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1 Calcitonin gene-related peptide (CGRP), amylin and adrenomedullin (AM) belong to the same
family of peptides. Accumulating evidence indicate that the calcitonin (CT) receptor, the CT
receptor-like receptor (CRLR) and receptor-activity-modifying proteins (RAMPs) form the basis of
all the receptors in this family of peptides.

2 Using reverse transcriptase ± polymerase chain reaction the presence of mRNA sequences
encoding the CRLR, RAMP1 and RAMP2 were demonstrated in porcine left anterior descending
(LAD) coronary arteries, whereas porcine calcitonin (CT) receptor mRNA was not present. The
partial porcine mRNA sequences shared 82 ± 92% nucleotide identity with human sequences.

3 The human peptides aCGRP, bCGRP, AM and amylin induced relaxation with pEC50 values of
8.1, 8.1, 6.7 and 6.1 M respectively.

4 The antagonistic properties of a novel non-peptide CGRP antagonist `Compound 1' (WO98/
11128), bCGRP8± 37 and the proposed AM receptor antagonist AM22± 52 were compared to the well-
known CGRP1 receptor antagonist aCGRP8± 37.

5 The aCGRP8± 37 and bCGRP8± 37 induced concentration-dependent (1077 ± 1075 M) rightward
shift of both the aCGRP and bCGRP concentration-response curves. bCGRP8± 37 (1076 M) had the
same e�ect as aCGRP8± 37 (1076 M), but with less potent rightward shift of the concentration-
response curves for aCGRP, AM and amylin.

6 Preincubation with `Compound 1' (1077 ± 1075 M) and AM22± 52 (1076 M) had no signi®cant
antagonistic e�ect.

7 In conclusion, the building blocks forming CGRP and AM receptors were present in the porcine
LAD, whereas those of the amylin receptor were not. aCGRP, bCGRP, AM and amylin mediated
vasorelaxation via the CGRP receptors. No functional response was detected to adrenomedullin via
the adrenomedullin receptor.
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Introduction

Calcitonin gene-related peptide (CGRP), adrenomedullin

(AM) and amylin are structurally related peptides with
considerable homology and with di�erent e�ects in the
coronary circulation (Mu� et al., 1995).
CGRP is a 37 amino acid peptide discovered in 1982

(Amara et al., 1982). The two isoforms of CGRP, a- and b-

CGRP, have similar biological activities (Amara et al., 1985;

Morris et al., 1984). CGRP is released from peripheral
sensory nerves (Franco-Cereceda et al., 1987), and a rich
supply of CGRP-immunoreactive nerve ®bres has been
demonstrated at the adventitial-medial border of human

coronary arteries and veins (Gulbenkian et al., 1993; Saetrum
et al., 1995). CGRP is a potent vasodilator causing a decrease
in blood pressure and increase in heart rate when adminis-

tered intravenously to healthy volunteers (Gennari &
Imbimbo, 1985). CGRP potently relaxes human isolated
coronary arteries (Gulbenkian et al., 1993), and has even
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been demonstrated to cause dilation of coronary arteries at
the site of atheromatous stenoses and to delay the onset of
myocardial ischaemia during treadmill exercise in patients

with chronic stable angina (Uren et al., 1993). CGRP released
within the coronary circulation and in the atria is believed to
be a physiological defence reaction to ongoing ischaemia
(Mair et al., 1990; Lechleitner et al., 1992).

Amylin is a 37 amino acid peptide, originally found in the
islet b-cells of the pancreas (Cooper et al., 1987). It is co-
secreted from the b-cells with insulin (Kahn et al., 1990) in

response to glucose (Kanatsuka et al., 1989). The expression
of amylin has been demonstrated in other tissues, but never
in vascular cells. Amylin is a well-known vasodilator,

although its most important e�ect probably is to reduce the
tissue-glucose response to insulin (Feuerstein et al., 1995).
Amylin is also involved in the development of islet amyloid in

the b-cells and thus in the pathogenesis of type 2 diabetes
mellitus (Hoppener et al., 2000).
AM is a 52 amino acid peptide originally discovered in a

human pheochromocytoma in 1993 (Kitamura et al., 1993).

