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Possible role of cortisol

and dehydroepiandrosterone in

human development and psychopathology'!

I. M. GOODYER, R. J. PARK, C. M. NETHERTON and J. HERBERT

Background The characteristics

of adrenal hormone secretion change
markedly during infancy. Disturbances in
basal levels may precipitate psychological
dysfunction and are associated with
psychopathology in young people.

Aims To relate three aspects of
behavioural endocrinology:
developmental changes in cortisol and
dehydroepiandrosterone (DHEA), the
role of these hormones in the
psychopathology of young people, and the

action of these steroids in the brain.

Method A selective review fromthe
human developmental, psychiatric and

neurosciences literature.

Results There are developmentally
mediated changes in brain sensitivity
following excess exposure to cortisol.

This may result in impairments of mental
and behavioural function. DHEA and
gonadal steroids may modulate the actions
of cortisol.

Conclusions Steroid hormones
contribute to shaping behavioural function
during early development and act as risk

factors for psychopathology.
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Cortisol hypersecretion has consistently
been detected in a proportion of cases of
major depressive disorder (MDD), mostly
in adults, and the increased resistance to
the suppressive feedback actions of the
synthetic glucocorticoid dexamethasone is
a well-recognised association, although
neither is specific for MDD. More recently,
it has become apparent that enduring
alterations in hormones (particularly
those from the adrenal cortex) might have
more widespread implications for general
psychological
children exposed to adverse social experi-
ences in early childhood (Gunnar, 1998).
This paper reviews new information on

function, particularly in

three areas of behavioural endocrinology:
the developmental changes in adrenal
cortical hormones, specifically cortisol and
dehydroepiandrosterone (DHEA), in early
infancy and childhood; the possible causal
role of these hormones in the onset as well
as the course of psychopathology with
particular reference to MDD; and the
action of these steroids in the brain. First,
however, we discuss both practical and
theoretical aspects of steroid hormone
sampling, since all conclusions on their role
in normal and abnormal behaviour depend
critically on the techniques used to assess
them.

MEASUREMENT OF
CIRCULATING ADRENAL
STEROIDS

In contrast to the use of indwelling
cannulae to obtain blood, or 24-hour
urine collections, salivary sampling allows
repeated measurements of large popu-
lations. Salivary levels correlate highly with
serum levels (r=0.6-0.9), and the latter
also correlate highly with levels in the
ventricular  cerebrospinal fluid (CSF)
(r=0.8) (Guazzo et al, 1996). Cortisol and
DHEA in the saliva may thus reflect levels
in the CSF (and hence exposure of the brain
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to these steroids). Cortisol levels in the
saliva (and in the CSF) are about 5% of
those in the serum (Goodyer et al, 1996),
reflecting the ‘free’ (unbound to plasma
protein) fraction (see below). Cortisol is
secreted in a pulsatile fashion and this is
reflected in the saliva with a time lag of
about 15 minutes (Kirschbaum & Hell-
hammer, 1994).

The principle of salivary collection is to
persuade children to spit into sterile con-
tainers having previously rinsed out their
mouths with water and nothing else.
Samples from infants are often actively
obtained by swabbing the mouth and
squeezing the contents via a syringe into
the container. Stimulation of saliva secre-
tion using citric acid crystal, lemon juice
or similar is popular but is probably best
avoided; these techniques may give inflated
salivary levels, as citric acid changes the pH
and hence the characteristics of the assay
(Schwartz et al, 1998). It is also essential
that the assays used to measure these
steroids are sensitive and specific enough
to detect the very low levels present in
saliva.

Cortisol shows marked reactivity to
the environment, which is reflected in the
amplitude of the diurnal rhythm: in the
saliva of 12- to 18-year-olds, this variation
is about 10-fold from 08.00 h to 20.00 h. In
a study of 234 adolescents the mean ratio of
salivary cortisol concentrations at 08.00 h
and 20.00h was 12.76 (coefficient of
variation 66.8%) (Goodyer et al, 2000b).
It is therefore important to take enough
samples over a 24-hour period to define
accurately the diurnal pattern of this steroid.
Current findings suggest that fewer than
four samples spread over 24 hours are
unlikely to provide a reliable index of
rhythm, and fewer than 4 days of sampling
is unlikely to give a valid reflection of mean
values. More studies need to be carried out
with adequate numbers of subjects, with
and without mental disorder, across the
age range to define the precise parameters
of sampling requirements. Cortisol is pro-
duced in reaction to ‘stressful’ events, so
precautions should be taken to ensure that
subjects are in a ‘basal’ state, unless the
response to stress or demand is an intended
feature of the study (e.g. during a be-
havioural challenge task).

