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1 We previously reported activation of an inhibitory adrenergic and a non-adrenergic non-
cholinergic (NANC) pathway during abdominal surgery relaxing the rat gastric fundus. In the
present study, we investigated the possible role of nitric oxide (NO) and vasoactive intestinal
polypeptide (VIP) in the NANC part of the surgery-induced fundic relaxation.

2 The e�ect of the NO biosynthesis inhibitor NG-nitro-L-arginine (L-NOARG), the non-selective
VIP receptor antagonist [D-p-Cl-Phe6,Leu17]-VIP and the selective VIP1 receptor antagonist [Acetyl-
His1,D-Phe2,Lys15,Arg16,Leu17]-VIP was investigated on the non-adrenergic fundic relaxation induced
by manipulation of the small intestine followed by resection of the caecum.

3 Guanethidine partly reduced the manipulation-induced fundic relaxation. Addition of L-
NOARG reduced this non-adrenergic component, whereas the non-selective VIP receptor antagonist
had no signi®cant e�ect. Combination of L-NOARG and the non-selective VIP antagonist however
further reduced the relaxation to manipulation.

4 The selective VIP1 receptor antagonist reduced the mean and maximal relaxation induced by
abdominal surgery in the presence of guanethidine. When combined with L-NOARG, the relaxation
of the gastric fundus was almost completely abolished. The VIP1 receptor antagonist alone had no
signi®cant e�ect on the mean and maximal relaxation, but enhanced recovery of fundic tone.

5 In conclusion, as VIP1 receptors are not present in the rat gastric fundus, these results suggest
that the NANC inhibitory pathway activated during abdominal surgery involves VIP1 receptors,
most likely in the a�erent limb. The inhibitory neurotransmitters released at the level of the gastric
fundus smooth muscle are NO and a substance di�erent from VIP.
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Introduction

Postoperative ileus is an iatrogenic condition, which compli-
cates every abdominal surgical procedure and causes sig-

ni®cant morbidity and prolonged hospitalization. Animal
studies have clearly shown that laparotomy and handling of
the intestines relaxes the stomach (Abrahamsson et al., 1979;

Glise & Abrahamsson, 1980; Holzer et al., 1992; Zittel et al.,
1994) and delays gastric emptying (Barquist et al., 1996;
Junghardrquist et al., 1992; Plourde et al., 1993; Tache et al.,
1991) mainly by presynaptic inhibition of cholinergic neuro-

transmission mediated by spinal adrenergic re¯ex pathways
(Glise et al., 1980). Blockade of adrenergic neurotransmission
with guanethidine, 6-hydroxydopamine or adrenergic receptor

antagonists indeed partly prevent or reduce surgery-induced
gastric retention of dye or gastric relaxation (De Winter et al.,
1997; Dubois et al., 1973; Holzer et al., 1986; Sagrada et al.,

1987). However this blockade is not complete, suggesting that
other non-adrenergic pathways should be involved.

At present, it is becoming increasingly clear that more
intense and nociceptive stimuli will activate an additional non-

adrenergic non-cholinergic (NANC) inhibitory pathway. For

example, in the cat, mechanical handling of the intestine and
surgical intervention resulted in gastric relaxation mediated by

a vagal inhibitory pathway (Glise & Abrahamsson, 1980). In
the rat, gastric re¯ex relaxation resistant to adrenergic and
cholinergic blockade was also reported during colonic

distension or pain stimulation (Bojo et al., 1993; Bojo &
Cassuto, 1992). Recently, we showed similar ®ndings illustrat-
ing that manipulation of the rat intestine followed by resection
of the caecum triggered a gastric relaxation that was only

partly reduced by adrenergic and cholinergic blockade
(Boeckxstaens et al., 1999). This NANC component was
blocked by vagotomy illustrating that this re¯ex relaxation

resulted from vagally mediated activation of inhibitory NANC
nerves.

Nitric oxide (NO) and vasoactive intestinal polypeptide

(VIP) are considered as the main inhibitory NANC neuro-
transmitters in the stomach. Abundant evidence has been
reported illustrating that NO mediates NANC relaxation of
the stomach. In vitro, inhibitors of NO synthase reduce nerve-

induced relaxation (Boeckxstaens et al., 1992; D'Amato et al.,
1992a; Li & Rand, 1990) and in addition, NO is released
during NANC nerve stimulation (Boeckxstaens et al., 1991).

