general, people with PGD have flattened daytime cortisol
curves and reduced morning cortisol levels when compared to people in normal
bereavement. Furthermore, the closer the relationship to the deceased person was, the

more the neuroendocrine system is dysregulated.

6| The OXT systems after infant loss in humans

Similar to rodents, the OXT system facilitates maternal behavior and the maternal bond in
humans [82]. Research on the maternal bond identified a potential link between OXT and
dopamine in the medial amygdala network, i.e., NAcc, amygdala, and PFC, assuming that
both neurotransmitters/modulators contribute to the attachment [179]. Recently,
peripartum salivary OXT levels in mothers were found to be moderately associated with
maternity blues and significantly correlated with postpartum fatigue [180]. However, only a
few studies tried to investigate a potential link between the parental OXT system and
separation from the children as a stressor (Table 2). In a study on the effects of intermittent
separation, e.g. 15 minutes, and reunion with one’s infant, near-infrared spectrometry
demonstrated a positive correlation between parental activation of the PFC, parenting and
OXT levels [181]. This finding is in line with previous research demonstrating a connectivity

to the medial PFC and orbitofrontal cortex from the limbic system, such as amygdala, NAcc,
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and hypothalamus ([182]; [183]), thereby suggesting that OXT activates the limbic system
directly, and the PFC indirectly, via neural connections. In addition, a study by Rutherford
and colleagues using event-related potentials (ERPs) showed that OXT administration can
enhance the ERPs elicited by infant distress as compared to infant neutral faces in non-
parent women giving more support to the OXT system’s role in the modulation of
attentional processing of infant stimuli [184].

With respect to grief, studies that have analyzed the association with OXT usually do not
distinguish between men and women, nor the type of grief (see section 5). We do know that
up to 94% of parents develop PGD after the death of a child ([17], [18]), whereas mourning
the death of a loved one causes PGD in 10% of individuals [122]. Women are, in general,
more vulnerable to developing PGD [16]. This gender difference is an important factor to
consider when investigating OXT and PGD as OXT levels vary with gender [185]. In individuals
with PGD, plasma OXT is often measured due to its role as a ‘social’ neuropeptide and its
role in social bonds. Although it is debatable whether plasma OXT reflects brain OXT levels,
the direct correlation between peripheral and central OXT levels appears to be the
prerogative of non-human animal studies, while in humans a direct correlation is apparent in
high stress situations [186]. Indeed, the latter might be the case in PGD, and numerous
studies have reported a link between plasma OXT and human behavior (for review see:
[187]). In a recent study, Bui and colleagues investigated plasma OXT levels in men and
women with a primary PGD and they found that in participants with PGD plasma OXT levels
were higher compared to participants with depression, but not different from participants
with normal grief experiences. Secondary analyses revealed that the diagnosis of PGD is
positively associated with plasma OXT levels in men and women [188]. Hence, it is

speculated that the increased plasma OXT levels is reflecting the stress arising from the loss
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of a social bond, which is specific to PGD compared to depression [189]. An additional study
provides further support for a potential role of OXT signaling in the pathophysiology of PGD
by reporting a gene x environment effect between a genetic variant of the OXT-R (single

nucleotide polymorphism rs2254298) and greater PGD symptom severity [190].

7| Summary and conclusions

This review proposes that the OXT and CRF systems are involved in the emotional impact of
bereavement and grief in mothers. Rodent mothers that have experienced prolonged
separation from their pups show an anxious and depressed phenotype accompanied by
impaired short-term memory and reduced maternal care ([137]; [44]; [138]; [144]; [142];
[141]). These phenotypic effects can be partly explained by the involvement of the OXT and
CRF systems; alterations in the levels of corticosterone and mRNA of the NrC1 and Morc
genes, respectively, in the hippocampus and in the PFC and a decrease in CRF positive cells in
the PVN ([146]; [148]; [140]; [143]; [153]). Repeated short separation from pups induces an
increase in OXT-R in numerous brain areas and an increase in OXT positive cells in the PVN
while prolonged separation from pups decreases the density of OXT positive cells in the
caudal PVN ([167]; [153]). There do not seem to be any alterations in plasma OXT following
the separation of the pups while the activity of OXT positive neurons increase following the
repeated short separation ([146]; [168]; [169]).

Human studies also suggest the involvement of the two presented neuropeptide systems
during grief and loss of a child. In particular, there is a direct correlation between 17-OHCS
and cortisol levels with the severity of PGD symptoms ([171]; [172]; [177]; [178]). Bereaved
parents have an increased susceptibility to develop depression ([173]; [174]) and grieving

women show higher cortisol levels than grieving men [175].
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Many studies support the role of OXT in increased emotionality and grief ([82]; [179]; [181];
[184]). Salivary OXT levels are related to maternity blues and postpartum fatigue ([180]). At
the molecular level, people with PGD have higher plasma OXT levels than depressed people,
and the level of OXT is directly correlated with the severity of PGD symptoms; a severity that
has also been shown to be genetically influenced by a single nucleotide polymorphism in the
OXT-R gene ([188]; [190]).

The review of the literature leads us to hypothesize that the OXT and CRF systems - and with
the latter also glucocorticoids - are involved in bereavement and, more importantly, that
further studies are desperately needed. For example, the lack of an adequate animal model
for studying the emotional impact following the bereavement of a child is a limiting factor.
Studies in such an animal model would open the door to a better understanding of the
neurobiology of grief, helping to develop possible precision therapies for people suffering
from PGD.

Human studies often do not differentiate between different types of bereavement when
studying PGD patients and very few have investigated neurophysiological correlates of
bereavement. Thus, future studies on humans should take these factors into account, e.g.,
conducting surveys among mothers who have lost their child and assessing cortisol and OXT
levels in these women, thereby potentially distinguishing the types of loss, from pregnancy

to after childbirth and the biomarkers they impact.

8| Outlook
Given the high number of child deaths, stillbirths and miscarriages every year and the
resulting psychological impact especially in mothers, there is a need for better in-sight in the

occurring dysregulations in the brain of grieving mothers. While psychotherapeutic
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interventions for PGD are already deployed ([191]; [192]) they are not specific to child loss.
In addition, PGD-specific pharmacological treatments are not available. Thus, rodent
research specific to offspring loss is needed to further understand the neurophysiological
profiles mediating PGD symptoms such as anxiety and depression. We therefore suggest that
future studies of infant loss and maternal grief use rodent models where complete
offspring separation occurs. Furthermore, we believe that the use of rodent species such as
rats and prairie voles are an excellent starting point for understanding the
neurophysiological mechanisms contributing to parental grief given that they are,
respectively, the foundational animal models for the study of the neurobiology of maternal
care-giving and bonding. In addition to this, and from what has emerged in this review, it is
important that both the OXT and CRF systems are studied in these models, and clinical
populations, as both systems are candidates in the emotional modulation of bereavement.
Thus, treatments targeting the OXT and/or the CRF system could be promising for future
research in the context of PGD and PGD after the loss of a child. Much more research is
needed in clinical populations and in appropriate animal models to decipher the
neuropeptide activities in relevant brain regions and determine how the CRF and OXT
systems may be targeted for interventions to alleviate PGD when the mother-child bond is

broken.

Declaration of interest

None

Acknowledgement

21



This study was supported by the Deutsche Forschungsgemeinschaft (DFG; Neuroscience
Graduate Programme “Neurobiology of Emotion Dysfunctions” GRK2174 to OJB; BO1958/8-

2 to 0JB).

22



References

[1] T.T. Pohl, L.J. Young, O.J. Bosch, Lost connections: Oxytocin and the neural, physiological,
and behavioral consequences of disrupted relationships, Int J Psychophysiol 136 (2019)
54-63. https://doi.org/10.1016/j.ijpsycho.2017.12.011

[2] O.J. Bosch, I.D. Neumann, Both oxytocin and vasopressin are mediators of maternal care
and aggression in rodents: from central release to sites of action, Horm Behav 61(3)
(2012) 293-303. https://doi.org/10.1016/j.yhbeh.2011.11.002

[3] O.J. Bosch, L.J. Young, Oxytocin and Social Relationships: From Attachment to Bond
Disruption, Curr Top Behav Neurosci 35 (2018) 97-117.
https://doi.org/10.1007/7854_2017_10

[4] E. Barba-Muller, S. Craddock, S. Carmona, E. Hoekzema, Brain plasticity in pregnancy and
the postpartum period: links to maternal caregiving and mental health, Arch Womens
Ment Health 22(2) (2019) 289-299. https://doi.org/10.1007/s00737-018-0889-z

[5] C. Burden, S. Bradley, C. Storey, A. Ellis, A.E. Heazell, S. Downe, J. Cacciatore, D. Siassakos,
From grief, guilt pain and stigma to hope and pride - a systematic review and meta-
analysis of mixed-method research of the psychosocial impact of stillbirth, BMC
Pregnancy Childbirth 16 (2016) 9. https://doi.org/10.1186/s12884-016-0800-8

[6] V. Daugirdaite, O. van den Akker, S. Purewal, Posttraumatic stress and posttraumatic
stress disorder after termination of pregnancy and reproductive loss: a systematic
review, J Pregnancy 2015 (2015) 646345. https://doi.org/10.1155/2015/646345

[7] A. Kersting, B. Wagner, Complicated grief after perinatal loss, Dialogues Clin Neurosci
14(2) (2012) 187-94.

[8] U.N.l.-a.G.f.C.M.E. (UN, IGME), Levels & Trends in Child Mortality: Report 2020, Estimates
developed by the United

Nations Inter-agency Group for Child Mortality Estimation’, United Nations Children’s Fund
(2020).

