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Love and the Social Bond
The Sources of Nurturance and Maternal Behavior

Love comes quietly . ..
but you know when it is there,
because, suddenly . . .
you are not alone any more . ..
and there is no sadness
inside you.

J. W. Anglund, “Love Is a Special Way of Feeling” (1960)

CENTRAL THEME

Although there are many bad forms of parenting, there
are aiso good and nurturant forms. An age-old con-
cern of pregnant women is the doubt they feel about
their ability to nurture and love their first baby. How-
ever, nature tends to spontaneously take care of such
concerns, atleast in lower animals, as the sequence of
biological events leading up to the delivery of the baby
unfolds. The ongoing physiclogical changes that pre-
pare the body for birth also prepare the mother's brain
for nurturance. In most animals this includes her role
as the primary caregiver. Males can be trained to ex-
hibit a high level of nurturance, but their care is rarely
as natural or as intense a motive asit is for the mother.
Only in species where male participation is absolutely
essential for offspring survival, as in some birds and
perhaps in humans, where the child is helpless for
longer than any other animal, can nurturant behavior
be as vigorous in males as it is in females, On the other
hand, in many species of fish where external fertiliza-
tion is the norm, the fathers typically remain to tend
and protect the eggs while females depart to entice
another receptive male. Nurturance may have emerged
independently several times in the evolution of differ-
ent species, but in mammals the basic urge probably
comes from homologous brain circuits, even though
the specific behaviors that constitute parenting can
vary markedly from species to species. Humans obvi:
ously exhibit more behavioral complexity in child care
endeavors than other species, but our behavior is still
motivated, in part, by primitive emotional systems we
share with the other mammals.

When did nurturant motivation emerge in mamma-
lian brain evelution? Momentous evolutionary changes
must have occurred when animals with an urge to take
care of their offspring emerged on the face of the earth.
Presumably this was achieved because parental care
provided a decisive competitive edge for the survival
of certain species. But how could nurturance have
evolved from a state of nonnurturance? We cannot
g0 back in evolutionary history, but we know that part
of the script was written with the same ancient chem-
istries that generate sexual urges. In mammals, brain
oxytocin circuits lie at the neural core of the incipient
maternal intent that folfows the first birth, As we saw
in the previous chapter, this chemistry is important for
regulating both male and female sexuality. The nur-
turant circuits in the mother's brain and care-soliciting
circuits in infants are closely intermeshed with those
that control sexuality in limbic areas of the brain, This
confluence lends modest support to controversial and
widely debated Freudian notions of infantile sexuality
and the possible relations between maternal love and
female sexuality. Nurturance circuits can fead to the
rapid learning of maternal behaviors, which then be-
come permanent parts of a mother's behavioral rep-
ertoire. Males can also learn nurturant behaviors, and
itis intriguing that sexual activity can strengthen anti-
aggressive, caregiving substrates in male brains. We are
finally deciphering the ancient neurosymbolic processes
that first led to nurturance and social attachments in
the mammalian brain. This work has important impli-
cations for the biological sources of friendship and love,
as well as for sociopathy and psychiatric disturbances
of affective contact such as autism. Although as yet
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there is little information about the operation of these
systems in the human brain, our understanding of these
issues in the animal brain is impressive. In this chapter,
| will again entertain the working assumption that the
information obtained from animals will apply reasonably
well to understanding basic emotional tendencies in
humans. Of course, the emotional feelings that accom-
pany nurturance are subtle, warm, and soft, and in the
complex, cortically mediated politics of human societ-
ies, such social feelings can easily be overridden by other
concerns. Also, in humans, where child care is accom-
panied by various unpleasant chores like changing dia-
pers, it is sometimes difficult to view the emotional plea-
sures of nurturance with a completely unjaundiced eye.

An Overview of Human Nurturance

Human societies have seen many forms of parenting
down through the ages. At present, we live in a child-
oriented era, whereas in many previous ages, child care
was more harsh, producing emotional harm that may
have had untold effects on the course of human history.
As Robert Burton wrote in his classic, The Anatomy of
Melancholy: “If a man escape a bad nurse, he may be
undone by evil bringing up. . . . Parents. . . offend many
times in that they are too stern, always threatening,
chiding, brawling, whipping, or striking; by means
of which their poor children are so disheartened and
cowed, that they never after have . . . a merry hour in
their lives.”! It is generally believed that harsh early
experiences can modify emotional traits for a lifetime.
Could the many wars and other human tragedies cansed
by the megalomaniac tendencies of certain individuals
and groups throughout history have been avoided if the
leaders had been more warmly parented as children?

Parenting styles still vary enormously from culiure
to cultare, depending on existing traditions and ecologi-
cal necessities confronted by various societies. For in-
stance, not too long ago in certain arctic aboriginal
groups, such as the Netsilik Eskimo of northern Canada,
long-term social concerns often overrode short-term
emotional ones. Female babies who had little hope of
finding an appropriate mate, because no male babies of
comparable age had been born in the tribe, would be
left to dje in the snow, with little outward distress or
remorse exhibited by the parents.2 In our culture, such
behavior is deemed criminal, This indicates once again
that among humans, biology is not necessarily destiny,
because we have the ability to make cognitive choices.

For humans, the rearing of & child is as much an
economic question as an emotional one, and economic
concerns often prevail. Antecedents of this are evident
even in some lower species, where mothers kill some
of their weaker pups. When environmental resources are
scarce, this practice can increase the probability of suc-
cess for the surviving offspring. Thus, the amount of
investment made in offspring is only partly an emo-
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tional issue. This is one of the reasons there is so much
confusion and variety in child care practices, in human
cultures as well as across species.

While we presently accept a long period of childhood
dependence, certain African tribes have encouraged lev-
els of early independence unheard of in our culture. In
the Digo tribe of East Africa, most babies are toilet trained
by 1 year of age, and soon thereafter they are encour-
aged to behave as relatively independent members of
their tightly knit, extended-family group. In our nuclear-
family culture, parents of 1-year-olds are just beginning
to think about toilet training. Much older children are still
closely supervised and are afforded littie opportunity for
independent action within the larger community, Obvi-
ously, Digo types of nurturance can occur only in social
sitnations where the whole village cares for children. As
the African proverb says: It only takes one woman to bear
a child, but it takes a whole village to raise it.3

The variety of parenting in other species is also vast,
ranging from frequent, highly attentive parenting, as in
rats, which feed their offspring every few hours and
exhibit intense search and retrieval behaviors if infants
are lost or dispersed, to very brief and infrequent parent-
ing, as in rabbits, which feed their sequestered litters
only once a day and seem not to possess the motiva-
tional or neurobehavioral equipment to retrieve little
bunnies that are dispersed from the nest.

Itis widely believed in our culture that children who
come from loving and supportive families, and who are
given progressive age-appropriate educational chal-
lenges, have the best chance of growing to a vigorous
and independent aduithood. Put another way, many
experts agree that a “secure base” is essential for opti-
mal personality development in children.* Chronic in-
security is likely to yield adults who have difficulties
with intimacy and trust and are more likely to act out
their lack of confidence by burdening others with their
insecurities. But what is the nature of this loving and
supportive “secure base” that psychologists speak of?
Obviously, it is partly a matter of how parents behave
toward their children, but it also runs deeper into our
affective nature as biclogical creatures.

