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Abstract

Background/Aim: Several studies have described that oxytocin exerts stimulatory or
inhibitory effects on gut functions. Recently, mRNA for oxytocin and its receptor was found
throughout the entire human gastrointestinal (GI) tract. The aim of this study was to examine
the cellular localization and distribution of the corresponding proteins.

Material & Methods: Full-thickness biopsies from 24 patients, covering the entire Gl tract,
were collected during operations at the Department of Surgery in Malmo and Lund. The
biopsies were taken from non-affected margins. The biopsies were fixed by immersion, rinsed
in buffered sucrose, and kept frozen at -70° C. Indirect immunofluorescence with primary
antibodies to oxytocin and its receptor was used.

Results: Oxytocin was expressed in nerve cell bodies and nerve fibres in the myenteric and
submucous ganglia all along the Gl tract. Immunoreactive nerve cell bodies in myenteric
ganglia predominated in the proximal (antrum and duodenum) and distal gut, while those in
the submucous ganglia were more numerous in the ileum and colon. The oxytocin receptor
was not detectable by two different antibodies in any tissue in the GI tract.

Conclusion: Oxytocin is expressed in the myenteric and submucous ganglia and nerve fibres
along the entire human GI tract. The role for oxytocin in the physiology and pathophysiology

of the bowel remains to be settled.
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Introduction

Oxytocin is a hormone with its most well known effect on myoepithelial cells
and uterine smooth muscles in the responses associated with the milk ejection reflex and
parturition. During the last years the possibility has been raised that oxytocin also contributes
to the control of the gastrointestinal (GI) motility. Oxytocin is secreted into the blood in
response to endogenous (after a fatty meal), and exogenous cholecystokinin (CCK) in women
[1, 2]. Intravenous infusion of oxytocin leads to increased colonic peristalsis, and to
accelerated gastric emptying of a meal in healthy subjects [3, 4], whereas an oxytocin receptor
antagonist delays the gastric emptying [5]. In contrast, gastric motility is inhibited in dogs and
rats [6, 7, 8]. Oxytocin relaxes the ileum and caecum, while it has a contracting effect on
colon, both in vitro [9, 10] and in vivo [ 6, 7, 11].

Although there are divergent results in different species, the effects observed
throughout the GI tract suggest that there may be receptors for oxytocin in the gut. We have
recently found mRNA for oxytocin and its receptor throughout the human Gl tract [12]. The
aim of this study was to examine if the expressed mRNA also led to translation and

expression of the corresponding proteins.
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Subjects & Methods

The study was approved by the Ethics committee at Lund University. All

patients gave written informed consent before the operation.

Patients

Full-thickness biopsies from all segments of the Gl-tract were collected from 24
patients (7 females) undergoing surgery for gastric diseases. The age of the patients ranged
from 48 to 86 years, with a mean age of 72.9 + 10.1 years [12]. No patients underwent
surgery solely for the purpose of this study. The biopsies are normal tissue from parts of
resected intestine, usually the resection margins. The biopsies were fixed by immersion
overnight in a mixture of 2% paraformaldehyde and 0.2% picric acid (Stefanini’s fixative; pH
7.2), followed by repeated rinsing in 10% sucrose (Tyrode’s solution; phosphate buffer, pH
7.2), and kept frozen at -70° C and then further processed for cryostat sectioning.
Immunohistochemistry

Indirect immunofluorescence, as earlier described [13], was used to investigate
the localization of oxytocin and the oxytocin receptor. Specimens were frozen in dry ice and
sectioned (10 um thickness) in a cryostat. The sections were incubated overnight at 4°C with
polyclonal rabbit anti-oxytocin antibodies (Research Diagnostics Inc, Flanders, NJ, USA),
raised against a synthetic oxytocin (Sigma, St. Louis, MO, USA) conjugated to thyroglobulin,
at a dilution of 1:2560. The antibodies display less than 1% cross-reactivity with arginine
vasopressin. The primary antibodies were detected by incubation with a secondary fluorescein
isothiocyanate (FITC)-conjugated swine anti-rabbit 1gG antibody (DAKO, Copenhagen,
Denmark). As controls served sections incubated with primary antibodies preabsorbed with
antigen in excess (100ug of synthetic oxytocin (Syntocinon®, Novartis, Taby, Sweden) per ml