AM is a circulating vasodilator peptide expressed in a
number of cell types (Kitamura et al., 1995) including
endothelial cells (Sugo et al., 1994a) and vascular smooth

muscle cells (Sugo et al., 1994b). The mRNA encoding AM
has been detected in porcine coronary arteries (Nishimura et
al., 1997). AM has strong hypotensive properties, and has

been demonstrated to induce relaxation in di�erent vascular
beds including porcine coronary arteries (Kureishi et al.,
1995). AM has also been shown to increase coronary blood

¯ow in conscious sheep (Parkes, 1995). Further, AM has
important antiproliferative actions on vascular cells (Kano et
al., 1996), and recently the basal production of AM in the
human coronary circulation was shown to be attenuated in

subjects with coronary atherosclerosis, possibly due to the
atherosclerosis-induced endothelial dysfunction and thereby
decreased AM production (Hojo et al., 2000).

Recent investigations indicate that the calcitonin (CT)
receptor and the calcitonin receptor-like receptor (CRLR)
form the basis of all the receptors for the calcitonin/CGRP/

amylin/AM family of peptides (Foord & Marshall, 1999).
Thus, CGRP and AM bind to the same receptor, the
calcitonin receptor-like receptor (CRLR), with receptor
speci®city being determined by receptor-activity-modifying

proteins (RAMPs). Three di�erent RAMPs have been
described in human tissue, RAMP1, RAMP2 and RAMP3.
Co-expression of RAMP1 and CRLR reveals a CGRP-

receptor, whereas co-expression of RAMP2 or RAMP3 and
CRLR form an AM receptor (Mclatchie et al., 1998).
Similarly, RAMPs can interact with the CT-receptor gene

product to induce expression of distinct amylin receptor
phenotypes (Christopoulos et al., 1999).
Till now the lack of selective (preferably nonpeptide)

agonists and antagonists has prevented thorough exploration
of the receptor distribution and subtypes. The best receptor
blockers availably for CGRP and adrenomedullin has been
the peptide fragments aCGRP8± 37, bCGRP8± 37 and AM22± 52

(Chiba et al., 1989; Longmore et al., 1994; Eguchi et al.,
1994). For over a decade the sensitivity to the aCGRP8± 37

fragment has been used to di�erentiate between two proposed

classes of CGRP receptors termed CGRP1 and CGRP2

(Dennis et al., 1990). Thus, aCGRP8± 37 demonstrates higher
a�nity for the CGRP1 receptor subtype (pA2=7± 8) than the

CGRP2 receptor (pA2=5.5 ± 6.5) (Juaneda et al., 2000). A
relatively limited number of non-peptide CGRP receptor
antagonists have been described. Recently a compound

named BIBN4096BS was reported to have high picomolar
a�nity for the CGRP receptors expressed in SK-N-MC cells
(Doods et al., 2000).

In this study the expression of mRNA encoding the

porcine CRLR, CT-receptor, RAMP1 ± 3 were investigated.
Furthermore, the vasodilatatory responses of aCGRP,
bCGRP, amylin, AM and the potential receptor antagonists

aCGRP8± 37, bCGRP8± 37 and AM22± 52 were investigated in
the porcine left ascending coronary artery (LAD) along with
a novel non-peptide CGRP antagonist `Compound 1' (WO

98/11128) (Edvinsson et al., 2001).

Methods

Vessels

Porcine hearts were obtained fresh from an abattoir
(Roskilde Slagteriskole, Roskilde, Denmark) and transported
to our laboratory in ice-cold physiological salt solution

(154 mM NaCl, DAK, Denmark). The left anterior descend-
ing (LAD) coronary artery was isolated near the apex of the
heart and fat and connecting tissue was removed under a

microscope. The artery, approximately 2 mm in diameter,
was cut into ring segments, 2 mm wide.