The Physiology of Nurturant Behavior

Although child-rearing practices vary greatly, the emo-
tional dimensions of social bonds are probably con-
trolled by highly conserved biological processes that
guide expressions of both parental and infantile behav-
ior and the consequent feelings that parents and chil-
dren develop for each other. Before the birth of their
first child, women commonly worry about their future
adequacy as mothers, but such doubts typically vanish,
as if by magic, soon after the birth of the baby.
Recent brain investigations suggest that social bond-
ing is rooted in various brain chemistries that are nor-
mally activated by friendly and supportive forms of
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social interaction. As will be elaborated in this and the
ensuing two chapters, such urges are controlled by neu-
ropeptides such as oxytocin and prolactin, as well as
endogenous opioids such as endorphins (endo- mean-
ing produced inside the body rather than coming from
outside, and -orphins meaning like morphine).* For
instance, opioids mimic the action of heroin in the brain
and have powerful influences over our feelings, espe-
¢ially our negative responses to secial isolation. Ani-
mal research indicates that both brain opioid and oxy-
tocin circuits are activated by various pleasurable
pro-social activities, such as grooming, play, and sexual
interchange. Accordingly, such neurochemical changes
in the brain may promote feelings of security in chil-
dren, as well as nurturant and sexual behaviors and re-
lated social emotions, perhaps even love, in adults.

Of course, because of our cognitive abilities, humans
begin to prepare for the baby months before its arrival,
but there still seems to be a special time just preceding
delivery where strong biologically based motivations
take hold, This is probably because of the many hor-
monal changes, such as those summarized in Figure
13.1, that herald birth. Although such data are from the
rat, the general patterns are quite similar across all
mammals, and these changes, artificially produced, are
known to promote nurturance.® In other words, evolu-
tion has not left the important events of birthing and the
ensuing nurturance and bonding either to chance or to
the vagaries of individual learning.

All mammals have neuronal operating systems that
evolved to help prepare them to take care of infants,
even thongh some, such as the Netsilik mentioned pre-
viously, do not exercise the option of warm social ac-
ceptance in circumstances they believe compromise the
long-term stability of their culture. Presumably the
Netsilik, as well as other parents who abandon their
infants, do so before the bonding process has progressed
too far. Some species, such as rats and humans, have a
bonding window that remains open for a leng time,
while for others, including herbivores such as sheep and
many avian species, the entry window is closed within
a few howrs of birth. This variability appears to reflect
the motoric matority of the young when they are born.
Prey species are typically born rather mobile, so they
can run away from predatory dangers soon after birth.
They also tend to live in herds where the young can
easily get separated from parents. Thus, out of sheer
necessity, mothers and infants must bond rapidly.
Predators, on the other hand, are typically born rela-
tively immature, and the bonding process, at least from
viewpoint of the offspring, can be extended across
longer periods without compromising their chances of
survival.

Some animals, such as infant rats, bond as much to
their nest sites as to their mothers.” Likewise, rat moth-
ers readily accept strange pups into their nests and be-
gin to provide care without much fussing or aggression.
Sheep and other ungulates, on the other hand, will re-
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ject others’ young. Despite these outward differences
among species, it presently seems likely that their bond-
ing chemistries are quite similar. They simply operate
in different time frames and within different ecologi-
cal constraints. These fascinating species differences
shall receive little additional attention here, for my aim
will be to summarize underlying physiological prin-
ciples that may have substantial cross-species general-
ity, extending hopefully even to the human level.

We now know a great deal about the nurturance sys-
tems of the mammalian brain, and this chapter covers
some recent information that now needs o be integrated
into modemn psychological thought. Some remarkable
neurochemical systems, which promote both sexual and
maternal behaviors and even more subtle social pro-
cesses, have been revealed within the subcortical reaches
of the visceral nervous system, including areas like the
cingulate cortex, septal area, bed nucleus of the stria
terminalis, and preoptic and medial areas of the hypo-
thalamus, along with their respective mesencephalic pro-
jection areas. At present, brain oxytocin, opioids, and
prolactin systerns appear to be the key participants in
these subtle feelings that we humans call acceptance,
nuriurance, and love—the feelings of social solidarity and
warmth.® Although many human interactions and cog-
nitive experiences also contribute to maternal states,
without the underlying mood- and behavior-altering neu-
Topeptides, those experiences would probably remain
shallow and without emotional intensity.

When humans have imbalances in these chemical
systems, they experience emotional problems, which,
if sufficiently severe, can be deemed psychiatrically
significant bonding disorders. For instance, postpartum
depression and psychosis, which have been correlated
with high levels of a circulating 8-casomorphin (an
opioid peptide derived from milk), are not uncommon
in humans.? Perhaps tendencies toward sociopathy,
characterized by the inability to share the emotions of
others, are also accompanied by abnormalities in these
social chemistries. The same may apply to psychiatric
conditions characterized by social and emotional defi-
ciencies, such as early childhood autism. ' Both of these
problems are much more common in males than in fe-
males, suggesting striking gender-related differences in
the underlying brain circuits. Unfortunately, our under-
standing of these systems in the human brain is mea-
ger, but knowledge concerning such systems in animal
models is growing rapidly.

Sex Differences in Nurturance Circuits

I use the term CARE circuits to acknowledge the exis-
tence of intrinsic brain systems that promote nurturant
behaviors of mothers, and occasionally fathers, toward
their offspring. In rats, full maternal behavior consists
of building nests, gathering all dispersed pups together,
hovering over them to provide warmth, and, in the pres-
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ence of lactation, sustaining pups through nursing. In
most species, mothers are more adept at these behav-
iors than fathers, presumably because of the more vig-
orous CARE systems in their brains, but this is not to
suggest that males cannot exhibit nurturance. As we will
see, even male rats, especially if they are young, will
exhibit maternal-type care under the right conditions.

Obviously, humans, contrary to most other animals,
can consciously appreciate the importance of child care,
but despite such cognitive assistance, fathers probably
provide child care more instrumentally than mothers.
Mothers are more prone to get intensely involved with
babies than fathers, and they exhibit a more natural per-
sistence, warmth, and desire to communicate affectively
with the baby. They typically get more concerned when
babies are in distress; this is also evident in animals.!!

Thus, the biggest differences in human nurturance
probably exist at the emotional level—with most moth-
ers generally having stronger and more positive emo-
tional responses in nurturant situations than fathers, Of
course, there are bound to be exceptions to this rule,
depending upon one’s early brain organization {(see
previous chapter), early rearing experiences, prevailing
cultural rules, and individual philosophical perspec-
tives, However, because of evident sex differences at
the biological level, I will occasionally call nurturant
CARE circuits maternal behavior circuits, in the con-
text of the present discussion.

Becanse of our ability to conceptualize social rules,
human mothers and fathers can care for a child equally
well, but only a mother can provide sustenance from
her breasts. She is also more likely to offer affective
engagement from emotional depths unfamiliar to most
men. We now know that among all mammals that have
been closely studied, the female brain is more prepared
than the typical male brain to care for infants. Indeed,
it may have been the evolution of the maternal circuits
that initiafly led creatures down the mammalian path
that now makes us humans the sophisticated social crea-
tures that we are. Not surprisingly, if we dwell on the
matter, maternal urges probably emerged (i.e., were
exapiations) from a subset of subcortical systems that
initially governed female sexual urges. It would also
have been reasenable to couple parental emotions to the
preexisting psychobehavioral systems that encourage
individuals to come together for mating. Thus, mater-
nal nurturance and social bonding may have emerged
from evolutionary tinkering with preexisting processes,
rather than through totally new forms of brain “engi-
neering.” As Frangois Jacob, the Nobel Prize—winning
molecular biologist, putit: “Natural selection . . . works
like a tinkerer . . . who does not know exactly what he
is going to produce but uses whatever he finds around
him . . . to produce some kind of workable cbject. . . .
Evolution makes a wing from a leg or a part of an ear
from a piece of jaw. . . . Natural selection . . . does not
produce novelties from scratch. It works on what al-
ready exists.”12
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This is the essential meaning of an exaptation—the
utilization of an existing function for some other pur-
pose. Indeed, modern neuroscience highlights the pos-
sihility that the neural dictates of the sexually passion-
aic parts of the limbic system set the stage for parental
nuriurance. The evolution of such systems also led fe-
males to be especially sensitive and responsive to calls
of distress from infants (see Chapter 14) and to interact
with them more intimately, and probably more play-
fully, throughout childhood (see Chapter 15).

