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Vasoactive intestinal peptide in the normal and
diseased gastrointestinal tract
S. MAZUMDAR, K. M. DAS

INTRODUCTION
Before the turn of this century, bioscientists all over the
world had a canonical belief that cell to cell communica-
tion could only take place via a physical link, i.e. through
the nerves. In 1902, Bayliss and Starling' made the historic
discovery of a chemical messenger (hormone) which
marked the advent of endocrinology. The first hormone
discovered was secretin, a gastrointestinal peptide. Since
then, numerous other hormones-definite or putative-
have been proposed, isolated and functionally defined.
The peptide hormones have earned a distinctive place in
hormone research and among them Vasoactive Intestinal
Peptide (VIP) has deservingly justified its literary
abbreviation. Enormous research data are available on
VIP but several questions remain unanswered. This
review summarizes our current knowledge about this
polypeptide.

ISOLATION AND CHARACTERIZATION
VIP was first isolated in 1970 by Sami Said and Viktor
Mutt in Sweden.t-' Purification and the amino acid
composition of VIP in various animals was determined
later. 4-7 As with other peptides, a crude peptide concentrate
called Concentrate of Thermostable Intestinal Peptides
(CTIP)-earlier presented by Mutt and his coworkerss=-
proved to be the basis for working out the purification
process. Refinement in this process has led to the availa-
bility of pure synthetic VIP and its antisera with almost no
cross-reactivity with the VIP analogues. The importance
of this advancement lies in the accurate localization and
ligand banding of VIP and similar peptides.

Indeed, VIP has some close and related peptides; some
have been isolated but some have evaded precise recogni-
tion. The related peptides that have been isolated and
studied include Peptide Histidine Isoleucine (PHI),
Growth Hormone Releasing Hormone (GHRH) or
Somatocrinin, Gastric Inhibitory Polypeptide (GIP),
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Secretin, Glucagon subg-roup, Helospectin/Helodermin
and Galanin.9,10 In humans, the PHI is known as Peptide
Histidine Methionine (PHM) because of the replacement
of COOH-terminal isoleucine by methionine. This is
important as the VIP precursor contains both VIP and
PHM in humans. II Galanin is unique as this peptide and
its fragments produce opposite effects on a single biological
system. 10

COEXISTENCE OF VIP WITH OTHER PEPTIDES
Closeness in molecular structure and anatomical location
suggest that functional correlation should exist between
VIP and other closely related peptides. But the fact that
some of these peptides coexist or colocalize in nerve fibres
has puzzled investigators. VIP was observed to have a
widespread distribution in the body-a characteristic pos-
sessed by the autonomic nervous system. It was proposed
that VIP could act as a neurotransmitter in autonomic
nerves.Ui'? The non-cholinergic, non-adrenergic property
of these neurones established the function of. VIP and
other peptides as neurotransrnitters.P:" The colocaliza-
tion and cotransmission of separate neurotransmitters
within the same neurone has ushered in a new era in
neuropeptide research. Several studies have been made in
this direction and we shall mention here some key findings.

