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OBJECTIVE: Tegaserod is a 5-HT4 receptor partial agonist that increases peristaltic activity of the intestinal tract.
It is approved for the treatment of patients with irritable bowel syndrome with constipation (IBS-C).
IBS is a chronic gastrointestinal disorder of function that is reported to be associated with an
increased incidence of abdominal surgery including cholecystectomy. The effect of tegaserod on
nongut digestive organs, such as the gallbladder and biliary tract, has not been previously
investigated. Therefore, this study aimed to evaluate the effects of tegaserod on gallbladder
contractility and on functional status of the sphincter of Oddi during both the interdigestive and the
digestive periods in healthy female subjects and in female patients with IBS-C.

METHODS: During a 6-wk, double-blind, placebo-controlled crossover study, gallbladder contractility and
concomitant change in luminal diameter of the common hepatic duct (CHD) and the common bile
duct (CBD, both proximal and distal) in response to a standard liquid meal were quantified using
real-time ultrasonography. Changes in luminal diameter of the CHD and the CBD were used as a
surrogate marker for sphincter of Oddi function. Ultrasound measurements were conducted every
15 min from 45 min before, to 60 min after the test meal to observe the impact of tegaserod on
gallbladder volume and any concomitant change in the diameters of the CHD and the CBD that
developed in response to gallbladder contraction. The ultrasound measurements of gallbladder
contractility, along with the CHD and the CBD diameters, were repeated after each of the two 2-wk
periods of treatment with tegaserod or placebo. The recommended dose of tegaserod (6 mg b.i.d.)
for IBS-C patients was used in healthy female subjects (n = 13) and female patients with IBS-C (n =
20). Twice this dose (12 mg b.i.d.) was also evaluated in an additional 20 female patients with
IBS-C. Statistical evaluations were conducted using a two-sided analysis of variance (ANOVA).

RESULTS: Gallbladder contractility variables including ejection fraction, ejection rate and ejection period,
fasting and residual volume, and maximal emptying, were similar after 2 wk of treatment with
tegaserod 6 mg b.i.d. and placebo in healthy female subjects and female patients with IBS-C. There
were no significant changes in the luminal diameters of the CHD or the CBD after tegaserod
compared to placebo in any cohort. Additionally, no significant dilation (≥7 mm in diameter) of the
CHD or CBD was observed during maximal gallbladder emptying. Similar results were also observed
when tegaserod was given at 12 mg b.i.d. in patients with IBS-C. Tegaserod treatment had no
significant effect on plasma CCK concentration in response to the test meal. No significant
abdominal pain or unexpected adverse events were reported during the study.

CONCLUSIONS: This study showed no significant pharmacodynamic effect of tegaserod on gallbladder contractility
or on CBD and CHD diameters as a surrogate marker of sphincter of Oddi function during both the
interdigestive (fasting) and the digestive (postprandial) periods in healthy female subjects and
female patients with IBS-C.

INTRODUCTION

Tegaserod is a selective 5-HT4 receptor partial agonist that
has a promotile effect on the stomach, small intestine, and
colon in animals and humans. This effect results from en-
hanced peristalsis leading to augmented aboral luminal trans-

port of intestinal contents (1–3). Tegaserod was recently
approved for the treatment of patients with symptomatic ir-
ritable bowel syndrome with constipation (IBS-C). IBS is a
gastrointestinal disorder of function reported to be associated
with an increased risk of abdominal surgery including
cholecystectomy (4). Since the cause of this increased risk
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remains largely unknown, and tegaserod affects motility of
other parts of the GI tract, the potential impact of tegaserod
on gallbladder and biliary tract motility in IBS patients is a
matter of interest.

