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THE END

When I was One,

I had just begun.

When I was Two,

I was nearly new.

When I was Three,

I was hardly Me.

When I was Four,

I was not much more.

When I was Five,

I was just alive.

But now I am Six, I'm as clever as clever.

So I think I’ll be Six now for ever and ever.

A.A. Milne, October 1927.



Summary.

Previous studies have established that the extrinsic afferent
innervation of the stomach is both a substrate for the action of regulatory

peptides , and acts at least partly through release of peptides.

In this thesis, the idea has been examined that the intestinal
hormone, cholecystokinin (CCK), regulates gastric emptying by acting on
vagal afferent fibres. In addition, the role of calcitonin gene-related peptide
(CGRP) as a mediator of splanchnic afferent e ffects in the stomach has been’
explored. It was found that a protein-rich liquid test meal increased plasma
CCK concentrations, which in turn evoked a delay in gastric emptying, that
was dependent upon the integrity of small diameter vagal afferent fibres.
Evidence that CCK activates this reflex by acting on CCK receptors
localis’ d to capsaicin-sensitive vagal afferent fibres is presented. In
addition, evidence is presented to indicate that the efferent component of
this reflex is mediated in part by vasoactive intestinal polypeptide (VIP),

and appears not to have an adrenergic input.

Two other types of liquid test meal, namely acid and hypertonic
solutions also delay gastric emptying. The latter requires access to the
distal d‘uodenum, by a mechanism dependent upon the integrity of
calcitonin gene-related peptide (CGRP) containing small diameter

splanchnic afferent fibres, and an intact ceoliac ganglion; it does not appear
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to have an adrenergic component. The action of acid also depends in part
on the integrity of CGRP containing small diameter afferent fibres, but the
pylorus is an important effector site.
v presented

Evidence is to indicate that CGRP is an important mediator of
gastric mucosal protection in response to noxious stimuli, such as acid,
hypertonic saline and ethanol, in the lumen of the stomach. CGRP would
also appear to regulate somatostatin (SS) gene expression, probably as part

of the gastric protective mechanism.

Overall it would seem that exposure of the lumen of the upper
gastrointestinal tract to protein-rich, acid and hypertonic solutions evokes
at least three separate neuroendocrine reflexes that together delay gastric
emptying. In addition potentially damaging agents such as acid and
hypertonic solutions activate mechanisms that are protective and are
mediated by CGRP, probably released from the peripheral terminals of

primary afferents in the stomach.
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ABBREVIATIONS

Ala alanine

AMP adenosine monophosphate
ATP adenosine triphosphate

CCK cholecystokinin

CGRP - calcitonin gene-related peptide
CNS central nervous system

EDTA ethylenediaminetetra-acetic acid
Glu glutamate

Gly glycine

HPLC high pressure liquid chromatography
5-HT 5-hydroxytryptamine

i.p. intraperitoneal

i.v. intravenous

Leu : leucine

Met methionine

NANC non-adrenergic, non-cholinergic
NGF nerve growth factor

NO : nitric oxide

NOS nitric oxide synthase
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Chapter 1
INTRODUCTION



Historical perspectives.

Overview. In the early part of this century there were two main schools of
thought regarding the physiological control mechanisms of gastrointestinal
function. The work of Langley (1898), Sherrington (1899) and Pavlov (1910)
had led to the view that feeding-induced changes in secretion and motility
might be explained in terms of nervous reflexes. Set against this, however,
Bayliss and Starling (1902) had discovered that a blood-borne agent,
secretin, regulated pancreatic secretion, and similar factors might control
the stomach. For many years nervous and hormonal mechanisms were
thought to be essentially separate and the idea of an interaction between
them was slow to develop. An early example is Mellanby’s hypothesis that
control of pancreatic enzyme secretion depended on vagal efferent
stimulation, while control of water and bicarbonate secretion was mediated
by secretin (Mellanby, 1926). In recent times it has become clear that the
control of digestion depends upon extensive interactions of these two
systems. Thus amongst other things, numerous instances are known where
a nervous reflex in turn leads to stimulation of endocrine secretions, or
where hormones and neurotransmitters control a single function. Moreover
it is clear that the peptides which act as gut hormones, may also be

neurotransmitters involved in nervous reflexes.

Hormonal control. Understanding of hormonal control mechanisms of the



digestive process burgeoned following the discovery of secretin by Bayliss

and Starling (1902) and gastrin by Edkins (1906).