[9] M. Roser, R. H., B. Dadonaite, Child and infant mortality, OurWorldInData.org (2013).

[10] Ectopic Pregnancy and Miscarriage: Diagnosis and Initial Management in Early
Pregnancy of Ectopic Pregnancy and Miscarriage, London, 2012.

[11] W. Wilkins, Miscarriage and Recurrent Pregnancy Loss, The Johns Hopkins Manual of
Gynecology and Obstetrics 4 (2012) 438-439.

[12] S. Zisook, K. Shear, Grief and bereavement: what psychiatrists need to know, World
Psychiatry 8(2) (2009) 67-74. https://doi.org/10.1002/j.2051-5545.2009.tb00217.x

[13] H.G. Prigerson, M.J. Horowitz, S.C. Jacobs, C.M. Parkes, M. Aslan, K. Goodkin, B.
Raphael, S.J. Marwit, C. Wortman, R.A. Neimeyer, G.A. Bonanno, S.D. Block, D. Kissane,
P. Boelen, A. Maercker, B.T. Litz, J.G. Johnson, M.B. First, P.K. Maciejewski, Prolonged
grief disorder: Psychometric validation of criteria proposed for DSM-V and ICD-11, PLoS
Med 6(8) (2009) €1000121. https://doi.org/10.1371/journal.pmed.1000121

[14] M.K. Shear, Grief and mourning gone awry: pathway and course of complicated grief,
Dialogues Clin Neurosci 14(2) (2012) 119-28.

[15] M.K. Shear, Clinical practice. Complicated grief, N Engl J Med 372(2) (2015) 153-60.
https://doi.org/10.1056/NEJMcp1315618

[16] A. Kersting, E. Brahler, H. Glaesmer, B. Wagner, Prevalence of complicated grief in a
representative population-based sample, J Affect Disord 131(1-3) (2011) 339-43.
https://doi.org/10.1016/j.jad.2010.11.032

23



[17] M.C. McCarthy, N.E. Clarke, C.L. Ting, R. Conroy, V.A. Anderson, J.A. Heath, Prevalence
and predictors of parental grief and depression after the death of a child from cancer, J
Palliat Med 13(11) (2010) 1321-6. https://doi.org/10.1089/jpm.2010.0037

[18] H.J. Huh, S. Huh, S.H. Lee, J.H. Chae, Unresolved Bereavement and Other Mental Health
Problems in Parents of the Sewol Ferry Accident after 18 Months, Psychiatry Investig
14(3) (2017) 231-239. https://doi.org/10.4306/pi.2017.14.3.231

[19] L. He, S. Tang, W. Yu, W. Xu, Q. Xie, J. Wang, The prevalence, comorbidity and risks of
prolonged grief disorder among bereaved Chinese adults, Psychiatry Res 219(2) (2014)
347-52. https://doi.org/10.1016/j.psychres.2014.05.022

[20] J. Farren, M. Jalmbrant, N. Falconieri, N. Mitchell-Jones, S. Bobdiwala, M. Al-Memar, S.
Tapp, B. Van Calster, L. Wynants, D. Timmerman, T. Bourne, Posttraumatic stress,
anxiety and depression following miscarriage and ectopic pregnancy: a multicenter,
prospective, cohort study, Am J Obstet Gynecol 222(4) (2020) 367 e1-367 e22.
https://doi.org/10.1016/].ajog.2019.10.102

[21] L. Cambpell-Jackson, A. Horsch, The psychological impact of stillbirth on women: a
systematic review, lliness, Crisis & Loss 22(3) (2014) 237-56.
https://doi.org/https://doi.org/10.2190/IL.22.3.d

[22] A. Holdcroft, Gender bias in research: how does it affect evidence based medicine?, J R
Soc Med 100(1) (2007) 2-3. https://doi.org/10.1177/014107680710000102

[23] I.D. Neumann, Brain oxytocin: a key regulator of emotional and social behaviours in
both females and males, ] Neuroendocrinol 20(6) (2008) 858-65.
https://doi.org/10.1111/j.1365-2826.2008.01726.x

[24] O.). Bosch, I.D. Neumann, Brain vasopressin is an important regulator of maternal
behavior independent of dams' trait anxiety, Proc Natl Acad Sci U S A 105(44) (2008)
17139-44. https://doi.org/10.1073/pnas.0807412105

[25] S.M. Klampfl, O.J. Bosch, Mom doesn't care: When increased brain CRF system activity
leads to maternal neglect in rodents, Front Neuroendocrinol 53 (2019) 100735.
https://doi.org/10.1016/.yfrne.2019.01.001

[26] D.S. Stolzenberg, K.L. Hernandez-D'Anna, O.J. Bosch, J.S. Lonstein, Maternal Behavior
From a Neuroendocrine Perspective, Oxford Research Encyclopedia of
Neuroscience2019.

[27] D. Hopf, M. Eckstein, C. Aguilar-Raab, M. Warth, B. Ditzen, Neuroendocrine mechanisms
of grief and bereavement: A systematic review and implications for future interventions,
J Neuroendocrinol 32(8) (2020) e12887. https://doi.org/10.1111/jne.12887

[28] J. Bowlby, Attachment and loss: retrospect and prospect, Am J Orthopsychiatry 52(4)
(1982) 664-678. https://doi.org/10.1111/j.1939-0025.1982.tb01456.x

[29] M.A. Hofer, Hidden regulators in attachment, separation, and loss, Monogr Soc Res
Child Dev 59(2-3) (1994) 192-207.

[30] J.K. Rilling, L.J. Young, The biology of mammalian parenting and its effect on offspring
social development, Science 345(6198) (2014) 771-6.
https://doi.org/10.1126/science.1252723

[31] M. Numan, L.J. Young, Neural mechanisms of mother-infant bonding and pair bonding:
Similarities, differences, and broader implications, Horm Behav 77 (2016) 98-112.
https://doi.org/10.1016/j.yhbeh.2015.05.015

[32] C.H. Kinsley, K.G. Lambert, Reproduction-induced neuroplasticity: natural behavioural
and neuronal alterations associated with the production and care of offspring, J
Neuroendocrinol 20(4) (2008) 515-25. https://doi.org/10.1111/j.1365-
2826.2008.01667.x

24



[33] K.D. Broad, J.P. Curley, E.B. Keverne, Mother-infant bonding and the evolution of
mammalian social relationships, Philos Trans R Soc Lond B Biol Sci 361(1476) (2006)
2199-214. https://doi.org/10.1098/rstb.2006.1940

[34] K.M. Hillerer, 1.D. Neumann, D.A. Slattery, From stress to postpartum mood and anxiety
disorders: how chronic peripartum stress can impair maternal adaptations,
Neuroendocrinology 95(1) (2012) 22-38. https://doi.org/10.1159/000330445

[35] I.D. Neumann, Brain mechanisms underlying emotional alterations in the peripartum
period in rats, Depress Anxiety 17(3) (2003) 111-21. https://doi.org/10.1002/da.10070

[36] J.A. Mennella, H. Moltz, Pheromonal emission by pregnant rats protects against
infanticide by nulliparous conspecifics, Physiol Behav 46(4) (1989) 591-5.
https://doi.org/10.1016/0031-9384(89)90337-5

[37] L.C. Peters, M.B. Kristal, Suppression of infanticide in mother rats, J Comp Psychol 97(2)
(1983) 167-77.

[38] J.M. Stern, Parturition influences initial pup preferences at later onset of maternal
behavior in primiparous rats, Physiol Behav 35(1) (1985) 25-31.
https://doi.org/10.1016/0031-9384(85)90167-2

[39] A.H. Macbeth, V.N. Luine, Changes in anxiety and cognition due to reproductive
experience: a review of data from rodent and human mothers, Neurosci Biobehav Rev
34(3) (2010) 452-67. https://doi.org/10.1016/j.neubiorev.2009.08.011

[40] E. Hoekzema, E. Barba-Muller, C. Pozzobon, M. Picado, F. Lucco, D. Garcia-Garcia, J.C.
Soliva, A. Tobena, M. Desco, E.A. Crone, A. Ballesteros, S. Carmona, O. Vilarroya,
Pregnancy leads to long-lasting changes in human brain structure, Nat Neurosci 20(2)
(2017) 287-296. https://doi.org/10.1038/nn.4458

[41] J.D. Gatewood, M.D. Morgan, M. Eaton, |.M. McNamara, L.F. Stevens, A.H. Macbeth,
E.A. Meyer, L.M. Lomas, F.J. Kozub, K.G. Lambert, C.H. Kinsley, Motherhood mitigates
aging-related decrements in learning and memory and positively affects brain aging in
the rat, Brain Res Bull 66(2) (2005) 91-8.
https://doi.org/10.1016/j.brainresbull.2005.03.016

[42] C.H. Kinsley, L. Madonia, G.W. Gifford, K. Tureski, G.R. Griffin, C. Lowry, J. Williams, J.
Collins, H. McLearie, K.G. Lambert, Motherhood improves learning and memory, Nature
402(6758) (1999) 137-8. https://doi.org/10.1038/45957

[43] G. Love, N. Torrey, I. McNamara, M. Morgan, M. Banks, N.W. Hester, E.R. Glasper, A.C.
Devries, C.H. Kinsley, K.G. Lambert, Maternal experience produces long-lasting
behavioral modifications in the rat, Behav Neurosci 119(4) (2005) 1084-96.
https://doi.org/10.1037/0735-7044.119.4.1084

