sEe=r AN

ELSEVIER

Available online at www.sciencedirect.com e

science (oineer:

European Journal of Pharmacology 466 (2003) 317-321

www.elsevier.com/locate/ejphar

Regional haemodynamic effects of urocortin in the anaesthetized rat
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Abstract

Urocortin is an endogenous vasodilator peptide that is related to corticotrophin-releasing factor. We examined the haemodynamic effects
of urocortin in thiobutabarbital-anaesthetized rats, via the triple-isotope microspheres technique. Urocortin (3 nmol/kg, i.v. bolus) reduced
mean arterial pressure (—25 mm Hg) through a decrease in total peripheral resistance ( —43%). This was associated with an increase in
cardiac output (+24%) and vasodilatation of the following tissues: heart and stomach ( = 300% of baseline); liver, intestine, caecum/colon,
skeletal muscle and skin ( = 200%); and testes ( = 150%). Arterial conductances of the kidneys, spleen and brain were unaffected by
urocortin. Neither the vehicle (0.9% NaCl) nor a low dose of urocortin (0.3 nmol/kg) altered any measurements. Therefore, urocortin causes
generalized vasodilatation as follows: heart and stomach>liver, intestine, caccum/colon, skeletal muscle and skin>testes.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Urocortin is a 40-amino acid peptide that belongs to the
family of corticotrophin-releasing factor (Vaughan et al.,
1995), which is also known as corticotrophin-releasing
hormone. Urocortin has 45% sequence identity to rat and
human corticotrophin-releasing factor and 63% sequence
identity to fish urotensin (Vaughan et al., 1995). Urocortin
mRNA has been detected in the brain (Takahashi et al.,
1998) and periphery, which includes the heart (Okosi et al.,
1998; Kimura et al., 2002), and the gastrointestinal tract,
thymus and spleen (Kageyama et al., 1999). The actions of
urocortin and related peptides are mediated through the
activation of two distinct corticotrophin-releasing hormone
receptors, CRF; and CRF, (Vaughan et al., 1995). Urocortin
and corticotrophin-releasing factor have similar affinity for
the CRF, receptor, but urocortin has a greater affinity than
corticotrophin-releasing factor for the CRF, receptor
(Vaughan et al., 1995). CRF; receptor mRNA is widely
expressed in the brain and pituitary, and to a less extent, in
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peripheral tissues. CRF, receptors, on the other hand, exist
in three functional splice variants, CRF,4 552c (for a
review, see Dautzenberg and Hauger, 2002). The mRNA
for CRF,4 is found in the brain, whereas mRNA for CRF,5
is present in the brain as well as periphery, most notably in
the heart, skeletal muscle and, to a less extent, in the lungs
and intestine (Lovenberg et al., 1995). In addition, CRF,p
mRNA is found to locate predominantly on arterioles of the
heart and brain (Lovenberg et al., 1995).

Intravenous injection of urocortin causes a long-lasting
depressor response and tachycardia in conscious and anaes-
thetized rats (Parkes et al., 2001; Vaughan et al., 1995) and
anaesthetized mice (Cohen et al., 2000), but a long-lasting
pressor response in conscious sheep (Parkes et al., 1997).
Urocortin induces the vasodilatation of in vitro preparations
such as the isolated rat coronary (Huang et al., 2002), basilar
(Schilling et al., 1998) and tail (Lubomirov et al., 2001)
arteries, and isolated perfused human fetal placental artery
(Leitch et al., 1998) and isolated rat heart (Terui et al.,
2001).

The in vivo vasodilator profile of urocortin is not known.
The aim of the present study was to examine the spectrum of
the dilator action of urocortin in regional beds of the
anaesthetized rat.
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2. Material and methods
2.1. Animal preparation

Male Sprague—Dawley rats (350—400 g) were anaes-
thetized with thiobutabarbital (100 mg/kg i.p.). Cannulae
filled with heparinized normal saline (0.9% NaCl, 25 L.U./
ml) were inserted into the left ventricle via the right carotid
artery for the injection of radioactively labelled micro-
spheres, and into the right femoral artery for blood with-
drawal, as required for the measurement of flow and
cardiac output (Pang, 1983). Cannulae were also inserted
into the left femoral artery and vein for the recording of
mean arterial pressure by a pressure transducer (PD23DB,
Gould, Statham, CA, USA) and the injection of urocortin,
respectively. Heart rate was derived electronically from the
upstroke of the arterial pulse pressure by a Grass 7P4G
tachograph.

