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Stress and reproduction: The role of peptides and
other chemical messengers in the brain
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Department of Anatomy and MRC Cambnidge Centre for Brain Repair, University of Cambridge, UK

o

Stress is a powerful regulator of reproduction. Re-
production is reduced in both humans and animals
exposed to either physical or psychological stressors.
Both sexual behaviour and fertility are diminished.
Recent studies suggest that a variety of neuro-
chemical systems in the brain are involved. These
include peptides, such as B-endorphin and CRF, as
well as steroids and monoamines. These have power-
ful suppressant actions on reproduction. Though
peptides are distributed within the limbic system, the
precise actions they have on behaviour and other
dependent variables depend, for example, upon the
site at which they act. The effects of B-endorphin in
the hypothalamus and amygdala, though related, are
distinct. It is becoming apparent that specific pep-
tide-containing neural systems are activated by
different categories of stressor. This knowledge will
lead to more precise understanding of stress-induced
infertility.

g S ey —————

Studying reproduction: strategies

The experimental study of reproduction has been highly
successful. The use of standardized preparations under
carcfully controlled conditions has enabled the mecha-
nisms underlying such important reproductive events as
ovulation, implantation, seasonal breeding and sexual
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behaviour to be described and, to a degree, understood.
Though no-one would argue with the premise that much
more needs to be done, nevertheless current information
1s such that not only are there coherent accounts of these
processes, but the applications of this knowledge to the
clinic and the community have had immense impact on
human affairs. The power of the simplifying approach to
these questions is, therefore, vindicated. Reproductive
events, studied in comparative isolation, have yielded to
the powerful experimental techniques currently avail-
able. One extreme example of this approach is the fact
that fertilization and its mechanisms can now be studied
in vitro, allowing the contemporary methods of mole-
cular and cell biclogy to be applied with exciting and
fruitful results.

Reproduction in the real world

But this reductionist approach, though successtul in its
own terms, has carried a penalty. Reproduction takes
place 1n the real world, a world in which many other
cvents occur, and is subject to the environmental and
social constraints typical of any other activity., Of
course, c¢cologists and population biologists have long
recognized this, and the study of such factors occupices a
major part of these ficlds of enquuy. All mammals live
in a competitive and hostile environment The sttuggle
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for access to food, water, shelter and a mate, and
avoidance of predation or competitive injury, is a major
concern. Reproduction is e¢nergetically and socially
expensive and risky. Every species, therefore, has to
maumize its reproductive efficiency — that is, try to
ensure that the return (in terms of viable offspring) is
mavximal for its investment (that is, in terms of energy
resources committed, or risks undertaken of damage or
death). The precise nature of these risks will depend
upon the species concerned. For example, species in
which the males have to defend a territory against others
during the breeding season will be at risk of injury; the
burden on the mother may be less in species in which
beth parents participate in feeding the young. Species
that breed in highly hostile physical environments need
to adopt special stratagems to maximize the survival of
the young, and so on. All these environmental demands
impose constraints upon reproduction. The process by
which demand is recognized and dealt with 1s stress
management. The problem is to marry our knowledge of
the ways that stress regulates reproduction with the
detailed accounts of reproductive processes themselves.
We must do this, if we are to understand how the basic
mechanisms regulating reproduction interact with agents
in the social and physical environment that have power-
ful effects on the success or otherwise of reproduction in
the real world in which animals and man live. There is a
considerable literature — much of 1t anecdotal — on the
effects that stress has on reproduction. The effects of
stress, and the control of reproduction both involve the
brain. We are beginning to know enough about the
neural processes of each to try and bring the two sets of
neural mechanisms together, and see how they interact.

What is stress?