[44] J.L. Pawluski, B.L. Vanderbyl, K. Ragan, L.A. Galea, First reproductive experience
persistently affects spatial reference and working memory in the mother and these
effects are not due to pregnancy or 'mothering' alone, Behav Brain Res 175(1) (2006)
157-65. https://doi.org/10.1016/j.bbr.2006.08.017

[45] L.A. Galea, K.A. Uban, J.R. Epp, S. Brummelte, C.K. Barha, W.L. Wilson, S.E. Lieblich, J.L.
Pawluski, Endocrine regulation of cognition and neuroplasticity: our pursuit to unveil the
complex interaction between hormones, the brain, and behaviour, Can J Exp Psychol
62(4) (2008) 247-60. https://doi.org/10.1037/a0014501

[46] C.J. Pena, Y.D. Neugut, F.A. Champagne, Developmental timing of the effects of
maternal care on gene expression and epigenetic regulation of hormone receptor levels
in female rats, Endocrinology 154(11) (2013) 4340-51. https://doi.org/10.1210/en.2013-
1595

25



[47] B. Nephew, C. Murgatroyd, The role of maternal care in shaping CNS function,
Neuropeptides 47(6) (2013) 371-8. https://doi.org/10.1016/j.npep.2013.10.013

[48] C. Caldji, B. Tannenbaum, S. Sharma, D. Francis, P.M. Plotsky, M.J. Meaney, Maternal
care during infancy regulates the development of neural systems mediating the
expression of fearfulness in the rat, Proc Natl Acad Sci U S A 95(9) (1998) 5335-40.
https://doi.org/10.1073/pnas.95.9.5335

[49] R.L. Alves, C.C. Portugal, T. Summavielle, F. Barbosa, A. Magalhaes, Maternal separation
effects on mother rodents' behaviour: A systematic review, Neurosci Biobehav Rev 117
(2020) 98-109. https://doi.org/10.1016/j.neubiorev.2019.09.008

[50] M. Nishi, Effects of Early-Life Stress on the Brain and Behaviors: Implications of Early
Maternal Separation in Rodents, Int J Mol Sci 21(19) (2020).
https://doi.org/10.3390/ijms21197212

[51] C.K. Barha, J.L. Pawluski, L.A. Galea, Maternal care affects male and female offspring
working memory and stress reactivity, Physiol Behav 92(5) (2007) 939-50.
https://doi.org/10.1016/j.physbeh.2007.06.022

[52] C. Caldji, J. Diorio, M.J. Meaney, Variations in maternal care in infancy regulate the
development of stress reactivity, Biol Psychiatry 48(12) (2000) 1164-74.
https://doi.org/10.1016/s0006-3223(00)01084-2

[53] C.0. Ladd, M.J. Owens, C.B. Nemeroff, Persistent changes in corticotropin-releasing
factor neuronal systems induced by maternal deprivation, Endocrinology 137(4) (1996)
1212-8. https://doi.org/10.1210/endo0.137.4.8625891

[54] A. Holmes, A.M. le Guisquet, E. Vogel, R.A. Millstein, S. Leman, C. Belzung, Early life
genetic, epigenetic and environmental factors shaping emotionality in rodents, Neurosci
Biobehav Rev 29(8) (2005) 1335-46. https://doi.org/10.1016/j.neubiorev.2005.04.012

[55] I.C. Weaver, N. Cervoni, F.A. Champagne, A.C. D'Alessio, S. Sharma, J.R. Seckl, S. Dymov,
M. Szyf, M.J. Meaney, Epigenetic programming by maternal behavior, Nat Neurosci 7(8)
(2004) 847-54. https://doi.org/10.1038/nn1276

[56] B. Jurek, I.D. Neumann, The Oxytocin Receptor: From Intracellular Signaling to Behavior,
Physiol Rev 98(3) (2018) 1805-1908. https://doi.org/10.1152/physrev.00031.2017

[57] J.M. Deussing, A. Chen, The Corticotropin-Releasing Factor Family: Physiology of the
Stress Response, Physiol Rev 98(4) (2018) 2225-2286.
https://doi.org/10.1152/physrev.00042.2017

[58] K.M. Kendrick, E.B. Keverne, C. Chapman, B.A. Baldwin, Microdialysis measurement of
oxytocin, aspartate, gamma-aminobutyric acid and glutamate release from the olfactory
bulb of the sheep during vaginocervical stimulation, Brain Res 442(1) (1988) 171-4.
https://doi.org/10.1016/0006-8993(88)91447-3

[59] R. Landgraf, I. Neumann, Q.J. Pittman, Septal and hippocampal release of vasopressin
and oxytocin during late pregnancy and parturition in the rat, Neuroendocrinology 54(4)
(1991) 378-83. https://doi.org/10.1159/000125917

[60] F. Moos, D.A. Poulain, F. Rodriguez, Y. Guerne, J.D. Vincent, P. Richard, Release of
oxytocin within the supraoptic nucleus during the milk ejection reflex in rats, Exp Brain
Res 76(3) (1989) 593-602. https://doi.org/10.1007/BF00248916

[61] F. Moos, C.D. Ingram, J.B. Wakerley, Y. Guerne, M.J. Freund-Mercier, P. Richard,
Oxytocin in the bed nucleus of the stria terminalis and lateral septum facilitates bursting
of hypothalamic oxytocin neurons in suckled rats, ] Neuroendocrinol 3(2) (1991) 163-71.
https://doi.org/10.1111/j.1365-2826.1991.tb00259.x

26



[62] I. Neumann, R. Landgraf, Septal and Hippocampal Release of Oxytocin, but not
Vasopressin, in the Conscious Lactating Rat During Suckling, ] Neuroendocrinol 1(4)
(1989) 305-8. https://doi.org/10.1111/j.1365-2826.1989.tb00120.x

[63] I. Neumann, J.A. Russell, R. Landgraf, Oxytocin and vasopressin release within the
supraoptic and paraventricular nuclei of pregnant, parturient and lactating rats: a
microdialysis study, Neuroscience 53(1) (1993) 65-75. https://doi.org/10.1016/0306-
4522(93)90285-n

[64] G. Leng, S.L. Meddle, A.J. Douglas, Oxytocin and the maternal brain, Curr Opin
Pharmacol 8(6) (2008) 731-4. https://doi.org/10.1016/j.coph.2008.07.001

[65] Z.R. Donaldson, L.J. Young, Oxytocin, vasopressin, and the neurogenetics of sociality,
Science 322(5903) (2008) 900-4. https://doi.org/10.1126/science.1158668

[66] H.J. Lee, A.H. Macbeth, J.H. Pagani, W.S. Young, 3rd, Oxytocin: the great facilitator of
life, Prog Neurobiol 88(2) (2009) 127-51.
https://doi.org/10.1016/j.pneurobio.2009.04.001

[67] C.A. Pedersen, A.J. Prange, Jr., Induction of maternal behavior in virgin rats after
intracerebroventricular administration of oxytocin, Proc Natl Acad Sci U S A 76(12)
(1979) 6661-5. https://doi.org/10.1073/pnas.76.12.6661

[68] C.A. Pedersen, J.A. Ascher, Y.L. Monroe, A.J. Prange, Jr., Oxytocin induces maternal
behavior in virgin female rats, Science 216(4546) (1982) 648-50.
https://doi.org/10.1126/science.7071605

[69] F. Champagne, J. Diorio, S. Sharma, M.J. Meaney, Naturally occurring variations in
maternal behavior in the rat are associated with differences in estrogen-inducible
central oxytocin receptors, Proc Natl Acad Sci U S A 98(22) (2001) 12736-41.
https://doi.org/10.1073/pnas.221224598

[70] C.A. Pedersen, M.L. Boccia, Oxytocin antagonism alters rat dams' oral grooming and
upright posturing over pups, Physiol Behav 80(2-3) (2003) 233-41.
https://doi.org/10.1016/j.physbeh.2003.07.011

[71] O.J. Bosch, S.A. Kromer, P.J. Brunton, I.D. Neumann, Release of oxytocin in the
hypothalamic paraventricular nucleus, but not central amygdala or lateral septum in
lactating residents and virgin intruders during maternal defence, Neuroscience 124(2)
(2004) 439-48. https://doi.org/10.1016/j.neuroscience.2003.11.028

[72] O.J. Bosch, S.L. Meddle, D.I. Beiderbeck, A.J. Douglas, I.D. Neumann, Brain oxytocin
correlates with maternal aggression: link to anxiety, J Neurosci 25(29) (2005) 6807-15.
https://doi.org/10.1523/JINEUROSCI.1342-05.2005

[73] O.J. Bosch, Maternal aggression in rodents: brain oxytocin and vasopressin mediate pup

defence, Philos Trans R Soc Lond B Biol Sci 368(1631) (2013) 20130085.
https://doi.org/10.1098/rstb.2013.0085

[74] R. Landgraf, I. Neumann, J.A. Russell, Q.J. Pittman, Push-pull perfusion and microdialysis

studies of central oxytocin and vasopressin release in freely moving rats during
pregnancy, parturition, and lactation, Ann N Y Acad Sci 652 (1992) 326-39.
https://doi.org/10.1111/j.1749-6632.1992.tb34364.x

[75] E.B. Keverne, K.M. Kendrick, Maternal behaviour in sheep and its neuroendocrine
regulation, Acta Paediatr Suppl 397 (1994) 47-56. https://doi.org/10.1111/j.1651-
2227.1994.tb13265.x

[76] O.J. Bosch, J. Pfortsch, D.l. Beiderbeck, R. Landgraf, |.D. Neumann, Maternal behaviour is
associated with vasopressin release in the medial preoptic area and bed nucleus of the

stria terminalis in the rat, J Neuroendocrinol 22(5) (2010) 420-9.
https://doi.org/10.1111/j.1365-2826.2010.01984.x