Cholecystokinin (CCK) was first discovered in 1928 by Ivy and
Oldberg (1928), as an intestinal factor mediating gall-bladder contraction.
Independently, Harper and Raper (1943) extracted from the small intestine
a peptide that stimulated pancreatic enzyme secretion and named it
pancreozymin. It is now known that CCK and pancreozymin are the same

molecule (Jorpes and Mutt, 1966).

Cholecystokinin/pancreozymin, now termed cholecystokinin, was
originally isolated from porcine intestine as a 33-amino acid peptide (CCK-
33) that shares an identical carboxyl terminal pentapeptide sequence with
gastrin. Other molecular forms of CCK have been identified in intestinal
extracts, brain and plasma of various species (Dockray, 1976; 1977
Eysselein et al, 1982; Miller et al, 1984; Muller et al, 1977; Mutt, 1976;

Mutt and Jorpes, 1971; Rehfeld, 1978).

Nervous control. Gaskell (1886) described the extrinsic nervous pathways

controlling visceral function and emphasised their nature as an’involuntary
nervous system’ comprised purely of efferent or motor fibres. Langley and
Dickinson (1889) later classified the ’autonomic nervous system’ into the
sympathetic and parasympathetic subdivisions, but they too considered it

to be only an efferent system. However, in his final formulation Langley



(1921) also argued for a third sub-division, the enteric nervous system, and

this view has received considerable support.

Work by Hertz and colleagues demonstrated that in man the
alimentary canal was sensitive to tactile, thermal and chemical stimuli, and
in addition could register the sensations of fullness, emptihess and pain
(Hertz, 1911). Thus it became clear that the autonomic nervous system
contained afferent as well as efferent pathways. In describing the sensation
of visceral pain Hertz (1911) concluded that ’painful sensations in the
stomach’ and small intestine are conveyed by sympathetic and not by vagal-

fibres’.

In their classic study of 1899, Bayliss and Starling repeated the
prevailing opinion of the time, that the vagus and splanchnic nerves exert
reciprocal control over the motility of the stomach. With the benefit of
hindsight, it is now clear that the vagal and splanchnic innervations of the
stomach differ in several ways. There are vagal excitatory influences and
splanchnic inhibitory effects. Moreover, vagal afferents respond to discharge
of chemo-, mechano-, and thermoreceptors stimulated in the physiological
range (Iggo, 1957a/b; Paintal, 1954), whilst splanchnic afferents are thought
to be primarily nociceptive (Downman and Evans, 1957). Even so, this
analysis is likely to be an over simplification. It is, for instance, well known
that the vagus also inhibits gastric motility (McCrea et al, 1925; McSwiney,

1931).



The main objective of the studies described in this thesis is to
characte'rise the afferent and efferent arms of the vago-vagal reflex and to
examine the mechanism by which this reflex is initiated in response to
specific meal stimuli. In the following pages accounts of the properties of
the major peptides involved in this study are given; thereafter the vagal and
splanchnic innervation of the stomach is characterised and is followed by
a section on control of gastric motility. Finally the pathway controlling

gastric mucosal protection is described.

Cholecystokinin.

Discovery. As previously mentioned Ivy and Oldberg (1928), and
independently Harper and Raper (1943) discovered the separate actions of
cholecystokinin/pancreozymin (CCK/PZ) independently. Later, following
isolation of the tritriacontapeptide (CCK-33) with both activities, Grossman
proposed the name cholecystokinin (CCK) regardless of the particular

function (Grossman, 1970).

Isolation, molecular biology and chemistry. CCK-33 was finally purified and

sequenced from hog intestine by Mutt and Jorpes in the 1960’s (Mutt and
Jorpes, 1968; 1971). The amino acid sequence showed homology with the
then rec-ently seqilenced heptadecapeptide gastrin (Gregory et al, 1964).
Gastrin and CCK share the same COOH-terminus penta-peptide, which

constitutes the active site of both hormones.



After CCK-33, Mutt (1976) isolated and purified the slightly larger
CCK-39, also from hog intestine. More recently many larger and smaller
CCK peptides, including CCK-58, CCK-22, CCK-8 and CCK-5, have been
identified in gut and brain extracts (Dockray, 1976; 1977; Eysselein, 1982;
1984; Muller, 1977; Rehfeld, 1978). and several have been purified and
sequenced (Dockray et al, 1978; Eng et al, 1983; 1984; Eysselein et al, 1982;
Miller et al, 1984; Rehfeld and Hansen, 1986; Tatemoto et al, 1984; Zhou
et al, 1985). Thus (by analogy with gastrin) CCK is highly heterogeneous,
consisting of a large group of peptides, the occurrence of which can be
explained by alternative post-translational processing of a primary CCK

gene product.