A further consideration is how the data
should be treated. A number of derivations
can be obtained which can affect the
sampling procedure. For example, it is
possible to derive mean group values or
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characterise individual differences by tak-
ing peak levels (e.g. greater than the 80th
percentile) as an index of higher corticoid
activity. The precise selection of measure-
ment is necessarily related to the question
being investigated. Few studies to date have
adequately considered a priori these critical
quantitative issues.

There are also reports on the use of
dexamethasone suppression as an index of
cortisol activity in childhood and adoles-
cence (Dahl et al, 1992), based on a much
(Plotsky et al,
1998). Dexamethasone suppression is an
index of feedback sensitivity, not hyper-
secretion, and compared with cortisol
levels has proved a less consistent index
of hypothalamic—pituitary—adrenal (HPA)
dysregulation in young people with psycho-
pathology.
procedures use drugs (e.g. fenfluramine) to
probe the HPA axis or neural systems
(e.g. serotonin) that impinge upon it (Park
et al, 1996; Cowen, 1998). These techni-
ques provide valuable information on such
systems but not on the relations between
levels of adrenal steroids, development
and psychopathology.

For DHEA, a second major adrenal
steroid, the picture is somewhat different.
This steroid is also present in the saliva
(and CSF) at about 5% of plasma levels,
but there is no known plasma binding
protein for DHEA, so the source of this
relation remains obscure. The diurnal
rhythm in saliva (08.00 h to 20.00 h) is also
much less than for cortisol (about two-
fold). In our sample of adolescents the
mean ratio of salivary DHEA concentra-
tions at 08.00h and 20.00 h was 2.07 (co-
efficient of variation 33.8%). Levels seem
to be reduced under conditions of ‘demand’

larger adult literature

Pharmacological  challenge

such as physical illness.

The cortisol/DHEA ratio thus changes
during the day from about 5-7 in the
morning (08.00h) to about 2 at 20.00h.
This ratio may be interesting in the light
of interactions between the two steroids
(see below). A proposed minimum standard
protocol for studies of young people is
shown in the Appendix.

CORTISOL
AND DHEA DURING
HUMAN DEVELOPMENT

At birth the human HPA axis system is
highly labile and responsive to stimulation,
though the diurnal rhythm typical of the
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adult is lacking. Minor events such as
undressing, weighing and measuring will
elicit significant elevations of cortisol levels
in the newborn (Gunnar et al, 1996a).
Mode of birth may represent the first ex-
ternal life event to exert an effect on the
HPA axis. Cortisol reactivity to inoculation
is significantly higher in 8-week-old infants
who have undergone assisted delivery
(forceps or ventouse), compared with
normal or Caesarean section deliveries
(Taylor et al, 2000). This suggests that an
early life event may influence subsequent
cortisol reactivity in humans, as in experi-
mental animals (Vazquez, 1998). In the
latter, early adverse events such as separa-
tion from the mother can have long-lasting
effects on glucocorticoid reactivity in adult
life (e.g. Anisman et al, 1998). A direct test
of this hypothesis has not yet been reported
in a longitudinal study of human infants.

Gunnar and colleagues have described
interesting developmental changes in the
reactivity of the adrenocortical system. A
‘bio-behavioural shift’ in infant functioning
occurs during the first 3 months; the corti-
sol diurnal rhythm becomes apparent and
there is a decrease in responsiveness of the
adrenal cortex to circulating adrenocortico-
trophic hormone (ACTH). A second shift
occurs between 3 months and 12 months
of life, characterised by another reduction
in cortisol reactivity to non-specific general
stressors (Gunnar et al, 1996b). By the
second year of life events such as physical
examination and inoculation fail to elicit
significant increases in cortisol level for
the average infant. This buffering of the
adrenocortical response to stress is more
likely in securely than insecurely attached
human infants (Lewis & Ramsay, 1995;
Gunnar, 1998).

