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ABSTRACT
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This review summarizes the receptor-mediated vasaativitiesof calcitonin gene-related peptide (CGRP).C}
is a 37-amino acideuropeptide, primarily released from sensory reritehas a vasodilator activity, though to
varying extents depending on species and tissE@BRP has potent activity in the cerebral circulatizhichis
possibly relevant to the pathology of migraiG&RP exhibits potent activity in micro-vascular 8e@GRP acts
through G protein-coupled receptors whose presancechanges in function modulate the peptide’sceffén
various tissues. Thipeptide acts on its receptor tieansist of calcitonin receptor-like receptor (Clgked toone

of three receptor activity-modifying proteins (RAB)Rthatare essential for functional activity. The assaorabf
CL with RAMP1 produces a CGRP receptor. Several emimge substances such as glucocorticoids, nitrideoxi
(NO), nerve growth factors (NGF), and steroid home®modulate CGRP release and synthesis. Bothdpegatid
non-peptide agonists and antagonists of CGRP resepte being developed. Also the therapeutic litsraffsome
antagonists such as BIBN 4096 BS i have been phagni$his review provides a preliminary understaugdof the
diverse biological effects of the CGRP in varioystems with a special emphasize on its role in patsiological
changes. While the current state of knowledge ofRE@nd its receptors in many body systems are uligt f
explored, yet future pharmacotherapeutic releviadirigs are greatly awaited.

Calcitonin gene-related peptide CGRP, Calcitoniceptor-like receptor (CL) and Receptor activity-nfigidg
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INTRODUCTION

Calcitonin gene related peptide (CGRP) is a 37-
amino acid neuropeptide that was identified in 1982
by molecular biology techniquedt was discovered
when alternative processing of RNA transcripts
from the calcitonin gene were shown to result i th
production of distinct mMRNA encoding CGRP. The
gene encoding the thyroid hormone calcitonin was
found to be alternatively spliced in mammalian
cells. The pre-mRNA from this gene contains 6
exons; the calcitonin mRNA contains exons 1-4,
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and terminates after a polyadenylation site in exon
4. Another mRNA is produced from this pre-mRNA

by skipping exon 4, and includes exons 1-3, 5, and

6. It encodes a protein known as CGRPhe
calcitonin mRNA predominates in the thyroid while
the CGRP- specific mRNA appeared to
predominate in the nervous sysfem

A human form of CGRP was isolated from thyroid
tissue of patients with medullary thyroid carcinoma
CGRP is highly expressed in certain nefvasd is
now known to belong to a family that includes the
more recently discovered peptides adenomedullin
and amylin.

The microvasculature appears most sensitivihe
physiological effects of CGRP. CGRP is one of the
most potent micro vascular vasodilator substances
identified to datewith a potency~ 10-fold greater
than the prostaglandins and 100-1,86&s greater
than other classic vasodilators (e.g., acetylcleolin

adenosine, 5-hydroxytryptamine, and substance P).

A dose of 15 pmol injectednto human skin
produces an erythema that lasts for &% Further
studies of CGRP have shown that its vasodilator
activity extends to a wide variety of tissues and
organs inother species, with particularly potent
activity in the cerebradirculation, suggesting that it
plays a role in the vasodilatatiassociated with the
pathology of migraine

Aim of the Work

The aim of the present work is to build up and

prepare an up to date integrated and advanced

review about the pharmacology of calcitonon gene-
related peptide (CGRP) with special referencedo it
therapeutic potentials.

Objectives
 To know the historical background of the
CGRP.
e To understand the basic pharmacology of
the CGRP.
e To identify the different reported

physiological roles of the CGRP.
 To predict the future perspectives of the
CGRP pharmacology.
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Structure of CGRP

The tertiary structure of CGRP has nbgen
conclusively determined. In 1991, Breeee al®
produceddata from NMR and distance geometry
studies suggesting that (as shown in figurEGRP
consists of a characteristic Mterminal disulfide
bridge-linked loop between cysteines Cysand
Cys/, followed by an alpha-heliin amino acids
val®-Arg*® and a poorly defined turn betwesmino
acids Ser-Gly**. Later, also using NMR and
molecular modeling techniques, Boulanger ef al
produced a suggesteddructure for CGRP with a
disulfide-linked loop between residu&@ys’ and
Cys, a helix segment between residues®Vatd
Leu'® (rather than ArY), and defined the turn
between residues Hhd 21 as 7. -type. The COOH
and NH terminals of the peptidean interact
independently with its receptors in that the C@RP
37 fragment is an antagonist whilst CGRPIs
importantfor efficacy'®. There are two isoforms of
CGRP formost specieso amd ) that exhibit similar
functional activitiesand differ by between one and
three amino acids.