Also in vivo, gastric relaxation to distension or to duodenal
lipid infusion is blocked by NO inhibitors (Desai et al., 1991;
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Meulemans & Schuurkes, 1995). Similarly, VIP plays an
important role in relaxing the stomach. VIP receptor
antagonists or antiserum to VIP reduce NANC nerve-

mediated relaxation (D'Amato et al., 1988a; De Beurme &
Lefebvre, 1988). Furthermore, VIP is released during nerve
stimulation (D'Amato et al., 1992b). VIP receptors can be
subdivided into VIP1/PACAP (VIP1) receptors and VIP2/

PACAP (VIP2) receptors.
Studies on the inhibitory NANC neurotransmitters released

during surgery are rather scarce. Recently, improvement of

postoperative small bowel transit in the rat was reported after
treatment with a non-selective VIP receptor antagonist (Espat
et al., 1995). In addition, we reported enhancement of

intestinal transit by NO synthase inhibition (De Winter et al.,
1997) and by a speci®c VIP1 receptor antagonist suggesting the
involvement of NO and VIP1 receptors in surgery-induced

ileus (De Winter et al., 1998). Measurement of intestinal transit
however does not allow determining whether gastric and/or
small intestinal motility is a�ected, therefore the role of NO
and VIP in reducing gastric motility following surgery remains

to be determined. Furthermore, VIP receptors are abundantly
present both on a�erent and e�erent pathways, and thus the
exact site of action of the VIP receptor antagonists in vivo is

unclear. Previous studies in the rat have shown that VIP2

receptor mRNA is abundantly present in the stomach whereas
VIP1 receptor mRNA is mostly present in the small intestine

(Usdin et al., 1994). Based on this knowledge, we anticipated
that if VIP receptor antagonism would enhance gastric
motility, the site of action might be clari®ed using the selective

VIP1-receptor antagonist [Acetyl-His1,D-Phe2,Lys15,Arg16,
Leu17]-VIP. Therefore, we studied the e�ect of the non-
selective VIP receptor antagonist [D-p-Cl-Phe6,Leu17]-VIP and
the selective VIP1-receptor antagonist [Acetyl-His1,D-Phe2,

Lys15,Arg16,Leu17]-VIP on manipulation-induced NANC re-
laxation of the rat proximal stomach. In addition, the e�ect of
NO biosynthesis inhibition was investigated.

Methods

Animals

Male Sprague Dawley rats (250 ± 350 g) were fasted overnight

but had free access to water. They were initially anaesthetized
with i.p. urethane (0.55 g) to place the i.v. lines.

Experimental protocol

Adequate air passage was ensured by a tracheal cannula.

Thereafter, anaesthesia was continued by i.v. urethane (0.3 ±
0.7 g per rat). Cannulas were placed in the tail vein, jugular
vein and the carotid artery. The tail cannula was used for

continuous infusions of saline and administration of drugs.
The jugular vein was used for intravenous administration of
sodium nitroprusside (SNP; 50 mg kg71 body weight). Blood
pressure was continuously monitored via the carotid cannula.

A non-compliant balloon was orally introduced into the
stomach, positioned in the gastric fundus and in¯ated with
3 ml of air to obtain an intra-balloon pressure of 5 mmHg

(Boeckxstaens et al., 1999). Blood pressure and intra-balloon
pressure were measured by a pressure transducer. Signals were
digitized and stored on a computer for further analysis using

commercially available software (Poly Physiological Analysis
Package, Inspector Research Systems BV Amsterdam, The
Netherlands). Temperature was kept constant between 36.0
and 37.08C using a heating pad.

After placement of the cannulas and in¯ation of the
balloon, the animals were allowed to recover during 45 min.
Infusion of saline (1 ml h71) was started to avoid

dehydration. Before the protocol, basal fundic pressure was
assessed by an i.v. bolus injection of SNP (50 mg kg71). This
dose results in a maximal relaxation abolishing the basal
fundic pressure to post-mortem level. Thereafter, the e�ect

of a median skin incision (SI) of 5 cm on fundic pressure
was evaluated, followed after 10 min by a median
laparotomy (LT). The opened abdomen was covered with

moisturized gauze and 20 min later, the small intestine and
the caecum were exteriorized and manipulated during 5 min.
Immediately thereafter, a silk threat was tightened around

the neck of the caecum and the caecum was excised without
interruption of gut continuity. This procedure lasted
approximately 1 min. The intestines were then returned in

the abdominal cavity and the linea alba and the skin were
closed separately. Fundic pressure was recorded during and
after the above described surgical procedures until 90 min
after the start of the manipulation. Between the di�erent

surgical procedures, a bolus of sodium nitroprusside was
given to determine the level of 100% relaxation. The e�ect
of guanethidine, NG-nitro-L-arginine (L-NOARG) and the

speci®c and non-speci®c VIP receptor antagonists was
studied on the manipulation-induced relaxation. Guanethi-
dine was added as a bolus of 1 ml (6 mg kg71 body weight).