27



[77] S.L. Meddle, P.M. Bull, G. Leng, J.A. Russell, M. Ludwig, Somatostatin actions on rat
supraoptic nucleus oxytocin and vasopressin neurones, J Neuroendocrinol 22(5) (2010)
438-45. https://doi.org/10.1111/j.1365-2826.2009.01952.x

[78] E. van Leengoed, E. Kerker, H.H. Swanson, Inhibition of post-partum maternal behaviour
in the rat by injecting an oxytocin antagonist into the cerebral ventricles, J Endocrinol
112(2) (1987) 275-82. https://doi.org/10.1677/joe.0.1120275

[79] S.E. Fahrbach, J.I. Morrell, D.W. Pfaff, Possible role for endogenous oxytocin in estrogen-
facilitated maternal behavior in rats, Neuroendocrinology 40(6) (1985) 526-32.
https://doi.org/10.1159/000124125

[80] Y. Takayanagi, M. Yoshida, I.F. Bielsky, H.E. Ross, M. Kawamata, T. Onaka, T. Yanagisawa,
T. Kimura, M.M. Matzuk, L.J. Young, K. Nishimori, Pervasive social deficits, but normal
parturition, in oxytocin receptor-deficient mice, Proc Natl Acad Sci U S A 102(44) (2005)
16096-101. https://doi.org/10.1073/pnas.0505312102

[81] A. Levine, O. Zagoory-Sharon, R. Feldman, A. Weller, Oxytocin during pregnancy and
early postpartum: individual patterns and maternal-fetal attachment, Peptides 28(6)
(2007) 1162-9. https://doi.org/10.1016/j.peptides.2007.04.016

[82] R. Feldman, A. Weller, O. Zagoory-Sharon, A. Levine, Evidence for a
neuroendocrinological foundation of human affiliation: plasma oxytocin levels across
pregnancy and the postpartum period predict mother-infant bonding, Psychol Sci 18(11)
(2007) 965-70. https://doi.org/10.1111/j.1467-9280.2007.02010.x

[83] D. Moura, M.C. Canavarro, M. Figueiredo-Braga, Oxytocin and depression in the
perinatal period-a systematic review, Arch Womens Ment Health 19(4) (2016) 561-70.
https://doi.org/10.1007/s00737-016-0643-3

[84] A.M. Stuebe, K. Grewen, S. Meltzer-Brody, Association between maternal mood and
oxytocin response to breastfeeding, ] Womens Health (Larchmt) 22(4) (2013) 352-61.
https://doi.org/10.1089/jwh.2012.3768

[85] M. Skrundz, M. Bolten, I. Nast, D.H. Hellhammer, G. Meinlschmidt, Plasma oxytocin
concentration during pregnancy is associated with development of postpartum
depression, Neuropsychopharmacology 36(9) (2011) 1886-93.
https://doi.org/10.1038/npp.2011.74

[86] I.D. Neumann, R. Landgraf, Balance of brain oxytocin and vasopressin: implications for
anxiety, depression, and social behaviors, Trends Neurosci 35(11) (2012) 649-59.
https://doi.org/10.1016/j.tins.2012.08.004

[87] V. Mileva-Seitz, M. Steiner, L. Atkinson, M.J. Meaney, R. Levitan, J.L. Kennedy, M.B.
Sokolowski, A.S. Fleming, Interaction between oxytocin genotypes and early experience
predicts quality of mothering and postpartum mood, PLoS One 8(4) (2013) e61443.
https://doi.org/10.1371/journal.pone.0061443

[88] D. Mehta, V. Eapen, J. Kohlhoff, A. Mendoza Diaz, B. Barnett, D. Silove, M.R. Dadds,
Genetic Regulation of Maternal Oxytocin Response and Its Influences on Maternal
Behavior, Neural Plast 2016 (2016) 5740365. https://doi.org/10.1155/2016/5740365

[89] H.A. Johnstone, A. Wigger, A.J. Douglas, I.D. Neumann, R. Landgraf, J.R. Seckl, J.A.
Russell, Attenuation of hypothalamic-pituitary-adrenal axis stress responses in late
pregnancy: changes in feedforward and feedback mechanisms, J Neuroendocrinol 12(8)
(2000) 811-22. https://doi.org/10.1046/j.1365-2826.2000.00525.x

[90] A.J. Douglas, P.J. Brunton, O.J. Bosch, J.A. Russell, I.D. Neumann, Neuroendocrine
responses to stress in mice: hyporesponsiveness in pregnancy and parturition,
Endocrinology 144(12) (2003) 5268-76. https://doi.org/10.1210/en.2003-0461

28



[91] H.M. Schulte, D. Weisner, B. Allolio, The corticotrophin releasing hormone test in late
pregnancy: lack of adrenocorticotrophin and cortisol response, Clin Endocrinol (Oxf)
33(1) (1990) 99-106. https://doi.org/10.1111/j.1365-2265.1990.tb00470.x

[92] A.P. da Costa, S. Wood, C.D. Ingram, S.L. Lightman, Region-specific reduction in stress-
induced c-fos mRNA expression during pregnancy and lactation, Brain Res 742(1-2)
(1996) 177-84. https://doi.org/10.1016/s0006-8993(96)00962-6

[93] A.P. Da Costa, R.J. Kampa, R.J. Windle, C.D. Ingram, S.L. Lightman, Region-specific
immediate-early gene expression following the administration of corticotropin-releasing
hormone in virgin and lactating rats, Brain Res 770(1-2) (1997) 151-62.
https://doi.org/10.1016/s0006-8993(97)00764-6

[94] C.D. Walker, D.J. Toufexis, A. Burlet, Hypothalamic and limbic expression of CRF and
vasopressin during lactation: implications for the control of ACTH secretion and stress
hyporesponsiveness, Prog Brain Res 133 (2001) 99-110. https://doi.org/10.1016/s0079-
6123(01)33008-x

[95] S.M. Klampfl, I.D. Neumann, O.J. Bosch, Reduced brain corticotropin-releasing factor
receptor activation is required for adequate maternal care and maternal aggression in
lactating rats, Eur J Neurosci 38(5) (2013) 2742-50. https://doi.org/10.1111/ejn.12274

[96] S.L. Lightman, R.J. Windle, S.A. Wood, Y.M. Kershaw, N. Shanks, C.D. Ingram, Peripartum
plasticity within the hypothalamo-pituitary-adrenal axis, Prog Brain Res 133 (2001) 111-
29. https://doi.org/10.1016/s0079-6123(01)33009-1

[97] S.M. Klampfl, P.J. Brunton, D.S. Bayerl, O.J. Bosch, Hypoactivation of CRF receptors,
predominantly type 2, in the medial-posterior BNST is vital for adequate maternal
behavior in lactating rats, ] Neurosci 34(29) (2014) 9665-76.
https://doi.org/10.1523/INEUROSCI.4220-13.2014

[98] K.C. Creutzberg, E. Kestering-Ferreira, T.W. Viola, L.E. Wearick-Silva, R. Orso, B.A.
Heberle, L. Albrechet-Souza, R.M.M. de Almeida, R. Grassi-Oliveira, Corticotropin-
releasing factor infusion in the bed nucleus of the stria terminalis of lactating mice alters
maternal care and induces behavioural phenotypes in offspring, Sci Rep 10(1) (2020)
19985. https://doi.org/10.1038/s41598-020-77118-7

[99] C.A. Pedersen, J.D. Caldwell, M. McGuire, D.L. Evans, Corticotropin-releasing hormone
inhibits maternal behavior and induces pup-killing, Life Sci 48(16) (1991) 1537-46.
https://doi.org/10.1016/0024-3205(91)90278-j

[100] S.M. Klampfl, P.J. Brunton, D.S. Bayerl, O.J. Bosch, CRF-R1 activation in the anterior-
dorsal BNST induces maternal neglect in lactating rats via an HPA axis-independent
central mechanism, Psychoneuroendocrinology 64 (2016) 89-98.
https://doi.org/10.1016/j.psyneuen.2015.11.015

[101] S.M. Klampfl, O.J. Bosch, When mothers neglect their offspring: an activated CRF
system in the BNST is detrimental for maternal behavior, Arch Womens Ment Health
22(3) (2019) 409-415. https://doi.org/10.1007/s00737-018-0897-z

[102] M. Lebow, A. Neufeld-Cohen, Y. Kuperman, M. Tsoory, S. Gil, A. Chen, Susceptibility to
PTSD-like behavior is mediated by corticotropin-releasing factor receptor type 2 levels in
the bed nucleus of the stria terminalis, J Neurosci 32(20) (2012) 6906-16.
https://doi.org/10.1523/INEUROSCI.4012-11.2012

[103] C. Schartner, C. Ziegler, M.A. Schiele, L. Kollert, H. Weber, P. Zwanzger, V. Arolt, P.
Pauli, J. Deckert, A. Reif, K. Domschke, CRHR1 promoter hypomethylation: An epigenetic
readout of panic disorder?, Eur Neuropsychopharmacol 27(4) (2017) 360-371.
https://doi.org/10.1016/j.euroneuro.2017.01.005

29



[104] E. Elharrar, G. Warhaftig, O. Issler, Y. Sztainberg, Y. Dikshtein, R. Zahut, L. Redlus, A.
Chen, G. Yadid, Overexpression of corticotropin-releasing factor receptor type 2 in the
bed nucleus of stria terminalis improves posttraumatic stress disorder-like symptoms in
a model of incubation of fear, Biol Psychiatry 74(11) (2013) 827-36.
https://doi.org/10.1016/j.biopsych.2013.05.039