Although we have no firm data for humans, on the
assumption that similar neural dictates still govern our
deepest social feelings, I will devote the next two chap-
ters 1o a detailed discussion of the relevant animal brain
issues. Because of the reciprocity between maternal
behavior and infant need systems, and the importance
of these systems for understanding normal human be-
havior and its pathologies, there will be some overlap
of materials. The premise will be that when we nurture
our children well, they have a secure base because their
brain chemicals evoke the comfortable feeling that
“everything is all right.” When children are neglected,
other chemical patterns prevail in their brains. The lat-
ter patterns do not promote confidence and social effi-
cacy but rather motivate behaviors based on persistent
feelings of resentment and emotional distress. If these
feelings prevail for too long, depression emerges, per-
sonality changes may oceur, and the most sensitive in-
dividuals may be psychologically scarred for life.!*

Let us first pause to consider how the new forms of
mammatian social behavior could have emerged from
preexisting solutions in the brains of ancestral verte-
brates that did not care for their offspring. After all,
parental care evolved from a mode of life that was
nonparental, a mode that still predominates in the rep-
tilian world. Most reptiles produce their young and
leave them to fend for themselves. Although a number
of species—for instance, crocodiles—do exhibit some
parental care, it is meager by mammalian standards. If
we simply consider that all infants enter the world
through a well-regulated birth process, it would be rea-
sonable to suppose that the initial irapulse for nurturance
might have been closely linked to the biclogical mecha-
nisms that already existed to deliver the young into the
world. Indeed, as we shall see, nurturance probably
initially arose from neurochemical processes that con-
trolled mating and egg laying in reptiles.

The Evolutionary and Sexual Sources of
Maternal Intent: Pituitary Peptides and
Parental Behavior

As mentioned in the previous chapter, vasotocin is an
ancient brain molecule that controls sexual urges in
reptiles. This same molecule, the precursor of mamma-
lian oxytocin, also helps deliver reptilian young into the
world. When a sea turtle, after thousands of miles of

migration, lands on its ancestral beach and begins to dig
its nest, an ancient birthing system comes into action.
The hormone vasotocin is secreted from the posterior
pituitary to facilitate the detivery of the young. Vaso-
tocin levels in the mother turtle’s blood begin to increase
as she lands on the beach, rise further as she digs a pit
large enough to receive scores of eggs, and reach even
higher levels as she deposits one egg after the other.
With her labors finished, she covers the eggs, while
circulating vasotocin diminishes to insignificant levels
(Figure 13.2). Her maternal responsibilities fulfilled,
she departs or another long sea journey. Weeks later,
the newly hatched turtles enter the world and scurry
independently to the sea without the watchful, caring
eyes of mother to guide or protect them.

In mammals, the ancient molecuoles that control rep-
tilian sexuality and egg laying evolved into the oxytocin
and arginine-vasopressin (AVP) social circuits of the
brain (see Figures 6.7 and 12.2), As discussed in the pre-
vious chapter, oxytocin came to prevail in female sexual
behavior, and AVP prevails in that of males. Now we also
know that oxytocin—the hormone that helps deliver
mammalian babies by promoting uterine contractions and
helps feed them by triggering milk letdown from mam-
mary tissues—also serves to facilitate maternal moods
and related action tendencies in the brains of new moth-
ers. However, these psychobehavioral effects can emerge
only if a variety of physiological and hormonal changes
related to parturition have first occurred in the brain and
body of the mother.

The initial clue that there is an intrinsic bodily sig-
nal to promote maternal behavior was the fact that trans-
fusion of bleod from a female rat that had just given
birth could instigate maternal behaviors in a virgin fe-
male.!? It is not yet known exactly what the blood-borme
signals are, since oxytocin alone cannot perform this
function. It may be the full symphony of hormonal
changes that precede birth. As summarized in Figure
13.1, estrogen, which has remained at modest levels
throughout pregnancy, rapidly increases as parturition
nears. Progesterone, which has been high throughout

" pregnancy, begins to plummet. And, of course, there is

a precipitous rise in prolactin, which induces the
mother’s acinar glandular tissues to manufacture milk.

These hormonal changes heralding imminent birth
also prepare the mother to exhibit maternal urges be-
fore the actual arrivat of the infant(s). Human mothers
commonly exhibit a compulsive flurry of house prepa-
ration several days before the baby is due, and rat moth-
exs begin to build nests and become substantially more
eager to interact with baby rats. Such tendencies are
common in many species and are especially clear if the
mother has given birth before. This heightened mater-
nal desire corresponds to the peak of the three previ-
ously mentioned hormonal changes, reaching an apex
several hours before birth in rats. As mentioned earlier,
if one produces this pattern of hormone change via in-
jection, one can also instigate expressions of maternal
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care in virgin rats.'S Prolactin may be the critical ingre-
dient in sustaining the natural behavior sequence, not
only because brain injections of prolactin promote
nurturance,!? but females who are nonmaternal because
they have been surgically deprived of their pituitary
glands do gradually become matemal when replacement
injections of prolactin are provided.'® But what are the
relevant changes in the brain that result from these hor-
monal manipulations?

Although many neural changes result from such
peripheral hormonal fluctuations, the increased respon-
sivity and sensitivity of brain-oxytocin circuits is a major
event. During the last few days of pregnancy and the
first few days of lactation, there are remarkable in-
creases in oxytocin receptors in several brain areas, as
well as increases in the number of hypothalamic nen-
rons that begin to manufacture this nenropeptide. Both
of these effects are controlled by the elevations of estro-
gen at the end of pregpancy, and the induction occurs
in circnits that promote nurturance.!® These estrogenic
effects on the genetic expression of oxytocin syathesis
and receptor expression may be further reinforced by
the stimulating effects of the newborn pups, as well as
other hormonal shifts in the body.

These changes are accompanied by additional ad-
justments in oxytocin circuitry. During lactation, oxy-
tocin cells begin to communicate with each other di-
rectly via the development of gap junctions between
adjacent oxytocinergic nenrons, allowing them to syn-
chronize their neural messages precisely.?” This helps
suckling stimuli from nursing babies to more effectively
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turtles, (Adapted from
Figler et al., 1989; see
n. 14.)

trigger oxytocin secretion in the brain of the mother,
presumably to sustain a maternal mood, as well as re-
lease from the pituitary gland, which is essential for
mitk to be released from the breasts (Figure 13.3).!

