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Short Communication
Effects of u- and k-opioid receptors on postoperativeileusin rats
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Abstract

In arat model of postoperative ileus, induced by abdominal surgery, we investigated the effect of w- and k-opioid receptors. Different
degrees of inhibition of the gastrointestina transit, measured by the migration of Evans blue, were achieved by skin incision, laparotomy
or laparotomy plus manipulation of the gut. Morphine (1 mg/kg), a preferential u-opioid receptor agonist, significantly inhibited the
transit after skin incision, while the transit after the laparotomy with or without manipulation was not significantly affected. Fedotozine (5
mg,/kg), a peripheral k-opioid receptor agonist, enhanced the transit after laparotomy plus manipulation, while naloxone (1 mg/kg), a
non-specific opioid receptor antagonist, further inhibited the transit after laparotomy plus manipulation. Naloxone and fedotozine alone
had no effect on the transit after skin incision or |aparotomy without manipulation. However, naloxone prevented the effect of morphine
on the transit after skin incision and of fedotozine on the laparotomy plus manipulation. These results support a role for peripheral
k-opioid receptors in the pathogenesis of postoperative ileus induced by abdominal surgery. © 1997 Elsevier Science B.V.
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1. Introduction

Postoperative ileus is a common complication after
abdominal surgery involving the activation of an inhibitory
nervous reflex pathway with the afferent limb consisting of
capsaicin sensitive fibers and the efferent limb consisting
of adrenergic inhibitory fibers (Dubois et al., 1973; Fur-
ness and Costa, 1974; Bueno et a., 1978; Holzer et d.,
1986; Livingston and Passaro, 1990; Holzer et al., 1992).
However, other mechanisms such as the activation of
inhibitory non-adrenergic non-cholinergic (NANC) nerves
may contribute as well (Abrahamsson et al., 1979; Glise
and Abrahamsson, 1980). We previously showed the in-
volvement of both adrenergic and nitrergic NANC nerves
in the pathogenesis of postoperative ileus in the rat (De
Winter et a., 1997). In this model, different degrees of
inhibition of the gastrointestina transit were achieved by
skin incision, laparotomy and laparotomy with mechanical
stimulation of the small intestine and caescum (De Winter
et a., 1997).

Opioids are widely used after abdominal surgery for
analgesia. However opioids are known to inhibit gastro-
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intestinal propulsion and to prolong postoperative ileus in
rats and humans (Jaffe and Martin, 1985; Yukioka et al.,
1987; Brown et al., 1988; Livingston and Passaro, 1990;
Benson et al., 1994; Ferraz et a., 1995). The most widely
used opioid for analgesia is morphine, a preferential u-
opioid receptor agonist, shown to inhibit the gastrointes-
tinal transit in rats via a central and a peripheral pathway
(Weisbrodt et al., 1980; Galligan and Burks, 1983; Manara
et al., 1986; Thorn et a., 1996). In contrast, fedotozine, a
new peripheral k-opioid receptor agonist, is able to reverse
the inhibition of the gastrointestinal transit induced by
peritoneal irritation in rats suggesting a potentia role in
the treatment of ileus (Riviére et al., 1993, 1994; Friese et
al., 1997). The purpose of the present study therefore was
to investigate the role of «-opioid receptors in experimen-
tal ileus induced by abdominal surgery.

2. Materials and methods
2.1. Operation protocol
All procedures received approval from the Commission

for Medical Ethicsfrom the University of Antwerp (U.I.A.).
Male Wistar rats (150-225 g) were fasted for 48 h with
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free access to water. The operation protocol was previ-
ously described in detail (De Winter et a., 1997). Briefly,
the rats were divided in three groups in a randomised way
and underwent an operation under ether anaesthesia. We
previously demonstrated that ether anaesthesia had no
effect on the gastrointestina transit in our model (De
Winter et al., 1997). The first group underwent an abdomi-
nal skin incision after shaving and disinfecting the ab-
domen. The second group underwent a laparotomy consist-
ing of the incision of the abdomina skin, the abdominal
muscle layers and the peritoneum. The third group under-
went a laparotomy followed by the evisceration and ma-
nipulation of the small intestine and caecum during 5 min.
After the operations the rats were alowed to recover for
one hour. Then they received an intragastric injection of
0.1 ml Evans blue (50 mg in 1 ml 0.9% sodium chloride;
Tanila et a., 1993) via a specialy designed orogastric
cannula introduced through the mouth. 20 min later the
rats were killed and the intestina transit was measured
from the pylorus to the most distal point of migration of
Evans blue and expressed in cm.