Lundberg" and Lundberg and Hokfelt'? elegantly
demonstrated that both VIP and acetylcholine are present
in and released from the same postganglionic parasym-
pathetic neurones. Costa and his associates reviewed the
pattern of coexistence of several peptides: VIP, neuropep-
tide Y (NPY), dynorphin (DYN) , cholecystokinin (CCK),
encephalin (ENK), galanin (GAL) and gastrin releasing
peptide (GRP) at different sites in the body, namely
blood vessels, autonomic ganglia and the enteric nervous
system. The commonest method was to use double-label-
ling immunofluorescence. 18 In blood vessels, VIP
immunoreactive neurones contain NPY and DYN reac-
tivity. These peptides, perhaps in a synergistic manner,
are responsible for the neurogenic vasodilatation. 19 In the
autonomic ganglia, VIP coexists with ENK, GRP, CCK
and DYN. This might represent one of the components of
the intestinal inhibitory reflex.P In the enteric nervous
system VIP again coexists with DYN, ENK and NPY in
one short projecting fibre system and with DYN and GRP
in another long fibre system.
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These fibres are possibly important contributors to the
enteric inhibitory motor neurones and are capable of
effectively relaxing the intestinal muscles.P Those inhibi-
tory neurones were considered to be present in the circular
muscle layer where the balancing excitatory input is pro-
vided by substance P (SP) immunoreactive fibres.F In a
recent publication, Wattchoe et af.23 report that SP and
VIP never coexist throughout the gastrointestinal tract
(GIT). Of the 100 consecutive fibres, about 28 displayed
double reactivity of SP and ENK. These double-labelled
cell bodies are present in the myenteric ganglia in samples
of stomach, small intestine and large intestine. VIP colo-
calizes mainly with NPY (29%). The non-coexistence of
SP and VIP has been confirmed by Llewellyn-Smith and
his coworkers.s" Outside the GIT, Viller et al. have fur-
nished evidence for VIP colocalization with calcitonin
gene-related peptide (CGRP) and somatostatin (SOM) in
spinal motor neurones.P These instances of colocaliza-
tion of different peptide neurotransmitters provide a new
concept for future research. The possible direction of
research would be to investigate:

(a) reciprocity and synergism among these peptides,
(b) presynaptic and/or postsynaptic mechanisms, and
(c) different ionic channels involved in bringing about the

net direction of the flow of impulses.

VIP IN THE GASTROINTESTINAL TRACT
The distribution of VIP and other peptide immunoreactive
fibres have been studied extensively in man and several
experimental animals (Table I). Table I also shows the
distribution of VIP immunoreactive neurones and recep-
tors in inflammatory bowel disease as proposed by various
researchers.24,26-36VIP is found throughout the gastroin-
testinal tract from the salivary glands" to the internal anal
sphincter." A variety of functions are performed by VIP
which include

(a) regulation of motility,
(b) inhibition of gastric acid secretion,
(c) effect on water and electrolyte transport,
(d) modulation of lymphocyte and immune function, and
(e) increase in blood flow.

Motility
Motility is affected by regulating the electrical impulse.
Specific reduction of VIP and ENK immunoreactive
fibres is considered to be a contributing factor in the
pathophysiology of pyloric stenosis.tv" The results of
Nurko and Rattan, and Koch et al.38,41 suggest that a
decreased concentration of VIP might be responsible for
causing idiopathic chronic constipation because of its
effect on the innervation of the internal anal sphincter.
Aggestrup et al. 42have shown that there is a reduction or
complete absence of VIP neurones in patients with
oesophageal achalasia.

Gastric acid secretion
The effect of VIP on acid secretion is very powerful. VIP
inhibition is effective against histamine-induced secre-
tion." A similar inhibitory effect has also been

177

demonstrated by the calcitonin gene-related peptide
(CGRP). Zdon and his colleagues have provided evidence
that this action of VIP and CGRP is mediated by somato-
statin-a classical example of paracrine interaction in the
moderation of cellular secretory function.r' Hernandez et
al. however have shown that brain (central) VIP release
evokes a cholinergic pathway mediated acid secretion."
VIP also produces pepsinogen secretion from the chief
cells of the stomach by a dual modulation of the adenosine
3':5'-monophosphate (cAMP) and calcium second mes-
senger systems. Indeed, two classes of gastric chief cells
have been shown to possess binding sites for VIP.46,47

Water and electrolyte secretion
Grider and Makhlouf identified the role of VIP in the peri-
staltic reflex at colonic segments. 48They have suggested
that VIP might playa very important mediator role, par-
ticularly in the descending relaxation phase of the reflex.
Radial stretch of the colon resulted in the release of VIP
which, coupled with other tachykinins and cholinergic
mechanisms, produced the motor changes which
accomplish peristalsis. By applying different blockers,
such as terodotoxin and cadmium, it was shown that,
unlike acetylcholine and adenosine triphosphate, release
of endogenous VIP from enteric nerves is independent of
extracellular calcium. 49