2.2. Measurement of cardiac output and regional blood flow

A well-stirred suspension (100—200 pl) containing
20,000—-40,000 microspheres (15 pm diameter) labelled
with either *’Co, '"*Sn or '®*Ru (Perkin-Elmer Life
Sciences, Boston, MA, USA) was injected and flushed
over 10 s into the left ventricle. Beginning at 10 s before
the injection of each set of microspheres, blood was
withdrawn (Harvard infusion/withdrawal pump) from the
right femoral arterial cannula into a heparinized saline-
filled syringe at 0.35 ml/min for 45 s. The order of the
administration of the microspheres for each group was as
follows: Co—Sn—Ru (n=2), Sn—Ru—Co (n=2) and Ru-—
Co—Sn (n=2). At the end of the experiments, blood
samples, whole organs, as well as 30 g each of skeletal
muscle (from areas of the chest, abdomen, back and
forelimb) and skin (from areas of the chest, abdomen
and back) were removed for the counting of radioactivity
(in counts per min or cpm) using a 1185 Searle Automatic
Gamma Counter (Nuclear-Chicago, IL, USA) with a 3-in.
Nal crystal. Corrections were made for the spillover of
radioactivity from ''*Sn into the *’Co channel (24%), and
for spillover of '“Ru into the ’Co and ''*Sn channels
(30% and 8%, respectively).

2.3. Experimental protocol

Rats were divided into two groups (n=6) and given
30 min to stabilize. A first set of microspheres was
injected into the two groups to determine baseline flow
followed by injection of the other two sets at intervals of
20 min. From the results of our preliminary studies, two
doses of urocortin were chosen: a low dose (0.3 nmol/kg)
that caused a small (—5 mm Hg, ED;y_,9) decrease in
mean arterial pressure, and a higher dose (3 nmol/kg,
EDgs_95) that induced prolonged hypotension. These
doses were determined from additional preliminary

experiments. Both doses of urocortin or the vehicle
(equivalent volumes of 0.9% NaCl) were injected at the
plateau phase of response to urocortin, at =3-5 min
before the injection of each set of microspheres.

2.4. Calculations

CO(ml/min)

_ Blood withdrawal rate(ml/min) x total injected cpm

cpm in withdrawn blood

Total peripheral resistance(TPR, mm Hg min/ml)

~ MAP(mm Hg)
~ CO(ml/min)

Blood flow(ml/min)

_ Blood withdrawal rate(ml/min) x tissue cpm

cpm in withdrawn blood

Arterial conductance(ml/mm Hg min)

~ Blood flow(ml/min)
- MAP(mm Hg)

2.5. Drugs

Urocortin (Sigma, MO, USA) was dissolved in distilled
water and kept in aliquots at —20°C until use. Thiobuta-
barbital (Inactin) was from Sigma.

2.6. Statistical analysis

All data are shown as mean = standard error of the
mean (S.E.M.). To render the homogeneity of variance, the
data of flow and conductance were log-transformed prior
to statistical analysis by repeated-measures analysis of
variance, followed by Tukey’s test, with P<0.05 selected
as the criterion for statistical significance.

3. Results

Intravenous injection of saline did not significantly
affect mean arterial pressure, heart rate, cardiac output
and total peripheral resistance (Fig. 1) or blood flow to
any organs or tissue (Table 1). Since the vehicle did not
alter mean arterial pressure or regional flow, it also did not
affect arterial conductances (ratio of blood flow to mean
arterial pressure) of any organs or tissue (results not
shown).