[105] S. Brummelte, L.A. Galea, Depression during pregnancy and postpartum: contribution
of stress and ovarian hormones, Prog Neuropsychopharmacol Biol Psychiatry 34(5)
(2010) 766-76. https://doi.org/10.1016/j.pnpbp.2009.09.006

[106] M.A. Magiakou, G. Mastorakos, D. Rabin, A.N. Margioris, B. Dubbert, A.E. Calogero, C.
Tsigos, P.J. Munson, G.P. Chrousos, The maternal hypothalamic-pituitary-adrenal axis in
the third trimester of human pregnancy, Clin Endocrinol (Oxf) 44(4) (1996) 419-28.
https://doi.org/10.1046/j.1365-2265.1996.683505.x

[107] V. O'Keane, S. Lightman, K. Patrick, M. Marsh, A.S. Papadopoulos, S. Pawlby, G.
Seneviratne, A. Taylor, R. Moore, Changes in the maternal hypothalamic-pituitary-
adrenal axis during the early puerperium may be related to the postpartum 'blues’, J
Neuroendocrinol 23(11) (2011) 1149-55. https://doi.org/10.1111/j.1365-
2826.2011.02139.x

[108] A.E.P. Heazell, D. Siassakos, H. Blencowe, C. Burden, Z.A. Bhutta, J. Cacciatore, N. Dang,
J. Das, V. Flenady, K.J. Gold, O.K. Mensah, J. Millum, D. Nuzum, K. O'Donoghue, M.
Redshaw, A. Rizvi, T. Roberts, H.E. Toyin Saraki, C. Storey, A.M. Wojcieszek, S. Downe, g.
Lancet Ending Preventable Stillbirths Series study, g. Lancet Ending Preventable
Stillbirths investigator, Stillbirths: economic and psychosocial consequences, Lancet
387(10018) (2016) 604-616. https://doi.org/10.1016/S0140-6736(15)00836-3

[109] J. Li, D. Hansen, P.B. Mortensen, J. Olsen, Myocardial infarction in parents who lost a
child: a nationwide prospective cohort study in Denmark, Circulation 106(13) (2002)
1634-9. https://doi.org/10.1161/01.cir.0000031569.45667.58

[110] H. Znoj, D. Keller, Mourning parents: considering safeguards and their relation to
health, Death Stud 26(7) (2002) 545-65. https://doi.org/10.1080/074811802760191708

[111] P. Voss, M. Schick, L. Langer, A. Ainsworth, B. Ditzen, T. Strowitzki, T. Wischmann, R.J.
Kuon, Recurrent pregnancy loss: a shared stressor---couple-orientated psychological
research findings, Fertil Steril 114(6) (2020) 1288-1296.
https://doi.org/10.1016/].fertnstert.2020.08.1421

[112] K.J. Gold, I. Leon, M.E. Boggs, A. Sen, Depression and Posttraumatic Stress Symptoms
After Perinatal Loss in a Population-Based Sample, ] Womens Health (Larchmt) 25(3)
(2016) 263-9. https://doi.org/10.1089/jwh.2015.5284

[113] B. Singh, B. Raphael, Postdisaster morbidity of the bereaved. A possible role for
preventive psychiatry?, ] Nerv Ment Dis 169(4) (1981) 203-12.
https://doi.org/10.1097/00005053-198104000-00001

[114] K.B. Johannesson, T. Lundin, C.M. Hultman, T. Frojd, P.O. Michel, Prolonged grief
among traumatically bereaved relatives exposed and not exposed to a tsunami, J
Trauma Stress 24(4) (2011) 456-64. https://doi.org/10.1002/jts.20668

[115] U. Kreicbergs, U. Valdimarsdottir, E. Onelov, J.I. Henter, G. Steineck, Anxiety and
depression in parents 4-9 years after the loss of a child owing to a malignancy: a
population-based follow-up, Psychol Med 34(8) (2004) 1431-41.
https://doi.org/10.1017/s0033291704002740

[116] D.G. Wing, K. Burge-Callaway, P. Rose Clance, L. Armistead, Understanding gender
differences in bereavement following the death of an infant: Implications of or

30



treatment., Psychotherapy: Theory, Research, Practice, Training 38(1) (2001).
https://doi.org/https://doi.org/10.1037/0033-3204.38.1.60

[117] E. Wall-Wieler, L.L. Roos, J. Bolton, Duration of maternal mental health-related
outcomes after an infant's death: A retrospective matched cohort study using linkable
administrative data, Depress Anxiety 35(4) (2018) 305-312.
https://doi.org/10.1002/da.22729

[118] G.A. Bonanno, S. Kaltman, The varieties of grief experience, Clin Psychol Rev 21(5)
(2001) 705-34. https://doi.org/10.1016/s0272-7358(00)00062-3

[119] L. Jind, A. Elklit, D. Christiansen, Cognitive schemata and processing among parents
bereaved by infant death, J Clin Psychol Med Settings 17(4) (2010) 366-77.
https://doi.org/10.1007/s10880-010-9216-1

[120] M. Fernandez-Alcantara, E. Zech, One or Multiple Complicated Grief(s)? The Role of
Kinship on Grief Reactions, Clinical Psychological Science 5(5) (2017).
https://doi.org/https://doi.org/10.1177/2167702617707291

[121] A. Hunter, L. Tussis, A. MacBeth, The presence of anxiety, depression and stress in
women and their partners during pregnancies following perinatal loss: A meta-analysis, J
Affect Disord 223 (2017) 153-164. https://doi.org/10.1016/j.jad.2017.07.004

[122] M. Lundorff, H. Holmgren, R. Zachariae, |. Farver-Vestergaard, M. O'Connor,
Prevalence of prolonged grief disorder in adult bereavement: A systematic review and
meta-analysis, J Affect Disord 212 (2017) 138-149.
https://doi.org/10.1016/j.jad.2017.01.030

[123] J. Cacciatore, S. Bushfield, Stillbirth: the mother's experience and implications for
improving care, J Soc Work End Life Palliat Care 3(3) (2007) 59-79.
https://doi.org/10.1300/J457v03n03_06

[124] J. Cacciatore, S. Schnebly, J.F. Froen, The effects of social support on maternal anxiety
and depression after stillbirth, Health Soc Care Community 17(2) (2009) 167-76.
https://doi.org/10.1111/j.1365-2524.2008.00814.x

[125] A. Dyregrov, Parental reactions to the loss of an infant child: a review, Scand J Psychol
31(4) (1990) 266-80. https://doi.org/10.1111/j.1467-9450.1990.tb00839.x

[126] D.A. Slattery, I.D. Neumann, No stress please! Mechanisms of stress
hyporesponsiveness of the maternal brain, J Physiol 586(2) (2008) 377-85.
https://doi.org/10.1113/jphysiol.2007.145896

[127] M.L. Almanza-Sepulveda, A.S. Fleming, W. Jonas, Mothering revisited: A role for
cortisol?, Horm Behav 121 (2020) 104679. https://doi.org/10.1016/j.yhbeh.2020.104679

[128] J.M. Stern, L. Goldman, S. Levine, Pituitary-adrenal responsiveness during lactation in
rats, Neuroendocrinology 12(3) (1973) 179-91. https://doi.org/10.1159/000122167

[129] C.D. Walker, G. Trottier, J. Rochford, D. Lavallee, Dissociation between behavioral and
hormonal responses to the forced swim stress in lactating rats, J Neuroendocrinol 7(8)
(1995) 615-22. https://doi.org/10.1111/j.1365-2826.1995.tb00799.x

[130] R.J. Windle, S. Wood, N. Shanks, P. Perks, G.L. Conde, A.P. da Costa, C.D. Ingram, S.L.
Lightman, Endocrine and behavioural responses to noise stress: comparison of virgin
and lactating female rats during non-disrupted maternal activity, J Neuroendocrinol 9(6)
(1997) 407-14. https://doi.org/10.1046/j.1365-2826.1997.00587..x

[131] R.J. Windle, M.M. Brady, T. Kunanandam, A.P. Da Costa, B.C. Wilson, M. Harbuz, S.L.
Lightman, C.D. Ingram, Reduced response of the hypothalamo-pituitary-adrenal axis to
alphal-agonist stimulation during lactation, Endocrinology 138(9) (1997) 3741-8.
https://doi.org/10.1210/end0.138.9.5405

31



[132] I.D. Neumann, A. Wigger, G. Liebsch, F. Holsboer, R. Landgraf, Increased basal activity
of the hypothalamo-pituitary-adrenal axis during pregnancy in rats bred for high
anxiety-related behaviour, Psychoneuroendocrinology 23(5) (1998) 449-63.
https://doi.org/10.1016/s0306-4530(98)00023-7

[133] N. Shanks, R.J. Windle, P. Perks, S. Wood, C.D. Ingram, S.L. Lightman, The
hypothalamic-pituitary-adrenal axis response to endotoxin is attenuated during
lactation, J Neuroendocrinol 11(11) (1999) 857-65. https://doi.org/10.1046/j.1365-
2826.1999.00400.x

[134] P.J. Brunton, J.A. Russell, Hypothalamic-pituitary-adrenal responses to centrally
administered orexin-A are suppressed in pregnant rats, J Neuroendocrinol 15(7) (2003)
633-7. https://doi.org/10.1046/j.1365-2826.2003.01045.x

[135] P.J. Brunton, J.A. Russell, The expectant brain: adapting for motherhood, Nat Rev
Neurosci 9(1) (2008) 11-25. https://doi.org/10.1038/nrn2280