Before doing so, it i1s important to consider the contem-
porary meaning of ‘stress’ and how our view of this
process has altered in recent years. The definition of
‘stress’ has moved from a single concept to a generic
term for a range of processes. It is important to undei-
stand the nature of this evolution. Claude Bernard’s
recognition that maintaining the internal milieu within
tolerable limits was an essential property of life carried
with it two implications. The first 1s that there are agents
that will tend to displace the milieu from its optimal
position, and the second that there must, therefore, be
mechanisms that both detect this tendency and counter-
act them. Though Bernard focused on physical agents,
we now know that the environment contains others that
can act in similar ways. The notion that responses to
such events were unitary derives botn from Cannon' and
Selyez. Cannon was concerned with acute emergencies,
and pointed to the essential role of the autonomic
nervous system (ANS) in responses to them. In his view,
activation of this system characterized preparation for
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cither ‘fight’ or ‘flight’. It is significant that this concept
combined an undifferentiated response (the activation of
the ANS) with a differentiated one (the decision on
either fight or flight). The latter, of course, involved
mechanisms other than the ANS (i.e. within the brain);
but the important point was that, for the theory in its
original form, the physiological response did not
differentiate between these two very distinct behavioural
strategies. A variety of findings now suggest that it is
persistent, chronic or repeated stress that 1s particularly
significant in regulating reproductive (and other) events,
and which is likely to result in pathological conse-
quences. Selye recognized this. He ascribed these
effects not to acute changes in the ANS (and the
associated ones in cardiovascular and catecholaminergic
function) but to the secretions from the adrenal cortex —
in particular, corticoids. His thesis depended upon two
principles: that stress (of whatever nature) increased the
levels of adrenal corticoids, and secondly, that there was
a time-dependent factor in this response. Eventually, he
thought, the adrenal response would either wane, or the
effects on target tissues of persistently elevated hormone
levels would prove damaging. The significant feature, in
the context of this discussion, is that Selye also assumed
that all ‘stresses’, of whatever nature, resulted in an
undifferentiated endocrine response. Although Selye
recognized ‘specific’ components in the response to a
given category of stressor, the significant event in the
response to any stress derived from the adrenal cortex
and its hormones.

The evolution of concepts of stress

These original, undifferentiated concepts of stress are
being replaced with more complex, differentiated, ones.
That is not to say that the original findings were
incorrect. There is no doubt that activation of the ANS
is a feature of a wide variety of acute stresses, though
the view that the ANS responds as a single system is
being modified. Increased adrenal corticoid secretion is
a consistent element in the response to many, if not all,
stresses. But Bernard’s fundamental postulate already
contains the seed of doubt that undifferentiated models

are sufficient. Though current knowledge of the compo-
sition of the internal milieu was not available to
Bernard, it is clear that the nature of potential distur-
bances can vary. For example, maintaining temperature,
electrolyte composition or blood glucose within toler-
able limits involves different mechanisms, and the
results of inadequate regulation will have different con-
sequences. There is also recognition that the sources of
‘demand’ or ‘stress’ are not only the physical but also
the social environment. All mammals live in some sort
of social structure; this not only provides advantages
in terms of defence of territory, food acquisition or
mate selection but also is a source of demands, since
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there will always be a limit to the availability of re-
sources, and therefore competition for them. So stress is
differentiated according to its source and nature. It is
also differentiated according to the pattern of response.

There has been much debate over whether the term
‘stress’ should be applied to an event which by general
agreement represents a physiological or psychological
demand on (such as, say, extreme heat, or an attack by a
conspecific), or to the pattern of response (say, elevated
corticoids, or avoidance behaviour). The former assu-
mes that there are events which, inevitably, will be
stressors; the latter, that there is a recognizable pattern
of response that identifies the presence of a significant
stress. Both definitions are too restrictive. Lazarus and
colleagues’, working on humans, and Weiss” work on
animals® show clearly that there is no simple ‘stimulus-
response’ relation between a stressor and the response to
it. In the case of man, there are complex cognitive pro-
cesses whereby someone presented with a stressful
situation apprises the nature, source and significance of
the stress, assesses the available resources (both per-
sonal and social), and the likely outcome of the response
to the stress. This process, an interactive one, may
continue and change during the operation of a prolonged
or repeated stress—hence the term ‘transactional
coping’. Whilst stress responses may differ in animals
(and, perhaps equally importantly, in different species or
in those with varying degrees of cerebral or social
development), there may be similarities. In particular,
unpredictable or uncontrollable stress may have parti-
cularly powerful effects on both endocrine and psycho-
logical function in both man and other animals’.

