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Abstract
Background and Aim: Dioctahedral smectite (DS) is natural adsorbent clay useful in
treating acute diarrhea. The aim of this study was to determine DS efficacy on patients with
diarrhea-predominant irritable bowel syndrome (D-IBS in a phase III-, 8-week-
randomized, double-blind, placebo-controlled trial.
Methods: The 104 patients who met the D-IBS Rome II criteria were randomized to
receive either DS (n = 52) or placebo (n = 52) treatment for 8 weeks (three sachets daily).
The primary efficacy endpoint was the changes of the visual analog scale (VAS) score of
IBS overall disorder and pain/discomfort-related symptoms after treatment on days 28 and
56, respectively. Other outcome measures included improvement of bowel movement
disorders. The therapeutic global response was assessed by the patients and investigators at
each visit, as was drug safety.
Results: Both treatments diminished overall disorder at each visit (P < 0.01), with respect
to primary efficacy. This effect was further observed in DS-treated patients on day 56
(P = 0.0167). Placebo had no effect on the VAS score of pain/discomfort at any visit,
whereas DS improved this score on days 28 and 56, respectively (P < 0.05). DS and
placebo similarly diminished bowel disorders at each visit; however, only DS improved
abdominal bloating (P < 0.01). The global therapeutic responses evaluated by the patients
and investigators were similarly distributed. The study drug was well tolerated during the
8-week period.
Conclusion: DS seems acceptable to treat D-IBS patients, particularly for pain-related
symptoms.

Key words

abdominal bloating, diosmectite, functional
gastrointestinal disorder, irritable bowel
syndrome, Rome criteria.

Accepted for publication 23 November 2006.

Correspondence

Dr Full-Young Chang, Division of
Gastroenterology, Taipei Veterans General
Hospital, 201 Shih-Pai Road, Section 2, Taipei,
Taiwan 11217. Email: changfy@vghtpe.gov.tw

Introduction
Irritable bowel syndrome (IBS) is part of the larger group of
‘functional gastrointestinal disorders’ that share common features
in terms of motor, sensory and psychosocial dysfunctions, central
nervous system relationships, and approaches to patient care.1,2

Reported IBS prevalences usually occur in approximately
10–20% of the adult population worldwide. IBS impairs the
quality of life of sufferers, leading to excessive physician visits
and abseentism (from work or school).3–8 Until now, IBS diag-
nosis has been based on the recommended criteria. At least four
well-known diagnostic criteria in terms of Manning,9 Rome I,2

Rome II,2 and Rome III2,3 have been recommended. IBS patho-
physiology is still being debated. Current hypotheses include
gastrointestinal (GI) tract dysmotility,10 altered visceral or cen-
tral sensitivity,3,4,11 disordered autonomic functions,12,13 release
of inflammatory mediators,3,14,15 and psychosocial distur-
bances.2,3,5,16,17 Therefore, no unique treatment is always useful
based on these diverse mechanisms. For example, the various
modalities that have been the options for treating IBS ranged
from reassurance, education, to newly-developed receptor ago-

nists or antagonists.1,3,4,18–21 Basically, treatment is usually tai-
lored to the main IBS symptoms, such as diarrhea, constipation,
and pain.1,3,7 Apart from regular medication, there is now a trend
to use either herbal drugs or probiotics to treat IBS.22–24

Dioctahedral smectite (DS), the natural adsorbent clay formed
of fine sheets of aluminomagnesium silicate, is efficient in attenu-
ating the severity of acute diarrhea in children.25 Interestingly, an
early report indicated its efficacy on patients with chronic colono-
pathies.26 As an efficient and safe drug for the treatment of acute
diarrhea,27,28 we were interested in whether DS could offer efficacy
for diarrhea-predominant IBS (D-IBS) patients diagnosed based
on the Rome criteria. This phase III, randomized, double-blind,
placebo-controlled clinical study attempted to determine whether
the use of DS had any beneficial effects on D-IBS patients.

