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Abstract:

The urocortins are a family of endogenously produced peptide hormones that show great promise as potential drugs for the treatment

of heart disease. They can increase contractility and cardiac output without causing changes in mean arterial blood pressure. As ex-

pected, the receptor for these peptides is present in cardiomyocytes, and they can bind and protect these cells from simulated

ischemia and reperfusion in vitro. The receptor is present, however, in much higher density in the endothelial cells that form a con-

tinuous lining of the coronary vasculature. Functionally, the urocortin peptides have been shown to have potent local vasodilatory ef-

fects, and may affect other aspects of vascular function. In this review, we will attempt to distinguish the “cardio” from the

“vascular” effects of urocortin and its homologues, including the archetypal family member, corticotrophin releasing hormone.
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Abbreviations: Ang II – angiotensin II, CRH – corticotrophin

releasing hormone, CRH-R – CRH receptor, iPLA2 – Ca2+-in-

dependent phospholipase A2, MABP – mean arterial blood

pressure, MAPK – mitogen activated protein kinase, NO – ni-

tric oxide, NOS – nitric oxide synthase), PKA – cAMP-

dependent protein kinase A, PI3K – phosphoinositide 3-kinase,

Ucn – urocortin

Introduction

Urocortin (Ucn 1) is an endogenously produced pep-

tide hormone that shows great promise as a potential

drug for the treatment of heart disease. It is able to in-

crease cardiac output, cardiac contractility and heart

rate with only small increases or even decreases in

mean arterial pressure and systemic vascular resis-

tance (reviewed in [20]). However, in order to opti-

mize its therapeutic efficacy, it is important to

understand its pharmacology and to have a basic un-

derstanding of its mechanism/s of action. In particu-

lar, since its receptors are present in various organs, it

is useful to be able to separate out local effects from

systemic or centrally mediated effects. Furthermore,

target tissues such as the heart contain numerous cell

types that might additionally mediate some of the ef-

fects of urocortin and its homologues. Since endothe-

lial dysfunction contributes to the development of

heart failure [7], an optimal therapeutic agent for

heart disease might be anticipated to improve endo-

thelial function, as well as myocyte function. Here,

we review the known cardiovascular effects of uro-

cortin, and discuss how some of these effects are due

to direct interaction with cardiomyocytes, while oth-

ers appear to be mediated via the endothelium.
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Tab. 1. Sequence alignment of human CRH family peptides

Sequences were aligned using ClustalW2 then highlighted using Boxshade 3.21, which shades conserved residues according to whether they
are completely conserved (black), or similar (grey)

Tab. 2. The distribution of the CRH peptides (A), and CRH receptors (B), in the heart

A

Localization
Peptide

CRH Ucn 1 Ucn 2/SRP Ucn 3/SCP

Heart � human mRNA [47]

� human protein [47]

� human mRNA [47]

� human protein [47]

� human protein [55]

� mouse mRNA[15]

� human mRNA & protein
[38]

� mouse mRNA [52]

� human mRNA (weak) [38]

� human protein [73]

� human protein [61]

Myocytes � rat neonatal mRNA [56]

� rat neonatal mRNA [9]

� rat neonatal mRNA [55]

� rat mRNA [6]

� neonatal mouse mRNA
[55]

� rat mRNA [6]

Fibroblasts � rat neonatal mRNA [55] � neonatal mouse mRNA
[55]

Endothelial cells � human protein [37] � rat protein [40] � human endocardium
protein [73]

Smooth muscle cells � rat protein [40]

B

Localization
Receptor

CRH-R1 CRH-R21 CRH-R2� CRH-R2�

Heart � human mRNA [47] � human mRNA [47] � human mRNA LA2 [47]

Myocytes � neonatal mouse mRNA
[55]

� human binding activity
[79]

� neonatal mouse mRNA
[55]

� neonatal mouse mRNA
[55]

Fibroblasts � neonatal mouse mRNA
[55]

� neonatal mouse mRNA
[55]

� neonatal mouse mRNA
[55]