Deschenes et al (1984), starting with a rat medullary carcinoma of
the thyroid cell line, isolated sufficient amounts of CCK mRNA for reverse
transcription, cloning and sequencing of ¢cDNA. From this sequence, the
structure of preproCCK was deduced and the rat CCK gene subsequently
characterised (Deschenes et al, 1985). Since then porcine (Gubler et al,
1984), human and mouse CCK ¢DNA (Takahashi et al, 1985) have been

sequenced.

The transcription unit of the CCK gene is 7kb (kilobases). It is
interrupted by two introns, of which the largest is the second and is nearly
5kb (fig 1.1). The first of the three exons is the smallest and is entirely non-

coding. The coding region for the biologically important CCK-33 sequence



is confined to exon 3. As previously mentioned, CCK mRNA has been
isolated from a variety of species and tissues. In these species only one
mRNA molecule has been found without signs of tissue-specific mRNA
processing. Thus, although different cell types synthesize CCK peptides of
differing :cjize and activity, they are apparently all fragments of the same
translation product from a single mRNA, which in its mature form has

between 750 and 850 bases, of which 345 are protein coding.

The structure of preproCCK deduced from the cDNA sequence of the
human and rat consists of 115 amino acid residues, whereas porcine
preproCCK contains 1 residue fewer. PreproCCK consists of four major
domains. The first is an NH,-terminal signal peptide of 20 residues; the
second, approximately 25 residues with considerable species variation,
seems to act as a spacer peptide; the third sequence is 58 amino acid
residues, from which all bioactive CCK peptides so far are derived. The
species variation in this sequence is small, particularly in the COOH-
terminal part. The fourth sequence of preproCCK is a COOH-terminal
dodecapeptide, of which the first 3 amino acid residues, Gly-Arg-Arg,
constitute the characteristic a-amidation signal for the post-translational
maturation of active (i.e. a-amidated) CCK peptides, and there follows a
putative phosphorylation site (Ser-Ala-Glu) which is also conserved in

progastrin.

Extensive post-translational processing of preproCCK is required for
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Fig 1.1. Schematic representation of the CCK gene, CCK mRNA and

preproCCK showing their interrelationship and the relevant biologically

active products (CCK8, 33, 39 and 58). Shaded boxes indicate nucleotide

sequences that corresponded to the translated regions in preproCCK; open

boxes indicate untranslated sequences and the stippled region is the signal

peptide.



production of bioactive peptides and is tissue and cell speﬁiﬁc (Rehfeld,
1985; Rehfeld and Hansen, 1986). Two modifications of preproCCK occur
during post-translational processing that are similar to those for other
peptides and proteins, i.e., cleavage of peptide bonds and amino acid

derivatizations.

Most CCK-producing tissues contain a bioactive molecular form
slightly larger than CCK-58 first identified by Eysselein et al (1984); the
larger molecular form may be CCK-82 and arise by removal of the signal
peptide only at the N-terminus and amidation at the C-terminus. Within
the CCK-58 sequence there is apparently proteolysis at mono-basic sites,
i.e., at Arg-64 (to release CCK-39), Arg-70 (to release CCK-33), Arg-91 (to
release CCK-12) and Arg-95 (to release CCK-8). In addition naturally
occurring CCK-5 has been described implying that further cleavage can
occur at Met-98. The occurrence in plasma of an intermediate sized
bioactive CCK (Folsch et al, 1978; Liddle et al, 1984) reserhbling the 22-
amino acid CCK in the small intestine of rat (Eng, 1984) and guinea-pig
(Zhou et al, 1985) points to an additional monobasic cleavage site at Lys-81

of preproCCK.

The Tyr-97 of preproCCK (96 of porcine preproCCK) is nearly always
sulphated in secreted peptides (Dockray, 1980; Himenos et al, 1983;
Rehfeld, 1978). Gastrin (Brand et al, 1984; Gregory and Tracy, 1964) and

the frog skin peptide caerulein (Anastasi et al, 1968) are other examples.



The sulphation of CCK has great functional significance as the bioactivity
is enhanced a 1000-fold compared to the non-sulphated form (Amer, 1969;

Johnson et al, 1970).

