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Introduction
Irritable bowel syndrome (IBS) is a functional bowel 
disorder characterized by changes in bowel movements 
and pain or abdominal discomfort in the absence of 
structural disorders.1 The pathophysiology of IBS is not 
well understood, but evidence of abnormal gastrointestinal 
(GI) motor function, visceral hypersensitivity, autonomic 
dysfunction, and psychological factors indicate 
disturbances within the enteric nervous system and the 
brain-gut axis.2 There is no definitive diagnostic indicator 
for IBS, and therefore, the diagnosis is based on clinical 
manifestations.3 The onset of the disease can occur at any 
age. The first symptoms, however, appear before age 45 
in most cases.4 According to the main bowel dysfunction, 
it is categorized into three subtypes: (1) IBS-D (diarrhea 
dominant), (2) IBS-C (constipation dominant), and (3) 
IBS-M (mixed).5

IBS-D is particularly a debilitating form of IBS as 
it reduces the quality of life due to the fear of pain, 

urgent defecation, and even incontinence.6 Serotonin 
or 5-hydroxytryptamine 3 (5-HT3) is an important 
neurotransmitter in the brain-gut axis and is involved in 
several functions of the GI tract, including the peristaltic 
reflex. At least seven different 5-HT receptor types 
have been described. 5-HT3 receptors are present both 
centrally and peripherally in the brain-gut axis, and 
5-HT3 antagonists have been shown to reduce responses 
to noxious gut stimuli in animal studies.7 Some 5HT3-
receptor antagonists (5HT3RA), such as ondansetron, 
cilansetron, and ramosetron, are useful in the treatment 
of IBS-D. Since 5-HT3 antagonists delay GI transit, the 
main adverse effect of this drug class is constipation.8 
While earlier studies included IBS patients with non-
constipated bowel habits (NC-IBS), later trials focused 
on diarrhea-predominant IBS (IBS-D).9 Ondansetron is 
a potent, highly selective 5HT3RA, which blocks 5HT3 
receptors in the GI tract and in the central nervous system. 
Ondansetron is currently approved for use in adults and 
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Abstract
Background: Diarrhea-dominant irritable bowel syndrome (IBS-D) is a deliberating and chronic condition that can impair social 
activities. Determining proper medication with satisfactory outcomes has been a challenge. The 5-hydroxytryptamine 3 receptor 
antagonist (5-HT3 RA) drugs have demonstrated favorable outcomes on IBS-D in the last 3 decades. Ondansetron, also a 5-HT3 RA 
is known as an antiemetic. Our aim was to evaluate the efficacy of ondansetron in IBS-D.
Methods: In this single-center, double-blind, randomized controlled trial, patients with IBS-D were recruited. Patients were 
randomized on a 1:1 ratio and assigned into two groups: imipramine 25 mg/daily plus ondansetron 4 mg/3 times per day and 
imipramine 25 mg/daily plus placebo. The primary endpoint was the frequency of diarrhea per day after 8 weeks of treatment. The 
secondary endpoints consisted of changes in the frequency of defecation urgency per day, the number of days with gastrointestinal 
pain and bloating, and the patients’ overall satisfaction regarding bowel habits after 8 weeks of the treatment.
Results: Data from 98 patients were analyzed. Ondansetron, compared to placebo, improved the primary outcome, and the stool 
consistency was increased significantly (3.29 ± 1.19 vs 4.55 ± 1.17, P < 0.001). Moreover, the response rate for the diarrhea frequency 
was significantly higher in the ondansetron group compared to the placebo (77.5% vs 34.7%, P < 0.001). In the ondansetron group, 
fewer urgencies were experienced, and pain severity and feeling of bloating declined as well (P < 0.01).
Conclusion: Ondansetron can mitigate almost all IBS-D-related symptoms, which may indicate it as a drug of choice; however, 
further evidence is required to ascertain its safety.
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children for the management of nausea and vomiting 
induced by cytotoxic chemotherapy and radiotherapy, as 
well as for the prevention and treatment of postoperative 
nausea and vomiting. Constipation is an unintended side 
effect of ondansetron due to the decrement in colonic 
transit.10,11 In this randomized clinical trial (RCT) we 
aimed to investigate the effect of ondansetron on the 
symptoms of IBS-D.