There is no direct evidence indicating
that cortisol levels influence the develop-
ment and functioning of the brain in
children, but several studies are suggestive.
For example, a negative correlation has
been reported between the late positive
component of event-related potentials in
12-month-old human infants presented
with visual stimuli, and basal salivary corti-
sol concentrations. This is thought to reflect
a dampening effect of cortisol on hippo-
campal activity (Gunnar & Nelson, 1994).
There is also a positive association between
values of day-to-day cortisol levels in the
top 70th percentile of the normal range and
poorer ‘effortful’ control or self-regulatory
behaviour (Gunnar et al, 1997). The sample
sizes are small and the inter-individual
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variations can be large, but the implications
are that in human infancy the developing
brain may be susceptible to modulating
effects of high cortisol levels.
Dehydroepiandrosterone shows a very
different developmental history. Unlike
cortisol, concentrations of DHEA and its
sulphate DHEA(S) vary with age (Kroboth
et al, 1999). Dehydroepiandrosterone is
made by the placenta, so the foetus is
exposed to its action. Concentrations
decline from the first few months of life
until 5 years of age and then rise rapidly
from age 7 years in girls and around 9 years
in boys (this is called adrenarche), until
levels reach their peak between at age 20-
30 years. Adrenarche is separable from
puberty, since gonadotrophins and oestro-
gen have no effect on DHEA levels and
the two events are not linked across time.
After age 20-30 years, levels begin to
decline in both sexes. By the age of 70-80
years levels are approximately 10-20% of
those in a 20-year-old (Labrie et al, 1997).
Little is known about the developmental
relations between DHEA(S) and behaviour.
Levels of DHEA(S) have not been measured
in developmental studies of infants and
children. Whether DHEA(S) exerts effects
together with or independently of cortisol
on normal mental function is not known.

CORTISOL, DHEA
AND DEVELOPMENTAL
PSYCHOPATHOLOGY

Research on the functional effects of
adrenal steroids in children and adolescents
is complicated by developmental changes in
cognitive ability and hormonal milieu.

Major depressive disorder
Cortisol

Studies using single blood sampling have
failed to show consistent differences in
cortisol levels between children with de-
pression and controls (Birmaher et al,
1992, 1996). Subsequent study designs
have used multiple non-invasive salivary
sampling more closely conforming to the
criteria shown in the Appendix. These pro-
vided evidence that evening cortisol hyper-
secretion was found in about 24% of
school-aged children and adolescents with
current MDD (Herbert et al, 1996; Good-
yer et al, 1997a). This was specifically asso-
ciated with comorbid dysthymia indicating
an association between chronic depressive
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syndromes and cortisol dynamics. A similar
proposition followed a longitudinal study
of adolescents with recurrent depression
(Rao et al, 1996).

DHEA

Only one study has reported salivary
DHEA levels in young patients with current
MDD. Hyposecretion of DHEA was signif-
icantly associated with MDD, with 31% of
patients with depression aged 8-16 years
showing levels below the 20th centile of
control subjects (equivalent to less than
0.7nmol/l) (Goodyer et al, 1996). This
was not a function of age, nor was it associ-
ated with any comorbid syndrome at pre-
sentation. Low DHEA levels may occur in
a different sub-population of MDD (i.e.
those without preceding dysthymia) to those
with high cortisol levels. It may be that rela-
tively acute anxious depressive syndromes
are less likely to show either cortisol or
DHEA abnormalities at presentation.

Cortisol [ DHEA ratio

The (molar) cortisol/DHEA ratio may thus
be an important measure of the relative
activity of the two steroids; normal levels
of cortisol associated with low levels of
circulating DHEA may represent an un-
opposed deleterious risk to the brain
(Herbert, 1997). ‘Endocrine risk® would
incorporate a common population of sub-
jects with depression with two hormonal
profiles: higher cortisol levels with normal
DHEA, and normal cortisol levels with
lower DHEA, leading to the same func-
tional outcome. A higher evening cortisol/
DHEA ratio at entry in subjects with
MDD has been shown to be a better pre-
dictor of persistent major depression in the
short term (i.e. still meeting diagnostic
criteria at 36 weeks after presentation)
(Goodyer et al, 1997b). This suggests an
integrative role for these two adrenal
steroids in abnormal psychological pro-
cesses that maintain or lead to further
disturbed interpersonal relationships in
already depressed patients.

