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Abstract

Ž .The present study was performed in order to characterise calcitonin gene-related peptide CGRP receptor subtypes in rat left atrium
w Ž ) ).x w ww ww Ž . x x x x wŽand vas deferens by using R- R ,S -N- 2- 5-amino-1- 4- 4-pyridinyl -1-piperazinyl carbonyl pentyl amino -1- 3,5-dibromo-4-hy-

. x x Ž Ž . . Ž .droxyphenyl methyl -2-oxoethyl -4- 1,4-dihydro-2-oxo-3 2 H -quinazolinyl -,1-Piperidinecarboxamide BIBN4096BS , a novel CGRP
receptor antagonist. When CGRP was used as an agonist, BIBN4096BS exhibited an almost 10-fold higher affinity for CGRP receptors in
rat left atrium compared to those in the vas deferens, indicating that CGRP acts through different CGRP receptor subtypes in these two

w Ž .2,7 xtissues. In addition, BIBN4096BS was almost 10-fold more potent in antagonizing Cys Et hCGRPa and human adrenomedullin-in-
duced responses than CGRP-induced responses in rat vas deferens. This might indicate receptor heterogeneity in rat vas deferens.
Accordingly, the present work provides first experimental evidence that the rat vas deferens contains two CGRP-like receptor subtypes.
Namely, the CGRP receptor and a ‘‘novel’’ receptor that possesses low efficacy for CGRP and that is selectively stimulated by2
w Ž .2,7 xCys Et hCGRP or adrenomedullin and which can be blocked with high affinity by BIBN4096BS. q 2000 Elsevier Science B.V. All
rights reserved.
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1. Introduction

Ž .Calcitonin gene-related peptide CGRP is a 37 amino
Ž .acid peptide first described in 1982 by Amara et al. 1982 .

CGRP is expressed in a- and b-forms that vary by one and
Žthree amino acids in rats and humans, respectively Rosen-

.feld et al., 1983; Morris et al., 1984; Amara et al., 1985 .
CGRP exhibits several effects on the cardiovascular,
gastrointestinal, bronchotracheal, endocrine systems and
on the central nervous system, its most profound action is

Žhowever vasodilation Brain et al., 1985; Brain and Cam-
.bridge, 1996 . The classification of CGRP receptors is in a

relatively early stage. The existence of two CGRP receptor
subtypes has been proposed on the basis of differential
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antagonist affinities and agonist potencies in peripheral
Žpreparations Dennis et al., 1989, 1990; Dumont et al.,

. Ž .1997 . Thus, the CGRP receptor antagonist CGRP- 8-37
is considered to possess higher affinity for CGRP recep-1

Ž .tors found in the guinea pig atrium Dennis et al., 1990 ,
w Ž .2,7 xwhereas the agonists Cys Acm hCGRPa and

w Ž .2,7 xCys Et hCGRPa are considered to be more potent for
the CGRP receptor described originally in the rat vas2

Ž .deferens Dennis et al., 1989, 1990; Dumont et al., 1997 .
It has been shown that adrenomedullin, a 52 amino acid

peptide, can exert its biological actions via interacting with
CGRP receptors, because the vaso-relaxant effects of hu-

Žman adrenomedullin e.g. in the porcine coronary artery
.and the isolated rat heart can be antagonized by the CGRP

Ž . Žreceptor antagonist CGRP- 8-37 , Entzeroth et al., 1994;
.Yoshimoto et al., 1998 . However, in some other tissues,

the actions of adrenomedullin are mediated through spe-
cific adrenomedullin receptors, since some effects of

Ž .adrenomedullin are not antagonized by CGRP- 8-37 . For
instance, it has been reported that human adrenomedullin
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was as potent as human aCGRP in causing concentration-
dependent relaxation in rat aorta and rat pulmonary artery.

Ž .However, its effects could not be blocked by CGRP- 8-37 ,
suggesting that specific adrenomedullin receptors exist in

Žrat aorta and pulmonary artery Yoshimoto et al., 1998;
.Wisskirchen et al., 1998 .

