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Abstract

AIM: To study the relative efficacy of cisapride,
metoclopramide, domperidone, erythromycin and mosapride
on gastric emptying (GE) and small intestinal transit (SIT)
in morphine treated mice.

METHODS: Phenol red marker meal was employed to
estimate GE and SIT in Swiss albino mice of either sex. The
groups included were control, morphine 1 mg/kg (s.c. 15
min before test meal) alone or with (45 min before test
meal p.o.) cisapride 10 mg/kg, metoclopramide 20 mg/kg,
domperidone 20 mg/kg, erythromycin 6 mg/kg and
mosapride 20 mg/kg.

RESULTS: Cisapride, metoclopramide and mosapride were
effective in enhancing gastric emptying significantly (P<0.001)
whereas other prokinetic agents failed to do so in normal
mice. Metoclopramide completely reversed morphine induced
delay in gastric emptying followed by mosapride.
Metoclopramide alone was effective when given to normal
mice in increasing the SIT. Cisapride, though it did not show
any significant effect on SIT in normal mice, was able to
reverse morphine induced delay in SIT significantly (P<0.001)
followed by metoclopramide and mosapride.

CONCLUSION: Metoclopramide and cisapride are most
effective in reversing morphine-induced delay in gastric
emptying and small intestinal transit in mice respectively.
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INTRODUCTION

Opioids are effective analgesics for moderate to severe paint¥.
Morphine isthe most commonly prescribed opioid agonist for
the treatment of chronic pain’> 2. However, when opioids are
given to aleviate pain they cause undesirable gastrointestinal
(Gl) side effects namely nausea, vomiting and reduced
gastrointestinal transit!®. Reduced Gl transit can cause
gastroesophageal reflux disease, bloating and idiopathic
constipationt®,

The pathophysiology of Gl delay due to opioids has been
well described. Possible etiologiesinclude increased stationary
segmentation, reduced peristalsis and depression of secretory
activity!®. Dueto the paucity of the data to guide practitioners

in the management of Gl side effects of opioids much of the
information is extrapolated from different patient populations
experiencing the same symptoms due to different etiologies.

Use of opioid antagonists such as naloxone, nalmefene, for
opioid-induced GI delay!™, is limited by their cost and
tendency to cause withdrawal symptomsin the doses used™**4,
Peripherally acting methyl naltrexone and ADL-2698
(Alvimopan) arein the stage of investigational*!.

Mosapride, cisapride, metoclopramide, erythromycin and
domperidone are commonly used prokinetic agents. At present,
the data supporting their relative efficacy in opioid induced
Gl delay are lacking. Further their distinct mechanism of action
leaves a scope for variation in their efficacy. The present work
attempts to study the relative efficacy of various prokinetic
drugs such as cisapride, metoclopramide, domperidone,
erythromycin and mosapride on small intestinal transit (SIT)
and gastric emptying (GE) in morphine treated mice.

MATERIALS AND METHODS

Animals

Randomly bred healthy adult Swiss albino mice of either sex
weighing between 20-25 g were obtained from JPMER animal
house, Pondicherry. One week prior to the experimentation,
six mice were housed in separate cages and had free accessto
food and water. The experiments were conducted between
09:00 AM and 1:00 PM. Theanimaswerefed with the pellets
obtained from Prestige Agro-industries, Aurangabad. The study
was approved by the institutional animal ethics committee.

Drugs and chemicals

Morphine sulphate (Govt. opium and alkaloid works,
Ghazipur), cisapride (Torrent Pharmaceuticals, Ahmedabad),
metoclopramide hydrochloride (Ipca laboratories Ltd.,
Mumbai), domperidone (Torrent Pharmaceuticals,
Ahmedabad), erythromycin ethylsuccinate (Emil
pharmaceutical industries Pvt Ltd, Thane), mosapride citrate
(Alembic chemical works Co. Ltd. Vadodara) and Thiopentone
sodium (Abbot laboratories, Mumbai) were used. Other
chemicals used were of analytical grade. Carboxymethy!
cellulose (1 %, 0.2 ml) was used as vehicle to administer
prokinetic drugs.

Phenol red meal

Phenol red indicator weighing 25 mg was dissolved in 50 ml
of distilled water and filtered. Thefiltrate was heated to 70 'C
and methylcellulose (0.75 g) was added to it with continuous
stirring. The mixture was then cooled to 37 C.