Methods
Study Design 
This was a single-center, phase III, double-blind, 
randomized, placebo-controlled trial to assess the effect 
of ondansetron (4 mg tablet/three times daily) versus 
placebo for 8 weeks in patients with IBS-D.

Study Objective
The objective of this RCT was to test the hypothesis of the 
beneficial effects of ondansetron on the improvement of 
IBS-D symptoms after 8 weeks of the treatment.

Trial Population and Eligibility Assessment
Our goal was to randomize 100 eligible patients from the 
gastroenterology clinic of Vali-e-asr Hospital, Zanjan, 
Iran, from June 2019 to March 2020. Patients with IBS-D 
and aged between 18-50 years old were eligible to be 
recruited. The diagnosis of IBD was made using ROME 
IV criteria: The recurrent abdominal pain ≥ 1 day/wk in 
the last 3 months (on average) associated with two or 
more of the following: (1) Defecation (Either increasing 
or improving), (2) A change in stool frequency and (3) A 
change in stool form (appearance). The exclusion criteria 
were: (1) pregnancy and lactation, (2) prior intestinal 
surgery except for appendectomy and cholecystectomy, 
(3) prior known inflammatory bowel disease (IBD), (4) 
anti-psychotic or intestinal associated drugs (except 
imipramine which was assigned for both groups), (5) drugs 
that interact with ondansetron metabolism including 
P450 enzyme inducer/inhibitor, and (6) patients’ decline 
to participate in the study.

Randomization, Intervention and Follow-up
The randomization method employed in this study was 
permuted block randomization based on quaternary 
blocks. During the recruitment phase, eligible patients 
were randomized by sex and age and then assigned into 
two intervention groups (1 and 2). The first arm received 
imipramine tablets 25 mg/daily (Abidi Pharma Company®) 
plus ondansetron tablets 4 mg/3 times per day, and the 
other arm received imipramine tablets 25mg/daily (Abidi 
Pharma Company®) plus placebo tablets containing Avicel 
4 mg/3 times per day. The treatment duration was 8 weeks. 
Before the initiation of the designated drug regimen, 
imipramine tablet 10 mg/daily (Abidi Pharma Company®) 
was prescribed for both study arms, and after 1 week, the 
drug dosage increased to 25 mg/daily. All patients were 
followed up bimonthly by office visits, during which the 

patients’ adherence to the treatment was evaluated, and 
physical examination and complete medical history were 
conducted to assess the possible adverse events. Patients 
were recommended to attend the instructed visits even 
after premature discontinuation from the trial. Moreover, 
patients were instructed to return all used and unused 
medication at the end of week 8.

Blinding
Ondansetron tablets with the same shape, color, and 
package with different code combinations were used for 
two study arms. After recruitment, a specific code was 
assigned to each patient, which remained the same until 
the end of the study. Patients, investigators, and outcome 
assessors were blinded to the assigned treatment to each 
intervention group. The un-blinded treatment list was 
held by the Zanjan University Medical Council, and in 
case of an urgency for un-blinding, the Research Council 
of Zanjan University was notified, and ultimately, the 
patient was sent to an external physician for further 
assessments.

Outcomes
Primary Outcome
The primary outcome was the changes in the frequency 
of diarrhea per day after 8 weeks of treatment between 
the two study arms. The translated Bristol stool scale 
form and IBS severity score questionnaire were used to 
measure the primary outcome.12,13

Secondary Outcomes
The secondary outcomes included (1) changes in the 
frequency of defecation urgency per day after 8 weeks 
of treatment between the two study arms, (2) changes in 
the frequency of the days with GI pain during 8 weeks 
of treatment between the two study arms, (3) changes in 
the frequency of the days with GI bloating during 8 weeks 
of treatment between two study arms, and (4) patient’s 
overall satisfaction regarding the bowel habits after 8 
weeks of the treatment between two study arms. All of the 
secondary outcomes were measured using IBS severity 
score questionnaire.