diluted antiserum), or with secondary antibodies alone.
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For localisation of the receptors, tissue sections were incubated overnight at 4°C
with two different antibodies. Firstly, polyclonal rabbit anti-rat oxytocin receptor antibodies
(Research Diagnostics Inc, Flanders, NJ, USA), raised against a 20 amino acid peptide
sequence within the carboxy terminus (cytoplasmic) domain coupled to KLH, were used at a
dilution of 1:2560. The antibodies display 85% cross-reactivity with human oxytocin receptor.
The primary antibodies were detected by incubation with a secondary fluorescein
isothiocyanate (FITC)-conjugated swine anti rabbit IgG antibody (DAKO, Copenhagen,
Denmark). Secondly, a mouse monoclonal anti-human oxytocin receptor IgM antibody, 2F8,
raised against the peptide corresponding to the 20™ to 40" amino acids of the human receptor
sequence [14], was used at a concentration of 10ug/ml. The antibody was a kind gift from
Prof T Kimura, Osaka, Japan. After washing, sections were incubated with FITC-labelled
anti-mouse IgM (Sigma) for 1 h at room temperature. As controls served sections incubated
with primary antibodies preabsorbed with antigen in excess (100ug of synthetic peptide
(Agrisera, Vannas, Sweden), per ml diluted antiserum), or with secondary antibodies alone.

Sections were examined in a Leica epifluorescence microscope (Ernst Leitz,
Wetzlar, Germany). The amount of immunostained cells was counted in at least three
sections from every patient and expressed as percentage of all nerve cell bodies in each
ganglion profile. As there was a modest variation between patients, only the average value of

staining is shown.
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Results

Oxytocin immunoreactivity was demonstrated in neuronal elements in the wall
of the GI tract, both in the myenteric ganglia (Fig 1) and the submucous ganglia (Fig 2).
Within the ganglia, both nerve cell bodies and nerve fibre varicosities were immunoreactive
(Table 1). The frequency of oxytocin-immunoreactive myenteric nerve cell bodies varied
among the different regions examined, and there was a tendency towards an increase in the
number of nerve cells displaying oxytocin immunoreactivity cranially (stomach and
duodenum) and caudally in the gut (data not shown). In contrast, the immunoreactivity in the
submucous ganglia was more dominant in the ileum and colon than in the proximal parts. The
immunoreactivity in the stomach was found in the antrum, whereas no oxytocin
immunoreactivity was found in the fundus close to the cardia. Faintly immunostained nerve
fibres were sometimes encountered in the circular smooth muscle (Fig 3). In duodenum also
weakly immunoreactive mucosal nerve fibres were visible (data not shown).

Specific oxytocin receptor immunostaining could not be detected in any tissue in

the Gl tract.
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Discussion

In this study, we have for the first time shown the expression of oxytocin in the
Gl tract. We found a distinct expression of oxytocin in nerve cell bodies and fibres in both
myenteric and submucous ganglia. This finding provides a morphological substrate for a role
of locally produced oxytocin in the regulation of gut motility and mucosal functions.

Oxytocin receptors were not found in the present study. However, as mRNA for
the oxytocin receptor was widely expressed [12], there may be an expression at levels below
the detection limit with the antibodies and method used in the present study. On the other
hand, the effects observed of oxytocin on the motility may be mediated by vasopressin
receptors. The neurophyseal hormones vasopressin and oxytocin are cyclic nonapetides whose
actions are mediated by stimulation of specific G protein-coupled receptors currently
classified into V;- vascular, V.- renal and V3 —pituitary vasopressin receptors, and oxytocin
receptors. Vasopressin is the ligand having the highest affinity for the human V-receptors,
while oxytocin is the ligand with the highest affinity for the oxytocin receptor. However, there
is cross-reactivity of the ligands to the receptors [15]. The expression of vasopressin receptors
in the Gl tract has yet to be examined.