The multiple nature of stress responses is also empha-
sized by more thorough examination of the endocrine
changes accompanying them. Mason® began this process
by showing that hormones other than adrenal corticoids
and catecholamines were reliably responsive to stress —
and that these changes might occur even in the absence
of corticoid hypersecretion. Since that time, a great deal
of evidence shows that many endocrine systems, includ-
ing gonadal hormones, are altered by stress.

A major proposition of this article is that social
structure and its consequent interactions are an impor-
tant regulator of reproduction. The second proposition is
that this comes about because social interactions are a
major source of stress. Finally, it is proposed that social
stress has direct actions on reproduction, and that these

come about through the operation of identifiable neural
mechanisms.

Society and stress

The relation between social structure and breeding has
been recognized for many years. Though, as already
pointed out, the form this takes varies, in many species
this involves competition between individuals for access
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to potential mates, or defence of the young against
rivals. Losers in this competition will have greatly
reduced chances to reproduce. In the majority of

soclally-living mammalian species (particularly pri-
mates) breeding activity is not distributed evenly amo-
ngst members of the group. A dominance hierarchy is a
consistent feature of primate groups. Dominance is
defined as the acquired property of priority of access in
competitive situations. It is a form of social learning, in
which individual members of the group come to know
which other members they are likely to defeat in
agonistic encounters. Liaisons and coalitions between

group members may complicate the dominance pattern;
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Figure 2. Above, The relation between vigilance behaviour
(‘looking at other males’) and aggression received in captive groups
of talapoin monkeys. Below, The effect of decreasing rank on
copulation 1n social groups of talapoin monkeys

that is, an individual’s rank may depend upon his/her
relation with other members of the group as much as
his/her own agonistic qualities. The nature of the
resource being competed for may also affect dominance
hierarchies; for example, competition for food or mates
may have somewhat different outcomes. So, although
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the dominance hierarchy 1s easily defined and recog-
nized, it is not necessarily linear or simple.

There is littie doubt that an animal’s position in the
social hierarchy can be highly stressful. In monkey
groups, the majority of aggressive interactions are
directed towards more subordinate animals. This, and
the threat of being attacked, seems to represent a potent
form of chronic or persistent stress. This state is
reflected by both endocrine and behavioural markers. A
subordinate monkey shows marked disturbances in the
diurnal rhythms of cortisol, with elevated levels
throughout the day, most prominently in the evening
(when cortisol is wusually at its minimumf (see
Figure 1). There are equally marked differences in beha-
viour, including high levels of vigilance behaviour by
which subordinates constantly monitor the actions of
more dominant animals (particularly those of the same
sex)g' ? (see Figure 2). Subordinate vervet monkeys show
stress-typical lesions such as gastric ulcers; there may
also be increased neuronal death rate in corticoid-sensi-
tive areas of the brain such as the hippocampus'.
Mortality rates are much higher in subordinate monkeys

: 1
than more dominant ones' .

Regulation of reproduction by the physical and
social environment

The social environment regulates reproduction by both
behavioural and physiological means'® . For example,
only the most dominant male monkeys in captive groups
of talapoins copulate with the females (Figure 2). Sub-
ordinates make few attempts, and are inhibited from
sexual interaction for quite long periods even if the
more dominant males are removed'*'. At the same
time, blood levels of testosterone in subordinates are
considerably lower than in more dominant animals — an
effect that becomes more obvious when the group
contains sexually attractive females. However, these
behavioural and endocrine stigmata of social subordi-
nation are not directly linked, since treating subordinate
males with testosterone restores their serum hormone
levels but does not reinstate sexual behaviour'* '°.

