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ABSTRACT 
Background: Gastroparesis is a common GI disorder.  The only FDA approved drug used for its treatment is metoclopramide. 
Objective was to evaluate the effect of mosapride and ondansetron alone and in combination on intestinal motility of 
animal tissues and their comparison with serotonin as standard drug. 
Methods: This experimental study was done in Combined Military Hospital Lahore and Fatima Jinnah Medical University 
over 18 months. Isolated tissues obtained from adult healthy rabbits and rats were used in the study. Sample size was 
calculated by OpenEPI formula. Animals were divided into 5 groups comprising 20 animals in each group. Strips of rabbit 
ileum and rat gastric fundus tissues were allowed to stand in an organ bath with an isotonic force transducer attached to 
powerlab (AD instruments). Increasing concentrations of serotonin, mosapride, and ondansetron were applied to tissues 
and their responses were recorded by the change in the mean force of contraction (grams). Increasing concentrations of 
serotonin and mosapride were administered in the presence of ondansetron and their responses were recorded. T-test and 
ANOVA followed by Post Hoc Tukey’s test were used for statistical analysis. 
Results: There was a dose-dependent increase in the mean force of contraction with Serotonin, mosparide and ondansetron 
on rabbit ileum and rat gastric fundus tissue. Increasing concentration of mosparide in the presence of ondansetron also 
showed a dose-dependent increase in response as depicted by the change in the mean force of contraction in grams.  
Conclusion: Mosapride has less stimulatory effect on gastrointestinal tissue as compared to when used in combination with 
ondansetron.   
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INTRODUCTION 
Gastroeparesis is a chronic gastrointestinal motility 
disorder resulting from the slowing of gastric emptying in 
the absence of any mechanical obstruction. The most 
common symptoms associated with gastroparesis include 
varying severity of nausea, early satiety, vomiting, 
epigastric discomfort, abdominal distension, bloating 
along diarrhoea, or constipation.1 The etiology of 
gastroparesis is variable. Most common causes include 
diabetic gastroenteropathy, idiopathic and post-surgical.  
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Other minor causes include collagen vascular disease, 
iatrogenic, metabolic diseases and neuromuscular 
dysfunction, achalasia, functional dyspepsia, 
gastroesophageal reflux disease, celiac disease, 
hypertrophic pyloric stenosis, atrophic gastritis. Certain 
medicines may also be responsible for the symptoms of 
gastroparesis such as alcohol, proton pump inhibitors, 
tobacco, anticholinergic drugs, opioids, and 
progetsterone.2  
 Gastroparesis has a direct impact on health-related 
quality of life. Hospital admission due to gastroparesis has 
been increasing over the previous years with significant 
economic impact.3 Malnutrition and resultant mineral and 
vitamin deficiencies are frequently associated with 
Gastroparesis, leading to autonomic cardiovascular 
dysfunction as well.4 
 The incidence is 4.6% in Type I and 1.3% in type II 
diabetes in the USA where 60% of the patients have 
esophageal symptoms, 60% constipation, and 20% have 
diarrhea.5,6 The incidence of gastroparesis is even higher 
in developing countries due to a higher incidence of 
diabetes mellitus. According to a recent study, 44% of 
patients with diabetes mellitus also suffer from diabetic 
gastroparesis. These patients manifested with stomach 
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fullness (44.5%), early satiety (45.1 %), and nausea 
(33.1%).7 
 Development of gastroparesis is a complex 
phenomenon related to many factors such as 
hyperglycemia, altered serotonin level, dysfunction of 
myenteric neuronal nitric oxidase synthase, vagal 
dysfunction, abnormalities of interstitial cells of Cajal, and 
oxidative stress.8 Recent studies indicate that low serum 
serotonin is one of the causes of diabetic gastroparesis 
and constipation.9 Treatment of gastroparesis includes 
lifestyle modification such as good glycemic control 
through dietary limitation of carbohydrate intake and 
frequent small meals. Intake of high-fiber diet while 
avoiding a high-fat diet is also helpful.10 The only FDA 
approved drug for treatment of gastroparesis is 
metoclopramide, which is a dopamine D2 and 5HT3 