The motility in the stomach, ileum and caecum was inhibited, while the motility
in colon was stimulated, in several animal species [6-11]. When performing this study, we
were not able to demonstrate any oxytocin receptors in the rat Gl tract either (unpublished
observation). This might explain why the effects evoked by oxytocin on gastric and intestinal
motility in rat are suggested to be mediated by release of cholcystokinin (CCK) and CCK
receptors, which in turn leads to motility inhibition in the proximal GI tract [16]. CCK is
produced by endocrine cells in the proximal small intestine and is released into the blood [17].
The question is how oxytocin mediates this release of CCK, and the oxytocin receptor

antagonist atosiban inhibits the release [16], if no oxytocin receptors are present in the Gl
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tract. Theoretically, intraperitoneal oxytocin and atosiban injections may cross the blood-brain
barrier [18] and exert central effects by activating respective inhibit vagal neurons in the
dorsal vagal complex that are involved in the regulation of CCK secretion [19]. However,
other, as yet unknown, mechanisms may be involved.

The presence of oxytocin in the myenteric plexus suggests an effect of oxytocin
in enteric neurotransmission and could explain the effect of oxytocin on motility earlier
observed, where intravenous infusion of oxytocin led to increased colonic peristalsis, and to
accelerated gastric emptying of a meal in healthy women [3, 4], whereas the oxytocin receptor
antagonist delayed the gastric emptying [5]. Activated terminals of enteric motorneurons and
smooth muscle cells form functional units that release transmitters and mediate and transduce
neural inputs into mechanical responses [20]. Oxytocin may be involved in this process.
Above, it is described how oxytocin acts on the GI tract in rat by inducing CCK secretion
[16]. It remains to determine how oxytocin exerts its effects on the human Gl tract.

Oxytocin has been shown to have an analgetic effect. It increases the threshold
for peripheral pain in rats [21] and visceral pain in patients with IBS during continuous
infusion [22]. Clinically, it has been observed that children with recurrent abdominal pain
have lower plasma concentrations of oxytocin than age-matched controls [23]. In a recently
completed double-blind placebo-controlled study, there was a tendency towards less
abdominal pain and discomfort in patients suffering from functional bowel disorders after
oxytocin administration [24]. The analgetic effect has been ascribed to central effects as it is
exerted by intracerebroventricular injection, and by peripheral administration in 1,000-fold
higher doses [25]. Oxytocin is assumed to activate secondary mechanisms, as oxytocin
receptor antagonists are unable to reverse the effects, while the opioid receptor antagonist
naloxone does [25]. Also dorsal root ganglia, an important area for pain processing, express

oxytocin receptors [26]. Our findings of oxytocin in the submucous ganglia of the gut may
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open for a role for oxytocin in modulation of sensory nerve transmission also locally in the
bowel.

Another role for oxytocin in the bowel may be to regulate the release of peptides
or non-peptide neurotransmitters. Oxytocin is known to stimulate the nitric oxide (NO)
pathway in human endothelial cells [15] and the release of atrial natriuretic peptide (ANP)
from rat heart [27]. Similar effects could be expected in the bowel wall. Such effects could
modulate secretomotor- and vasomotor reflexes, as these reflexes are determined in
submucous ganglia [28], and oxytocin is known to exert both vasoconstrictory and
vasodilatating effects depending on the vessel localisation [29, 30].

In conclusion, oxytocin is expressed in neuronal elements in the human Gl tract.
The question is how oxytocin acts in these tissues, and to what extent oxytocin contributes to
Gl physiology, and if this peptide is involved in the pathophysiology of gastroenterological

diseases.
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Legends to figures

Figure 1. Oxytocin immunoreactivity demonstrated in myenteric ganglia in nerve cell bodies
and fibres; strongly stained fibres surround small negative nerve cell bodies.

Figure 2. Oxytocin immunoreactivity demonstrated in submucous ganglia in nerve cell bodies
and fibres.

Figure 3. Oxytocin immunoreactivity demonstrated in nerve fibres dispersed in the smooth

muscle.
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Table 1. The expression of oxytocin in the gastrointestinal tract

Ohlsson et al.

Stomach Duodenum lleum Colon
Sigmoideum
Myenteric plexus
Ganglion + + + +
Nerve fibres Sparsely Expressed Expressed Expressed
expressed
Submucous plexus
Ganglion - + ++ +++
Nerve fibres Sparsely Expressed Expressed Expressed
expressed

-=0%, (+) <10 %, + = 10-30 %, ++ = 30-50 %, +++ = 50-70% of cells containing a nucleus

were stained for oxytocin. As non-stained nerve fibres are very difficult to discover, no

quantification was performed in these.
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