A complex interaction of hormones and neuropeptides reg-
ulates normal gallbladder and biliary tract function. Gas-
trointestinal peptides such as CCK, pancreatic polypeptide,
and motilin mediate postprandial gallbladder contraction (5).
A drug may alter gallbladder motility by acting directly on
nerves, receptors, or muscle in the gallbladder or biliary tract,
or by modifying the plasma concentration of peptides that
modulate gallbladder or biliary motility. For example, ery-
thromycin causes gallbladder contraction through direct stim-
ulation of motilin receptors (6, 7). The gallbladder expresses
α-, β1-, and β3-adrenergic receptors (8). Treatment with the
postsynaptic α1-antagonist indoramin enhances postprandial
gallbladder emptying in humans (9). There is no direct ev-
idence suggesting the presence of functional 5-HT4 recep-
tors in the gallbladder or biliary tract, and their absence in
the sphincter of Oddi has been confirmed (10). Cisapride, a
5-HT4-agonist/5-HT3-antagonist, has been variably reported
to increase, decrease, and have no effect on gallbladder vol-
ume in human subjects (11–13). In animals, cisapride appears
to relax the sphincter of Oddi (14). However, its effects on
this sphincter in humans have not been reported (15, 16). It
is possible that the plasma concentration of hormones that
can modulate gallbladder contraction may be affected by a
promotile agent, for example, tegaserod, secondary to en-
hanced gastric emptying and acceleration of small intestinal
transport (17). Although the effects of tegaserod on gastroin-
testinal motility have been extensively evaluated in healthy
subjects and patients with IBS-C, its potential effect on bil-
iary motility has not been previously studied.

The principal aim of this study, therefore, was to determine
the effects of tegaserod on biliary motility as manifested by
gallbladder volume and concomitant changes in luminal di-
ameters of the common hepatic duct (CHD) and common bile
duct (CBD) (acting as surrogate markers for the functional
status of the sphincter of Oddi). Using real-time ultrasonog-
raphy, serial measurements of gallbladder volume and bile
duct diameter before and during meal-induced gallbladder
contraction were made during tegaserod and placebo treat-
ment in healthy female subjects and female patients with
IBS-C.

SUBJECTS AND METHODS

Study Design
This double-blind, placebo-controlled study evaluated the
effects of tegaserod on gallbladder contractility and con-
comitant changes in luminal diameters of the CHD and
CBD during gallbladder contraction. A 1-wk baseline screen-
ing period without study medication was followed by two
2-wk crossover periods, which involved administration of
tegaserod or placebo, separated by a 1-wk washout period

Figure 1. Study design.

(Fig. 1). Gallbladder volumes and concomitant change in lu-
minal diameter of the CHD and CBD during the fasting and
postprandial periods were assessed serially using real-time
ultrasonography at baseline, and again after each of the two
2-wk drug treatment periods.

Study Population
This study was conducted at six academic centers in the
United States following protocol approval by the Institutional
Review Board at each participating site. All subjects gave
written, informed consent before entering the study. Healthy
female subjects and female patients aged 18–60 yr old with
an established diagnosis of IBS-C were enrolled. Gallbladder
and biliary structural evaluations were conducted using ultra-
sound to rule out the presence of gallstones, biliary sludge,
gallbladder wall thickening, CHD and CBD dilation (≥7 mm
in diameter), and any other apparent biliary pathology. All
subjects had normal liver function tests. Morbid obesity
(body mass index (BMI) >34) was a criterion for exclu-
sion. All medications known to affect biliary or gastroin-
testinal motility, including erythromycin, somatostatin, on-
dansetron, morphine, and others, were prohibited. Tegaserod
6 mg b.i.d., the recommended dose for patients with IBS-C,
was evaluated in 13 healthy female subjects (cohort I) and
20 female patients with IBS-C (cohort II); tegaserod 12 mg
b.i.d. was evaluated in an additional 20 female patients with
IBS-C (cohort III). Results from each cohort were analyzed
separately.

