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Abstract

Ž .The present experiments were designed to characterize the mechanisms involved in the corticotropin releasing factor CRF -induced
Ž . Žactivation of central sympatho-adrenomedullary outflow in rats. Intracerebroventricularly i.c.v. administered CRF and urocortin 0.5, 1.5

.and 3.0 nmolranimal effectively and dose-dependently elevated plasma levels of adrenaline and noradrenaline, and the effect of
Ž .urocortin was almost the same as that of CRF. The elevation of catecholamines induced by CRF and urocortin 1.5 nmolranimal was

Ž � Ž . w x x .reduced by CP-154,526 butyl-ethyl- 2,5-dimethyl-7- 2,4,6trimethylphenyl -7H-pyrrolo 2,3-d pyrimidin-4-yl amine , a selective CRF1
Ž . Žreceptor antagonist, in a dose dependent manner 1.2 andror 2.4 mmolranimal, i.c.v. , and abolished by indomethacin 1.2 mmolranimal,

. Ž .i.c.v. , an inhibitor of cyclooxygenase. Furegrelate 1.8 mmolranimal, i.c.v. , an inhibitor of thromboxane A synthase, abolished the2

CRF-induced elevation of adrenaline, but had no effect on the evoked release of noradrenaline. These results suggest that activation of
brain CRF receptor facilitates the central sympathetic and adrenomedullary outflow in distinct central pathways in rats: brain1

thromboxane A is involved in the central adrenomedullary outflow; an active metabolite of arachidonic acid other than thromboxane A2 2
Ž .probably prostaglandin E may be involved in the central sympathetic outflow. q 2001 Elsevier Science B.V. All rights reserved.2
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Sympatho-adrenomedullary outflow

1. Introduction

Ž .Corticotropin releasing factor CRF is a 41 amino acid
peptide initially identified as a hypothalamic factor respon-
sible for stimulating corticotropin secretion from the ante-

Ž .rior pituitary Vale et al., 1981 . CRF-like immunoreactiv-
ity and high affinity CRF receptors are heterogeneously

Ž .distributed in the brain Swanson et al., 1983 . Recently,
Ž .Vaughan et al. 1995 have identified and characterized a

novel CRF receptor-like ligand, urocortin, which is a 40
amino acid peptide with 75% homology with CRF and
localized in brain regions in which CRF receptors are2

found. Molecular cloning studies indicate the existence of
at least two major classes of mammalian CRF receptor,

ŽCRF Chang et al., 1993; Chen et al., 1993; Perrin et al.,1
. Ž1993; Vita et al., 1993 and CRF Kishimoto et al., 1995;2
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Lovenberg et al., 1995; Perrin et al., 1995; Stenzel et al.,
.1995 . These CRF receptor subtypes are heterogeneously

Ž .distributed in the brain Chalmers et al., 1995 .
CRF has been shown to take many roles in the brain

functions in addition to its action on the hypothalamic
Žpituitary adrenal axis Menzaghi et al., 1993; Chalmers et

.al., 1996; Dieterich et al., 1997 . Intracerebroventricular
administration of CRF to laboratory animals produces a
wide spectrum of behavioral and autonomic effects. In this
regard, centrally administered CRF elicits the activation of
sympatho-adrenomedullary system and oxygen consump-

Ž .tion Brown et al., 1982a,b, 1985 , the elevation of blood
Ž .pressure and heart rate Fisher et al., 1982 , and the

activation of adrenal sympathetic efferent nerve activity
Ž . Ž .Kurosawa et al., 1986 . CRF-deficient knockout mice
also leads to the decreased level of the basal and restraint-

Ž .induced plasma adrenaline Jeong et al., 2000 . However,
the central mechanisms that mediate such responses are
largely undefined.

Previously, we reported that the brain arachidonic acid
cascade is involved in the central activation of the sympa-
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Žtho-adrenomedullary outflow Yokotani et al., 1988,
.1995a,b, 1996, 2000 . The present study, therefore, was

designed to characterize the CRF-induced activation of
central sympatho-adrenomedullary outflow in regard to
CRF receptor subtype and brain arachidonic acid cascade
using anesthetized rats.

