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Background & Aims—Di-α hydroxy bile salt, sodium chenodeoxycholate (CDC), and bile acid
(BA) binding have unclear effects on colonic transit in health and disease.

Methods—We performed 2 randomized, double-blind, placebo-controlled studies. In healthy
volunteers (20/group), we evaluated effects of oral placebo, 500 mg, or 1000 mg of CDC (delayed-
release, each given for 4 days) on gastrointestinal and colonic transit. A second trial compared the
effects of colesevelam (1.875g, twice daily) vs placebo in 24 patients (12/group) with diarrhea-
predominant irritable bowel syndrome (IBS-D) on transit, daily bowel frequency and consistency,
and colonic mucosal permeability. Serum fasting 7αC4 was measured to screen for BA
malabsorption. Effects of treatments on transit were compared using analysis of covariance with
body mass index (BMI) and 7αC4 as covariates.

Results—In healthy volunteers, CDC significantly accelerated colonic transit (at 24h and 48h,
p=0.01 and p<0.0001, respectively), increased stool frequency, ease of passage (both p<0.001), and
evacuation (p=0.02), and decreased stool consistency (p<0.001). Four of the 24 IBS-D patients had
increased serum 7αC4. In IBS-D, colesevelam modestly affected overall colonic transit (24h,
p=0.22). Emptying of the ascending colon took an average 4 hours longer in patients given
colesevelam compared to placebo; treatment effect was associated with baseline serum 7αC4
(p=0.0025). Colesevelam was associated with greater ease of stool passage (p=0.048) and somewhat
firmer stool consistency (p=0.12). No effects on mucosal permeability or safety were identified.

Conclusions—Sodium chenodeoxycholate in health and colesevelam in IBS-D patients have
opposite effects on colonic transit and fecal parameters.

Keywords
chenodeoxycholate; colesevelam, permeability; 7αC4; FGF-19, malabsorption

INTRODUCTION
Bile acids have a variety of physiologic functions, and are actively reabsorbed (up to 95%) in
the terminal ileum [1]. Disruption of the enterohepatic circulation of bile acids due to ileal
disease (e.g., Crohn’s or radiation ileitis) or idiopathic bile acid malabsorption (BAM) causes
chronic diarrhea (see systematic summary [2]). Conjugated and non-conjugated bile acids
induce secretion in the human colon [3,4] by one or more mechanisms: activating intracellular
secretory mechanisms (e.g. adenylate cyclase [5]), increasing mucosal permeability [6], and
inhibiting apical Cl-/OH- exchange [7]). In addition, bile acids may induce propulsive
contractions in human colon (1mM, [8] or 5mM [9]). In humans, there is a relationship between
the fecal bile acid excretion and colonic motility; however, this relationship is complicated by
associated steatorrhea [9] since the delivery of fatty acids to the colon may also accelerate
colonic transit [10]. Bile acid concentration in stool of patients with ileal resection may reach
21mM chenodeoxycholate (CDC) [11]. However, fecal concentrations of bile acids in diarrhea-
predominant irritable bowel syndrome (IBS-D) or functional diarrhea are unknown. While
earlier studies suggested up-regulation of the ileal active transporter [12] as a result of chronic
loss of bile acids (which may reduce the bile acids reaching the colon), other data suggest
increased delivery to the colon may occur if the ileal reabsorptive capacity for bile acids is
exceeded. In studies of gallstone dissolution with exogenous chenodeoxycholic acid, diarrhea
occurred in 40% of patients [13].

The cause of idiopathic BAM is unknown. Walters et al. recently reported reduced plasma
levels of fibroblast growth factor (FGF)-19 which is produced by enterocytes [14] in the ileum
in response to bile acid absorption and regulates hepatic bile acid synthesis. Thus, it was
proposed that reduced FGF-19 (for which the cause is unknown) resulted in increased bile acid
synthesis. BAM may contribute to the development of chronic diarrhea or IBS-D, and bile acid
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binding relieves diarrhea in the setting of BAM (literature systematically analyzed in [2]).
Although compliance with cholestyramine (which is prepared as gritty particles) is poor, the
bile acid binding agent, colesevelam hydrochloride (prepared in tablet form), is better tolerated,
has fewer gastrointestinal side effects and is easily administered [15].