The aim of this study was to pharmacologically charac-
terise the CGRP receptor subtypes in rat atrium and vas
deferens using several CGRP receptor agonists, the peptide

Ž .antagonist CGRP- 8-37 and the novel CGRP antagonist
Ž ) ) .x w w w w w Ž .R- R ,S -N- 2- 5-amino-1- 4- 4-pyridinyl -1-piperazi-
x x x x wŽyl carbonyl pentyl amino -1- 3,5-dibromo-4-hydroxyphe-
. x x Ž Ž .nyl methyl -2-oxoethyl -4- 1,4-dihydro-2-oxo-3 2 H -qui-

. Ž .nazolinyl -,1-Piperidinecarboxamide BIBN4096BS
Ž .Doods et al., 2000 .

2. Materials and methods

2.1. Experimental protocol

Ž .Male Wistar rats Chbb: Thom, about 300 g were
exsanguinated under sodium pentobarbitone anaesthesia.
The hearts and vas deferens were dissected and immedi-
ately placed in oxygenated Krebs buffer. The left atria and
vas deferens were carefully prepared and subsequently
mounted in 25-ml organ baths containing Krebs solution of

Ž .the following composition mmolrl : NaCl 118; KCl 4.7;
MgSO 1.2; NaHCO 25; KH PO 1.2; glucose 10; CaCl4 3 2 4 2

2.5. The Krebs solution was gassed with 95% O q5%2

Fig. 1. Concentration–response curves of CGRP receptor agonist-induced
positive inotropic effects in rat left atrium and inhibition of electrically
evoked twitch response in vas deferens. Data are means"SEM, ns4.

Table 1
Potencies of CGRP receptor agonists in rat isolated atrium and vas
deferens preparations. Results are mean"SEM, ns4

Compound Rat atrium Rat vas deferens
Ž . Ž .EC nM EC nM50 50

h-aCGRP 2.00"0.09 1.91"0.14
h-bCGRP 3.02"0.21 5.62"0.37
r-aCGRP 0.25"0.012 0.78"0.041
r-bCGRP 0.44"0.019 2.04"0.12

2,7w Ž . xCys Et hCGRP 5.50"0.37 8.32"0.45a
2,7w Ž . xCys ACM hCGRP 274"13 234"14a

h-ADM 83.7"9.1 93.3"5.55

CO and maintained at 378C. A resting tension of 1 g was2

applied. Following a 60-min equilibration period, the atria
Žwere electrically driven at a frequency of 3 Hz duration:

.0.5 ms; voltage: initial valueq20% and the vas deferens
Žwere stimulated at a frequency of 0.2 Hz duration: 0.5 ms;

.voltage: 60 V . Responses were recorded on a polygraph.
Following a 30-min period of electrical stimulation, con-
centration–effect curves to CGRP receptor agonists were
obtained in a cumulative fashion, the next concentration
being added when the effect of the preceding one had
reached a steady state. For experiments using the antago-
nists, the tissues were incubated for 15 min with antagonist
prior to the construction of the concentration–effect curve
for CGRP receptor agonists. Only one concentration–ef-
fect curve was made in each preparation.

To investigate whether breakdown of peptides by neu-
Ž .tral endopeptidase NEP is involved, we performed exper-

iments in rat left atrium and vas deferens to compare the
effects of BIBN4096BS to human aCGRP-induced re-
sponses in the absence and presence of thiorphan. Thior-
phan was added to the tissue baths for 15 min prior to the
addition of BIBN4096BS.