[136] M.J. Dickens, J.L. Pawluski, The HPA Axis During the Perinatal Period: Implications for
Perinatal Depression, Endocrinology 159(11) (2018) 3737-3746.
https://doi.org/10.1210/en.2018-00677

[137] C.D. Smith, J.S. Lonstein, Contact with infants modulates anxiety-generated c-fos
activity in the brains of postpartum rats, Behav Brain Res 190(2) (2008) 193-200.
https://doi.org/10.1016/j.bbr.2008.02.030

[138] J.L. Pawluski, S.E. Lieblich, L.A. Galea, Offspring-exposure reduces depressive-like
behaviour in the parturient female rat, Behav Brain Res 197(1) (2009) 55-61.
https://doi.org/10.1016/j.bbr.2008.08.001

[139] J.L. Pawluski, T.D. Charlier, S.E. Lieblich, G.L. Hammond, L.A. Galea, Reproductive
experience alters corticosterone and CBG levels in the rat dam, Physiol Behav 96(1)
(2009) 108-14. https://doi.org/10.1016/j.physbeh.2008.09.004

[140] R. Orso, L.E. Wearick-Silva, K.C. Creutzberg, A. Centeno-Silva, L. Glusman Roithmann, R.
Pazzin, S.G. Tractenberg, F. Benetti, R. Grassi-Oliveira, Maternal behavior of the mouse
dam toward pups: implications for maternal separation model of early life stress, Stress
21(1) (2018) 19-27. https://doi.org/10.1080/10253890.2017.1389883

[141] A.S. lvy, K.L. Brunson, C. Sandman, T.Z. Baram, Dysfunctional nurturing behavior in rat
dams with limited access to nesting material: a clinically relevant model for early-life
stress, Neuroscience 154(3) (2008) 1132-42.
https://doi.org/10.1016/j.neuroscience.2008.04.019

[142] M.L. Boccia, C.A. Pedersen, Brief vs. long maternal separations in infancy: contrasting
relationships with adult maternal behavior and lactation levels of aggression and
anxiety, Psychoneuroendocrinology 26(7) (2001) 657-72.
https://doi.org/10.1016/s0306-4530(01)00019-1

[143] I. Bolukbas, A. Mundorf, N. Freund, Maternal separation in rats induces
neurobiological and behavioral changes on the maternal side, Sci Rep 10(1) (2020)
22431. https://doi.org/10.1038/s41598-020-80087-6

[144] J.P. Aguggia, M.M. Suarez, M.A. Rivarola, Early maternal separation: neurobehavioral
consequences in mother rats, Behav Brain Res 248 (2013) 25-31.
https://doi.org/10.1016/j.bbr.2013.03.040

[145] M.L. Boccia, M. Razzoli, S.P. Vadlamudi, W. Trumbull, C. Caleffie, C.A. Pedersen,
Repeated long separations from pups produce depression-like behavior in rat mothers,
Psychoneuroendocrinology 32(1) (2007) 65-71.
https://doi.org/10.1016/j.psyneuen.2006.10.004

32



[146] M.B. Eklund, L.M. Johansson, K. Uvnas-Moberg, L. Arborelius, Differential effects of
repeated long and brief maternal separation on behaviour and neuroendocrine
parameters in Wistar dams, Behav Brain Res 203(1) (2009) 69-75.
https://doi.org/10.1016/j.bbr.2009.04.017

[147] J. Maniam, M.J. Morris, Long-term postpartum anxiety and depression-like behavior in
mother rats subjected to maternal separation are ameliorated by palatable high fat diet,
Behav Brain Res 208(1) (2010) 72-9. https://doi.org/10.1016/j.bbr.2009.11.005

[148] B. Leuner, C. Mirescu, L. Noiman, E. Gould, Maternal experience inhibits the
production of immature neurons in the hippocampus during the postpartum period
through elevations in adrenal steroids, Hippocampus 17(6) (2007) 434-42.
https://doi.org/10.1002/hipo.20278

[149] C.D. Conrad, Chronic stress-induced hippocampal vulnerability: the glucocorticoid
vulnerability hypothesis, Rev Neurosci 19(6) (2008) 395-411.
https://doi.org/10.1515/revneuro.2008.19.6.395

[150] V. Nieratschker, R. Massart, M. Gilles, A. Luoni, M.J. Suderman, B. Krumm, S. Meier,
S.H. Witt, M.M. Nothen, S.J. Suomi, V. Peus, B. Scharnholz, H. Dukal, C. Hohmeyer, |.A.
Wolf, F. Cirulli, P. Gass, M.W. Sutterlin, B. Filsinger, M. Laucht, M.A. Riva, M. Rietschel,
M. Deuschle, M. Szyf, MORC1 exhibits cross-species differential methylation in
association with early life stress as well as genome-wide association with MDD, Transl|
Psychiatry 4 (2014) e429. https://doi.org/10.1038/tp.2014.75

[151] A. Mundorf, J. Schmitz, O. Gunturkun, N. Freund, S. Ocklenburg, Methylation of
MORC1: A possible biomarker for depression?, J Psychiatr Res 103 (2018) 208-211.
https://doi.org/10.1016/].jpsychires.2018.05.026

[152] M. Thomas, A. Coope, C. Falkenberg, B.W. Dunlop, D. Czamara, N. Provencal, W.E.
Craighead, H.S. Mayberg, C.B. Nemeroff, E.B. Binder, V. Nieratschker, Investigation of
MORC1 DNA methylation as biomarker of early life stress and depressive symptomes, J
Psychiatr Res 120 (2020) 154-162. https://doi.org/10.1016/].jpsychires.2019.10.019

[153] S.J. Baracz, N.A. Everett, K.J. Robinson, G.R. Campbell, J.L. Cornish, Maternal separation
changes maternal care, anxiety-like behaviour and expression of paraventricular
oxytocin and corticotrophin-releasing factor immunoreactivity in lactating rats, J
Neuroendocrinol 32(6) (2020) e12861. https://doi.org/10.1111/jne.12861

[154] I.D. Neumann, D.A. Slattery, Oxytocin in General Anxiety and Social Fear: A
Translational Approach, Biol Psychiatry 79(3) (2016) 213-21.
https://doi.org/10.1016/j.biopsych.2015.06.004

[155] T.R. Insel, Regional changes in brain oxytocin receptors post-partum: time-course and
relationship to maternal behaviour, J Neuroendocrinol 2(4) (1990) 539-45.
https://doi.org/10.1111/j.1365-2826.1990.tb00445.x

[156] A.H. Veenema, R. Bredewold, I.D. Neumann, Opposite effects of maternal separation
on intermale and maternal aggression in C57BL/6 mice: link to hypothalamic vasopressin
and oxytocin immunoreactivity, Psychoneuroendocrinology 32(5) (2007) 437-50.
https://doi.org/10.1016/j.psyneuen.2007.02.008

[157] R.J. Windle, Y.M. Kershaw, N. Shanks, S.A. Wood, S.L. Lightman, C.D. Ingram, Oxytocin
attenuates stress-induced c-fos mMRNA expression in specific forebrain regions
associated with modulation of hypothalamo-pituitary-adrenal activity, J Neurosci 24(12)
(2004) 2974-82. https://doi.org/10.1523/INEUROSCI.3432-03.2004

[158] O.J. Bosch, J. Dabrowska, M.E. Modi, Z.V. Johnson, A.C. Keebaugh, C.E. Barrett, T.H.
Ahern, J. Guo, V. Grinevich, D.G. Rainnie, I.D. Neumann, L.J. Young, Oxytocin in the
nucleus accumbens shell reverses CRFR2-evoked passive stress-coping after partner loss

33



in monogamous male prairie voles, Psychoneuroendocrinology 64 (2016) 66-78.
https://doi.org/10.1016/j.psyneuen.2015.11.011

[159] K.A. Young, K.L. Gobrogge, Y. Liu, Z. Wang, The neurobiology of pair bonding: insights
from a socially monogamous rodent, Front Neuroendocrinol 32(1) (2011) 53-69.
https://doi.org/10.1016/j.yfrne.2010.07.006

[160] L.J. Young, Z. Wang, The neurobiology of pair bonding, Nat Neurosci 7(10) (2004) 1048-
54. https://doi.org/10.1038/nn1327

[161] J.M. Sadino, Z.R. Donaldson, Prairie Voles as a Model for Understanding the Genetic
and Epigenetic Regulation of Attachment Behaviors, ACS Chem Neurosci 9(8) (2018)
1939-1950. https://doi.org/10.1021/acschemneuro.7b00475

[162] O.J. Bosch, H.P. Nair, T.H. Ahern, I.D. Neumann, L.J. Young, The CRF system mediates
increased passive stress-coping behavior following the loss of a bonded partner in a
monogamous rodent, Neuropsychopharmacology 34(6) (2009) 1406-15.
https://doi.org/10.1038/npp.2008.154

[163] J. Winter, B. Jurek, The interplay between oxytocin and the CRF system: regulation of
the stress response, Cell Tissue Res 375(1) (2019) 85-91.
https://doi.org/10.1007/s00441-018-2866-2

[164] J. Dabrowska, R. Hazra, J.D. Guo, S. Dewitt, D.G. Rainnie, Central CRF neurons are not
created equal: phenotypic differences in CRF-containing neurons of the rat
paraventricular hypothalamus and the bed nucleus of the stria terminalis, Front
Neurosci 7 (2013) 156. https://doi.org/10.3389/fnins.2013.00156