receptor angtagonist and 4HT4 receptor agonist. Other 
drugs available to treat gastroparesis are erythromycin, 
cholinomimetic agents and domperidone.11 Mosapride is 
a 5HT4 agonist used for the treatment of severe 
constipation. However, it is associated with many adverse 
effects, such as cardiovascular complications. 
Ondansetron is a 5HT3 receptor antagonist used as an 
antiemetic in the treatment of gastroparesis.12 However, 
there is a gap in literature regarding the comparison of 
effects of mosapride and ondansetron on gastrointestinal 
tissues of animals. So the present study was designed to 
compare the effects of ondansetron and mosapride alone 
and their combined effects on intestinal motility of animal 
tissues and to compare them with the standard drug 
serotonin creatinine sulfate. As both of these drugs act as 
an agonist and partial antagonists at serotonergic 
receptors therefore serotonin creatinine sulphate has 
been used for comparison. The rationale of this study was 
that combined use of mosapride and ondansteron will 
reduce the dose of individual drugs and hence the 
likelihood of developing adverse effects of each drug will 
also be reduced. 
 
SUBJECTS AND METHODS 
This animal experimental research was conducted at 
department of Pharmacology FJMU and Combined 
Military Hospital Lahore Medical College over a span of 18 
months from January 2023 till June 2024. All the desk 
work was done in FJMU; however experimental study was 
conducted in department of Pharmacology CMH Lahore 
medical college. 
 The drugs utilized in the study included serotonin 
creatinine sulphate (Sigma Aldrich), ondansetron 
hydrochloride dihydrate (Indus Pharma), and mosapride 
Citrate (Western Pharmaceuticals). Serotonin creatinine 
sulphate was procured while the other drugs were 
received as gift samples for the research project. Molar 

concentrations of solutions were prepared according to 
molecular weights of drugs.All the calculations for the 
preparation of molar solutions were done by using a 
molarity calculator (GraphPad by Dotmatics). The 
molecular weight of serotonin creatinine sulphate was 
405.43g/mol. The stock solution of serotonin creatinine 
sulphate was prepared by dissolving 40.543 mg of 
serotonin creatinine sulphate in 10 ml distilled water to 
prepare a final 0.01 M or 1x10-2 concentration. Then 1 ml 
of 10-2 solution was dissolved in 9 ml of distilled water to 
obtain a 10-3 concentration and further dilutions of 10-4, 
10-5, and 10-6 were prepared by following the same 
procedure.  
 The molecular weight of ondansetron hydrochloride 
dihydrate was 365.85 g/mol.  The stock solution of 
ondansetron Hydrochloride was prepared by dissolving 
36.5 mg of ondansetron in 10 ml distilled water to get a 
final 0.01 M or 1x10-concentration. Then 1ml of 10-2 