2.2. Data analysis

Drug-induced effects on rat left atria and vas deferens
were calculated as percentage changes from resting levels,
measured prior to the first concentration of agonists. Ago-
nist relative potencies were determined by comparing EC50

Žvalues molar concentration of the agonist that produced
.50% of the maximal response . Antagonist relative poten-

cies were determined by comparing pK values. In theB

presence of an antagonist with a single concentration used,
apparent pK values were calculated from dose-ratiosB

produced by the stated concentration of CGRP antago-
Ž .nists tested from the equation: pK s log DR-1 yB

w xlog antagonist . Where multiple concentrations of antago-
nist were used, a Schild plot was constructed. Since the
slopes of the Arunlakshana–Schild plots were not signifi-
cantly different from unity, mean pK values were calcu-B

Ž .lated Kenakin, 1993 . All values were expressed as mean
"SEM, ns4–5.
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Table 2
Ž . Ž .pK values for the CGRP receptor antagonists h-aCGRP- 8-37 , h-bCGRP- 8-37 and BIBN4096BS for CGRP receptors in rat left atrium and vasB

deferens preparations. Results are mean"SEM, ns4

pK B

Ž . Ž .h-aCGRP- 8-37 h-bCGRP- 8-37 BIBN4096BS

atrium h-aCGRP 7.16"0.05 7.10"0.04 8.52"0.05
h-bCGRP 7.00"0.01 7.01"0.03 8.13"0.02
r-aCGRP 7.35"0.03 7.20"0.05 8.73"0.03
r-bCGRP 6.62"0.01 7.23"0.02 8.23"0.01

2,7w Ž . xCys Et hCGRP 7.38"0.04 7.28"0.05 8.82"0.07a

h-ADM 7.30"0.02 nd 8.63"0.03
vas deferens h-aCGRP 6.23"0.05 6.29"0.04 7.11"0.04

a ah-bCGRP -6 -6 6.74"0.06
ar-aCGRP 6.29"0.02 -6 7.03"0.04

2,7w Ž . xCys Et hCGRP 7.17"0.03 7.30"0.06 8.38"0.03a

h-ADM 6.95"0.05 nd 8.12"0.05

nd — not determined.
aA rightward shift less than twofold.

2.3. Drugs used

w Ž .2,7 xThe following drugs were used: Cys Et hCGRPa ,
Ž .human aCGRP- 8-37 , human aCGRP, human bCG-

wRP and rat aCGRP, human adrenomedullin and Cys-
Ž .2,7 xACM hCGRPa were purchased from Polypeptide,
Wolfenbuttel, Germany; rat bCGRP and human bCGRP-¨
Ž .8-37 were purchased from Neosystem, Strasbourg,
France; BIBN4096BS was synthesized by Boehringer In-
gelheim Pharma, BiberachrRiss, Germany. All peptides
were dissolved in distilled water. BIBN4096BS was dis-

Ž .solved with a small volume 20 ml of 1 N HCl, further
diluted with saline, then adjusted to pH 6.5–7.0 by 1 N

NaOH. Solutions were diluted to the final concentration
with Krebs buffer.

3. Results

3.1. Effect of CGRP-related peptide agonists

All CGRP receptor agonists produced concentration-de-
pendent positive inotropic effects in rat left atrium and
inhibited the electrically evoked twitch responses in vas

Ž .deferens Fig. 1A and B . EC values are summarised in50

w Ž .2,7 xFig. 2. Concentration–response curves of human aCGRP and Cys Et hCGRPa in the absence and presence of different concentrations BIBN4096BS
in rat left atrium and vas deferens. Data are means"SEM, ns4.
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Table 1. None of the CGRP agonists clearly discriminated
between CGRP receptors on rat left atrium and rat vas
deferens. Both a and b rat CGRP were slightly more
potent than the human forms.

3.2. Effect of CGRP antagonists

Ž . Ž .Human aCGRP- 8-37 , human bCGRP- 8-37 and
BIBN4096BS at a concentration of 1 mM antagonized the
CGRP receptor agonist-induced responses in rat left atrium
and vas deferens, without depression of the maximal re-
sponses. Antagonist potencies were determined by compar-

Ž .ing their pK values Table 2 . BIBN4096BS was inB

general approximately 10 times more potent in blocking
CGRP receptor agonist-induced responses in rat left atrium

Ž .and in vas deferens than human aCGRP- 8-37 and human
Ž .bCGRP- 8-37 . In the rat atrium, BIBN4096BS as well as

Ž . Ž .human aCGRP- 8-37 and human bCGRP- 8-37 were
unable to discriminate between the receptors stimulated by
the different agonists. The pK values for BIBN4096BSB

were between 8.13 and 8.82, and for human aCGRP
Ž . Ž .8-37 and human b-CGRP 8-37 between 6.62 and 7.35,
respectively.