Gastric emptying (GE) and small intestinal transit (SIT)

The standard method of phenol red marker meal as performed
by earlier workers was employed!*>*3, Mice were deprived of
food for 24 h prior to experimentation but had free access to
water, and 0.5 ml of phenol red meal was administered with
the aid of the oral feeding syringe. Animals were killed by
cervical disdocation under i.v. thiopentone sodium anesthesia
15 min after the administration of the meal. Abdomen was
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opened and stomach was dissected out after careful ligation at
the cardiac and pyloric ends, and was washed with normal
saline. The stomach was cut into pieces and homogenized with
25 ml of 0.1 N NaOH. To this 5 ml homogenate 0.5 ml of
trichloroacetic acid (20 %w/v) was added and centrifuged at
3000 rpm for 20 minutes. To one ml of supernatant 4 ml of
0.5 N NaOH was added. The absorbance of this pink colored
liquid was measured using spectrophotometer at 560nm
(Model: HITACHI 150-20). This correlates with the
concentration of phenol red in the stomach, which in turn
depends upon the gastric emptying. The percentage gastric
emptying isderived as (1-X/Y) 100 where, X is absorbance of
phenol red recovered from the stomach of animals sacrificed
15 minutes after test meal. Y is mean (n=5) absorbance of
phenol red recovered from the stomachs of control animals
(killed at O min following test meal).

The small intestine was dissected out from the pylorus and
ileocaecal junction and the point to which meal had traversed
was secured with thread to avoid change in the length of the
transit due to handling. The total length of the small intestine
and distance traveled by phenol red meal was measured. The
small intestinal transit (SIT) was calculated considering the
distance traveled by phenol red meal divided by total length
of the small intestine multiplied by 100. Small intestinal transit
was expressed as mean sem. The observer was blinded for
the drugs administered to the mice.

Drug treatment

Control groups received the equa volumes of vehicle through
corresponding routes. The groupsincluded were control, morphine
1 mg/kg (s.c.), cisapride 10 mg/kg (p.o.), metoclopramide
20 mg/kg (p.o.), domperidone 20 mg/kg (p.0.), erythromycin
6 mg/kg (p.o.) and mosapride 20 mg/kg (p.o.). The doses
were selected based on the earlier reportg*4*”, recommended
clinical doses*®®! and prior pilot experiments. Cisapride,
metocl opramide, domperidone, erythromycin and mosapride
in the dose mentioned above were given aone 45 minutes before
the administration of phenol red meal. Morphine (s.c.) was
injected 15 minutes before the administration of the meal.

Statistical analysis

Statistical analysis was carried out using Graph pad (Prism)
soft ware. One way analysis of variance (ANOVA) for small
intestinal transit and gastric emptying was applied separately
followed by bonferroni post-test for multiple comparisons.
Vaueswere expressed asmean + sem. P<0.05 was considered
significant.

RESULTS

Since significant difference was not noticed among inter-day
and animals receiving saline or 1 % carboxymethyl cellulose,
data from these groups were pooled to serve as control group.
Similar results obtained from morphine (1 mg/kg s.c.) treated
groups were pooled. Morphine in the dose of 1 mg/kg (s.c.)
caused significant decrease (61 %) in SIT (P<0.001) and (43 %)
in gastric emptying (P<0.05).

Gastric emptying

Cisapride, metoclopramide and mosapride in the doses
employed increased gastric emptying significantly (P<0.001)
by 126 %, 102 %, 89 % respectively compared with control
animal s, while domperidone and erythromycin failed to show
any significant effect (Table 1, Figure 1). When combined with
morphine (1 mg/kg s.c.) only metoclopramide and mosapride
reversed morphineinduced delay significantly (P <0.05) (Table
2, Figure 2).
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Figure 1 Percentage increase in gastric emptying by various
prokinetic agents in mice. (*Prokinetic agents were adminis-
tered 45 minutes orally prior to the test meal).
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Figure 2 Effect of prokinetic agents on morphine induced de-
lay of gastric emptying in mice. (®3Prokinetic agents were ad-
ministered 45 minutes orally and morphine (s.c.) 15 minutes
prior to test meal).

Table 1 Effect of prokinetic agents on gastric emptying and
small intestinal transit in mice

Treatment” (mg/kg) GE (%) SIT(%)

Control 41.15+£3.76 51.11+1.59
Cisapride (10) p.o. 92.98+1.767 61.46+3.01
Metoclopramide (20) p.o. 83.1445.592 76.63+£2.132
Domperidone (20) p.o. 48.15+2.31 58.94+1.25
Erythromycin (6) p.o. 39.08£5.10 52.91+1.50
Mosapride (20) p.o. 77.88+0.542 57.53+1.19

Each value represents meantsem, n=10 in control group and
n=5 in prokinetic drug treated group. "‘prokinetic agents were
given 45 minutes prior to test meal. @P<0.001 vs the control group.

