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Maternal cocaine addiction is a significant public health issue particularly affecting children, with high rates of
reported abuse, neglect, and foster care placement. This review examines both preclinical and clinical evidence for how
cocaine abuse may affect maternal care and infant development, exploring brain, behavioral, and neuroendocrine
mechanisms. There is evidence that cocaine affects infant development both directly, via in utero exposure, and
indirectly via alterations in maternal care. Two neural systems known to play an important role in both maternal care
and cocaine addiction are the oxytocin and dopamine systems, mediating social and reward-related behaviors and
stress reactivity. These same neural mechanisms may also be involved in the infant’s development of vulnerability
to addiction. Understanding the neuroendocrine pathways involved in maternal behavior and addiction may help
facilitate earlier, more effective interventions to help substance-abusing mothers provide adequate care for their

infant and perhaps prevent the intergenerational transmission of risk.
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For most mothers, interacting and engaging with
one’s own infant is a rewarding and pleasurable ex-
perience that promotes mother—infant attachment,
ensures optimal care for the developing infant, and
motivates maternal behavior even in the face of ex-
treme fatigue and competing needs for attention.!:?
However, animal and human research suggests that
mothers who are addicted to substances, particu-
larly cocaine, even when not actively using the drug,
may be less able to respond appropriately to their
infant’s cues, finding these interactions less intrin-
sically rewarding or more stress invoking.>* This
situation may put the infant or child at risk for ne-
glect or abuse.

Cocaine abuse continues to be a significant pub-
lic health issue in the United States, with 1 million
first-time users estimated during 2004. Most sig-
nificantly, almost 90% of drug-abusing women are
of reproductive age, with an estimated 4.6 million
female users of cocaine in the United States and
750,000 drug-exposed births annually.® This infor-
mation has long-lasting implications for families,
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their children, and society, which bears much of the
cost for future educational and therapeutic services.

The purpose of this review article is to exam-
ine the potential effect of cocaine addiction on
maternal care and infant development, exploring
brain, behavioral, and neuroendocrine mechanisms
(Fig. 1). We focus especially on women with ac-
tive cocaine dependence because (1) cocaine addic-
tion co-opts neural circuitry that has recently been
shown to be key to early parenting, that is, dopamin-
ergically regulated mesocorticolimbic and nigros-
triatal brain pathways®’; (2) cocaine abuse is highly
correlated with maternal neglect of offspring and
poorer maternal-infant interactions in both human
and animal models®>31%; and (3) parallel studies of
cocaine exposure in the parturient rodent model
indicates that cocaine may inhibit both central and
peripheral oxytocin (OT) production,>!!12 alter-
ing maternal sensitivity to offspring’s cries, olfactory
cues, tactile stimulation, and activity patterns such
that mothers are more neglectful of their offspring
and more reactive to stress. In particular, these
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Figure 1. Proposed factors influencing maternal re-
sponses and infant development. DA, dopamine; OT,
oxytocin.

preclinical studies indicate basic mechanisms by
which cocaine abuse may disrupt the earliest and
most fundamental aspects of parenting behavior.

In addition, we aim to explore how the moth-
ers’ own adverse childhood experience may pre-
dispose to addiction behaviors and interact with
cocaine exposure to affect maternal responses to
infant cues (Fig. 1). Studies have shown a strong
graded relationship between stressful or traumatic
childhood experiences and subsequent illicit drug
use,'? as well as impaired parenting practices.'* The
lack of responsive, nurturant caregiving in early
childhood—which is associated with disturbed pat-
terns of adult attachment—may influence the de-
velopment of both dopaminergic and OTergic brain
systems via epigenetic mechanisms,'>"!7 thus mak-
ing individuals more vulnerable to addiction and
adverse parenting responses toward their own in-
fants.