Brain Oxytocin and
Maternal Competence

A critical question is whether and to what extent these
brain changes do, in fact, mediate the affective and
behavioral components of maternal urges. For a long
time it was believed that oxytocin was not essential for
mothering, since elimination of peripheral oxytocin (by
removing the posterior pituitary in nursing mothers) did
not eliminate subsequent maternal behavior.2? It was
only when distinct oxytocinergic neural systems were
discovered in the brain (see Chapter 6) that a role for
oxytocin was entertained once more. Most of the perti-
nent work to date has been done in rats and sheep, and
hence substantive conclusions must be restricted to
those species; but considering the ways of evolution,
the probability that the results do not apply to others,
including humans, is remote.

The initial studies that evaluated the ability of oxy-
tocin to mediate maternal behavior found strikingly
rapid onset of maternal tendencies in female rats when
this peptide was administered directly into the brain’s
ventricular system.?? Similar effects were obtained in
sheep.* However, the evidence rapidly became confus-
ing and contradictory. While a few investigators were
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Figure 13.3. Depiction of suckling reflex. The
infant’s suckling stimulation of the nipple sends
messages to the paraventricular nucleus of the
hypothalamus (PVN), which instigates the release of
oxytocin from the posterior pituitary into the
circulation, leading to the contraction of smooth
muscles of mammary tissues, which pumps milk
from the breast. This reflex becomes easily condi-
tioned to various behavioral cues from the infant.

able to trigger full matermal behavior (nest building,
retrieving, and attempts to nurse) in virgin female rats,
others had no success.?> Such failures to replicate were
very troublesome, but more recent work has revealed
that many of the problems were methodological.

Normally, virgin female rats tend to find the odors of
newbom pups aversive, perhaps to dissuade them from
wasting time interacting with sirange babies.? Thus, even
if such animals were in a maternal moed, they might not
exhibit nurturant behaviors if the aversion outweighs the
maternal urges. Oxytocin alone is apparently not able to
overcome this olfactory “disgust,” even though the com-
plex of physiological changes that accompany birth ac-
complishes that quite well—changing the olfactory aver-
sion to an attraction.?” In other words, oxytocin triggers
rapid maternal behavior in virgin female rats only if they
are first prevented from smelling the pups.?®

In addition, to get a robust maternal effect from
oxytocin infusions into the brain, virgin females need

to be primed with injections of estrogen so that the
appropriate oxytocinergic receptor fields have a chance
to proliferate (naturai mothers, of course, provide their
own estrogen, as described earlier). Finally, and guite
perplexingly, oxytocin is effective only if animals have
been habituated to test chambers for a few hours but not
if they have been fully habituated for a day or more.?
This may mean that if animals already have a reason-
ably well-established place attachment, they have dif-
ficulty forming new social attachments. Perhaps test
animals that are just becoming familiar with a situation
are in a transient neuropsychological state that enhances
their motivation to start a new family and to modify their
envircnment appropriately. In any event, the likelihood
that endogenous oxytocin does in fact normally promote
such behavioral tendencies is affirmed by the ability of
oxytocin receptor antagonists to reduce the onset of
maternal behavior following the first delivery.?® Sur-
prisingly, this manipulation does not disrupt maternal
behavior that has already been fully developed.®!

Thus, if all the conditions are right, oxytocin admin-
istered directly into the brain can provoke maternal
behavior, but it is certainly not the only ingredient that
can do this. As mentioned, administration of prolactin
into the brain also facilitates maternal tendencies. In
fact, we now know that there are prolactin-based neu-
ral systems in the brain, and, as indicated, there is ac-
tive uptake of this rather large peptide hormone into the
brain from the circulation.®

As will be discussed more fully in the next chapter,
maternal competence can also be increased by mild
facilitation of opioid activity, even though high levels
of opioids diminish maternal interest, as well as gre-
gariousness in general * It presently seems likely that
part of the gratification derived from the primal act of
nursing emerges from the concurrent release of oxyto-
cin and opioids within the Hmbic system, as well as
other chemistries that remain to be identified. While
oxytocin may be especially important in the initiai trig-
gering of maternal behavior, prolactin, opioids, and
social learning are important in sustaining it once the
behavior pattern has developed.

Experience-induced Solidification
of Maternal Behavior

It should be emphasized that well-established maternal
behavior no longer requires brain oxytocin arousal;
oxytocin blockade impairs maternal behavior ondy if
administered to mothers during the birth of their first
litter of pups. In animals that have been allowed to ex-
hibit maternal behavior for several days, oxytocin an-
tagonists have no outward effect on maternal compe-
tence. In other words, they cannot block previous social
learning.

The ability of several days of normal maternal ex-
perience to solidify maternal competence is also evident



in studies that have focused on nurturance after lesions
of one of the primary sources of brain oxytocin, the
paraventricular nncleus (PVN). PVN lesions adminis-
tered prior to parturition weaken subsequent maternal
behavior, but those administered after several days of
normal maternal functioning do not.* It seems that
learning that transpires from the spontaneous use of this
intrinsic brain operating system rapidly becomes func-
tionally autonomous, at least in the short run. In other
words, once the habit has solidified, maternal behavior
can proceed independently of the original initiating
processes.

Analysis of this learning mechanism deserves more
experimental attention than it has yet received. Similar
to the patiern seen with other emotions, a great deal of
learning is probably controlled in the higher reaches of
CARE circuits such as the anterior cingulate cortex and
bed nuclens of the stria terminalis. It is still an open
guestion whether ongoing brain oxytocin activity is
essential for continuation of efficient maternal behav-
ior in the long term. Although there are no relevant
human data on such issues, perhaps the oxytocin secre-
tion during each successful nursing episode continues
to reinforce the affective experience of a satisfying so-
cial interaction. Temporary absence of such satisfaction
(as might occur with centrally administered oxytocin
antagonists) is apparently not sufficient to dissuade the
mother from carrying out her maternal responsibilities,
once she has established the social bond and can
cognitively mediate social commitments.

However, it would come as no surprise if maternal
vigor diminished gradually without the reinforcement
provided by pericdic oxytocin release within the brain.
If that is the case, long-term sustained oxytocin block-
ade may lead to the gradual deterioration of maternal
care. It might also be expected that chronic oxytocin
blockade would reduce the experience-induced mater-
nal behavior that can be normally evoked in non-
maternal animals by long-term exposure to young
pups. As will be discussed later in this chapter, social
experience itself, without the physiological act of par-
turition, is sufficient to arouse nurturant motives in vir-
gin rats, both male and female.*® However, the role of
oxytocin in such processes remains to be evaluated
empirically.

It also remains to be determined whether the absence
of oxytocinergic transmission in the brain makes the
maternal experience less satisfying. This could be tested
by allowing mothers to nurse in one environment while
their brain oxytocin systems are blocked with an appro-
priate receptor antagonist and in an adjacent distinct
environment without blockade. At present, most inves-
tigators would predict that such animals would exhibit
a place preference only for the environment in which
they fully experienced their brain oxytocin systems in
action, but we do not yet know that to be the case. In-
deed, in our lab, we have tried repeatedly to obtain a
robust conditioned place preference with cenirally ad-
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ministered oxytocin, but we have not been successful.
Oxytocin only works when supplemented with other
social stimuli. By comparison, it is easy to obtain simple
reward effects with opiates and psychostimulants.

In sum, it seems that maternal behavior is initially
arcused by changing responsivity and synaptic sensi-
tivity in brain oxytocin systems. This sensitivity is due,
to a substantial extent, to the proliferation of oxytocin
receptors, a change resembling that which occurs in the
uterus just before the onset of labor.* In the brain, the
greatest oxytocin receptor proliferation is observed-in
the bed nucleus of the stria terminalis (BNST); when
that area is damaged, maternal behavior is severely
impaired.’” These kinds of studies are beginning to
clarify the details of maternal CARE circuits in the
mammalian brain.