There are similar mechanisms in female primates,
though it seems that social stress has more marked
effects on their physiology. Subordinate females often
ovulate less regularly, and in some ovulation may be
totally suppressed'” '*. An extreme example is shown by
the New World marmoset, in which the reproductive
capacity of young females in their natal group 1s
completely inhibited until they leave the group or the
most dominant female (usually their mother) dies'”.

There is continuing discussion over whether an ani-
mal’s social rank is itself responsible for these eftects,
or whether the amount of aggressive interaction iIs the
critical factor. The two are not necessarily congruent.
For example, in a stable group, levels of aggression may
be quite low, though the dominance hierarchy may be
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obvious, steep and persistent. However, in more labile
groups, In which social relationships are less well
established, there may be higher levels of aggression as
animals continue to try and establish their rank order.
Within a group the same provisos may occur. If the
refative rank of two animals is uncertain, there may be
more aggression between them. Alternatively, the more
dominant male (say) may attack one member of the
group more than another. In one study, the negative
correlation between serum testosterone and aggression
in different male members of a captive talapoin monkey
group was more pronounced than that between testo-
sterone and rank'®. This supports the notion that social
rank acts as a moderating factor reducing the levels of
overt aggression.

Population density, with its attendant overcrowding,
food shortage and increased aggression, has been reco-
gnmized as an important mechanism for regulating
reproduction (see ref. 20). Such conditions result in
lower ovulation rates, impaired implantation and increa-
sed rates of abortion or resorption. Furthermore, infant
mortality increases, and the growth of the young that
survive is compromised.

Stress and reproduction in man

Is there evidence for similar relations between social
structure, stress and reproduction in man? There is no
doubt that stress can reduce testosterone levels. Physical
danger, such as a military threat, or more psychological
stresses, such as the constant vigilance needed by air
traffic controllers, both lower serum testosterone 1n
man’"* as do periods of prolonged physical exertion
and sleep deprivationH. Socially dominant men — who
are not necessarily the most aggressive —have been
found to have higher serum testosterone than others™
So-called type A men — who tend to the more dominant
members of society because of their assertive and
ambitious personalities — also have higher testosterone
levels than type B, who are more passive. The latter
respond to stress by lowering their blood testosterone,
whereas in the former it may rise”. Young men showing
high levels of either physical or verbal aggression may
also have the highest levels of testosterone”, though this
finding has been questioned”’.

There is a wealth of anecdotal evidence for similar
features in women, though reliable data are harder to
come by. Physical exertion is thought to be able to
interfere with the reproductive cycle’’, Most psycho-
logical stressors may also inhibit reproduction, though
the evidence is even less secure. During the second
world war, it was reported that generalized severe stress,
such as that experienced in concentration camps,
resulted in amenorrhoea, but these conditions also
included food shortage, itself a potent cause of reduced

fertility.
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Neural mechanisms concerned with stress
responses: [3-endorphin

There are many different kinds of stresses, and a wide
range of stress responses. The neural mechanisms that
both recognize and formulate responses to stress are,
therefore, equally diverse. However, it is beginning to
become evident that there are recognizable parts of the
brain, and chemically-identifiable neutral systems that
seem particularly concerned with the way that stress
modifies reproduction. This is illustrated by the effects
of B-endorphin on sexual behaviour and its more general
role in reproduction.

The synthesis of B-endorphin in the brain (Figure 3) is
limited to two cell groups, one lying in the hypothalamic
arcuate nucleus (a structure implicated in the control of
LH secretion), and the other in the brainstem nucleus of
the solitary tract (NTS), known to be concerned with
autonomic and related functions® >° (Figure 4). It is
important to note that [-endorphin is derived from a
larger precursor, and is a member of a family of
peptides. The action of other members may compete
with or complement those of B-endorphin. From the
peptide-expressing neurons of the arcuate nucleus,
fibres pass anteriorly to other areas of the hypothalamus
(including the preoptic area, known to be important in
the control of sexual behaviour), and the amygdala
(recognized to be concerned with fear and other stress-
associated responses). Other fibres run dorsally, towards
the hypothalamic paraventricular nucleus (a site for the
control of ACTH and hence corticoid levels), and thence
to the brainstem, terminating in a number of structures
(including the NTS) that have significant functions in
the regulation of the autonomic nervous system.

