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Irritable bowel syndrome (IBS) is a common dis-
order in Western countries.1ilSymptoms, which oc-
cur in the absence of any detectable biochemical or 
structural changes, involve a complex of gastroin-
testinal (Cl) changes including disturbed defecat-
ion, bloating and abdominal pain.I21Although the 
pathophysiology of IBS is not fully understood, it 
is suggested that dysrogulation of intestinal motor, 
sensory and CNS functions plays a key role; pa-
tients with IBS frequently have enhanced visceral 
sensitivity and hyperaIgesia.14-1 

Several neurotransmitters, Including substance 
P. calcitonin gene-related peptide (CORP) and se-
rotonin (5-hydroxytxyptamine; 5-NT). are reported 
to be involved in the regulation of motility and pam 
in the GI tract.14’61 The presence of 5-NT receptors, 
including subtypes 5-HT1, 5-NT2. 5-NT3 and 5-NT4, 
throughout the 01 tract and the high concentration 
of serotonin in gut encerocliromaffln cells suggests 
that serotonin plays an important role in several phy-
siological functions.0’61 Recent investigations’4’71 
have shown that 5-NT4 receptors, which are also pre-
sent in cardiovascular tissue, mediate the release of 
other neurotransmitters (e.g. CORP and substance 
P) in the GI tract. In turn, these neurotransmitters 
are involved in the overall maintenance of gut nio-
titity and modulation of visceral nociceptive neural 
patbways/61 Thus, agonists acting at 5-HT4 recep-
tors have the potential to alter Of motility, modulate 
visceral sensitivity and potentially improve sympt-
oms of IBS. ’Ibgaserod, the focus of" profile, Is an 
indole earboxaldehyde derivative 13-(5-methoxy--lH�
indole-3�yimethylene)�N�pentylcarbazimidamide 

-0 ArSi btomQ8onat Lk,tad. Al rlghh fs91Vad. 

hydrogen maleatet and acts as a partial agonist at 
the 5-}rr4 receptor.t"i 

- Pharmacodyncimic Profile 

In rnrocind In Vivo Studies 

� Tegaserod bound with high affinity to 5-Hi’4 re-
ceptors in sections of human brain tissue in a radio-
ligand binding study.l’°l The mean binding affinity 
of tegaserod (pKd values) for human 5-HT4 recep-
tors was 774 compared with 7.2.3 frcisapride. 6.0 
for rnetoclopnimide and 7.16 for serotonin. The distil-
bution of tegaserod binding in human brain sections 
was similar to that observed with 11251 ISB 207.710 
(a 5-Hi’4 receptor ligand). Specificity of tegaserod 
binding was confirmed auloradiographically by 
displacement of I I2I ISB 207.710; this displace-
ment was similar to that observed with serotonin. 

� Tegaserod0.l to lOpmol/L and its glucuronide 
metabolite 0.1 to 100 lxmul/L had no effect on the 
QT interval in isolated rabbit hearts: tegaserod So 
j.tmolIL (500- to 1000-fold higher than therapeutic 
concentrations) Increased the QT interval by 1217/v 

compared with the baseline value (p <0.01 vs base-
line; n = 4).11 ’1 In contrast, cisapride increased the 
QT interval by 13% at 0,1 jimotlL and >70% at 50 
lLmol/L. Alterations in the QT interval may cause 
slower repolarisation and lead to cardiac arrhyth-
mias. 

� Tegaserod increased the release of neurotrans-
mitters in vitro from human jejunal segments and 
stimulated the peristaltic reflex.171 Tegaserod I 
j.tmol/L applied to the intestinal mucosa of isolated 
jejunal segments increased basal release of CORP 
by 348%. of substance P by 216% and of vaso-
active intestinal peptide (VIP) by 191%. 

� In animals, tegaserod reduced the firing rate of 
spinal rectal afferents following rectal distension 
in a dose-dependent manner.111 The effective dose 
range with intravenous tegaserod was 0.3 to 1.2 
mg/kg; half-maximal reduction in the firing rate 
was observed at a dose of 0.7 mg/kg. The reduction 
in firing rate was mediated via 5-HT4 receplor stim-
ulation; furthermore, it was not secondary to mod-

Ms 190sep.. 68(3) 
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ificadons of the mechanical properties (compliance) 
of the rectal walL11 

Healthy Volunteers and Patients with 
Constlpoflon-Predomlnant irritable-
Bowel

rritableBowel
 Syndrome 

In a small double-blind trial. legaserud 2mg twice 
daily accelerated small bowel transit (increased cc-
Ionic filling at 6 hours; p = 0.015) and colonic transit 
time compared with placebo in patients with con-
stipation-predominatil IBS.l’.’I Although the mean 
colonic transit time (measured using radiopaque 
markers) was similar in both treatment groups, there 
was a mean 20% increase in proximal colonic emp-
tying (measured scintigraphically) with tega.cerod 
compared with baseline values (p = 0.05: fig. I). 
In this study, 24 patients (mean baseline colonic 
transit time of >40 hours) were randomised titter a 
I -week washout period to receive legaserod or pla-
cebo for I week. 