Structure-activity relationships, receptors and antagonists. The biological

activity of preproCCK fragments depends on a COOH-terminus containing
the a-amidated tetrapeptide Trp-Met-Asp-Phe-NH,. High potency for gall-
bladder contraction and pancreatic secretion, further depends on the entire

tyrosine sulphated heptapeptide Tyr(SO,)-Met-Gly-Trp-Met-Asp-Phe-NH,

Cholecystokinin peptides mediate their effects on the target cells
through membrane receptors. The kinetics of binding to pancreatic acinar
and gall-bladder muscle receptors in rodents are now well characterised
(Innis and Snyder, 1980; Jensen et al, 1980; Sankaran et al, 1980;
Steigerwalt and Williams, 1981; 1984). Also the different CCK receptors in
neuronal tissues have been intensively studied (Hayes et al, 1980; Hokin
and Hokin, 1956; Saito et al, 1980; Steigerwalt and Williams, 1984;

Wennogle et al, 1985).

The binding kinetics of pancreatic acinar and gall-bladder CCK
receptors resemble each other and are presumably the same type of
receptor, the so-called CCK, receptor. This receptor is highly specific for
CCK in the sense that it requires sulphation of the tyrosine in the position

7 residues from the a-amidated COOH-terminus. Thus non-sulphated CCK-
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8, gastrin peptides and CCK-4 bind the receptor with an affinity 200-10,000

times less than sulphated CCK-8.

The major CCK receptor population in neuronal tissue is readily
distinguished from the CCK, type. Thus non-sulphated CCK-8, CCK-4 and
gastrin peptides irrespective of their degree of sulphation bind the receptor
with almost the same potency as CCK-8 (Hayes et al, 1980; Saito et al,
1980; Steigerwalt and Williams, 1984). This receptor type is commonly
referred to as the CCKy receptor. It closely resembles the gastric receptor

characterised on canine parietal cells.

Until very recently only three classes of CCK receptor antagonists
have been reported: 1) cyclic nucleotides such as dibutyryl cyclic GMP,
2)amino acid derivatives such as benzotript and proglumide, and 3) C-
terminal peptide fragments typified by CCK (27-32)-NH,. All of these "first
generation” antagonists were shown to competitively and reversibly
antagonise CCK-stimulated amylase secretion (Gardner and Jensen, 1984).
Unfortunately, the potencies of these antagonists are relatively weak in

their affinity for CCK, receptors.

Within the last few years, a series of "second-generation" CCK
antagonists have been developed. These new CCK antagonists have
significantly greater potency and selectivity than the "first-generation" CCK

antagonists. The first antagonist, lorglumide, represents a major

11



improvement over the parent amino acid derivative proglumide (Makovec
et al, 1985; 1986), and is specific for the CCK, type receptor. Other
compounds, which possess a benzodiazepine ring, represent a new chemical
class of ‘CCK antagonist. L.-364, 718 (Chang and Lotti, 1986; Evans et al,
1986), a CCK, receptor antagonist, has been shown to block CCK-8
stimulated pancreatic exocrine secretion in rats (O'Rourke et al, 1990), gall-
bladder contraction in cats (Lotti and Chang, 1989) and delay gastric
emptying (Baker et al, 1989; Green et al, 1988). L-365,260 (Bde et al, 1989;
Kemp et al, 1989; Lotti and Chang, 1989), has a high affinity for gastrin
and CCKj receptors (IC,, 1nM), which is over 100-fold greater than its
CCK, receptor affinity. Pentagastrin-stimulated acid secretion is potently
and competitively inhibited by L-365,260. In addition, several CCK-derived
peptides, for example, BOC-[D-Trp*, Nle*]-CCK-27-32-phenylethyl ester
(Lignon et al, 1987) and pseudopeptides (so-called peptoids) have been
synthesized and reported to be potent CCK receptor antagonists. The latter

include the CCKj receptor antagonist CI988 (Hughes et al, 1990).