The Neural Circuitry
for Maternal Behavior

The actual brain circuits that control the various com-
ponents of full maternal behavior extend far and wide
in subcortical regions of the brain (Figure 13.4). Part
of the circuitry descends from the preoptic area along a
dorsal route through the habenula to the brain stem, and
part through a hypothalamic route to ventral tegmental
area (VTA) dopamine systeras and beyond. The VTA
component may facilitate general foraging tendencies
that are essential in retrieval and nest building, while
the other routes may be more important in up-close
nurturance and nursing. For instance, a distinct neural
circuit that controls milk letdown descends from the
lateral midbrain area down to segments of the spinal
cord that innervate the nipples.®®

It is especially noteworthy that neural circuitry for
maternal behavior (and estrogen-responsive populations
of oxytocin cells) are situated within the dorsal preoptic
area (POA) just above the brain areas that elaborate male
sexuality. These cells probably control nurturance in
both males and females, but there are more of them in
females, partly because of the inductive effect of estro-
gen.®® The specific ventromedial hypothalamic zones
that control female lordosis behavior (where oxytocin
systems also proliferate under the influence of estrogen
and progesterone) do not appear to be essential for
maternal behavior. However, lesions of the BNST and
the nearby POA can eliminate essentially all aspects of
maternal behavior.*! As mentioned, the relevant neu-
ral pathways exit from the POA laterally and descend
in the medial forebrain bundle, with key terminals be-
ing in the VTA.42

1t has been established that the oxytocinergic syn-
apses that terminate on dopamine cells of the VTA do,
in fact, promote maternal behavior. Oxytocin injections
into the VTA can induce maternal behavior, whereas
comparable injections are not effective in amygdala,
septum, or POA.* Damage to these ascending doparm-
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Figure 13.4. General overview of maternal behavior ¢ircuits in rodents. The central
integrator is in the dorsal preoptic area (POA) and the ventral bed nucleus of the stria
terminalis (VBN), which receives various sensory cues for maternal behavior and distrib-
utes controls into widespread brain areas, including the medial hypothalamus (MH), the
ventral tegmental area (VTA), the periaqueductal gray (PAG), the habenula (HAB), and
the septal area (S). The precise functions of these various areas remain to be identified.

ine systems can also severely impair maternal behav-
ior, including dopamine-selective neurotoxic lesions of
the VTA, as well as the lateral hypothalamic and dopam-
ine target zones in the nucleus accumbens.* Of course,
these forms of damage compromise many other sorts of
appetitive behavior. As discussed in Chapter 8, the VTA-
centered SEEKING system is a nonspecific appetitive
system that can mediate many goal-directed behaviors.
If this oxytocin-VTA interface is relatively nonspecific,
the additional oxytocin influences, perhaps lower in the
brain stem, may be essential for engaging specific moti-
vational circuits for maternal behavior, such as sensiti-
zation of affective responses to specific forms of soma-
tosensory stimulation such as suckling. We do not yet
know where those circuits are situated, although there are
some clues.*® Aliernatively, it is possible that oxytocin
input to the VTA can intrinsically code a subtype of
appetitive eagerness that is specifically directed toward
expressions of murturant behaviors.

To what extent are the brain circuits for social bonds
coextensive with those that mediate maternal behavior?
It is reasonable to suppose that the neurochemical satis-
factions of giving birth and the natural urges of mother-
hood would prepare the brain for the formation of social
attachment to the infant. However, we also need to look
at the social bond from the infant’s side, and the mecha-
nisms there may be slightly different (see the next chap-
ter for a fuller discussion of this distinction). Work on
such questions is just beginning, but there appears to
be a substantial overlap between the two processes, at
least at the neurochemical level, even though we do not
know yet exactly where in the brain the bonding pro-

cess transpires. The prime neurochemical candidates at
present are the endogenous opioids, oxytocin, and AVP,
Neuroanatomically, the best candidate areas are the
higher brain zones, where damage can disturb mater-
nal competence: the amygdala,? the septal area,*” and
the cingulate cortex.*® What these specific brain areas
confribute to maternal competence will have to be
solved by more sophisticated psychobiological research
than has yet been conducted, We will certainly have to
pay more attention to issues such as which brain mecha-
nisms mediate social attachments, friendly interactions,
gregariousness, and various social memories, in addi-
tion 1o specific perceptual and behavioral abilities.

Brain Systems for Social Bonds

Social bonding is of enormous psychiatric importance,
for if # is inadequately established, the organism can
suffer severe consequences for the rest of its life. A solid
social bond appears to give the child sufficient confi-
dence to explore the world and face a variety of life
challenges as they emerge. As John Bowiby poignantly
documented in a series of books,*® a child that never
had a secure base during childhood may spend the rest
of its life with insecurities and emotional difficulties,

Until recently, we knew nothing about the neuro-
chemical nature of social bonds. Even though all hu-
mans feel the personal intensity of their friendships,
family attachments, and romantic relationships, there
was practically no way of studying how these feelings
might be constructed from specific brain activities. In



the past score of years there have heen several break-
throughs: the discovery that neural circuits mediating
separation distress are under the control of brain opio-
ids,* and, as already discussed, the developing under-
standing of the neurochemical basis of maternal and
sexual behaviors.3! In addition, several groups of inves-
tigators have started to decode how filial imprinting and
sexual bonding are neurochemically mediated within
the brain.>? These lines of inguiry proceeded separately
for some time, but they are coming together now in quite
interesting ways.

The first neurochemical system that was found to
exert a powerful inhibitory effect on separation distress
was the brain opioid system. This provided a power-
ful new way to understand social attachments. There
are strong similarities between the dynamics of opiate
addiction and social dependence (see Figure 13.5), and
it is now clear that positive social interactions derive
part of their pleasure from the release of opioids in the
brain. For instance, the opicid systems of young ani-
mals are quite active in the midst of rough-and-tumble
play, and when older animals share friendly time
grooming each other, their brain opioid systems are
activated (see Chapters 14 and 15). Finally, sexual grati-
fication is due, at least in part, to opioid release within
the brain.>* From all this, it is tempting to hypothesize
that one reason certain people become addicted to ex-
ternal opiates (i.e., alkaloids, such as morphine and
heroin, that can bind to opiate receptors) is because they
are able to artificially induce feelings of gratification
similar to that normally achieved by the socially induced
release of endogenous opioids such as endorphins and
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enkephalins. In doing this, individuals are able to phar-
macologically induce the positive feeling of connect-
edness that others derive from social interactions.’ Is
it any wonder that these people even become intensely
attached (classically conditioned) to the paraphernalia
associated with their drug experiences, or that addicts
tend to become socially isolated, except when they are
approaching withdrawal and seeking more drugs? In-
deed, opiate addiction in humans is most common in
environments where social isolation and alienation are
endemic. Investigators have been able to increase opi-
ate consumption in experimental animals simply by
separating them from companionship.¢ These social
problems are more understandable in light of the fact
that positive social emotions and social bonds are, to
some extent, mediated by opioid-based, naturally occur-
ring addictive processes within the brain (see Figure
13.5 and Chapter 14).