The antagonists were at least 10-fold less potent in
blocking the ratrhuman a-and b-CGRP induced responses
in vas deferens compared to rat left atrium. However, in
the vas deferens, the antagonists were approximately 10-

w Ž .2,7 xfold more effective in blocking Cys Et hCGRPa and
human adrenomedullin-induced responses than ratrhuman
a-and b-CGRP induced responses.

In order to further investigate the antagonism of
w Ž .2,7 xBIBN4096BS to human aCGRP and Cys Et hCG-

RPa-induced responses in rat left atrium and vas deferens,
Arunlakshana–Schild plot analysis was performed. BIBN-
4096BS induced a concentration-dependent rightward shift
of the dose–response curves of human aCGRP and
w Ž .2,7 xCys Et hCGRPa in rat left atrium and vas deferens,

Ž .without depression of the maximal responses Fig. 2A–D .
The slopes of the Schild plots were not significantly

Ž .different from unity Table 3, Fig. 3A and B , and for this
Ž .reason mean pK values were calculated Table 3 . InB

contrast to the rat left atrium, there was a significant

Table 3
pKb values as determined by Schild plot analysis of BIBN4096BS to

w Ž .2,7 xantagonize h-aCGRP and Cys Et hCGRPa mediated responses in rat
left atrium and vas deferens. Results are mean"SEM, ns5

a bŽ .Agonist pK "SEM n SlopeB

mean

atrium h-aCGRP 8.48"0.03 16 1.00
2,7w Ž . xCys Et hCGRP 8.97"0.07 20 1.00a

vas deferens h-aCGRP 7.23"0.04 16 1.09
2,7w Ž . xCys Et hCGRP 8.37"0.05 20 0.95a

aŽ . Ž .n s total number of data points .
bSlopes of the Schild regression were not significantly different from
Ž .unity p-0.01 .

Fig. 3. Schild regression analysis for the antagonism of BIBN4096BS to
w Ž .2,7 xhuman aCGRP and Cys Et hCGRPa induced responses in rat atrium

and rat vas deferens, respectively.

difference in the estimated pK values for BIBN4096BSB
w Ž .2,7 xwhen human aCGRP or Cys Et hCGRPa was used as

the agonist in the vas deferens. The calculated pK valuesB
Ž . Ž .were 7.23"0.04 ns16 and 8.37"0.05 ns20 for

w Ž .2,7 xh-aCGRP and Cys Et hCGRPa , respectively.

3.3. Effect of thiorphan

The effects of BIBN4096BS to human aCGRP-induced
responses in the absence and presence of thiorphan in rat
left atrium and vas deferens were similar. The dose–re-

Ž .sponse curves were superimposed data not shown .

4. Discussion

CGRP receptor classification is based on the observa-
Žtion that the peptidic CGRP receptor antagonist, CGRP- 8-
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.37 , is more potent to antagonize the effects of CGRP on
Žguinea pig atrium, compared to the rat vas deferens De-

.nnis et al., 1989, 1990; Dumont et al., 1997 . In addition,
w Ž .2,7 xtwo CGRP analogues, Cys ACM hCGRPa and

w Ž .2,7 xCys Et hCGRPa appear to preferentially stimulate
ŽCGRP receptors in rat vas deferens Dennis et al., 1989,

.1990; Dumont et al., 1997 . Accordingly, it has been
proposed that CGRP receptors should be subdivided into
CGRP and CGRP receptors. Receptors that can be1 2

Ž .blocked by CGRP- 8-37 with a pK value of approxi-B
Ž .mately 7.0 are designated as CGRP receptors e.g. atrium ,1

Ž .and those at which CGRP- 8-37 is ineffective or less
Ž .effective pK F6.0 are designated as CGRP receptorsB 2