� in an exploratory pharmacodynamic study in 
which colonic transit was prolonged by dietary 
means, oral tegaserod 5mg twice daily significant-
ly (p <0.05) shortened total colonic transit time in 
II healthy male volunteers given fibre supplernen-
talin.1141 Tegaserod I (n = 12). 5 (n = II). 25 (n 
12) and IOOmg(n= 12) twice daily reduced median 
total colonic transit time by 10,22.26 and 8 hours, 
respectively, compared with 16 hours in those re-
calving placebo (n = 12). In this randomised double-
blind trial, total colonic transit time was assessed 
at the end of each of three 7-day intervention periods: 

a self-selected diet; followed by a liquid formula 
diet with fibre supplementation (PD); and then con-
current tegasemd with PD. It was suggested that 
the lack of significant effect at lower (ling) and . higher (25 and I 00mg) doses of tegaserod may in-
dicate a hiphasic dose-response relationship to co-
Ionic transit lime.1141 

� In 24 healthy volunteers tegaserod 12mg redu-
ced both the early 10.65 vs 0.44 (fraction of fasting 
volume); p :5 0.05 vs placebo] and late (0.70 vs 
0.84; p:9 0.05 is placebo) postprandial decrease in 
colonic tone.11I 

Ooionlc trnslt 
o Eas&bo 
� I weak 

Teasorod 2mti Placebo 
Iwla. daily 

tegaaetod 2in9 Paeabo 
NAM dally 

Small bowel transit 

Teaemd 2" Plabo 
kvive Saty 
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� When compared with baseline, a single oral dose 
of tegaserod 12mg significantly Increased (p:5 0.05) 
colonic phasic motility in both fasting and fed 
healthy volunteers (12.3 and 12.8. respectively: n 

18): in contrast, placebo significantly increased 
(p :5 0.05) colonic phasic motility only in fed vol-
unteers (11.8 and 12.6: a = 6)J’’ Colonic phasic 
motility was measured by mnnnometry and exp-
ressed as a motility index [MI = ln(Iamplitude x 
number of contractions)]. 

Patients with 6ostro-0esophogeal 
Reflux Disease 

� Exposure to oesophageal acid was reduced with 
tegaserod I (p = 0.05 i’s placebo) and 4 mg/day in 
patients with gastro-oesophageal reflux disease.1 161 
The percentage of time during the 3 hour postpran-
dial period when distal oesophageal pH exceeded 
4 was 5, 9, 13. 10 and 13% with tegaserod 1, 4, 12 
and 24 mg/day and placebo, respectively. This re-
duction in acid exposure was not due to changes in 
lower oesophageal sphincter pressure (LESp; mea-
sured by manometry); L,ESp values with tegaserod 
1, 4, 12 and 24 mg/day and placebo were 13, 10, 
13, 13 and 14 mmHg, respectively. 

2. Phcirmacoklnetic Profile 

The pharmacokinetic properties of oral tegase-
rod have been investigated in healthy volunteers in 
single-dosel17181 and multiple-dosetl studies and 
in patients with renal insufficiency requiring haem-
odialysist19I or with hepatic cirrhosist°I  in single 
dose, placebo-controlled studies. Volunteers recei-
ved tegaserod twice daily for 5 days in the multi-
ple-dose studyJ’l 

Healthy Volunteers 

� Maximum steady-state concentrations of tega-
serod in plasma (Cm) with 2, 6 and 12mg twice 
daily doses were 0.7, 2.7 and 5.6 pg/L. respective-
ly.l1 After single and multiple doses of the drug. 
C, values were similar (data not presented). 

� Areas under the plasma concentration-time curve 
over a 12-hour dosage period at steady state (AUC) 

C A.53 tltQrflatIonal Wr"d An rthli WaAMM 

for tegaserod 2, 6 and 12mg twice daily were 2.4. 
8.9 and 20.4 jxg/L 

� Dose-normalised AUCT and C0 values indi-
cate that 2,6, and 12mg doses of tegaserod demon-
strate dose-proportionality and that there is no ac-
cumulation of the drug.1 ttJ 

� Mean times to reach maximum plasma concen-
tration of tegaserod over a 12-hour dosage period 
at steady state for 2.6 and 12mg twice daily 
oral doses were 1.1, 1,0 and 1.3 hours, respective-
ly.lfltI 

� Oral tegaserod 12mg had a mean absolute bin-
availability of 1196, a terminal elimination half-lire 
of 11 hours, an apparent oral clearance (clearance/ 
bioavailabitity) of 77 L/h, and an apparent volume 
of distribution at steady state of 368Ll171 

Patients with liver and Renal Dysfunction 

� There were no significant changes in the phar-
macokinetic parameters (C, tm., and AUC) of 
tegaserod 12mg in patients with severe renal insuf-
ficiency requiring haemodialysist11 or in patients 
with hepatic cirrhosis101 compared with healthy vol-
unteers. 