Endothelial cells � human mRNA & protein
[78]

� human binding activity
[79]

Smooth muscle cells

Localization has been determined for mRNA or protein, or receptor binding activity as indicated.� = detected, � = not detected. Blank panels
indicate no data available. 1 CRH-R2 splice variant was not determined in these studies. 2 LA = left atrium only



Urocortin belongs to a family of hormones that are

highly evolutionarily conserved (Tab. 1) [26]. Corti-

cotrophin releasing hormone (CRH), the archetypal

member of this peptide family, is expressed primarily

in the brain, where it has an important role in regulat-

ing thermogenesis and energy homeostasis [26, 55]. It

is unlikely to have major direct effects on the heart

since it is not expressed there locally, and its plasma

concentration is very low. However, there are now

three known mammalian paralogues of CRH that are

detectable in plasma – these are called urocortin

(Ucn 1), urocortin 2 (Ucn 2, also called stresscopin-

related peptide or SRP)[39] and urocortin 3 (Ucn 3,

also called stresscopin or SCP) [39]. The term “uro-

cortin”, when used here, refers to all of the paralogues

– Ucn 1, Ucn 2 and Ucn 3.

There are two receptors that can bind CRH, CRH-R1

and CRH-R2. Both belong to the G-protein coupled,

seven transmembrane domain receptor family (GPCR),

and couple to multiple signal transduction pathways

including those involving cAMP/PKA, MAPK,

NO/cGMP, and calcium channels (reviewed in [37]).

Both receptors are expressed in the brain, though only

CRH-R2 is detected in the heart. In cell-based assays,

Ucn 1 can bind and activate both receptors, though it is

more potent than CRH at activating CRH-R2 [73]. Ucn

2 and Ucn 3, however, activate only CRH-R2 and not

CRH-R1 [39, 50] – they therefore represent therapeu-

tic agents with potential cardiac-specificity. They are

also highly potent, and increase cAMP levels in cells

expressing CRH-R2 with an EC50 of 10–9 – 10–10 M

[39, 50, 73], although in some studies, Ucn 2 is less

potent [39]. There are two splice variants of CRH-R2

– which may have different expression patterns [46] –

however, binding studies indicate they have very

similar binding affinities [39, 50].

The CRH peptides are widely expressed in the brain,

although their level of expression is variable and

mainly restricted to neurons in certain regions [26].

Ucn 1 and Ucn 2 are widely expressed in the cardio-

vascular system as well as other tissues, particularly

adrenals, placenta, endometrium, the immune system

and the digestive system (reviewed in [26]). There may

be some species-specific differences in expression,

since no Ucn 2 mRNA was detected in mouse heart by

RNAse protection assay [16], despite strong levels

having been detected by RT-PCR of human heart sam-

ples [39] (Tab. 2). On the other hand, this may be

a matter of sensitivity since RT-PCR was able to detect

Ucn 2 expression in isolated rat neonatal cardiomyo-

cytes [9]. Similarly, although Ucn 3 mRNA was not

detected in the mouse heart [50] or isolated neonatal

rat cardiomyocytes [9], it was detectable in human

heart samples by RT-PCR [39], corresponding to ap-

proximately 0.74–1.15 pmol/g wet weight Ucn 3 pro-

tein when measured by radioimmunoassay [69].

Since unmodified urocortin peptides have a rea-

sonably long half-life in plasma, circulating urocortin

may be more relevant to cardiovascular regulation. In

normal sheep, arterial plasma Ucn 1 measures 15.2 ±

0.5 pM and this increases with heart failure to 19.1 ±

1.6 pM, though it appears to be secreted not by the

heart, but by other organs such as the liver and kidney

[15]. In contrast, Ucn 1 in tail vein blood rose from

undetectable levels to ~8 pM following sublethal car-

diac ischemia and reperfusion in rats [47]. Experi-

ments with isolated perfused rat hearts indicate that

some of this Ucn 1 originates from the heart itself

[47], suggesting that acute ischemia might induce lo-

cal release. An increase in plasma Ucn 1 levels has

also been observed, from ~19 pM in normal human

males to ~50 pM in those with systolic heart failure

[52]. In another study, ~11 pM plasma Ucn 1 was

measured in humans with stable congestive cardiac

failure [24]. Ucn 2 has been detected in healthy hu-

man plasma at 90 pM (95% CI 50–170 pM) [21], in-

creasing to 230 pM (95% CI 40–420 pM) in heart fail-

ure patients [22]. Only one study has reported the

plasma concentration of Ucn 3, which was 52 ± 16 pM

in healthy human subjects [69].