Adrenal steroids
and onset of depression

If individual differences in adrenal steroids
are implicated in the onset of psycho-
pathology, then they should be detectable
before the onset of episodic disorders such
as major depression. Indeed, there is an
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association between cortisol and DHEA
subsequent
(Susman et al, 1991; Brooks-Gunn et al,
1995). A prospective investigation in well
adolescents at high risk of psychopathology
found significant associations between one

levels and negative mood

or more daily morning peak levels (greater
than the 80th percentile of the mean) for
cortisol and subsequent MDD in high-risk
subjects (Goodyer et al, 2000a,b). There
were also associations between evening
DHEA peaks and subsequent MDD. These
endocrine indices predict MDD indepen-
dently of recent life events, long-term diffi-
culties or level of premorbid depressive
symptoms (Goodyer et al, 2000a,b). These
antecedent features of circulating cortisol
and DHEA may arise from more distal
environmental and/or genetic origins. It
remains to be determined whether or not
these premorbid psychoendocrine charac-
teristics are entirely specific for MDD.

Gender differences
in cortisol and DHEA levels

A striking feature of a recent community
study was the gender difference in levels
of cortisol as well as DHEA, independent
of age or level and type of environmental
risk (Goodyer et al, 20004). Morning
levels of cortisol in the saliva of normal
post-pubertal (Tanner stage 2 or more)
adolescent girls are about 20% higher than
in an age-matched sample of normal boys,
but this is not found in prepubertal children
(further details available from the author
upon request). Another large community
study has reported cross-sectional associ-
ations between increased rates of depressive
diagnoses in adolescent girls and rising
levels of testosterone and oestrogen in mid
to late puberty, unrelated to psychosocial
factors or body morphology (Angold et al,
1999). Other findings in adolescent girls
also support a link between depressed affect
and rising or changing levels of oestrogen
(Buchanan et al, 1992). However, oestro-
gens are also positively correlated with
good affect and explicit
memory (McEwen & Alves, 1999), making

declarative

the nature of the relationship between
clinical depression and oestrogen somewhat
confusing. There appear to be complex
and developmentally sensitive interactions
between cortisol, DHEA and gonadal
steroids that require further elucidation
before we can determine the exact nature
of the endocrine risk for psychopathology
in each gender.
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Disorders of behaviour and conduct

Studies of currently diagnosed disruptive
behaviour disorders have reported lower
basal levels of cortisol compared with con-
trols (Moss et al, 1995; McBurnett et al,
2000). Reduced
following a frustration and provocation

cortisol  responsivity
task have also been noted (van Goozen et
al, 1998a,b,c). Hyporesponsivity was con-
fined to the conduct disorder group without
comorbid anxiety, suggesting distinctive
differences in HPA axis function in subtypes
of disruptive behaviour disorders (van
Goozen et al, 1998a,b, 2000).

Plasma DHEAS levels were higher in
those with disruptive behaviour disorders
and were positively correlated with the
intensity of aggression (van Goozen et al,
1998c¢). These findings are in marked distinc-
tion to those in children and adolescents with
depression, and provide further evidence
that HPA axis activity varies with the type
of psychopathology being investigated.

Child maltreatment

Child maltreatment is among the most severe
and undesirable forms of life event that can
occur during early development (Kaplan
etal, 1999). Maltreated children are at signif-
icant risk for psychopathology in general and
emotional disorders in particular. The inter-
vening processes remain unclear, but these
types of highly undesirable life experiences
may exert a potentially chronic adverse effect
on HPA axis function (Kaufman et al, 1997).
For example, both urinary catecholamine
and free cortisol concentrations showed posi-
tive correlations with duration of the trauma
and severity of symptoms in maltreated
prepubertal children who subsequently met
criteria for post-traumatic stress disorder
(PTSD) (De Bellis et al, 1999). It is not clear
whether hypersecretion is a consequence of
maltreatment per se or is related to sub-
sequent emotional psychopathology.