L-NOARG was injected as a bolus (5 mg kg71 body weight
in 1 ml) followed by a maintenance infusion (5 mg kg71

h71). The non-selective VIP antagonist (350 mg) and the

speci®c VIPI receptor antagonist (5 mg) were administered
i.v. over a 15 min period starting 5 min before manipulation
of the small intestine.

After the experiment, animals were killed by an overdose of

nembutal after which the position of the balloon was checked.
In addition, the post-mortem fundic pressure was checked
con®rming that complete relaxation was obtained with SNP.

Study protocols were approved by the Animal Ethical
Committee of the Academic Medical Center.

Drugs

The e�ect of the following drugs was evaluated: guanethidine
monosulphate, L-NOARG, sodium nitroprusside, the non-

selective VIP receptor antagonist [D-p-Cl-Phe6,Leu17]-VIP
(Sigma-Aldrich Chemie BV, Zwijndrecht, The Netherlands)
and the selective VIP1-receptor antagonist [Acetyl-His1,D-Phe2,

Lys15,Arg16,Leu17]-VIP (gift from Prof Dr P. Robberecht,
Universite Libre de Bruxelles, Brussels, Belgium).

Data analysis and statistics

The degree of relaxation is referred to the lowest level (end-

expiratory) of intra-balloon pressure following an i.v. bolus
injection of 50 mg kg71 SNP. This dosage of SNP induces
maximal relaxation of the gastric fundus similar to the post-
mortem intragastric level. As such, SNP-induced relaxation

was used throughout the experiment to estimate that part of
the intra-balloon pressure resulting from active tonic contrac-
tion of the fundus. Fundic relaxation induced by manipulation

and caecum resection was measured at several time points (0,
0.5, 1, 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60, 75 and 90 min after
the start of the manipulation) and is expressed as percentage of

the relaxation to bolus injection of SNP prior to the
experiment (=basal fundic pressure). In addition, the maximal
relaxation, irrespective of its timing relative to the onset of the
manipulation, was determined.
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Statistical analysis was performed with a repeated measure-
ment analysis of variance. Speci®cally a linear mixed model was
used with time and treatment as factors allowing for random

variation between animals and an auto-regressive within
animal error structure. Discrimination between models was
done using BIC (Bayesian information criterion) following
testing between treatments using the Student t-test statistic. We

tested a model without treatment, a model with treatment
added and a model with time and treatment interaction. Using
BIC, the model with added treatment appeared to be the best.

This means that all e�ects can be described independent of
time. Using this model, the mean relaxation over the entire
90 min post-manipulation period was calculated for each

experiment (Figures 2 and 5). This parameter, comparable to
calculation of the total area under the curve, thus represents the
averaged degree of relaxation, not at a certain time point, but

for the entire 90 min period. In contrast, the data shown in
Figures 1 and 4 are not calculated by the model but represent
the mean at each individual time point calculated from the
percentage relaxation measured at that particular point in time.

Results

E�ect of guanethidine on the fundic relaxation induced
by skin incision, laparotomy and manipulation

As previously described (Boeckxstaens et al., 1999), skin
incision and laparotomy induced short lasting relaxations that

were completely abolished by guanethidine. In contrast,
manipulation of the small intestine followed by caecum
resection resulted in a long lasting relaxation (Figure 1).
Ninety minutes after the start of the manipulation the fundic

pressure was not recovered and the fundus was still relaxed to
63+6% of the SNP-induced maximal relaxation (Figure 1).
Guanethidine partly reduced this relaxation (Figure 1)

resulting in a signi®cant reduction of the mean relaxation, as
determined by the curve ®tting, from 65+7 to 35+7% (Figure
2). The maximal relaxation was reduced from 100+1 to

84+5%, not signi®cantly di�erent from control (Figure 3).

E�ect of L-NOARG and the non-selective VIP receptor
antagonist [D-p-Cl-Phe6,Leu17]-VIP on the
guanethidine-resistant relaxation induced by
manipulation

When guanethidine was combined with L-NOARG, the fundic
relaxation induced by manipulation and caecum resection
recovered faster, especially during the ®rst 15 min (Figure 1).