Methods

Patients

This study was conducted between August 2000 and July 2001 as
a single-center trial. Inclusion criteria were as follows: patients of
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both sexes, aged between 20 and 80 years, presenting typical
D-IBS symptoms, and having met the Rome II criteria for a
minimum of 1 year. Exclusion criteria were pregnancy or lacta-
tion, surgery on GI tract except appendectomy, malabsorption
diseases, hyperthyroidism, inflammatory bowel diseases, connec-
tive tissue diseases, severely progressive diseases, diabetes, psy-
chiatric disorders, substance abuse, milk intolerance, use of drugs
known to influence GI motility and alert symptoms for IBS diag-
nosis, such body weight loss, fever, and bloody stools. In addition,
patients aged �40 should not have had a colon organic disease
(except diverticulosis) via colonoscopic or radiological examina-
tion since the onset of their IBS symptoms.

Drug trial

The D-IBS patients who met the entry criteria were randomly
assigned to 8 weeks (56 days) of three daily treatments with either
DS or placebo taken orally 30 min before each meal. The random-
ization schedule was constructed by a computer-generated random
code system. The medication was packed in sachets which con-
tained either 3 g of DS (3 g diosmectite, 0.75 g monohydrated
glucose, 0.007 g saccharin sodium, and 0.004 g vanilla) or 3 g of
placebo (0.8 g hydrated glucose, 1.1 g corn starch, 0.008 g saccha-
rin sodium, 0.192 g talcum power, 1.11 g maltose dextrins, 0.006 g
caramel coloring [E150], and 0.004 g vanilla). Both the DS and
placebo sachets were identical in appearance and supplied by
Beaufour Ipsen (Paris, France). All of the patients were instructed
to immediately drink a well-stirred suspension containing a suffi-
cient amount of water. Initially, they were given the study drug for
a total of 4 weeks, a diary card, and rescue agent. At the end of the
4-week period, the patients returned to the study office and any
unused drugs and rescue agents were returned. They were given a
similar study drug for another 4 weeks, and rescue agents were
dispensed again. The study was conducted as monotherapy. If the
presenting diarrhea was too severe, loperamide could be used as
the rescue agent.

Efficacy evaluation

This study was approved by the Institutional Review Board of
Taipei Veterans General Hospital (Taiwan), and informed consent
was obtained in all cases prior to the study. One hundred and four
D-IBS patients were enrolled based on the above criteria. They
were assessed at baseline (day 0), the 4th week (day 28), and the
8th week (day 56) of treatment, respectively. Data on IBS symp-
toms, treatment response, and side-effects were recorded. The
patients themselves evaluated their overall IBS disorder using the
visual analog scale (VAS) on a scale of 0–10 (absence to intoler-
ance). In addition, the abdominal pain/discomfort intensity was
recorded at each visit using a horizontal 100-mm VAS ranging
from 0 = no pain to 100 = maximal pain. Bowel movement disor-
ders were measured by the number of stools passed during the 72 h
prior to the visit, stool consistency (assessed on a scale of four,
where 1 = hard, 2 = moderately hard, 3 = soft, and 4 = watery) and
the absence/presence of mucus. The study patients and investiga-
tors also evaluated the therapeutic global response. The ranking of
this response was determined by five categories: much improved,
all symptoms subsided; improved, definitely well improved, but

not eliminated; no change, remained similar; worse, bad compared
to before treatment; and much worse, very severe compared to
before treatment.

The primary efficacy endpoint was the changes of VAS score of
IBS overall disorder and pain/discomfort-related symptoms after
treatment at each visit. Other secondary outcome measures
included changes in bowel movement disorders and bloating. The
therapeutic global response was assessed by the patients and inves-
tigators, respectively, at each visit, as was drug safety.

Statistics

All values were expressed as mean and 95% confidence interval
unless otherwise specified. Fisher’s exact test, c2-test, ANOVA,
and ANCOVA were used for the comparisons, and all tests were
two-sided. The hypothesis was conducted at the 5% level of sig-
nificance, thus a P-value less than 0.05 was considered significant.

Results

Population description

Overall, 104 patients (52 in each group, respectively) were eligibly
enrolled in the study. Three patients (two in the DS group and one
in the placebo group) withdrew their informed consent early,
without administration of any study medication. Accordingly, 77
patients (37 in the group DS and 40 in the placebo group) finished
the trial at week 8, while 86 patients (41 in the DS group and 45 in
the placebo group) provided available efficacy data (Fig. 1). The
reasons for early termination in the DS group were non-
compliance of patient (one patient), patient’s own decision to
withdraw (seven patients), and side-effects related to the study
(seven patients); whereas those in the placebo group were patient’s
own decision to withdraw (seven patients), treatment failure (one
patient), and side-effects related to treatment (four patients; NS).
Table 1 illustrates the demographic and clinical characteristics of
patients divided into the two groups. There was no difference
between the two groups, except that abdominal bloating was com-
monly presented among DS patients (P < 0.01). The total sachets
used in the DS and placebo groups were 140.3 (126.7, 153.9) and
141.4 (128.9, 153.8), respectively, with a difference of -1.1
(-19.2, 17.0, NS). The total days of rescue agent consumption in
the DS and placebo groups were 3.1 (1.3, 4.9) and 4.9 (1.6, 8.2),
respectively, with a -1.8 (-5.6, 2.1, NS) group difference.