B-Endorphin and stress

Central B-endorphin seems to be released during various
forms of stress’, including adverse environmental
conditions. Though there have been technical probiems
about measuring the release of [-endorphin under
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Figure 4. Distribution of B-endorphin-containing pathways in the
brain.

stressful conditions, enough is now known about this
peptide to indicate that it is particularly concerned with
regulating reproductive physiology, and is part of the
mechanism whereby reproduction is controlled by vari-
ous elements in the external environment, including
social and physical stress®”*’. Much attention has been
focused on the mechanisms for inducing reproduction at
times or in conditions that are the most propitious for
success, and that carry the least risk. Less has been
given to equally important mechanisms that ensure that
reproduction is inhibited at other times — for example,
during periods of increased stress or demand — and yet
such mechanisms must exist.

Effects of B-endorphin on reproduction

Sexual behaviour is attenuated in many species during
pregnancy, when B-endorphin levels in the hypotha-
lamus are increased’. The photoperiod, operating
through the pineal gland, acts as a powerful brake on
reproduction in some species (e.g. the hamster, ferret
and sheep) preventing birth during hazardous times of
the year”. B-endorphin levels in the hypothalamus of the
photoinhibited hamster (that is, a hamster exposed to
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Figure 5. Reciprocal relation between levels of $-endorphin in the
hypothalamus of male hamsters and blood levels of testosterone
under different photoperiods

short photoperiods) are higher than in photostimulated
ones’’. The concentration of B-endorphin bears a
consistent relation to the duration of the ambient photo-
period: the shorter the photoperiod, the higher the levels
of B-endorphin®? (Figure 5). These, and other findings,
show that PB-endorphin levels are regulated by the
duration of the photoperiod, and that this system
represents one mechanism whereby reproduction 1s
inhibited under appropriate circumstances”’.

Opiates given peripherally or infused into the
hypothalamus and other parts of the limbic system
reduce gonadotrophin levels and increase prolactin
levels°>*”. Intra-ventricular B-endorphin has been
known for some time to inhibit copulation in male
rats*> ‘1. These are the typical features of stress-induced
reproductive suppression. The conclusion that endo-
genous opioids may be involved in the process whereby
social rank regulates reproduction is strengthened by the
finding that PB-endorphin levels in the CSF of sub-
ordinate males is about three times as high as In
dominant ones'® (Figure 6). It is assumed that these
levels represent increased release of B-endorphin within
some part of the limbic system. Adverse environmental
conditions seem to increase the activity of endogenous
B-endorphin, and this, it is postulated, represses both

sexual behaviour and gonadotrophin secretion.

Local infusions of B~endorphin into the brain

A more direct test of the behavioural action of f3-
endorphin is to infuse the peptide locally into the brain
and observe its effects. Various areas of the brain have
been implicated in the control of sexual behaviour, but
the medial preoptic area and the amygdala are consis-
tently recognized to be critical areas for hormonal
action, at Jeast in male rats** **. Both, of course, are also
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Figure 6. Increased levels of B-endorphin 1n the CSF of subordinate
male talapoin monkeys

involved 1n the neural control of gonadotrophin secre-
tion, though the evidence for this is less compelling than
for a behavioural role. Local infusions of f-endorphin in
these two parts of the limbic system have remarkable
effects.