Basic Pharmacology of CGRP

Distribution and regulation of genes and
peptides of CGRP

CGRP is widely distributed in the central and
peripheral nervousystem§“'2 «CGRP, encoded
by the calcitonin gene, is thmore abundant and
found in discrete areas of the central pedpheral
nervous system while gimarily located in the gut.
Both forms of CGRP possess similarly potent
biological activity interms of vasodilator activity,
although there are proposaetifferences in their
receptor-mediated effectdn general, it is the
effects ofa CGRP that are discussedhiis review.
Amino acid sequences of human alpha and beta
CGRP is provided in Figure Nd%

CGRP has been identified at many sites
complementary to itsactivity as a vasoactive
mediator For example; CGRP-containing nerves
innervate smaller arterieghere innervating nerve
terminals can pass into the vascuaroth muscle
layer. Studies done about cerelmiatulation show
that CGRP is released from sensory fibers
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originating in the trigeminal ganglia and acts to
dilate cerebral vessels vessélsThe gut has also
been intensively studied: here CGRIReased from
spinal afferents acts to dilate mucosal bloedsels
and may protect against the acidic environment. It
is possible that CGRP-containing vagal afferents,
which originate from nodusa ganglia, have a
preferential nociceptive rof

The regulation of CGRP production is poorly
understood. Plasticitpccurs at the level of the
ganglia, for example, in models gderipheral
axotomy, enteritis, and inflamed arthrif@nts. In
each case there is an associated increa€&RP
production in the ganglia. One factor of potential
importancen influencing plasticity is nerve growth
factor (NGF), whichhas an important role in the
growth and maintenance of sensagyve function.
At a cellular level, NGF upregulates CGRR a
cAMP/ras responsive element and via
constitutively active mitogen-activated protein
kinase (MAPKJ%. In some experiments the
upregulation of CGRP has beassociated with
nerve sprouting, an indication of NGF activity.
Furthermore, up-regulation of CGRP production in
the dorsafloot ganglia by NGF has been linked to
restoration of the endogenoumicro-vascular
activity of CGRP in diabetic skin , andpnomoting
CGRP  expression in the spontaneously
hypertensiveat. A classical mechanism leading to
the release of sensory neuropeptides is that
mediated by capsaicinbut the endogenous
significance of this release mechanism remains
unproven. CGRP immune-reactivity increases in the
plasma afterthe administration of capsaicin,
although the elevation is shdived”’. Capsaicin
acts via vanilloid (TRPV1) receptoos sensory C
and A fibers to increase permeability to cations.
Low pH and heatare also associated with the
activation of the capsaicin receptéeading to a
release of CGRP? It has been recently suggested
that a range of endogenous agents may also act to
stimulatethis receptor. These include anandamide
and leukotriend,. Other substances considered to
be involved in mediatinghe release of CGRP
include kinins, prostaglandins and NO. It has been

a
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suggested that under certaircumstances, such as
septic shock, mediators can act insynergistic
manner to potentiate CGRP release.
Presynaptic/prejunctional receptors on the sensory
nerves themselvealso play an important role in
modulating CGRP release. Such receptors include
those for opioids,5-hydroxytryptamine (5-HT
receptor),” -aminobutyric acid (GABAreceptor),
histamine (H receptor), neuropeptide Y,
somatostatin, vasoactive intestinal polypeptide,
purines, and galanifi®2

It has been shown that stimulation cf>-
adrenoceptorslocated presynaptically on sensory
neurons, acts to inhib@GRP release, with CGRP
also inhibiting the release afrepinephrine from
sympathetic nervod$ These resultare indicative

of an important role for CGRP in the regulatain
peripheral blood flowln the circulation, CGRP has
a half-life of ~7-10 min irhumané®. There is no
obvious mechanism for CGRRetabolism, and it is
probably broken down via a number of routdast

cell tryptase has a potent effect in cleaving CGRP
into inactive fragments, botm vivo andin vitro.
This mechanisnhas been clearly demonstrated in
extravascular sites, e.g.,skin. A matrix
metalloproteinase Il has the ability to metabolize
CGRP and remove its vasodilator actifity
Finally, therehas also been a suggestion that CGRP
may be taken back up inggnsory nerve terminals
after repolarization, at least vitro.