There are also findings from both human and
preclinical models that suggest prenatal exposure
to cocaine disrupts offspring behavior, as ex-
pressed in poor-state lability, decreased social be-
havior, abnormal activity patterns, and irritabil-
ity/aggression.'®2? These behavioral disruptions
may, in turn, affect the parenting behaviors of both
cocaine-using and non—cocaine-using mothers. To-
gether these observations suggest that, in pregnant
women, cocaine abuse impairs parenting both by
impairing maternal sensitivity to salient infant cues
and by distorting infant cueing behavior.

Although information about the neural circuitry
of parenting in humans is still sparse, the few studies
available to date suggest concordance with a growing
body of work in preclinical rodent models. For ex-
ample, recent functional neuroimaging studies with
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a normative sample of first-time mothers respond-
ing to visual and auditory infant cues from their own
and another baby suggest convergence with preclin-
ical data regarding limbic-hypothalamic—midbrain
brain circuits including the amygdala, insula, hy-
pothalamus, ventral tegmental area, striatum, and
medial prefrontal cortex.!?> Whether these circuits
are activated in response to infant cues when par-
ents have abused drugs that affect similar circuitry
has to our knowledge never before been studied in
humans.

The hope is that understanding the interaction
between these factors in cocaine-exposed mothers
will inform us on how to most effectively inter-
vene, at primary through tertiary prevention levels.
For example, cocaine-exposed mothers with differ-
ent adult attachment patterns may respond differ-
ently to their infants’ cues, activating different neu-
ral systems, which may require different forms of
behavioral or pharmacological intervention. Under-
standing how maternal responses to infant cues are
altered in particular groups may help us to formu-
late more effective parent—child interaction ther-
apies or home visitation programs, assisting new
mothers to recognize and appropriately respond to
their infants’ cues.?*?> It may also ultimately lead
to improved pharmacotherapy for cocaine-addicted
mothers, targeting specific brain regions or neu-
roendocrine systems important in addiction, such
as OT and the amygdala, the ventral striatum, or
insula.26-%7

Understanding the neuroendocrine mechanisms
that are critical to parental investment in infants
will facilitate more refined and presumably earlier
interventions to help substance abusing parents in-
vest in and provide sufficient and necessary care for
their infant despite the earlier compromises they
may bring to their parenting role. Earlier and more
sustained parental care of infants may also diminish
the intergenerational effect of substance abuse and
neglect on later risk for addiction and related psy-
chopathology among adolescents and young adults,
especially those at risk for initiation of drug use and
addiction.

Cocaine addiction, maternal care,
and infant development

Accumulating evidence from both preclinical and
clinical laboratories indicates that early failures in
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parental care have a compromising and endur-
ing influence on the stress-regulatory capacities of
offspring and on the parenting abilities of those
offspring as adults, such that offspring are more
vulnerable to stress and hence to a range of psy-
chopathologies, including substance abuse. Further,
recent work in both preclinical and clinical settings
is delineating a specific neural circuitry that is key
to early parenting and attachment to offspring. Sub-
stance abuse in general, and cocaine abuse specifi-
cally, has long been recognized to be associated with
many factors that may compromise an adult’s abil-
ity to parent, including higher rates of serious psy-
chopathology, such as depression and disorders of
attachment, related in part to abuse and neglect ex-
periences in childhood. The mechanism of action
for cocaine involves similar dopaminergically regu-
lated reward systems in the brain that overlap with
those identified as key to the initiation of parenting
behaviors in adults (e.g., amygdala, hippocampus,
striatum). These same systems are key to reward and
stress/fear regulatory systems, the balance between
which is considered critical in models of drug abuse
and addiction.?®-3° Thus, it may be that among the
many factors affecting a substance-abusing adult’s
ability to parent, one may be the disruption or co-
opting of basic neural circuitry key to infant at-
tachment by drugs of abuse. Although there has
been considerable work on the influence of expo-
sure to cocaine during fetal development on long-
term child outcome,?%31-33 there has been far less
systematic work on the effect of cocaine on adults’
parenting ability. Preclinical studies in models of
cocaine abuse suggest that cocaine disrupts basic
parenting behaviors, and thus at least a part of the
effect of cocaine abuse on child outcome is medi-
ated through disrupted parental care. In the next
sections we review work on the effect of parenting
behavior on infant development, the effect of sub-
stance abuse on parenting behaviors, from both the
preclinical and clinical/human perspective, and the
emerging work on the neural circuitry of parenting
and attachment.