solution was dissolved in 9 ml of distilled water to obtain 
10-3 concentration and further dilutions were prepared by 
following the same procedure 
 The molecular weight of mosapride citrate was 
614.0g/mol. The stock solution of mosapride citrate was 
prepared by dissolving 61.4 mg of mosapride in 10 ml 
distilled water to get 0.01 M or 1x10-2 solution. Then 1 ml 
of 10-2 solution was dissolved in 9 ml of distilled water to 
obtain 10-3 concentration and further dilutions were 
prepared by following the same procedure.  
 The study involved adult healthy rabbits (weighing 
between 1 to 1.5 kg, of either sex and non-pregnant) and 
Albino rats (weighing 150-200g, of either and non-
pregnant).The animals were procured from the animal 
house of CMH Lahore medical college. The animals were 
placed in the animal house of CMH Lahore Medical 
College, under optimum hygienic conditions, natural day, 
and light cycle at normal room temperature. Animals were 
acclimatized for 1 week before commencement of the 
study. They had free access to food and water. Before the 
experiment animals were kept fasting for 18 hours while 
water was provided. 
 The animals were divided into 5 groups, with each 
group consisting of 20 animals of each species. Only one 
tissue (rabbit lum and rat gastric fundus tissue) was 
removed from each animal and only once used for 
experimental work. 
Group 1 (serotonin alone group): Cumulative dose-
response curve of Serotonin 
Group 2 (ondansetron alone group): Cumulative dose-
response curve of Ondansetron 
Group 3 (serotonin on ondansetron group): Cumulative 
dose-response curve of Serotonin in the presence of 
ondansetron 
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Group 4 (mosapride alone group): Cumulative dose-
response curve of mosapride 
Group 5 (mosapride on ondansetron group): Cumulative 
dose-response curve for mosapride in the presence of 
ondansetron 
 Rabbits were humanely euthanized. Subsequently, 
their ileum was carefully dissected and separated from 
the mesentery. The isolated ileum was immersed in 
Tyrode’s solution, whose composition in millimoles was as 
follows: 11.90 NaHCO3, 136.9 NaCl, 1.05 MgCl2, 1.8 CaCl2, 
0.42 NaH2PO4 (pH 7.4), 2.68 KCl, and 5.55 glucose. This 
solution was freshly prepared daily. Sections of ileum 
measuring 2 cm in length were suspended in organ baths 
(Radnoti 159920-X1/C; Radnoti Llc, Covina, CA) containing 
25 ml of Tyrode’s solution. The bath solution was 
continuously aerated with carbogen (5% CO2 and 95% O2). 
Initially, a resting tension of 1 g was applied as a preload 
to the tissue. Prior to drug administration, the tissue was 
allowed to equilibrate for approximately 30 minutes. 
Intestinal contractions were recorded using an isotonic 
transducer connected to the PowerLab data acquisition 
system (Model: PL26T04, ADInstruments, Sydney, 
Australia).13 
 Rats were anesthetized with chloroform, after which 
their stomachs were carefully dissected and separated 
from surrounding tissues. Strips of tissue measuring 4–5 
mm in width and approximately 20 mm in length were 
prepared. These tissue strips were then mounted in a 25 
mL organ bath filled with Kreb’s solution, whose 
composition in mM was: NaHCO3 25.0, NaCl 118.2, 
KH2PO4 1.3, CaCl2 2.5, KCl 4.7, MgSO4 1.2, and glucose 1.7 
(pH 7.4). The temperature of the organ bath was 
maintained at 37 ± 1 °C, and the solution was 
continuously aerated. A preload of 1.0 g was applied, and 
the tissue was allowed to equilibrate for 30 minutes 
before recording responses. Contractions in the rat gastric 
fundus tissues were recorded using an isotonic transducer 
connected to the PowerLab data acquisition system 
(Model: PL26T04, ADInstruments, Sydney, Australia).14 As 
the capacity of organ bath was 25 ml, 25 µL of 1x10-6 
molar solution was administered to get a final 
concentration of 1x10-9 or 0.001 micromoles in the organ 
bath. Then after getting maximum tissue response for up 
to half an hour, the next concentration of 50 microliter of 
1x10-6 was administered to get a final concentration of 
3x10-9 or 0.003 µM in the organ bath. The same 
procedure was followed to administer increasing 
concentrations.15 Cumulative dose-response curves of 
increasing concentration of Serotonin creatinine 
sulpahate, Ondansetron and mosapride alone were 
constructed. Then increasing concentration of serotonin 
and mosapride were administered after the pretreatment 
of tissue with ondansetron. For this purpose, tissue was 

initially exposed to 1µM of ondansetron solution for 30 
minutes.16  
 All the Data was entered in the latest available 
version of GraphPad prism (version 8.01). The number of 
animals in each group were denoted as ‘n’. Data was 
expressed as Mean ± SEM. T-test was used to compare 
the difference between the two groups whereas one-way 
ANOVA followed by Post Hoc Tukey’s test was used for 
comparison among the large number of groups. A p-value 
<0.05 was considered significant. 
 