2. Materials and methods

2.1. Experimental procedures

Male Wistar rats weighing about 350 g were maintained
in an air-conditioned room at 22–248C under a constant
day–night rhythm for more than 2 weeks and given food
Ž .laboratory chow, CE-2; Clea Japan, Hamamatsu, Japan

Žand water ad libitum. Under urethane anesthesia 1.2 grkg,
.i.p. , the femoral vein was cannulated for infusion of saline

Ž .1.2 mlrh , and the femoral artery was cannulated for
collecting blood samples. After these procedures, the ani-
mal was placed in a stereotaxic apparatus, as shown in our

Ž .previous paper Yokotani et al., 1995a, 2000 .
Three hours after the animal was placed in a stereotaxic

Žapparatus, a stainless-steel cannula 0.35 mm outer diame-
.ter was inserted into the right lateral ventricle according

Ž .to the rat brain atlas of Paxinos and Watson 1986 . The
stereotaxic coordinates of the tip of cannula was as follows
Ž . Žin mm : AP y0.8, L 1.5, H 4.0 AP, anterior from the
bregma; L, lateral from the midline; H, below the surface

.of the brain . CRF and urocortin was dissolved in sterile
saline and slowly injected into the right lateral ventricle in
a volume of 10 ml using a 50 ml Hamilton syringe.
Water-soluble indomethacin-Na and furegrelate were dis-
solved in saline and CP-154,526 was dissolved in 100%

Ž .dimethyl sulfoxide DMSO . These reagents were adminis-
tered into the right lateral ventricle 60 min before the
application of CRF in a volume of 10 ml for indomethacin
and furegrelate and 2.5 ml for CP-154,526.

All experiments were conducted in compliance with the
guiding principles for the care and use of laboratory
animals approved by the Kochi Medical School. All efforts
were made to minimize animal suffering and to reduce the
number of animals used.

2.2. Measurement of plasma catecholamines

Ž .Blood samples 250 ml were collected through an
arterial catheter. Catecholamines in the plasma were ex-

Ž .tracted by the method of Anton and Sayre 1962 with a
slight modification and were assayed electrochemically by

Ž . Ž . Ž .Fig. 1. Effects of CRF and urocortin on plasma levels of adrenaline Ad and noradrenaline NA . DAd and DNA, increase of adrenaline Ad and
Ž . Ž . Ž . Žnoradrenaline NA above the basal. A Arrow indicates intracerebroventricular i.c.v. administration of CRF and urocortin 0.5, 1.5 and 3.0

. Ž . Ž . Ž . Ž . Ž .Ž .nmolranimal . Left panel CRF ; vehicle saline 10 mlranimal ns5 , 0.5 nmol CRF ns4 , 1.5 nmol CRF ns6 cited from Fig. 3A , 3.0 nmol CRF
Ž . Ž . Ž Ž . . Ž . Ž . Ž .ns5 : Right panel urocortin ; vehicle cited from A , left panel , 0.5 nmol urocortin ns5 , 1.5 nmol urocortin ns5 , 3.0 nmol urocortin ns5 .

Ž . Ž . Ž .The actual values for Ad and NA at 0 min were 144.8"18.1 and 353.6"20.3 pgrml ns29 , respectively. B The area under the curve AUC of
CRF- and urocortin-induced elevation of plasma Ad and NA is expressed as pgr2 h. Each point represents the mean"S.E.M. )Significantly different
Ž . Ž . Ž .P-0.05 from vehicle-treated control in A and significant difference between CRF and urocortin in B .
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Žhigh performance liquid chromatography Yokotani et al.,
. Ž .1995a . Briefly, after centrifugation, the plasma 100 ml

was transferred to a centrifuge tube containing 30 mg of
activated alumina, 2 ml of double deionized water, 1 ng of
3,4-dihydrooxybenzylamine as an internal standard and 1

Ž .ml of 1.5 M Tris Buffer pH 8.6 containing 0.1 M
disodium EDTA. The tube was shaken for 5 min and the
alumina was washed three times with 4 ml of ice-cold
double deionized water. Then catecholamines adsorbed
onto the alumina were eluted with 300 ml of 4% acetic

