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Corticotropin Releasing Hormone: a Diagnostic Marker for Behavioral and Reproductive Disorders?
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1. ABSTRACT

Corticotropin-releasing hormone (CRH) is a key
mediator of endocrine, autonomic, behavioral, and immune
responses to stress. The ability of CRH to induce hormonal
stress responses has been wused to investigate the
functionality of the hypothalamus-pituitary-adrenal axis,
and consequently the activity of hypothalamic CRH
neuronal systems. Indeed, CRH administration to humans
causes prompt release of ACTH, followed by secretion of
cortisol, aldosterone and other adrenal steroids. CRH
hypersecretion / hyperactivity has been associated to major
depression, anxiety-related disorders, anorexia nervosa,
Alzheimer’s and Parkinson's diseases and progressive
supranuclear palsy. During pregnancy the human placenta
and its accessory membranes are the major sites of CRH
synthesis and secretion. Placental CRH secretion is
autonomous, but increasing evidence indicates that
maternal or fetal conditions may influence such secretion.
Therefore, the emerging concept is that in the event of
acute or chronic metabolic, physical or infectious stress, the
placenta takes part in a stress syndrome by releasing CRH,
which may contribute to restore local blood flow and to
influence the timing of delivery. The CRH released by the
placenta is measurable in maternal plasma and other
biological fluids and may be used to diagnose subclinical
processes anteceding pregnancy complications such as pre-
eclampsia and preterm delivery.
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2. INTRODUCTION

Corticotropin-releasing hormone (CRH) is a 41-
amino acid single chain polypeptide, and is the major
physiologic ACTH secretagogue (1). This peptide is
produced in parvocellular neurons of the hypothalamic
paraventricular nucleus (PVN) (2) and is secreted into the
pituitary portal circulation from axonal terminals in the
external zone of the median eminence along with other
ACTH secretagogues, such as arginine vasopressin (AVP),
cholecystokinin, met-enkephalin and dynorphin (3). CRH is
also synthesized by anterior pituitary corticotroph cells and
stimulates ACTH secretion in an autocrine or paracrine
fashion (4).

CRH is localized in a variety of peripheral tissues (5). CRH
fibers originating in the hypothalamus are present in the
intermediate lobe of the pituitary, and CRH has been
detected in the adrenal medulla, as well as in lymphocytes,
mast cells, testis (6,7), ovaries (8,9), pancreas, stomach,
small intestine, myometrium, endometrium, placenta (10-
12) and in inflammatory sites of a variety of species (13-
15). CRH is not detectable in the circulation under normal
circumstances. Very high levels have been measured in the
plasma of pregnant women during the third trimester (16).
Despite this, pregnant women have normal ACTH levels
because the bioavailability of CRH is limited by a specific
CRH-binding protein (CRH-BP), a 37-kilodalton protein of
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Figure 1. The mechanisms stimulating CRH release from medial basal hypothalamus are in part chemically identical to those
operating in the human placenta. Prostaglandin F2 (PGF2) and E2 (PGE2), norepinephrine (Nepi), acetylcholine (Ach),
angiotensin II (AIl), arginine vasopressin (AVP), stimulate CRH in hypothalamus, as well as in placental cells. On the contrary,
the effect of oxytocin (OT) on CRH and HPA hormones in human placenta, is different being stimulatory. In turns, placental
CRH stimulates ACTH secretion from cultured human placental cells.

322 amino acids (17), mainly produced by the liver and
placenta. Further sources of CRH-BP during pregnancy are
decidua and fetal membranes (18).

3. REGULATION OF CRH SECRETION FROM THE
HYPOTHALAMUS

CRH physiologically regulates basal and stress-
induced release of ACTH, beta-endorphin and other
POMC-derived peptides from the anterior pituitary (19)
(Figure 1). ACTH released by CRH leads to secretion of
cortisol and other adrenal steroids, such as
dehydroepiandrosterone  (DHEA) and, transiently,
aldosterone (20). The plasma ACTH response to CRH is
inversely correlated with the basal plasma cortisol
concentration and is not influenced by the hour of day,
however the corresponding cortisol response is maximized
in late afternoon (21). Plasma ACTH and cortisol response
to CRH are comparable in males and females (22), while
plasma DHEA response is reduced in elderly men, and
plasma cortisol response is blunted in obese subjects (21).