RESULTS 
Group 1 (serotonin only): The cumulative dose-response 
curve for increasing concentrations of serotonin was 
plotted on rabbit ileum and rat gastric fundus tissue. 
There was an excitatory effect on intestinal contraction as 
evidenced by a change in the mean force of contraction 
from 16.83 ± 3.2 to 29.7±4.3 on rabbit ileum and from 
9.602±1.69 to 13.03±1.7 on rat gastric fundus tissue. 
Group 2 (ondansetron only): The cumulative dose-
response curve for increasing concentrations of 
ondansetron alone was plotted and the response was 
depicted as a change in the force of contraction.  There 
was a dose-dependent increase in the mean force of 
contraction as evidenced by a change in mean value from 
9.66 ± 3.76 to 13.66±4.43 on rabbit ileum and from 
5.405±1.473 to 6.3 ±1.46 on rat gastric fundus tissue.  
Group 3 (serotonin on ondansetron): The cumulative 
dose-response curve of increasing concentrations of 
serotonin creatine sulphate was plotted in the presence 
of a fixed concentration of ondansetron (1µM) on rabbit 
ileum. There was an increase in response as shown by a 
change in the mean value of Force of contraction from 
13.084±1.74 to 21.82 ± 2.8 on rabbit ileum and 
8.345±1.611 to 10.2±1.6 on rat gastric fundus tissue. 
 An unpaired t-test was used to compare the means 
of the effect of serotonin alone and serotonin in the 
presence of a fixed concentration of ondansetron on 
rabbit ileum. A p-value of 0.006 showed a significant 
difference between the two groups. Similar significant 
results were obtained on rat gastric fundus tissues.   
Group 4 (mosapride only): The cumulative dose-response 
curve for increasing concentrations of Mosapride alone 
was plotted and the response was depicted by the change 
in the force of contraction. There was a stimulatory effect 
on intestinal motility as shown by the change in mean 
force of contraction from 15.84 ±2.94 to 15.97 + 2.98 on 
rabbit ileum and 5.6±2.55 to 6.2±2.6 on rat gastric fundus 
tissue.  
Group 5 (mosapride on ondansetron): The cumulative 
dose-response curve of increasing concentrations of 
Mosapride was plotted in the presence of a fixed 
concentration of ondansetron. There was an increase in 
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force of contraction as shown by a change in the mean 
force of contraction from 18.24 ±2.69 to 19.28±2.7 on 
rabbit ileum and 7.716±1.20 to 9.9 ±1.5 on rat gastric 
fundus tissue. An unpaired t-test was used to compare the 
means of the effects of mosapride alone and mosapride in 
the presence of a fixed concentration of ondansetron. A 
p-value of <0.0001 showed the significant difference 
between the two groups. Similar results were obtained on 
rat gastric fundus tissues.  

 Comparison of all groups serotonin alone, 
ondansetron alone, serotonin on ondansetron, mosaride 
alone and mosapride in the presence of ondansetron 
were made by using ANOVA followed by post hoc Tukey’s 
test.  These results showed that excitatory effects induced 
by ondansetron and mosapride in combination are 
comparable to that of serotonin alone. There were 
significant differences among various groups as shown in 
graph. 

 

 
Figure 1: Comparison of the effect of serotonin alone and serotonin in the presence of ondansetron on rabbit ileum. (*** p value < 0.001, **p value 
<0.01, *p value < 0.05) 
 

 
Figure 2: Tracing showing the effect of increasing concentrations of serotonin alone on rabbit ileum. 
 

 
Figure 3: Tracings showing the effect of increasing concentration of ondansetron alone on rabbit ileum.  
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Figure 4: Tracing showing the effect of increasing concentration of serotonin in the presence of a fixed concentration of ondansetron on rabbit ileum. 
 

 
Figure 5: Tracing showing the effect of increasing concentration of serotonin alone on rat gastric fundus tissue. 
 

 
Figure 6: Tracing showing the effect of increasing concentration of serotonin in the presence of a fixed concentration of ondansetron on rat gastric 
fundus tissue. 
 

 
Figure 7: Tracing showing the effect of increasing concentrations of mosapride on rat gastric fundus tissue. 
 

