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Abstract
Urocortin is a member of the corticotropin-releasing hormone (CRH) family of peptides. In the brain,
its potent suppression of food intake is mediated by CRH receptors (CRHR). Urocortin also
participates in the regulation of anxiety, learning, memory, body temperature, and shows
neuroprotection. This review will summarize the location of urocortin-producing neurons and their
projections, the pharmacological evidence of its actions in the CNS, and information acquired from
knockout mice. Urocortin interacts with leptin, neuropeptide Y, orexin, and corticotropin in the brain.
Also produced by the GI tract, heart, and immune cells, urocortin has blood concentrations ranging
from 13 - 152 pg/ml. Blood-borne urocortin stimulates the cerebral endothelial cells composing the
blood-brain barrier and crosses the blood-brain barrier by a unique transport system. Overall,
urocortin acts on a broad neuronal substrate as a neuromodulator important for basic survival.
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1. Early history of urocortin
Even before accomplishment in 1981 of the long sought goal to isolate corticotropin-releasing
hormone (CRH) from mammalian brain (Vale et al. 1981), Erspamer and colleagues isolated
an amphibian CRH named sauvagine, another in their amazing discoveries of peptides in frog
skin (Montecucchi et al. 1980; Erspamer et al. 1981). About the same time, Lederis et al. found
a related CRH compound in fish named urotensin (Lederis et al. 1982), now termed urotensin
I. Both sauvagine and urotensin are more potent than CRH in stimulating cAMP release from
CRHR2-transfected cells.

In 1995, Vale and colleagues reported the cloning of urocortin, a 40 amino acid peptide which
has higher affinity for the CRH receptor 2 (CRHR2) than does CRH itself. Based on the highest
immunoreactivity to fish urotensin in the midbrain, a urotensin probe was used to screen the
rat midbrain cDNA library (Vaughan et al. 1995). Urocortin has 63% sequence homology with
urotensin, 45% with CRH, and 35% with sauvagine. The first part of its name (uro) reflects its
relationship to urotensin and the last part of its name (cortin) reflects its relationship to CRH.
Survey of the evolutionary changes of these peptides over species indicates that they occurred
early during chordate evolution (Chang and Hsu 2007). The species differences of urocortin
seem to be greater than those of CRH. For instance, hamster and rat urocortins differ by two
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amino acids but their CRH sequences show complete homology (Robinson et al. 1999). Thus,
the distribution and perhaps even function might differ among species.

Potent suppression of food intake is one of the most noticeable biological effects exerted by
urocortin. Urocortin is produced both in brain and peripheral organs. Circulating urocortin can
also reach the brain by a unique mechanism. The urocortin discussed here is sometimes termed
urocortin-1 to distinguish it from the subsequently discovered urocortin-2 (stresscopin-related
peptide) and urocortin-3, all of which interact differently with the BBB (Kastin and Akerstrom
2002). This review mainly focuses on our understanding of urocortin and the brain.

2. Cerebral distribution: the Edinger-Wesphal nucleus (EWN), adjacent areas,
and other regions

The highest level of cerebral urocortin production occurs in the midbrain, where the most robust
immunoreactivity for fish urotensin was identified in the original report (Vaughan et al.
1995). Until 2003, urocortin was thought to be located in the EWN. The EWN is the accessory
nucleus of the third oculomotor nerve, which supplies pre-ganglionic parasympathetic input
by the ciliary nerve resulting in pupil constriction and lens accommodation. The more medial
part of the EWN also innervates choroidal neurons of the ciliary ganglion projecting to the
choroid, the vascular layer of the eye lying between the retina and the sclera, and regulates its
blood flow. Thus, it is conceivable that the projections from urocortin neurons to the eyes might
affect circadian rhythms with consequent effects on behavior and food ingestion.

More recent studies, however, suggest that urocortin is produced by midbrain sympathetic
neurons adjacent to the EWN. Double-labeling immunohistochemistry has been performed on
brain samples from human, rats, and pigeons. In human postmortem brains, urocortin staining
neurons in the EWN are not choline acetyltransferase (ChAT)-positive, indicating that they
are not parasympathetic cholinergic neurons projecting to the ciliary ganglion (Ryabinin et
al. 2005). In the pigeon, urocortin-positive neurons are also ChAT-negative, located more
rostral to the EWN or oculomotor nucleus, and do not overlap with the EWN (Cavani et al.
2003). Thus, urocortin-positive neurons in the midbrain seem to be part of the brain circuitry
involved in the sympathetic nervous-mediated behavioral response to stress (Koob and
Heinrichs 1999; De Fanti and Martinez 2002).

Besides the EWN and its adjacent regions, urocortin in rodents is also produced in other areas
of the brainstem, hypothalamus, pituitary, and substantia nigra. The other parts of the brainstem
include the lateral superior olive, the facial, hypoglossal and ambiguual motor nuclei. In the
hypothalamus, urocortin is mainly present in the supraoptic nucleus and caudal lateral areas
(Vaughan et al. 1995). The reports of the presence of immunoreactive urocortin in the
hypothalamus and anterior pituitary, however, are inconsistent (Oki and Sasano 2004b;
Vasconcelos et al. 2003; Shi et al. 2000). Urocortin fibers have also been found in the spinal
cord (Vasconcelos et al. 2003; Korosi et al. 2007).

There appear to be strain differences. Weitemier et al. failed to detect urocortin immunoreactive
cells in the supraoptic nucleus of the hypothalamus, facial nucleus, or substantia nigra of either
C57 or DBA mice, in contrast to some rat studies (Weitemier et al. 2005). Regardless of species,
most studies show that the basal, constitutive expression of urocortin is not high. Nevertheless,
urocortin appears to show rapid induction. For example, restraint stress significantly elevates
urocortin mRNA in the rat hypothalamus 1 h later (Shi et al. 2000). The regulatory changes
are indicative of the physiological roles of urocortin, which are discussed in the subsequent
sections of this review.
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In the human brain, urocortin immunoreactivity and mRNA are found not only in the
hypothalamus and pons, but also in the cerebral cortex and cerebellum. The distribution is
distinct from that of CRH (Takahashi et al. 1998). Vasconcelos, Bittencourt, and their
colleagues conducted a thorough study of the capuchin monkey (Vasconcelos et al. 2003). It
shows that urocortin-immunopositive cell bodies and mRNA are present mainly in the EWN
and lamina IX of the spinal cord, with diffuse projection of fibers to many areas. The
immunopositive fibers with the highest level of expression are seen in the amygdala, septal
region, hypothalamus, EWN, trigeminal complex, vestibular nuclei, spinal cord, and ependyma
of the lateral ventricles (Vasconcelos et al. 2003). Thus, it seems that primates show a wider
distribution of urocortin, in contrast to the predominant location in the brainstem and
hypothalamus of rodents.

Besides rodents and primates, there also are some localization studies in other species. In the
earthworm, immunohistochemistry showed the distribution of urocortin cell bodies and fibers
distinct from those for CRH (Lubics et al. 2003). The urocortin staining fibers in the pharyngeal
wall of the worm probably originate in the cerebral ganglia, suggesting a regulatory role in
feeding behavior.