The low dose of urocortin (0.3 nmol/kg) did not signifi-
cantly affect mean arterial pressure, total peripheral resist-
ance, heart rate, cardiac output, or regional arterial flows and
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Fig. 1. Effects (means = S.E.M.) of urocortin (0.3 and 3 nmol/kg) and
vehicle (0.9% NaCl) on mean arterial pressure, heart rate, cardiac output
and total peripheral resistance (TPR) in two groups of thiobutabarbital-
anaesthetized rats (n=06). C= pretreatment baseline; V = vehicle; 0.3U =ur-
ocortin (0.3 nmol/kg), and 3U=urocortin (3 nmol/kg). *Significantly
different from baseline ( P<0.05).

conductance (Figs. 1 and 2). The high dose (3 nmol/kg)
decreased mean arterial pressure (—25 mm Hg) and total
peripheral resistance ( —43%) and increased cardiac output
(+24%), but it did not significantly affect heart rate. The
high dose also increased flows to the heart, liver, stomach,
caecum and colon, skeletal muscle and skin, but it reduced
flow to the kidneys (Fig. 2). When flow was normalised by
arterial pressure to reflect intrinsic vascular tone, the high
dose was found to increase arterial conductance of all
tissues, except the kidneys, spleen and brain (Fig. 2). Its

Table 1
Effects (means = S.E.M.) of vehicle (0.9% NaCl) on blood flow (ml/min)
in thiobutabarbital-anaesthetized rats (n=6 each)

Organ Baseline Vehicle Vehicle
Heart 321 +32 362+ 45 296 + 37
Liver 15£3 16 £3 13£2
Stomach 65+ 11 60+ 7 6719
Intestine 127+ 17 141 £ 16 130 £ 13
Colon + caecum 110 £ 16 107 £ 13 87+ 10
Kidneys 516 +43 554 + 62 484 + 66
Spleen 199 + 36 140 + 47 202 +42
Muscle 87+ 10 85+ 11 66+ 7
Skin 167 + 32 182 £21 166 + 17
Testes 25+2 30+4 32+4
Brain 66+ 9 80+ 17 80+ 13

Flows (per 100 g tissue), except for muscle and skin (per 1000 g tissue).
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Fig. 2. Effects (means + S.E.M.) of urocortin (0.3 and 3 nmol/kg) on blood
flow (A) and arterial conductance (B) in thiobutabarbital-anaesthetized rats
(n=6). Values of flow and conductance are expressed as per 100 g of
tissues from the heart (He), liver (Li), stomach (St), intestine (In), colon
plus caecum (Co), kidneys (Ki), spleen (Sp), testes (Te) and brain (Br), and
as per 1000 g of tissues from the skeletal muscle (Mu) and skin (Sk).
*Significantly different from baseline (2 <0.05).

dilator influence was more prominent in the heart and
stomach (= 300% of baseline) than the liver, intestine,
caecum/colon, skeletal muscle and skin (= 200%), and
the testes ( = 150%).

4. Discussion

The low dose of urocortin caused insignificant changes in
arterial pressure and haemodynamics, which were generally
along the same direction as those produced by the high dose.
The high dose of urocortin decreased arterial pressure
via vasodilatation as revealed by the marked decrease in
total peripheral resistance. Urocortin slightly increased car-
diac output, and this was likely due to decreased flow
resistance, since heart rate was unchanged. Depressor
response (Vaughan et al., 1995; Parkes et al., 2001) and
tachycardia (Parkes et al., 2001) to intravenous injection of
urocortin have been reported. The lack of tachycardic
response to urocortin in the present study was likely
secondary to the effect of the anaesthetic thiobutabarbital
which possibly depressed baroreflex activity. Our results
also show that the most prominent dilator action of uro-
cortin is in the heart and stomach, followed by the liver,
skin, skeletal muscle, colon/caecum, intestine and, lastly,
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the testes. There was, however, no increase in flow con-
ductance in the kidneys, spleen and brain, suggesting that
these tissues are the least sensitive to the dilator effect of
urocortin. Urocortin has been shown to increase coronary
arterial flow in the isolated perfused rat heart (Terui et al.,
2001) and to cause relaxation of isolated rat coronary artery
(Huang et al., 2002).