Study Monitoring and Adverse Event Recording
The Research Council and Ethics Committee of Zanjan 
University of Medical Sciences were responsible for 
monitoring and data verification of the study. All the forms 
used in the study, whether translated or in original language, 
were approved by the mentioned committee before receiving 
the ethics code. The study was monitored by the research 
council monitoring team via random visits during each 
phase of the study. Any adverse event, related or unrelated, 
was recorded in the standard adverse event form.
Statistical Consideration
Sample Size Calculation
Based on the results of the study conducted by Garsed and 
colleagues14 regarding the effect of ondansetron on the 
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symptoms of IBS, the sample size was calculated as below:

n = 
( ) ( ) ( )

( )

1 1 1 2 2

2
1 2

1   1     1   1  
2

P P Z P P P P

P P

β
α

−
 − − + − + − 
 

−

Where n is number of patients in each group, P1 = 0.17 
and P2 = 0.43. With a study power of 80%, an alpha level 
of 0.05%, and 10% loss, the sample size was calculated 
equal to 55 patients in each group. As our study aimed 
to investigate the effect of ondansetron only on IBS-D, 
patients with IBS-C were excluded during the sample size 
calculation.

Statistical Analysis Plan
To interpret the results, mean and standard deviation 
were used for quantitative data, and frequency and 
percent were used for qualitative data. The per-protocol 
approach was implemented to analyze the data. For the 
assessment of the normality distribution of continuous 
quantitative data, the Kolmogorov–Smirnov test was 
used. The independent t-test was used for the analysis 
of quantitatively continuous variables on condition of 
normal distribution. Otherwise, the Mann-Whitney U 

test was used. Multivariate analysis was used to mediate 
the effect of confounding factors (if any presented). The 
primary outcome was considered confirmatory, and the 
secondary outcomes were considered as exploratory 
as the sample size was not calculated for them. A P 
value < 0.05 was considered statistically significant. All 
the data were analyzed using SPSS software (version 24.0, 
SPSS, Chicago, Illinois).

Results
Demographic Data and Baseline Characteristics
After the eligibility assessment, 207 patients were eligible to 
participate in the study. During the eligibility assessment, 
101 patients were excluded (74 did not meet inclusion 
criteria, 21 declined to participate, and six were excluded 
due to other reasons such as the investigators’ decision 
on patients’ poor capacity to stick to the intervention), 
and 106 (54 in the drug and 52 in the placebo group) 
patients were recruited. After the study period, the data 
from 98 patients were analyzed (Figure 1). The mean ± SD 
of age was 32.16 ± 8.82 and 31.02 ± 8.05 in ondansetron 
and placebo arms, respectively. In both arms, 17 (34.7%) 
patients were men. Patients were well-balanced according 
to age and sex (P > 0.05). Also, according to the checklist 
results, there was no significant difference in residency 

Figure 1. Consort flow diagram
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location and level of education between the two groups 
(P > 0.05, Table 1). According to the IBS severity score 
questionnaire results, there was no significant difference 
regarding the obtained scores between the two groups 
(P > 0.05) except for the effect of IBS on quality of life 
(QoL), which had a higher score in the drug group 
(P = 0.017, Table 2).

Outcomes
Primary Outcome Analysis
After the treatment period, the frequency of diarrhea per 
day was reduced in both groups. The drug response rate 
for the frequency of diarrhea in the intervention group 
was 77.5% (38/49), and for the placebo was 34.7% (17/49). 
Ondansetron plus imipramine was superior compared 
with imipramine alone in the reduction of the frequency 
of diarrhea per day (P < 0.001, Table 3). Also, the Bristol 
stool scale was significantly lower in the drug group 
compared with the placebo (3.29 ± 1.19 vs 4.55 ± 1.17, 
P < 0.001, Table 4), and patients’ stool in the drug group 
had higher consistency. Also, the response rates for 
the stool consistency in the ondansetron and placebo 
groups were 48.9% (24/49) and 26.53% (13/49) (P < 0.01), 
respectively.