3. Distribution of urocortin in peripheral organs and its blood concentration
With increasing awareness of the role of the (blood-brain barrier) BBB in regulating the blood-
to-brain entry of peripheral peptides, peripheral sites of production of urocortin assume added
importance. The gastrointestinal (GI) tract and its associated macrophages constitute a major
source of urocortin production in the periphery. The first description of urocortin in the
periphery used a heterologous radioimmunoassay involving an antiserum to urotensin, not
urocortin, together with a urocortin label and standard to show immunoactivity in the
duodenum (Vaughan et al. 1995). Urocortin mRNA has been found in rat duodenum, small
intestine, and colon, and in situ hybridization showed urocortin-containing cells in both the
submucosal and myenteric plexus (Harada et al. 1999). Both mRNA and the urocortin peptide
have been detected in macrophages in the lamina propria of the human colon as early as 3
months of age, implying an immune stimulus (Muramatsu et al. 2000). There was some
specificity to this localization in the colon since immunoreactive urocortin was not found in
macrophages from other human tissues, including liver, spleen, lung, ovary, or fetal and
neonatal colonic cells. Urocortin mRNA expression correlates with the severity of
inflammation in patients with ulcerative colitis (Saruta et al. 2004), and immunoreactive
urocortin is higher in the gastric mucosa of humans with active H. pylori gastritis than in normal
controls, again indicating an inflammatory or immunological association (Chatzaki et al.
2003).

Consistent with the localization of urocortin in GI macrophages and plasma cells (Muramatsu
et al. 2000; Saruta et al. 2004), human lymphocytes produce urocortin, but not CRH
(Bamberger et al. 1998). Urocortin expression also occurs in the thymus and spleen, and these
are altered by injection of lipopolysaccharide (Baigent and Lowry 2000; Kageyama et al.
1999).

High levels of urocortin mRNA are also seen in the heart of human and rodents (Baigent and
Lowry 2000; Kimura et al. 2002; Hashimoto et al. 2004; Takahashi et al. 2004). In rats,
urocortin mRNA is present in adrenals, heart, skeletal muscle, liver, kidney, spleen, and testis,
but not in fat (Shi et al. 2000), even though adipose tissue is the site of production of many
adipokines, including leptin. Beneficial effects of urocortin as a therapeutic agent have been
suggested in conditions such as heart failure (Suda et al. 2004; Charles et al. 2006; Rademaker
et al. 2005). Urocortin is also expressed in the human fetus, placenta (Petraglia et al. 1996;
Watanabe et al. 1999), skin (Slominski et al. 2000), and prostate (Arcuri et al. 2002). The
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functions of urocortin in the maternal-fetal unit are not known, but urocortin can stimulate the
myometrium (Florio et al. 2004) and may support fetal adaptation to postnatal life (Florio et
al. 2005).

Circulating concentrations of urocortin in human plasma vary in different studies, perhaps
related to the different assays used. An early report measuring urocortin in human plasma with
HPLC verification found concentrations of 16.6 pg/ml for men and 12.8 pg/ml for women, not
significantly different from each other or from the levels in pregnant women (Watanabe et
al. 1999). In term infants, plasma level of urocortin measures 152 pg/ml. At this time, the
maternal level of urocortin averages 133 pg/ml (Florio et al. 2005). The specificity of the assay
was shown by the lack of cross-reactivity with human CRH, urocortin II or III, ACTH,
sauvagine, urotensin 1, or thyroglobulin, although neither non-pregnant control values nor
verification of intact urocortin by HPLC was reported. In a different study, normal values of
19.5 pmol/l (about 92 pg/ml) in men and 14.2 pmol/l (about 67 pg/ml) in women were reported
(Ng et al. 2004). In this study, a biotynlated urocortin was used in a competitive
immunoluminometric assay. Plasma samples were acidified with 1% trifluoroacetic acid before
extraction on C18 columns so that free as well as bound urocortin was probably measured.
Using an RIA similar to that used for the sheep studies described next, a New Zealand group
found basal plasma urocortin concentrations in healthy men of about 45 pg/ml (about 9.6 pmol/
l) (Davis et al. 2004).

Urocortin concentrations have also been measured in other animals. The New Zealand group
used an HPLC-verified assay to measure plasma urocortin in normal sheep (15.2 pmol/, about
71 pg/ml) and those with heart failure (19.1 pmol/l, about 90 pg/ml) (Charles et al. 2006). The
positive arteriovenous gradient across the liver, kidney, and hindlimb indicates secretion by
these organs. Another study in sheep found basal values of 10.3 pmol/l (about 48 pg/ml)
(Rademaker et al. 2005). Some of the differences in values among various studies and species
may be related to binding proteins. Regardless, the circulating concentrations in sheep and
humans are lower than those for leptin.

4. Feeding behavior
4.1. Effects of urocortin on feeding after CNS administration and potential mediators

In the feeding circuitry, urocortin seems to be downstream to melanocortin (MC)-4 receptors
in the hypothalamus. Obese MC4R knockout mice do not respond to leptin but urocortin can
still exert anorectic effects (Marsh et al. 1999).

Many reports have shown that urocortin is more potent than CRH in suppressing appetite. Koob
and colleagues injected urocortin intracerebroventricularly (icv) in doses as low as 10 ng and
found decreased food intake in food-deprived as well as free-feeding rats (Spina et al. 1996).
The major cellular sites of expression of urocortin in the rat do not contain CRH mRNA,
although the distribution of urocortin fibers correlates well with the distribution of the CRHR2,
but not CRHR1, receptor (Spina et al. 1996). This indicates that urocortin serve functions
different from those of CRH, and that CRHR2 plays a major role in mediating the effects of
urocortin. Nevertheless, CRH knockout mice show increased urocortin expression in the EWN
(Weninger et al. 2000). Another early study showed that the anorexic effect of urocortin was
decreased by pretreatment with antisense oligonucleotides to CRHR2 mRNA (Smagin et al.
1998). Since urocortin is more potent than CRH in reducing food intake, and since urocortin
binds more avidly to CRHR2 than does CRH, it is generally concluded that CRHR2 plays the
major role in the satiety effects of urocortin.

In any study of a substance that decreases feeding, it is necessary to eliminate the possibility
of a generalized toxic effect explaining the hypophagia. The conditioned taste avoidance
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paradigm is the standard for this purpose. Benoit et al. showed that the reduced food intake
after urocortin was unaccompanied by the conditioned taste aversion observed after a dose of
CRH producing a comparable reduction of food intake (Benoit et al. 2000).

There are several neuronal substrates mediating the effects of urocortin. The first and foremost
are the hypothalamic nuclei. Injected into the paraventricular nucleus (PVN) of the rat
hypothalamus, urocortin decreased NPY-, nocturnal-, and deprivation-induced feeding in
doses ranging from 1-100 pmol (about 5-500 ng/ml) (Wang et al. 2001a). It did not increase
brain c-Fos, and lower doses were not associated with conditioned taste aversion. These results
indicate the PVN as a major site for the anorectic actions of urocortin. However, Ohata et al.
injected 2.5 μg urocortin into various hypothalamic nuclei of the rat, including the PVN, and
only found inhibition of food intake when injected into the ventromedial nucleus (Ohata et
al. 2000). The arcuate nucleus and the nucleus of the solitary tract may also be involved
(Daniels et al. 2004; Sinnayah et al. 2003).