Biological properties and physiological actions. Gallbladder motility and bile

release. CCK peptides act through receptors on the smooth muscle to
contract the gall-bladder with a high potency which closely resembles the
low concentrations of CCK in plasma (Cantor et al, 1986; Kerstens et al,
1985; Liddle et al, 1985; Vagne and Grossman, 1968). Atropine has no
effect 01{ the guinea-pig gallbladder response to CCK, either in vitro or in

vivo (Hedner, 1970; Hedner et al, 1967). From the liver and gall-bladder,
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bile is released into the duodenum via CCK-mediated rhythmic contraction
and relaxation of muscles in the common bile duct and the sphincter of
0ddi probably by VIP release (Ivy and Oldberg, 1928; Persson and Ekman,
1972; Ryan, 1981; Sarles et al, 1976; Toouli and Watts, 1972).

Because CCK peptides so potently contract gall-bladder muscles, this
contraction has for half a century been the basis of bioassays that have
monitored purification of tissue extracts (Ivy and Janecek, 1959; Jung and

Greengard, 1933).

Pancreatic exocrine secretion. The pancreozymic action of CCK is
probably the most extensively studied effect of CCK. CCK peptides regulate
the secretion of pancreatic enzymes so potently that the arﬁount of CCK
released during meals seems sufficient to account for almost all enzyme
secretim:l (Anagnostides et al, 1985; Cantor et al, 1986; Folsch et al, 1987,
Kerstens et al, 1985).

enzymes

It is generally agreed that CCK in addition to releasing also
stimulates theirsynthesis . CCK appears to stimulate synthesis
of pancreatic lipase, chymotrypsinogen and trypsinogen (Leroy et al, 1971;

Reggio et al, 1971; Rosenfeld et al, 1976).

It is now well established that in addition to pancreatic enzyme

secretion CCK can stimulate to some extent fluid and bicarbonate secretion

13



(Debas and Grossman, 1978; Heatley, 1968). The effect. on bicarbonate
secretion is in itself weak (Henriksen and Worning, 1967) but because CCK
potentiates the.secretin induced bicarbonate secretion from the pancreas
(Heatley, 1968), in the same way that secretin potentiates the CCK-induced
enzyme release (Lee, 1979), the effect of CCK on bicarbonate and fluid
secretion is sufficiently potent to be elicited under . physiological

i

circumstances.

Pancreatic growth. Administration of exogenous CCK peptides has
been shown to cause increased pancreatic weight and enzyme synthesis
(Barrowman and Mayston, 1974; Buffa et al, 1976; Folsch et al, 1978). This

may be a physiological function.

Intestinal blood flow. The observation that CCK peptides stimulate
intestinal blood flow (Thulin and Sannegard, 1978) is in keeping with the
occurrence of multiple CCK nerve terminals around blood vessels in the

basal lamina propria and the sub-mucosa of all parts of the intestinal tract

(Dockray and Hutchinson, 1980).

Gastrointestinal motility. The CCK effect on gastric motility varies
considerably between different species. In the human, dog, rat and opossum,
exogenous CCK relaxes the proximal part of the stomach and stimulates the
pyloric sphincter (Anuras et al, 1974; Bitar and Maklouf, 1982; Chey et al,

1970; Debas et al, 1975; Fisher et al, 1973; Isenberg and Csendes, 1972;
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Margolis et al, 1989; Murphy et al, 1987; Valenzuela, 1976; Yamagishi and
Debas, 1978). In contrast to CCK’s action on guinea-pig antrum, CCK-
induced contraction of the rat pylorus is resistant to either the addition of
atropine or tetrodotoxin (Murphy et al, 1987), indicating that CCK is
probably acting through a CCK receptor population which does not lie upon
vagal nerve endings or other neural elements but through a direct action on
the circular muscle fibres. Effects of locally circulating and locally released
CCK seem to be different. In man, circulating CCK has been shown to
inhibit antral and duodenal pressure waves, but to stimulate contractions
in isolated pylorus (Fraser et al, 1990). Furthermore, the effects are dose
dependent. In the dog, excitatory responses to CCK can be blocked by
atropine or tetrodotoxin (Allescher et al, 1989), but higher doses still elicit

a response.

Muscle in the intestine, in contrast to that in the stomach, particularly in
the distal region, is innervated with CCK neurons (Dockray and
Hutchinson, 1980; Larsson and Rehfeld, 1979). Contractions of guinea-pig
ileum lc;ngitudinal muscle stimulated by CCKS8, or structurally related
peptides, are inhibited by tetrodotoxin, atropine and low temperatures
suggesting that CCK might act by releasing acetylcholine from the
myenteric plexus (Vizi et al, 1973). In addition, an atropine resistant
component has been described in the response of the guinea-pig ileum to
CCK (Hutchinson and Dockray, 1981; Wiley and Owyang, 1987). CCK is one

of a number of neuropeptides implicated in ileal motility (Bartho, 1991;

15



Bartho et al, 1982) where they probably act directly on muscle cells
(Yamagishi and Debas, 1978). Moreover, CCK and acetylcholine may

potentiate each other’s effects (Niederau and Karaus, 1990).