The sexual behaviour of male rats can be studied by
patring the male with an oestrous female. To ensure a
relatively consistent behavioural stimulus, an ovari-
ectomized female is treated with a combination of
oestrogen and progesterone that induces the full range of
oestrous behaviour. Males studied in this way show a
characteristic pattern of behaviour. There are two
phases. During the first precopulatory stage (sometimes
referred to as the ‘appetitive’ phase), the male explores
the cage and begins to investigate the female by
exploring her head and flank, paying particular attention
to her ano-genital region. During all this the female —1f
she is oestrous and sexuaily receptive ~ may begin to
display typical hopping and darting runs, accompanied
by characteristic vibration of the ears. In some cases, the
female seems 1o be responding to the male; in others, the
female’s ‘proceptive’ behaviour (as these actions are
collectively termed) occurs even before the male has
started to tnvestigate her, and scems to stimulate him to
do so. This period of precopulatory behaviour is marked
by the male appearing to gather information about the
female, and by the female emitting oestrous-dependent
behavioural signals to the male. The onset of the second,
copulatory phase (the ‘consummatory® phase) is signal-
led by the male mounting the female. This may or may
not result in vaginal intromission. A series of such
mounts and intromissions then follows, untif the mate
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¢jaculates. Then there is an interval — the post-ejacu-

latory refractory period — during which the male seems
unresponsive to the female, before another sequence of
sexual interaction begins again.

B-endorphin infused into the hypothalamus

Lesion experiments have shown that the preoptic
area/anterior hypothalamus (POA) of the male is critical
for sexual behaviour. The effects on the sexual
behaviour of the male rat of bilateral infusions of
B-endorphin into the POA are equally striking and rather
specific (Figure 7). After bilateral infusions of as little
as 10 or 40 pmoles, male rats continue to pursue and
investigate the female in the usual way, vigorously and
repeatedly, so that an observer unaware of their
treatment would expect that, at any moment, the
expected sequence of mounting and intromission would
begin. After a while it becomes apparent that mounting
does not occur; the animals seem restricted to the
precopulatory part of their interaction with the female,
and unable to proceed to the next, copulatory, stage of
their sequence®. This behaviour is similar to that
following bilateral electrolytic or neurochemical lesions
of the POA®.

One important advantage of infusing peptides over
making lesions is that the former is temporary, and can
be carried out at different stages in the sequence of
sexual behaviour. When this is done, 1t vyields some
striking and surprising results. When an infusion of
}-endorphin into the POA was delayed unti} the male
had made his first intromission —that is, until the
copulatory series had begun — than there was no longer
any discernible effect’®. The male mounted and ejacu-
lated as if he had received a control infusion. However,
the neurochemical state of the POA (lL.e. its content of
P-endorphin) was the same as that in which copulation
had been prevented provided the infusions were given
before the male was paired with the female.

So B-endorphin in the POA does not inhibit the
expression of the consummatory phase of sexual beha-
viour. It seems to interfere with the process whereby
sensory information — obtained during the investigative
(or ‘appetitive’) phase — is processed and leads to the
activation of the consummatory response. This discon-
nection might be one basis of the stress-induced reduc-
tion in copulation consistently observed.

B-endorphin infused into the amygdala

However, as we have scen, the smygdala ~ which has
major inputs into the hypothalamus - is also imphicated
in seaual behaviour, Both anatomical and beliavioural
duta suggest that the amygdala s <oucerned wath
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Figure 7. Above, Suppression of copulation following infusions of
B-endorphin into the pre-optic hypothalamus of male rats Pre-copulatory
behaviour 1s left intact Below, Suppression of pre-copulatory behaviour by
infusions of B-endorphin into the amygdala

processing sensory information from the cortex and
olfactory system in the context of limbic function — for
example, assigning emotional or motivational signi-
ficance to stimuli. There are extensive inputs to the
basolateral amygdala from the neocortex, particularly
(but not exclusively) from higher order or ‘association’
areas (i.e. the parieto-temporal lobe), and to the corti-
comedial amygdala from the olfactory tracts’’ (Figure
4). Lesions ~ particularly in the medial amygdala which
receives a plentiful olfactory input - interfere with
sexual behaviour in male rats*. The amygdala also re-
ceives a B-endorphin-containing input from the hypo-
thalamus®’. But infusion of B-endorphin into this area
has very different effects on sexual behaviour from
those into the hypothalamus.