This resulted in a further reduction of the mean relaxation to
20+7% and of the maximum relaxation to 56+8%,
signi®cantly di�erent from control and guanethidine (Figures

2 and 3).
When the non-selective VIP receptor antagonist was

combined with guanethidine, no additional e�ect on the mean
relaxation, the initial relaxation or the maximal relaxation was

observed compared to guanethidine (Figures 1 ± 3).
Finally, when both L-NOARG and the non-selective VIP

receptor antagonist were combined with guanethidine, the

relaxation to manipulation was further reduced (Figure 1),
especially the later part of the relaxation. Although not
statistically signi®cant, there was a tendency to better recovery

of fundic tone after 45 min compared to guanethidine and the
combination of guanethidine with L-NOARG. The mean
relaxation and the maximal relaxation were however not
signi®cantly di�erent from guanethidine (Figures 2 and 3).

Figure 1 E�ect of guanethidine (guan), guanethidine+L-NNA,
guanethidine+the non-selective VIP receptor antagonist (VIPra)
and guanethidine+L-NNA+the non-selective VIP receptor antago-
nist on the relaxation of the rat gastric fundus induced by
manipulation of the small intestine followed by caecum resection.
Results are expressed as per cent of the SNP-induced relaxation
(n=5±7).

Figure 2 E�ect of guanethidine (guan), guanethidine+L-NNA,
guanethidine+the non-selective VIP receptor antagonist (VIPra)
and guanethidine+L-NNA+the non-selective VIP receptor antago-
nist on the mean relaxation induced by manipulation of the small
intestine and caecum resection. Results are expressed as per cent of
the SNP-induced relaxation and are shown as mean+s.e.mean for
n=3±7 animals. *P50.05, di�erent from control, Student's t-test;
#P50.05, di�erent from guanethidine, Student's t-test.

Figure 3 E�ect of guanethidine (guan), guanethidine+L-NNA,
guanethidine+the non-selective VIP receptor antagonist (VIPra)
and guanethidine+L-NNA+the non-selective VIP receptor antago-
nist on the maximal relaxation induced by manipulation of the small
intestine and caecum resection. Results are expressed as per cent of
the SNP-induced relaxation and are shown as mean+s.e.mean for
n=3±7 animals. *P50.05, di�erent from control, Student's t-test;
#P50.05, di�erent from guanethidine, Student's t-test.
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E�ect of the selective VIP1-receptor antagonist
[Acetyl-His1,D-Phe2,Lys15,Arg16,Leu17]-VIP on the
guanethidine-resistant relaxation induced by
manipulation

In order to determine the type of VIP/PACAP receptor
subtype involved, the e�ect of the selective VIP1 receptor

antagonist was evaluated in the presence of guanethidine
(Figure 4). Addition of the VIP1 receptor antagonist further
reduced the mean fundic relaxation from 35+7 to 11+7%

(Figure 5). The maximal relaxation was signi®cantly reduced
to 53+9% which is signi®cantly di�erent from control and
guanethidine (Figure 6). Addition of L-NOARG further

reduced the ®rst part of the manipulation-induced relaxation
(Figure 4) with reduction of the maximal relaxation to 36+9%
(Figure 6). The mean relaxation was reduced to 3+6%, which

is signi®cantly di�erent from guanethidine (Figure 5). Already
after 15 min, fundic tone was almost completely recovered
when the animals were treated with the VIP1 antagonist in
combination with guanethidine or guanethidine and L-

NOARG (Figure 4). When administered alone, the selective
VIP1 receptor antagonist did not a�ect the mean relaxation,
the ®rst part of the manipulation-induced fundic relaxation or

the maximal relaxation (Figures 4 ± 6). However, the fundic
tone recovered better compared to control with only 16+11%
relaxation remaining after 90 min (Figure 4).