Satiety. In 1973 Gibbs, Young and Smith (Gibbs et al, 1973)
discovered that peripheral administration of CCK inhibits food intake. The
satiety effect was dose dependent and specific in that it mimicked the
satiety induced by ingested food and was not seen with other gut peptides.
The effect could be demonstrated in several mammals, including the
human, ‘monkey, dog, rabbit and mouse (Gibbs et al, 1976; Gibbs et al,

1973a/b; Houpt et al, 1978; Kissileff et al, 1981; Stacher et al, 1982).

Vagotomy studies indicate that peripheral CCK induces satiety via
gastric receptors relaying the effect into afferent vagal fibres from the
stomach (Lorenz and Goldman, 1982; Smith et al, 1981). It has been
suggested that the CCK receptors involved are located in the pyloric
sphincter (Smith et al, 1984), but more recent data point to'the fundic part
of the stomach or to receptors directly on the afferent vagal fibres (Smith
and Gihbs, 1985; Zarbin et al, 1981), which in their visceral part are
unmyelinated (Andrews, 1986) and therefore accessible to circulating CCK

(Smith and Gibbs, 1985).

Other peptides important in regulation of upper gastrointestinal

functions include calcitonin gene-related peptide, vasoactive intestinal

16



polypeptide and substance P.

Calcitonin gene-related peptide.

Origin and molecular biology. Calcitonin gene-related peptide (CGRP) is a

37-amino acid residue peptide whose existence was prediéted from the
sequence of mRNA product of alternative processing of calcitonin gene
(Amara et al, 1982). The primary transcription product from this gene is
processed in a tissue-specific manner into two different mRNA’s one
encoding CGRP the other calcitonin. The brain and other nervous tissues
express the former mRNA which encodes a prohormonal sequence, CGRP,
and a COOH-terminal flanking peptide. Thyroid C cells process the

mRNA encoding the same prohormone sequence, calcitonin, and a flanking
peptide. Posttranscriptional processing thus determines the production of
CGRP or calcitonin (Rosenfeld et al, 1983). A human nucleotide sequence
, similar to the rat sequence, has been extracted and sequenced (Morris et
al, 1984). The predicted protein is different to the rat at four amino acid
residues. Subsequently Steenbergh et al (1985) isolated a second human
gene encoding a peptide designated CGRP II. A peptide isolated and
sequenced from porcine spinal cord has a structure similar to CGRP II

(Kimura et al, 1987).

Transgenic mice experiments has showed that CGRP transcripts are

selectively expressed in a wide variety of neurons, whereas calcitonin is

17



expressed predominantly in non-neuronal structures (Crenshaw et al, 1987).
The choice to encode CGRP depends on cell-specific RNA-processing factors,
because neurons appear to have specific regulatory machinery required to

process the primary calcitonin-CGRP transcript to the CGRP transcript.

Examination of the molecular heterogeneity in tissue extracts was
made using gel filtration and column chromatography (Okimura et al,
1987). Column chromatography showed three peaks of CGRP-like
immunoreactivity. The proportions of these three components varied from
tissue to tissue. The highest-molecular-weight compound corresponded to
authentic CGRP and was the main component found in neural tissue. The
smaller CGRP components, which corresponded to the COOH-terminal
fragments of rat CGRP, were found in the stomach, pancreas and thyroid
(Mulderry et al, 1987; Okimura et al, 1987). Differences in the distribution
of these compounds may indicate tissue specific differences in the

posttranslational processing of CGRP.

CGRP has been found to be widely distributed in splanchnic and
other afferent fibres. Details of the CGRP-containing innervation relevant

to the present study is given in a later section.

Receptors and antagonists. Binding studies with ®I-labelled CGRP to
guinea-pig pancreatic acini has demonstrated a single binding site with an

apparent K, of 18nM (Seifert et al, 1985). However, a preparation of
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isolated gastric smooth muscle cells from guinea-pigs has showed two
classes of binding site, a high affinity and a low affinity site (Maton et al,
1986). The latter finding has been repeated in binding studies to human
heart hamogenates, where a high affinity receptor (pM) and-a low affinity

receptor (nM) havebeen demonstrated (Yoshizaki et al, 1987).