[165] O.J. Bosch, T.T. Pohl, I.D. Neumann, L.J. Young, Abandoned prairie vole mothers show
normal maternal care but altered emotionality: Potential influence of the brain
corticotropin-releasing factor system, Behav Brain Res 341 (2018) 114-121.
https://doi.org/10.1016/j.bbr.2017.12.034

[166] A.). Grippo, D.M. Trahanas, R.R. Zimmerman, 2nd, S.W. Porges, C.S. Carter, Oxytocin
protects against negative behavioral and autonomic consequences of long-term social
isolation, Psychoneuroendocrinology 34(10) (2009) 1542-53.
https://doi.org/10.1016/j.psyneuen.2009.05.017

[167] A. Stamatakis, T. Kalpachidou, A. Raftogianni, E. Zografou, A. Tzanou, S. Pondiki, F.
Stylianopoulou, Rat dams exposed repeatedly to a daily brief separation from the pups
exhibit increased maternal behavior, decreased anxiety and altered levels of receptors
for estrogens (ERalpha, ERbeta), oxytocin and serotonin (5-HT1A) in their brain,
Psychoneuroendocrinology 52 (2015) 212-28.
https://doi.org/10.1016/j.psyneuen.2014.11.016

[168] X.Y. Liu, D. Li, T. Li, H. Liu, D. Cui, Y. Liu, S. Jia, X. Wang, R. Jiao, H. Zhu, F. Zhang, D. Qin,
Y.F. Wang, Effects of Intranasal Oxytocin on Pup Deprivation-Evoked Aberrant Maternal
Behavior and Hypogalactia in Rat Dams and the Underlying Mechanisms, Front Neurosci
13 (2019) 122. https://doi.org/10.3389/fnins.2019.00122

[169] A.M. Kelly, L.C. Hiura, A.G. Saunders, A.G. Ophir, Oxytocin Neurons Exhibit Extensive
Functional Plasticity Due To Offspring Age in Mothers and Fathers, Integr Comp Biol
57(3) (2017) 603-618. https://doi.org/10.1093/icb/icx036

[170] M. Deuschle, B. Weber, M. Colla, M. Depner, I. Heuser, Effects of major depression,
aging and gender upon calculated diurnal free plasma cortisol concentrations: a re-
evaluation study, Stress 2(4) (1998) 281-7.
https://doi.org/10.3109/10253899809167292

[171] C.T. Wolff, S.B. Friedman, M.A. Hofer, J.W. Mason, Relationship between Psychological
Defenses and Mean Urinary 17-Hydroxycorticosteroid Excretion Rates. I. A Predictive

34



Study of Parents of Fatally Ill Children, Psychosom Med 26 (1964) 576-91.
https://doi.org/10.1097/00006842-196409000-00002

[172] M.A. Hofer, C.T. Wolff, S.B. Friedman, J.W. Mason, A psychoendocrine study of
bereavement. |. 17-Hydroxycorticosteroid excretion rates of parents following death of
their children from leukemia, Psychosom Med 34(6) (1972) 481-91.
https://doi.org/10.1097/00006842-197211000-00001

[173] M.L. Spratt, D.R. Denney, Immune variables, depression, and plasma cortisol over time
in suddenly bereaved parents, J Neuropsychiatry Clin Neurosci 3(3) (1991) 299-306.
https://doi.org/10.1176/jnp.3.3.299

[174] T. Buckley, R. Bartrop, S. McKinley, C. Ward, M. Bramwell, D. Roche, A.S. Mihailidou,
M.C. Morel-Kopp, M. Spinaze, B. Hocking, K. Goldston, C. Tennant, G. Tofler, Prospective
study of early bereavement on psychological and behavioural cardiac risk factors,
Internal Medicine Journal 39(6) (2009) 370-378. https://doi.org/10.1111/j.1445-
5994.2008.01879.x

[175] V.E. Richardson, K.M. Bennett, D. Carr, S. Gallagher, J. Kim, N. Fields, How Does
Bereavement Get Under the Skin? The Effects of Late-Life Spousal Loss on Cortisol
Levels, J Gerontol B Psychol Sci Soc Sci 70(3) (2015) 341-7.
https://doi.org/10.1093/geronb/gbt116

[176] M. Irwin, M. Daniels, S.C. Risch, E. Bloom, H. Weiner, Plasma cortisol and natural killer
cell activity during bereavement, Biol Psychiatry 24(2) (1988) 173-8.
https://doi.org/10.1016/0006-3223(88)90272-7

[177] N.A. Nicolson, Childhood parental loss and cortisol levels in adult men,
Psychoneuroendocrinology 29(8) (2004) 1012-8.
https://doi.org/10.1016/j.psyneuen.2003.09.005

[178] H.C. Saavedra Perez, N. Direk, J. Milic, M.A. lkram, A. Hofman, H. Tiemeier, The Impact
of Complicated Grief on Diurnal Cortisol Levels Two Years After Loss: A Population-Based
Study, Psychosom Med 79(4) (2017) 426-433.
https://doi.org/10.1097/PSY.0000000000000422

[179] S. Atzil, A. Touroutoglou, T. Rudy, S. Salcedo, R. Feldman, J.M. Hooker, B.C. Dickerson,
C. Catana, L.F. Barrett, Dopamine in the medial amygdala network mediates human
bonding, Proc Natl Acad Sci U S A 114(9) (2017) 2361-2366.
https://doi.org/10.1073/pnas.1612233114

[180] E. Shishido, T. Shuo, K. Takahata, S. Horiuchi, Changes in salivary oxytocin levels and
bonding disorder in women from late pregnancy to early postpartum: A pilot study, PLoS
One 14(9) (2019) e0221821. https://doi.org/10.1371/journal.pone.0221821

[181] J. Ito, T. Fujiwara, Y. Monden, T. Yamagata, H. Ohira, Association of Oxytocin and
Parental Prefrontal Activation during Reunion with Infant: A Functional Near-Infrared
Spectroscopy Study, Front Pediatr 5 (2017) 271.
https://doi.org/10.3389/fped.2017.00271

[182] L. Strathearn, P. Fonagy, J. Amico, P.R. Montague, Adult attachment predicts maternal
brain and oxytocin response to infant cues, Neuropsychopharmacology 34(13) (2009)
2655-66. https://doi.org/10.1038/npp.2009.103

[183] S. Atzil, T. Hendler, R. Feldman, Specifying the neurobiological basis of human
attachment: brain, hormones, and behavior in synchronous and intrusive mothers,
Neuropsychopharmacology 36(13) (2011) 2603-15.
https://doi.org/10.1038/npp.2011.172

[184] H.J.V. Rutherford, X.M. Guo, K.M. Graber, N.J. Hayes, K.A. Pelphrey, L.C. Mayes,
Intranasal oxytocin and the neural correlates of infant face processing in non-parent

35



women, Biol Psychol 129 (2017) 45-48.
https://doi.org/10.1016/j.biopsycho.2017.08.002

[185] R. Bredewold, A.H. Veenema, Sex differences in the regulation of social and anxiety-
related behaviors: insights from vasopressin and oxytocin brain systems, Curr Opin
Neurobiol 49 (2018) 132-140. https://doi.org/10.1016/j.conb.2018.02.011

[186] M. Valstad, G.A. Alvares, M. Egknud, A.M. Matziorinis, O.A. Andreassen, L.T. Westlye,
D.S. Quintana, The correlation between central and peripheral oxytocin concentrations:
A systematic review and meta-analysis, Neurosci Biobehav Rev 78 (2017) 117-124.
https://doi.org/10.1016/j.neubiorev.2017.04.017

[187] J.A. Bartz, J. Zaki, N. Bolger, K.N. Ochsner, Social effects of oxytocin in humans: context
and person matter, Trends Cogn Sci 15(7) (2011) 301-9.
https://doi.org/10.1016/j.tics.2011.05.002

[188] E. Bui, S.N. Hellberg, S.S. Hoeppner, P. Rosencrans, A. Young, R.A. Ross, E. Hoge, N.M.
Simon, Circulating levels of oxytocin may be elevated in complicated grief: a pilot study,
Eur J Psychotraumatol 10(1) (2019) 1646603.
https://doi.org/10.1080/20008198.2019.1646603

[189] M.K. Shear, N. Simon, M. Wall, S. Zisook, R. Neimeyer, N. Duan, C. Reynolds, B.
Lebowitz, S. Sung, A. Ghesquiere, B. Gorscak, P. Clayton, M. Ito, S. Nakajima, T. Konishi,
N. Melhem, K. Meert, M. Schiff, M.F. O'Connor, M. First, J. Sareen, J. Bolton, N.
Skritskaya, A.D. Mancini, A. Keshaviah, Complicated grief and related bereavement
issues for DSM-5, Depress Anxiety 28(2) (2011) 103-17.
https://doi.org/10.1002/da.20780

[190] M.A. Schiele, B. Costa, M. Abelli, C. Martini, D.S. Baldwin, K. Domschke, S. Pini,
Oxytocin receptor gene variation, behavioural inhibition, and adult separation anxiety:
Role in complicated grief, World J Biol Psychiatry 19(6) (2018) 471-479.
https://doi.org/10.1080/15622975.2018.1430374

[191] M.K. Shear, C.F. Reynolds, 3rd, N.M. Simon, S. Zisook, Y. Wang, C. Mauro, N. Duan, B.
Lebowitz, N. Skritskaya, Optimizing Treatment of Complicated Grief: A Randomized
Clinical Trial, JAMA Psychiatry 73(7) (2016) 685-94.
https://doi.org/10.1001/jamapsychiatry.2016.0892