In considering the effect of Ucn on the heart, it is

important to bear in mind that Ucn may potentially

have effects independently even from the myocar-

dium or vasculature. For example, injection of CRH

or Ucn 3 into the brain has been shown to modulate

cardiovascular function by increasing plasma cate-

cholamines [17]. However, when administered to rats

intravenously, the same dose had no effect on mean

arterial blood pressure or heart rate [17]. Using direct

measurements of cardiac efferent sympathetic neural

activity in conscious sheep, bolus intravenous admini-

stration of 2.5 �g to 100 �g Ucn 1 was found to re-

duce cardiac sympathetic nerve activity, independ-

ently of effects on hemodynamic parameters, includ-

ing heart rate, mean arterial pressure and cardiac

output, and with no changes in plasma norepinephrine

or epinephrine levels [14]. These doses raised circu-

lating levels of peptide to approximately 50 and 250 pM

in the low-dose group and to approximately 1200 and

5000 pM, i.e., to pathophysiological and pharmacol-
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ogical ranges, respectively, at higher doses. On the

other hand, Ucn 1 is also able to induce increases in

cardiac output, heart rate and cardiac contractility in

the absence of an intact autonomic nervous system,

i.e.: in sheep subjected to ganglionic blockade with

hexamethonium [57]. These responses must be coor-

dinated by CRH receptors present in cells of the heart.

Which cell types express the CRH

receptor in the heart?

Most of the above studies examining tissue expres-

sion levels of CRH receptor have used whole tissue

samples containing blood vessels, fibroblasts, and po-

tentially even hematopoietic cells, etc. Other analyses

have revealed that expression is cell-type restricted

(Tab. 2). For example, in one experiment comparing

cultured neonatal rat myocytes with cardiac fibro-

blasts, quantitative RT-PCR revealed CRH-R2� ex-

pression predominantly in the myocytes, but not fi-

broblasts [53]. However, by in situ hybridization,

a much higher level of CHR-R2 mRNA was localized

to the arterioles within the myocardium than in the

cardiomyocytes themselves [58]. Similarly, high lev-

els of CRH-R2� protein have been detected in the rat

aortic vascular endothelium [44] and CRH-R2 was

detected in human coronary artery and microvascular

endothelial cells [74] as well as the endothelium of

various other vascular beds [12, 26]. Indeed, ~80% of

the specific binding of radio-labeled CRH to rabbit

aortas was localized to the endothelial layer [19].

In a particularly informative experiment, sections

of human left ventricle were incubated with [125I]-

antisauvagine – a truncated form of the amphibian

CRH-R agonist “sauvagine”, a receptor antagonist

that binds with up to 1000-fold selectivity for CRH-

R2 [75]. This experiment revealed that the density of

CRH-R2 receptors was actually ~5.7 fold greater in

small intramyocardial blood vessels of human LV (di-

ameters < 200 �m), than in cardiomyocytes (Fig. 1)

[75]. The overall receptor binding density was of

a similar order to that of other cardiovascular recep-

tors such as the AT1 receptor (~1 fmol/mg protein)

[75]. This illustrates the potential significance of the

endothelial effects of CRH-R2 ligands.

Which cells express the CRH family

peptides in the heart?