Study Conduct
Subjects’ suitability for inclusion in this study was assessed
during the 1-wk screening period. Eligible subjects were then
randomized to receive one of two regimens: 2 wk of tegaserod
followed by 2 wk of placebo, or 2 wk of placebo followed by
2 wk of tegaserod (Fig. 1). After a minimum fast of 8 hr, all
subjects underwent a baseline ultrasound assessment to de-
termine the pretreatment gallbladder volume and CHD and
CBD diameters. A commercially available liquid test meal
(BoostPlusTM: 374 ml = 360 cal, 14 g protein, 14 g fat) was
then consumed over 5 min. Repeated ultrasound measure-
ments of gallbladder volume and concomitant diameter of
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the CHD and CBD were conducted every 15 min during the
60-min period after consumption of the liquid test meal.
This assessment of meal-induced gallbladder contraction (de-
crease in volume) and concomitant internal diameters of CHD
and CBD before and during gallbladder emptying was re-
peated after each of the two 2-wk periods of study drug
administration. The last dose of study medication was ad-
ministered 30 min after starting the pre-meal ultrasound as-
sessment, and 30 min (T – 30) before ingestion of the liquid
test meal at time zero (T0). Thus, ultrasound assessments
were conducted before ingestion of the test meal (i.e., T – 30
and T0) to evaluate effects of the study medication (tegaserod
or placebo) alone on gallbladder emptying and then contin-
ued during and after the liquid meal to evaluate the effects of
meal stimulation. The investigators assessed patient compli-
ance with the treatment regimen by quantitating the number
of unused tablets returned and also questioning the patient.

Blood Sampling for CCK Measurement
To evaluate whether tegaserod 6 mg b.i.d. changed the post-
prandial concentration of CCK, serial blood samples for mea-
surement of CCK were collected from subjects in cohorts I
and II at 15 and 30 min before and 30 min after the test meal,
respectively. Concentrations of CCK were measured using a
specific radioimmunoassay (sensitivity 0.8 pmol/l) described
previously (18).

Ultrasound Assessment of Gallbladder Contractility
Real-time high-resolution ultrasonography was used to as-
sess meal-stimulated gallbladder emptying (contractility) at
15-min intervals from 45 min before to 60 min after, phys-
iological stimulation of gallbladder contraction by the test
meal. Gallbladder volume was calculated by an accepted
method using the formula for a prolate ellipse (19). For each
subject, the following parameters of gallbladder contraction
were measured or calculated: (a) fasting gallbladder volume
(FV) was established by averaging the two measurements at
T – 45 and T – 30. In addition, a post-tegaserod fasting vol-
ume was also calculated at T0 to assess for a stimulating ef-
fect of tegaserod alone on gallbladder contraction. Previous
PK studies of tegaserod have demonstrated that Cmax usu-
ally occurs between 30 and 75 min after oral dosing (20–22);
(b) residual volume (RV) was defined as the smallest gall-
bladder volume achieved within 60 min after the test meal;
(c) maximal emptying volume was calculated as the differ-
ence between FV and RV; (d) ejection fraction was expressed
as a percentage of FV minus RV divided by FV; (e) ejec-
tion rate was calculated by dividing the maximal emptying
volume by the time to reach RV; (f) peak ejection rate was
the ejection rate during the first 30 min after the test meal;
(g) ejection period was the time required from test meal in-
gestion to reach the RV. A significant or abnormal change
in diameter of the CHD and CBD was defined as dilation of
either duct equal to or greater than 2 mm following the test
meal, according to the criteria of Simeone et al. (23).

Ultrasound Assessment of the Luminal Diameter
of the CHD and CBD
Measurements of the luminal diameters of the CHD and CBD
(proximal and distal) were conducted at the same time that
measurements of the gallbladder volume were performed.
The internal diameter of the duct, excluding wall thickness,
was measured after obtaining a long-axis view of the duct at
the specified level. (In all cases there was an attempt to mea-
sure duct diameters at three levels: in the porta hepatis within
1 cm of crossing the hepatic artery, in the mid-portion of the
duct, and at the level of entry of the duct into the pancreas.)
In the few cases where it was not possible to get an accept-
able long-axis view of the duct, particularly at the pancreatic
head, the measurement was obtained from the cross-sectional
view.