Bilateral infusions of B-endorphin into the amygdala
(but not the nearby caudate-putamen) had a consistent
and specific effect on the sexual behaviour of male rats.
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In contrast to the effects of similar infusions into the
hypothalamus (which reduce copulation, see above),
those into the amygdala inhibit the male’s investigation
of the female — that is, the initial or ‘appetitive’ phase of
sexual interaction (Figure 7). The onset of copulation 1s
thus much delayed, though when it eventually occurs, it
is not impaired. These results show that (i) B-endorphin,
a stress-related peptide, has different effects on sexual
behaviour when infused into different sites of the limbic
system, (ii) these effects are on separable components of
sexual behaviour, and these components relate to the
general function of the neural sites (e.g. the amygdala 1s
concerned with association of sensory information with
motivational states, the hypothalamus with the organiza-
tion of behavioural and endocrine responses). SO stress
can affect separate aspects of reproduction, depending
on the site at which stress-related peptides are released
(see ref. 49 for a more extensive discussion).
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Other peptides implicated in stress

But B-endorphin is not the only peptide of interest in the
context of stress-related alterations in reproduction.
There are a large number of other peptides in the limbic
system and many are involved in different forms of
stress*”. As we have seen, social aggression and threat
has potent effects on reproductive capacity. Aggression
under biologically meaningful conditions is always part
of another behaviour’’. For example, the aggressive
behaviour of male monkeys or stags towards other males
(but not females) during the mating season is part of
sexual behaviour, and is thus regulated by testosterone
levels and position in the dominance hierarchy, factors
that also contro! sexual behaviour’'. Defence of the
young by attacking intruders —in this case, other fe-
males — is part of maternal behaviour’* *> and will have
different controls and consequences.

A variety of studies suggest that CRF-containing
cerebral systems play an important role in the response
to stress. CRF is expressed in neurons and terminals
throughout the limbic system, in a number of cell groups
in the brainstem associated with autonomic function
(such as the parabrachial nucleus, locus coeruleus and
dorsal vagal complex) as well as in many areas of the
cortex, particularly limbic regions™ _ Infusing CRF
intraventricularly (icv) invokes a range of autonomic
responses, including enhanced catecholamine secretion,
alterations in gastrointestinal activity, and increased
blood pressure and heart rate — a pattern thal resembles
the physiological response to a variety of stressors>° ",
CRF also has behavioural effects. In a familiar environ-
ment, icv CRF causes dose-dependent increases in loco-
motor activity, rearing and grooming, whereas in novel
or more stressful contexts these behaviours are inhi-
bited — typical reactions of rats and other small mam-
mals to a fear-inducing or ‘arousing’ environment>” ¢,
CRF has anxiogenic effects in experimental tests of
anxijety; it enhances responses both to acoustic startle
and conditioned fear, and the behavioural responses of
male rats to other, unfamiliar males® .

Though CRF may form an important part of the
intracerebral response to stress (including behavioural
and autonomic components, as well as endocrine ones},
its effects on reproduction may well be indirect. Infusing
CRF into the male rat’s amygdala, for example,
increases aggressive behaviour with another male, but
has no effect on sexual interaction with an oestrous
female®® ®. Most studies on stress use acute procedures;
but chronic or persistent stress i1s @ more physiologically
and pathologically meaningful phenomenon. There is
clear evidence that persisting or repetitive stress of
varjous sorts can alter the central activity and distri-
bution of peptides. Repeated immobilization increases
the AVP content of CRF-containing neurons and their
projections to the medial eminence® and might be
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correlated with a special role for AVP in the regulation
of pituitary ACTH in longer-term adaptations®; the
respective roles of CRF and AVP throughout the limbic
system under such conditions needs 'much more intense
investigation. It is regrettable that the effects of persis-
tent stress on the brain has vet to be correlated with
those on reproductive physiology and behaviour, though
it is clear that such an approach might have great
interest for those concerned with both animal and human
reproduction. In particular, the newer techniques of
mapping changes in brain activity resulting from stress
(e.g. using the neuronal expression of immediate-early
genes such as c-fos°> ¢’: and relating this to changes in
reproductive capacity might be very fruitful.
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