3. TherapeutIc Trials 

The clinical efficacy of oral tegaserod was as-
sessed in patients with constipation-predominant 
IBS in double blind, dose-escalatingl21l (1 to 24 
mglday; discontinued prematurely for administra-
tive reasons) and a dose-ranging tria].M*241 In the 
dose-ranging trial, patients received tegaserod 0.5. 
2, 6 or 12mg twice daily or placebo for 12 weeks. 
The primary end-points measured were consider-
able orcomplete relief from baseline in overall syrnp-
toms, abdominal discomfort (pain and bloating) and 
constipation. l’4I These were assessed using a 
5-paint ordinal Subject’s Global Assessment (SCA) 
scale. The appropriateness of the SGA ma measure 
of efficacy was recently tested and validated versus 
other subjective measures (dial)’ score of symp-
toms and SF-36 subscales).1241 
� Tegaserod 2 (p <0M5) or 6mg twice daily im-

proved symptoms of abdominal discomfort. consti-

Drugs 19W Sep, 58(3) 
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patina and bloating in patients compared with pla-
cebo.112’1 In addition. legaserod 2mg twice daily 
reduced the number of days per month that patients 
had significant pain from 14.6 to 10 days p <0.O 
vs placebo). The clinical efficacy of tegaserod after 
12 weeks of treatment is shown in figure 2. 

� Tegaserod 0.5 and 2mg twice daily reduced the 
number of days per month with significant pain by 
4.4 and 4.6 days. respectively, compared with pla-
cebo (reduced by 2.3 days). decreased the number 
of days per month with significant bloating by 3.3. 
4.9 and 2.4 days. and decreased the number of days 
per month without bowel movement (median % 
change) by 29.8, 26.5 and 16.1%.1241 

� 

Tegaserod I mg/day 
� Tegaserod 4 mg/day 

60 � Tegaserodlamg&fay 
o Tegaserad 24 mg/day 
OPlacabo 

AR 
2 40 

ZL 

2,01 10 

o . 
OvetafI Abdominal Constipation 

01 symptoms thscomfoil 

� Felect agaveeuspoaboonooatb& 
symptoms after 12 weeks In pUens with con asà*faedoinl.  
nW hftb49 bowel mm a rbcelvedomFtegasarud 
’0.6 (n .89)2(n87),6(n..91)o12mg(n’.90)twIee8s1iyer 
placebo (n.93) Inadouble-btb4 d a-ranging trial. Effloacywas 
aesessad at rnonlh’ itflervile using e.5-point odnal Suajasfa 
aobaMsseaarnant scale for overall gastrolrtteatlnal symptom 
abdominal discornlorl and constipatIon. The definition of donald-

symptom .muei was not stated. � P < 0.05 VS 

0 Ada Inlemahonot LIrntIed. Al itjhio mefflvad 

* In a dose-escalating study, tegaserod (mean dose 
15.5 mg/day) significantly reduced discomfort com-
pared with placebo at 20 weeks in 65 evaluable 
patients (50 vs 24%; p =0.05): it also improved the 
SGA of overall symptoms (52 vs 29%; p <0.1) and 
constipation (57 and 33%; p <0.1).1111  Increasing 
the dose of tegascrod from 12 to 24 mg/kg did not 
enhance efficacy (data not provided). 

4. Tolerability 

� The incidence of transient diarrhoea in patients 
with constipation-predominant IRS receiving tega-
scrod 2,6 and 12mg twice daily was 26.2,30.7 and 
26.5%, respectively, compared with 12.8% for those 
receiving placebo (no data given for 0.5mg dose).121 

The diarrhoea was transient and resolved spontan-
eously after a few days. Flatulence was also a com-
mon. but less frequent. adverse event. The Incid-
ence of nausea, abdominal pain and headache was 
reported to be similar to that with placebo. 