Apart from the hypothalamus, the dorsal raphe nucleus is also responsive to urocortin. Injected
into the dorsal raphe of mice, urocortin reduced overnight food ingestion more than the vehicle,
CRH, or antisauvagine-30 (Weitemier and Ryabinin 2006). This also resulted in reduced fluid
consumption, but not ethanol preference. Nonetheless, the interactions of urocortin and
serotonin in the dorsal raphe nucleus are more likely part of the anxiety circuitry, along with
the basolateral amygdala. Acute bilateral injection of urocortin into the basolateral amygdala
reduced total interaction time in the social interaction test and increased c-Fos expression in
the serotonergic neurons, indicating its anxiogenic role (Spiga et al. 2006b). While it is clear
that the dorsal raphe nucleus is a neuroanatamical substrate for feeding modulation, it seems
difficult to separate the anxiogenic effects and feeding reduction, as will be further discussed
in the next section of this review.

Metabolic activity reflects the sympathetic outflow which may participate in the satiety effect
of urocortin. In rats, icv injection of urocortin (1 μg) causes an increase in whole body oxygen
consumption, accompanied by an increase in body temperature. This effect can be abolished
by ganglionic blockade, suggesting that the effects of urocortin are at least partially mediated
by central activation of sympathetic outflow and increase of energy expenditure (De Fanti and
Martinez 2002). Acting in accordance with the reduction of food intake, urocortin thus serves
as a catabolic signal. However, there are also studies showing decreased oxygen consumption
in lean and ob/ob mice by urocortin treatment (Asakawa et al. 2001), or lack of changes as
seen in marsupials, discussed below (Hope et al. 2000). Species differences and variations in
experimental conditions may explain the different findings.

The motility of the GI tract can be affected by central urocortin. Urocortin injected icv in mice
decreased the gastric emptying of a solid meal (Nagata et al. 2005). This raised the possibility
of a contributory role of the stomach in the observed reduction in food intake and body weight.
However, neither urocortin antiserum nor a general CRHR antagonist affected fed or fasted
gastroduodenal motility (Kihara et al. 2001). The effects of urocortin on gastrointestinal motor
function are reviewed elsewhere (Martinez et al. 2004).

4.2. Effects of peripheral administration of urocortin on feeding behavior
Peripheral injection of minute doses of urocortin dose-dependently (0.003-3 nmol/mouse)
produces higher and more prolonged inhibitory effects on food intake than does CRH, CCK-8,
or leptin (Asakawa et al. 1999). One hour after intraperitoneal (ip) administration, as little as
14 ng of urocortin significantly reduced cumulative food intake in lean mice fasted for 16 hours.
Only the highest dose (3 nmol/mouse, equivalent to about 14 μg/mouse) reduced water intake,
a dose 1000-times higher than that reducing food intake. Peripheral administration of urocortin
also decreased food intake and body weight in ob/ob mice. Another group found that 1-10 μg/

Pan and Kastin Page 5

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



kg ip dose-dependently reduces the 2-hour cumulative food intake in mice (Wang et al.
2001c).

The ability of urocortin to reduce food intake is accompanied by a reduced motivation to eat.
This was shown by ip administration of a small dose of urocortin (5-10 μg/kg) to food-deprived
male rats in an operant bar press task (Kinney et al. 2000). In marsupials, ip administration of
10 μg/kg urocortin decreased food intake, being about 50-times more potent that CRH, an
effect not blocked by a CRHR1 antagonist. This was not accompanied by a change in whole
body oxygen consumption (VO2) or plasma cortisol (Hope et al. 2000). Overall, the effects of
peripheral urocortin on feeding behavior appear to be primarily mediated by direct effects in
the CNS, with a possible contributory influence from the GI tract.

5. Effects of urocortin on anxiety, the stress response, and learning behavior
Anxiogenic effects of urocortin have been suggested by pharmacological studies. Urocortin
icv reduces exploratory behavior in the elevated plus maze test in mice (Moreau et al. 1997)
and rats (Jones et al. 1998). Intracerebral injection of urocortin into the amygdala elicits
anxiety-like behavior in the social interaction test (Spiga et al. 2006a; Gehlert et al. 2005), and
it impairs maternal defense behavior, presumably by increasing anxiety (D'Anna et al. 2005).
CRHR1 seems to mediate the effects of urocortin on anxiety, in contrast to CRHR2 which
mainly mediates its effects on food intake. But since the distribution of urocortin coincides
with that of CRHR2 rather than CRHR1, the question arises whether the results from central
injections of urocortin into regions with predominant CRHR1 receptor expression show
essential physiological roles.

It is established, nonetheless, that urocortin participates in the stress response, shown by its
induced expression. Even in the EWN, restraint stress for 3 h causes a 3-fold increase of
urocortin mRNA. This upregulation can be blocked by chronic glucocorticoid treatment in
wildtype mice. In CRH knockout mice, there is a higher level of urocortin expression than in
the wildtype mice, and glucocorticoid treatment does not affect it. The findings appear to
suggest a role of EWN-originated urocortin in the regulation of the autonomic nervous system
during stress (Weninger et al. 2000).

Anxiolytic effects of urocortin, however, have been suggested by studies with urocortin
knockout and CRHR2 knockout mice. Mice lacking urocortin have increased, not decreased,
anxiety-like behavior in the elevated plus maze and open field (Vetter et al. 2002). In a more
recent study by a different group, urocortin knockout mice also have impaired adaptation to
repeated restraint and a decreased response to cold (Zalutskaya et al. 2007). CRHR2 knockout
mice are hypersensitive to stress and show increased anxiety-like behavior, again supporting
an anxiolytic role of urocortin (Bale et al. 2000).

The discrepancy between pharmacological studies and the knockout studies may be explained
by non-selective activation of several receptors systems in the brain by centrally injected
urocortin. Moreover, urocortin can increase grooming and exploratory behavior (de Groote et
al. 2005). As a general oversimplification, activation of CRHR1 may increase anxiety-type
behavior while activation of CRHR2 decreases it. Since urocortin acts on both receptors, it is
reasonable to expect that different variables may influence the balance of actions between these
or even other receptors.

Urocortin facilitates the acquisition, consolidation, and retrieval of a passive avoidance
(inhibitory) response in mice, suggesting improved learning and memory (Telegdy et al.
2005). Similar performance-enhancing effects of urocortin occur in rats involving
consolidation of passive avoidance learning and acquisition of navigation in the Morris water
maze, reflecting spatial learning and memory. The effects are biphasic, task-dependent, and
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cannot be explained by the putative anxiogenic properties of urocortin. Acquisition of spatial
navigation was only improved on the initial day of testing, in contrast to drugs which reduce
arousal, and this is consistent with the conclusion that urocortin facilitates performance of novel
rather than familiar stimuli (Zorrilla et al. 2002). Some of these results could be caused by
increased arousal but not by hyperactivity. Electroencephalographic effects, differing, from
those observed with CRH, indicate that urocortin functions as a mild CNS stimulant to enhance
arousal (Slawecki et al. 1999).

Some of the variability in behavioral tests can be explained by the inverted U-shaped dose-
response curve first shown for the central actions of a peptide in animals in 1971 and in human
beings in 1978 (Kastin et al. 1984). Time of administration of urocortin during the behavioral
task, pretraining in the specific task, as well as the type and difficulty of the task itself are
additional sources of variation.

6. Other CNS effects of urocortin
Urocortin appears to be pyrogenic. Two groups of investigators have shown that icv injection
of about 1 μg urocortin increases body temperature (De Fanti and Martinez 2002; Telegdy et
al. 2006). This can be blocked by a prostaglandin inhibitor.