Elevated ACTH and cortisol levels
appear to be specifically associated with mal-
treated subjects who are currently depressed
and suffering from other adverse life events
and difficulties (Kaufman et al, 1997).

NEUROPSYCHOLOGICAL
PROCESSES AND
ADRENAL STEROIDS

Cognitive performance

Higher cortisol reactivity in young chil-
dren following a parent—child conflict task
may contribute to subsequent internalising
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symptoms over a 6-month period, suggest-
ing effects on general cognitive and emo-
tional performance that might have
implications for later psychopathology
(Granger et al, 1996). A specific decrease
in performance on tests of long-term verbal
memory has also been reported in children
receiving higher-dose corticosteroids as
treatment for asthma (Bender et al, 1988).
In adults, reversible cognitive disturbances
(e.g. impairments in declarative memory)
have also been associated with exposure
to either exogenous or endogenous cortico-
steroids (Keenan et al, 1996; Newcomer et
al, 1999). It has been suggested that the
neuropsychological impairments seen in
adults with depression may occur as a result
of the concomitant hypercortisolaemia
(McAllister-Williams et al, 1998). The evi-
dence supports the notion that high circu-
lating levels of cortisol are correlated with
impaired psychological performance from
childhood through to adult life.

Episodic memory
and psychopathology

High levels of cortisol are particularly
damaging to the hippocampus (Lupien
et al, 1998), an area of the brain that is
important for event (episodic) memory.
Episodic memory includes context-rich
memories relating to the self, known as
‘autobiographical’
basis of which is closely associated with
the hippocampus (Mishkin et al, 1997).
Deficits in autobiographical memory retrie-
val predict persistence of major depressive
(Brittlebank et al,
1993). The ontogeny of these types of
known, although
autobiographical memories may arise dur-
ing infancy (Harley & Reese, 1999), with
adult-type memory function present by the
age of 8 years (Gathercole, 1998). Early
adverse experiences, such as child maltreat-
ment or maternal deprivation, may have

memory, the neural

disorder in adults

memories are not

undesirable consequences for memory
development (Lynch & Cicchetti, 1998;
Pollak et al, 1998), but whether these
events operate through effects on brain as
a consequence of changes in adrenal steroid
function is unclear.

ADRENAL STEROIDS
AND THE BRAIN

Cortisol

The blood of most species (including humans)
contains corticoid-binding globulin (CBG)
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that binds cortisol with relatively high
affinity (Kp ¢. 20nmol/l), although with
limited capacity (Westphal, 1970). Serum
albumin also binds corticoids, but with
much lower affinity (although with greater
capacity). Under basal conditions, about
5% of total cortisol is in the free form. This
is the amount that can pass across the
blood-brain barrier or into the saliva. As
blood levels begin to increase and as the
binding capacity of CBG is exceeded, any
additional cortisol will stay in the free con-
dition, so that the amounts passing into the
brain rapidly and disproportionately
increase (Herbert et al, 1982).

Once within the brain, cortisol interacts
with type I and type II intracellular recep-
tors. Type I receptors, also referred to as
mineralocorticoid receptors (MRs), demon-
strate a high affinity for glucocorticoids
(about 0.5nmol/l) while type II or gluco-
corticoid receptors (GRs) have a 10-fold
lower affinity for glucocorticoids (about
Snmol/l) (Evans & Arriza, 1989). Once
bound to corticoids, MRs and GRs act as
ligand-activated transcriptional regulating
factors on other (downstream) genes. A
large number of such genes have gluco-
corticoid regulatory elements (GREs) in
their promoter regions.

Glucocorticoid receptors are expressed
in parts of various brain regions such as
the cerebral cortex, hippocampal forma-
tion, amygdala, and hypo-
thalamus. Mineralocorticoid receptors are

thalamus

also expressed in the limbic system and
the hypothalamus, but in general their
distribution is less extensive than that of
GRs (Evans & Arriza, 1989). As corticoid
levels increase, therefore, different popu-
lations of receptors will be activated. At
lower (‘basal’) levels, MRs will be preferen-
tially occupied; as brain levels increase (as
during the morning peak, or during
‘demand’) progressively greater numbers
of GR will be activated. The MR/GR occu-
pancy ratio will therefore change during the
day, and in those exposed to higher levels
of cortisol (for whatever reason). In
addition to these ‘classical’ effects, it should
be noted that steroids may have other
actions on neurons, including modulating
membrane-bound receptors (see below).