� Tegaserod administered at dosages of 25,50 and 
100mg twice daily for 14 days caused no clinically 
relevant changes in blood pressure. pulse rate, QRS 
or QT interval in 24 healthy volunteera.11 

S. Tegaserod: Current Status 

Tegaserod is a 5-HT., receptor partial agonist 
that stimulates the peristaltic reflex In vitro and shor-
tens small bowel and colonic transit time in pati-
ents with constipation-predominant IBS. Tegaser-
od, which is in clinical development, effectively 
improves Of symptoms (including abdominal dis-
comfort, bloating and constipation) in patients with 
constipation-predominant IBS. 
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Selective 5-Bydroxytryptamine Type 3 Receptor Antagonism 
With Ondansetron as Treatment for Diarrhea-Predominant 
Irritable Bowel Syndrome: A Not Study 

CBA.RLES J. STEADMAN, M.B.,B.S.,° NICHOLAS J. TALLEY, MB.,B.S., Ph.D., SIDNEY F. PHILLIPS, MD 
Gastroenterology Research Unit; ALAN R. ZINSMEISTER, PhD., Section of Bibstatbrks 

Serotoninergic innervation may contribute to the control of colonic motility and to visceral sensation 
from the large bowel. Indeed, ondansatron hydrochloride a selective S-hydroxytryptamlne type 3 
receptor antagonist, has been shown to slow colonic transit in healthy volunteers. Thus, we wished to 
determine whether S-hydroxytryptamine type 3 receptor blockade slows colonic and small bowel 
transit in patients with diarrhea-predominant Irritable bowel syndrome (IBS) and whether symptoms 
would be ameliorated with drug therapy. Of 14 patients with well-established lBS who entered a 
randomized, double-blind, placebo-controlled crossover pilot trial of 4 weeks of treatment with on-
dansetron, 16 mg three times daily, U completed the study. A minimal "washout period" of 4 weeks 
(median, 7 weeks) separated the two phases of the trial because patients were required to have similar 
symptoms before both periods of the study. Colonic transit tended to be longer during drug therapy 
than during the placebo trial, but this difference was not significant. Small lntestinal transit and 
orocecal transit were unchanged by the drug. The integrated and peak postprandial increases in 
neurotenalu, peptide YY, and human pancreatic polypeptide in serum were not significantly different 
In the drug and placebo periods. After treatment with ondausetron, stool consistency improved 
significantly; however, stool frequency, stool weight, abdominal pain, and the symptom criteria for IRS 
were not significantly altered by the drug. The results of this pilot study suggest that the motor effects 
expected with 5-hydroxytryptamlne type 3 receptor blockade (namely, slowed colonic transit) may be 
diminished In some patients with IDS. The subjective Improvement In stool cousistencymny reflect 
changes In the perception of defecation. Therefore, 5-hydroxytryptamine type 3 receptor blockade 
warrants further study in diarrhea-predomlnaut IBS. 

Irritable bowel syndrome (IBS) is a common disord&’ 
for which little selective therapy is available? Clinically, 
patients with IBS experience fluctuations in bowel habit, 
abdominal pain, and other symptomsu in the absence of 

"Current address’ Princess Alexandra Hospital, Brisbane, Queens-

40 land, Australia. 
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search Unit, Mayo Clinic, Rochester, MN 55905. 

an identifiable organic disease. Although a variable bow-
el habit is characteristic, subgroups of patients with IBS 
can be identified, including those with predominant diar-
rhea or constipation and also those with alternating bowel 
habits Z4 

Because the pathophysiologic features of IBS are poorly 
understood,-17 most therapy is empiricaL Abnoi,nal contrac-
don of intestinal smooth muscle may have an important role 
in producing the symptoms; thus, drug therapy Is often 
aimed at modifying contractile activity. The efficacy of 
anticholinergic agents and tricyclic antidepressants (which 
have anticholinergic actions), however, ::has not been veil-
tied, and their side effects remain a problem? Intestinal 
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smooth muscle is also under noncholinergic control, and 5-
hydroxytryptamine is one of the putative alternative control 
systemsfr’° Dregs that interact with subclasses of the 5-
hydroxytryptainine receptor and that affect the function of 
the gut have been developed. Previously, we reported that 
ondansetron hydrochloride, a new agent that selectively 
blocks 5-hydroxytryptawjne type 3 receptors, prolonged 
colonic transit in healthy volunteers," and this observation 
has been confirmed by other investigators.12 Other 5-hy-
droxytryptaniine type 3 receptor blockers have been shown 
to reduce visceral pain responses in the gut.0 We also ob-
served in healthy volunteers that ondansetron decreased the 
Postprandial integrated response and peak release of peptide 
YY’ IA and tended to reduce the peak release of neuroten-
Sin,14 but the clinical significance of these findings is on-
known. 