[192] G.E. Smid, R.J. Kleber, S.M. de la Rie, J.B. Bos, B.P. Gersons, P.A. Boelen, Brief Eclectic
Psychotherapy for Traumatic Grief (BEP-TG): toward integrated treatment of symptoms
related to traumatic loss, Eur J Psychotraumatol 6 (2015) 27324.
https://doi.org/10.3402/ejpt.v6.27324

[193] M. Kalyani, P. Callahan, J.M. Janik, H. Shi, Effects of Pup Separation on Stress Response
in Postpartum Female Rats, Int J Mol Sci 18 (2017) 1370.
https://doi.org/10.3390/ijms1807137

36


https://doi.org/10.3390/ijms1807137

Table 1: Overview of studies related to the OXT and / or CRF systems in rodents after pup
loss/separation

Abbreviations: BMS = brief maternal separation; CBG = corticosteroid binding globulin; CeA =
central amygdala; Cort = corticosterone; CTRL = control; EPM = elevated plus maze; FST =
forced swim test; Hip = hippocampus; IHC = immunohistochemistry; IR = immune-reactive; LG
= licking and grooming; LHb = lateral habenula; LMS = long maternal separation; mPOA =
medial preoptic area; MS = maternal separation; NAcc = nucleus accumbens; OF = open field
test; OXT = oxytocin; OXTR = oxytocin receptor; PFC = prefrontal cortex; PND = postnatal day;
SL= lateral septum; SUM = supramammilary nucleus; VMH = bentro-medial hypothalamus.
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MS MS PERIOD BEHAVIORAL BIOMARKERS MAIN STRAIN  REF
DURATION TEST FINDINGS
Permanent | Dams Radial arm Litter Sprague- | [44]
separation | tested 34 maze removal Dawley
within 24 h | or 55 days induced rats
after after memory
parturition | parturition impairment
and
decreased
learning
strategies
Permanent | Dams FST, OF, EPM Litter Sprague- | [138]
separation | tested 30 removal Dawley
within 24 h | days after induced rats
after parturition depressive-
parturition like
behavior
without
effect on
anxiety
Permanent | Dams Cort, CBG Litter Sprague- | [139]
separation | PND1, removal Dawley
within 24 h | PND5, reduced rats
after PND14, Cort levels
parturition | PND21, and
PND35 increased
CBG levels
by PD5
Permanent | Dams Cort Litter Sprague- | [193]
separation | PND10- removal Dawley
for 60 min, | PND14 to reduced rats
1day,or8 | PND 18- Cort levels
days PND22 as the pup
separation
duration
increased
3 days of PNDO to Cell Total litter Sprague- | [148]
total PND3 proliferation, | removal Dawley
separation Cort reduced rats
Cort levels
compared to
CTRL group
20h/day | PND1to Maternal ACTH, Cort, LMS induced | Sprague- | [168]
repeated PND4 care OXT depression Dawley
separation and rats

hypogalactia
and reduced
OXT activity.
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Intranasal
OXT infusion
rescued
partially the
impaired
behavior

180 min/
day
repeated
separation

PND 2 to
PND 7

Maternal
behavior, OF,
Light/Dark
box, social
interaction

Nr3cl
expression in
Hip

LMS induced
anxiety
without
effect on
social
behavior;
LMS
increased
Nr3cl
MRNA in the
Hip;

LMS
impaired
maternal
care

BALB/c
mice

[140]

270 min/
day
repeated
separation

PND 1to
PND 21

FST,
maternal
care, EPM,
step down
inhibitory
avoidance
task

C-Fos
expression

LMS
reduced
maternal
care,
increased
anxiety, no
effect on
depressive-
like
behavior
and
impaired
memory
LMS
increased C-
Fos+ cells in
CeA

Wistar
rats

[144]

240 min /
day
repeated
separation

PND 2 to
PND 20

Maternal
behavior,
EPM, marble
burying

GABA and
Glutamate in
serum,
Morcl and
Nr3cl mRNA

LMS
increased LG
behavior
and arched-
back
nursing;

no effect on
anxiety;

Sprague-
Dawley
rats

[143]

Table 2: Overview of studies related to the OXT and / or CRF systems in grieving humans
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LMS
increased
Morcl
MRNA in the
Hip and
increased
the GABA
serum levels

240 min
separation

PND 7 or 8

EPM

C-Fos
expression

Litter
removal
increased
anxiety and
increased C-
Fos+ cells in
dorsal /
ventral
mPOA, LHb,
SUM, VMH

Long-
Evans
rats

[137]

BMS (15
min/day)

PND1 to
PND22

Maternal
care, EPM

OXT+ cells,
OXTR binding

BMS
increased
maternal
care

and reduced
anxiety
BMS
increased
OXTR+ cells
in PFC, Hip,
SL, mPOA,
NAcc shell,
CeA

BMS
increased
OXTR
binding in
Hip, SL,
mPOA, NAcc
shell

Wistar
rats

[167]

BMS (15

min / day)
LMS (360
min / day)

PND 1 to
PND 21

Maternal
care, FST

OXT and CRF
IR cells in
PVN

LMS
increased
maternal
care
compared to
BMS

LMS and
BMS both
increased

Long-
Evans
rats

[153]
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anxiety in
the dams
BMS
increased
OXT-IR cells
in PVN
compared to
LMS and
CTRL groups

BMS (15

min / day)
LMS (240
min / day)

During 8
random
days in the
first 2
weeks
postpartum

Spontaneous
motor
activity,
defensive
withdrawal
test

Adrenal gland
weight,
ACTH, Cort,
OXT

Only BMS
induced
anxiety
Only BMS
reduced
adrenal
glands
weight
Only BMS
increased
Cort levels
No changes
in OXT
between
groups

Wistar
rats

[146]

BMS (15

min / day)
LMS (180
min / day)

PND 2 to
PND 14

FST, sucrose
preference
test, EPM

Cort

LMS induced
anxiety and
depressive-
like

behavior
LMS
increased
Cort levels

Sprague-
Dawley
rats

[147]

BMS (15

min / day)
LMS (180
min / day)

PND 3 to
PND 14

FST,
maternal
care

LMS induced
depressive-
like

behavior
compared to
BMS and
CTRL groups

Wistar
rats

[145]

Abbreviations: CG = complicated grief; MDD = major depressive disorder; OXT = oxytocin;

OXTR = oxytocin receptor; 17-OHCS= 17-hydroxycorticosteroid.
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GRIEF TYPE

PERIOD

SUBJECTS

METHODS

BIOMARKE
RS

MAIN
FINDINGS

REF

Child loss

During 2
years
after loss

N =40
parents

Interviews,
urine
samples

17-OHCS

The
adrenocortic
al excretion
levels of an
individual
anticipating
the death of
their child is
characteristi
c of that
individual
only in that
situation and
is not
characteristi
c of them
throughout
their life or
in another
stressful
situation

[172

Sudden
death of
the child

At2,4,6
and 8
months
after loss

N=11
parents

Blood
samples,
Back
Depression
Inventory
Questionnair
e

Cortisol, T-
suppressor
cells

Depression
in bereaved
parents;
decreased T-
suppressor
cells and
increased T-
helper cells

[173

Terminally
ill children

During
child
illness

N=31
parents

Interviews,
urine
samples

17-OHCS

17-OHCS
excretion
rates are
related to
the
individual’s
response to
threat

[171

Bereaved
spouses or
partners of
the
deceased
and
bereaved
parents

Within 2
weeks
and 6
months
after loss

N =62
bereaved
individuals

N =50
non-
bereaved

Questionnair
e

Cortisol,
lipids

Acutely
bereaved
individuals
had
depression,
anxiety and
anger, as
well as
higher

[174
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cortisol,

reduced
appetite,
lower total
cholesterol
and lower
sleep
duration
Partner, At 2 and | N=1922 Saliva Cortisol 2 years after | [178
child, 5 years person samples, loss, the CG ]
parent, after loss | with no interview, group had
sibling, grief; Dutch lower levels
friend N=131 version of of morning
the Inventory cortisol and
of lower
Complicated diurnal
Grief cortisol
compared to
the grief and
no-grief
groups
Grandparen | Average | N=93 Questionnair | OXTR OXTR [190
t, loss bereaved e, Inventory | rs2254298 genotype is ]
parent, occurred | individuals | of variant related to
sibling, 9.73 Complicated CG severity
friend, years Grief,
relative, back Hamilton
child Depression
Rating Scale
Bereaved At 6, 18 N =263 Interviews, Cortisol Gender- [175
spouses and 48 bereaved blood and specific ]
months individuals | urine effect:
after loss | ; samples bereaved
N =293 women had
non- higher
bereaved cortisol
levels than
bereaved
men at 6
months
post-
bereavemen
t
Loss or (1) Loss N=9 Blood Cortisol, Bereaved [176
separation | of women samples natural women had ]
during husband | (1); killer cells increased
childhood <6 cortisol
months levels and
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(2) N=11 natural killer
husband | women cell activity
terminall | (2);
y ill N=3
(3) women (3)
healthy
husband
Parent, Atleast 6 | N=47 Structured OXT plasma | CG group [188
spouse months adults with | Clinical level had higher ]
after loss | CG; Interview, plasma OXT
N= 46 Inventory of compared to
bereaved Complicated MDD group
adults with | Grief, blood
MDD; samples
N= 46
mentally
healthy
adults
bereaved
controls
Parent loss | Loss or N=9 men | Saliva Cortisol Higher
separatio | experience | samples cortisol in (177
n during | d parent men who ]
childhoo | loss; experienced
d N= 10 men parental
experience death during
d parent childhood
separation
N=38 men
control
group

44