DHEA

Much less is known about the action of
DHEA on the brain. This compound and
its sulphate DHEA(S) are known as neuro-
steroids because they can be synthesised
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de novo in the central nervous system
(Baulieu, 1998). It seems likely that the
blood is the major source of DHEA(S) in
the brain of humans, but whether or not
the adult brain can make DHEA is still
debated.

High DHEA(S) levels are characteristic
of primates (rats have very little DHEA);
DHEA is secreted synchronously with
cortisol in response to CRH and ACTH
(Rosenfeld et al, 1971, 1975). However, it
is clear that DHEA levels are, in part, regu-
lated independently of cortisol (Ohashi et
al, 1986); the increase in DHEA observed
at adrenarche is not mirrored by cortisol,
and dissociation between cortisol and
DHEA secretion is also seen in disease
(Lephart et al, 1987; Anker et al, 1997).

Within the brain, current evidence
suggests that DHEA(S) acts on membrane-
bound receptors and is a gamma-amino-
butyric acid type A (GABA,) antagonist.
These steroids also potentiate the actions
of glutamate (or its agonists), enhancing
depolarisation and calcium ion entry (Irwin
et al, 1992). However, these neuroactive
steroids can also alter gene expression in
the brain, a second (and more classical)
mechanism of action.

In addition, DHEA(S) can act as an anti-
glucocorticoid. For example, it antagonises
the immunosuppressant and lympholytic
actions of cortisol (Blauer et al, 1991).
There are thus complex and important
associations between brain and peripheral
structures resulting in the hippocampal-
hypothalamic—pituitary—adrenal axis which
is shown in Fig. 1.

Corticoids and neurotoxicity

High levels of corticoids can both induce
brain damage and accentuate neurotoxic pro-
cesses (Sapolsky, 1996). Prolonged cortico-
sterone administration to rats increases the
age-related rate at which pyramidal neurons
in the hippocampus are lost and induces
atrophy of apical dendrites (Magarinos &
McEwen, 1995). Chronic social stress does
likewise. Neonatal handling — which reduces
subsequent stress responses — delays hippo-
campal degeneration (Meaney et al, 1989).
Corticoids also potentiate neurodegenera-
tion induced by such agents as anoxia,
glutamate analogues such as kainic acid or
cholinergic agents (Hortnagl et al, 1993).
The hippocampus has one extraordinary
feature. Active neurogenesis occurs in the
dentate gyrus well into adult life (Altman
& Das, 1965), not only in rats but also in


https://doi.org/10.1192/bjp.179.3.243

Hippocampus [«
Brain
Hypothalamus
CRF «
vasopressin y
3
o
@
Q
x
£
v @
g
Anterior
IS ACTH <
pituitary endorphins

Adrenal

pregnenolone

P450W/ thdroxyase

DHEA cortisol

Fig. 1 The hippocampal—hypothalamic—
pituitary—adrenal axis; ACTH, adrenocortico-
trophic hormone; CRF, corticotrophin releasing

factor; DHEA, dehydroepiandrosterone.

monkeys and humans (Eriksson et al, 1998).
Furthermore, this process seems to be
modulated both by NMDA (N-methyl-D-
aspartate) receptors and glucocorticoids
(Cameron et al, 1998). Persistently higher
cortisol levels, from whatever cause, might
endanger the functional integrity of the
brain and hence increase the probability of
dysfunction and subsequent
psychopathology. The  developmental

cognitive

origins of these risks remain unclear but
early environmental adversities are one
set of candidates.