2.2. Experimental protocol

In afirst series of experiments the effects of morphine
(1 mg/kg), a preferential u-opioid receptor agonist (Jaffe
and Martin, 1985) and naloxone, a non-selective opioid
receptor antagonist (Jaffe and Martin, 1985) were tested on
the intestinal transit of Evans blue. The rats were randomly
divided in four groups. The first group served as control
group and received an intravenous (i.v.) injection of 0.9%
sodium chloride in the tail vein. Then the rats underwent a
skin incision, laparotomy or laparotomy plus manipulation.
The second group received an i.v. injection of morphine (1
mg/kg), 1 min before the operations. The third group
received an i.v. injection of naloxone (1 mg/kg) 1 min
before the operations. The fourth group was injected i.v.
with naloxone followed by morphine, 1 min before the
operations.

In a second series of experiments we investigated the
effect of fedotozine (5 mg/kg; Diop et a., 1994), a
peripheral k-opioid receptor agonist, on the intestinal tran-
sit of Evans blue after the three operations. The rats were
randomly divided in three groups. The first group served
as control group and received an i.v. injection of 0.9%
sodium chloride. The second group was injected i.v. with
fedotozine one minute before the operations. The third
group received an i.v. injection of naloxone (1 mg/kg)
followed by an i.v. injection of fedotozine one minute
before the operations.

2.3. Drugs used
The following drugs were used: diethyl ether (Merck,

Darmstadt, Germany), Evans blue (Sigma, St. Louis, USA),
morphine hydrochloride (S.A. Belgopia, Louvain-la-Neuve,

Belgium), naloxone hydrochloride dihydrate (Aldrich
Chemical Company, Milwaukee, USA), sodium chloride
0.9% (Plurule®, Baxter, Lessines, Belgium). Fedotozine
tartrate was a gift of Parke Davis (Zaventem, Belgium).
Fedotozine, morphine and naloxone were dissolved in
0.9% sodium chloride.

2.4. Presentation of results and statistical analysis

The total length of the small intestine was not statisti-
caly different between the groups. Therefore, results are
expressed as cm migration of Evans blue, the measure-
ments were from the pylorus to the most distal point of
migration of Evans blue. Group differences were assessed
by simple factorial analysis of variance (ANOVA) and one
way analysis of variance followed by the Bonferroni test
for multiple comparisons. Values are shown as mean +
S.E.M. for n indicating the number of rats used. P-values
of less than 0.05 were considered to be significant. All
data were analysed with the SPSS for windows software
(SPSS, Chicago, IL).

3. Resaults

3.1. Effect of morphine and naloxone on the intestinal
transit

The total length of the small intestine was not statisti-
caly different between the different groups. In control rats,
treated with 0.9% sodium-chloride, the transit after the
skinincision was 62.2 + 3.2 cm of 97.9 + 2.2 cm (n = 10).
The transit was not influenced by the skin incision as
previously shown (De Winter et al., 1997). The |laparotomy
significantly delayed the intestinal transit to 35.8 + 3.7 cm
of 97.4 4+ 1.8 cm (n = 10). This inhibition was even more
pronounced when the laparotomy was associated with the
manipulation of the small intestine and caecum: the transit
was 19.3 + 3.5 cm of 98.4 + 1.9 cm (n= 10) (Fig. 1).

The transit after the skin incision was significantly
different from the transit after the laparotomy with or
without manipulation in the different treatment groups.
There was aso a statistical significant difference between
the transit after the laparotomy and the transit after the
laparotomy plus manipulation in the different treatment
groups.

Morphine (1 mg/kg) significantly inhibited the transit
after the skin incision from 62.2 + 3.2 cm in control rats to
445+ 2.2 cm (n=10) in morphine treated rats (Fig. 1).
Although morphine tended to decrease the transit after the
laparotomy with or without manipulation compared to
control rats, no statistical significance was reached. The
transit after the laparotomy was 30.3 + 2.9 cm (n = 9) and
14.8 + 2.4 cm (n = 10) after the laparotomy plus manipu-
lation (Fig. 1).