Ž . Ž .e.g. vas deferens Quirion et al., 1992; Poyner, 1995 .
In the present study, the agonists investigated produced

concentration-dependent positive inotropic effects in the
rat left atrium, and an inhibition of electrically evoked
twitch responses in the vas deferens. However, in contrast

w Ž .2,7 x w Ž .2,7 xto literature data Cys Et hCGRPa and Cys ACM -
hCGRPa showed no selectivity between CGRP-mediated
responses in left atrium and vas deferens. Especially
w Ž .2,7 xCys Et hCGRPa showed potent positive inotropic ef-
fects in left atrium and inhibition of the electrically evoked
twitch responses in the vas deferens. Since in the original
paper the rat vas deferens and the guinea pig atrium was
used, we investigated whether a species difference is in-

w Ž .2,7 xvolved. Therefore, we also tested Cys Et hCGRPa on
w Ž .2,7 xthe guinea pig atrium. However, Cys Et hCGRPa also

evoked potent concentration-dependent positive inotropic
effects in guinea pig left atrium. The ED value of 22 nM50
Ž .data not shown was only fourfold lower compared to the

Ž .value obtained in the rat 5.5 nM . The results obtained
w Ž .2,7 x w Ž .2,7 xsuggest that Cys ACM hCGRPa and Cys Et -

hCGRPa are not CGRP receptor selective, in contrast to2
Ž .the data reported by Dumont et al. 1997 . The differences

in results might be due to different strains of animals used
or different experimental conditions.

For unequivocal receptor classification, the use of an-
tagonists is a prerequisite. The present study provided
further experimental evidence for a CGRP receptor sub-
classification by using BIBN4096BS. This novel antago-

Ž .nist possesses an affinity Ki of 14.4"6.3 pM for human
Ž .CGRP receptors on SK-N-MC cells and an affinity Ki of

Ž3.4"0.5 nM for rat CGRP receptors in spleen Doods et
.al., 2000 . BIBN4096BS was about 10-fold more potent in

blocking ratrhuman a- and b-CGRP-mediated responses
in both rat left atrium and vas deferens compared to human

Ž . Ž .aCGRP- 8-37 and human bCGRP- 8-37 . BIBN4096BS,
Ž . Ž .human aCGRP- 8-37 and human bCGRP- 8-37 proved

about 10-fold more potent in antagonizing ratrhuman
a-and b-CGRP-mediated responses in rat left atria than in
the vas deferens. These findings clearly indicate that
ratrhuman a-and b-CGRP act through different receptors
in rat atrium and vas deferens, and support the original
sub-classification of CGRP receptors into CGRP and1

Ž .CGRP receptors Quirion et al., 1992 .2

Several publications have described a discrepancy be-
Ž .tween affinity data of CGRP- 8-37 for CGRP receptors in

the vas deferens obtained from receptor binding studies
Ž .and functional studies. Although CGRP- 8-37 is 10-fold

less potent in antagonizing human aCGRP-induced re-
sponses in rat vas deferens than in rat left atrium, it

w125 xdisplaces I CGRP with high affinity from vas deferens
Žmembranes Dennis et al., 1989, 1990; Poyner et al.,

. w125 x Ž .1999 . Also I-Tyr hCGRP- 8-37 failed to detect recep-
Žtor heterogeneity in rat brain and peripheral tissues Van

.Rossum et al., 1994 . We observed similar results with
BIBN4096BS. BIBN4096BS is not able to discriminate
between 125I-CGRP binding sites in guinea pig vas defer-

Ž .ens and atrium data not shown . Accordingly, the CGRP1r2

sub-classification so far is only based on functional data.
It seems of interest that all three antagonists did not

w Ž .2,7 xdiscriminate between the effects of Cys Et hCGRPa

or human adrenomedullin and ratrhuman a-or b-CGRP in
rat atrium, whereas the three antagonists displayed an
approximately 10-fold higher potency in antagonizing the

w Ž . 2,7 xresponses of Cys Et hCGRPa and human
adrenomedullin in the vas deferens. These findings suggest
that rat vas deferens contains an additional receptor be-
sides the CGRP receptor.2