Receptor of CGRP

The understanding of these receptorsti$ at an
early stage, and the information available to tate
described below. CGRP acts on its own CGRP
receptor to mediate its vasorelaxafiects.

The existence of two receptors, CGRP1 and
CGRP2, was originallproposed in the late 1980s,
with the CGRP1 receptor being tipeedominant
mediator of cardiovascular effettsThe 30-amino
acid fragmenof CGRP, CGRR37, is an antagonist
showing preferencéor the CGRP1 receptSr In
contrast, linearized CGRP analogsuch as
diacetoamidomethyl cysteine CGRP
{[Cys(ACM)2,7]h«CGRP}are considered to show
preferential agonist potency for th€GRP2
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receptor. [Cys(ACM)2,7}a CGRP is formed by
reduction of the disulfide bond of CGRP. In
general, receptors that can Iamtagonized by
CGRR_37 with an approximatelf, valueof 7.0 are
designated as CGRP1 receptors, while those that
CGRR_37 block with a K, of 6 or less are
classified as CGRP2 receptdfs*® However, more
recent studies have questioned #eectivity of
[Cys(ACM)2,7]hx CGRP for the CGRP2 receptor
andsuggested that it also exhibits potent activity at
the CGRPZteceptor.

Components of CGRP Receptor

The calcitonin  receptor-like receptor (CL)
component is common to all three receptors and is a
G protein-coupled 7-transmembrane receptor. The
three RAMP components are single transmembrane
domain proteins. The active receptor is a functiona
heterodimer of one CL complexed with a RAMP, at
the cell membrane. The interaction of RAMP1 with
CL produces a CGRP receptor. The proposed
receptor component protein (RCP), is suggested to
allow coupling to intracellular signaling pathways
(as shown in Figure No.3).

The CGRP receptor that have been cloned and
characterized to date consists of a seven-
transmembrane G protein-coupled i@lassociation
with one of three single membrane-spanning
RAMPs. There is strong evidence from studies in
cultured cells that CL, in combination with an
appropriate RAMP, actas a receptor for CGRP

CL is a member of the B family of seven
transmembrane G  protein-coupledeceptors.
Members include, in addition to the calcitonin
receptor, receptors for vasoactive intestinal
polypeptide, pituitary adenylateyclase activating
polypeptide, and parathyroid hormone.

RAMPL1, -2, and -3 have been identified in humans,
rats, andmice. The same RAMPs in different
species show >60% homolodput <30% homology
exists between different RAMPs in the same
specied’. The extracellular NH terminusof the
RAMP is important for ligand binding. In
comparison, the short COOH terminus is not
essential to activity. It has been proposed that
RAMP1 is dominant, leading to the preferential
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expression ofa functional CGRP receptor when
both RAMP1 and RAMP2 are presémta celf? It

IS now accepted that, while the CL is important for
ligand binding, the RAMP proteins have roles in
determining receptor phenotype and species
selectivity. The trafficking activitpyf RAMP1 has
been studied, and it is now realized that RAMP1,
when expressed alone, is located in the endoplasmic
reticulumand the Golgi mainly as a disulfide-linked
homodimet®.

The CGRP-receptor component is a 17-kDa
intracellularmembrane protein that was cloned and
shown to provide CGRP receptactivity to
Xenopus oocytes”.

Factors Affecting Release of CGRP

Physical Factors

Low pH and heatre associated with the activation
of the capsaicin receptoleading to a release of
CGRP. This maybe relevant to the release and
contribution of CGRP in modelsf cardiovascular
ischemic inflammation, where localized acichiyd
increased heat are observed.

Chemical Factors

Nitroglycerin Induced Release of CGRP
Nitroglycerin is a nitric oxide (NO) donor that is
widely used in the management of ischemic heart
disease.