Given that CRH peptides are found in the blood, and

that the highest levels of the receptor may be in the

cardiac vasculature, it is possible that urocortins act
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Fig. 1. Distribution of the CRH receptor in human left ventricle as determined by binding of 0.2 nM [125I]antisauvagine 30 to a tissue section.
(A) Total binding and (B) nonspecific binding [75]. CA, coronary artery; IMB, intramyocardial blood vessel; M, myocardium. Reprinted with per-
mission from Macmillan Publishers Ltd.: British Journal of Pharmacology, 143 (2004) 508–514, copyright (2004)



primarily as systemically produced hormones that can

influence cardiac function. However, there is also the

possibility of locally restricted regulation by urocortin

if it is indeed produced by cells in the heart. There-

fore, it is important to establish which cells in the

heart might actually produce the CRH peptides in the

heart (Tab. 2). The above-cited study comparing cul-

tured neonatal rat cardiac fibroblasts and neonatal car-

diac cardiomyocytes detected Ucn 1 mRNA in both

cell types by quantitative RT-PCR [53]. Ucn 1 immu-

noreactivity was detected in the myocytes of human

hearts, with a significantly increased intensity of

staining in failing hearts [53]. Strong Ucn 1 immuno-

reactivity has also been localized to the endothelial

layer of coronary arteries and microvessels in rats and

humans, though it was not present in smooth muscle

cells [38, 40]. Immunoreactivity for Ucn 2 was identi-

fied in the mouse myocardium, particularly in the

atrium, and not in a large coronary blood vessel, but

the low magnification of the published image makes it

impossible to determine whether the microvessels ex-

pressed Ucn 2 [39]. Immunoreactivity for Ucn 3 has

been identified in human cardiomyocytes, but not in

endocardium or pericardial adipocytes [69].

Evidence from in vitro studies suggests that cardiac

fibroblasts may also be able to secrete Ucn 1 [41], but

the question remains as to whether this Ucn is free to

enter into the circulation, or whether it instead acts lo-

cally on cells expressing CRH-R2. It is not known

whether the Ucn 1 observed in the perfusate of isolated

rat hearts originates from endothelial cells or myo-

cytes. In other vascular beds such as human umbilical

veins, the endothelium appears to be capable of releas-

ing CRH peptides [68]. Indeed, expression and release

of Ucn 1 from human endothelial cells was increased

by treatment with pitavastatin, and serum Ucn 1 levels

in healthy male volunteers increased from 11.0 ± 6.5 to

16.4 ± 7.3 ng/ml after treatment with pitavastatin

(2 mg/day) for 4 weeks [38]. Treatment with 10 nM

Ucn 1 suppressed angiotensin II-induced ROS in iso-

lated endothelial cells [38], suggesting that Ucn may

mediate part of the pleiotropic effects of statins.

The effects of CRH ligands on cardiac

myocytes

CRH-related peptides have potent inotropic and lusi-

tropic effects on the hearts of rats and sheep [5, 56,

70] caused by activation of the CRH-R2 receptor [5,

18], and independent of �-adrenergic receptors [5].

This appears to be due to direct activation of CRH-R2

in cardiomyocytes, since Ucn 2 has the same effect on

isolated cardiomyocytes via CRH-R2-mediated sti-

mulation of PKA, with an EC50 of 10.7 nM, a similar

potency to that observed in vivo [78].

Each of the CRH peptides have been shown to

have potent cardioprotective properties both in vivo

and in vitro in the isolated perfused rat heart, and they

can also directly protect isolated cardiomyocytes from

simulated ischemia and reperfusion injury [9, 10, 47,

54, 71]. This must involve the rapid activation of pro-

tective signaling pathway/s, since protection can also

be achieved by administration of Ucn peptides during

the early minutes of reperfusion [65], when myocyte

damage is believed to rapidly accrue [35]. Indeed, in-

hibition of either the PI3K/Akt [9, 11] or ERK1/2

MAPK [67] signaling kinase pathways at reperfusion

eliminates the protection afforded by Ucn peptides

(reviewed in [20, 48]). These pathways have been col-

lectively identified as the “reperfusion injury salvage

kinase (RISK)” pathways [34, 67], and evidence sug-

gests they underlie most, if not all, acute cardioprotec-

tive mechanisms [35].