Perhaps one of the most promising effects of urocortin that may lead to therapeutic development
is neuroprotection. In cultured rat hippocampal neurons, picomolar amounts of urocortin
protect the cells against oxidative and excitotoxic insults (Pedersen et al. 2002). Urocortin was
10-fold more potent than CRH in these cells. In another study of cultured rat cerebellar,
hippocampal, and cortical neurons, the addition of urocortin and other CRH-related peptides
prevented PI3K- or β-amyloid 1-42-induced apoptotic death, effects reversed by a CRHR1
antagonist (Facci et al. 2003).

7. Interactions of urocortin with other peptides/polypeptides
7.1. Leptin

To determine whether the urocortin gene on human chromosome 2 is a candidate for
susceptibility to obesity, single nucleotide polymorphism analysis and association studies have
been performed in French Caucasians. There was no strong association of the urocortin gene
and obesity-related phenotypes (Delplanque et al. 2002). This contrasts with the studies on
leptin, as the same locus shows a linkage with leptin levels in an African American population
(Comuzzie et al. 1997; Rotimi et al. 1999). However, it cannot be ruled out that urocortin
indirectly affects the genetic trait in the development of obesity.

Kotz and colleagues performed a series of studies investigating the interactions of urocortin
and leptin on feeding behavior. After injection of 200 pmol (about 1 μg) of urocortin into the
PVN of rats, the plasma concentration of leptin was increased (Kotz et al. 2002). Nevertheless,
the leptin released may not be the mediator for the anorexigenic effects of urocortin, since the
effects of urocortin typically occur sooner. Leptin is considered a long-term satiety signal,
exerting more chronic effects through induction of gene transcription via Janus kinase (JAK)-2
and signal transducer and activator of transcription (Stat). Moreover, as the authors point out,
urocortin-initiated leptin signal would not explain the lack of effect of urocortin on the
uncoupling protein (UCP)-2 in brown adipose tissue or the urocortin-induced decrease in
muscle UCP-3 (Kotz et al. 2002). Release of leptin from adipocytes generally takes at least 30
min as compared with the rapid release of insulin from pancreatic islets. Thus, the satiety effect
of urocortin is direct and can be further enhanced by its induction of leptin.
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The synergistic effect of leptin and urocortin on suppression of food intake is shown by co-
treatment of rats with doses of leptin and urocortin that are not effective when given alone. In
rat serum, urocortin is bound to a large protein, and addition of leptin displaces the urocortin
so that it associates non-covalently with what appears to be leptin. Leptin also shows facilitatory
effects on urocortin transport across the BBB, as will be further discussed below (Kastin et
al. 2002). We also have new evidence from cellular studies that urocortin facilitates the
signaling of leptin (Pan et al., unpublished observations). Therefore, urocortin and leptin
interact with each other in a cooperative manner to reduce food intake.

7.2. Neuropeptide Y (NPY)
NPY stimulates food intake, an action opposite to that of urocortin. In the rat EWN, most of
the urocortin-positive neurons also express the Y5 receptor for NPY, and receive input from
NPY-positive terminals. When NPY is injected into the lateral ventricle, there is a strong
activation of urocortin neurons shown by c-Fox immunoreactivity. NPY treatment also causes
a rapid (within 2 h) induction of urocortin mRNA in these neurons (Gaszner et al. 2007). Thus,
NPY has stimulatory effects on urocortin-positive neurons in this region, mediated by Y5 (and,
to a lesser extent, Y1) receptors. In this sense, it appears, that urocortin provides a negative
feedback to counteract the stimulatory effect of NPY on feeding. However, urocortin injection
into the PVN inhibits NPY-stimulated feeding (Wang et al. 2001b), indicating that the
interactions are not reciprocal.

7.3. Orexin A
Orexins (hypocretin) also stimulate feeding. Orexin-A and -B are expressed by a specific
population of neurons in the lateral hypothalamic area. These neurons project to numerous
brain regions, particularly the monoaminergic and cholinergic nuclei of the hypothalamus,
midbrain, and pons. The orexinergic system regulates feeding and sleep-wakefulness (Sakurai
2002). The orexin-positive neurons are mainly located in the lateral hypothalamus, electrical
stimulation of which induces anorexia and death (Bernardis and Bellinger 1996). While orexin
A (hypocretin 1) injection into the lateral hypothalamus stimulates feeding, urocortin injection
into the lateral septum significantly inhibits the effect of orexin A. This feeding suppression
is not associated with conditioned taste aversion (Wang and Kotz 2002). Thus, urocortin can
exert inhibitory input to the orexigenic system in the lateral hypothalamus.

7.4. Corticotropin (ACTH)
Although urocortin can release ACTH from cultured anterior pituitary cells, evidence including
the use of anti-urocortin serum indicates that endogenous urocortin may not be involved in the
regulation of ACTH secretion from the pituitary gland in vivo (Ozawa et al. 1997; Oki and
Sasano 2004a). Urocortin also can stimulate ACTH release from cultured human placental
cells, regulate placental vessel resistance to blood flow, and stimulate uterine myometrial strip
contractility, suggesting a possible role in pregnancy and parturition (Florio et al. 2004).

8. Blood-brain barrier to urocortin
8.1. Animal studies

Urocortin is a 4.7 kD peptide that is relatively stable in the circulation. However, its basal
permeability across the BBB is low compared with many other ingestive peptides and larger
proteins. The blood-to-brain influx rate of the radioactively labeled tracer by itself is no faster
than the vascular marker albumin (Kastin et al. 2000).

Co-administration of 5 μg/mouse of leptin, but not CRH, however, enables blood-borne
urocortin to enter the brain at a faster rate (Kastin et al. 2000). The converse does not occur:
urocortin does not affect leptin transport. More importantly, the entry of a tracer amount of
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activated urocortin is saturable, being inhibited by excess urocortin. This shows the selective
responsiveness of the transport system. Entry of urocortin into the hypothalamus, a part of the
brain fully protected by the BBB (Kastin and Pan 2006; Peruzzo et al. 2000), is higher than
into brain cortex (Kastin et al. 2000). Leptin-activated urocortin transport also can be inhibited
by co-administration of an antibody against the extracellular domain of the leptin receptor
(Kastin et al. 2002) and by the selective CRHR2β antagonist antisauvagine-30 (Pan et al.
2004). Overall, the facilitatory effect of leptin on urocortin permeation suggests that the
phenomenon of leptin resistance in obese subjects can be partially overcome by urocortin.

HPLC showed that urocortin crosses the BBB in intact form, and capillary depletion showed
that it enters the parenchyma of the brain rather than being trapped in the microvessels
composing the BBB. Neither leptin nor urocortin affect the entry of albumin, indicating no
leakage or increased permeability of the BBB. Capillary zone electrophoresis has suggested
an association of urocortin with leptin in blood (Kastin et al. 2002). Unlike CRH (Martins et
al. 1996; Martins et al. 1997), there is no efflux transport system out of the brain for urocortin.
Thus, co-administration of leptin activates the saturable, unidirectional, transport of urocortin
across the BBB.