Recent studies indicate that nitroglycerin caubes t
release of CGRP in the cardiovascular systéfh
Preliminary evidence suggests that once nitrate
tolerance is established, CGRP release may be
reduced in response to subsequent administration of
nitroglycerin. Nitroglycerin is widely recognized a

a direct-acting vasodilator. Considerable evidence
indicates that nitroglycerin causes smooth muscle
relaxation by serving as an NO donor, thereby
activating the guanylyl cyclase/cyclic GMP
signaling pathway.

CGRP Secretion by Serotonergic Anti Migraine
Drug

This belief has been strongly supported by the
clinical efficacy of the selective 5-HTreceptor
drug sumatriptan. Sumatriptan has been shown to
decrease the elevated CGR#¥els in migraine
patients, coincident with relief of headacpain.
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Trigeminal nerves play ammportant role in the
regulation of cerebral blood flow durimgrmal and

intracerebroventricular injection of CGRP, \asll
as other members of the calcitonin family of

disease states and are the major source of sensory peptides causes increase in blood pressure in rats,

and CGRP innervations to the cerebral vasculature.
However, becausall of the previous studies have
usedin vivo model systems arietHT; receptor are
expressed by cerebral blood vessels tageéminal
nerves, the site of sumatriptanaction, has
remained unclear. In that study, the authors
demonstrated that sumatriptan and other 5-HT
receptor agonists can directly repress the
stimulated,but not basal, release of CGRP from
cultured trigeminal neurofs

Physiology of CGRP

Effect on cardiovascular system

Vascular mechanisms

There are several mechanisms by which CGRP
produces vascularelaxation. Itis accepted that
vasodilatation is mediated via the CGR®Bceptor
and blocked in a competitive manner by CGQRP
Currentevidence points to the existence of an NO-
and endothelium-independenpathway, where
CGRP administration correlates closely withise

in intracellular cAMP. This mechanisis observed

in the majority of tissues that have been stutted
date (e.g., rat perfused mesentery, cat cerebral
artery, porcine coronary artery). The abilibf
CGRP to relax these tissues in the absence of an
endotheliumimplies that, it acts directly on the
smooth muscle cells &timulate adenylate cyclase,
and this has been demonstraitedultured smooth
muscle cells*®* Figure No.4, shows cellular
mechanism of vasodilatation to CGRP.
Cardiovascular Regulation

The vasodilator activity of CGRP has been studied
extensively in the vasculaturein vitro. The
contributionof the various vasodilator mechanisms
of CGRP to the vasodilatation humans has been
examined in a study in the human foreammere
the ability of intra-arterial infusion of CGRP to
stimulatea decrease in forearm vascular resistance
due to vasodilatations well established. The
intravenousadministration of CGRP is associated
with hypotension and positivenotropic and
chronotropic responses in the rlat. comparison,
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due to sympathetic nergtimulation and release of
the vasoconstrictor norepinephriheHowever, the
available evidence, as indicated belsuggests that
CGRP does not have a role in the regulation of
blood flow in the normal rat or mouse.

Studies with intravenously injected CGRE in
rodentshave shown a lack of effect on basal blood
pressure. Aecent investigation in the anesthetized
rat and conscious dogupports these results and
shows that CGR{P3; at doseshat antagonized the
effects of CGRP, had no effect on eitlsgstemic
blood pressure or regional vascular beds. This
supports the hypothesis that endogenous CGRP acts
in a localrather than a systemic manner to modulate
blood flow. In additionto studies using CGRP
receptor antagonists, elucidation of thae of
CGRP in cardiovascular regulation has been aided
bythe creation o CGRP knockout mice.

The studies using th# CGRP knockout mice have
been importantin the absence of a well-
characterized, potent, and selectargtagonist for
the CGRP receptor(s). They have revealed some
inconsistencies compared with each other and to the
antagonist studies, and these require further
investigation. In comparisofit, is established that
CGRR_37 has little potency asa systemic
vasoconstrictor, although effects observed on
regionalblood flow suggest that CGRP may play a
local modulatory/homeostatiole in the control of
blood pressure. Furthermore, it has bseggested
that the attenuated release of CGRP in
spontaneousiyypertensive rats may contribute to
the observed hypertensin