Our aims were: first, to measure the effects of ileocolonic delivery of two doses of sodium
CDC on colonic transit and bowel function in healthy subjects; second, to measure fasting
serum 7alpha-hydroxy-4-cholesten-3-one (7αC4, an indirect measure of bile acid synthesis),
FGF19 which regulates hepatic bile acid synthesis and colonic mucosal permeability in
unselected patients with IBS-D; and third, to measure the effects of the bile acid binder,
colesevelam hydrochloride, on gastrointestinal and colonic transit, bowel function, and colonic
permeability in IBS-D.

METHODS
Study Design, Randomization, Medication, and Measurements

We conducted two double-blind, placebo-controlled, parallel-group, randomized studies
evaluating the effects of oral sodium CDC or placebo, once daily for 4 days, in healthy
volunteers. In a second trial, oral colesevelam hydrochloride or placebo were administered for
12–14 days in patients with IBS-D. The study was approved by Mayo Clinic Institutional
Review Board and all participants signed informed consent. The trial in patients is listed in
ClinicTrials.gov
(http://www.clinicaltrials.gov/ct2/show/NCT00911612?term=welchol&rank=2). In both
studies, allocation was concealed from the study investigators.

In the first trial, participants were randomized to placebo, CDC 500mg, or 1000mg (20 per
group). Sodium CDC (unconjugated) was purchased from Calbiochem, EMD Biosciences Inc.,
San Diego, CA 92121, and the Mayo pharmacy prepared identical placebo and CDC capsules,
all of which were coated with the pH sensitive polymer, methacrylate (Eudragit S-100, Rohm
Pharmaceuticals, Darmstadt D-64293, Germany). The latter dissolves at the neutral pH found
in the distal ileum and was used to ensure ileocolonic delivery of the CDC or placebo. All
participants were screened for BAM with fasting serum 7αC4.

In the second trial, we measured fasting serum 7αC4 and FGF-19 and baseline colonic mucosal
permeability in patients with IBS-D, who were then randomized to colesevelam or placebo
(1:1). The drug was purchased as Welchol ® (Colesevelam HCl) from Daiichi Sankyo Co.
Ltd., Parsippany, NJ as 625mg tablets. The tablets were prepared as 312.5mg capsules with
matching placebo by Mayo Research Pharmacy.

The selected doses for CDC and colesevelam were respectively based on the observations of
diarrhea demonstrated in the gallstone dissolution trials [13] and on the FDA approved doses
in the treatment of hypercholesteremia [Welchol® (Colesevelam HCL)]
http://www.welchol.com/pdf/Welchol_PI.pdf)

An independent Mayo Clinic statistician generated the randomization codes. Mayo Research
Pharmacy maintained the randomization schedule in case of emergency. All clinical and
laboratory study personnel were blinded throughout the study until all data were locked and
analyzed. Clinical safety monitoring was conducted by the study investigators throughout the
study.

Participants
All participants had fasting plasma 7α-C4 (C4) measured to assess for underlying bile acid
malabsorption and had serum FGF-19 measured. Participants also completed the following
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questionnaires: Hospital Anxiety and Depression (HAD) Scale [16], SCL-90 (somatization)
[17], and bowel function by validated daily diaries including Bristol Stool Form Scale (BSFS)
scores [18].

Effect of Sodium Chenodeoxycholate in Healthy Subjects—We enrolled 60 patients
(mean age 38.7 years, 43 female) to the study. Three groups (n=20 each) were randomized to
one oral capsule daily containing placebo, 500mg or 1000mg CDC, each for a period of 4 days.
Gastrointestinal (GI) and colonic transit was conducted by a scintigraphic method [19] during
the last 48 hours of drug ingestion.

Effect of Colesevelam Hydrochloride in Patients with IBS-D—We enrolled 24
patients (all female, mean age 42.7 years) to the study. Participants with a prior
cholecystectomy (total 6 enrolled) were eligible to participate if the history of IBS-D anteceded
the surgery and the patients reported no aggravation of IBS symptoms by the surgery. Two
groups were randomized, balanced on BMI (<25 or ≥25kg/m2), to placebo or colesevelam,
1.875g twice daily, for 12–14days. Gastrointestinal and colonic transit by a scintigraphic
method [19] and colonic permeability were conducted at baseline and during the last 48 hours
of the study.

In these studies, we examined stool diaries [18], gastrointestinal transit [19–23], serum 7α-C4
[22], serum FGF-19, and colonic mucosal permeability [24]. Details of these tests and statistical
considerations are in the Appendix.