Vasomotor responses

Each vessel segment with intact endothelium was mounted in
a temperature-controlled tissue bath (378C) containing a

bu�er solution (mM): NaCl 119, NaHCO3 15, KCl 4.6,
CaCl2 1.5, NaH2PO4 1.2, MgCl2 1.2 and glucose 5.5. The
bath was continuously bubbled with a mixture of 95% O2

and 5% CO2, giving a pH of approximately 7.4. To measure
the isometric circular wall tension of the vessels, each
segment was suspended between two L-shaped metal holders

(0.2 mm in diameter) in a myograph (Model 610M, Danish
Myo Tecnology, Denmark). The vessels were stretched to
their optimal lumen diameter in order to obtain the optimal
condition for active tension development as previously

described (Mulvany & Halpern, 1977). After approximately
1 h, the vessels were exposed to a bu�er solution containing
60 mM KCl, obtained by substituting equimolar concentra-

tions of NaCl for KCl in the previously described bu�er
solution. Only vessel segments responding with a reprodu-
cible potassium-induced contraction after washout with the

normal bu�er solution, was used for further investigation.
Peptides were added in cumulative concentrations from 10710

to 1077 M or 1076 M every 5 min to vessel segments, which

had been precontracted for 10 min with the thromboxane A2

agonist U46619 in a concentration of 1077 M. The
contraction induced by U46619 was set arbitrarily to 100%
and used as an internal standard to which the relaxant

response in the same vessel-segment was compared. When
testing the e�ect of the potential receptor antagonists,
`Compound 1', aCGRP8± 37, bCGRP8± 37 and AM22± 52 were

added 5 min prior to precontraction. Only one concentra-
tion-response experiment was allowed on each artery
segment.
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Drugs

Human aCGRP, bCGRP, AM, amylin and the fragments

aCGRP8± 37, bCGRP8± 37 and AM22± 52 were all obtained from
BachemAG,Switzerland.All peptideswere dissolved indistilled
water. U46619 (Sigma, St. Louis, MO, U.S.A.) was dissolved in
ethanol. `Compound 1' (4-(2-Oxo-2,3-dihydro-benzoimidazol-

1-yl)-piperidine-1-carboxylic acid [1-3,5-dibromo-4-hydroxy-
benzyl)-2-oxo-2-(4-phenyl-piperazin-1-yl)-ethyl]-amide, Karl
Thomae GmbH, WO 98/11128) (Edvinsson et al., 2001) was

synthesized by Medicinal Chemistry, Merck Research Labora-
tories, U.S.A. and dissolved in DMSO (dimethyl sulphoxide).
Stock solutions (1073 ± 1074 M) were made and stored at

7208C. Just before the experiments the solutions were diluted
in bu�er containing 0.2% human serum albumin.

Molecular experiments

Primer pairs were designed to detect mRNA for porcine
RAMP1 (forward: 5'-GGC AGG ACC ATC AGG AGC

TA-3' and reverse: 5'-TGC TCT GCC AGA CCA CCA GT-
3') and the porcine CT receptor (forward: 5'-AGC GCC
AGT GGA ACC AAT AC-3' and reverse: 5'-ACT TCC

ATG GCG ATG ACC TC-3'). The isolation of mRNA and
RT±PCR assay for CRLR, RAMP2 and RAMP3 mRNA
were performed using the primers and method previously

described (Sams & Jansen-Olesen, 1998). The PCR ampli®ca-
tion products of porcine CRLR, RAMP1 and RAMP2 were
puri®ed using QIAprep spin miniprep kit protocol (QIA-

GEN1, QIAGEN GmbH, Germany) and sequenced using
an ABI PrismTM 377 DNA Sequencer (Perkin-Elmer,
Sweden). Due to the sequencing technique the sequenced
product are shorter than the PCR ampli®cation products.

Data analysis and statistics

The concentration-response curves for aCGRP, bCGRP, AM
and amylin were analysed by iterative nonlinear regression
analysis and the sensitivity to agonists expressed as pEC50.

Calculations were done using GraphPad Prism version 3.02
for Windows 95 (GraphPad Software, San Diego, CA,
U.S.A., www.graphpad.com). The maximal relaxant re-
sponses of each peptide are expressed as a percentage of

the contraction induced by U46619 and do not represent the
Emax value. Results are given as mean+s.e.mean (n), where n
is the number of vessels. The e�ects of agonists and

antagonists were examined by comparing responses before
and after antagonist treatment by means of one-way analysis
of variance (ANOVA) followed by Dunnett's test. Dose-

ratios (DR) were calculated and used to construct full Schild
plots (Arunlakshana & Schild, 1959). The pA2-values are
given with 95% con®dence limits. P50.05 was considered

signi®cant.