Our laboratory studies have shown that most patients with 
diarrhea-predominant lBS have accelerated transit through 
the proximal colon, and some patients have accelerated left 
cc’ ’tic transit.15 Other investigators have demonstrated that 
rn._y patients with IDS have an excessively sensitive co-
ion.16 We hypothesized that ondanseiron would not only 
slow colonic transit and thus decrease diarrhea but also block 
visceral hypersensitivity and thereby diminish pain in pa-
tients who experience diarrhea and pain as the main symp-
toms of lBS. Therefore, in this study our primary objec-
tive was to determine whether 5-hydroxytryptamine type 
3 receptor blockade altered colonic and small intestinal tran-
sit and gastrointestinal release of peptide hormones in pa-
tients with diarrhea-predominant IBS. A secondary objec-
tive was to explore whether ondansetron altered symptoms 
in IBS. 

STUDY SUBJECTS AND METHODS 
Selection of Patientr.�Patients with diarrhea-predominant 
lBS diagnosed at the Mayo Clinic were sought from the 
medical records. Those patients considered likely to fulfill 
the entry criteria were contacted by mail and, if they still 

experiencing symptoms, were invited to participate in 
ai intervew. All candidates for the study had diarrhea (more 
than three stools/day when symptomatic) and abdominal 
pain. Patients were also required to have at least three of the 
following six specific symptom criteria for lBS:17 pain that 
was relieved by defecation, more frequent stools at the onset 
of pain, looser stools at the onset of pain, abdominal dis-
tention, passage of mucus per rectum, and a feeling of in-
complete evacuation. Patients with a history of any gastroin-
testinal surgical procedure, organic gastrointestinal disease 
detected on prior investigation of bowel symptoms, other 
major medical conditions, psychiatric disease, salicylate or 
sulfonamide allergy, or notable abnormalities on physical 
examination were excluded from participation. Written in-

formed consent was obtained from all participants in the 
study. 

Experhiwnuzi Design.�The experimental protocol was 
approved by the Institutional Review Board and the Radia-
tion Safety Committee of the Mayo Clinic. Ondansetron was 
administered in a dosage of 16 rug three times per day in a 
randomized, placebo-controlled, double-blind crossover 
trial, which consisted of two 28-day periods of therapy sepa-
rated by a minimal "washout period’ of 4 weeks. The 
second period of therapy was delayed for as long as was nec-
essary to ensure comparable symptoms at the start of both 
phases. In each of the two therapeutic phases, patients 
ceased taking all medication for IBS 8 days before com-
mencing the trial therapy and were counseled to standardize 
their diets by including 20 to 25 g of indigestible fiber per 
day. 

Monitoring of Palientn.�S even days before the onset of 
therapy and on days 1, 14, and 28 of each phase of the study, 
patients were interviewed. All study participants completed 
a modified version of a self-report, standardid, previously 
validated bowel disease questionnaire that inquired about 
stool frequency, stool consistency, and abdominal pain dur-
ing the prior week.18 In addition, they were questioned about 
any adverse events that might be related to therapy, under-
went a brief physical examination, and were assessed for 
compliance by a tablet count of medication. Blood samples 
were withdrawn for hematologic and biochein1caL profiles. 
From day 1 to day 28 of therapy, a daily diary of symp-
toms�including the number of bowel movements, number 
of episodes of pain, severity of pain (from mild to very 
severe), and presenceof symptom criteria for the diagnosis 
of IBS17�was completed. All patients were telephoned 
each week for assessment of compliance with diet and medi-
cations. Stools were collected for 24 hours before treatment 
was begun and on day 26 of each treatment period, and the 
stool weight was determined. 

Gastrointesthial Physiologic Studie&�Each phase of 
therapy was terminated with physiologic studies of gastroin-
testinal function. On the final day of treatment (day 28), 
patients fasted and were admitted to the Clinical Research 
Center at 7:30 n.m. Colonic transit time was measured, by 
using the single abdominal x-ray technique after 20 radi-
opaque plastic markers had been taken at the same time on 
each morning of days 25 to 27 of therapy."° After comple-
tion of the previously described monitoring procedures, the 
patients underwent fluoroscopicaliy assisted duodenal intu-
bation with a fine-bore tube (tCeofeed II, 8-F.dlameter); a 
large vein in the arm was cannulated for sampling of blood. 
The study subjects then consumed 16 mg of ondansetron or 
Placebo and, 10 minutes later, a standardized 378-kcal meal 
of beans, pork, toast, skim milk, and 73 g of lactulose. 
Immediately after the meal was consumed, 2 g :of sulfaala-
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nine suspension was introduced into the duodenum through 
the oroduodenal tube, after which the tube was removed. 
After sulfasalazine is hydrolyzed by colonic bacterial en-
zymes, sulfapyridine is absorbed into the blood, where it can 
be detected spectrophotometrically. 