Efficacy results

Figure 2 illustrates the patients’ self-evaluation of their IBS overall
disorder throughout the whole study based on the VAS, with
regards to the primary efficacy endpoint. Compared to the base-
line, both treatments diminished the IBS overall disorder at each
visit (P < 0.01). The diminished scores of DS and placebo treat-
ment on day 28 were -1.92 (-2.6, -1.24) and -1.13 (-1.78,
-0.48), respectively, with group difference at -0.79 (-0.17, 0.015)
showing no difference between the group (P = 0.0973), whereas
these scores on day 56 were -2.57 (3.27, 1.88) and -1.38 (-2.05,
-0.071), respectively, with group difference at -1.19 (-2.16,
-0.022) showing significant difference between the groups
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Figure 1 Flow chart showing trial overview
among the 104 eligibly-enrolled, diarrhea-
predominant irritable bowel syndrome
patients. Dotted boxes represent number of
patients lost on follow up.

Table 1 Demographic and clinical characteristics of diarrhea-predominant irritable bowel syndrome (IBS) patients

DS
(n = 41)

Placebo
(n = 45)

P-value

Male (%) 23 (62.8) 31 (68.9) 0.267
Age (year) 53.8 (48.6, 59.0) 54.0 (49.0, 58.9) 0.969
Body weight; mean (kg) 63.1 (59.5, 66.6) 62.7 (59.3, 66.0) 0.872
Body height; mean (cm) 163.2 (160.6, 165.8) 165.6 (163.2, 168.1) 0.174
Duration of IBS (months) 88.6 (61.6, 115.5) 73.4 (47.6, 99.1) 0.419
Global IBS disorder, self evaluation (VAS, 0–10) 4.19 � 0.49 4.25 � 0.47 0.912
Mean � SE
Abdominal pain/discomfort (VAS, 0–100) 16.4 (9.2, 23.6) 17.2 (10.3, 24.0) 0.882
Abdominal bloating (%) 36 (87.8) 27 (60.0) 0.0065
Bowel movement disturbances

No. in the last 3 days 7.7 (6.3, 9.0) 8.7 (7.4, 10.0) 0.272
Urgency (%) 34 (82.9) 38 (84.4) 1.0
Incomplete defecation (%) 35 (85.4) 35 (77.8) 0.416
Watery stool (%) 11 (26.8) 9 (20) 0.592
Mucus in stool (%) 17 (41.5) 14 (31.1) 0.372

Only patients finished 4-week trial with available efficacy data were compared; Results are mean and 95% confidence interval unless specified; VAS,
visual analog scale; DS, Dioctahedral smectite.
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(P = 0.0167). The change of the VAS score of abdominal pain/
discomfort-related symptoms after treatment is illustrated in
Figure 3. Placebo had no effect on the VAS score of present pain/
discomfort at any visit, whereas DS obviously improved the scores
(diminished pain/discomfort) on day 28 (-6.72 [-12.0, -1.41]
versus 0.82 [-4.24, 5.88], with group difference at -7.54 [-14.87,
0.20], P < 0.05) and day 56 (-8.67 [-14.45, -2.89] versus -0.28
[-5.84, 5.28], with group difference at -8.39 [-16.42, -0.37],
P < 0.05), respectively.

The analytic results of bowel movement disorder are presented
in Table 2. Both DS and placebo treatment effectively diminished
bowel movement frequency at each visit (P < 0.001). However,
group differences were not found. Abdominal bloating was only
improved by DS at each visit (P < 0.01). Other symptoms of
urgency, incomplete defecation, and watery stools were markedly
improved by both treatments at each visit, while their group dif-
ferences were not significant. Improvement of mucus in stools was
markedly increased after DS treatment, whereas this improvement
was only found on day 28 in patients receiving placebo treatment
(P < 0.05); the group difference remained insignificant.