RESULTS
Participants, Study Conduct and Completion

All medical records were screened for major exclusion criteria (i.e. prior gastrointestinal
surgery and concomitant medications). Patients’ responses to bowel disease questionnaire,
HAD scores and SCL-90 also excluded the presence of significant gastrointestinal symptoms
in the healthy volunteers or anxiety, depression, poor quality of life or psychopathology that
could act as confounders in our assessment of the effects of the administered CDC or
colesevelam.

Effect of Sodium Chenodeoxycholate—Eighty-five volunteers were recruited for the
study through advertisements and mail notifications (Appendix Figure 1). Twenty-five were
ineligible based on this initial screen. Of those eligible to participate, all 60 fulfilled the
inclusion/exclusion criteria, consented, and were randomized. Demographic data of all
participants randomized to CDC or placebo are shown in Figure 1; they had similar age and
BMI.

Effect of Colesevelam Hydrochloride—Thirty-one IBS-D patients were recruited and
signed consent, and 24 were randomized and completed the study. One withdrew consent prior
to the start of the study; 2 had concomitant illness and were advised not to participate by their
primary physicians; and 4 did not qualify based on baseline transit eligibility criteria (GC 24h
<2.3) (Figure 1). Demographic data of all randomized patients are shown in Figure 1.

All 60 volunteers and 24 IBS-D patients randomized completed the studies, and there was
100% medication compliance (based on coordinator interview and pill count).

Serum 7αC4 and FGF-19 Measurements in Patients with IBS-D and Healthy Controls
In our laboratory, a value of <61ng/ml is established as the 95th percentile for fasting serum
7αC4 level in healthy volunteers [23]. Fifty-five (92%) out of the 60 healthy volunteers and
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20 of the 24 IBS-D patients had normal fasting serum 7αC4 values. There were no clinically
important differences in the fasting serum 7αC4 levels in the two treatment groups of IBS-D
patients (Figure 1).

The FGF levels in 40 other healthy controls were 161.6 pg/mL (median, IQR 85.9–267.8) and
in the 24 patients with IBS-D 105.6 pg/mL (median, IQR 55.8–240.0; p=0.23, Wilcoxon Rank
Sum test). Two patients had serum FGF-19 levels below the 5th percentile in health of 36.9 pg/
mL. Appendix Figures 1–3 provide plots of serum 7αC4, FGF19, and the correlation between
these two measurements (Spearman rank correlation = −0.414, p=0.044).

Effect of Chenodeoxycholate on Gastrointestinal and Colonic Transit
Gastric and Small Bowel Transit—CDC did not significantly affect gastric emptying
t1/2 and colonic filling at 6 hours (see Table IA).

Overall Colonic Transit Time Assessed by Geometric Center—CDC accelerated
overall colonic transit at 24 and 48 hours (ANCOVA p=0.01 and <0.0001 respectively), as
detailed in the Appendix and illustrated in Figure 2. The effect of the 1000mg dose was
significantly greater than the 500mg dose on the study primary endpoint, colonic GC at 24
hours (p<0.05).

Effect of Chenodeoxycholate on Bowel Function in Healthy Volunteers
There were also significant overall treatment effects of CDC (Table IA) on stool frequency,
consistency, ease of passage (all p<0.001), and on sense of complete evacuation (p=0.02).

Effect of Colesevelam on Gastrointestinal and Colonic Transit in IBS-D
These data are summarized in Table IB and Figure 3.

Gastric, Small Bowel and Overall Colonic Transit—Colesevelam moderately delayed
gastric emptying (proportion emptied at 4h: p = 0.06; GE t1/2 p = 0.14) and did not have a
significant effect on small bowel transit. There was a tendency for colesevelam to slow colonic
transit at 24 hours compared with placebo treatment (ANCOVA using baseline GC24, BMI
and serum 7αC4 as covariates; p=0.22). Seven of 12 in the colesevelam group and 4 of 12 in
the placebo group demonstrated a decrease of GC24 of at least 0.7 GC units. Appreciable
retardation of colonic transit was observed at 6 and 8 hours (data not shown).

There were 4 patients in the placebo group and 2 in the colesevelam group who had prior
cholecystectomy. Two of the 4 patients with prior cholecystectomy in the placebo group and
the 2 in the colesevelam group had >0.7 GC unit slowing of colonic transit at 24 hours. Thus,
cholecystectomy state did not appear to have a significant effect on the results (Figure 3).