Results

Molecular experiments

The presence of mRNA encoding CRLR, RAMP1 and
RAMP2 in porcine coronary arteries demonstrated by RT±
PCR (Figure 1). Using the current primers, we did not

succeed in ®nding mRNA encoding the RAMP3 molecule.
Neither did we demonstrate mRNA encoding the porcine
CT-receptor in the coronary arteries. Expression of the CT-

receptor in the porcine kidney was used as a positive control
(data not shown). The partial CRLR sequence correspond
with the porcine CGRP1 receptor (amino acids 252 ± 375)
sequenced by Elshourbagy et al. (1998) and share 98% amino

acid sequence homology with the human sequence. The
partial porcine sequences for RAMP1 and RAMP2 share
82 ± 84% nucleotide sequence identity with the corresponding

human sequences, whereas the amino acid sequence homol-
ogy is 70 ± 77% (Table 1).

Vasomotor responses

The human fragments aCGRP8± 37, bCGRP8± 37, AM22± 52

and `Compound 1' had no signi®cant e�ect on the
vasoconstriction induced by U46619 when added in doses
up to 1075 M. Data not shown.

Comparison of aCGRP, bCGRP, amylin and
adrenomedullin

aCGRP and bCGRP induced similar concentration-depen-
dent responses in the porcine coronary arteries (Figure 2,
Table 2). The pEC50 values were 8.1+0.1 for both peptides

and the maximal relaxations 96.6+1.4 and 95.8+2.0%
respectively. The pEC50 value for AM was 6.7+0.1 with a
maximal relaxation of 90.6+2.3 and 6.1+0.5% for amylin

with maximal relaxation of 70.6+11.5%. AM and amylin
were thus signi®cantly di�erent from the aCGRP and

Figure 1 Demonstration of mRNA encoding the calcitonin recep-
tor-like receptor (CRLR), RAMP1 and RAMP2 in the porcine left
anterior descending coronary artery by RT±PCR. No bands are
present in the lanes of RAMP3 (R3) and the calcitonin receptor
(CT). L: 100 base pair ladder, C: CRLR, R1: RAMP1, R2: RAMP2,
R3: RAMP3 and CT: calcitonin receptor.
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bCGRP responses. Further, the amylin response di�ered

signi®cantly from the AM response.

Effect of aCGRP8± 37 and bCGRP8± 37

The fragments aCGRP8± 37 and bCGRP8± 37 induced con-
centration-dependent (1077 ± 1075 M) rightward shift of both

the aCGRP and bCGRP concentration-response curves
(Figure 3a ± d and Table 2). bCGRP8± 37 (1076 M) had the

same e�ect as aCGRP8± 37 (1076 M), but with less potent
antagonistic properties (Figure 3c, d and Table 2). Thus,
bCGRP8± 37 (1076 M) did not antagonize the relaxant e�ect

of bCGRP and did not a�ect the maximal response of
aCGRP. The Schild plots revealed pA2 values of 7.0 (6.4 ±
8.6) and 6.9 (6.2 ± 8.7) for aCGRP8± 37 versus 6.3 (5.9 ± 7.0)
and 5.9 (5.7 ± 6.5) for bCGRP8± 37 when tested with aCGRP

and bCGRP respectively (Figure 4). Furthermore, preincuba-
tion with aCGRP8± 37 (1076 M) and bCGRP8± 37 (1076 M)
also caused a signi®cant change in pEC50 values and the

maximal responses for AM and amylin (Figures 5 and 6 and
Table 2).

Effect of AM22± 52

Preincubation with AM22 ± 52 (10
76 M) caused a slight but not

signi®cant rightward shift without a�ecting the maximal
response of the concentration-response curves for AM and
amylin. Neither did AM22 ± 52 antagonize the response of a-
and b-CGRP (Figures 5 and 6, 7a,b and Table 2).