Žacid containing 0.1 mM disodium EDTA. A pump EP-300:
. ŽEicom, Kyoto, Japan , a sample injector Model-231XL;

.Gilson, Villiers-le-Bel, France and an electrochemical
Ž .detector ECD-300: Eicom equipped with a graphite elec-

trode were used with high performance liquid chromatog-
raphy. Analytical conditions were as follows: detector,
q450 mV potential against a AgrAgCl reference elec-
trode; column, Eicompack CA-50DS, 2.1=150 mm
Ž .Eicom ; mobile phase, 0.1 M NaH PO –Na HPO buffer2 4 2 4

Ž .pH 6.0 containing 50 mgrl EDTA dihydrate, 750 mgrl
Ž .1-octane sulfate sodium Nacalai Tesque, Kyoto, Japan

and 15% methanol at a flow of 0.22 mlrmin. The amount
of catecholamines in each sample was calculated using the
peak height ratio relative to that of 3,4-dihydrooxyben-
zylamine, an internal standard. This assay could determine
0.5 pg of adrenaline and noradrenaline accurately.

2.3. Treatment of data and statistics

The area under the curve is used to compare the effects
Žof CRF and urocortin on plasma catecholamine levels Fig.

.1B . All values are expressed as the means"S.E.M. The
data were analyzed by repeated-measure analysis of vari-

Ž .ance ANOVA , followed by post hoc analysis with the
Bonferroni method for comparing a control to all other

Ž .means Figs. 1A and 2A . When only two means were
Žcompared, an unpaired Student’s t-test was used Figs. 1B,

.2B and 3 . P values less than 0.05 were taken to indicate
significance.

Ž . Ž . w ŽFig. 2. Effect of CP-154,526 on the CRF- and urocortin-induced elevation of plasma adrenaline Ad and noradrenaline NA . CP-154,526 1.2 mmol 500
. Ž . x Ž . Ž .mg andror 2.4 mmol 1000 mg ranimal, i.c.v. was administered 60 min before the administration of CRF or urocortin 1.5 nmolranimal, i.c.v. . A

Ž . Ž . Ž . Ž . Ž . Ž .vehicle 2.5 ml of 100% DMSO plus CRF ns5 , CP-154,526 1.2 mmolranimal plus CRF ns5 , CP-154,526 2.4 mmolranimal plus CRF ns4 ,
Ž . Ž . Ž . Ž . Ž . Ž . ŽCP-154,526 2.4 mmolranimal plus vehicle 10 ml saline ns4 . B vehicle 2.5 ml of 100% DMSO plus urocortin ns5 , CP-154,526 2.4
. Ž . Ž . Ž . Ž Ž .. ) Ž .mmolranimal plus urocortin ns4 , CP-154,526 2.4 mmolranimal plus vehicle 10 ml saline cited from A . Significantly different P-0.05

from the group treated with vehicle plus CRF or vehicle plus urocortin. Other conditions were the same as those in Fig. 1. The actual values for Ad and
Ž . Ž .NA at 0 min were 197.7"20.5 and 516.0"45.7 pgrml in vehicle 2.5 ml of 100% DMSO -treated group ns10 ; 227.0"78.7 and 698.4"143.4

Ž . Ž . Ž .pgrml in CP-154,526 1.2 mmolranimal -treated group ns5 ; 260.9"56.2 and 741.9"39.1 pgrml in CP-154,526 2.4 mmolranimal -treated group
Ž .ns12 , respectively.
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Ž . Ž . Ž . wFig. 3. Effect of indomethacin and furegrelate on the CRF-induced elevation of plasma adrenaline Ad and noradrenaline NA . Indomethacin IND 1.2
Ž . x Ž . w Ž . x Žmmol 500 mg ranimal, i.c.v. or furegrelate FUR 1.8 mmol 500 mg ranimal, i.c.v. was administered 60 min before the administration of CRF 1.5

. Ž . Ž . Ž . Ž . Žnmolranimal, i.c.v. . A vehicle saline 10 mlranimal plus CRF ns6 , indomethacin plus CRF ns5 , indomethacin plus vehicle saline 10
. Ž . Ž . Ž . Ž Ž .. Ž . Žmlranimal ns4 . B vehicle saline 10 mlranimal plus CRF cited from A , furegrelate plus CRF ns5 , furegrelate plus vehicle saline 10
. Ž . ) Ž . Ž . Ž .mlranimal ns4 . Significantly different P-0.05 from the group treated with vehicle plus CRF in A and B . Other conditions were the same as