Other studies have established the mediation of cAMP
during the VIP activity. Though this phenomenon of
cAMP generation is accepted unequivocally, exceptions
have been noted even in the same region of action.
Eklund et al. ,50in a well-designed experiment, analysed
cAMP concentration in the intestinal mucosa during sec-
retion elicited in vivo by four secretagogues including
VIP. They concluded that the absorptive function in the
villi was cAMP mediated but the absorptive function in
the crypts was not. The chloride ion exit pathway, how-
ever, is under the influence of VIP. 51Other evidence also
strongly supports the cAMP mediation of VIP action. 52-54

Immune function
VIP also has a modulator role on immune responses. Dif-
ferent facets of immune function are influenced by VIP
and other neuropeptides but the complete mechanism has
not yet been explained. VIP acts on different stages of the
regulation of immune responses.v-" Studies on the VIP
receptor on human and murine lymphocytes show that a
T-enriched population of lymphocytes has a higher (two-
fold) affinity on the binding capacity for VIP when com-
pared to that of the T-depleted fraction.v' This is a direct
effect on the immune response. Indirectly, VIP influences
immunity by relaxation of smooth muscle, vasodilatation
at sites of inflammation, modulation of lymphocyte traffic
and stimulation of mediator release from the mast cells.55
The lymphocyte receptor activity helps lymphocyte pro-
liferation and immunoglobulin synthesis. Ottaway
specified that the effects of VIP on human blood lymphoid
cells were:56

1. activation of adenyl ate cyclase,
2. activation of cAMP-dependent protein kinases,
3. modulation of natural killer cell activity,
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. Investigator(s), Year

TABLE I. Distribution of VIP immunoreactivity fibres and binding sites

Localization in intestineMethod Species

1. Larssonetal.,197626

2. Larssonetal.,197927

3. Kessen et al., 198028

4. Bishopetal., 198029

5. Ferri et al., 198230

6. Sjolund er ez, 198331

7. O'Marainetal., 198432

8. Poweretal., 198734

9. Koch et al., 1987 33,35

10. Domotoetal., 198736

11. Llewellyn, 198824

IF

IP(PAP)
IF

IF
RIA
Tissue culture
(myenteric plexus)

IP(PAP) IF

IF

IF

IF
RIA

Autoradiograph

IP(Nakane)

IP(PAP)

EM

Man, Pig,
Cat, Rat, Mouse

Man, Chicken,
Guinea pig,
Cat, Dog, Pig

Guineapig ,

Man (CD)

Man

Man (CD)

Man (Rectal
biopsies)

Rat, Guinea pig

Man(UC)

Rat

Guinea pig

Mucosa-VIP-ergic nerves mostly had a beaded
appearance and form a network around the crypts.
Submucosa--<iense immunoreactive fibres
Myenteric plexus
(a) dense fibres
(b) strongly immunoreactive nerve cell bodies
Quantity
Mucosa and submucosa-730 p mol/g wet weight
Muscle layer-330 p mol/g wet weight

Some VIP antisera-no endocrine cells in colonic
mucosa.
Other VIP antisera by Zarnboni fluid fixation method-
both nerves and endocrine cells immunoreactive-
Endocrine cells may store VIP like peptide

(a) VIP neurones in submucous plexus (numerous)
(b) Less neurones in myenteric plexus
(c) Most prominent in lamina propria
(d) Long muscular layer (except taenia coli)

Immunostaining almost exclusively in nerves

Mucosa
Varicose nerve fibres, nerve bundles form long
loops across most of the heights of the mucosa and
interconnected by a c:licate mesh of anastomosing
fibres. VIP-IR fibres were found between the crypts.
Muscularis mucosa=-dense IR

VIP- IR nerve fibres present in all layers of gut wall,
submucosa and myenteric plexus. The concentrationof
VIP was lower in CD in the diseased tissue compared
to controls.