Preatreatment of mice with glucose increases urocortin permeation across the BBB. If urocortin
plays a physiological role in inhibiting food intake, it would be expected that high blood glucose
would increase the entry of urocortin into the brain while low glucose would decrease transport.
But when glucose is injected at the same time as urocortin, no change in the rate of entry is
observed. Presumably, simultaneous administration does not allow enough time for feedback.
However, pretreatment with glucose 0.5, 1, and 2 h before injection of urocortin, while blood
glucose levels are significantly elevated, does increase the transport of urocortin across the
BBB (Kastin and Akerstrom 2001).

Pretreatment of mice with insulin also positively modulates urocortin influx across the BBB.
Opposite to the effect of glucose, insulin (which decreases blood glucose levels) would be
expected to decrease the entry of an anorexigenic peptide such as urocortin if such effects were
physiological. Although simultaneous iv injection of insulin and urocortin does not affect
urocortin entry into the brain, administration of insulin 1 or 2 h before the urocortin, resulting
in hypoglycemia, decreases the blood-to-brain entry of urocortin as expected (Kastin and
Akerstrom 2001). Thus, urocortin transport into brain in response to hyperglycemia or
hypoglycemia reacts appropriately for a satiety peptide.

The proinflammatory cytokine and adipokine tumor necrosis factor α (TNF) also potentiates
the permeation of urocortin across the BBB. Like leptin, the TNF-activated transport system
for urocortin is inhibited by antisauvagine-30, the CRHR2β antagonist, and it tends (p < 0.06)
to be reduced by a leptin receptor antibody. Both of the TNF receptors are involved in this
system since antibodies to either p55 or p75 abolish TNF-induced activation of urocortin influx
(Pan et al. 2004). Thus, three anorexigenic peptides/polypeptides interact at the BBB. Instead
of inhibiting each other's entry into the brain, however, two of them (leptin and TNF) facilitate
the entry of the third (urocortin).

8.2. Findings from cultured cells
Endocytosis and exocytosis assays in cells overexpressing either CRHR1 or CRHR2 show that
both receptors can mediate the transport of urocortin across the BBB in intact form. Since
cerebral microvessels from mouse brain express both receptor subtypes, receptor-mediated
transport of urocortin can be executed by either CRHR1 or CRHR2 (Tu et al. 2007a). Once
endocytosed, the intracellular urocortin can remain intact for an hour, an observation rare in
studies of clathrin or caveolae-mediated pathways.
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In immortalized rat brain microvessel endothelial (RBE4) cells, leptin increases the
endocytosis of urocortin in a time- and dose-dependent manner (Tu et al. 2007b). Fluorescently
labeled urocortin shows vesicular trafficking through early endosomes and can be sorted to the
Golgi complex by 20 min. This leptin-stimulated internalization is saturable and not
accompanied by changes in the γ-glutamyl transpeptidase or nitric oxide synthase activity of
the endothelial cells.

The facilitatory effect of leptin on urocortin cellular internalization is consistent with the
findings from mouse studies mentioned earlier. Leptin does not increase the characteristic
signaling of urocortin by intracellular cAMP production; rather, urocortin facilitates leptin
signaling by Stat3 signaling. Both Stat1 and Stat3 activities, induced by leptin signaling through
the ObRb receptor, can be enhanced by the presence of CRHR1 or CRHR2 and co-treatment
with urocortin (Pan et al., unpublished observations). Thus, the actions of urocortin on leptin
signaling are not reciprocal. This unidirectional cooperativity between urocortin and leptin
may not only help overcome leptin resistance, but it may also have general implications for
signaling crosstalk between different classes of receptors.

9. Conclusions
Urocortin is present both in the brain and peripheral organs, and the permeation of urocortin
across the BBB can be affected by factors related to nutrition and hormonal status. Within the
brain, the projections of urocortin-positive neurons are even more widespread than the neuronal
cell bodies. It seems that the production of urocortin in the brain is most prevalent along the
midline structures of the mesencephalon and diencephalon, and the projections hardly reach
the cerebral cortex. Perhaps the permeation of urocortin across the BBB partially overcomes
the lack of projections of urocortin-positive fibers to the cortical regions. Despite much work
on the effects of urocortin on feeding behavior, anxiety, learning, and memory, there are many
unsolved questions about the CNS pathways and cellular interactions of urocortin with other
peptides.

Acknowledgements

Supported by NIH (NS45751, NS46528, and DK54880). Editorial support was provided by Ms. Loula Burton.

References
Arcuri F, Cintorino M, Florio P, Floccari F, Pergola L, Romagnoli R, Petraglia F, Tosi P, Teresa del

Vecchio M. Expression of urocortin mRNA and peptide in the human prostate and in prostatic
adenocarcinoma. Prostate 2002;52:167–172. [PubMed: 12111693]

Asakawa A, Inui A, Ueno N, Makino S, Fujimiya M, Fujino MA, Kasuga M. Urocortin reduces oxygen
consumption in lean and ob/ob mice. Int J Mol Med 2001;7:539–541. [PubMed: 11295118]

Asakawa A, Inui A, Ueno N, Makino S, Fujino MA, Kasuga M. Urocortin reduces food intake and gastric
emptying in lean and ob/ob obese mice. Gastroenterology 1999;116:1287–1292. [PubMed: 10348810]

Baigent S, Lowry P. mRNA expression profiles for corticotropin-releasing factor (CRF), urocortin, CRF
receptors and CRF-binding protein in peripheral rat tissues. J Mol Endocrinol 2000;25:43–52.
[PubMed: 10915217]

Bale T, Contarino A, Smith G, Chan R, Gold L, Sawchenko P, Koob GF, Vale W, Lee K. Mice deficient
for corticotropin-releasing hormone receptor-2 display anxiety-like behavior and are hypersensitive
to stress. Nat Genet 2000;24:410–414. [PubMed: 10742108]

Bamberger CM, Wald M, Bamberger AM, Ergun S, Beil FU, Schulte HM. Human lymphocytes produce
urocortin, but not corticotropin-releasing hormone. J Clin Endocrinol Metab 1998;83:708–711.
[PubMed: 9467598]

Pan and Kastin Page 10

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Benoit SC, Thiele TE, Heinrichs SC, Rushing PA, Blake KA, Steeley RJ. Comparison of central
administration of corticotropin-releasing hormone and urocortin on food intake, conditioned taste
aversion, and c-Fos expression. Peptides 2000;21:345–351. [PubMed: 10793215]

Bernardis LL, Bellinger LL. The lateral hypothalamic area revisited: ingestive behavior. Neurosci
Biobehav Rev 1996;20:189–287. [PubMed: 8811717]

Cavani J, Reiner A, Cuthbertson S, Bittencourt J, Toledo C. Evidence that urocortin is absent from neurons
of the Edinger-Westphal nucleus in pigeons. Brazilian Journal of Medical and Biological Research
2003;36:1695–1700. [PubMed: 14666254]

Chang C, Hsu SY. Ancient evolution of stress-regulating peptides in vertebrates. Peptides 2007;25:1681–
1688. [PubMed: 15476935]

Charles CJ, Rademaker MT, Richards AM, Yandle TG. Plasma urocortin 1 in sheep: regional sampling
and effects of experimental heart failure. Peptides 2006;27:1801–1805. [PubMed: 16442669]

Chatzaki E, Charalampopoulos I, Leontidis C, Mouzas I, Tzardi M, Tsatsanis C, Margioris A, Gravanis
A. Urocortin in human gastric mucosa: Relationship to inflammatory activity. J Clin Endocrinol
Metab 2003;88:478–483. [PubMed: 12519893]