The vasodilator action of urocortin in the gastrointes-
tinal (stomach, intestine, colon/caeccum) and skeletal
muscle beds in the present study has not been reported
previously. It is of interest that the related peptide cortico-
trophin-releasing factor has been shown to increase mes-
enteric and hindquarter flows of conscious rats (Gardiner
et al., 1988). Corticotrophin-releasing factor has also been
shown to increase flows in the mesenteric bed of con-
scious dogs (Lenz et al., 1985), and both mesenteric and
common iliac arteries in anaesthetized cynomologus mon-
keys (Udelsman et al., 1986). In contrast, MacCannell et
al. (1984) have reported that corticotrophin-releasing fac-
tor causes selective dilatation of the mesenteric but not
coeliac artery. The dilator actions of urocortin in vascular
beds of the liver (hepatic arterial) and testes have not been
reported previously.

There are indications that urocortin may have a physio-
logical and/or pathophysiological role. Immunoreactivity
and mRNA for urocortin have been detected in the brain as
well as the periphery, such as the heart, gastrointestinal tract
and arterioles (see review by Parkes et al., 2001). Further-
more, urocortin has been shown to bind strongly to CRF,p
receptors, and CRF,5 mRNA is present on resistance arteries
and the heart (Lovenberg et al., 1995). As well, depressor
effect of urocortin is absent in mice with deficient CRF,
receptors (Bale et al., 2000; Coste et al., 2000), and mice
with deficient CRF, receptors have elevated blood pressure
(Coste et al., 2000). Lastly, the results from the present show
clearly that exogenously administered urocortin causes a
depressor response through peripheral vasodilatation. Taken
together, these results suggest a physiological vasodilator
role for urocortin.

To summarise, a depressor dose of urocortin causes
prominent vasodilatation of the heart and stomach, and to
a less extent, dilatation of the liver, intestine, caccum/colon,
skeletal muscle, skin and testes.

Acknowledgements

This work is supported by the Heart and Stroke
Foundation of B.C. and Yukon.

References

Bale, T.L., Contarino, A., Smith, G.W., Chan, R., Gold, L.H., Sawchenko,
P.E., Koob, G.F., Vale, W.W., Lee, K.F., 2000. Mice deficient for cor-

ticotropin-releasing hormone receptor-2 display anxiety-like behaviour
and are hypersensitive to stress. Nat. Genet. 24, 410—-414.

Cohen, M.L., Bloomquist, W., Li, D., Iyengar, S., 2000. Effect of acute and
subcutaneous urocortin on blood pressure and food consumption in 0b/0b
mice. Gen. Pharmacol. 34, 371-377.

Coste, S.C., Kesterson, R.A., Heldwein, K.A., Stevens, S.L., Heard, A.D.,
Hollis, J.H., Murray, S.E., Hill, J.K., Pantely, G.A., Hohimer, A.R.,
Hatton, D.C., Phillips, T.J., Finn, D.A., Low, M.J., Rittenberg, M.B.,
Stenzel, P., Stenzel-Poore, M.P., 2000. Abnormal adaptations to stress
and impaired cardiovascular function in mice lacking corticotropin-re-
leasing hormone receptor-2. Nat. Genet. 24, 403—-409.

Dautzenberg, B.M., Hauger, R.L., 2002. The CRF peptide family and their
receptors: yet more partners discovered. Trends Pharmacol. Sci. 23,
71-717.

Gardiner, S.M., Compton, A.M., Bennett, T., 1988. Regional haemody-
namic effects of depressor neuropeptides in conscious, unrestrained,
Long Evans and Brattleboro rats. Br. J. Pharmacol. 95, 197-208.

Huang, Y., Chan, F.L., Lau, C.-W., Tsang, S.-Y., He, G.-W., Chen, Z.-Y.,
Yao, X., 2002. Urocortin-induced endothelium-dependent relaxation of
rat coronary artery: role of nitric oxide and K* channels. Br. J. Pharma-
col. 135, 1467—1476.

Kageyama, K., Bradbury, M.J., Zhao, L., Blount, A.L., Vale, W.W., 1999.
Urocortin messenger ribonucleic acid: tissue distribution in the rat and
regulation in thymus by lipopolysaccharide and glucocorticoids. Endo-
crinology 140, 5651—-5658.

Kimura, Y., Takahashi, K., Totsune, K., Muramatsu, Y., Kaneko, C., Dar-
nel, A.D., Suzuki, T., Ebina, M., Nukiwa, T., Sasano, H., 2002. Ex-
pression of urocortin and corticotrophin-releasing factor receptor
subtypes in human heart. J. Clin. Endocrinol. Metab. 87, 340—346.