Secondary Outcomes Analysis
Based on the results of the IBS severity score questionnaire, 
all of the scores in each item of the questionnaire were 
improved from baseline in each study arm. However, 
the drug group was superior in all questionnaire items 
compared with the placebo group (P < 0.05), except for 
the quality of life statement (P = 0.291). In detail, after 
the treatment period, almost all the patients in the drug 
group were somehow satisfied with the bowel habits 
(cumulative rate of satisfaction: 93.8%); on the other 
hand, slightly more than half of the patients were satisfied 
with bowel habits in the placebo group (cumulative rate 
of satisfaction: 59.2%). Like the bowel satisfaction level, 
after the treatment period, almost all the patients (98%) in 
the drug group had less than three episodes of emergency 
defecation per day, which was 51% in the placebo group 
(P < 0.001) (Table 3).

Adverse Events
During the study period, no severe adverse event was 
reported. Five patients in the drug group developed 
constipation and dry mouth, and three of them refused 
to continue the trial. One patient in the placebo group 
developed a headache and discontinued the drug.

Discussion
Ondansetron was primarily introduced for the therapeutic 
purpose of chemotherapy-induced nausea and vomiting; 
however, its influence on colonic transit disclosed it as an 
anti-diarrhea agent. Moreover, the effect of ondansetron 
in IBS-D has been assessed by further trials.14,15 Patients 
with IBS have altered gut function and 5-HT signaling 
that can result in abdominal pain and urgency.16 5-HT3 
receptor antagonists such as ondansetron are a group 

Table 1. Demographic and baseline characteristics

Variable
Ondansetron

(n = 49)
Placebo
(n = 49)

P 
value

Gender
Male, n (%) 17 (34.7) 17 (34.7)

NS
Female, n (%) 32 (65.3) 32 (65.3)

Age 32.16 ± 8.82 31.02 ± 8.05 NS

Residency 
status

Urban, n (%) 42 (85.7) 43 (87.8)
NS

Rural, n (%) 7 (14.3) 6(12.2)

Literacy 
status

Illiterate, n (%) 1 (2.0) 0 (0.0)

NS
Under educated, n (%) 6 (12.2) 7 (14.3)

High school diploma, n (%) 11 (22.4) 14 (28.6)

University degree, n (%) 31 (63.3) 28 (57.1)

Table 2. The results of the irritable bowel syndrome severity score 
questionnaire at baseline

Variable
Ondansetron*

(n = 49)
Placebo*
(n = 49)

P value

Diarrhea frequency per 
day, n (%)

 < 3 3 (6.1) 5 (10.2)

0.4353-6 21 (42.9) 25 (51.0)

6 < 25 (51.0) 19 (38.8)

Defecation urgency per 
day, n (%)

 < 3 7 (14.3) 12 (24.5)

0.1833-5 21 (42.9) 24 (49)

5 < 21 (42.9) 13 (26.5)

Days with 
gastrointestinal pain, 
n (%)

 < 3 1 (2.0) 2 (4.1)

0.4273-5 13 (26.5) 18 (36.7)

5-7 35 (71.4) 29 (59.2)

Days with bloating, 
n (%)

 < 3 4 (8.2) 5 (10.2)

0.8993-5 13 (26.5) 14 (28.6)

5-7 32 (65.3) 30 (61.2)

Pain intensity, n (%)

0 0 (0.0) 0 (0.0)

0.153

1 3 (6.1) 4 (8.2)

2 15 (30.6) 19 (38.8)

3 13 (26.5) 18 (36.7)

4 18 (36.7) 8 (16.3)

Bloating intensity, n (%)

0 1 (2.0) 0 (0.0)

0.258

1 1 (2.0) 6 (12.2)

2 14 (28.6) 12 (24.5)

3 12 (24.5) 14 (28.6)