Naloxone alone (1 mg/kg) had no effect on the transit
after the skin incision or the laparotomy as compared to
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Fig. 1. Effect of skin incision, laparotomy or laparotomy with eviscera-
tion and manipulation of the small intestine and caecum on the intestinal
transit in control rats (open bars, n=10) and in rats treated with
morphine 1 mg/kg (right-rising hatched bars, n> 9) or with naloxone 1
mg,/ kg (Ieft-rising hatched bars, n> 9) or with naloxone plus morphine
(cross-hatched bars, n>9). Results are expressed as cm migration of
Evans blue and shown as mean+ S.E.M. *P < 0.05, significantly differ-
ent from the transit in rats that underwent a skin incision; P < 0.05
significantly different from the transit in control rats or rats treated with
naloxone plus morphine after the laparotomy plus manipulation; one way
analysis of variance followed by the Bonferroni test.

control rats (n > 9) (Fig. 1). However the transit after the
laparotomy plus manipulation was significantly inhibited
by naloxone from 19.3 + 3.5 cmin control ratsto 7.4 + 2.5
c¢m (n = 10) in naloxone treated rats (Fig. 1).

Consecutive injection of naloxone and morphine re-
versed the inhibitory effect of morphine on the transit after
the skin incision and had no effect on the transit after the
laparotomy (Fig. 1). The combination of naoxone and
morphine also reversed the inhibitory effect of naloxone
on the transit after the laparotomy plus manipulation (Fig.
1.

3.2. Effect of fedotozine on the intestinal transit

The total length of the small intestine was not statisti-
caly different between the different groups. In control rats
treated with 0.9% sodium chloride, the transit after the
skinincision was 63.6 + 2.2 cm of 100.2 + 2.3cm (n=9).
The transit after the laparotomy was significantly delayed
to 414+ 31 cm of 98.2+22 cm (n=29). After the
laparotomy plus manipulation, the transit was 20.4 + 2.7
cm of 97.1+ 1.8 cm (n=9) (Fig. 2).

Fedotozine (5 mg,/kg) had no effect on the transit after
the skin incision or the laparotomy as compared to control
rats (n>9) (Fig. 2). However, fedotozine significantly
enhanced the transit after the laparotomy plus manipula
tion from 20.4 4+ 2.7 cm in control ratsto 34.1 + 2.6 cmin
fedotozine treated rats (n = 9) (Fig. 2).

Naloxone plus fedotozine had no effect on the transit
after the skin incision or the laparotomy (n> 9) (Fig. 2).
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Fig. 2. Effect of skin incision, laparotomy or laparotomy with eviscera-
tion and manipulation of the small intestine and caecum on the intestinal
transit in control rats (open bars, n=9) and in rats treated with fedo-
tozine 5 mg/kg (right-rising hatched bars, n>9) or with naloxone 1
mg,/ kg plus fedotozine (cross-hatched bars, n> 9). Results are expressed
as cm migration of Evans blue and shown as mean+ SEM. “P < 0.05,
significantly different from the transit in rats that underwent a laparotomy
plus manipulation; one way analysis of variance followed by the Bonfer-
roni test.

However, consecutive injection of naloxone and fedotozine
reversed the effect of fedotozine alone on the transit after
the laparotomy plus manipulation; the transit was 22.0 +
29 cm (n=9) (Fig. 2).

The difference between the transit after the laparotomy
and the transit after the laparotomy plus manipulation was
significant in the control rats and in the rats treated with
naloxone plus fedotozine. However, after treatment of the
rats with fedotozine alone, the transit after the laparotomy
plus manipulation was no longer significantly different
from the transit after the laparotomy alone.

4. Discussion

Postoperative ileus is a common complication after
abdominal surgery of which the pathogenesis is till de-
bated. In an experimental model of postoperative ileus in
the rat, we previously demonstrated that skin incision had
no effect on the gastrointestinal transit of Evans blue.
However, laparotomy inhibited the gastrointestinal transit
significantly, an effect mediated by adrenergic nerves.
Mechanical stimulation of the gut resulted in a further
reduction of the gastrointestinal transit mediated by nitr-
ergic nerves (De Winter et al., 1997). In the present study,
we provide evidence that peripheral k-opioid receptors
may be involved in the inhibitory reflex triggered by
mechanical stimulation of the gut.