Standardized Procedure and Blinded Central Reading
of Ultrasound Measurements
To minimize interobserver variations associated with real-
time ultrasonography, a standardized method for the per-
formance of ultrasound examinations was used at the six
participating centers, and prestudy training in the method
was conducted. All gallbladder, CHD, and CBD images were
recorded on videotape and submitted to one central ultra-
sound reader for quality confirmation. This single reviewer
(P. O’Kane) conducted a blinded reading of ultrasound re-
sults centrally at the Thomas Jefferson Medical College Ul-
trasound Research and Education Institute, Philadelphia.

Recording of Adverse Events
All adverse events occurring during the study were
documented.

Statistics
An analysis of variance (ANOVA) model was individually
fitted for each of the following efficacy variables: fasting
gallbladder volume, gallbladder ejection fraction, ejection
period, peak ejection rate, ejection rate, RV, and maximal
emptying volume. A repeated measure ANOVA model was
used for luminal diameters of the bile ducts and the CCK
concentration, with the observation time as a repeated fac-
tor. The sources of variation in the ANOVA model were se-
quences (fixed effect with two levels), subjects (random ef-
fects nested in sequences), treatments (fixed effect with two
levels, tegaserod and placebo), and periods (fixed effect with
two levels). Between-treatment comparisons for tegaserod
versus placebo were made for the change from baseline. Each
statistical test was conducted at the significance level of 0.05
(two-sided).

RESULTS

Ninety percent or more of the randomized healthy subjects
and IBS-C patients completed the study. One healthy female
subject discontinued due to diarrhea and three female pa-
tients with IBS-C were disqualified due to protocol violations
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Table 1. Subject Characteristics

Cohort I Cohort II Cohort III
Healthy IBS-C IBS-C
Subjects Patients Patients
(n = 13) (n = 20) (n = 20)

Tegaserod 6 mg b.i.d. 6 mg b.i.d. 12 mg b.i.d.
Completed study n (%) 12 (92) 19 (95) 18 (90)
Female (%) 100 100 100
Age in yr (mean) 21–55 (36) 21–51 (35) 24–59 (42)
BMI (mean) 18–25 (22) 16–30 (23) 19–33 (25)
Mean duration of NA 11 14

IBS (yr)

NA = not applicable.

(Table 1). Subjects who received a different sequence of study
medication in each cohort (i.e., tegaserod followed by placebo
or placebo followed by tegaserod) were comparable in terms
of age, BMI, and concomitant medications.

Ultrasound Visualization Success Rate
Bile duct measurements were taken at three visits. At each
visit, there were 11 time points at which attempts were made
to measure diameter at three distinct areas in the duct. All sub-
jects had measurements taken at all time points and at each
portion of the duct during each visit. However, there were
three subjects in whom at a single time point, a measure-
ment could not be made at a particular portion of the duct.
The rates for visualization failure were 0.18% for all three
bile duct measurements, 5.76% for distal bile duct measure-
ments, 2.61% for mid-bile duct measurements, and 0.42%
for proximal bile duct measurements.

Effect of Tegaserod on Gallbladder Contractility
The effect of tegaserod on gallbladder contractility was ana-
lyzed during both the interdigestive (fasting) period and the
post-meal digestive (postprandial) period.

EFFECT OF TEGASEROD ON GALLBLADDER CON-
TRACTION DURING THE FASTING PERIOD. To eval-
uate whether tegaserod alone stimulates gallbladder con-
traction during the fasting period (before test-meal-induced
gallbladder emptying), the fasting gallbladder volume which
was obtained before tegaserod administration at T – 30 min
was compared with that obtained at T0, immediately before
test-meal ingestion. Tegaserod did not cause gallbladder con-
traction during the 30 min following oral administration of
the drug in either healthy female subjects or female patients
with IBS-C treated with 6 mg b.i.d. or 12 mg b.i.d. compared
to placebo (Table 2 and Fig. 2).