Comuzzie AG, Hixson JE, Almasy L, Mitchell BD, Mahaney MC, Dyer TD, Stern MP, MacCluer JW,
Blangero J. A major quantitative trait locus determining serum leptin levels and fat mass is located
on human chromosome 2. Nat Genet 1997;15:273–276. [PubMed: 9054940]

D'Anna KL, Stevenson SA, Gammie SC. Urocortin 1 and 3 impair maternal defense behavior in mice.
Behav Neurosci 2005;119:1061–1071. [PubMed: 16187834]

Daniels D, Markison S, Grill H, Kaplan J. Central structures necessary and sufficient for ingestive and
glycemic responses to urocortin I adminstration. J Neurosci 2004;24:11457–11462. [PubMed:
15601952]

Davis M, Pemberton C, Yandle T, Lainchbury J, Rademaker M, Nicholls M, Frampton C, Richards A.
Urocortin-1 infusion in normal humans. J Clin Endocrinol Metab 2004;89:1402–1409. [PubMed:
15001641]

De Fanti B, Martinez J. Central urocortin activation of sympathetic-regulated energy metabolism in
Wistar rats. Brain Res 2002;930:37–41. [PubMed: 11879793]

de Groote L, Penalva R, Flachskamm C, Reul J, Linthorst A. Differential monoaminergic, neuroendocrine
and behavioural responses after central administration of corticotropin-releasing factor receptor type
1 and type 2 agonists. J Neurochem 2005;94:45–56. [PubMed: 15953348]

Delplanque J, Vasseur F, Durand E, Abderrahmani A, Dina C, Waeber G, Guy-Grand B, Clement K,
Weill J, Boutin P, Froguel P. Mutation screening of the urocortin gene: Identification of new single
nucleotide polymorphisms and association studies with obesity in French Caucasians. J Clin
Endocrinol Metab 2002;87:867–869. [PubMed: 11836334]

Erspamer V, Melchiorri P, Broccardo M, Erspamer G, Falaschi P, Improta G, Negri L, Renda T. The
brain-gut-skin triangle: new peptides. Peptides 1981;2:7–16. [PubMed: 6178095]

Facci L, Steven D, Pangallo M, Franceschini D, Skaper S, Strijbos P. Corticotropin-releasing factor (CRF)
and related peptides confer neuroprotection via type 1 CRF receptors. Neuropharmacology
2003;45:623–636. [PubMed: 12941376]

Florio P, Torricelli M, Galleri L, De Falco G, Leucci E, Calonaci G, Picciolini E, Ambrosini G, Linton
E, Petraglia F. High fetal urocortin levels at term and preterm labor. J Clin Endocrinol Metab
2005;90:5361–5365. [PubMed: 15956084]

Florio P, Vale W, Petraglia F. Urocortins in human reproduction. Peptides 2004;25:1751–1757. [PubMed:
15476942]

Gaszner B, Korosi A, Palkovits M, Roubos E, Kozicz T. Neuropeptide Y activates urocortin 1 neurons
in the nonpreganglionic Edinger-Westphal nucleus. J Comp Neurol 2007;500:708–719. [PubMed:
17154253]

Gehlert DR, Shekhar A, Morin SM, Hipskind PA, Zink C, Gackenheimer SL, Shaw J, Fitz SD, Sajdyk
TJ. Stress and central urocortin increase anxiety-like behavior in the social interaction test via the
CRF1 receptor. Eur J Pharmacol 2005;509:145–153. [PubMed: 15733549]

Harada S, Imaki T, Naruse M, Chikada N, Nakajima K, Demura H. Urocortin mRNA is expressed in the
enteric nervous system of the rat. Neurosci Lett 1999;267:125–128. [PubMed: 10400228]

Pan and Kastin Page 11

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Hashimoto K, Nishiyama M, Tanaka Y, Noguchi T, Asaba K, Hossein P, Nishioka T, Makino S.
Urocortins and corticotropin releasing factor type 2 receptors in the hypothalamus and the
cardiovascular system. Peptides 2004;25:1711–1721. [PubMed: 15476938]

Hope PJ, Turnbull H, Farr S, Morley JE, Rice KC, Chrousos GP, Torpy DJ, Wittert GA. Peripheral
administration of CRF and urocortin: effects on food intake and the HPA axis in the marsupial
Sminthopis crassicaudata. Peptides 2000;21:669–677. [PubMed: 10876049]

Jones D, Kortekaas R, Slade P, Middlemiss D, Hagan J. The behavioural effects of corticotropin-releasing
factor-related peptides in rats. Psychopharmacology 1998;138:124–132. [PubMed: 9718281]

Kageyama K, Bradbury MJ, Zhao L, Blount A, Vale W. Urocortin messenger ribonucleic acid: tissue
distribution in the rat and regulation in thymus by lipopolysaccharide and glucocorticoids.
Endocrinology 1999;140:5651–5658. [PubMed: 10579329]

Kastin AJ, Akerstrom V. Pretreatment with glucose increases entry of urocortin into mouse brain.
Peptides 2001;22:829–834. [PubMed: 11337097]

Kastin AJ, Akerstrom V. Differential interactions of urocortin/corticotropin-releasing hormone peptides
with the blood-brain barrier. Neuroendocrinology 2002;75:367–374. [PubMed: 12065889]

Kastin AJ, Akerstrom V, Pan W. Activation of urocortin transport into brain by leptin. Peptides
2000;21:1811–1818. [PubMed: 11150641]

Kastin AJ, Pan W. Editorial: Intranasal leptin: blood-brain barrier bypass (BBBB) for obesity?
Endocrinology 2006;147:2086–2087. [PubMed: 16617152]

Kastin AJ, Pan W, Akerstrom V, Hackler L, Wang C, Kotz CM. Novel peptide-peptide cooperation may
transform feeding behavior. Peptides 2002;23:2189–2196. [PubMed: 12535698]

Kastin AJ, Zadina JE, Banks WA, Graf MV. Misleading concepts in the field of brain peptides. Peptides
1984;5:249–253. [PubMed: 6091068]

Kihara N, Fujimura M, Yamamoto I, Itoh E, Inui A, Fujimiya M. Effects of central and peripheral
urocortin on fed and fasted gastroduodenal motor activity in conscious rats. Am J Physiol Gastrointest
Liver Physiol 2001;280:G406–G419. [PubMed: 11171623]

Kimura Y, Takahashi K, Totsune K, Muramatsu Y, Kaneko C, Darnel A, Suzuki T, Ebina M, Nukiwa
T, Sasano H. Expression of urocortin and corticotropin-releasing factor receptor subtypes in the
human heart. J Clin Endocrinol Metab 2002;87:340–346. [PubMed: 11788672]

Kinney JW, Scruggs B, Avery DD. Peripheral administration of urocortin suppresses operant responding
for food reward. Peptides 2000;22:583–587. [PubMed: 11311727]

Koob GF, Heinrichs SC. A role for corticotropin releasing factor and urocortin in behavioral responses
to stressors. Brain Res 1999;848:141–152. [PubMed: 10612706]

Korosi A, Kozicz T, Richter J, Veening JG, Olivier B, Roubos EW. Corticotropin-releasing factor,
urocortin 1, and their receptors in the mouse spinal cord. J Comp Neurol 2007;502:973–989.
[PubMed: 17444496]

Kotz CM, Wang C, Levine AS, Billington CJ. Urocortin in the hypothalamic PVN increases leptin and
affects upcoupling proteins-1 and -3 in rats. Am J Physiol 2002;282:R546–R551.