4 21 (42.9) 17 (34.7)

Bowel habit 
satisfaction, n (%)

1 22 (44.9) 20 (40.8)

0.683
2 27 (55.1) 29 (59.2)

3 0 (0.0) 0 (0.0)

4 0 (0.0) 0 (0.0)

Effect of IBS on quality 
of life, n (%)

0 0 (0.0) 0 (0.0)

0.017
1 0 (0.0) 7 (14.3)

2 24 (49.0) 24 (49.0)

3 25 (51.0) 18 (36.7)

IBS: Irritable bowel syndrome.
* Based on the per-protocol approach implementation, only patients who 
had finished the study included in the analysis and the report.
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of drugs that confer an inhibitory action on 5-HT3 
receptors in mucosal processes of enteric afferent neurons 
and attenuate motor activity; thus, they can amend 
visceral hypersensitivity.17,18 The extensive availability of 
ondansetron compared with other drugs in its class, such 
as alosetron, ramosetron, and cilansetron, has led to its 
broader use through the years.19 Alosetron, also a 5-HT3 
RA, was shown to have substantial benefits. Unfortunately, 
it was withdrawn due the reported evidence regarding the 
unacceptable increased risk of severe constipation and a 

much lower incidence of ischemic colitis.20 Ramosetron 
is another potent drug member of 5-HT3 RA for non-
constipated IBS that has recently proved to be effective 
regardless of sex.9

This double-blind, randomized controlled trial 
presents compelling results on the efficacy of 4 mg/three 
times daily of ondansetron as an effective medication 
in patients with IBS-D. By the end of 8 weeks, the drug 
group reported significantly more favorable Bristol stool 
scales in addition to a significantly decreased frequency 
rate of diarrhea. More frequent bowel movements and 
shorter colonic transit time are the abnormal components 
of GI motility in IBS-D patients.21 Although the principal 
difference from normal is the day-to-day variability, one 
of the most commonly stated triggers for this variability 
is stress.22 IBS-D patients are commonly affected by 
psychological stresses, which can stimulate colon transit 
and motility, possibly by means of 5-HT3 release.23 
There are some cited abnormalities in mucosal 5-HT3 
metabolism in IBS-D; several studies of humans and 
animals demonstrated that mucosal biopsies from IBS 
patients released more spontaneous 5-HT3.24,25 Therefore, 
a blockage by 5-HT3 RA, like ondansetron, is likely related 
to the pathophysiology of IBS. Ondansetron belongs to 
the category of selective serotonin receptor antagonists, 
which is designed to target serotonin pathways. By 
depleting 5-HT3 from neurons, ondansetron contributes 
to abolishing colonic migrating motor complexes and 
as a consequence, lowers the intestinal transit.17 Hence, 
considerable improvements in stool consistency in our 
patients have resulted. Previous trials evaluated the 
effects of immediate release and bimodal ondansetron 
have inferred similar results.14,25 In a phase II trial, Plasse 
and colleagues showed that ondansetron, compared with 
placebo, has a significant superiority in stool consistency, 
with a response rate of 56% vs 35.3%. Although an 
additional superiority was seen on reduction of pain in the 
ondansetron group, the difference was not significant.26 
Unlike the former studies, intensity and duration 
of GI pain in our study decreased significantly with 
ondansetron. Seemingly, 5-HT3 RAs are able to alleviate 
pain via inhibiting the spinal pathways that mediate the 
response to painful colonic distention.27

In contrast with the mentioned studies, a higher 
response rate was observed in this study regarding the 
frequency of diarrhea in both ondansetron and placebo 
groups. The probable explanation may be attributed to 
the administration of imipramine for both groups from 
baseline. It has been shown that tricyclic antidepressant 
drugs reduce GI transit.28 Consequently, starting 
imipramine in this trial could explain the higher response 
rate in both groups. The stool consistency, however, may 
not be influenced by imipramine as the result of this study 
was consistent with other trials. 