EFFECT OF TEGASEROD ON GALLBLADDER CON-
TRACTILITY PARAMETERS DURING THE POST-
PRANDIAL PERIOD. The period of gallbladder empty-
ing was defined as the time from T0 when ingestion of the
test meal was started, to 60 min later or when gallbladder
emptying was completed, whichever was earlier. After 2 wk
of tegaserod treatment, gallbladder contractility parameters

Table 2. Mean Change in Gallbladder Volume 30 Minutes after
Tegaserod Administration

Gallbladder Gallbladder
Volume Volume
Change Change
(cc/min) (cc/min)

(Tegaserod) (Placebo) p-Value

Cohort I
Healthy subjects (6 mg b.i.d.) +0.06 +0.02 0.601
Cohort II
IBS-C patients (6 mg b.i.d.) +0.04 +0.05 0.68
Cohort III
IBS-C patients (12 mg b.i.d.) +0.09 +0.04 0.486

(ejection fraction, ejection rate, peak ejection rate, ejection
period, maximal emptying volume, and RV) remained es-
sentially unchanged and were not statistically significantly
different from those observed with placebo or at baseline in
all cohorts (Fig. 2 and Table 3).

Effect of Tegaserod on Bile Duct Diameter as a Reflection
of Sphincter of Oddi Function
The functional status of the sphincter of Oddi was assessed
indirectly by measuring the changes in the luminal diameter
of the CHD and the CBD (proximal and distal) using high-
resolution real-time ultrasonography. These measurements
were acquired, along with gallbladder volume measurements,
every 15 min from 45 min before, to 60 min after, the test
meal. Two weeks of administration of tegaserod had no sig-
nificant effect on luminal diameters of the CHD and the CBD
during both the fasting period and the meal-induced gallblad-
der emptying period compared to placebo (Table 4). These
findings suggest that tegaserod does not cause increased re-
sistance by the sphincter of Oddi to impede flow of bile from
the duct into the duodenum. Inspection of data plots from
individual subjects showed no evidence for significant dila-
tion of the CHD and the CBD during the test-meal-induced
gallbladder emptying, i.e., no absolute diameter of ≥7 mm
(upper limit of normal) was observed, and there was no in-
crease in luminal diameter over the pre-meal value, which
exceeded 2 mm.

Effect of Tegaserod on Plasma Concentration of CCK
Plasma concentration of CCK was measured at 30 min before,
and 15 and 30 min after the test meal. Tegaserod 6 mg b.i.d. did
not alter the normal increase in plasma CCK concentration
that occurred in response to the test meal in healthy female
subjects or female patients with IBS-C treated with placebo
(Table 5).

Safety and Tolerability
Tegaserod was well tolerated by both healthy female subjects
and female patients with IBS-C. No serious or unexpected
adverse events were reported for any subjects in the three
cohorts during periods of outpatient administration of both
placebo and tegaserod. Additionally, no major complaints,
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Figure 2. (A) Fasting gallbladder volumes and test-meal-induced
gallbladder emptying in healthy female subjects receiving tegaserod
6 mg b.i.d. or placebo. (B) Fasting gallbladder volumes and test-
meal-induced gallbladder emptying in female IBS-C patients re-
ceiving tegaserod 6 mg b.i.d. or placebo. (C) Fasting gallbladder vol-
umes and test-meal-induced gallbladder emptying in female IBS-C
patients receiving tegaserod 12 mg b.i.d. or placebo.

in particular abdominal pain, were reported during the ultra-
sound test meal evaluation.