One of the methodological difficulties in studying
social-bonding in mammals has been the lack of effi-
cient laboratory models. By comparison, excellent
maodels exist in birds. Konrad Lorenz originally de-
scribed the powerful form of social learning that can
occur in infancy, whereby young animals strongly *“im-
print” upon available social stimuli.” Newborn birds
of species that are born relatively mature (i.e., preco-
cious species such as chicks, ducks, and geese) will
typically learn to follow the first moving object they
encounter. In this way, young animals normally come
to follow eagerly after their mothers, and Lorenz eas-
ily trained young greylag geese to treat him as their
surrogate parent. In other words, newborn geese that

SIMILARITIES BETWEEN
OPIATE ADDICTION & SOCIAL DEPENDENCE

1) Drug Dependence
2) Drug Tolerance

3) Drug Withdrawal
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Figure 13.5. Summary of the major similarities between the dynamics of
opioid dependence and key features of social attachments. .
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were separated from other gesse and allowed to spend
a lot of quality time with Lorenz developed a special
fondness for him and would persistently follow him
about as if he were the matriarch of the group. In adult-
hood, sexual desires could also be guided by these early
impriats to take a cross-species course that seemed
comical from a human, albeit not an evolutionary, per-
spective. For instance, Lorenz vividly described how
he was courted by a blackbird he had hand-reared from
infancy. A great deal of neuroscientific information is
available on imprinting, including the demonstration of
specific brain changes (see next chapter), but we still
do not satisfactorily understand the neuroanatomical
pathways and the neurochemical factors that mediate

these effects. Many researchers believe vasotocin in

birds and oxytocin in mammals are key factors, but per-
tinent evidence is scarce.

However, due to the recent development of an effi-
cient mammalian model for studying bonding, compel-
ling evidence from laboratory rats indicates that cen-
tral oxytocin may mediate the attachment of an infant
to the mother. Basically, the experimental design was
to separate pups from their mother for several hours and
then rennite them for half an hour. Just before each re-
union, the mother’s ventral surface was sprayed with a
distinct odor (either lemon or orange), which imparted
a distinct sensory quality to the reunion episodes. In
contrast, control animals were simply reunited with a
cotton wad permeated with those same odors, This was
done for three successive reunion trials, all occurring
during a single day. The following day, the attraction
of the pups to the conditioned odor and other odors was
evaluated using various measures, including approach
in runways and place preference tasks. Clearly, only the
pups that had been reunited with mom exhibited a se-
lective approach and an attraction to the odor associ-
ated with maternal reunion. This attraction was blocked
completely in animals that had been given oxytocin
antagonists. However, giving animals oxytocin when
they were “reunited” with the cotton wad was not suf-
ficient to induce such an attraction.™

Considering the importance of oxytocin for mater-
nal behavior, it has also been of great interest to deter-
mine whether the molecule modulates negative emo-
tions that arise from separation. Indeed, as discussed in
detail in Chapter 14 oxytocin and vasotocin have turned
out to be extremely powerful inhibitors of the separa-
tion call in various species, affirming that social com-
fort is produced by the same brain chemistries that help
mediate maternal and sexual behaviors.>

Moreover, it is noteworthy that the oxytocin mol-
ecule has special properties to increase the sensitivity
of brain opicid systems. Organisms typically exhibit tol-
erance to opiates, as in the case of addicts who must
administer ever-increasing amounts to obtain the same
psychological response. Oxytocin can inhibit the devel-
opment of this tolerance.5® Perhaps the secretion of

oxytocin in nursing mothers blocks tolerance to opioid
reward, and thus provides a dual way for the maternal
experience to sustain social pleasures: not only by di-
rectly activating oxytocin-based social reward processes
but also by sustaining high affective arousal in the
brain’s opioid experiences. It would be disastrous if
mothets lost their ability to feel intense social gratifi-
cation from nurturance when children were still quite
young, Parenthetically, it should be emphasized that the
male sex factor, AVP, has little ability to reduce sepa-
ration distress, but as we will see later, it can facilitate
social memories. Recent work in males also suggests
that AVP is an important ingredient in sexual bonding,
as demonstrated in the tendency of field mice to defend
and prefer the company of certain female partners. Male
prairie voles, an especially gregarions mouse strain, will
choose to spend time with those females in whose com-
pany they have experienced elevated levels of AVP.S!
At the present time, AVP, oxytocin, and opioid sys-
tems appear to be prime movers in the construction and
maintenance of social bonds in mammals. Vasetecin,
which is the homologous peptide in birds, may also be
important in guiding social preferences, but this has not
been demonstrated yet. Animals also prefer to spend
more time with other animals in whose presence they
have experienced high brain oxytocin and opioid activi-
ties.52 Thus, it seems as if friendships are cemented by
the same chemical systems that mediate maternal and
sexual urges. Perhaps this is one of the primitive emo-
tional reasons we are more likely to belp family and
friends than strangers (a phenomenon called kin selec-
tion by sociobiologists). Not only do we simply feel
better about those we already know than we do about
strangers, but even their faces, voices, and ways of being
are engraving more powerful affective imprints in our
memories. How does this engraving process occur?

Oxytocin, AVP, and Social Memories

How do we come to recognize and value friends above
strangers? Although the answer to fhis question remains
complex and poorly understood, we can assume a cen-
tral role for brain chemistries that help strengthen and
consolidate memories made up of positive social expe-
rences. Emotionally, there are bound to be connections
to the mother-infant type bonding processes discussed
here, as well as the emotional systems that mediate sepa-
ration distress (see Chapter 14) and social play (see
Chapter 15). However, these affective issues interact
with various special-purpose cognitive mechanisms.

While humans recognize each other very well by
sight and sound, with the aid of special-purpose face
and voice recognition networks situated in specialized
areas of the temporal lobes, rats generally accomplish
this by smell. This mode of social recognition has been
used to develop an effective animal model for the analy-



sis of social memories, relying on the fact that rats get
acquainted through mutual investigation, especially of
the ano-genital region (as do dogs). If animnals already
know each other well, they spend considerably less time
investigating each other than if they are strangers.5?

The decrease in social investigation as familiarity
increases reflects social memories, and provides a
simple way to analyze neurochemistries of the under-
lying brain processes. It has been found that adminis-
tration of AVP soon after a social encounter strength-
ens social memories (at least in males; again, fermales
remain to be tested!). Conversely, administration of
AVP antagonists (various molecules that prevent com-
munication at AVP synapses) can obliterate the memo-
ries.5* While data indicated that oxytocin also impairs
the consolidation of such memories, more recent work
has demonstrated that cnly very high doses produce
such effects. In fact, low doses of oxytocin, which are
more likely to be in the natural physiological range,
also strengthen social memories.®S Thus, the same
brain chemistries that facilitate various friendly social
and sexual behaviors also help solidify the memories
that emerge from those experiences.

It remains a mystery exactly where and how memo-
ries promoted by oxytocin are solidified in the brain.
Interestingly, however, the hippocampus, which is a key
brain area for the consolidation of memories, has high
oxytocin and AVP sensitivity. It is also noteworthy that
the ability of oxytocin to promote erections in male rats
is especially easily obtained by infusion of the neu-
ropeptide into the hippocampus. This is perplexing,
“since the hippocampus is not generally thought io con-
trol sexuality. However, the dilemma may be easily re-
solved if one is willing to entertain the possibility that
the manipulation can evoke sexually arousing memo-
ries in the rat’s “mind.”