Effect of `Compound 1'/(WO98/11128)

The e�ect of aCGRP was tested after preincubation with
`Compound 1' (1077 ± 1075 M). No antagonistic e�ect was
found (Figure 8).

Table 1 The identi®ed partial porcine RAMP1 and RAMP2 mRNA nucleotide sequences and the NCBI Genbank accession numbers
(acc. no.) are shown

(A) Porcine RAMP1

Nucleotide sequence (acc. no. AF312385), 240 base pairs:
AGGACCATCAGGAGCTATAAAGACCTCTCAGACTGCACCAGGCTCGTGGCGCAAAGGCTGGACTG
CTTCTGGCCCAACGCGGCGGTGGACAAGTTCTTCCTGGGAGTCCACCAGCAGTACTTCAGAAACT
GCCCCGTCTCCGGCAGGGCCTTGCAGGACCCGCCCAGCAGCGTCCTCTGCCCCTTCATCGTCGTC
CCCATCCTGGCGACCCTGCTCATGACCGCACTGGTGGTCTGGCAG

82% nucleotide homology to the human sequence

Amino acid sequence, 80 amino acids:
1

HUMAN: RTIRSYRELA DCTWHMAEKL GCFWPNAEVD RFFLAVHGRY FRSCPISGRA
PORCINE: RTIRSYKDLS DCTRLVAQRL DCFWPNAAVD KFFLGVHQQY FRNCPVSGRA

51
HUMAN: VRDPPGSILY PFIVVPITVT LLVTALVVWQ
PORCINE: LQDPPSSVLC PFIVVPILAT LLMTALVVWQ

70% amino acid homology to the human sequence

(B) Porcine RAMP2

Nucleotide sequence (acc. no. AF312383), 66 base pairs:
CAACTTTGCTGGCACGATTATAAGGATTATATGGACTCTATCAAAAAGGATTGGTGTGACTGGGCC

84% nucleotide homology to the human sequence

Amino acid sequence, 22 amino acids:
1

HUMAN: QFCWNHYKDQ MDPIEKDWCD WA
PORCINE: QLCWHDYKDY MDSIKKDWCD WA

77% amino acid homology to the human sequence

The porcine sequences correspond to (A) sequence number 213 ± 452 in human RAMP1 (accession no. AJ001014) and (B) sequence
number 264 ± 329 in human RAMP2 (accesssion no. AJ001015). Further, the identi®ed partial porcine RAMP1 and RAMP2 amino
acod sequences are aligned. Identical amino acids in the porcine and human sequences are underlined.

Figure 2 aCGRP, bCGRP, AM and amylin concentration-reponse
relationship in porcine coronary arteries. Points represent mean
values and vertical lines indicate s.e.mean. Relative responses are
given as percentage fraction of the initial vessel response to U46619
(1077

M) just before they were challenged with the relaxant peptides.
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Table 2 E�ects of the proposed antagonists aCGRP8±37, bCGRP8±37 and AM22± 52 in the concentrations 1077 ± 1075
M on the pEC50

and the maximal relaxation

Agonist Antagonist (log M) n pEC50 Maximal relaxation (% of U46619)

aCGRP ± 16 8.1+0.1 96.6+1.4
aCGRP8±37 (77) 6 7.9+0.1 94.9+3.2
aCGRP8±37 (76) 10 7.3+0.2/ 72.0+5.9/
aCGRP8±37 (75) 12 7.0+0.4/ 41.7+7.3/
bCGRP8±37 (77) 10 8.1+0.1 96.6+1.4
bCGRP8±37 (76) 10 7.7+0.1/ 90.1+2.4
bCGRP8±37 (75) 8 7.2+0.2/ 68.8+7.0/
AM22± 52 (76) 10 8.1+0.1 96.9+1.4

bCGRP ± 12 8.1+0.1 95.8+2.0
aCGRP8±37 (77) 6 7.9+0.1 94.9+3.2
aCGRP8±37 (76) 6 7.6+0.2 87.8+5.8
aCGRP8±37 (75) 9 7.2+0.7/ 72.2+7.1/
bCGRP8±37 (76) 8 8.1+0.1 92.1+3.2
bCGRP8±37 (75.5) 11 7.8+0.1/ 87.2+3.9
bCGRP8±37 (75) 10 7.5+0.1/ 84.2+3.8/
AM22± 52 (76) 8 8.4+0.1 90.2+4.5