Leitch, .M., Boura, A.L.A., Botti, C., Read, M.A., Walters, W.A.W.,
Smith, R., 1998. Vasodilator actions of urocortin and related peptides
in the human perfused placenta in vitro. J. Clin. Endocrinol. Metab. 83,
4510-4513.

Lenz, HJ., Fisher, L.A., Vale, W.W., Brown, M.R., 1985. Corticotropin-
releasing factor, sauvagine and urotensin: 1. Effects on blood flow. Am.
J. Physiol. 249, R85-R90.

Lovenberg, T.W., Chalmers, D.T., Liu, C., Desouza, E.B., 1995. CRF,, and
CRF»;, receptor mRNAs are differentially distributed between the rat
central nervous system and peripheral tissues. Endocrinology 136,
4139-4142.

Lubomirov, L., Gagov, H., Petkova-Kirova, P., Duridanova, D., Kalentchuk,
V.U., Schubert, R., 2001. Urocortin relaxes rat tail arteries by a PKA-
mediated reduction of the sensitivity of the contractile apparatus for
calcium. Br. J. Pharmacol. 134, 1564—1570.

Maccannell, K.L., Hamilton, P.L., Lederis, K., Newton, C.A., Rivier, J.,
1984. Corticotropin-releasing factor-like peptides produce selective
dilatation of the dog mesenteric circulation. Gastroenterology 87,
94-102.

Okosi, A., Brar, B.K., Chan, M., D’Souza, L., Smith, E., Stephanou, A.,
Latchman, D.S., Chowdrey, H.S., Knight, R.A., 1998. Expression and
protective effects of urocortin in cardiac myocytes. Neuropeptides 32,
167-171.

Pang, C.C.Y., 1983. Effect of vasopressin antagonist and saralasin on region-
al blood flow following hemorrhage. Am. J. Physiol. 245, H749—-H755.

Parkes, D.G., Vaughan, J., Rivier, J., Vale, W., May, C.N., 1997. Cardiac
inotropic actions of urocortin in conscious sheep. Am. J. Physiol. 272,
H2115-H2122.

Parkes, D.G., Weisinger, R.S., May, C.N., 2001. Cardiovascular actions of
CRH and urocortin: an update. Peptides 22, 821-827.

Schilling, L., Kanzler, C., Schmiedek, P., Ehrenreich, H., 1998. Character-
ization of the relaxant action of urocortin, a new peptide related to
corticotrophin-releasing factor in the rat isolated basilar artery. Br. J.
Pharmacol. 125, 1164—1171.

Takahashi, K., Totsune, K., Sone, M., Murakami, O., Satoh, F., Arihara, Z.,
Sasano, H., lino, K., Mouri, T., 1998. Regional distribution of urocor-
tin-like immunoreactivity and expression of urocortin mRNA in the
human brain. Peptides 19, 643—-647.



A.M. Abdelrahman, C.C.Y. Pang / European Journal of Pharmacology 466 (2003) 317-321 321

Terui, K., Higashiyama, A., Horiba, N., Furukawa, K.-I., Motomura, S.,
Suda, T., 2001. Coronary vasodilatation and positive inotropism by

urocortin in the isolated rat heart. J. Endocrinol. 169, 177—183. Sawchenko, P.E., Vale, W., 1995. Urocortin, a mammalian neuropeptide
Udelsman, R., Gallucci, W.T., Bacher, J., Loriaux, D.L., Chrousos, G.P., related to fish urotensin I and to corticotrophin-releasing factor. Nature

1986. Hemodynamic effects of corticotrophin releasing hormone in 378, 287-292.

anaesthetized cynomolgus monkey. Peptides 7, 465—471.

Vaughan, J., Donaldson, C., Bittencourt, J., Perrin, M.H., Lewis, K., Sut-
ton, S., Chan, R., Turnbull, A.V., Lovejoy, D., Rivier, C., Rivier, J.,



	Regional haemodynamic effects of urocortin in the anaesthetized rat
	Introduction
	Material and methods
	Animal preparation
	Measurement of cardiac output and regional blood flow
	Experimental protocol
	Calculations
	Drugs
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