In accordance with an established schedule, blood sam-
ples were obtained during fasting before the meal, every 10 
minutes for 30 minutes, and thereafter every 20 minutes for 
180 minutes. Subsequently, levels of gastrointestinal pep-
tide hormones were measured. During fasting and after the 
meal, blood samples were obtained every 10 minutes for 420 
minutes to measure serum levels of sulfapyridine. Paired 
breath samples were also taken every 10 minutes to measure 
the concentration of hydrogen)4 

Previously described methods’4’20 were used for mea-
suring sulfapyridine levels, and a microlyzer (Quintron 
model 12) was used for determining breath hydrogen. The 
gastrointestinal peptide hormones neurotensin, peptide YY, 
and human pancreatic polypeptide were measured by spa-
rifle radioimmunoassay (these peptide hormones had pin-
i’iously been evaluated in healthy volunteers). 11.14 The 
time of first appearance of sulfapyridine in plasma was re-
corded as the small intestinal transit time,14° and the first 
sustained increase in breath hydrogen (more than I-ppm 
concentration) was used to Indicate the orocecal transit 
time. 14.21 

Statistical Aiuz1yrLc�The results were assessed for pos-
sible treatment (drug versus placebo) and order effects. For 
assessment of order, a two-sample a’ test or a signed rank test 
was used, whereas treatment effects were assessed by using a 
Paired t test, signed rank test, or McNeinar’s test as appropri-
ate. The complete sulfapyridine and hydrogen time curves 
were summarized by accumulating these values over time 
for each subject. These data were then proportionally scaled, 
with use of cumulative curves for both drug and placebo 
studies. A nonlinear model was used to summarize the 
cumulative appearance times; the estimated parameters were 
used to compute the time until 5% (–().05) and 15% (–0.15) 
Of the cumulative total were reached. 4 The colonic transit 
times in drug and placebo phases were analyzed by using a 
paired r test. 

We used a log transformatioji to combat skewness in the 
peptide hormone data. The hormone values were first ad-
justed to the overall (drug and placebo) mean baseline value, 
and then the mean Oog) postprandial response and peak 
postprandial response in each study subject were computed. I 
The mean (log) values were compared (drug versus placebo) 
by using a paired a’ test. 

Symptoms recorded in the diary during the week before 
each treatment period and during the last week of each 
treatment period were summarized for each patient by total- c 
lag the number of occurrences of a particular symptom s 

(number of bowel movements, number of episodes of pain. 
and score for severity of pain) or combination of symptoms"
for the complete week. The weekly totals for symptoms 
were then transformed by calculating the square roots. A 
regression analysis (treatment score on baseline score) of 
these values compared the slope and the intercept estimates 
(drug versus placebo), accounting for the paired nature of the 
regressions. 

All calculated probability values were two-tailed the rs 
level of significance was 0.05. 

RESULTS 
All 14 patients (8 men and 6 women; 28 to 61 years of age) 
who entered the study had previously been diagnosed as 
having diarrhea-predominant IBS for more than 6 months 
and had no evidence of major organic disease on prior clini-
cal assessment. Of the 14 patients, 11 completed the study; 
the median time to crossover in the experimental protocol 
was 7 weeks (range, 4 to 13 weeks). 

V 

Of the three patients who failed to complete the protocol, 
the first (a 32-year-old woman) was withdrawn from the 
study because she became pregnant during the ondansetron 
trial. Before onset of the drug therapy, contraceptives were 
being used, and a serum pregnancy test yielded negative 
results. A healthy male baby was born, who later was found 
to have congenital pyloric stenosis and underwent successful 
surgical treatment. The second patient withdrawn from the 
study was a 61 -year-old woman in whom a small intestinal 
obstruction developed during the placebo trial; ondansetron 
therapy had been completed approximately 4 months previ-
ously. Laparotomy showed no pathologic changes except a 
large bolus of intact (unchewed) vegetable material im-
pacted in the small intestine. The third patient, a 36-year-old 
woman, was withdrawn from the study because of multiple 
somatic complaints, including headache, dry mouth, and 
tiredness, that occurred soon after therapy with placebo was 
commenced. 

Coi’npliance.�On the basis of tablet counts, patients 
were compliant with the prescribed therapy. Only one man 
stopped taking trial medication for I week after his symp-
toms resolved on drug therapy, but he resumed his scheduled 
medications after counseling. A second man requested a 
decrease in dose after diarrhea changed to mild constipation 
hard stools), but he remained compliant after counseling. 

No changes in results of routine laboratory tests could be 
attributed to ondanseiron. 

Colonic 7)anriL�We noted only a tendency for colonic 
ran sit to be delayed by ondanseiron (0.05<P<0. l); the me-
Ban total colonic transit time during administration of the 
[rug was 25 hours and of placebo was 24 hours (171g. I). No 
ignifzcant order effects were detected. With 11 patients, the 
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Fig. 1. Colonic transit times (mean + SEM) during ondansetron and 
placebo trials in II patients with irritable bowel syndrome. Al-
though total colonic transit time tended to be prolonged during drug 
therapy (D.OkP<O. I), median total colonic transit times were 25 
and 24 hours during drug and placebo trials, respectively. 

power of the study to detect a 12-hour difference in colonic 
transit was greater than 8017b. 