In order to investigate the antagonism of BIBN4096BS
w Ž .2,7 xtowards human aCGRP and Cys Et hCGRPa-induced

responses in rat left atrium and vas deferens in more detail,
we performed Schild-plot analysis. BIBN4096BS induced
a concentration-dependent rightward shift of the dose–re-

w Ž .2,7 xsponse curves of human aCGRP and Cys Et hCGRPa

in rat left atrium and vas deferens. The slopes of the Schild
plots were not significantly different from unity, thus
indicating that BIBN4096BS is a competitive antagonist

w Ž .2,7 xfor human aCGRP and Cys Et hCGRPa mediated
receptors in both tissues. This also ruled out the possibility

w Ž .2,7 xthat human aCGRP and Cys Et hCGRPa interact with
two different receptors, named lowrhigh affinity for
BIBN4096BS in vas deferens. From the Schild plot analy-
ses of CGRP it is obvious that this agonist interacts with
either a single class of receptors or a mixed receptor
population that cannot be discriminated by BIBN4096BS.
Accordingly, it is rather unlikely that vas deferens pos-
sesses a heterogeneous population of CGRP and CGRP1 2

receptors. It has been suggested that differences in enzyme
distribution may reflect differential responses of CGRP

Ž .analogues in functional assays Longmore et al., 1994 . In
the present study, thiorphan, an inhibitor of the enzyme
NEP, did not interfere with the effects of BIBN4096BS to
human aCGRP-induced responses in rat left atrium and

Ž .vas deferens. Wisskirchen et al. 1998 also reported that
Žthe properties of the CGRP receptor antagonist CGRP- 8-

.37 were not altered by pretreatment with peptidase in-
hibitors. Accordingly, the question remains what is the

w Ž .2,7 xnature of the receptor that is activated by Cys Et -
hCGRPa and human adrenomedullin and potently antago-
nized by BIBN4096BS.
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w Ž .2,7 xOne possibility could be that Cys Et hCGRPa and
human adrenomedullin stimulate adrenomedullin receptors,
since it has been suggested that guinea pig vas deferens

Ž .possesses adrenomedullin receptors Poyner et al., 1999 .
Adrenomedullin shows approximately 30% of structural
homology with CGRP, and it has been reported that
adrenomedullin can act through CGRP receptors as well as
specific adrenomedullin receptors. However, several lines

w Ž .2,7 xof evidences do not support that Cys Et hCGRPa or
human adrenomedullin stimulates adrenomedullin recep-
tors in the rat vas deferens. First, the effects of
adrenomedullin in the rat vas deferens can be blocked by

Ž .CGRP- 8-37 , which is not observed in the guinea pig vas
Ž .deferens Poyner et al., 1999 . Second, radioligand binding

studies showed that BIBN4096BS has very low affinity
Ž . ŽIC of 10.3 mM for adrenomedullin receptors Doods et50

.al., 2000 . The adrenomedullin binding assay was per-
125 Ž .formed using I-rat adrenomedullin 50 pM and tissue

from rat spinal cord. In this assay, adrenomedullin, amylin
Ž .and CGRP possess an affinity IC of 1.4, 492 and 87750

nM, respectively. Accordingly, the receptor stimulated by
adrenomedullin in the rat vas deferens appears not to be
identical with the adrenomedullin receptor. It has also been
suggested that the CGRP receptor in the rat isolated tho-
racic aorta is different from the CGRP and CGRP recep-1 2

Ž .tors Wisskirchen et al., 1998 . This suggestion is based on
w Ž .2,7 xthe lack of effects of both the agonist Cys ACm h-

Ž .CGRPa and the antagonist CGRP 8-37 in this prepara-
tion. However, although these findings partly contradict