Lederis K, Letter A, McMaster D, Moore G, Schlesinger D. Complete amino acid sequence of urotensin
I, a hypotensive and corticotropin-releasing neuropeptide from Catostomus. Science 1982;218:162–
165. [PubMed: 6981844]

Lubics A, Reglodi D, Szelier M, Lengvari I, Kozicz T. Comparative distribution of urocortin- and CRF-
like immunoreactivities in the nervous system of the earthworm Lumbricus terrestris. Peptides
2003;24:205–213. [PubMed: 12668204]

Marsh D, Hollopeter G, Huszar D, Laufer R, Yagaloff K, Fisher S, Burn P, Palmiter RD. Response of
melanocortin-4 receptor-deficient mice to anorectic and orexigenic peptides. Nat Genet
1999;21:119–122. [PubMed: 9916804]

Martinez V, Wang L, Million M, Rivier J, Tache Y. Urocortins and the regulation of gastrointestinal
motor fuction and visceral pain. Peptides 2004;25:1733–1744. [PubMed: 15476940]

Martins JM, Banks WA, Kastin AJ. Acute modulation of the active carrier-mediated brain-to-blood
transport of corticotropin-releasing hormone. Am J Physiol 1997;272:E312–E319. [PubMed:
9124340]

Martins JM, Kastin AJ, Banks WA. Unidirectional specific and modulated brain to blood transport of
corticotropin-releasing hormone. Neuroendocrinology 1996;63:338–348. [PubMed: 8739889]

Pan and Kastin Page 12

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Montecucchi PC, Anastasi A, de Castiglione R, Erspamer V. Isolation and amino acid composition of
sauvagine, an active polypeptide from methanol extracts of the skin of the South American frog
Phyllomedusa sauvagei. Int J Peptide Protein Res 1980;16:191–199. [PubMed: 7461901]

Moreau J, Kilpatrick G, Jenck F. Urocortin, a novel neuropeptide with anxiogenic-like properties.
Neuroreport 1997;8:1697–1701. [PubMed: 9189917]

Muramatsu Y, Fukushima K, Iino K, Totsune K, Takahashi K, Suzuki T, Hirasawa G, Takeyama J, Ito
M, Nose M, Tashiro A, Hongo M, Oki Y, Nagura H, Sasano H. Urocortin and corticotropin-releasing
factor receptor expression in the human colonic mucosa. Peptides 2000;21:1799–1809. [PubMed:
11150640]

Nagata T, Uemoto M, Yuzuriha H, Asakawa A, Inui A, Fujimiya M, Sakamaki R, Kasuga M, Shinfuku
N. Intracerebroventricularly administered urocortin inhibits gastric emptying in mice. Int J Mol Med
2005;15:1041–1043. [PubMed: 15870911]

Ng L, Loke I, O'Brien R, Squire I, Davies J. Plasma urocortin in human systolic heart failure. Clin Sci
(Lond) 2004;106:383–388. [PubMed: 14651473]

Ohata H, Suzuki K, Oki U, Shibasaki T. Urocortin in the ventromedial hypothalamic nucleus acts as an
inhibitor of feeding behavior in rats. Brain Res 2000;861:1–7. [PubMed: 10751559]

Oki Y, Sasano H. Localization and physiological roles of urocortin. Peptides 2004a;25:1745–1749.
[PubMed: 15476941]

Oki Y, Sasano H. Localization and physiological roles of urocortin. Peptides 2004b;25:1745–1749.
[PubMed: 15476941]

Ozawa M, Oki Y, Watanabe F, Iino K, Masuzawa M, Iwabuchi M, Yoshimi T. Effect of urocortin and
its interaction with adrenocorticotropin (ACTH) secretagogues on ACTH release. Peptides
1997;19:513–518. [PubMed: 9533639]

Pan W, Akerstrom V, Zhang J, Pejovic V, Kastin AJ. Modulation of feeding-related peptide /protein
signals by the blood-brain barrier. J Neurochem 2004;90:455–461. [PubMed: 15228601]

Pedersen W, Wan R, Zhang P, Mattson M. Urocortin, but not urocortin II, protects cultured hippocampal
neurons from oxidative and excitotoxic cell death via corticotropin-releasing hormone receptor type
I. J Neurosci 2002;22:404–412. [PubMed: 11784785]

Peruzzo B, Pastor FE, Blazquez JL, Schobitz K, Pelaez B, Amat P, Rodriguez EM. A second look at the
barriers of the medial basal hypothalamus. Exp Brain Res 2000;132:10–26. [PubMed: 10836632]

Petraglia F, Florio P, Gallo R, Simoncini T, Saviozzi M, Di Blasio AM, Vaughan J, Vale W. Human
placenta and fetal membranes express human urocortin mRNA and peptide. J Clin Endocrinol Metab
1996;81:3807–3810. [PubMed: 8855842]

Rademaker MT, Charles CJ, Espiner E, Frampton C, Lainchbury J, Richards A. Endogenous urocortins
reduce vascular tone and renin-aldosterone/endothelin activity in experimental heart failure. Eur
Heart J 2005;26:2046–2054. [PubMed: 15821006]

Robinson BM, Tellam DJ, Smart D, Mohammad YN, Brennand J, Rivier JE, Lovejoy DA. Cloning and
characterization of corticotropin-releasing factor and urocortin in Syrian hamster (Mesocricetus
auratus). Peptides 1999;20:1177–1185. [PubMed: 10573289]

Rotimi CN, Comuzzie AG, Lowe WL, Luke A, Blangero J, Cooper RS. The quantitative trait locus on
chromosome 2 for serum leptin levels is confirmed in African-Americans. Diabetes 1999;48:643–
644. [PubMed: 10078570]

Ryabinin A, Tsivkovskaia N, Ryabinin S. Urocortin 1-containing neurons in the human edinger-westphal
nucleus. Neuroscience 2005;134:1317–1323. [PubMed: 16039794]

Sakurai T. Roles of orexins in regulation of feeding and wakefulness. Neuroreport 2002;13:987–995.
[PubMed: 12060794]

Saruta M, Takahashi K, Suzuki T, Torii A, Kawakami M, Sasano H. Urocortin 1 in colonic mucosa in
patients with ulcerative colitis. J Clin Endocrinol Metab 2004;89:5352–5361. [PubMed: 15531481]

Shi M, Yan X, Ryan D, Harris R. Identification of urocortin mRNA antisense transcripts in rat tissue.
Brain Res Bull 2000;53:317–324. [PubMed: 11113586]

Sinnayah P, Blair-West J, McBurnie M, McKinley M, Oldfield B, Rivier J, Vale W, Walker L, Weisinger
R, Denton D. The effect of urocortin on ingestive behaviours and brain Fos immunoreactivity in
mice. Eur J Neurosci 2003;18:373–382. [PubMed: 12887419]

Pan and Kastin Page 13

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Slawecki CJ, Somes C, Rivier JE, Ehlers CL. Neurophysiological effects of intracerebroventricular
administration of urocortin. Peptides 1999;20:211–218. [PubMed: 10422877]