Table 2 Effect of prokinetic agents on morphine induced de-
lay in gastric emptying and small intestinal transit in mice

Treatment’ (mg/kg) GE (%) SIT(%)
Control 41.15+£3.76 51.11+1.59
Morphine(1) s.c. 23.30£2.832 19.73+1.25°
Morphine (1) s.c. +

Cisapride (10) p.o. 32.34+2.52 46.28+2.00¢
Metoclopramide (20) p.o 42.77+2.04¢ 34.01+1.754
Domperidone (20) p.o 32.16+3.48 28.63+2.47
Erythromycin (6) p.o 29.39+2.53 31.19+1.08
Mosapride (20) p.o 38.59+1.98¢ 38.01+1.61¢

Each value represents mean +sem, n=5 in treatment group and
n=10 in control and morphine treated group. “prokinetic agents
were given 45 minutes and morphine 15 minutes prior to the
test meal. 3P<0.05 and °P<0.001 vs control group. °P<0.05 and
4P<0.001 vs morphine treated group.
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Small intestinal transit

Only metoclopramide per se, significantly (P<0.001) increased
SIT by 50 % (Figure 3). However, when combined with
morphine (1 mg/kg, s.c.) cisapride showed maximum efficacy
followed by mosapride and metoclopramide (Figure 4).
Domperidone and erythromycin did not exhibit any significant
effect (Table 2).
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Figure 3 Effect of various prokinetic agents on small intestinal
transit in mice. (*Prokinetic agents were administered orally
45 minutes prior to test meal).
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Figure 4 Effect of Prokinetic agents on morphine induced de-
lay of small intestinal transit in mice. (*Prokinetic agents were
administered orally 45 minutes and morphine s.c.15 minutes
prior to test meal).

DISCUSSION

Opioids cause decrease in gastric emptying and intestinal
motility, which leads to nausea, abdominal bloating and
constipation?!, Both exogenous and endogenous opioids
inhibit propulsive movements of the intestine by interfering
with the enteric regulation of propulsive matility??. They
interact with mand d opioid receptors and cause decrease in
cyclic AMP. Opioidsincrease the cal cium dependent potassium
conductance and thus, hyperpolarize myentric neurons, which
reduce the entry of calcium during the action potential leading
to decrease in intracellular calcium and thereby decreasing
peristalsig?,

In mice magonists administered subcutaneously produced
dose-related inhibitions of gastrointestinal transit!?4. In our
study there was significant decrease (61 %) in SIT with morphine
(1 mg/kg s.c.) compared with control animals (P<0.001).
Decrease in SIT seen with 1 mg/kg (s.c) of morphineisin
agreement with earlier reportg41617,

Prokinetic agents used to reverse morphine induced delay
in Gl transit showed variation in their efficacy. Cisapride
(10 mg/kg, p.o.) though, did not show significant increasein
SIT compared with control, it was most effective in reversing
morphine induced delay in SIT (Figure 4). Thisfinding is
consistent with a clinical study where the effect of cisapride

was significantly greater than that of metoclopramidel*d.
Cisapride in the dose of 10 mg/kg (p.0.) showed significant
increase in gastric emptying when compared with control
animals but in morphine induced delay in gastric emptying it
fails to show significant effect in overcoming the inhibition
(Table 2).

Rectal administration of cisapride 30 mg 8" hourly had
modest benefit in reversing small intestinal transit following
intravenous meperidine in patients undergoing major
abdominal surgery!®!. This may reflect an inability of cisapride
to attain effective plasma concentrations when given rectally
and this is supported by an another report where rectal
cisapride was not able to overcome gastric stasis produced
by morphing®. Above observationsindicate that in morphine
treated mice, cisaprideis more effectivein reversing morphine
induced delay in SIT rather than delay in gastric emptying.

Similar differential effect of metoclopramide and cisapride
on the abdominal surgery induced decrease in transit was seen
in which metoclopramide further inhibited whereas cisapride
ameliorated the inhibition of transit(?7.

In our study metoclopramide (20 mg/kg p.o.) was found to
be the most effective prokinetic agent when compared to
control animals (Figure 3). Metoclopramideisa5-HT, agonist,
5-HT; antagonist and antagonises the inhibitory effect of
dopamine in the gastrointestinal tract. Despite above actions,
it wasonly marginally effectivein reversing morphineinduced
delay in SIT (Figure 2).