Ž .with the report by Yoshimoto et al. 1998 , this putative
different CGRP receptor is not related to the novel recep-
tor in the rat vas deferens since in the rat vas deferens both
w Ž .2,7 x Ž .Cys Et hCGRP as well as CGRP 8-37 showed activ-
ity. Therefore, it seems that human adrenomedullin and
w Ž .2,7 xCys Et hCGRPa act through a novel, non-adren-
omedullin receptor in the rat vas deferens. It cannot be
excluded that the abovementioned agonists also stimulate
this novel receptor in rat atrium, since the antagonists
investigated do not discriminate between the CGRP recep-1

tor and the receptor stimulated by adrenomedullin or
w Ž .2,7 x Ž .Cys Et hCGRPa . Quirion et al. 1992 proposed that
human aCGRP acts through CGRP receptors in rat left1

atrium and via CGRP receptors in vas deferens. Based on2

the data obtained from the present study, we propose that
w Ž .2,7 xCys Et hCGRPa and human adrenomedullin act
through a third CGRPradrenomedullin-like receptor in the
rat vas deferens. CGRP itself seems to possess low effi-
cacy for this receptor. Recently, it has been shown that

Žreceptor activity modifying proteins RAMPs; McLatchie
.et al., 1998 determine the specificity of the calcitonin-re-

Ž .ceptor like receptor Aiyar et al., 1996 . Co-expression of
calcitonin receptor-like receptor with RAMP gives a phar-1

macological profile in line with a CGRP receptor and
RAMP co-expression results in an adrenomedullin-recep-2

tor. Although we mentioned before that the novel receptor
shows different characteristics compared to the CGRP and

adrenomedullin receptor, it would be of interest to evaluate
BIBN4096BS in cell lines expressing the different RAMPs
and the calcitonin receptor-like receptor.

In conclusion, the present study has demonstrated that
BIBN4096BS is a potent and competitive CGRP antago-
nist and possesses a 10-fold higher affinity for CGRP than1

for CGRP receptors. M oreover, CGRP and2
w Ž .2,7 xadrenomedullin or Cys Et hCGRPa seem to stimulate

different receptor subtypes in rat vas deferens. CGRP is an
agonist for the CGRP receptor and adrenomedullin or2
w Ž .2,7 xCys Et hCGRP for a novel CGRP or adrenomedullin-
like receptor. The novel CGRP receptor antagonist
BIBN4096BS exhibits a high affinity for this receptor. In
order to further characterise whether this postulated recep-
tor is indeed a novel receptor subtype or for example a
second binding site on the CGRP receptor further receptor2

w3 xbinding studies are in progress employing H -
BIBN4096BS.

References

Aiyar, N., Rand, K., Elshourbagy, N.A., Zeng, Z.Z., Adamou, J.E.,
Bergsma, D.J., Li, Y., 1996. A cDNA encoding the calcitonin-gene-
related peptide type-1 receptor. J. Biol. Chem. 271, 11325–11329.

Amara, S.G., Amiza, J.L., Leff, S.E., Swanson, L.E., Evans, R.M.,
Rosenfeld, M.G., 1985. Expression in brain of a messenger RNA
encoding a novel neuropeptide homologous to calcitonin gene-related
peptide. Science 229, 1094–1097.

Amara, S.G., Jonas, V., Rosenfeld, M.G., Ong, E.S., Evans, R.M., 1982.
Alternative RNA processing in calcitonin gene expression generates
mRNA’s encoding different polypeptide products. Nature 298, 240–
244.

Brain, S.D., Cambridge, H., 1996. Calcitonin gene-related peptide: va-
soactive effects and potential therapeutic role. Gen. Pharmacol. 27
Ž .4 , 607–611.

Brain, S.D., Williams, T.J., Tippins, J.R., Morris, H.R., MacIntyre, I.,
1985. Calcitonin gene-related peptide is a potent vasodilater. Nature
13, 54–56.

Dennis, T., Fournier, A., Cadieaux, A., Pomerlau, F., Jolicoeur, F.B.,
St-Pierre, S., Quirion, R., 1990. hCGRP a CGRP antagonistŽ8-37.
revealing CGRP receptor heterogeneity in brain and periphery. J.
Pharmacol. Exp. Ther. 254, 123–128.