Ascending Colonic Emptying—On average, AC t1/2 was >4 hours slower in the
colesevelam group compared to the placebo group. There was a statistically significant
interaction between treatment and baseline serum 7αC4 (p=0.0025). Figure 4 shows the
relationship between (the rank transformation of) baseline serum 7αC4 and observed AC t1/2
values, separately for the two treatment groups. In the colesevelam group, the Spearman
correlation coefficient was 0.87 (p<0.001), and in the placebo group the coefficient was −0.49
(p=0.11). Thus, the higher the baseline serum 7αC4, the higher was the observed AC t1/2 after
colesevelam treatment.
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Effect of Colesevelam on Bowel Function and Colonic Mucosal Permeability in IBS-D
Colesevelam had no effect on the number of bowel movements per day, but there was a
tendency to improve stool consistency (p=0.12) and ease stool passage (p=0.048).

Urinary excretion of mannitol 8–24 hours after ingestion was not significantly associated with
fasting serum 7αC4 (Spearman rank correlation −0.18, p=0.41). There were no clinically
important differences in permeability measurements in the two groups at baseline (data not
shown). There was also no significant treatment effect on colonic mucosal permeability (Table
IB).

Adverse Events with Sodium Chenodeoxycholate and Colesevelam
The most common adverse events for CDC (see Table IIA) were loose stools, diarrhea and
lower abdominal cramps, each being more frequently observed in the CDC 1000mg group (15–
75%). Headache was observed at similar rates (20–25%) between the placebo and two
treatment groups. Gas, bloating and nausea were experienced by 5–20% of the participants.

In the colesevelam study, the most common adverse events (see Table IIB) were headache,
nausea, flatulence and green colored stools, which each occurred at similar rates in the placebo
and treatment groups (10–45%). Smaller numbers experienced uterine and abdominal cramps
and urinary tract infection. There were no serious adverse events and no participant had to stop
the study due to an adverse event in either of the two studies.

DISCUSSION
We used two approaches to assess the effect of bile acids on colonic transit and of binding bile
acids in the treatment of bowel dysfunction in unselected patients in IBS-D in whom indirect
serum markers of bile acid synthesis were measured.

Effects of Chenodeoxycholate in Health
In healthy volunteers, sodium CDC administered at lower doses previously used for gallstone
dissolution (500mg and 1000mg) accelerated whole colonic transit, but the higher dose was
more effective. The acceleration in colonic transit was accompanied by looser stool form and
increased stool frequency and ease of passage. Only a small minority of healthy participants
had increased serum 7αC4 at baseline and, therefore, the findings cannot be attributed to
undiagnosed BAM in these participants. Idiopathic BAM was previously reported to be
associated with accelerated small bowel and distal colonic transit [25].

Our study increases understanding of the action of unabsorbed bile salts on colonic transit.
Chenodeoxycholate undergoes metabolism to lithocholate in the colon; however, the latter
does not cause colonic secretion [26]. Therefore, the effects on colonic transit and on fecal
parameters likely result from effects of chenodeoxycholate rather than lithocholate.

It is generally perceived that bile salts accelerate colonic transit by causing secretion. This
perception is reinforced by observations of diarrhea post-cholecystectomy and the assumption
that this results from bile salt loss. However, <20% patients develop diarrhea
postcholecystectomy [27]. Bile acid loss [28] occurs in some, but not all, patients. Evidence
of loss is not correlated with change in bowel function [28], and population-based studies show
that, as a group, post-cholecystectomy patients do not have increased frequency or altered
consistency of bowel movements [29]. Accelerated colonic transit may result from stimulation
of motility; concentrations of >5mM bile acids infused directly into the human sigmoid and
rectum stimulated colonic phasic contractions [9]. Such concentrations are seldom achieved
in the colon in the absence of ileal resection [9], and effects of 5mM bile salts delivered to the
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proximal colon (as might occur in humans with BAM) were unknown. Studies of effects of
bile acids on colon motility are contradictory: Taylor et al. did not observe stimulation with 5
and 15 mM CDCA in the sigmoid colon of IBS patients [30]; whereas, Bampton et al. [8] noted
propulsive contractions in the colon of healthy volunteers with rapid rectal delivery of 1 mM
CDCA. Therefore, our detailed transit measurements clarified the dose of bile salt required to
accelerate colonic transit and suggest that ileocolonic delivery of CDC may enhance its
efficacy, relative to the effects on fecal parameters in patients with constipation observed by
Bazzoli et al. [31] with oral administration of CDC.