Metoclopramide in the dose of 20 mg/kg p.o. significantly
increased gastric emptying when compared with controls
(Table 1). In morphine induced gastric emptying delay, it
reversed the morphine effect completely (Figure2). Inaclinical
study conducted by McNeill et al, it was shown that i.v.
metoclopramide antagonised the opioid premedication induced
delay in gastric emptying but not i.m. metoclopramide’?®. There
isaso evidence that the effectiveness of metoclopramide may
depend on the route of administration237,

Domperidone isa peripherally acting dopamine antagonist.
Domperidone (20 mg/kg, p.o.) alone did not show any
significant prokinetic effect as against control animals (Table
2). Inour study, it was seen that in reversing morphine induced
delay, thoughit could not significantly increase SIT, its efficacy
was similar to that of metoclopramide (Figure 4). Since there
isarisk of extrapyramidal effects with metoclopramide,
domperidone may be useful in opioid induced delay in
gastrointestinal transit where metoclopramide is
contraindicated. Domperidone in the dose of 20 mg/kg p.o.
did not show any significant increase in gastric emptying in
normal and morphine treated animals (Tablel and Table 2).

Erythromycin, a motilinomimetic in the dose of 6 mg/kg
(p.0.) did not show any significant prokinetic effect (Table 1)
and had the least efficacy in reversing morphine induced delay
in gastrointestinal transit (Table 2). Erythromycin in the dose
of 1 mg/kg did not show any effect in postoperative ileus?.
Erythromycin even at 40 mg/kg did not show any prokinetic
effect in rats though motilin immunoreactivity has been
demonstrated in the rat intesting’®. The motilin receptor status
of mouse upper Gl tract is not documented. De Winter et al
suggested by their experiments that rat might not be the ideal
speciesto test erythromycini?). The fact that erythromycinwas
not effective in our study indicates that mice too may not be
the ideal speciesfor these type of studies.

Mosapride, aderivative of cisapride so far was not tested in
morphine-induced delay in small intestinal transit. In our study
though it did not show significant prokinetic effect in the dose
(20 mg/kg p.0.) used, however it wasless effective than 10 mg
cisapride in reversing morphineinduced delay in SIT. Efficacy
of mosapride and metoclopramide in reversing morphine effect
on GE cannot be differentiated from the available data.
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A look at the SIT values (Table 1) indicates that
metocl opramide has maximum efficacy in normal mice while
cisapride is most efficacious in reversing morphine induced
delay in SIT followed by metoclopramide and mosapride
(Table 2). The above differences may be due to interactions
taking place at variouslevelsviz. the central and the peripheral
nervous system. It is known that morphine suppresses the
cholinergic outflow!®, while metoclopramide enhance
cholinergic outflow® via 5-HT, and D, receptor interaction.
Itisalso known that cisapride is non-selective 5-HT, receptor
agonist with affinity for D,, 5-HT,,a; adrenergic and muscarinic
receptors®. Further, mosapride a5-HT, agonist showsefficacy
less than cisapride in reversing morphine effectson SIT and
less than metoclopramide in GE. The intrinsic activity of
mosapride was less than that observed for cisapride which
indicates that it may act as a partial agonist®!. Role of
heterogenicity in 5-HT,receptors in the differential effect of
5-HT, agonists cannot be ruled out®,

M echanism underlying the stimulation of gastric and small
intestinal motility by prokinetic agents is 5-HT, receptor
activation that involve cholinergic nerves. However the
mechanism underlying the different profile of the effect of 5-
HT, agonists on gastric emptying and small intestinal transit
remains unexplained.

Gastric emptying in normal mice was enhanced by cisapride,
metoclopramide and mosapride (Figure 1) but in morphine
treated mice metoclopramide was most effective followed by
mosapride (Figure 2). This suggests that in morphine treated
mice, 5-HT, pathways may not play a major role. Effect of
cisapride and metoclopramide on other receptors contributes
predominantly in reversing the effect of morphineon SIT and
gastric emptying respectively.

Results of thisstudy and earlier reportsindicate that efficacy
of prokinetic agents is dependent on factors such as
pathophysiology, species, site of gastrointestinal tract and
pharmacological profile of the drug.

CONCLUSIONS

Morphine in the dose of 1 mg/kg (s.c.) inhibited the small
intestinal transit by 61 % and to alesser extent, gastric emptying
(43 %) under the experimental conditions. Metoclopramide
has significant prokinetic effect when compared with cisapride,
domperidone, mosapride and erythromycin in normal mice.
Metoclopramide, cisapride and mosapride enhance gastric
emptying significantly compared to domperidone and
erythromycin in norma mice. All the prokinetic agents used
in our study differ in their prokinetic effects in counteracting
the effect of morphine induced Gl inertia. Cisapride is most
effective in reversing morphine induced SIT delay followed
by metoclopramide and mosapride. In morphine-induced GE
delay metoclopramideis most effective followed by mosapride.
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