DHEA and neuroprotection

The hippocampus may be protected by
DHEA(S) from the neurotoxic effects of
both glutamate analogues and corticoids
(Mao & Barger, 1998). The ‘immediate-
early’ gene c-Jun has been implicated in
the response of neurons to injury as part
of either degenerative and restorative
Recently SAPK/JNK (stress
activated protein kinase/c-Jun N-terminal

processes.

kinase) has been reported to phosphorylate
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c-Jun in striatal neuronal cultures follow-
ing glutamate treatment (Schwarzschild et
al, 1997). The activation of SAPK3 by
corticosterone was attenuated by DHEA
(Kimonides et al, 1999). Overall the experi-
mental evidence, although still preliminary,
suggests a combined role for cortisol and
DHEA in neurotoxic processes in the brain.

Genes and corticoids

Although genetic factors may influence
levels of both cortisol and DHEA(S) (Meikle
et al, 1988) and control human circadian
rhythmicity (Linkowski et al, 1993), nothing
is known of potential genetic contributions
to the features of cortisol or DHEA secretion
or their responses to environmental demand
during childhood, nor whether the associ-
ations between adrenal steroids and the
onset and outcome of MDD are genetically
mediated.

Adrenal steroids also alter the expression
of serotonin (5-HT) receptors, for example
5-HT,,, 5-HT,c (Holmes et al, 1995),
although whether there are genetic controls
on this action has not been determined. The
5-HT,, receptors are both autoreceptors
and post-synaptic receptors, so changes in
their activity may have complex effects on
serotonin.  Serotonin receptor S5-HT,,
knockout mice show heightened anxiety
and increased ‘behavioural despair’ (an
antidepressant-sensitive test) (Ramboz et
al, 1998). In humans, higher levels of
morning cortisol in those at risk of MDD
may contribute to this downregulation of
5-HT,, receptors, thereby reducing the
efficacy of released serotonin and increas-
ing the liability to affective symptoms
(Graeff et al, 1996).

Stress, corticoids and gene
expression in the brain

Experimental stress in rodents induces
the neural expression of a range of
‘immediate-early’ genes, such as ¢-OFS,
OFS-B, egr-1, and this pattern adapts in a
specific way as the stress is repeated (Chen
& Herbert, 1995; Stamp & Herbert, 1999).
‘Late’ response genes are also altered by
stress; for example, the expression of hypo-
thalamic corticotrophin releasing factor
(CREF) is increased by acute stress, and that
of vasopressin by chronic stress (Ma &
Lightman, 1998). These peptides are be-
haviourally active (e.g. they increase
anxiety-like states). Corticoids may alter
the stress-dependent expression of some

immediate-early genes (e.g. Fos-B) as well
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as of CRF and vasopressin. The relevance
of these experimental findings to human
psychiatric illness has yet to be adequately
defined.

This selected review has suggested
criteria to be used in human psychoendo-
crine studies; many of the studies discussed
fall short of these standards. Hippocam-
pal-hypothalamic—pituitary—adrenal  axis
function shows marked individual differ-
ences and these are likely to have both
physiological and pathological significance,
although the origins of the variations in
circulating levels are not known. Events
during either prenatal or early postnatal
development may influence subsequent
corticoid levels (cortisol and DHEA). The
brain is sensitive to excess exposure to
cortisol, with potential impairments in
mental and behavioural function. The focus
on cortisol as the only steroid of import-
ance is too narrow, as both DHEA and
gonadal steroids exert effects on behaviour
during development and may influence the
risk for and the maintenance of major de-
pression in young people; its role in other
psychopathologies is potentially intriguing
but is yet to be adequately defined.
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APPENDIX

Proposed protocol for psycho-
endocrine studies in young people

| Salivary collections taken at 08.00, 12.00, 16.00
and 20.00 h.

2. Samples collected over at least four consecutive
days.

3. Consider negative chemical implications of using
salivary aids to salivation.

4. Validated assays to a research standard (sensitivity,
accuracy, specificity).

5. Sufficient power (sample size) to avoid type Il
errors.

6. Control and comparison groups appropriate to
the research hypothesis.

7. Careful choice of derived measure for analysis
(means, peaks, diurnal variation, ratios, etc.).

8. Monitor potential confounds, e.g. steroid thera-
piesincluding inhalers, prescribed and illicit drugs.

9. Record lifestyle factors including exercise, dieting
and smoking.
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|0. Data analytic procedures should take into
account gender differences, multiple or repeated
comparisons.
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