Influence of maternal care on infant
development

There has been considerable work characterizing
key aspects of maternal behavior in animal models
and linking individual variation in these behaviors
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to offspring development. In general, these find-
ings suggest that maternal behavior in the days and
weeks following birth serves to “program” the sub-
sequent maternal behavior of the adult offspring as
well as establishing the pups’ level of hypothalamic—
pituitary—adrenal responsiveness to stress.**® This
complex programming also appears to influence as-
pects of learning and memory. Further, many of the
brain regions implicated in these experimental in-
terventions are the same as those identified in the
knockout gene and lesioning studies (see the follow-
ing sections).

Repeated handling of pups in conjunction with
brief maternal separations induces more licking
and grooming by the rat dams. As adults, the
offspring of mothers that exhibited more licking
and grooming of pups during the first 10 days
of life showed reduced plasma adrenocorticotropic
hormone and corticosterone responses to acute
restraint stress, as well as increased hippocam-
pal glucocorticoid receptor mRNA expression, and
decreased levels of hypothalamic corticotropin-
releasing factor (CRF) mRNA.?” Subsequent stud-
ies by the same group of investigators have
shown that the offspring of these high-licking and
- grooming mothers also show reduced acoustic
startle responses, as well as enhanced spatial learning
and memory.*®*° In contrast, repeated handling of
pups in conjunction with prolonged maternal sep-
arations induces deranged maternal behavior, in-
cluding a reduction in licking and grooming by the
rat dams and reduced maternal aggression.*® Sim-
ilarly, the adult offspring show increased neuroen-
docrine responses to acute restraint stress and air
puff startle, including elevated levels of paraven-
tricular nucleus (PVN) CRF mRNA and elevated
plasma levels of adrenocorticotropic hormone and
corticosterone.’®*? These animals also show an in-
creased acoustic startle response, as well as enhanced
anxiety or fearfulness to novel environments.*

Early adoption (3—6 h after birth) has been found
to be associated with increased maternal licking
behavior*! and to prevent the prolonged stress-
induced secretion of corticosterone evident in early
separated offspring that were returned to the nest
with their biological mother. Similarly, as adults the
early-adopted pups demonstrated lower novelty-
induced locomotion and improved recognition per-
formance in a Y maze compared to the early sep-
arated offspring. However, later adoption at either
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5 or 10 days resulted in a prolonged stress-induced
corticosterone secretion, increased the locomotor
response to novelty, and disrupted cognitive perfor-
mance in the adult offspring. This finding has been
further supported by work on maternal separation
of mice, which suggests a role for nerve growth factor
to mediate the effects of external manipulations on
the developing brain.*? It also has been shown that
the amount of licking and grooming that a female
pup receives in infancy is associated with how much
licking and grooming she provides to her offspring
as a new mother.” Low-licking and -grooming
dams could be transformed into high-licking and
-grooming dams by handling. These changes are
also passed on to the next generation—that is,
that the female offspring of the low-licking and
-grooming dams became high-licking and - groom-
ing mothers if they were either cross-fostered by
high-licking and -grooming dams or if they were
handled. The converse was also true, namely, that the
female offspring of the high-licking and -grooming
dams became low-licking and - grooming moth-
ers if they were cross-fostered by low-licking and
-grooming dams. These naturally occurring varia-
tions in licking, grooming, and arched-back nurs-
ing have also been associated with the development
of individual differences in behavioral responses to
novelty in adult offspring. Adult offspring of the
low-licking, -grooming, and -arched back nursing
mothers show increased startle responses, decreased
open-field exploration, and longer latencies to eat
food provided in a novel environment.*
Furthermore, Francis et al.> demonstrated that
the influence of maternal care on the development
of stress reactivity was mediated by changes in gene
expression in regions of the brain that regulate stress
responses. For example, adult offspring of high-
licking, -grooming, and -arched back nursing dams
showed increased hippocampal glucocorticoid re-
ceptor mRNA expression and increased expres-
sion of N-methyl-p-aspartate receptor subunit and
brain-derived neurotrophic factor mRNA, as well as
increased cholinergic innervation of the hippocam-
pus.” In the amygdala there are increased central
benzodiazepine receptor levels in the central and ba-
solateral nuclei. In the PVN there is decreased CRF
mRNA. These adult pups also show several changes
in receptor density in the locus ceruleus, includ-
ing increased a2 adrenoreceptors, reduced GABA A
receptors, and decreased CRF receptors.*>** In an-
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other recent study, OT receptor binding levels were
examined in brain sections from high- and low-
licking, -grooming, and -arched back nursing ani-
mals killed either as nonlactating virgins or during
lactation.*® Examination of the medial preoptic area
(MPOA) and the intermediate and ventral regions of
the lateral septum disclosed that OT receptor levels
were significantly higher in lactating females than in
nonlactating females. Lactation-induced increases
in OT receptor binding were greater in high- than
in low-licking, -grooming, and -arched back nurs-
ing females in the bed nucleus of the stria terminalis
(BNST) and ventral region of the septum. Francis
et al.®¥ suggest, therefore, that variations in maternal
behavior in the rat may be reflected in, and influ-
enced by, differences in OT receptor levels in the
brain.