Small intestinal and Orocecal Transk�The sulfapyri-
dine and breath hydrogen appearances are summarized in 
standardized time curves in Figures 2 and 3. No significant 
order effects were detected, and the overall comparison 
fr.iled to detect any differences in small intestinal or orocecal 
transit after treatment with ondansetron. 

Responses ofPeptide Hormones.�No significant differ-
ences were observed in circulating levels of nenrotensin. 
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Fig. 2. Cumulative curves of concentration of sulfapyrldine in 
serum after suifasalazine was instilled into the duodenum in 11 pa-
tients with irritable bowel syndrome. Curve to the left represents 
results after ondansetron treatment; curve to the right represents 
results after placebo trial. No differences in time to 5% or 15% 
appearance were detected. 

peptide YY, or human pancreatic polypeptide between drug 
and placebo trials (Table 1). No significant order effects 
were detected. 

Stool WeighL�The mean stool weight was 191 g (SD 
Si) during ondansetron treatment but 286 g (SD 147) at the 
end of the placebo trial; this difference was not statistically 
significant. The stool weights were similar in the drug and 
placebo groups at the beginning of the study (mean values, 
259 and 252 g, respectively). 

Symptoms.�On the basis of the self-report question-
naire, the symptom responses at entry into the study and at 
the end of the drug and placebo trials were evaluated. Dur-
ing the week before the trial commenced, 8 of 11 patients 
who received ondansetron and 7 of 11 who received placebo 
reported loose or watery stools more than 25% of the time; 
during the last week of treatment, 1 of Ii patients who 
received the drug and 8 of Li who received placebo reported 
this symptom. Thus, stool consistency improved more dur-
ing drug therapy than during placebo treatment (McNemar’s 
test, P4.05), and no significant order effect was detected 
for stool consistency. The median number of episodes of 
pain was decreased by ondansetron, but this difference was 
not statistically significant. An order effect was detected 
for abdominal pain; on analysis of data for the first period 
only, no significant difference was noted between drug and 
placebo. 

� The analysis of diary data for weekly total symptoms 
of LBS 11 Is summarized in Figure 4. Plotted on thi y-axis is 
the square root of the weekly score for the treatment period 
and on the x-axis is the corresponding subjects’ value for 

1.0 

0n 

0.4 

O2 

0LI I I 
-10 35 70 110 150 180 500 270 310 350 380 430 

Time (min) 

It 

Fig. 3. Cumulative curves of concentration of hydrogen in expired 
air after an oral load of carbohydrate in 11 patients with irritable 
bowel syndrome. Curve to the left represents results after ondan-
setron treatment curve to the right represents results after placebo 
trial. No differences in time to 5% or 15% appearance were 
detected. 
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Table I .�Postprandial Responses* of Gastrointestinal Peptides 
After Administration of Onilansetron or Placebo 

Geometric mean responses. Median peak responses. 
ag/mi over 210 mm (95% Cot pg/nil (interquartile range) 

Peptide Drug Placebo Drug Placebo 

Neurotensin 48(40-57) 48(40-57) 80(63-81) 71(62-92) 
Peptide YY 84(72-98) 78(63-95) 95(91-127) 97(74-128) 
Human pancreatic 

polypeptide - 164 (129-209) 162 (133-198) 268(222-342) 270(223-342) 

*Response values at each sampling point were first adjusted to overall (dreg and placebo) 
baseline values by using a linear regression analysis. 

tCI = confidence interval. 

the baseline week (before treatment). The equiangular line 
(y = x) and the estimated regression lines for drug and 
placebo periods are also plotted. Both regression lines were 
significantly different from the y = x line (P<005), an in-
dication that "treatment" decreased the symptom scores. 
Ondansetron tended to reduce this symptom score some-
what more than did placebo, but no significant difference 
between the regression lines was detected (P>0J5). By 
incorporating a dummy regression variable in the analysis, 
a test for order effects was obtained, but no significant or-
der effect was detected for the symptom score. Essen-
tially similar results were obtained for episodes of pain, 
severity of pain, and number of bowel movements, al-
though an order effect was detected for the pain score 
(the "placebo effect" seemed to depend on the order of 
administration). 
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Fig. 4. Regression analysis of the symptom criteria for Initable 
bowel syndrome, based on daily diary data of 11 patients. Regres-
sion lines for drug and placebo periods were significantly different 
from y = x line. Score = sum of six specific symptoms for a 1-week 
period. See text for further information. 