IR-fibres present in mucosa, muscularis mucosa and
submucosa
(a) single fibre and small bundle of nerves, multiple

variosities
(b) groups of ganglion cells in submucosa

(Meissner's plexus)
VIP concentration was increased in CD tissue with
or without rectal involvement, but in UC it was
similar to controls.

Binding sites of VIP more in mucosa, less in muscularis
mucosa and lamina propria

Mucosal & submucosal layers- VIP-IR was localized in
(a) nerve cell bodies in the submucosal plexus and

nerve fibres in lamina propria, muscularis mucosa
(b) wall of arterioles

Circular muscle, lamina propria, submucosa

Only circular muscle studied; abundant VIP nerves found

PAP Peroxidase antiperoxidaseIF Immunofluorescence
RIA Radioimmunoassay

UC Ulcerative colitis
IP Immunoperoxidase

IR Immunoreactive CD Crohn's disease
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4. modulation of mitogen-stimulated immunoglobulin
production, and

5. modulation ofT-cell proliferative responses.

INTESTINAL VIP IN INFLAMMATORY
BOWEL DISEASE
All these actions of VIP on the physiological function and
immune response lead to the speculation that VIP plays
an important role in the pathogenesis of inflammatory
bowel diseases (IBD). 57 The results of distribution of VIP
in the tissues of patients with IBD have been inconsistent
because of the variations in (i) methods employed,
(ii) choice of fixatives, (iii) tissue variation, and
(iv) choice of antisera which have inherent problems of
non-specificity and cross-reactivity.

Immunocytochemicalstudies were performed on the
colonic tissue material from patients with IBD to examine
the possible involvement of VIP, substance P and some
other neuropeptides. Crohn's disease and ulcerative colitis
were the major diseases studied. Most of the investigators
reported an increase in VIP immunoreactivity in colonic
tissue from patients with Crohn's disease. 58 This increase
manifests itself in the mucosa, submucous plexus, myen-
teric plexus and smooth muscle. The changes observed
were mainly increased thickness of VIP-containing nerve
fibres, increase in VIP content in the different layers of
the gut wall, and increased lymphocyte infiltration in
neuromatous lesions. Koch et at. ,33,35 however, did not
find any appreciable change in VIP immunoreactivity in
patients with Crohn's disease. The results in patients with
ulcerative colitis have been inconsistent. While no
appreciable change in VIP distribution or tissue content
have been found by some investigators29,32,59 others like
Koch et at.33,35 observed a significant decrease in VIP
immunoreactivity and further reported that this reactivity
correlated well with the severity of ulcerative colitis. 33

Using a sensitive immunoperoxidase assay we recently
compared the immunoreactivity of VIP and SP in the
colon of patients with Crohn's disease and ulcerative colitis
with that in normal controls. 58 We found both quantitative
and distributional changes in immunoreactivity in the dis-
eased colon. In Crohn's disease, the changes were more
conspicuous than in ulcerative colitis where a significant
increase of VIP immunoreactivity was observed. The lon-
gitudinalmuscle showed VIP staining which was either
absent or very slight in control tissue. In Crohn's disease
the quantitative increase was most pronounced in the
inflamed areas: mucosa and submucous layers and in the
granulomas. Changes were also observed in ulcerative
colitis where lymphoid follicles and blood vessels in the
colon showed little VIP immunoreactivity. In the mucosa,
the staining was present along the basolateral area of the
epithelial cells. Since VIP plays an important role in the
maintenance of blood supply homoeostasis, depletion of
VIP in the walls of blood vessels affected by ulcerative col-
itis may influence the mucosal circulation and cause
sloughing. Excess VIP activity in Crohn's disease tissue
may contribute to pain and diarrhoea. Indeed, in the
WDHA syndrome (pancreatic cholera) VIP was found to
be a major mediator. 59 It is at present unclear whether the
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changes observed in Crohn's disease and ulcerative colitis
are primary events or secondary to the inflammatory pro-
cess. Future studies on the large bowel inflamed by tuber-
culosis, amoebiasis and bacteria will be important.
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