Incubation of isolated myocytes with Ucn peptides

also induces a hypertrophic response, namely an in-

crease in secretion of atrial natriuretic peptide (ANP)

and brain natriuretic peptide (BNP), as well as an in-

crease in protein synthesis activity [13, 42, 43, 64].

This appears to involve the PI3K/Akt but not the

ERK1/2 MAPK pathway [13] and is also blunted by

the PKA inhibitor, H-89 [43].

If circulating Ucn peptides are to influence cardiac

function by directly binding receptors on cardiomyo-

cytes in the intact heart, one question which remains

to be addressed is how readily Ucn can cross the con-

tinual, non-fenestrated endothelial layer which lines

the cardiac vasculature. In mice, intravenously in-

jected Ucn 1 does not enter the brain, presumably be-

cause of the blood-brain-barrier, which may be con-

sidered as an impermeable barrier formed by peri-

cytes, astrocytes and endothelial cells [8]. During

hyperglycemia or in the presence of leptin, however,

Ucn binds CRH-R2 and is transported unidirection-

ally across the endothelial cells of the blood-brain-

barrier (reviewed in [55]). It is not known if a similar

mechanism exists to regulate access of Ucn to the car-

diac parenchyma. There is strong evidence, however,

that Ucn can bind to cardiac endothelial cells and
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modulate vascular tone and function, as described in

the following section.

The effect of CRH ligands on vascular

tension

Intravenous administration of Ucn 1 causes a strong and

sustained vasodilatory response in mice, which is absent

in those lacking CRH-R2 [3, 18, 73]. These mice also

have elevated resting mean arterial blood pressure

(MABP) [18], suggesting that basal systemic vascular

tone is influenced by CRH-R2. This led to the proposal

that CRH peptides have distinct roles in the brain and in

the body; intracerebrovascular CRH stimulates nora-

drenergic sympathetic nervous outflow, increasing mean

arterial pressure and regional blood flow appropriate for

the “fight-or-flight” response [1, 27], whereas peripheral

CRH-R2 signals restore homeostasis during the recov-

ery phase of the stress response [18].

In contrast to the effects noted in rodents, however,

hypotensive effects have only been detected in mon-

keys and in humans at the highest doses of CRH used

[36, 72], perhaps because lower effective plasma con-

centrations were obtained in these studies. Similarly,

in humans, no in vivo hemodynamic effects of Ucn 1

were observed following intravenous administration

[23, 24], despite hemodynamic effects having been

observed with Ucn 1 in sheep [56, 61]. Even in sheep,

the hemodynamic effects of Ucn 1 are augmented in

heart failure compared to healthy sheep [61], raising

the possibility that various factors (i.e.: species, health

status, effective plasma concentration), contribute to

the heterogeneity in responses. Further evidence that

the systemic, homeostatic regulatory system involv-

ing CRH-R2 is more highly activated during disease

comes from experiments in which sheep were injected

with an antagonist of the CRH receptors. In those

with experimental heart failure there was an increase

in MABP, but in healthy sheep the increase was non-

significant (though the trend remained) [62].

More consistent results have been obtained after

administration of Ucn 2, which decreased MABP both

in normal sheep and humans, and in those with heart

failure [21, 22, 59]. Interestingly, it was suggested in

the human study that the decrease in blood pressure

may have contributed to the increase in cardiac output

by reducing afterload, though it was not possible to

distinguish this possibility from any direct inotropic

effect that Ucn 2 may have on the heart [21]. It seems

quite likely that some of the changes in vascular ten-

sion may be confounded by several variables, includ-

ing changes in cardiac contractile activity. For exam-

ple, the tachycardia observed in rats injected with

Ucn 1 or Ucn 2 is due to autonomic nervous activa-

tion, mainly through baroreflex mechanisms [30].