Ž .those in Figs. 1 and 2. The actual values for Ad and NA at 0 min were 142.6"34.1 and 379.8"43.9 pgrml in vehicle- plus CRF-treated group ns6 ,
Ž . Ž .144.8"48.3 and 406.6"47.8 pgrml in indomethacin-treated group ns9 , 184.3"40.9 and 408.4"37.6 pgrml in furegrelate-treated group ns9 ,

respectively.

2.4. Compounds

The following drugs were used: furegrelate sodium
Ž .Biomol Research Lab., Plymouth Meeting, PA, USA ;

Žwater-soluble indomethacin sodium trihydrate Merck,
. Ž �Rahway, NJ, USA ; CP-153,526 butyl-ethyl- 2,5-dime-

Ž . w xthyl-7- 2,4,6-trimethylphenyl -7H-pyrrolo 2,3-d pyrimidin-
x . Ž .4-yl amine Pfizer, Groton, CT, USA ; synthetic corti-

Ž . Ž .cotropin releasing factor ratrhuman and urocortin rat
Ž .Peptide Institude, Osaka, Japan . All other reagents were

Ž .the highest grade available Nacalai Tesque, Kyoto, Japan .

3. Results

3.1. Effects of CRF and urocortin on plasma catechol-
amines

Ž .Intracerebroventricularly i.c.v. administered vehicle
Ž .10 ml salineranimal and blood sampling for five times
over a 120-min period did not affect the basal plasma

Ž .levels of either adrenaline or noradrenaline Fig. 1A .

Ž .Administration of corticotropin releasing factor CRF
Ž .0.5, 1.5 and 3.0 nmolranimal, i.c.v. dose dependently
elevated plasma levels of adrenaline and noradrenaline
Ž .Fig. 1A, left panel . The response of adrenaline reached a
maximum 30–60 min after the administration of this pep-

Ž .tide 0.5 and 1.5 nmolranimal, i.c.v. and then gradually
declined toward their basal levels, while a higher dose of

Ž .this peptide 3.0 nmolranimal, i.c.v. continuously ele-
vated plasma adrenaline levels throughout the experiments.
On the other hand, i.c.v. administered CRF gradually
elevated plasma levels of noradrenaline in a dose depen-
dent manner; the response reached a maximum 60–90 min
after the administration of this peptide and then declined
toward their basal levels.

ŽAdministration of urocortin 0.5, 1.5 and 3.0 nmolr
.animal, i.c.v. also elevated plasma levels of adrenaline

and noradrenaline and these responses reached a maximum
60–90 min after the administration of this peptide and then

Žgradually declined toward their basal levels Fig. 1A, right
.panel . The maximal response of adrenaline was obtained

Žby 1.5 nmol urocortin. A higher dose of urocortin 3.0
.nmolranimal, i.c.v. did not evoke more responses than
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Ž .that induced by this peptide 1.5 nmolranimal, i.c.v. . On
the other hand, urocortin elevated plasma noradrenaline
levels in a dose-dependent manner.

When comparing the relationship between the area un-
der the curve of plasma catecholamines elevation over

Ž .time and the dose of CRF and urocortin Fig. 1B , it was
observed that the magnitude of the response elicited by 0.5

Ž .nmolranimal i.c.v. of urocortin was significantly greater
than that elicited by the same dose of CRF. At the higher

Ž .doses employed 1.5 and 3.0 nmolranimal, i.c.v. , how-
ever, both peptides were equieffective.

ŽIntravenous administration of CRF and urocortin 3.0
.nmolranimal had no effect on plasma levels of catechol-

amines.