In sum, the nature of early caregiving experiences
can have enduring consequences on individual dif-
ferences in subsequent maternal behavior, anxiety
regulation, and patterns of stress response through
specific neuropharmacological mechanisms.'> Data
from animal studies indicate that the interval sur-
rounding birth is a critical period in the life of the
offspring that probably has enduring neurobiologi-
cal and behavioral consequences.

Effect of cocaine addiction on maternal
care and infant development: preclinical
models

Reports generally agree that all varieties of cocaine
exposure (acute, intermittent, and chronic) disrupt
some aspects of maternal behavior, the extent de-
pendent on dose and time of testing and expo-
sure.” 10448 Cocaine has been proposed as me-
diating maternal behavior/aggression in the early
postpartum period in the rat through its effects on
the OT system.* Only one human study involv-
ing mothers who used cocaine during gestation has
been published, showing reduced plasma OT levels
in cocaine-abusing mothers.*’ The presence of OT
seems critical to initiating the onset of maternal be-
havior in several mammalian species, including the
rat and sheep.’®> Recently a study by Johns et al.3
examined maternal behavior after treatment with
chronic or intermittent cocaine treatment by us-
ing cross-fostering of prenatally exposed and non—
drug-exposed offspring. Although both drug treat-
ment regimens disrupted maternal behavior toward
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all offspring, chronic gestational treatment had the
greatest influence on early maternal behavior in the
dams regardless of the pups’ prenatal condition. In-
terestingly, however, all dams, both cocaine treated
and control subjects including untreated dams, dis-
played differential maternal behavior to the chronic
cocaine-exposed pups. Although the strength of this
effect varied depending on the behavior examined,
differences were clearly apparent. Differences sug-
gest that rat dams, regardless of treatment condi-
tion, detected and responded to cocaine-exposed
pups differently. Abnormal behavioral or physical
attributes of cocaine-exposed offspring may thus
make them more vulnerable to neglect or perhaps
unable to elicit normal caretaking, and drug expo-
sure may compromise the adult’s ability to care for
the pup, especially one with abnormal behavioral or
physical characteristics.