Since constipation is an expected side effect of 
ondansetron that may interfere with the quality of life,29 
we chose a relatively cautious daily dose of ondansetron 

Table 3. The results of the irritable bowel syndrome severity score 
questionnaire at week 8

Variable
Ondansetron

(n = 49)
Placebo
(n = 49)

P value

Diarrhea frequency per 
day, n (%)

 < 3 41 (83.7) 22 (44.9)

0.0013-6 8 (16.7) 27 (55.1)

6 < 0 (0.0) 0 (0.0)

Defecation urgency per 
day, n (%)

 < 3 48 (98.0) 25 (51.0)

0.0013-5 1 (2.0) 24 (49.0)

5 < 0 (0.0) 0 (0.0)

Days with 
gastrointestinal pain, 
n (%)

 < 3 36 (73.5) 21 (42.9)

0.0023-5 13 (26.5) 28 (57.1)

5-7 0 (0.0) 0 (0.0)

Days with bloating, 
n (%)

 < 3 26 (53.1) 9 (18.4)

0.0013-5 22 (44.9) 33 (67.3)

5-7 1 (2.0) 7 (14.3)

Pain intensity, n (%)

0 18 (36.7) 4 (8.2)

 < 0.001

1 29 (59.2) 33 (67.3)

2 2 (4.1) 12 (24.5)

3 0 (0.0) 0 (0.0)

4 0 (0.0) 0 (0.0)

Bloating intensity, n (%)

0 8 (16.3) 3 (6.1)

0.014

1 27 (55.1) 17 (34.7)

2 11 (22.4) 26 (53.1)

3 3 (6.1) 3 (6.1)

4 0 (0.0) 0 (0.0)

Bowel habit 
satisfaction, n (%)

1 0 (0.0) 0 (0.0)

 < 0.001
2 3 (6.1) 20 (40.8)

3 28 (57.1) 4 (49.0)

4 18 (36.7) 5 (10.2)

Effect of IBS on quality 
of life, n (%)

0 9 (18.4) 3 (6.1)

0.291
1 20 (40.8) 21 (42.9)

2 19 (38.8) 23 (46.9)

3 1 (2.0) 2 (4.1)

IBS: Irritable bowel syndrome

Table 4. Changes of Bristol stool scale between the study arms at baseline 
and week 8

Variable
Ondansetron (n = 49) Placebo (n = 49)

P value
Mean ± SD Mean ± SD

Baseline 6.57 ± 0.50 6.59 ± 0.54 0.846

Week 8 3.29 ± 1.09 4.55 ± 1.17  < 0.001
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to prevent the undesirable side effects; therefore, patients 
expressed more significant satisfaction in their bowel 
habits. 

We did not detect a significant difference regarding 
the QoL between the study arms at the end of treatment, 
which is in line with the study of Garsed et al.1 Although, 
advances in IBS-QoL were more prominently shown in 
alosetron and ramosetron trials.9,30

Limitations of the Study
Our study has some limitations: 1) we did not observe 
notable side effects of ondansetron. More studies are 
needed to investigate the incidence rate and severity of side 
effects. 2) Since there are no official dose recommendations 
for ondansetron in IBS, future studies may consider 
administering several different doses to attain the optimal 
effect level with the least probable adverse outcomes. 3) 
As the symptoms of IBS can fluctuate during the period 
of time and may symptom relief occur during a certain 
time without any intervention, thus further trials with an 
extended duration of follow-up are needed to cover this 
issue. 4) We used a per-protocol approach for the outcome 
analysis, and data of participants in the same group that 
they were originally allocated were not included, which 
may have influenced our results. 5) The concomitant use 
of imipramine with the ondansetron may also interact 
with the results.

Conclusion
Given the reduction in diarrhea episodes and urgency, less 
abdominal pain, improved bloating, and stool consistency, 
important implications are provided for clinicians to 
address IBS-D symptoms more promptly. Ondansetron 
seems to be a promising treatment alternative for patients 
with IBS-D as it has an acceptable safety profile and 
widespread availability at a reasonable cost.
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