3.2. Effect of CP-154,526 on the CRF- and urocortin-in-
duced eleÕation of plasma catecholamines

ŽThe pretreatment with vehicle alone 2.5 ml of 100%
.DMSO, i.c.v. or CP-154,526 dissolved in 2.5 ml of 100%

DMSO slightly but significantly elevated the basal levels
of noradrenaline but had no effect on the basal adrenaline
levels. Pretreatment with vehicle significantly potentiated

Žthe release of adrenaline evoked by CRF or urocortin 1.5
.nmolranimal, i.c.v. , but had only a slight effect on the

Ž .evoked release of noradrenaline Fig. 2A and B .
w Ž . ŽCP-154,526 1.2 mmol 500 mg and 2.4 mmol 1000

. xmg ranimal, i.c.v. reduced the release of adrenaline and
Ž .noradrenaline evoked by CRF 1.5 nmolranimal, i.c.v. in

a dose-dependent manner, however, the evoked release of
adrenaline was more effectively attenuated than that of

Ž .noradrenaline Fig. 2A .
w Ž . xCP-154,526 2.4 mmol 1000 mg ranimal, i.c.v. also

abolished the release of adrenaline and noradrenaline
Ž . Ž .evoked by urocortin 1.5 nmolranimal, i.c.v. Fig. 2B .

3.3. Effect of indomethacin and furegrelate on the CRF-in-
duced eleÕation of plasma catecholamines

w Ž .Administration of indomethacin 1.2 mmol 500 mg r
xanimal, i.c.v. had no effect on the basal plasma levels of

Ž .both adrenaline and noradrenaline Fig. 3A . Indomethacin
completely abolished the release of both catecholamines

Ž .evoked by CRF 1.5 nmolranimal, i.c.v. .
w Ž .Administration of furegrelate 1.8 mmol 500 mg rani-

xmal, i.c.v. had no effect on the basal plasma levels of
Ž .catecholamines Fig. 3B . Furegrelate completely abol-

Žished the release of adrenaline evoked by CRF 1.5
. Ž .nmolranimal, i.c.v. Fig. 3B, upper panel . On the other

hand, furegrelate had no effect on the release of noradrena-
Ž .line evoked by this peptide Fig. 3B, lower panel .

4. Discussion

In the first experiments, we compared the effects of
CRF and urocortin on plasma catecholamine levels. The
magnitude of the response elicited by a small dose of

urocortin was significantly greater than that elicited by the
same dose of CRF. At the higher doses, both peptides were

Ž .equieffective. Gottowik et al. 1997 showed that urocortin
has a high affinity to CRF receptor and also has the same2

affinity as CRF to CRF receptors expressed on rat cere-1

bellum and cells stably transfected with the human CRF1

and rat CRF receptors. Furthermore, urocortin is about 102

times more effective than CRF in accumulation of cAMP
Žin COS-M6 cells expressing CRF receptor Vaughan et2

.al., 1995 . From these evidence, it is suggested that central
CRF receptor is primarily involved in CRF- and urocor-1

tin-induced activation of central sympatho-adrenomedul-
lary outflow. However, it remains possible that central
CRF receptor is involved in urocortin-induced activation2

of central sympathetic outflow.
Recently, a highly selective, nonpeptide CRF antago-1

Žnist, CP-154,526, has been developed Lundkvist et al.,
.1996 . This antagonist reverses CRF-elicited increase in

corticotropin, prevents CRF-induced elevation in locus
caeruleus cell firing, and blocks CRF-enhanced startle

Ž .response in rat Schulz et al., 1996 . In the present study,
intracerebroventricularly administered CP-154,526 led to a
dose dependent attenuation of the CRF- and urocortin-in-
duced elevation of plasma catecholamines. These results
further suggest that CRF receptor is actually involved in1

CRF- and urocortin-induced activation of central sympa-
tho-adrenomedullary outflow.

The hypothalamus, especially the paraventricular nu-
cleus, has been considered to be the control center of the

Žcentral sympatho-adrenomedullary outflow Swanson and
.Sawchenko, 1980 . A retrograde tracer study suggests a

possible connection between the sympatho-adrenome-
dullary system and the paraventricular nucleus, including
CRF expressing neuron, through the splanchnic nerve and

Ž .spinal cord Jansen et al., 1995 . CRF receptor mRNA is1
Žin scattered cells in the paraventricular nucleus Chalmers

.et al., 1995 , however, CRF receptor mRNA and Fos1

induction are elicited in autonomic part of this nucleus by
Žcentrally administration of CRF Bittencourt and Saw-