AM ± 10 ??6.7+0.1 90.6+2.3
aCGRP8±37 (76) 12 NE 15.7+3.4 /
bCGRP8±37 (76) 8 NE 48.6+11.1/
AM22± 52 (76) 12 6.6+0.2 78.1+6.8

Amylin ± 7 ??6.1+0.5/ ?70.6+11.5
aCGRP8±37 (76) 5 NE 8.9+1.1 /
bCGRP8±37 (76) 5 NE 15.3+11.3/
AM22± 52 (76) 5 NE 44.4+13.1

The maximal concentration of aCGRP and bCGRP tested were 1077 and 1076
M for AM and amylin. Arrows (?) indicate signi®cant

di�erence between values. NE, not estimated.

a b

c d

Figure 3 (a ± d) Vasorelaxant e�ect of aCGRP (10710 ± 1077
M) and bCGRP (10710 ± 1077

M) in the porcine LAD contracted with
U46619 (1077

M). The antagonists aCGRP8±37 (10
77 ± 1075

M), bCGRP8±37 (10
77 ± 1075

M) were added 15 min and U46619 10 min
prior to the aCGRP/bCGRP challenge. Points represent mean values and vertical lines indicate s.e.mean. Relative responses are
given as percentage fraction of the initial vessel response to U46619 (1077

M) just before they were challenged with aCGRP/bCGRP.
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Discussion

RAMPs are proteins identi®ed within the last few years. They
interact and modify the phenotype of at least two family of

receptors or class II group of G-protein receptors, the CGRP
and CT receptor (Sexton, 1999). Three potential conse-
quences of RAMP interaction with its associated receptors
have been described: (1) intracellular transport of the

receptor to the cell surface; (2) modi®cation of the receptor
glycosylation; and (3) direct and indirect modi®cation of the
ligand binding site through association with the receptor at

the cell surface (Foord & Marshall, 1999). Our results

Figure 4 Schild plots for aCGRP8±37 and bCGRP8±37 tested with
human aCGRP and bCGRP as agonists in isolated porcine LAD.
The Schild plot curve for aCGRP8±37 (1077 ± 1075

M) tested with
aCGRP was equal to 1.486 +10.3 (r=0.62; P=0.0011). The pA2

value=7.0 (6.4 ± 8.6). The Schild plot curve for aCGRP8±37 (1077 ±
1075

M) tested with bCGRP was equal to 1.236 +7.8 (r=0.63;
P=0.0007). The pA2 value=6.9 (6.2 ± 8.7). The Schild plot curve for
bCGRP8±37 (1077 ± 1075

M) tested with aCGRP was equal to 1.056
+7.2 (r=0.61; P=0.0031). The pA2 value=6.3 (5.9 ± 7.0). The Schild
plot curve for bCGRP8±37 (1076 ± 1075

M) tested with bCGRP was
equal to 1.686 +10.0 (r=0.65; P=0.0002). The pA2 value=5.9
(5.7 ± 6.5). Each point represents mean values and vertical lines
indicate s.e.mean.

Figure 5 Vasorelaxant e�ect of AM in the porcine LAD contracted
with U46619 (1077

M). The proposed antagonists aCGRP8±37
(1076

M), bCGRP8± 37 (1076
M) and AM22± 52 (1076

M) were added
15 min and U46619 10 min prior to the aCGRP (1079 ± 1076

M)
challenge. Points represent mean values and vertical lines indicate
s.e.mean. Relative responses are given as percentage fraction of the
initial vessel response to U46619 (1077

M) just before they were
challenged with AM.