Discussion

We previously demonstrated that more intense nociceptive
stimulation of the gut during manipulation relaxes the
proximal stomach, mainly by a vagally-mediated NANC

mechanism (Boeckxstaens et al., 1999). Here we con®rm the
importance of this mechanism and illustrate that NO is mainly
involved in the initial part of the manipulation-induced

relaxation. We further illustrate that VIP1 receptor antagonism
potently enhances recovery of fundic tone, suggesting the
involvement of VIP in the underlying neural pathway. As no
VIP1 receptors have been demonstrated in the rat proximal

stomach (Robberecht et al., 1998; Usdin et al., 1994), we
hypothesize that most likely VIP1 receptors in the a�erent
pathway or in the central nervous system are activated during

manipulation of the small intestine.
It is becoming increasingly clear that NANC nerves play an

important role in the inhibition of gastrointestinal motility

following nociceptive intestinal stimulation (Abrahamsson et
al., 1979; Bojo & Cassuto, 1992; Glise et al., 1980; Glise &
Abrahamsson, 1980). Previously, De Winter et al. (1997)

showed that mechanical stimulation of the small intestine and
caecum triggers a non-adrenergic pathway contributing to the
delay in postoperative small intestinal transit. In addition, we
recently demonstrated that manipulation of the small intestine

during abdominal surgery activated a NANC neural pathway
relaxing the proximal stomach (Boeckxstaens et al., 1999). This
relaxation lasted at least 30 min after the end of the mechanical

stimulation. In the present study, we con®rmed the presence of
a guanethidine resistant component that lasted up to 90 min.
These ®ndings support the concept that NANC nerves are

involved in the pathogenesis of postoperative ileus.
Although NO is one of the main neurotransmitters released

by NANC nerves, evidence supporting a role in postoperative

Figure 4 E�ect of the selective VIP1 receptor antagonist (VIP1ra),
guanethidine (guan), guanethidine+the selective VIP1 receptor
antagonist and the combination of guanethidine+L-NNA+the
selective VIP1 receptor antagonist on the fundic relaxation induced
by manipulation of the small intestine and caecum resection. Results
are expressed as per cent of the SNP-induced relaxation and are
shown as mean for n=3±7 animals.

Figure 5 E�ect of the selective VIP1 receptor antagonist (VIP1ra),
guanethidine (guan), guanethidine+the selective VIP1 receptor
antagonist and the combination of guanethidine+L-NNA+the
selective VIP1 receptor antagonist on the mean relaxation induced
by manipulation of the small intestine and caecum resection. Results
are expressed as per cent of the SNP-induced relaxation and are
shown as mean+s.e.mean for n=3±7 animals. *P50.05, di�erent
from control, Student's t-test; #P50.05, di�erent from guanethidine,
Student's t-test.

Figure 6 E�ect of the selective VIP1 receptor antagonist (VIP1ra),
guanethidine (guan), guanethidine+the selective VIP1 receptor
antagonist and the combination of guanethidine+L-NNA+the
selective VIP1 receptor antagonist on the maximum relaxation
induced by manipulation of the small intestine and caecum resection.
Results are expressed as per cent of the SNP-induced relaxation and
are shown as mean+s.e.mean for n=3±7 animals *P50.05, di�erent
from control, Student's t-test; #P50.05, di�erent from guanethidine,
Student's t-test.
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ileus is rather scarce. Recently, De Winter et al. (1997)
demonstrated that NO biosynthesis blockade completely
reversed the non-adrenergic component of the delay in small

intestinal transit following abdominal surgery. In the present
study, L-NOARG only had a minor e�ect on the guanethidine-
resistant relaxation induced by small intestinal manipulation.
Mainly the relaxation occurring during the manipulation of

the small intestine and closure of the abdomen was further
reduced. In contrast, blockade of NO biosynthesis had no
additional e�ect on the component that persisted after closure

of the abdomen. These ®ndings may suggest that NO is mainly
released during activation of nociceptive/mechanoreceptors
inducing a short lasting relaxation whereas a second non-

nitrergic neurotransmitter is mainly involved in the more
prolonged component. Similar ®ndings have been reported in
vitro (Boeckxstaens et al., 1992; D'Amato et al., 1992a;

Takahashi & Owyang, 1995). NANC nerve stimulation at
high frequency and vagal nerve stimulation also results in a
fast and a prolonged relaxation of the rat gastric fundus.
Blockade of NO biosynthesis reduces the fast initial part of the

relaxation but has no e�ect on the prolonged component.
In vitro studies provide strong evidence that the second

neurotransmitter involved is VIP. VIP antiserum or receptor

antagonists and trypsin indeed block the prolonged relaxation
of the stomach evoked by NANC nerve or vagal nerve
stimulation (D'Amato et al., 1988b; De Beurme & Lefebvre,

1988; Takahashi & Owyang, 1995). In our study, VIP receptor
blockade also further reduced the guanethidine resistant and
prolonged relaxation of the rat gastric fundus induced by

intestinal manipulation. Interestingly, the e�ect of the VIP1

receptor antagonist was clearly more pronounced than that of
the non-selective VIP receptor antagonist which may be
explained by the higher a�nity (Ki in the nM range) of the