Both patients and investigators revealed a greater number of
DS- or placebo-related therapeutic global response (improved plus
much improved) at each visit with insignificant differences
(Table 3).

Safety results

The 101 patients who consumed at least one sachet of the study
drug were included in the safety population. Neither serious drug-
related adverse effects nor death were reported. However, three
patients were hospitalized during the trial (two in the placebo
group because of cellulitis and acute appendicitis; one in the DS
group because of renal stone). Constipation was the most common
effect related to DS treatment, but its occurrence was not different
from placebo (Table 4). Other recorded effects, including nausea,
abdominal pain, and dyspepsia were similar in both groups.

Discussion
The treatment of IBS is complex because the patient population is
usually heterogeneous.1 Until now, no single drug has been very
effective in treating all IBS symptoms.29 All our study patients met
the symptom-based criteria for IBS diagnosis, particularly con-
fined to diarrhea-predominant, as shown in Table 1.1 Our results
mainly indicated that DS appeared to be better than placebo in
improving IBS overall disorder as well as abdominal pain/
discomfort intensity after the 8-week treatment.

It has been recommended that the pharmacotherapy of IBS
should be directed at a specific symptom with the rationale being
either to modulate motility, sensitivity, or to treat associated psy-
chiatric disorders.1,3,30 In fact, abdominal pain/discomfort, the
main IBS symptom defined by Rome criteria, is one of the most
difficult symptoms to treat among IBS patients.1 Jailwala et al.31

pointed out that only smooth muscle relaxants could offer strong
evidence to relieve predominantly painful IBS symptoms. Clini-
cally, the description of pain in IBS patients has always been very
subjective. This means that pain perception varies from individual
to individual, while emotion, memory, culture, and psychosocial
situation additionally modulates its perception, grading, and
understanding.32 Thus, the definition of pain may be markedly
discrepant among the study designs. We attempted to evaluate this
main IBS symptom subjectively with the patients themselves. On
each visit, we found that DS treatment had better efficacy in the
VAS score of pain index compared to placebo. This result most
likely accounted for the superior efficacy of DS in relieving overall
IBS disorder on day 58. Our study of better primary endpoint
efficacy in reducing overall disorders as well as the pain intensity
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may confirm that IBS disorder is mainly painful or discomforting
in nature as defined by Rome criteria.1,7

Unlike 5-hydroxytryptamine receptor agonists or antagonists,33

DS does not directly modulate the visceral sensory or motor
pathway. It is of interest as to why DS can reduce the pain index
among our IBS patients. DS is a non-systemic specific alumino-
magnesium silicate with cytoprotective actions on gastrointestinal
mucosa. Preliminary study data obtained from rat digestive tracts
suggest that the content of mucus-producing cells could be
affected by DS, even following short-term treatment.34–36 This
natural clay appears to enhance the intestinal barrier function
leading to the prevention of mucosal damage.37 An in vitro study
also indicated that the apical effect of DS counteracts the disrup-
tion of the intestinal barrier induced by the release of pro-
inflammatory cytokines, including tumor necrosis factor-a.38

Based on the well-known observations of increased pro-
inflammatory cytokines in D-IBS patients,15,39,40 we are uncertain
as to whether the reported preliminary in vitro data of protective
mechanisms of this drug in the gut is likely to improve abdominal
pain/discomfort among the D-IBS patients. Such results in favor of
DS have been indicated by Opriu et al.41 in IBS patients with
accelerated bowel transit. Interestingly, beidellitic montmorillo-
nite, another coating clay with the ability to adsorb gas, is only
efficient in treating patients of constipation-predominant IBS
rather than other subtypes. Its therapeutic mechanism is suggested

to be due to the covering property leading to the modification of
the sensory inputs elicited by luminal chemical changes.42 Accord-
ingly, this kind of putative mechanism owned by natural clays to
treat IBS requires crucial future studies to confirm it.