Hypothalamic CRH release is controlled by a
variety of stimulatory and inhibitory inputs, as summarized
in Figure 1. Norepinephrine has both stimulatory and
inhibitory effects on CRH release, depending on the dose
administered and the receptor subtype involved (23).
Similarly, opioids can both inhibit and stimulate CRH
release, depending on the nature of the opioid, the dose and
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the receptor involved (24). Drugs acting at the
GABA/benzodiazepine/chloride ionophore complex are
potent inhibitors of CRH secretion. Glucocorticoids are
potent inhibitors of CRH release, and therefore
adrenalectomy results in marked elevations in the synthesis
and release of CRH, and a consequent down-regulation of
CRH binding and CRH-stimulated adenylate cyclase
activity in the anterior pituitary, which can be prevented by
glucocorticoid administration (25).

4. CRH TEST

CRH stimulation test represents a standard HPA
axis challenge test, which is used to investigate the activity
of hypothalamic CRH neuronal systems (26). CRH
administration to humans causes prompt release of ACTH
into the blood, followed by secretion of cortisol and other
adrenal steroids including aldosterone (27). Since human
and ovine CRH appear to have equal diagnostic value, most
studies have used ovine CRH, which is more potent and
longer acting than human CRH (27). The test is performed
by injecting 100 microgram or 1 microgram/’kg CRH
intravenously, and measuring cortisol and ACTH at -5,-1,
0, 15, 30, 60, 90, and 120 minutes. Maximal ACTH
response (2- to 4-fold above baseline) is evoked at 30
minutes and cortisol levels peak (over 20 microgram/dL)
after 60 minutes or increase more than 10 microgram/dL
above baseline (28). Despite great variations in ACTH
response, the CRH test can be useful to demonstrate ACTH
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deficiency or Cushing’s disease. Dexamethasone
pretreatment in the context of petrosal venous sampling can
be useful for the diagnosis of ACTH-secreting pituitary
adenoma using the CRH test, as it allows a sensitive and
specific ACTH gradient, effectively distinguishing
peripheral from pituitary excessive ACTH secretion (29).
Pituitary responsiveness to CRH can be suppressed by
circulating glucocorticoids, and therefore it may be difficult
to distinguish a corticotroph adenoma from pseudo-
Cushing’s disease. In these circumstances, combining CRH
administration with dexamethasone suppression test may be
a useful diagnostic tool (30). In normal subjects and in
pseudo-Cushing’s disorder, cortisol levels are < 1.4
microgram/dL, while an ACTH-secreting pituitary tumor is
invariably present with 100% sensitivity and specificity
when cortisol levels are > 4 microgram/dL after 15 minutes
from CRH injection (30). CRH responsiveness (at least a
35% cortisol rise) is usually retained in ACTH-secreting
adenomas but is not apparent in more than 90% of ectopic
ACTH-producing tumors. Although this approach has
100% specificity, only 90% sensitivity is achieved, and the
test does not distinguish ACTH-secreting adenomas from
pseudo-Cushing’s disorder (31).

5.  NEUROPSYCHIATRIC DISORDERS
NEURODEGENERATIVE DISEASES

AND

Major depression is frequently characterized by
hypercortisolemia and an abnormal dexamethasone
suppression test. It has been suggested that these alterations
might be due to CRH hypersecretion/hyperactivity, since in
major depression CRH levels are significantly increased in
the cerebrospinal fluid (CSF) (32), and significantly and
positively correlate with the degree of post-dexamethasone
suppression plasma cortisol levels (33). Furthermore, CRH
binding sites in the frontal cerebral cortex of suicide
victims are reduced, compared with controls, supporting
the hypothesis that CRH is hypersecreted in major
depression (34) and down-regulates CRH receptors. In
addition, depressed patients show a blunted ACTH
response to intravenously administered ovine or human
CRH, compared with normal controls (35).