Figure 6 Vasorelaxant e�ect of amylin in the porcine LAD
contracted with U46619 (1077

M). The proposed antagonists
aCGRP8±37 (1076

M), bCGRP8±37 (1076
M) and AM22± 52 (1076

M)
were added 15 min and U46619 10 min prior to the aCGRP (1079 ±
1076

M) challenge. Points represent mean values and vertical lines
indicate s.e.mean. Relative responses are given as percentage fraction
of the initial vessel response to U46619 (1077

M) just before they
were challenged with amylin.

a

b

Figure 7 (a,b) Vasorelaxant e�ect of aCGRP (10710 ± 1077
M) and

bCGRP (10710 ± 1077
M) in the porcine LAD contracted with

U46619 (1077
M). The antagonist AM22± 52 (1076

M) was added
15 min and U46619 10 min prior to the aCGRP/bCGRP challenge.
Points represent mean values and vertical lines indicate s.e.mean.
Relative responses are given as percentage fraction of the initial
vessel response to U46619 (1077

M) just before they were challenged
with aCGRP/bCGRP.
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demonstrate the presence of mRNA sequences encoding the
RAMPs and CRLR in the porcine LAD. We were not able
to demonstrate RAMP3 using primers designed against the

human sequence. But expression of RAMP1 and RAMP2
were demonstrated. Expression and formation of CGRP- and
AM receptors are therefore possible (Mclatchie et al., 1998).
The CT-receptor was not demonstrated. Therefore, the

presence of speci®c amylin receptors in the porcine LAD is
unlikely. To our knowledge the presence of amylin receptors
have only been shown in the kidney, brain and vas deferens

(Chai et al., 1998; Christopoulos et al., 1995; Tomlinson &
Poyner, 1996) but never in vessels. RAMPs and CRLR have
also been demonstrated in human cerebral arteries (Sams &

Jansen-Olesen, 1998). The identi®ed partial mRNA sequences
demonstrate a high degree of homology with the human
sequences, thereby indicating that the sequences in fact

represent CRLR, RAMP1 and RAMP2 mRNA.
CGRP and AM are well known vasodilators in the

coronary circulation and Yoshimoto et al. (1998) has
previously tested these peptides in the porcine LAD. In the

present study the vasorelaxant responses of aCGRP, bCGRP
and AM and the blocking e�ect of aCGRP8± 37 (1076 M) on
aCGRP and AM were con®rmed. But in contrast to the

investigations by Yoshimoto et al. we found signi®cant
antagonistic e�ect of the aCGRP8± 37 (1076 M) fragment on
the relaxation induced by bCGRP.

The presence of CRLR and RAMP1 might be expected to
give a CGRP1-like receptor. However the measured pA2 for
aCGRP8± 37 of 6.9 ± 7.0 is considerably below the value of

around 8 found for porcine CRLR and RAMP1 in HEK293
cell expression system (Elshourbagy et al., 1998). Di�erences
between pA2 values for aCGRP8± 37 in cell lines and in real
tissue are also seen with other species and one explanation

could be that the receptors are better exposed in cell cultures
than in real tissue with di�erent di�usion gradient barriers.
Thus, the pA2 values of 7.0 (6.4 ± 8.6) and 6.9 (6.2 ± 8.7)

produced by the human aCGRP8± 37 fragment in the present
study on the porcine coronary artery tissue is in line with
previous studies where pA2 or pKb values were 5.7 ± 7

(Foulkes et al., 1991), 7.2 (Yoshimoto et al., 1998), 5.9 ± 6.0
(neglecting data with high Schild plot slope) (Waugh et al.,
1999) and 6.3 ± 6.7 (Wisskirchen et al., 1999). Relatively little

CGRP pharmacology has been carried out on the pig to say
what pA2 values would be expected for a CGRP1 and
CGRP2 receptor in this species. Using the common criteria
for distinguishing between the CGRP receptor subtypes the

antagonist a�nity for aCGRP8± 37 is consistent with a
CGRP1 receptor, but the 95% con®dence limits for the pA2

determination covers the entire range from CGRP1 to

CGRP2. The pA2 values of 6.3 (5.9 ± 7.0) and 5.9 (5.7 ± 6.5)
for bCGRP8± 37 indicate lower a�nity at the CGRP receptor
site compared to the aCGRP8± 37 fragment.