Effect of Colesevelam in IBS-D
Our second treatment trial showed tendencies for overall colonic transit to be retarded in
patients with IBS-D, of whom only 4/24 had evidence of BAM at baseline. The most intriguing
finding, however, is that the baseline serum 7αC4 is significantly associated with the slowing
of AC t 1/2 emptying; the latter is a determinant of stool consistency. In a pooled analysis of
data from 193 patients or healthy controls from previous studies and the current study
(Camilleri, Deiteren, Zinsmeister unpublished observation), we estimated increase in stool
consistency scores (Bristol Stool Form Scale [18]) of 0.56 ± 0.06 units per unit change in overall
colonic transit at 24 hours. The difference in colonic transit in the colesevelam and placebo
groups of 0.7 GC units at 24 hours would be expected to correspond to a 0.4 unit change in
stool form scale.

The prevalence of BAM in patients with IBS or chronic diarrhea may be as high as 33% [2],
and up to 76% of patients with functional diarrhea or IBS-D with reduced bile acid retention
on 75SeHCAT respond to bile acid binders [2,32]. In addition to benefit in full blown BAM
[35], our data suggest that bile acid binding might be beneficial in patients with IBS-D without
overt BAM, given the significant treatment by fasting serum 7αC4 interaction in the AC
emptying in response to colesevelam.

Treatment with colesevelam did not significantly affect colonic mucosal permeability in IBS-
D patients. However, only 4/24 had evidence of BAM at baseline, and pre-treatment colonic
mucosal permeability does not appear to be significantly associated with subject status.
Specifically, based on our measurements [24] in healthy volunteers without GI symptoms
(n=12, median [range] mannitol excretion over 8–24 hours of 64.8[20.2, 429.3]), the 24 IBS-
D patients did not have increased baseline permeability (53.9 [17.1, 182.9], p=0.13, Wilcoxon
rank sum test).

It is interesting to note that colesevelam treatment was associated with slower gastric emptying.
Colesevelam improves glycemic and lipid parameters in patients with type 2 diabetes mellitus
inadequately controlled with metformin-based therapy [33], and this effect may conceivably
result from increased release of incretins such as glucagon-like peptide-1.

In summary, the significant colesevelam treatment by serum 7αC4 interaction in determining
ascending colon emptying time suggests that effects of bile acid binding on the secretory and
motor effects of malabsorbed bile acids and clinical endpoints in IBS-D deserve further study.

Potential of Therapies Modulating Bile Salts
Defective sulfation of CDC may cause functional constipation in children [34]. Conversely,
2.25g per day CDC may improve stool frequency and consistency in some, but not all,
constipated patients [31]. Methacrylate-coated capsule delivery of CDC to the ileocolonic
region is associated with demonstrable colonic transit effects in healthy participants. Follow-
up studies of the effects in patients with IBS-C are currently underway using 500mg and
1000mg doses of CDC in methacrylate-coated capsules.
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The effects of colesevelam on colonic transit in IBS-D suggest that larger studies should
explore the clinical outcomes over a longer period of treatment. The study also suggests fasting
serum 7αC4 might enhance selection of IBS-D patients for bile acid binding treatment and
initiate a paradigm shift in the management of patients with IBS-D.

Safety
The literature on gallstone dissolution shows that 37% of patients treated with typical CDC
doses of 14–15 mg per kg per day had effectively dissolved gallstones [35] and had
hypertransaminasemia (within 3 times upper limit of normal) in the first 6 months of treatment
[36]. On the other hand, doses of 7–20 mg CDC kg−1 day−1 were not hepatotoxic in humans
[37]. Among patients with gallstones treated with CDC (over 1000mg day−1 for several
months), and patients who underwent partial ileal bypass for hyperlipidemia, there are no
reports of colon cancer [38]. With ileocolonic delivery of CDC, the bile salt is probably
absorbed passively from the colonic mucosa (as observed in the human colon [39]), rather than
the active transport mechanism of the ileum, potentially reducing hepatic levels of CDC and
reducing the risk of transaminasemia.

In these studies, colesevelam was used at the highest approved dose; the extensive use of the
drug for hyperlipidemia suggests that it could be used safely in patients with IBS-D or BAM.