The vascular effects of Ucn peptides may be spe-

cific or localized to particular organs. For example,

the immediate hypotensive response to CRH peptides

is believed to be due mainly to vasodilation of mesen-

teric arteries [49]. A number of studies have evaluated

the direct vasorelaxant properties of Ucn in isolated

organs. The CRH-induced vasorelaxation of isolated

rat mesenteric resistance arteries was originally found

to be endothelial-independent [49], though a later study

revealed a second component to the response which

was endothelial-dependent and involved eNOS [6].

To some extent, whether Ucn-mediated vasorelaxa-

tion is mediated by the endothelium via nitric oxide re-

lease or by direct actions on smooth muscle may de-

pend on the tissue of origin. For example, Ucn 1-me-

diated vasodilation requires intact endothelium in

uterine arteries [45], but not in rat isolated basilar arter-

ies [66]. With respect to the heart, CRF, Ucn 1 and Ucn

2 have all been shown to cause direct coronary artery

vasodilation [31, 32, 40, 70]. In pigs, coronary vasodi-

lation in response to Ucn 2 was found to be NOS-de-

pendent [31], strongly suggesting the involvement of

the endothelium. Nitric oxide was also required for the

sustained increase in coronary flow in the isolated per-

fused working rat heart model exposed to CRH, al-

though there seems to be an additional nitric oxide-

independent component [32]. Similarly, Ucn 1 – medi-

ated vasodilation of rat coronary arteries appears to

have both an endothelial-dependent and an endothelial-

independent component [40, 70]. The endothelium-

dependent component has an IC50 of 2.5 nM and is

mediated by endothelial nitric oxide and subsequent

activation of Ba2+-sensitive K+ channels, while the

endothelium-independent component has an IC50 of

16.5 nM and is cyclic GMP-dependent [40, 79].

Other vascular effects of CRH ligands

In addition to causing coronary vasorelaxation itself,

Ucn 1 protects coronary endothelial function against

the damage of ischemia-reperfusion, preserving vaso-
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relaxation in response to acetylcholine [28, 29]. Endo-

thelial survival in response to ischemia and reperfu-

sion is also improved by Ucn 1 treatment, with lower

levels of apoptosis detected in the isolated perfused rat

heart after co-immunostaining with antibodies against

active caspase 3 and von Willebrand factor [65].

It has been suggested that Ucn may also have some

detrimental effects on the endothelium [76], however,

the evidence is mixed and may be species-specific.

Yang et al. measured elevated activity of angiotensin

converting enzyme (ACE) in the tissue of rats admin-

istered Ucn 1 intravenously and in aortic endothelial

cells treated with Ucn 1 [76, 77]. This would be ex-

pected to increase the levels of bioactive Ang II,

which is vasoconstrictive and prothrombotic. On the

other hand, serum ACE levels were decreased in the

same rats [77]. In sheep with experimental heart fail-

ure, endogenous urocortins reduce vascular tone and

renin-aldosterone/endothelin activity [62], and ad-

ministration of Ucn 1 strongly decreased plasma

Ang II levels [61]. Elevated Ang II levels were de-

tected in healthy humans injected intravenously with

Ucn 2 but only at high doses (i.e.: bolus of 100 �g at-

taining plasma Ucn 2 levels of nearly 500 pM) [21].

The effect of Ucn 2 on Ang II levels in heart failure

patients cannot be determined from published experi-

ments since the majority of these patients were receiv-

ing ACE inhibitors [22, 23].

There is accumulating evidence that Ucn peptides

can modulate the immune response via binding recep-

tors of both type CRH-R1 and CRH-R2 that have been

identified in monocytes, macrophages and T lympho-

cytes [26] (reviewed in [2]). Given that some of these

cell types also express CRH peptides, it is possible that

they might have detrimental, pro-inflammatory effects

on the endothelium, for example increasing the perme-

ability of the brain microvessel endothelial layer in the

blood-brain barrier [25]. On the other hand, peripheral

injection of urocortins has been shown to decrease

edema in rat paws exposed to heat [39].