Effect of cocaine addiction on maternal
care and infant development: human
models

Maternal substance abuse, more than most other
psychiatric or social problems (except poverty) is
the most common factor involved when children are
referred to the child welfare system because of sus-
pected parental abuse or neglect.’®>” Observations
of mother—child interactions involving mothers
with histories of abuse and/or dependence on illicit
drugs (e.g., heroin and cocaine) have indicated poor
sensitivity, unresponsiveness to children’s emotional
cues, and heightened physical provocation and
intrusiveness.’®>® Studies reporting drug-abusing
mothers’ views about parenting have indicated alack
of understanding about basic child development
issues and ambivalent feelings about having and
keeping children.**° As a group, drug-dependent
mothers fare worse than non-drug-dependent
mothers on a wide range of parenting indices
and more frequently lose their children to foster
care than non—drug-dependent mothers.5!:%2 Self-
reported behaviors among drug-dependent moth-
ers have also revealed harsh, threatening, overly in-
volved, authoritarian parenting styles juxtaposed
with permissiveness, neglect, poor involvement, low
tolerance of child demands and misbehavior, and
parent—child role reversals.* 634

To date, fewer than 20 studies have examined
the interactions between cocaine-using mothers and
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their infants and young children. The findings are
varied in part because of variations in sample size
(from five to 364 mother—child pairs across the stud-
ies), use of a comparison or control group, inclu-
sion of the average amount of maternal cocaine use
in the analyses and taking into account postnatal
changes in amount of use, place of the assessment
and age of the child, and the interactive behaviors as-
sessed. With these caveats in mind, findings across
the available studies point to a general disengage-
ment, lack of pleasure in the interaction or attention
to the infant, and poor attention to the infant’s cues.
Cocaine-using mothers, whose children were aged 6
months or younger, were found to spend more time
passively looking at their infant but were more dis-
engaged from the infant in terms of responding to
the infant’s cues.%® They were lacking in social ini-
tiative and resourcefulness,’® showed less flexibility,
engagement, and higher noncontingency in inter-
action,®® had shorter feeding episodes, and were
found less attentive to interaction. Nonattentive-
ness and tendency to interrupt the interaction also
increased toward the 6-month point.> With young
infants, mothers who relapsed to cocaine use after
the birth of the child had more negative interac-
tion behavior as a whole than those who remained
drug free after their prenatal use.®” Infants younger
than 6 months of cocaine-using mothers showed
longer periods drowsy, asleep, or distressed as new-
borns®; showed less enjoyment during play; and
continued to show negative expressions and slow
recovery after short interruption of interaction,%®
higher stress to novelty,*® and less readiness to in-
teract with the mother at 6 months compared with
3 months of age.” In their dyadic interactions, there
was a notable lack of enthusiasm and mutual en-
joyment,® less engagement in dyadic interactions,’
higher dyadic conflict,®® and less mutual arousal
within the dyad.”®

Cocaine-using mothers of children aged 6
months to 3 years continued to show less enjoy-
ment and pleasure in interaction,”® showed less
emotional engagement,*® were more intrusive and
hostile, showed lower self confidence, and tended
to give commands or instructions not appropriate
for the child’s developmental age.”! Maternal inter-
action was found to be most impaired with moth-
ers continuing cocaine use during 3-year postna-
tal follow-up than with mothers who were drug
free.! The children of these mothers more often
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ignored their mothers’ departures,'® cried less dur-
ing separation-reunion and showed more avoid-
ance in reunion,'” showed either lower® or higher*
negative affect in response to stress, less emotional
engagement in follow-up play after short interrup-
tion,* and diminished ability to persist in task.?!