Microvascular Mechanisms

The intravenous infusion of subvasodepressor doses
into theconscious rat led to specific relaxant effects
in a range otissues, for example, a reduction in
hindquarters vascular resistariceThe concept of
CGRP as a highly targeted vasodilasoenhanced

by the observation of increased microvascular blood
flow induced in the ipsilateral, but not contrataie
skin of the hindleg of the anesthetized rat after
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stimulation of CGRP-containing nerves,
demonstrating that its activity is primaray the site

of release. It is also in keeping with thigservation

of selective facial flushing observed after
intravenousCGRP administration in humatis

The beneficial role of sensory nerves is considered
to be dueto the vasodilator activity of CGRP.
Peripheral vascular conditiorsssociated with a
deficit of CGRP-containing nerves, vascular
dysfunction, and slow wound healing includes
diabetes andRaymond’s disease, where a lack of
reflex vasodilatations observed. In comparison,
excess release of CGRP is associati¢hl blushing
syndrome¥’.

In many species, the coronary arteries and left
anterior descendingrtery receive innervation from

a high density of CGRP-containimgrve fibers®.
CGRP is released from the heart in laboratory
species in response to ischemia and low pH; with
evidence that endothelium-derived prostacyclin
(PGL) may also play &ole in CGRP release. There
is also evidence for a protective role of endogsnou
CGRP ina myocardial infarction model in the pig;
however, exogenouslgdministered CGRP caused
hypotension but no cardioprotecti@s, observed by

a lack of reduction in the size of infarct sikze.et

al, Suggestthat CGRP is involved in ischemic
preconditioning; possibly via protection of
microvascular endothelial cells, and th#te
protective role of nitroglycerin may be related to
stimulationof CGRP releasé,

Furthermore, it has been suggeshed the delayed
cardioprotection observed after intestimathemic
preconditioning is mediated by endogenous CGRP
in an NO-dependent manner as a Nitric oxide
synthase (NOS) inhibitor abrogated the respnse
Action of CGRP on Heart

Evidence indicates that CGRP can have a protective
influencein dilating coronary arteries at locations of
atheromatous stenosiand delaying the onset of
myocardial ischemia in patients withronic angina
undergoing treadmill exercide

Effect of CGRP on Cerebral Vessels

The most compelling evidence of a role for CGRP
in a pain syndromecomes from sufferers of
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migraine and cluster headache. Stutli@ge shown
that CGRP levels are raised during the painful
phase®f both conditions and are restored to basal
levelsby successful migraine treatment with triptan
5-HT, agonists, providing evidence that the
trigeminal sensory nervous syst&ractivated. It is
now known that exogenous CGRiIRduces a
delayed migraine-like headache in migraineurs.
However there is little evidence for a role of CGRP
in tension-typeheadach®. The release of CGRP
and the role of the blood - brdwarrier, in migraine
are still poorly understood. CGRP canrk&ased
from either the trigeminal ganglia or perivascular
nerves. It has recently been suggested that teptan
act bycausing a prolonged elevation of intracellular
calcium in trigeminalneurons, which blocks the
MAPK activation of CGRP synthesasd release. 5-
HT; agonist treatment of migraine is associavet

a rebound effect; the pain is removed, but then
returnsseveral hours after the initial att&tkThis
has spurredon the search for a new class of
antimigraine drugs. The non-peptid€GRP
antagonist, BIBN4096BS, has been tested in phase
II clinical trials as a potential novel treatment and
found to be effectiveagainst the symptoms of
migraine, without significant acusede effects.

It has been shown that gemansfer of recombinant
adenoviral prepro-CGRP can prevent fatlebral
vasoconstriction after subarachnoid hemorrhage in
arabbit modét’. It is therefore possible that gene
therapymay be appropriate in this condition and of
greater benefithan current therapies or intravenous
infusion of CGRP, althougimechanisms for the
administration of such treatments will hatee be
developed.

Effect of CGRP on Reproductive System

CGRP influences many stages of mammalian
development by affecting the function of female
and male reproductive organs. It regulates blood
flow to the female reproductive organs, and has a
role in the innervations of the uterus and aids in
fetal growth and survival. It is involved in utegin
relaxation during pregnan®y It is suggested that
the peptide is involved in maintaining the human
myometrium in quiescence during pregnancy by
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antagonizing the actions of uterine stimulants like
oxytocin, and a decrease in the CGRP receptors
towards the end of pregnancy aids in the initiation
of labor. It has been reported that CGRP plays an
important role in sperm function in mR&&°>
CGRP's status in the human male reproductive
system is still being studied though it is reported

be present in the semen, prostate, and seminal
vesicles.