Slominski A, Roloff B, Curry J, Dahiya M, Szczesniewski A, Wortsman J. The skin produces urocortin.
J Clin Endocrinol Metab 2000;85:815–823. [PubMed: 10690896]

Smagin GN, Howell LA, Ryan DH, DeSouza EB, Harris RBS. The role of CRF2 receptors in
corticotropin-releasing factor- and urocortin-induced anorexia. Neuroreport 1998;9:1601–1606.
[PubMed: 9631473]

Spiga F, Lightman SL, Shekhar A, Lowry CA. Injections of urocortin 1 into the basolateral amygdala
induce anxiety-like behavior and c-Fos expression in brainstem serotonergic neurons. Neuroscience
2006a;138:1265–1276. [PubMed: 16488545]

Spiga F, Lightman SL, Shekhar A, Lowry CA. Injections of urocortin 1 into the basolateral amygdala
induce anxiety-like behavior and c-Fos expression in brainstem serotonergic neurons. Neuroscience
2006b;138:1265–1276. [PubMed: 16488545]

Spina M, Merlo-Pich E, Chan RKW, Basso AM, Rivier J, Vale W, Koob GF. Appetite-suppressing effects
of urocortin, a CRF-related neuropeptide. Science 1996;273:1561–1564. [PubMed: 8703220]

Suda T, Kageyama K, Sakihara S, Nigawara T. Physiological roles of urocortins, human homologues of
fish urotensin I, and their receptors. Peptides 2004;25:1689–1701. [PubMed: 15476936]

Takahashi K, Totsune K, Murakami O, Shibahara S. Urocortins as cardiovascular peptides. Peptides
2004;25:1723–1731. [PubMed: 15476939]

Takahashi K, Totsune K, Sone M, Murakami O, Satoh F, Arihara Z, Sasano H, Iino K, Mouri T. Regional
distribution of urocortin-like immunoreactivity and expression of urocortin mRNA in the human
brain. Peptides 1998;19:643–647. [PubMed: 9622018]

Telegdy G, Adamik A, Toth G. The action of urocortins on body temperature in rats. Peptides
2006;27:2289–2294. [PubMed: 16650509]

Telegdy G, Tiricz H, Adamik A. Involvement of neurotransmitters in urocortin-induced passive
avoidance learning in mice. Brain Res Bull 2005;67:242–247. [PubMed: 16144661]

Tu H, Kastin AJ, Pan W. CRH-R1 and CRH-R2 are both trafficking and signaling receptors for urocortin.
Mol Endocrinol 2007a;21:700–711. [PubMed: 17170072]

Tu H, Kastin AJ, Bjorbaek C, Pan W. Urocortin trafficking in cerebral microvessel endothelial cells. J
Mol Neurosci 2007b;31:171–182. [PubMed: 17478891]

Vale W, Spiess J, Rivier C, Rivier J. Characterization of a 41-residue ovine hypothalamic peptide that
stimulates secretion of corticotripin and beta-endorphin. Science 1981;213:1394–1397. [PubMed:
6267699]

Vasconcelos LAP, Donaldson C, Sita LV, Casatti CA, Lotfi CFP, Wang L, Cadinouche M, Frigo L, Elias
C, Lovejoy D, Bittencourt J. Urocortin in the central nervous system of a primate (Cebus apella):
Sequencing, immunohistochemical, and hybridization histochemical characterization. J Comp
Neurol 2003;463:157–175. [PubMed: 12815753]

Vaughan J, Donaldson C, Bittencourt J, Perrin MH, Lewis K, Sutton S, Chan R, Turnbull AV, Lovejoy
D, Rivier C, Rivier J, Sawchenko PE, Vale W. Urocortin, a mammalian neuropeptide related to fish
urotensin I and to corticotropin-releasing factor. Nature 1995;378:287–292. [PubMed: 7477349]

Vetter D, Li C, Zhao L, Contarino A, Liberman M, Smith G, Marchuk Y, Koob G, Heinemann S, Vale
W, Lee K. Urocortin-deficient mice show hearing impairment and increased anxiety-like behavior.
Nat Genet 2002;31:363–369. [PubMed: 12091910]

Wang C, Kotz C. Urocortin in the lateral septal area modulates feeding induced by orexin A in the lateral
hypothalamus. Am J Physiol Regul Integr Comp Physiol 2002;283:R358–R367. [PubMed:
12121849]

Wang C, Mullet M, Glass M, Billington CJ, Levine AS, Kotz CM. Feeding inhibition by urocortin in the
rat hypothalamic paraventricular nucleus. Am J Physiol Regul Integr Comp Physiol 2001a;
280:R473–R480. [PubMed: 11208577]

Wang C, Mullet MA, Glass MJ, Billington CJ, Levine AS, Kotz CM. Feeding inhibition by urocortin in
the rat hypothalamic paraventricular nucleus. Am J Physiol Regul Integr Comp Physiol 2001b;
280:R473–R480. [PubMed: 11208577]

Pan and Kastin Page 14

Prog Neurobiol. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Wang L, Martinez V, Rivier J, Tache Y. Peripheral urocortin inhibits gastric emptying and food intake
in mice: differential role of CRF receptor 2. Am J Physiol Regul Integr Comp Physiol 2001c;
281:R1401–R1410. [PubMed: 11641109]

Watanabe F, Oki Y, Ozawa M, Masuzawa M, Iwabuchi M, Yoshimi T, Nishiguchi T, Iino K, Sasano H.
Urocortin in human placenta and maternal plasma. Peptides 1999;20:205–209. [PubMed: 10422876]

Weitemier A, Ryabinin A. Urocortin I in the dorsal raphe regulates food and fluid consumption, but not
ethanol preference in C57BL/6J mice. Neuroscience 2006;137:1439–1445. [PubMed: 16338088]

Weitemier A, Tsivkovskaia N, Ryabinin A. Urocortin I distribution in mouse brain is strain-dependent.
Neuroscience 2005;132:729–740. [PubMed: 15837134]

Weninger S, Peters L, Majzoub J. Urocortin expression in the Edinger-Westphal nucleus is upregulated
by stress and corticotropin-releasing hormone deficiency. Endocrinology 2000;141:256–263.
[PubMed: 10614646]

Zalutskaya AA, Arai M, Bounoutas GS, Abou-Samra AB. Impaired Adaptation to Repeated Restraint
and Decreased Response to Cold in Urocortin 1 Knockout Mice. Am J Physiol Endocrinol Metab.
2007

Zorrilla E, Schulteis G, Prmsby A, Klaassen A, Ling N, McCarthy J, Koob G, De Souza EB. Urocortin
shares the memory modulating effects of corticotropin-releasing factor (CRF): mediation by CRF1
receptors. Brain Res 2002;952:200–210. [PubMed: 12376180]

Abbreviations
ACTH  

corticotropin

BBB  
blood-brain barrier

ChAT  
choline acetyltransferase

CNS  
central nervous system

CRH  
corticotropin-releasing hormone

CRHR  
corticotropin-releasing hormone receptor

EWN  
Edinger-Wesphal nucleus

GI  
gastrointestinal

ICV  
intracerebroventricularly

JAK  
Janus kinase

MC  
melanocortin

NPY  
neuropeptide Y
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PVN  
paraventricular nucleus

Stat  
signal transducer and activator of transcription

TNF  
tumor necrosis factor

UCP  
uncoupling protein
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