.chenko, 2000 . This evidence suggests the involvement
of hypothalamic CRF receptor in CRF- and urocortin-in-1

duced activation of central sympatho-adrenomedullary out-
flow. In addition, the nucleus tractus solitarius complex is
also the major center for autonomic function in the brain

Ž .stem Van Zwieten et al., 1995 . In this nucleus complex,
urocortin-responsive structures include the area postrema,
where CRF receptor but not CRF receptor mRNA ex-2 1

Ž .pression is apparent Bittencourt and Sawchenko, 2000 .
From these evidence, it remains possible that urocortin acts
on this nucleus complex, thereby activating sympathetic
outflow through CRF receptor-mediated mechanisms.2

The CRF-induced elevation of plasma catecholamines
was abolished by centrally administered indomethacin.
Indomethacin is a potent inhibitor of the prostaglandin-

Ž .forming cyclooxygenase Insel, 1996 . Since indomethacin
does not easily penetrate the blood–brain barrier by pe-
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ripheral administration, we directly administered this
Ž .reagent 500 mgranimal into the lateral ventricule of the

rat brain. Previously, we reported that intracerebro-ventric-
Ž .ularly administered indomethacin 50 and 500 mgranimal

Ž . Žand diclofenac an another cyclooxgenase inhibitor 100
.and 500 mgranimal effectively attenuated centrally ad-

ministered bombesin-induced elevation of plasma catechol-
amines, however, the effect of indomethacin was more

Ž .greater than that of diclofenac Okuma et al., 1996 . The
failure of sodium salicylate to block the increase of cen-
trally administerted CRF-induced splenic sympathetic nerve

Ž .activity Katafuchi et al., 1997 seems to be due to a small
Ž .amount and low efficacy of this reagent 100 mgranimal

to block the brain cyclooxgenase or differences in experi-
mental procedures. The present study suggests a role of
brain arachidonic acid cascade in the CRF-induced activa-
tion of central sympatho-adrenomedullary outflow.

The CRF-induced elevation of plasma adrenaline was
abolished by centrally administered furegrelate. Furegre-

Žlate is a selective thromboxane synthase inhibitor Gorman
.et al., 1983 . Recently, we reported that the elevation of

plasma adrenaline induced by centrally administered nitric
Ž .oxide donor 3-morpholino-sydnonimine or N-methyl-D-

aspartate was abolished by centrally administered furegre-
late, suggesting the involvement of brain thromboxane A 2

in the activation of central adrenomedullary outflow
Ž .Murakami et al., 1998; Okada et al., 2000 . The present
results also suggest the role of brain thromboxane A in2

the CRF-induced activation of central adrenomedullary
outflow. Although CRF-induced elevation of plasma
adrenaline, but not noradrenaline, is abolished by centrally

1,2,4,5,12,13 wadministered somatostatin analog, desAA - D-
8 x Ž .Trp somatostatin Brown et al., 1982b , the relationship

between thromboxane A -mediated selective activation of2

adrenomedullary outflow and somatostatin-mediated selec-
tive inhibition of adrenomedullary outflow is not apparent
from the present results.

Previously, we reported that intracerebroventricularly
Ž .administered prostaglandin PG E , but not PGI , PGD2 2 2

and PGF , elevated plasma noradrenaline by activation of2a
Žbrain prostanoid EP receptors in rats Yokotani et al.,3

.1988, 1995a, 1996 . The elevation of plasma noradrenaline
induced by centrally administered interleukin-1b or arachi-
donic acid was also abolished by centrally administered

Žindomethacin Murakami et al., 1996; Yokotani et al.,
.1995b, 2000 . From this evidence, it seems likely that

CRF-induced activation of central sympathetic outflow is
mediated by brain PGE -mediated mechanisms.2

In summary, we demonstrated here that activation of
brain CRF receptor primarily facilitates the central sympa-1

thetic and adrenomedullary outflow in distinct central path-
ways in rats: brain thromboxane A is involved in the2

central adrenomedullary outflow; an active metabolite of
Žarachidonic acid other than thromboxane A probably2

.prostaglandin E may be involved in the central sympa-2

thetic outflow.
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