VIP1 receptor antagonist compared to the non-selective VIP
antagonist (Gourlet et al., 1997). These ®ndings suggest that
VIP may be the second neurotransmitter and thus corroborate

earlier ®ndings suggesting involvement of VIP in postoperative
ileus (De Winter et al., 1998; Espat et al., 1995). In these
studies, delay in gastrointestinal transit following intestinal

stimulation was indeed partly reversed by non-selective VIP
receptor blockade. Using a selective VIP1 receptor antagonist,
De Winter et al. (1998) hypothesized that manipulation of the
small intestine increased VIP release by inhibitory neurons

acting on VIP1 receptors. In our hands, the same VIP1 receptor
antagonist indeed almost completely abolished the guanethi-
dine-resistant part of the manipulation-induced relaxation.

However, the rat stomach rather contains VIP2 receptor
mRNA (Usdin et al., 1994) and lacks functional VIP1 receptors
(Robberecht et al., 1998). Therefore, it is unlikely that the

e�ect of VIP1 receptor blockade results from an e�ect at the
smooth muscle. The exact nature of the non-nitrergic
neurotransmitter released by the inhibitory NANC nerves in

the stomach in response to abdominal surgery therefore still
remains to be determined.

Using the current experimental set-up, it is impossible to
exactly localize the VIP1 receptors in the re¯ex arch underlying

the NANC relaxation, especially because VIP or its receptors
are involved at several levels of neurotransmission. As VIP1

receptor mRNA is abundantly present in the small intestine

(Usdin et al., 1994), VIP released during manipulation could

®rst of all locally activate a�erent ®bres. On the other hand,
VIP is involved in primary a�erent pathways sending sensory
information to the spinal cord (Kawatani & de Groat, 1991;

Morgan et al., 1999) whereas VIP receptors have also been
demonstrated in the vagal nerve (Lundberg et al., 1979).
Finally, when VIP is administered in the brain stem, it a�ects
rat gastric motor function via the vagal nerve (Krowicki et al.,

1997). Although it is uncertain whether the VIP antagonists
can pass the blood brain barrier, theoretically, the VIP
receptor antagonists used in our study could thus interact

with neurotransmission at each level. Additional in vitro
studies are therefore necessary to further unravel the exact
level of action of the VIP1 receptor antagonist.

In the absence of guanethidine, the VIP1 receptor antagonist
failed to a�ect the initial part of the manipulation-induced
relaxation but induced a faster recovery of fundic tone. As the

addition of guanethidine resulted in an almost complete
reversal of fundic tone, it seems that this non-VIP pathway
is mainly if not completely adrenergic in nature. Therefore, we
suggest that nociceptive stimulation of the small intestine

triggers: (1) An adrenergic inhibitory pathway; and (2) A
NANC inhibitory pathway. The NANC pathway involves
VIP1 receptors, most likely in the a�erent limb. The inhibitory

neurotransmitters released at the level of the gastric fundus
smooth muscle are NO and a substance di�erent from VIP.

Based on our results, one might hypothesize that

gastrointestinal hypomotility following abdominal surgery
may be largely prevented by pharmacological blockade of
these two pathways. It should be emphasized however that we

only focused on the acute e�ect of abdominal surgery. Clearly,
postoperative ileus lasts much longer than the 90 min period
we studied and other mechanisms may be involved in this later
phase. Recent evidence indeed clearly shows a pivotal role of

in¯ammation induced by manipulation (Kal� et al., 1999a,b).
Graded intestinal manipulation resulted in in¯ux of in¯am-
matory cells starting at 3 h and persisting beyond 24 h.

Adhesion-blocking antibodies signi®cantly prevented in¯ux of
these cells as well as concomitant dysmotility (Kal� et al.,
1999b). To what extent the `early phase' or the inhibitory

re¯exes triggered by the manipulation of the gut are involved
in the initiation of this in¯ammatory process still needs to be
studied. It seems however to become clear that postoperative
ileus consists of an early neural phase and a later in¯ammatory

phase responsible for the observed dysmotility after abdominal
surgery.

In conclusion, we con®rmed that abdominal surgery

activates both an adrenergic and a non-adrenergic inhibitory
pathway acutely relaxing the gastric fundus. We provided
evidence that the NANC pathway involves VIP1 receptors,

most likely in the a�erent limb. The inhibitory neurotransmit-
ters released at the level of the gastric fundus smooth muscle
are NO and a substance di�erent from VIP.
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