 
Figure 8: Tracing showing the effect of increasing concentration of mosapride in the presence of a fixed concentration of ondansetron on rat gastric 
fundus tissue. 
 

 
Figure 9: Tracing showing the effect of increasing concentrations of ondansetron alone on rat gastric fundus tissue. 
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Figure 10: Comparison of effect of increasing concentration of mosapride alone and mosapride in the presence of a fixed concentration of ondansetron 
on rabbit ileum. (*** p value < 0.001, **p value <0.01, *p value < 0.05) 
 

 
Figure 11: Tracing showing the effect of increasing concentration of mosapride alone on rabbit ileum. 
 

 
Figure 12: Tracing showing the effect of increasing concentration of mosapride in the presence of a fixed concentration of ondansetron.  
 

 
Figure 13: Comparison among Serotonin , ondansetron, mosapride alone , serotonin on ondansetron , mosapride on ondansetron. ( * pvalue < 0.05, ** p 
value < 0.01 , ***P value < 0.001)  
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DISCUSSION 
There is very little data available on drug treatment for 
gastroparesis. So this study was designed to compare the 
effect of two drugs, Mosapride and ondansetron, used as 
gastrokinetic and as an antiemetic agent respectively, in 
the management of gastroparesis.  
 It was found that serotonin caused a dose-
dependent increase in response as evidenced by the 
increase in the force of contraction (Mean 16.83-29.73) in 
rabbit ileum and (9.6-13.03) in rat gastric fundus tissue.  
This result is consistent with a previous study done by 
Salvador and colleagues who demonstrated the 
mechanical effect of serotonin on rabbit small 
intestines17. This result was also in accordance with a 
recent study reporting the dose-dependent stimulatory 
effect of serotonin on rat stomach tissue due to 
stimulation of various serotonergic receptors.18  
 The localized effects of ondansetron on 
gastrointestinal tissues are not much explored.Haga K and 
his colleagues also reported that 5HT3 antagonists possess 
the ability to enhance intestinal motility19. Ondansetron 
exerts dose-dependent effects on intestinal motility 
through stimulation of 5HT2 receptors as well and these 
effects can be counteracted by yohimbine a 5HT2C 
receptor antagonist20.  Increasing concentrations of 
serotonin were administered in the presence of a fixed 
concentration of ondansetron and the effect was noted. 
The dose-response effects of increasing the concentration 
of serotonin alone were compared with the dose-
response effects of serotonin in the presence of 
ondansetron. There was a significant decline in the 
response of serotonin in the presence of ondansetron (p-
value <0.0001).These results are in line with a previous 
study done by Azal and colleagues  due to antagonistic 
action of ondansetron on serotonin 5HT3 receptors.21 
 The increasing concentrations of mosapride were 
administered on rabbit ileum and rat gastric fundus tissue. 
The stimulatory effect was more prominent in rat gastric 
fundus tissue. This effect was observed due to more 
distribution of 5HT4 receptors on the stomach and upper 
GIT.22 These results are in accord with Akrab et al who 
demonstrated the effect of mosapride and levosulpride in 
GIT.23 
 Our results revealed that increasing concentration of 
mosapride in the presence of fixed concentration of 
ondansetron showed an enhanced stimulatory effect on 
Gastrointestinal motility .This effect might be due to the 
stimulation of cholinomimetic receptors by ondansetron 
and 5TH4 receptors by mosapride as suggested by 
previous researchers.24 

Limitations: The major limitation of study was non 
availability of resources like well equipped animal house 
and a powerlab in Fatima Jinnah Medical University.  
 
CONCLUSION 
An effect of ondansetron and mosapride is observed on 
intestinal motility of rabbit ileum and rat gastric fundus 
tissue. Mosapride when used alone on gastrointestinal 
tissues has very less stimulatory effect which can be 
enhanced when used in combination with ondasnteron.  
This drug combination may help to decrease the dose as 
well as the adverse effects of individual drugs which is the 
key strength of this study.  This drug combination may be 
helpful in management of gastroparesis if further studies 
are conducted in animal models followed by human 
intervention. 
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