Opioids like morphine are widely used to control post-
operative pain despite their depressant activity on the
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gastrointestinal motility (Jaffe and Martin, 1985; Y ukioka
et al., 1987; Livingston and Passaro, 1990; Benson €t d.,
1994; Ferraz et al., 1995). In the present study however,
we demonstrate that the opioid fedotozine, a peripheral
k-opioid receptor agonist, reversed the additional inhibi-
tion induced by mechanical stimulation of the gut. This
effect of fedotozine was specific as it was reversed by
naloxone. The concentration of naloxone we used was a
non-receptor specific dose, antagonising both u- and «-
opioid receptors (Sengupta et a., 1996). Furthermore,
fedotozine had no effect on the transit after skin incision
and no effect on the delay in transit evoked by laparotomy
showing that it was rather specific to mechanical stimula-
tion. These results suggest that activation of peripheral
k-opioid receptors decreases the inhibitory reflex triggered
by mechanical stimulation. Blockade of these receptors by
naloxone indeed resulted in a further decrease in transit
confirming this hypothesis. Endogenous opioids might at-
tenuate the inhibition of the gastrointestinal transit induced
by the manipulation, by activating the peripheral k-opioid
receptors. This positive effect of the peripheral k-opioid
receptors on the gastrointestinal transit is enhanced by
exogenously administered «-opioid receptor agonists like
fedotozine.

Our results are in line with previous results demonstrat-
ing that peripheral -opioid receptor agonists could reverse
ileus induced by peritoneal irritation (Riviere et al., 1993,
1994; Friese et d., 1997). Fedotozine was also able to
reverse the inhibition of the migrating myoelectric com-
plex induced by laparotomy and caecum palpation (Riviére
et al., 1993). The exact mechanism by which peripheral
k-opioid receptor agonists modulate the transit after induc-
tion of ileus is not clear. Possibly, they increase the
threshold to activate the inhibitory reflex pathway. Sen-
gupta et a. (1996) demonstrated that fedotozine attenuated
the firing of primary afferent neurones in the rat after
noxious colorectal distension. The antinociceptive activity
of fedotozine was demonstrated in a rat model of duodena
pain and colon irritation (Diop et al., 1994; Langlois et al.,
1994). Also according to Stein (1993), the most likely
mechanism of antinociception of the opioids is the activa-
tion of opioid receptors located on primary afferent neu-
rones. Therefore we hypothesise that during manipulation
of the gut primary afferent fibers in the bowel wall are
activated and in turn stimulate nitrergic neurones resulting
in an inhibition of the transit. Endogenous opioids or
peripheral «-opioid receptor agonists can reduce the acti-
vation of these afferent fibers resulting in a less profound
reduction of the transit.

In the present study, morphine significantly delayed the
transit after the skin incision, while the transit after the
laparotomy with or without manipulation was not signifi-
cantly altered. The effect of morphine was reversed by
naloxone. Interestingly, morphine and fedotozine had a
differential effect on the transit after the skin incision and
after the laparotomy plus manipulation indicating a differ-

ent mode of action. This different mode of action most
likely results from the activation of different opioid recep-
tors. Morphine is acting preferentially on u-opioid recep-
tors (Jaffe and Martin, 1985) while fedotozine binds to
peripheral «-opioid receptors (Riviere et al., 1993). These
results suggest that only peripheral «-opioid receptor ago-
nists, and not w-opioid receptor agonists, can decrease the
inhibition of the transit induced by mechanical stimulation
of the gut. They aso accentuate the specificity of fedo-
tozine as a k-opioid receptor agonist.

In conclusion, we confirmed that morphine has an
inhibitory effect on the gastrointestinal transit and that this
effect is reversed by naloxone. We demonstrated that the
transit after the laparotomy plus manipulation was en-
hanced by fedotozine while it was further inhibited by
naloxone. These results support a role for peripheral «-
opioid receptors in the pathogenesis of postoperative ileus
induced by abdominal surgery. Therefore, periphera k-
opioid receptor agonists may be of benefit in the treatment
of postoperative ileus.
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