A few studies have explored issues of attachment
between cocaine-using mothers and their children.
Sensitive maternal behavior in interaction has been
considered the crucial component leading to se-
cure attachment in the child, although adult attach-
ment patterns have not been specifically measured.
Insecure attachment is a potent risk factor for a
child’s later socioaffective and behavioral maladap-
tation.”®”! Disorganized attachment pattern is con-
sidered most worrisome, because it appears to be as-
sociated with higher stress, aggression, externalizing
problem behavior, and psychiatric symptomatology
in later childhood.”7* Findings relating maternal
cocaine-use status and child attachment organi-
zation have varied. Three studies report insecure
and especially disorganized attachment pattern as
clearly more prevalent among cocaine-exposed chil-
dren than in normative samples, measured at 15—
18 months of child’s age.”>”¢

Thus, although not entirely consistent, what
seems clear from these few studies is that the combi-
nation of maternal depression, early abuse and ne-
glect, unstable early and current attachments, and
continued substance use come together to markedly
impair an adult’s ability to care for her infant. In
turn, the infant and young children may have a bi-
ologically conveyed vulnerability to becoming eas-
ily overaroused, behaviorally disorganized or with-
drawn, more impulsive, and less attentive®?”778—a
behavioral profile that would be challenging for the
most competent of caregivers and surely stressful
for a mother who is herself more fragile and easily
disorganized.

Neural circuitry of maternal behavior:
oxytocin and dopamine systems

Although the central nervous system events that ac-
company parental care in humans are largely un-
known, it is likely that there is a substantial degree of
conservation across mammalian species.”® Classical
lesion studies carried out in rodent model systems
(rats, mice, and voles) have implicated the MPOA of
the hypothalamus, the ventral part of the BNST, and
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the lateral septum as regions pivotal for regulation
of pup-directed maternal behavior.2%-8? Estrogen,
prolactin, and OT can act on the MPOA to promote
maternal behavior.>-85 OT is synthesized primar-
ily in the magnocellular secretory neurons of two
hypothalamic nuclei, the PVN and the supraoptic
nucleus. The PVN and supraoptic nucleus project to
the posterior pituitary gland. Pituitary release of OT
into the bloodstream results in milk ejection dur-
ing nursing and uterine contraction during labor.
OT fibers, which arise from parvocellular neurons
in the PVN, project to areas of the limbic system, in-
cluding the amygdala, BNST, and lateral septum.®

There are several reports that OT facilitates ma-
ternal behavior (sensitization) in estrogen-primed
nulliparous female rats. Intracerebroventricular ad-
ministration of OT in virgin female rats induces full
maternal behavior within minutes.?” Conversely,
central injection of an OT antagonist, or a lesion
of OT-producing cells in the PVN, suppresses the
onset of maternal behavior in postpartum female
rats.>>>* However, these manipulations have no ef-
fect on maternal behavior in animals permitted sev-
eral days of postpartum mothering. This result sug-
gests that OT plays an important role in facilitating
the onset, rather than the maintenance, of maternal
attachment to pups.®® Brain areas that may inhibit
maternal behavior in rats have been also identified.®
For example, the vomeronasal and primary olfac-
tory systems have been identified as brain regions
that mediate avoidance behavior in virgin female
rats exposed to the odor cues of pups.*

Ascending dopaminergic and noradrenergic sys-
tems associated with reward pathways also appear
to play a crucial role in facilitating maternal be-
havior.”! For example, rat dams given microinfu-
sions of the neurotoxin 6-hydroxydopamine in the
ventral tegmental area to destroy catecholaminer-
gic neurons during lactation showed a persistent
deficit in pup retrieval but were not impaired with
respect to nursing, nest building, or maternal ag-
gression.”? There also appears to be an important
interaction between dopaminergic neurons and OT
pathways.” Specifically, pup retrieval and assuming
a nursing posture over pups were blocked in par-
turient dams by infusions of an OT antagonist into
either the ventral tegmental area or MPOA.%*

In summary, the initiation and maintenance of
maternal behavior involves a specific neural cir-
cuit based in reward, affiliation, and stress response
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systems (e.g., striatum, amygdala). With pregnancy
or with repeated exposure to pups, structural and
molecular changes occur, most of which are not yet
completely understood, in specific limbic, hypotha-
lamic, and midbrain regions that reflect, in part,
an adaptation to the various homeostatic demands
associated with maternal care. Many of the same
cell groups implicated in the control of maternal
behavior have been implicated in the control of in-
gestive (eating and drinking) behavior, thermoreg-
ulatory (energy homeostasis), and social (defensive
and sexual) behaviors, as well as general exploratory
or foraging behaviors (with locomotor and orient-
ing components) that are required for obtaining any
particular goal object. Many of these same struc-
tures are also intimately involved in stress response.
Swanson has conceptualized this set of limbic, hy-
pothalamic, and midbrain nuclei as being the “be-
havioral control column” that is voluntarily regu-
lated by cerebral projections.”® Consistent with this
formulation, it is readily apparent that motherhood
presents a major homeostatic challenge within each
of these behavioral domains.