Our results showed that apparent DS efficacy in treating
abdominal bloating was most likely due to the higher occurrence
of this symptom in the DS group, with regards to secondary
outcome measures. Similarly in a double-blind, placebo-
controlled study conducted on 350 patients with functional bowel
disorders corresponding to the Manning criteria, Dapoigny et al.43

illustrated that DS was an efficacious alternative to restrictive
dietary advice for visible abdominal swelling or bloating. DS is
initially indicated in treating acute diarrhea in adults27,28,44,45 as
well as children.25 In addition, DS has been used with success as a
symptomatic treatment for adults suffering from colonopathies
with accelerated transit.26 Unfortunately, the lack of difference
between the two study medications (DS vs placebo) in the action
on most bowel movement disorders at the end of the trial was
found in our study. It is still unclear whether this absent efficacy
was due to a type II error of the small analyzed sample size.29,46

Alternatively, our result of no DS efficacy in reducing most bowel
disorders in D-IBS patients suggests that these disorders are patho-
physiologically different from that of acute diarrhea. Finally, the
adverse events of DS were not apparent and its safety was accept-
able by our study patients. In conclusion, DS seems acceptable in

Table 2 Therapeutic changes of bowel movement disorders in diarrhea predominant irritable bowel syndrome (IBS) patients at each visit

Category DS Placebo Group difference P-value

No. of stool during the last 3 days
D 0 7.66 (6.29, 9.03) 8.71 (7.4, 10.02) 0.272
D 28 5.54 (4.67, 6.41)** 5.73 (4.9, 6.56)** 0.746
Change from baseline -2.50 (-3.27, -1.73) -2.63 (-3.36, -1.89) 0.13 (-0.94, 1.19) 0.816
D 56 5.59 (4.66, 6.53)** 5.10 (4.2, 6.0)** 0.45
Change from baseline -2.35 (-3.2, -1.51) -3.32 (-4.13, -2.51) 0.97 (-0.21, 2.15) 0.105

Abdominal bloating (%)
D 0 36 (87.8) 27 (60.0) 0.0065
D 28 19 (46.3)** 26 (57.8) -11.4% (-32.4, 9.6) 0.388
D 56 16 (43.2)** 10 (50.0) -6.8% (-29.0, 15.5) 0.649

Urgency (%)
D 0 34 (82.9) 38 (84.4) 1.000
D 28 22 (53.7)** 26 (57.8)** -4.1% (-25.1, 16.9) 0.828
D 56 12 (32.4)** 21 (52.5)** -20.1% (-41.7, 1.5) 0.107

Incomplete defecation (%)
D 0 35 (85.4) 35 (77.8) 0.416
D 28 24 (58.5)** 20 (44.4)** 14.1% (-6.8, 35.0) 0.204
D 56 14 (37.8)** 22 (55.0)** -17.2% (-39.1, 4.8) 0.172

Watery stool consistency (%)
D 0 11 (26.8) 9 (20.0) 0.592
D 28 1 (2.4)** 1 (2.2)** 0.2% (-6.2, 6.6) 0.519
D 56 0 (0)** 1 (2.5)** -2.5% (-7.3, 2.3) 0.36

Mucus in stool (%)
D 0 17 (41.5) 14 (31.1) 0.372
D 28 10 (24.4)* 6 (13.3)* 11.1% (-5.4, 27.5) 0.268
D 56 9 (24.3)* 9 (22.5) 1.8% (-17.1, 20.8) 1.0

Data in parenthesis of group difference are 95% confidence interval; DS: Dioctahedral smectite; Numbers of IBS patients in DS and placebo on day 28
(D 28) were 41 and 45, on D 56 were 37 and 40, respectively; *: compared to D 0 within category, P < 0.05; **: compared to D 0 within category,
P < 0.01.
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treating D-IBS patients, particularly in pain/discomfort-related
disorders, whereas its efficacy in reducing bowel movement dis-
orders is limited.
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drome patients undergoing dioctahedral smectite (DS) or placebo
treatment

Events DS
(n = 50)

Placebo
(n = 51)

P-value

Constipation (%) 5 (10) 2 (4) 0.269
Nausea (%) 4 (8) 2 (4) 0.436
Abdominal pain (%) 2 (4) 4 (8) 0.678
Dyspepsia (%) 2 (4) 0 (0) 0.243
Vomiting (%) 2 (4) 0 (0) 0.243
Dizziness (%) 1 (2) 1 (2) 1.0
Headache (%) 1 (2) 1 (2) 1.0
Malaise (%) 1 (2) 0 (0) 0.495
Insomnia (%) 1 (2) 0 (0) 0.495
Menstrual disorder (%) 1 (2) 0 (0) 0.495
Skin itching (%) 0 (0) 1 (2) 0.495

*Any patient administered the study drug was included in the safety
analysis.
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