CRH may also be involved in anxiety-related
disorders, since in panic disorder patients CRH test evokes
a blunted ACTH response (36), most likely due to excess
secretion of endogenous CRH. Anorexia nervosa is
characterized by hypothalamic hypogonadism and
hypercortisolism, with a markedly attenuated ACTH
response to CRH test. These alterations return to normal
after normal body weight is restored (19, 37).

In Alzheimer's disease cerebral cortical CRH
content is decreased, while CRH receptors are increased.
Moreover, it has been shown that CRH is reduced in the
caudate (38), and in the CSF (39), with a significant
correlation between CRH levels in CSF and the global
neuropsychological impairment ratings, suggesting that a
greater cognitive impairment is associated with a lower
CSF concentrations of CRH (40). On the other hand, CRH
immunostaining of PVN is increased in Alzheimer's disease
as compared to controls (41). The increased expression
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and/or release of CRH from the PVN would provide a
reasonable explanation for the hypercortisolemia often seen
in Alzheimer's patients. In Parkinson's disease with
dementia CRH content is decreased in the cerebral cortex
(42), but not in the hypothalamus (43). CRH was found to
be reduced also in the frontal, temporal and occipital lobes
of patients with progressive supranuclear palsy, but
cerebral cortical reduction in CRH content might be a
nonspecific consequence of the disease (42).

6. CRH IN HUMAN GESTATION

Human placenta, decidua, chorion and amnion
produce CRH (44, 45). The structure of placental CRH
mRNA is similar to that predicted for hypothalamic CRH
mRNA (12), and intrauterine tissues are able to synthesize
its mRNA and secrete the biological active peptide in
response to different stress stimuli during pregnancy (46).

Some mechanisms stimulating CRH release from
medial hypothalamic eminence in the brain are in part
identical to those operating in the human placenta, since
prostaglandins, neurotransmitters (norepinephrine,
acetylcholine) and neuropeptides (angiotensin II, arginine
vasopressin) stimulate the release of CRH from cultured
placental cells, suggesting a close correlation between
hypothalamic and placental regulation of CRH release (47)
(Figure 1). Furthermore, in agreement with the regulation
of the hypothalamic CRH, interleukin-1 stimulates the
release of CRH from cultured placental cells, however
interleukin-2 has no effect on it (47, 48).

On the contrary to the effect played on the
hypothalamus, oxytocin has different effects being
inhibitory to CRH/hypothalamus-pituitary-adrenal (HPA)
axis (49), while stimulatory on CRH and ACTH secretion
from cultured placental cells (50). Finally, glucocorticoids
stimulate placental CRH synthesis and secretion in primary
cultures of human placenta (51), and this stimulation is in
contrast to the glucocorticoid suppression of CRH
expression in hypothalamus.

Plasma CRH levels are low in nonpregnant
women (less than 10 pg/mL) and become higher during the
first and second trimesters of pregnancy. A clear increase is
evident after the second trimester of gestation, rising
steadily until term (52). There is no further change during
the progression of spontaneous labor (53). Maternal CRH is
secreted with no circadian rhythm, but with a pulsatile
variation (54). Pulse frequency and duration of plasma
CRH do not change according to gestational age, whereas
pulse amplitude progressively increases through pregnancy.
After spontaneous labor and delivery or elective cesarean
section, maternal plasma CRH concentrations decrease to
50% of predelivery values by 20-30 minutes and become
similar to those of nonpregnant women within 1-5 days
postpartum (52, 55).