DISCUSSION

In contrast to the promotile effects of tegaserod, a pure
5-HT4 agonist, on the stomach, small intestine, and colon,

this study demonstrates that tegaserod administration does
not initiate gallbladder contraction during the fasting period,
has no effect on meal-induced gallbladder contractility dy-
namics, and does not appear to induce contraction of the
sphincter of Oddi sufficient to cause resistance to bile flow
into the duodenum as reflected by bile duct diameter during
maximum meal-stimulated bile flow. Fasting and postpran-
dial plasma CCK concentrations in healthy female subjects
and in female patients with IBS-C also were not affected by
tegaserod.

The study used real-time high resolution ultrasonography
to directly evaluate for any effect of tegaserod on gallbladder
contractility and to indirectly assess any effect of tegaserod
on resistance to bile flow at the sphincter of Oddi as re-
flected by an increase in the luminal diameters of the CHD
and CBD during maximal bile flow associated with meal-
induced gallbladder contraction. Previous studies have shown
that real-time ultrasonography is an accurate and reproducible
noninvasive method for measuring gallbladder volume and
contraction (24). Although the “gold standard” for evalua-
tion of the functional status of the sphincter of Oddi is en-
doscopic retrograde cholangiopancreatography (ERCP) with
sphincter of Oddi manometry (25), these procedures are in-
vasive and can be associated with a significant incidence of
acute pancreatitis (23, 26). Therefore, it was not considered
appropriate to utilize ERCP or sphincter of Oddi manome-
try in these study subjects with no history of biliary disease.
In addition, repeated post-meal evaluations were required by
the study protocol. An increase in bile duct diameter assessed
by ultrasound during the peak bile flow, which accompanies
meal-induced gallbladder contraction, has been reported in
cases of partial obstruction of the distal bile duct (27, 28).

An excellent rate of visualization of the gallbladder and bile
ducts sufficient for the required measurements was achieved
in this study and is attributed to the following factors:
(a) The scanning was performed by highly experienced inves-
tigators who were the same at each measurement session and
who were aware that imaging the bile duct was critical to the
study. (b) The same patients were scanned first at baseline and
then repeatedly during drug treatment. Thus, any difficulties
in defining certain anatomical areas were known in advance
of the ultrasound sessions conducted during drug treatment.
(c) The most modern equipment available in 2002, includ-
ing image magnification, was used. The advances in imaging
technology contributed to obtaining better results than pos-
sible in previous years. (d) Severe obesity, which can impair
image quality, was part of the exclusion criteria and thus not
a problem in this study. All of these four factors contributed
to a high degree of adequate bile duct segment visualization
permitting measurement of diameter.

Both obesity and pregnancy have been reported to be as-
sociated with increased fasting gallbladder volume and de-
creased postprandial gallbladder contraction (29, 30). There-
fore, subjects with morbid obesity (i.e., BMI > 34), or who
were pregnant, were excluded from this study. There have
been conflicting reports about the effect of the menstrual
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Table 3. Gallbladder Contractility Variables after 2 Weeks’ Treatment with Tegaserod or Placebo

Baseline Tegaserod (6 mg b.i.d.) Placebo p-Value

Cohort I: Healthy female subjects (n = 12/group)
Ejection fraction (%) 72 (18) 69 (25) 77 (19) 0.253
Ejection rate (cc/min) 0.37 (0.2) 0.43 (0.3) 0.36 (0.2) 0.435
Peak ejection rate (cc/min) 0.38 (0.2) 0.38 (0.2) 0.41 (0.3) 0.435
Ejection period (min) 45 (11) 36 (18) 45 (14) 0.231
Maximal emptying (cc) 15 (6) 14 (6) 15 (7) 0.749
Fasting vol. (cc) 21 (6) 20 (9) 19 (8) 0.613
Residual vol. (cc) 5.7 (4) 6.2 (5) 4.0 (3) 0.228