Effect of CGRP on Gastrointestinal System

CGRP receptors are present in the D-cells of the
gastric mucosa demonstrating control of secretion
and production of somatostatin. The secreted
somatostatin inhibits gastric acid secretion both
directly and indirectlSf. The inhibitory influences

of CGRP on the gastrointestinal tract result in
decreased motility and contraction. CGRP
antagonists could be wused as spasmolytics,
antidiarrheal and antinociceptive drugs in
gastrointestinal diseases. The increase in gastric
blood flow by CGRP resulting in gastric protection
may provide new drug targets in the treatment of
gastric ulcer. CGRP stimulated release by capsaicin
was shown to result in hyperemia in the gastric
lining®”, which explained the earlier finding that

capsaicin protects against peptic Ul&ewhich was
later confirmed by others on human stomach.

Effect of CGRP on Pulmonary System

In situ hybridization and immunohistochemistry
revealed the existence of CGRP in the pulmonary
system. In the airways, the peptide acts on
bronchial smooth muscle and submucosal glands to
promote airflow obstruction and hyperemia, hence
it's implication in bronchoconstriction. CGRP
causes a concentration-dependent relaxation of the
pulmonary artery and also effectively dilates

precontracted pulmonary arteries. It is further
reported that in isolated rat lungs CGRP's
mitigating effect on hypoxic  pulmonary

vasoconstriction could involve the suppression of
pressor response to angiotensfi. IStudies on the
extent of CGRP accumulation in allergic conditions
such as asthma are under way and its potential role
in regulating pulmonary vasculature is being
investigated.

Pathophysiologic Roles of CGRP

CGRP has many important pathologic functions as
in inflammation, different Cellular Effects,
Pulmonary Hypertension, Raynaud's Disease,
Sepsis,Blushing Syndromes, Migraine, and much
other abnormaliti€s ™"

Figure No.1: 3D structure of CGRP
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The cellular mechanisms of vasodilatation to
CGRP. Left: endothelium-independent
vasodilatation to CGRP. Activation of CGRP
receptors on smooth muscle cells is coupled to
production of cAMP by adenylate cyclase. The
increase in intracellular cAMP concentration
([cAMPY];) then stimulates protein kinase A (PKA),
which opens K channels and activates Ca

sequestration mechanisms to cause smooth muscle neurotransmitters

relaxation. Right: endothelium-dependent
vasodilatation to CGRP. CGRP interacts with
receptors on endothelial cells and stimulates
production of nitric oxide (NO). This is mediated
via CAMP accumulation, although a direct effect of
Protine Kinase A (PKA) on endothelial NO
synthase (eNOS) is yet to be fully characterized.
Diffusion of NO into adjacent smooth muscle cells,
activating guanylate cyclase, then leads to
relaxation.

CONCLUSION

In conclusion, this review acts to integrate evigen
from recent developments in molecular and
cardiovascular research which predicts a pivotal
role of CGRP. Researchtims field is at an exciting
stage where selective ligands (agonist and
antagonists) aren the processes of experimental
investigating as well as clinical trials for use as
selective therapies for several disorders (such as
migraine, Reynaud’s disease, pulmonary
hypertension ....etc).

CGRP is one of the most important and widely
distributed neuropeptides with a very potent
vasodilatory effect. It is  involved in most of
human tissues. Hence, with the advanced studies on
CGRP and the possibly reacting ligands with its
receptors, indispensable benefits to the pharmaco-
therapeutics of many diseases will take place. For
example, it is expected that new drugs, acting on
the CGRP receptors, are on their way to be utilized
for alleviating disease conditions such as migraine
hypertension, flushing syndrome, diarrhea, spasms,
ischemia and many other pathological conditions.
In addition, research on ligands to those receptors
will help in the propping for improving the
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understanding of the different body functions. It
will be interesting to follow the success sifich
compounds especially when considering the
pleiotropic naturef the CGRP family of peptides.
Thus, it may be worth noting to emphasize that,
within few years the medical importance of CGRP
and its interactions will be of more or less simila

weight as that of the earlier discovered
,such as dopamine and nor

adrenaline.
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