The diurnal rhythm for plasma ACTH, cortisol,
and beta-endorphin is maintained in pregnant women;
however, CRH does not have a circadian rhythm (54, 56).
These observations suggest that during pregnancy pituitary
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ACTH release is regulated centrally whereas placental
CRH is produced independently from the maternal
hypothalamus-pituitary-adrenal axis. Indeed, maternal
plasma CRH correlates significantly with beta-endorphin
during pregnancy but not at labor, suggesting that placental
CRH has a minor role in the regulation of pituitary-
corticotroph function at this time. In addition, there is no
substantial change in maternal CRH levels in women
exposed to either chronic psychosocial stress (57) or acute
physical stress (58), reinforcing the concept that most of the
CRH measurable in maternal circulation comes from the
placenta and does not reflect the stress-induced
hypothalamic CRH release.

CRH is measurable in spot urine, and the
concentrations of urinary CRH are elevated during
pregnancy (approximately 55 pg per micromol of
creatinine) and correlate with gestational age. The amount
of CRH excreted is very low: only 0.03% is detectable in
urine, whereas 99.97% of filtered CRH is reabsorbed or
metabolized by the kidney (59). CRH is also measurable in
fetal circulation, and a linear correlation exists between
maternal and fetal plasma CRH levels. The CRH levels in
umbilical cord blood are 20-30-fold lower than in maternal
circulation (55, 60), with higher concentrations in the
venous than in the arterial cord blood, which suggests
placenta as a major source (61).

Amniotic fluid CRH levels measured at 16-18
weeks are similar to those of maternal plasma. Higher
levels are found at term, with CRH concentrations similar
to those of cord plasma but 20-30-fold less than in
maternal plasma (62). A significant correlation between the
amniotic fluid and maternal plasma CRH levels obtained
simultaneously suggests a placental origin for amniotic
CRH (62, 63), but it is unclear how CRH is transported to
the amniotic fluid.

CRH-BP is measurable in maternal plasma, and
levels remain stable in nonpregnant women and until the
third trimester of pregnancy. Maternal plasma CRH-BP
concentrations slightly decrease between 26 and 30 weeks,
then significantly and rapidly decrease in the last 4-6
weeks before labor (64-66). During the first 24 hours
postpartum, this protein returns to approximately
nonpregnant levels. Thus, opposite changes in
concentration of CRH and CRH-BP in maternal plasma
occur at term.

7. PRE-ECLAMPSIA

Preeclampsia is a multisystemic syndrome
specific to pregnancy and is a leading cause of maternal
and neonatal morbidity and mortality. It is characterized by
hypertension arising de novo during the second half of
gestation associated with diffuse endothelial damage and
renal dysfunction, which is manifested as massive
proteinuria. The current requirements for a clinical
diagnosis of preeclampsia are 300 mg or more of urinary
protein excretion per 24 h, and hypertension, defined as
blood pressure of 140/90 mm Hg or higher, first diagnosed
after 20 weeks of gestation.
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Increased maternal serum CRH levels are a
frequent feature of pregnancies complicated by
preeclampsia. Increased placental synthesis of CRH is
evident at both the mRNA and protein levels (67,68).
Umbilical cord plasma concentrations of CRH are higher in
preeclampsia than in normotensive pregnancies, and
concentrations are higher in venous than in arterial cord
blood, indicating the secretion of CRH from the placenta
into the fetal circulation (69). The intimate mechanisms
leading to excessive placental production of CRH in
preeclampsia are not known.

Relatively high CRH concentrations may be
detectable as early as the second trimester in women who
subsequently develop preeclampsia (70). However, in a
selected sample of women at high risk of developing
gestational hypertension, we have observed that a
consistent elevation of maternal CRH levels did not occur
before the onset of hypertension (66). CRH levels are
actually lower in women with an increased uterine artery
resistance at mid-gestation, which is a high risk group for
subsequent gestational hypertension and preeclampsia (71).
However, at 28-29 weeks gestation it is possible to use
maternal plasma CRH (increased) and CRH-BP (decreased)
levels in hypertensive women to predict who will proceed
to develop preeclampsia (72) (Figure 2).

8. PRETERM LABOR

Preterm delivery is defined as delivery occurring
before 37 completed gestational weeks. It complicates
nearly 10% of all births and accounts for approximately
70% of all neonatal deaths throughout the world. A
laboratory test that could recognize at early gestation the
women with higher probability to have spontaneous
preterm labor and delivery would be extremely useful to
improve perinatal outcomes.