Neural circuitry of maternal behavior:
human studies using functional brain
imaging

Functional brain imaging studies examining brain
responses to emotionally charged infant stimuli in
healthy parents are just emerging to provide data
regarding the neural substrates of normal parent-
ing.”® Lorberbaum et al.”” provided the first work
in this area using baby cries as stimuli and present-
ing these stimuli to mothers in a functional imaging
paradigm. Building on the thalamocingulate the-
ory of maternal behavior in animals developed by
MacLean (1990), Lorberbaum predicted that baby
cries would selectively activate cingulate, thalamus,
medial, and orbitofrontal prefrontal cortex. Moth-
ers who were less than 3.5 months postpartum and
were exposed to 30 s of a standard baby cry ver-
sus white-noise stimuli®’ showed increased activity
in anterior cingulate and right medial prefrontal
cortex. In the follow-up study of brain activity in
breast-feeding first-time mothers 4-8 weeks post-
partum listening to standard baby cry compared
with intensity- and pattern-matched white noise,”’
all the regions activated were those known to be
important for rodent maternal behavior, includ-
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ing midbrain, hypothalamus, striatum, and septal
regions.?%% Other groups are now finding simi-
lar patterns of activation in thalamocortical-basal
ganglia—based circuits in mothers responding to in-
fant cries.””10!

In addition to baby cry stimuli, several groups,
including our own, are using baby visual stim-
uli.2100-199 We demonstrated that dopaminergic re-
ward pathways are activated when mothers view
pictures of their own baby’s happy, but not sad,
faces.! Hypothesizing that reward and OT circuits,
which are important for aspects of romantic love,
might also be involved in maternal love, and us-
ing photographs of familiar and unfamiliar infants,
Bartels and Zeki!% reported activations in anterior
cingulate, insula, basal ganglia (striatum), and mid-
brain (periaqueductal gray) regions potentially me-
diating the emotionally rewarding aspects of ma-
ternal behavior, and a decrease in activity in areas
important for negative emotions, avoidance behav-
ior, and social assessment. This finding may sug-
gest a push—pull mechanism for maternal behav-
ior in which child stimuli activate reward and shut
down avoidance circuits.!® A similar study com-
paring parents and nonparents responding to infant
pictures reported bilateral orbitofrontal cortex ac-
tivations that were correlated with ratings of pleas-
ant mood.'”” Another study, using video of infant
images, reported activations in amygdala, temporal
pole, and occipital regions.!%

Thus, it appears that there may be significant dif-
ferences between parental responses to baby signals
across sensory modalities. Preliminary pilot data
suggest that these maternal brain responses to in-
fant face cues may differ significantly in mothers
with chronic cocaine exposure, particularly within
the prefrontal cortex.!'

Conclusion

Understanding basic neural mechanisms for failure
in early parenting in substance-abusing adults facil-
itates more refined and presumably earlier interven-
tions during pregnancy and in the immediate post-
partum period to help substance-abusing parents
invest in and provide sufficient and necessary care
for their infant despite the earlier compromises they
may bring to their parenting role. Elucidating these
neural mechanisms in humans also has implica-
tions for understanding, first, how early childhood
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experience impacts an adult’s ability to be a caring
and empathic parent, a failure that may be perpet-
uated across generations, and, second, how these
failures in early parental care increase the intergen-
erational risk especially for depression, disorders of
attachment, and addiction.
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