Oxytocin and Peaceful Coexistence
(“Make Love Not Wart")

Additional research on oxytocin provides yet another
intriguing piece to the neurosocial puzzle. The chemis-
tries that promote pleasure and family values are also
able to dramatically reduce irritability and aggressive-
ness. It has long been known that human societies that
encourage physical closeness, touching, and the free
flow of intirnacy tend to be the least aggressive in the
world. For instance, it has been documented that soci-
eties that exhibit high levels of physical affection to-
ward infants and children and permit premarital sex are
generally low in adult physical violence, while those
that are low in physical affection and punish premari-
fal sex tend to be more violent.%” This, of course, makes
a great deal of evolutionary sense: H one is socially well
satisfied, there is little reason to fight, However trite this
may sound, the principle is profound and supported by
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brain research. Both opioids and oxytocin (but not
AVP!) are powerful antiaggressive molecules, and
they also have a powerful inhibitory effect on separa-
tion distress. For the present purposes, let us focus on
the oxytocin part of the story.

Oxytocin administration reduces all forms of aggres-
sion that have been studied. Perhaps the most intrigu-
ing one is infanticide—the tendency of animals, espe-
cially strange males, to kill the young in a territory they
have successfully invaded;® this is an especially com-
mon (mis)behavior in male rats. Oxytocin, whether
given peripherally or centrally, dramatically diminishes
this tendency.”® Since it has been found that sexual ex-
periences promote oxytocin synthesis in the male brain,
we might expect that access to sexual contact would also
make males less aggressive. Indeed, as mentioned in
Chapter 10, it has recently been discovered that sexual
activity diminishes the tendency of male rats to exhibit
infanticide. This peaceful tendency grows as a function
of the number of weeks that have followed copulation,
peaking at three weeks after the sexual encounter.”

This curious fact makes good evolutionary sense:
The male rat has a mechanisn in its brain that decreases
the likelihood that it will kill its own young. In rats, it
typically takes three weeks from the time of successful
fertilization to the time of birth. Thus, it wounld behoove
a male rat to restrict its pup-killing ways maximally at
about 21 days following sexual activity. As mentioned
in Chapter 10 (see Figure 10.7), this is exactly what
happens.™ Although it has not yet been demonstrated
that this effect is directly attributable to the lingering
effect of brain oxytocin dynamics, it is certainly a rea-
sonable place for investigators to search for a physio-
logical explanation. In rodents, however, it has been
shown that free access to sexual gratification can lead
to an enormous threefold elevation in oxytocin levels
in some parts of the male brain. Apparently, sex pro-
motes the synthesis of nurturant and antiaggressive
neurochemistries in the male. Of course, the female is
already endowed with abundant activity in this system.
Perhaps this brain change, which brings male chemis-
tries closer {0 those of the female, is one that coaxes
males to become supportive and nurturant fathers. This
is a socially attractive idea, but only future research will
tell us to what extent it can subvert the strong positive
linkage that also exists between sexual desire and the
arousal of male jealousies and ensuing tendencies to-
ward aggression (see Chapter 10).

Experience-Induced Maternal Behavior

Ft makes good evolutionary sense for an animal not to
“waste” much effort taking care of another animal’s
offspring—time that would be better spent looking after
the welfare of one’s own genes. Thus it is perplexing
that the mere. exposure to young infants can induce
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nurturant behaviors in some animals, a phenomenon that
has been studied extensively in rats.

Since work on this question can only be conducted
in animals that normally do not exhibit infanticide, only
certain individuals can be tested for the induction of
nurturance. Those laboratory rats that do not exhibit
infanticide can be induced to gradually exhibit mater-
nal behavior by the simple maneuver of repeatedly ex-
posing them to infant rats. Although they are not at-
tracted by this opportunity at the outset (due, in part, to
the smell aversion discussed earlier), the animals gradu-
ally begin to show interest in the pups, and eventually
most will exhibit well-organized matemnal behaviors.

This artificial induction of maternal behavior has
been termed concaveation or sensitization by different

“authors.” It should come as little surprise that mature
virgin fernale rats typically exhibit the behavior more
rapidly (about four to seven days) than males (about six
to eight days).” This finding indicates that adult female
brains can be sensitized more readily, but we do not yet
know how or where in the brain this phenomenon is
elaborated. It does seem to correspond to an increase
in prolactin and oxytocin output of the pituitary. One
reasonable hypothesis is that the experience with the
pups gradually leads to increased genetic expression of
these neuropeptides within the relevant brain circuits,
but that remains to be empitically demonstrated. It is
noteworthy, however, that among juvenile rats, which
normally exhibit a brief natural period of great interest
in small pups {maybe the rat analog, or even homolog,
of playing with dolls), sensitization progresses very
rapidly, and slightly more rapidly in young males than
in females.” However, this period of heightened “in-
trigue” with infants is short-lived, and throughout most
of adolence, juvenile rats are not as strongly attracted
to baby rats.

The tendency of young male rats to sensitize more
rapidly than females suggests that the organizational
effects of early hormones that lay down a male brain
do not inhibit the sensitization process. Indeed, the
faster sensitization may be an adaptive way for males
to obtain early experience with nurturant behaviors that
they may need later in life. In this context, it is worth
reemphasizing that males from prenatally stressed moth-
ers (i.e., those with homosexual tendencies described
in the previous chapter) exhibit sensitization faster than
their “normal” nonstressed counterparts. On the con-
trary, females from these same stressed mothers show
the opposite trend; their acquisition of maternal tenden-
cies is impaired.’

Whether these effects are present in other species,
such as humans, and whether they are caused by
changes in the responsivity of brain oxytocin systems
remain unknown. However, the potential implications
of such findings for understanding the learning pro-
cesses that contribute to human social bonding, as well
as problems in nurturant motivation, deserve wider at-
tention. Might such processes explain the emotional

difficulties and temperamental differences that exist
among human mothers? Can difficulties in human bond-
ing be explained by the disruption of such neural dy-
namics? Do human mothers have a special window of
opportunity when they would bond most effectively
with their infants? Do mothers who exhibit bonding
problems have difficulties in recruiting the relevant
brain chemistries? Can medical assistance be provided
in such cases? And, perhaps most important, can fathers,
who seem to be instinctively less nurturant than moth-
ers, be induced to be more nurturant by facilitating cer-
tain neurochemical processes? We simply do not know
at the present time, but we can begin to enlertain such
questions. The probability that simple administration of
oxytocin {in a brain-accessible form) would promote
social tendencies seems remote. Many of the dynamic
changes in sensitivity within this system reside in the

" proliferation and location of oxytocin-receptive fields,

which vary widely as a function of species and a host
of physiological variables.”

Species also differ widely in the temporal dynam-
ics of the social bonding processes. To some extent this
is related to how mature the offspring are at birth. As
already indicated, animals that have very altricial (i.e.,
immature) offspring, like rats and humans, generally
exhibit a wider “window of opportunity” for social
acceptance than precocious species, like sheep, whose
young are born very mature.” Generally, rat mothers
sequester their offspring in nests and exhibit a great deal
of tolerance if their babies are replaced with strangers.
They appear to be satisfied as long as some young re-
main in the nest, for they seem to be attached more to
the general concept of having babies in their nests than
to their own specific babies, presumably because the
appearance of strangers has been a rare event in their
evolutionary history. On the other hand, in most herbi-
vores, babies are born motorically precocious, and the
mothers must rapidly establish discriminating bonds.
Sheep are an interesting species in this regard. Moth-
ers typically tolerate and feed only their own lambs, or
only those lambs with which they have developed so-
cial bonds within the first hour or two after birth. This
is based primarily on olfactory recognition processes.
If ewe and lamb are separated for several hours after
birth, the window of bonding opportunity passes, and
mothers will then reject the care-soliciting overtures of
their own lambs, butting them and refusing them op-
portunities to nurse.”