Dennis, T., Fournier, A., St-Pierre, S., Quirion, R., 1989. Structure-activ-
ity profile of Calcitonin gene-related peptide in peripheral and brain
tissue. Evidence for receptor multiplicity. J. Pharmacol. Exp. Ther.
251, 718–725.

Doods, H., Hallermayer, G., Wu, D., Entzeroth, M., Rudolf, K., Engel,
W., Eberlein, W., 2000. Pharmacological profile of BIBN4096BS, the
first selective small molecule CGRP antagonist. Br. J. Pharmacol.
129, 420–423.

Dumont, Y., Founier, A., St-Pierre, S., Quirion, R., 1997. A potent and
w Ž .2,7 xselective CGRP2 agonist, Cys Et hCGRPa: comparison in proto-

typical CGRP1 and CGRP2 in vitro bioassays. Can. J. Physiol.
Pharmacol. 75, 671–676.

Entzeroth, M., Doods, H.N., Wieland, H.A., Wienen, W., 1994.
Adrenomedullin mediates vasodilation via CGRP1 receptors. Life Sci.
56, PL19–PL25.

Kenakin, T., 1993. In: Pharmacologic Analysis of Drug-Receptor Intera-
tion. Raven Press, pp. 278–323.

Longmore, J., Hogg, J.E., Hutson, P.H., Hill, R.G., 1994. Effects of two
truncated forms of human calcitonin-gene related peptide: implication
for receptor classification. Eur. J. Pharmacol. 265, 53–59.



( )D. Wu et al.rEuropean Journal of Pharmacology 400 2000 313–319 319

McLatchie, L.M., Fraser, N.J., Main, M.J., Wise, A., Brown, J., Thomp-
son, N., Solari, R., Lee, M.G., Foord, S.M., 1998. RAMPs regulate
the transport and ligand specificity of the calcitonin receptor-like
receptor. Nature 393, 333–339.

Morris, H.R., Panico, M., Etienne, J., Tippins, J., Girgis, S.I., MacIntyre,
I., 1984. Isolation and characterization of human calcitonin gene-re-
lated peptide. Nature 308, 746–748.

Poyner, D.R., 1995. Pharmacology of receptors for calcitonin gene-re-
lated peptide and amylin. Trends Pharmacol. Sci. 16, 424–428.

Poyner, D.R., Taylor, G.M., Tomlinson, A.E., Richardson, A.G., Smith,
D.M., 1999. Characterization of receptors for calcitonin gene-related
peptide and adrenomedullin on the guinea-pig vas deferens. Br. J.
Pharmacol. 126, 1276–1282.

Quirion, R., Van Rossum, D., Dumont, Y., St-Pierre, S., Fournier, A.,
1992. Characterization of CGRP and CGRP receptor subtypes. Ann.1 2

N. Y. Acad. Sci. 657, 88–105.

Rosenfeld, M.G., Mermod, J.J., Amara, S.G., Swanson, L.E., Sawchenko,
P.E., Rivier, J., Evans, R.M., 1983. Production of a novel neuropep-
tide encoded by calcitonin gene via tissue-specific RNA processing.
Nature 304, 129–135.

Van Rossum, D., Menard, D.P., Fournier, A., St-Pierre, S., Quirion, R.,
1994. Binding profile of a selective calcitonin gene-related peptide
Ž . w125 xCGRP receptor antagonist ligand, I-Tyr hCGRP , in rat brainŽ8-37.
and peripheral tissues. J. Pharmacol. Exp. Ther. 269, 846–853.

Wisskirchen, F.M., Burt, R.P., Marshall, I., 1998. Pharmacological char-
acterization of CGRP receptors mediating relaxation of the rat pul-
monary artery and inhibition of twitch responses of the rat vas
deferens. Br. J. Pharmacol. 123, 1673–1683.

Yoshimoto, R., Mitsui-Saito, M., Ozaki, H., Karaki, H., 1998. Effects of
adrenomedullin and calcitonin gene-related peptide on contraction of
rat aorta and porcine coronary artery. Br. J. Pharmacol. 123, 1645–
1654.