Cohort II: IBS-C patients (n = 19/group)
Ejection fraction (%) 63 (23) 63 (17) 67 (13) 0.291
Ejection rate (cc/min) 0.22 (0.2) 0.26 (0.2) 0.23 (0.1) 0.421
Peak ejection rate (cc/min) 0.19 (0.2) 0.25 (0.2) 0.26 (0.1) 0.971
Ejection period (min) 55 (10) 44 (13) 52 (10) 0.051
Maximal emptying (cc) 11 (7) 10 (6) 11 (7) 0.349
Fasting vol. (cc) 16 (8) 16 (7) 17 (9) 0.404
Residual vol. (cc) 5.1 (3) 5.6 (3) 5.6 (3) 0.844

Cohort III: IBS-C patients (n = 18/group)
Ejection fraction (%) 65 (17) 62 (22) 67 (16) 0.159
Ejection rate (cc/min) 0.28 (0.2) 0.30 (0.2) 0.29 (0.2) 0.982
Peak ejection rate (cc/min) 0.34 (0.2) 0.29 (0.2) 0.36 (0.3) 0.303
Ejection period (min) 49 (14) 46 (12) 52 (10) 0.161
Maximal emptying (cc) 12 (6) 12 (6) 14 (7) 0.418
Fasting vol. (cc) 19 (7) 20 (8) 20 (9) 0.874
Residual vol. (cc) 6.4 (4) 8.0 (6) 6.1 (4) 0.091

Values in this table are mean values and standard deviations (SD) are given in parenthesis.

cycle on gallbladder motility. One study reported a small ef-
fect, which decreased gallbladder emptying, whereas, others
have reported no effects on gallbladder motility (30, 31). Ac-
cordingly, the phase of the menstrual cycle was not controlled
for in this study.

Administration of tegaserod for 2 wk was considered suf-
ficient time to show a pharmacodynamic effect of the drug
on gallbladder contraction and to allow for the equilibration
of any meal-related factors that may affect biliary motility
(e.g., bile acid pool size and secretion of regulatory intestinal
peptides). Previous studies evaluating the pharmacodynamic
effects of tegaserod on gastrointestinal tract motility have
demonstrated an effect after only 1 wk or less. For exam-
ple, the rate of gastric emptying was increased after only 48

Table 4. Mean Diameters of CHD and CBD after 2 Weeks’ Treatment with Tegaserod or Placebo

Tegaserod (6 mg b.i.d.) Placebo

Duct Pre-meal Post-meal Pre-meal Post-meal p-Value∗

Cohort I: Healthy female subjects (n = 12)
CHD (mm) (range) 2.89 (1.2–5) 3.19 (1.8–5.2) 3.08 (1–5) 3.07 (0.8–5.6) 0.799
CBD (mm) Proximal (range) 3.04 (1.3–5.3) 3.19 (1.3–6.2) 3.26 (1.1–5.7) 3.32 (1.3–6) 0.631
CBD (mm) Distal (range) 2.23 (0.9–4) 2.35 (1–5.5) 2.71 (1.6–4.7) 2.63 (1.0–5.1) 0.193

Cohort II: IBS-C patients (n = 18)
CHD (mm) (range) 2.19 (0.6–5) 2.40 (0.9–5.3) 2.24 (0.1–5.0) 2.29 (0.6–5) 0.671
CBD (mm) Proximal (range) 2.67 (0.5–6.5) 2.82 (0.6–6.7) 2.67 (0.5–6.0) 2.78 (0.8–6.0) 0.523
CBD (mm) Distal (range) 2.16 (0.9–3.8) 2.26 (1.0–4.2) 2.10 (0.5–4.3) 2.20 (0.8–4.0) 0.667

Cohort III: IBS-C patients (n = 18)
CHD (mm) (range) 2.44 (0.7–5.7) 2.60 (0.8–5.9) 2.64 (0.8–5.8) 2.65 (0.5–5.2) 0.637
CBD (mm) Proximal (range) 2.88 (1.1–5.4) 3.10 (0.8–6.5) 2.91 (0.9–5.8) 2.96 (0.8–6.8) 0.163
CBD (mm) Distal (range) 2.63 (0.7–5.2) 2.57 (0.7–4.7) 2.62 (0.9–4.8) 2.67 (1.0–4.4) 0.744