DISCUSSION 
We believe that this study is the first to explore the therapeu-
tic effects of ondansetron on the symptoms of IES.n One of 
the strengths of the study was the use of clear-cut criteria for 
inclusion of participants; thus, the symptoms of the study 
group were as uniform as possible. On the basis of our 
earlier observations,’ .14 we chose a group of patients with 
diarrhea-predominant IBS. A standardized questionnaire 
and diary data were used to measure the efficacy of ondan-
setron in controlling symptoms, and the symptoms that were 
assessed (diarrhea and abdominal pain) constituted the major 
elements of the definition of IBS used for entering patients 
into the study. The maximal dose of drug thought to be safe 
for prolonged oral ingestion was administered in this trial; 
indeed, three study subjects reported having mild constipa-
tion (hard stools) during drug therapy, perhaps a reflection of 
the dose of ondansetron used. in each patient, a subsequent 
phase of treatment was not commenced until symptoms were 
comparable to those at the beginning of the study. Although 
this approach prolonged the study-3 months elapsed be-
tween phases in some patients�we believe that this stipula-
tion was necessary for satisfactory comparisons to be made 
between active treatment and placebo. The effects of vari-
ation in the diet were minimized in both phases by actively 
working with patients to maintain an intake of 20 to 25 g of 
fiber per day throughout each phase. 

Potential limitations of the current pilot study were the 
crossover design and the duration of the treatment period.3 
Because the primary aim was to assess changes in intestinal 
transit rather than symptoms and because the study included 
only a small number of patients, we believed that using 
patients as their own control subjects would prove advanta-
geous by enhancing the statistical power of the findings. 
Although considerable efforts were invested to ensure that 
carryover effects from the first phase of the study (that is. 
alleviation of symptoms due to any factor, drug related or 
not) did not influence the second phase, we did find an order 
effect for abdominal pain; however, no significant order ef-
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fects were detected for the results of intestinal transit or 
hormonal studies. Nonetheless, our results suggest that on-
dansetron provides relief from watery or liquid stools in 
patients with diarrhea-predominant lBS without causing 
major adverse reactions. Stool frequency, however, was 
unaffected. Maxton and associates,2i who prescribed a 
smaller dose of ondansetron than we used, also reported 
firmer stools in patients with diarrhea-predominant lBS 
and lesser degrees of postprandial discomfort, flatulence, 
and heartburn, but abdominal pain was similarly unaffected. 
Of importance, our results were in a highly selected study 
group: more than 90% of the patients with IBS considered 
for entry into our study did not have symptoms of suffi-
cient severity or frequency to fulfill the entry criteria. Thus, 
our results cannot be generalized to all patients with diar-
thea-predominant lBS or to patients with other causes of 
diarrhea. 

5-Hydroxytryptamine has been shown to affect human 
colonic contractile acrivity;103 in guinea pig ileum, it acti-
vatPsmooth muscle directly and also stimulates indirectly 
thn.._h the release of acetylcholine?4 Recently, investiga-
tors have shown that the actions of 5-hydroxytryptamine are 
mediated through several receptor subtypes, now known as 
types 1, 2.3, and 4 (which replace the previous ’ID" and "M" 
classifications).13- The physiologic roles of receptor 
ubtypes can now be analyzed because specific pharinaco-

logic antagonists have been develop d.’30" One of these 
antagonists, ondansetron, is selective for 5-hydroxytrypta-
mine type 3 receptors. Its principal application has been to 
ameliorate the nausea and vomiting associated with use of 
cytotoxic drugs such as cisplatin, but ondansetron also slows 
colonic transit in healthy humans while having minimal 
effect on small intestinal transiL 11,14 In this study, we found 
that colonic transit in patients with lBS was not significantly 
altered. Perhaps the normal role of 5-hydroxytryptamine 
type 3 receptors in modulating colonic function is disabled in 
some patients with lBS so that blockade of these receptors 
produces no significant functional change. The lack of 
sip.. - icant alterations in stool frequency and stool weight 
supports the colonic transit findings. The improvement in 
stool consistency is also of interest: this result could reflect 
alteration of the perception of unsatisfactory defecation by 5-
hydroxytryptnmine type 3 receptor blockade rather than al-
:eration of transit. If these findings are confirmed, they may 
provide an unexpected clue to the pathogenesis of diarrhea-

We 
dominant

 
IRS. 

CONCLUSION 
We believe that further studies on the effects of 5-by-
lroxytryptarnine type 3 blockade in IBS are needed. To 
determine whether this class of antagonists is truly efflca-
:ious in lBS will also necessitate studies with use of larger, 

parallel groups and randomized, double-blind, placebo-con-
trolled trials of longer duration. Nevertheless, the prospect 
of more selective agents being available for subgroups of 
patients with MS increases optimism about better therapy 
for these common conditions. 
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