However, as previously indicated, once the window
of opportunity has closed, it can be opened once more
by two manipulations. First, “reminding” mother sheep
of the birthing experience, via artificial vaginocervical
stimulation, puts the mother in a mood to accept lambs
once more for another hour or two.%® They become
bonded and exhibit full maternal care. As we know from
sex research summarized in the previous chapter, this
type of stimulation activates oxytocin systems in the
female brain, and perhaps that is the key. Indeed, the



other method of reinducing bonding is to simply admin-
ister oxytocin into the mother’s brain; this will reopen
the window of maternal acceptance.?! Parenthetically,
it should be noted that in sheep, opioids do not promote
active acceptance of lambs, but they do reduce the ten-
dency of female sheep to actively reject strange lambs.®2
Thus, it is likely that oxytocin is more important than
endogenous opioids in the mediation of maternal re-
sponsivity at least in sheep,

Considering the importance of oxytocin in sexual
behavior and the mediation of mother-infant bonds, we
must suspect that sexual interactions among consenting
adults may neurophysiclogically facilitate the consoli-
dation of social attachments, thereby promoting the
more nurturant forms of human love. However, before
the final story is told, we will have to work through
many complex empirical details, including issues re-
lated to the nature of altruism and emotions such as
possessiveness and jealousy.®

Thoughts on Altruism

Since there are circuits and neurochemistries for nur-
turance in the mammalian brain, and since social bond-
ing in mammals is largely a learned phenomenon, the
possibility arises that humans may be able to sincerely
extend love and altruism toward strangers. Indeed, we
were all impressed recently when Binti the gorilla, of
the Brookfield Zoo on the outskirts of Chicago, saved
a young boy who fell into her “home.” This act of con-
cern impressed many, and it surely emerged from the
types of CARE circuits that we share as mammals. To
help commemorate such events, and to highlight the
very nature of maternal instincts and the social bond,
the portrait of motherhood depicted in Figure 13.3 was
commissioned. The existence of maternal care should
broaden our thinking about alttuism.

However, sociobiologists have advised us that “true
altruism™ cannot exist in any animal, for to sacrifice
one’s good for the sake of others would be a self-
defeating genetic strategy. Self-sacrifice typically oc-
curs only in relation to kin, when it helps one’s own
gene pool. Althongh all this is true, we should remem-
ber that in mammals the social bonding mechanisms are
based on learning and are certainly more pervasive than
the innate mechanisms for “kin recognition.”®* We can
learn to love other animals. It is especiatly important
to emphasize that the experience of motherhood is a
powerful force in promoting future nurturance. Thus,
while 2 virgin female rat’s nurturant urges require many
days to become sensitized, those of a female who has
once been a mother are engaged rapidly, usually in less
than a day. Similar processes exist in humans.®*

The acquisition of nurturant behavior leaves a seem-
ingly indelible imprint on a creature’s way of being in
the world. Although leaming is most likely to operate
in the presence of genetic kin (for simple geographic
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reasons), in a cosmopolitan human world, bonding can
become broader. Mass communication can potentially
promote wider networks of bonding than is common in
nature, assuming, of course, that a long-term “bonding
window” remains partially open for humans as they
mature. This broad albeit frait window of opportunity
may be the best hope for the future of humankind.

In any event pro-social affiliative and bonding: ten-
dencies should be cultivated and accorded a value on a
par with testosterone-driven power-urges. Indeed, the
two can sometimes be productively joined, as.they are
in international efforts such as the Olympic Games. How
this might be achieved in other arenas of human life de-
serves more attention from sociologists and political sci-
entists (see “Afterthought,” Chapter 16). Whether and
how we shall choose to promote or hinder nurturance
across cultural and geographic borders remain societal
and political questions of momentous proportions.

AFTERTHOUGHT:
The “Mere-Exposure” Effect

Oue of the most intriguing general psychoclogical phe-
nomena related to those discossed here is called the
“mere-exposure” effect. If one simply exposes animals
to various stimnli, they begin to develop a preference
for those stimuli, especially if they have been paired
with positive affective experiences, ¥ This effect is per-
vasive and applies to all species and most objects that
have been studied.?” If one has been exposed to certain
foods, one begins to prefer those foeds.® If one has been
exposed to certain objects and places, one begins to
prefer those objects and places.® Indeed, place attach-
ment arises from mere exposure, which may have been
one of the antecedent processes for social bonding.
Much of the mere-exposure effect operates at a subcon-
scious level and may be related to other preconscious
evaluative effects of emotional stimuli. For instance, it
has been demonstrated that if one simply exposes
American students to written Chinese characters they
do not understand, some of which are preceded by a
brief subliminal presentation of a smiling face, subjects
will later prefer those characters as opposed to ones that
were shown withont affective priming.®®

The attraction of familiar experiences may have far-
reaching consequences: Humans who have been ex-
posed to certain ideas often begin to prefer those ideas.
Perhaps the most poignant example of this is the ease
with which people can defend ideas they have held dear
since childhood or even a short while, and how easy and
natural it is to contradict the new ideas of others. Al-
though one can readily conjure up exceptions to this
pattern (e.g., as encapsulated in the phrase “familiarity
breeds contempt”), the mere-exposure effect is a re-
markably robust experimental finding. Indeed, some
have suggested that social bonding or imprinting may
simply reflect this type of process.”!
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The effect has also been used to focus investigators’
attention on the possibility that unconscious evaluative
processes may be important in the generation of eme-
tional states and judgments.” Indeed, it is possible that
this phenomenon may be reflected in the many psycho-
behavioral processes described in this chapter. If so, it
would be important to clarify the neurobiological under-
pinnings of the mere-exposure effect, but relevant re-
search is scarce.

1t might be worthwhile to consider whether some of
the chemistries that participate in the elaboration of

social processes may also play a role in the generation -

of this interesting phenomenon.”? Might opioids and
oxytocin, as well as other bonding chemistries, be im-
portant in molding and medulating the mere-exposure
effect? Conversely, what might be the role of other
affectively positive nenrochemistries such as dopam-
ine, which-do not appear to be important for bonding?
K we begin to understand the mere-exposure effect, we
may also shed light on what it means to feel relaxed and
comfortable in a given situation. The mere-exposure
effect may be a major affective process that allows ani-
mals to become accustomed to new situations effi-
ciently. Is the feeling of déja vu generated by the re-
lease of such chemistries? The mere-exposure effect
may be an especially beneficial adaptation for animals
that migrate, as well as for ones that are exposed to a
variety of social stimuli.

Indeed, social tolerance may be promoted by mere
exposure. Recall the young cats that were brought up
with rats (see Chapter 2); they did not attack rats when
they became adults. This speaks strongly for the bene-
fits of exposing children to a diversity of other indi-
viduals and cultures when they are young. The more
they have experienced of the world, the more accept-
ing they will be of diversity, Wise governments will
promote the use of mass media for such purposes,
rather than undermining support for public broad-
casting, educational endeavors, and endowments
for the humanities, as is popular in some reactionary
quarters.

In sum, specific brain systems lie at the heart of com-
plex neurcevolutionary programs that generate the deeply
social nature of mammals. Psychobiologists have started
to recognize and untangle the neural underpinnings that
control social motivation within the old mammalian
brain. Nurturant behaviors can become a habit, at least
partly independent of the basic brain substrates from
which they were initially constructed. The potential im-
plications of such lines of investigation are profound.
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