In this context, the assessment of maternal CRH
has been a promising tool since elevated CRH levels were
observed in pregnancies complicated by preterm labor (73).
The evolution of maternal plasma CRH concentrations
parallels the CRH curve of normal pregnancy but the level
is displaced upward (74). This discrimination is detectable
before any clinical manifestation of uterine contractility, a
fact that prompted the design of controlled studies focusing
on the value of CRH measurement for prediction of
preterm labor or impeding preterm birth. These studies
showed that the predictive power of CRH increases with
gestational age and probably achieves clinical significance
only at third trimester (Figure 3).

This view is supported by the following evidence.
An extensive cross-sectional study of asymptomatic women
revealed a poor discrimination between pregnancies ending
at term and preterm on the basis of second-trimester
maternal serum CRH concentrations (75). A large cohort
study of low-risk women starting at 15-20 wk of gestation
(76) confirmed that the measurement of maternal serum
CRH would not satisfy the requisites of a screening test for
preterm delivery in a low-risk population. Recent data from
a prospective study showed that a single CRH measurement
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Figure 2. Maternal plasma CRH concentrations in women with gestational hypertension who later progressed to preeclampsia
(A) and in those who did not have further complications and were eventually diagnosed as transient hypertension (B). The
horizontal lines indicate the group means. Modified from Florio ef al. 2004 (72).
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Figure 3. The effect of gestational age on preterm labor prediction by a single CRH measurement in asymptomatic women. CRH
fails to discriminate between the two outcome groups when assessed at 16-20 weeks (77) but achieves a much better risk
prediction at 33 weeks (9).
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between 16 and 20 weeks does not predict the occurrence
of preterm birth even in a high risk population, with an
overall incidence of 36% of birth at less than 37 weeks
an.

At third trimester, however, there seems to be a
better correlation between maternal CRH and the risk of
preterm birth. A single CRH measurement at 33 weeks in
asymptomatic women has detected a threefold increased
risk of preterm birth among those with “high” CRH levels
(78). Finally, CRH is useful to predict impending birth
among women presenting with preterm labor in the third
trimester (79).

There is no doubt that placental CRH plays a role
in the control of human parturition, but its precise role is
still a matter of debate. The finding of -elevated
midtrimester CRH levels in women who will have preterm
delivery does not necessarily represent an early release of
the cascade of parturition, since many women with
relatively high midtrimester CRH levels still proceed to
term. The precocious elevation of plasma CRH levels could
be an epiphenomenon rather than a trigger for the
mechanisms leading to preterm labor (80). An unsolved
paradox emerges from biochemical evidence for a
myometrial relaxing effect of CRH before term, favoring
uterine quiescence, in contrast to its indirect uterotonic
effect in vitro and its increased bioavailability at term (81).
This apparently dual role of CRH might explain its limited
predictive power for preterm labor. Future research should
contemplate this complexity of CRH regulation and try to
improve its predictive performance by combining it with
clinical, biophysical and biochemical data, such as CRH-
BP (80).

9. SUMMARY AND PERSPECTIVE

More than 20 years after CRH biochemical
characterization and the subsequent development of a
specific radioimmunoassay, this hormone remains a
promising diagnostic tool in behavioral and reproductive
conditions. It has not yet been introduced in clinical
practice as a routine diagnostic marker, but only as a
pharmacological stimulus to assess pituitary ACTH release.
This is because CRH, like any hypothalamic hormone,
circulates in very low concentrations in peripheral blood.
However, placental CRH is released abundantly into
maternal circulation and becomes a measurable marker that
increases in maternal plasma before clinical signs of
preterm labor or pre-eclampsia and also in the rests of
spontaneous abortion (82). The jump from this evidence to
the clinical use of CRH measurement will require further
progress in understanding CRH’s functional regulation and
improving its reliability through combination with other
diagnostic markers.
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