The aCGRP8± 37 fragment also blocked the vasodilatatory
e�ect of amylin, indicating that amylin can act via the CGRP
receptors. A recent study by Sheykhzade & Nyborg (2000)

also shows that amylin act as a non-competitive antagonist
on CGRP1 receptors in rat coronary arteries.
Till now a relatively limited number of non-peptide CGRP

receptor antagonists has been described. Recently a com-

pound named BIBN4096BS was reported to have high
picomolar a�nity for the CGRP receptors expressed in SK-
N-MC cells and was characterized as a human-selective

antagonist (Doods et al., 2000). `Compound 1' is a novel
non-peptide CGRP antagonist and was presented as a
functional CGRP receptor blocker in human SK-N-MC cells

with a pKi value of 7.8 and in human cerebral arteries with a
pA2 values of 7.7 (Edvinsson et al., 2001). In porcine LAD,
however, `Compound 1' demonstrated no antagonistic e�ect.

The use of di�erent species could explain the diverse results
and perhaps `Compound 1' has human-selective antagonistic
properties as well. Similarly, in our study the bCGRP8± 37

fragment generally acted as aCGRP8± 37, but with less

potency. This is in contrast to studies in rat pulmonary
artery, vas deferens and guinea-pig atria where these receptor
antagonists antagonized the aCGRP responses with similar

a�nity (Wisskirchen et al., 1998; Longmore et al., 1994).
The human AM22± 52 fragment has been tested as an AM

receptor antagonist in many studies and in di�erent species.

Thus, in a radio-ligand binding study in porcine tissue
AM22 ± 52 acted as an AM receptor antagonist (Dang et al.,
1999). AM22± 52 has also been shown to block the
vasodilatory e�ect of AM without a�ecting the response of

CGRP in the vascular bed of rat and cat (Dogan et al., 1997;
Gardiner et al., 1999; Saita et al., 1998; Takao et al., 1999),
but in the cat hind limb vasculature the AM vasodilator

response was unchanged after administration of AM22± 52

(Champion et al., 1997). In the present study we only ®nd a
slight non-signi®cant inhibition of the vasorelaxant e�ects of

AM and amylin when preincubating with AM22 ± 52. The
fragment is not a very potent AM inhibitor and its speci®city
has been questioned (Hinson et al., 2000). This is probably

why di�erent studies show di�erent actions of AM22 ± 52. AM
and amylin may still act via an AM receptor, but clari®cation
of this question is not possible until a potent and speci®c AM
receptor blocker has been identi®ed. But CRLR has a higher

a�nity for RAMP1 than RAMP2 (Buhlmann et al., 1999),
which might explain the failure to detect a functional
response to adrenomedullin.

In conclusion, CGRP and AM are important in modulating
blood ¯ow in the coronary circulation. A CGRP receptor
(CRLR+RAMP1) is present in the porcine coronary arteries,

Figure 8 Vasorelaxant e�ect of aCGRP in the porcine LAD
contracted with U46619 (1077

M). The non-peptide CGRP antagonist
`Compound 1' (1077 ± 1075

M) was added 15 min and U46619
10 min prior to the aCGRP (10710 ± 1077

M) challenge. Points
represent mean values and vertical lines indicate s.e.mean. Relative
responses are given as percentage fraction of the initial vessel
response to U46619 (1077

M) just before they were challenged with
aCGRP.

British Journal of Pharmacology vol 133 (8)

CGRP receptors in porcine coronary arteriesP. Hasbak et al 1411



but the antagonist a�nity for aCGRP8± 37 is neither
consistent with a CGRP1 nor a CGRP2 receptor. The
bCGRP8± 37 showed less potent CGRP receptor antagonism

than the aCGRP8± 37 fragment. The vasorelaxant e�ect of
aCGRP, AM and amylin in the porcine coronary arteries can
solely be explained by interaction with CGRP receptors. An
AM receptor (CRLR+RAMP2) was also demonstrated, but

no vasorelaxant e�ect of AM was shown via the AM receptor.
This may be due to the lack of speci®city and potency of the
AM22 ± 52 receptor antagonist or the fact that CRLR has a

higher a�nity for RAMP1 than RAMP2. No amylin receptor
(CT+RAMPs) was demonstrated in the porcine LAD so the
e�ect of amylin is probably mediated via the CGRP receptors.

`Compound 1', a novel non-peptide CGRP receptor antago-
nist, had no e�ect on the porcine LAD.
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