CONCLUSIONS
In summary, our studies show that the acceleration of overall colonic transit at 24 and 48 hours
induced by sodium CDC is significant and comparable with the effects observed with a variety
of pharmacological agents (e.g. prucalopride, lubiprostone, linaclotide) using the same colonic
transit measurement. In addition, a subgroup of patients with IBS-D has amelioration of transit
in response to colesevelam, fasting serum 7αC4 may predict responsiveness to bile acid binding
in patients with IBS-D, and the current studies are consistent with the hypothesis that BAM
contributes to the phenotype of IBS-D.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations

7αC4 7α-hydroxy-4-cholesten-3-one

BAM bile acid malabsorption

CDC chenodeoxycholic acid or chenodeoxycholate

FGF-19 fibroblast growth factor 19

IBS irritable bowel syndrome
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Figure 1.
Study flow chart and demographics of participants in colesevelam study
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Figure 2.
Effects of NaCDC on colonic transit (GC) at 24 and 48 hours, and stool form and frequency.
Data show least square means ± SEM. Note that there is an overall acceleration of colonic
transit, and this is significantly greater with the 1000 mg dose of Na CDC (p<0.0001 vs.
placebo) relative to the 500 mg dose (p<0.01 vs. placebo), particularly evident with the transit
data at 24 hours (overall p<0.05, 1000 mg vs. 500 mg). Note also that the acceleration of colonic
transit is associated with an increase in stool frequency (p<0.001) and a more liquid consistency
stool (p<0.0001).
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Figure 3.
Effects of placebo or colesevelam on overall colonic transit at 24 hours in individual patients.
Note that 7/12 participants in the colesevelam arm had reduced colonic transit by >0.7. The
lines link the transit results at baseline and post-treatment.
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Figure 4.
Effects of colesevelam and placebo on ascending colon emptying t1/2 in relation to the rank of
baseline fasting serum 7αC4. Note that the relationship between baseline fasting serum 7αC4
and ascending colon emptying times was positive in patients on colesevelam treatment, but
negative in patients on placebo, implying that treatment effects were enhanced by 7αC4 on
active drug, but not on placebo. Solid lines represent the regression lines (predicted value for
a given X-axis value), dashed lines are the 95% confidence limits for the regression lines, and
the dotted lines represent the prediction or tolerance limits for the regression lines.
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Table I

Effects of Bile Salt and Bile Salt Sequestrant on Gastrointestinal Transit and Bowel Function

A. Effect of NaCDC in Health (mean ± SEM)

Placebo
N=20

CDC 500mg
N=20

CDC 1000mg
N=20

P

GE t1/2 (min) 122.8 ± 6.1 126.9 ± 5.3 143.0 ± 14.1

CF 6 (%) 54.6 ± 6.8 49.6 ± 7.0 46.0 ± 7.1

GC 4 0.97 ± 0.24 0.87 ± 0.18 1.27 ± 0.33

GC 24 2.69 ± 0.24 2.80 ± 0.27 3.76 ± 0.30 0.01

GC 48 3.76 ± 0.20 4.10 ± 0.21 4.92 ± 0.05 <0.0001

AC t1/2 (h) 14.5 ± 1.7 12.1 ± 2.1 10.7 ± 1.9

Stool frequency per day 1.09 ± 0.13 1.50 ± 0.18 2.01 ± 0.15 <0.001

Stool consistency by Bristol
Stool Form Scale

3.51 ± 0.16 4.29 ± 0.19 4.80 ± 0.15 <0.0001

Ease of passage (scale1–7) 3.9 ± 0.03 4.1 ± 0.06 4.3 ± 0.06 <0.0001

B. Effects of Colesevelam on Transit, Bowel Function and Mucosal Permeability in Diarrhea-Predominant
Irritable Bowel Syndrome (mean ± SEM)

Placebo
N=12

Colesevelam
N=12

P

GE t1/2 (min) 119.6 ± 7.69 156.1 ± 17.36 0.14

CF 6 (%) 64.5 ± 8.17 58.5 ± 8.72

GC 4 0.81 ± 0.19 0.42 ± 0.16

GC 24 3.30 ± 0.33 2.68 ± 0.32 0.18

GC 48 4.47 ± 0.20 4.65 ± 0.13

AC t1/2 (h) 14.9 ± 3.58 18.85 ± 2.88

Stool frequency per day 2.25 ± 0.34 2.14 ± 0.31

Stool consistency by Bristol
Stool Form Scale

4.57 ± 0.35 3.78 ± 0.27 0.12

Ease of passage (scale1–7) 4.39 ± 0.11 4.18 ± 0.14 0.047

Urinary excretion of
mannitol 8–24 hr, mg

45.8±8.8 64.3±13.3 0.28

Urinary excretion of
lactulose 8–24 hr, mg

19.9±3.12 28.5±5.9 0.30

L:M ratio 8–24 hr 0.49±0.05 0.59±0.19 0.62
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