Urocortins may also have more profound, long-term

effects on the vasculature, although this has not yet

been extensively investigated. Ligands of CRH-R2

may confer tonic inhibition of vascularization since

mice lacking CRH-R2 develop profound postnatal hy-

pervascularization [4]. Treatment with CRH-R2 ago-

nists can also inhibit capillary formation by endothelial

cells in vitro [4], and also strikingly inhibits the growth

and vascularization of some tumors in vivo [33].

In summary, urocortins appear to have varied and

powerful regulatory effects on vascular and endothe-

lial survival, proliferation and function, though many

questions remain to be addressed in this area. For ex-

ample, would the cardioprotective benefits of long-

term treatment with Ucn in heart failure be out-

weighed by its apparent anti-angiogenic properties?

Therapeutic potential

In view of the highly favorable effects on the heart,

CRH peptides have been proposed as pharmacologi-

cal agents for the treatment of heart disease. Studies

are underway to test the potential utility of CRH pep-

tide for anxiety-related disorders, but the urocortins

are viewed as having greater potential in treating car-

diovascular disease. Indeed, phase I clinical studies

using Ucn 2 have already been performed, with phase

II studies being planned. A recent study of experimen-

tal heart failure found that co-treatment with Ucn 2

was more beneficial than treatment with an ACE in-

hibitor alone [63]. Since each of the urocortins is be-

lieved to activate the same receptor, potential differ-

ences in therapeutic efficacy are likely to lie in their

slightly different pharmacokinetic profiles. The half-

life of Ucn 1 has been determined to be 52 min [24] or

54 ± 3 min [23], compared to a half-life of Ucn 2 in

healthy humans of 10.1 min [22]. Ucn 3 appears to

have a more rapid onset of action and a shorter dura-

tion of action [60].

Ucn may have additional protective qualities in-

cluding antioxidative properties. For example, treat-

ment of obese db/db mice with Ucn 1 decreased gly-

cation and malondialdehyde levels, ameliorating dia-

betic nephropathy without affecting blood glucose or

insulin, though the mechanism is unknown [51].

Similarly, levels of oxidative stress caused by ische-

mia and reperfusion injury in isolated rat hearts was

dramatically reduced by Ucn treatment, which trans-

lated into significantly decreased size of infarct [71].

As mentioned, Ucn has also been observed to de-

crease Ang II-stimulated ROS production [38].

Conclusion

Since the original discovery of the central role of

CRH in brain function, the known roles for the other
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members of the family – the urocortins – have ex-

panded throughout the other organs of the body. This

separation of roles is perhaps not so surprising when

one appreciates the fact that the urocortins are actu-

ally more similar in sequence to each other and to uro-

tensin – a protein in fish with roles in systemic ho-

meostasis – than to CRH [73]. Even within a single

organ, the variable expression of CRH-R2 across dif-

ferent cell types suggests multiple roles for its

ligands. For example, whereas in vitro studies can

demonstrate the efficacy of urocortins in protecting

against ischemia and reperfusion injury in cardiomyo-

cytes, this does not exclude the possibility that they

also protect the function of coronary vasculature, as

has been determined in studies using isolated perfused

hearts. The relative importance of these activities in

the intact heart is difficult to determine. Although

CRH-R2 is around five times more abundant on the

surface of endothelial cells than on cardiomyocytes,

suggesting a more prominent role for urocortin in the

coronary vasculature, perhaps its abundance there ac-

tually reflects a role in the specific transport of uro-

cortin across the endothelial layer to the cardiomyo-

cytes, as has been demonstrated in the brain. Certainly

the inotropic effects of intravenously administered

urocortins indicate a direct role for urocortin on car-

diomyocytes in vivo, yet the involvement of CRH-R2

ligands in inhibiting neovascularization also indicates

they have powerful roles in regulating angiogenesis.

It is likely, it will not be possible to selectively acti-

vate the receptors in just one organ or cell type, there-

fore it is important to understand the range of effects

that urocortin has in each of them. There seem to be

some species-specific differences in this regard. Pro-

misingly, however, the majority of the effects ex-

plored thus far appear to be beneficial in terms of hu-

man therapy, although longer term studies in humans

remain to be performed.
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