Pre-meal: T − 45 to T = 0; post-meal: T + 15 to T + 60.
∗p-value is from testing between tegaserod and placebo overall across all the time points.

h of tegaserod treatment (3). The transit of a radionuclide-
labeled meal through both the small intestine and colon was
accelerated after 3 days of tegaserod treatment (2). Thus, we
considered that 2 wk of treatment would be adequate to show
any effect of tegaserod on gallbladder contraction, if such de-
velops. Although no effect was observed, by using only the
data in this 2-wk treatment study, the possibility that some
delayed effect may occur toward the end of the approved treat-
ment period for tegaserod cannot be excluded. However, this
seems unlikely.

Both the 6 mg b.i.d. dose of tegaserod currently approved
for the treatment of IBS-C and twice this dose, 12 mg b.i.d.,
were tested. The latter was specifically evaluated to determine
if a higher dose of tegaserod might unmask some drug effect
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Table 5. Plasma CCK Concentration after 2 Weeks’ Treatment with Tegaserod (6 mg b.i.d.) or Placebo

CCK Concentration (pmol/l)

−30 Min +15 Min + 30 Min
Mean (SD) Mean (SD) Mean (SD) p-Value∗

Cohort I: Healthy female subjects (n = 12)
Placebo 0.96 (0.43) 4.43 (3.88) 2.66 (1.94)
Tegaserod (6 mg b.i.d.) 0.96 (0.37) 5.15 (3.60) 3.35 (2.65) 0.438

Cohort II: IBS-C patients (n = 18)
Placebo 0.84 (0.16) 2.81 (3.31) 1.93 (0.62)
Tegaserod (6 mg b.i.d.) 0.83 (0.09) 2.05 (1.20) 2.31 (1.26) 0.680

Note: Assay sensitivity 0.8 pmol/l.
∗ p-value is from testing between tegaserod and placebo overall across all the time points.

that resulted in increased gallbladder contraction. No change
in biliary emptying dynamics was observed. In a previous
clinical study, tegaserod at the 12 mg b.i.d. dose had been
well tolerated (32). No symptoms suggesting abnormal bil-
iary tract motility were observed at this high dose in either
the current or the earlier study.

Results from the present study showed the following:
(a) Tegaserod administered during fasting does not stimulate
gallbladder contraction as its volume remained unchanged
after tegaserod administration. (b) Tegaserod, administered
before a meal as recommended, does not alter post-meal
gallbladder contractility dynamics, since both the magnitude
and rate of emptying remained unchanged after tegaserod
treatment compared to baseline or placebo treatment values.
(c) Tegaserod did not alter a surrogate marker for increased
pressure or resistance at the sphincter of Oddi because the di-
ameters of the CHD and CBD during the period of enhanced
bile flow during maximal gallbladder emptying were not sig-
nificantly increased. (d) Tegaserod did not affect plasma CCK
concentration during fasting or during the 60 min after a
test meal compared with placebo. This finding suggests that
tegaserod does not interfere with the normal physiological
processes that regulate postprandial gallbladder emptying.
(e) Tegaserod caused no adverse biliary symptoms during
meal-induced stimulation of gallbladder contraction in either
healthy subjects or patients with IBS-C.

SUMMARY

In healthy female subjects and female patients with IBS-C, 2
wk administration of tegaserod does not affect fasting gall-
bladder volume or stimulate gallbladder contraction during
the interdigestive (fasting) period. Tegaserod also does not
alter meal-induced (postprandial) dynamics of gallbladder
contractility or the diameters of the CHD or CBD measured
concomitantly by high-resolution ultrasound as a surrogate
marker for sphincter of Oddi function causing resistance to
bile flow.
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