A peptide fragment of human alpha CGRP (CGRPgg,) has recently
been employed to block the actions of CGRP (Bartho et al, 1991; Chiba et
al, 1989; Dannis et al, 1990). However, immunoneutralisation has also been

used to block the actions of the circulating peptide (Louis et al, 1990).

Biological actions. Pancreas. In the isolated guinea-pig pancreatic acini
CGRP caused a dose-dependent increase in amylase release. Maximal
amylase.release was one-third of the maximal secretion stimulated by VIP
(Seifert et al, 1985). CGRP can also modulate pancreatic islet functions. In
mice a low dose of CGRP inhibited both basal and carbachol-stimulated
insulin secretion (Pettersson et al, 1986). CGRP had no effect on glucagon

secretion (Ahren et al, 1987).

Stomach. It has been well established that CGRP is a potent inhibitor
of gastric acid secretion in rat, dog and man (Kraenzlin et al, 1985; Lenz et
al, 1985; Leung et al, 1987; Pappas et al, 1986; Tache et al, 1984).
Somatostatin is also an established inhibitor of gastric acid secretion

(Reichlin, 1983; Walsh, 1987). In the isolated perfused stomach (Koop et al,
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1987; Yamatami et al, 1986), in purified gastric glands (Zdon et al, 1988),
in the intact anaesthetized dog (Dunning and Taborsky, 1987), and in the
intact conscious rat (Mulholland et al, 1988), CGRP has been shown to
stimulate the release of somatostatin. The observations that CGRP and
somatostatin both exist in the stomach (Allen et al, 1986; Reichlin, 1983),
that CGRP stimulates release of somatostatin both in vitro and in vivo and
that both peptides inhibit gastric acid secretion, leads to the hypothesis
that the effects of CGRP on gastric acid secretion are mediated by the

release of somatostatin (Helton et al, 1989).

Muscle. It has been reported that CGRP relaxes contracted muscle of
the rat duodenum independently of adrenergic or cholinergic pathways (Maggi
et al, 1987). This is likely to be a direct effect indicated by the presence of
CGRP receptors on gastric smooth muscle cells. In rat isolated vas deferens,
administration of specific CGRP antibody abolished the capsaicin-induced
inhibition of nerve-mediated contraction, suggesting that the action of
capsaicin is mediated by CGRP (Goto et al, 1987; Saito et al, 1987). In
preparations of human right atria, CGRP has been shown to be a potent
inotropic agent, 10 times more potent than noradrenaline (Franco-Coracidia
et al, 1987). Further studies with isolated perfused rat heart demonstrated
that the increase in coronary blood flow was independent of heart rate,
because CGRP increased flow of non-beating hearts (Asimakis et al, 1987).
CGRP also influences blood flow in other organs. It caused vasodilation in

dental pulp (Gazelius et al, 1987) and relaxation of human cerebral arteries
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(Edvisson et al, 1987).

In the stomach, CGRP is a potent vasodilator
(Holzer and Guth, 1991). Electrical nerve stimulation and perineural
capsaicin have both been shown to increase gastric mucosal blood flow via
release of CGRP (Dong-Sheng et al, 1991; Thiefin et al, 1990). Further,
capsaicin-sensitive splanchnic afferent fibres have been shown to mediate
reflex fs;lls in blood pressure in the anaesthetized rat (Lembeck and
Donnerer, 1983). Therefore it is plausible to suppose that antidromic
stimulation of sensory nerve fibres in the, stomach causes the release of

CGRP that in turn dilates submucosal blood vessels, which increases gastric

mucosal blood flow.

Other actions. Other recently reported actions of CGRP include
constriction of human bronchi (Palmer et al, 1987), potentiation of
capsaicin-induced substance P release from the dorsal half of rat spinal cord
(Okimura et al, 1987), dose-dependent increase in dopamine utilisation in
the ventral tegmental area (Deutch and Roth, 1987), dose-dependent
increase in adenyl cyclase activity in the rat diaphragm and kidney
(Kobayashi et al, 1987), increase in food intake in ruminants with
intracerebroventricular injection of CGRP (Bueno and Riviere, 1987), and
inhibition of bone resorption by isolated rat osteoclasts (Zaidi et al, 1987).
The physiological significance of these latter observations remains to be

clarified.

21























































































































































































































































































































































































































































































































































































