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Abstract Acute diarrhea caused by an infectious organism is highly prevalent, particularly in developing countries,

and is usually self-limiting. The condition is a major contributor to the global disease burden and is

associated with a significant economic cost. The disease is common in children aged <5 years. It occurs as the
result of exposure to a diarrheogenic agent that alters intestinal absorption and/or secretion, resulting in an

increase in the volume of water that enters the colon beyond that which can be absorbed. Diarrhea almost

always occurs by one ormore of fourmechanisms: disruption of osmotic forces in the intestine; disruption of

normal secretory processes; disruption of epithelial cells or the epithelial tight junctions; ormotility disorders.

Oral rehydration therapy (ORT) is central to the management of acute diarrhea, and is sufficient to

prevent complications due to dehydration in most patients while the disease runs its course. However, ORT
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has no effect on the duration of the disease or frequency of bowel motions, and any agent that could meet

these needs would therefore be a useful addition to ORT.

Diosmectite is a natural aluminomagnesium silicate clay with a lamellar, non-fibrous crystalline structure

that gives it strong adsorbent properties. Its mechanisms of action are not yet fully understood, but are

probably multiple. Diosmectite reduces inflammation, modifies mucus rheologic properties, inhibits muco-

lysis, and adsorbs bacteria, bacterial enterotoxins, viruses and other potentially diarrheogenic substances.

A number of studies have shown that diosmectite reduces the duration of diarrhea and decreases the fre-

quency of bowel motions after 2 days of treatment in children withmild-to-moderate acute diarrhea. Two recent

trials have indicated a reduction in stool outputwith diosmectite. Because of its very favorable safety profile, with

no serious adverse effects, diosmectite is frequently used, mainly in European countries but also in Asia and

Africa. Diosmectite should be used as an adjunct, not an alternative, to ORT and, when needed, to antibacterial

therapy.

Acute diarrhea is defined as a diarrheal disease consisting of

the passage of unformed or watery stools three or more times

per day lasting up to 14 days.[1,2] Persistent and chronic diar-

rhea are diarrheal diseases lasting for >14 and >30 days, re-

spectively. Diarrhea occurs as the result of a nonspecific

intestinal response to various stimuli, including infections,

drugs, and inflammatory bowel disease.

Acute diarrhea is attributable to various infectious causes,

although the infecting organism(s) often cannot be identified.

Invasive diarrhea occurs when the infecting pathogen crosses

the mucosal lining of the gastrointestinal (GI) tract. Viruses,

particularly rotavirus, are the predominant pathogens asso-

ciated with diarrhea in developed countries, while bacteria are

the most frequent cause in developing regions.[3]

Diarrhea occurs when absorptive and secretory changes in-

crease the volume of water that enters the colon to a level be-

yond its absorptive capacity. It almost always arises as a result

of one or more of four basic mechanisms: osmotic diarrhea,

secretory diarrhea, exudative diarrhea, and diarrhea associated

with motility disorders. Osmotic diarrhea occurs when large

quantities of poorly absorbed, low molecular-weight solutes in

the lumen drive the transport of excessive water into the lumen

via osmotic forces.[4] Secretory diarrhea develops in response to

overstimulation of the secretory capacity of the intestinal

tract.[1,4] It usually occurs as a result of bacterial and viral en-

terotoxins. In exudative diarrhea, bacterial and viral pathogens

destroy epithelial cells or disrupt the tight junctions of the in-

testinal epithelium.[4] This allowswater and electrolytes,mucus,

and proteins to exude into the lumen due to the hydrostatic

pressure differential, where they may accumulate and cause

diarrhea. Motility disorders that accelerate intestinal transit

time can decrease absorption, causing diarrhea even when the

absorptive process itself is proceeding normally.[4]

Diarrhea is a major contributor to global morbidity and

mortality despite recent advances in understanding of the

pathogenesis, diagnosis, and treatment of enteric diseases. It is

less well recognized that the consequences of some causes of

infectious diarrhea can also include conditions such as irritable

bowel syndrome, hemolytic-uremic syndrome, malnutrition,

and Guillain-Barré syndrome.

Factors in the environment also play an important role

in the pathogenesis of infectious diarrheal disease. Mass food

processing and globalization of food supplies, increased inter-

national travel, and the emergence and spread of resistant

bacteria are all factors that contribute to diarrheal disease being

a concern for both developed and developing countries.

Although there has been a sharp decline in diarrhea-associated

mortality in developed countries, it is still a prevalent disease that is

associated with a significant economic burden. Developing

countries are particularly vulnerable to the consequences of

diarrhea.[5]

Acute gastroenteritis is characterized by acute-onset diar-

rhea with or without vomiting, nausea, fever, and abdominal

pain.[3] The symptoms and signs may be nonspecific in children.

It is estimated that there are 3–5 billion cases of acute gastro-

enteritis caused by GI tract infection annually among children

aged <5 years.[1] Previously, approximately 1.5 million children

aged <5 years died each year as a consequence of acute gas-

troenteritis, predominantly in developing countries, but this

figure has decreased considerably in the last 2 decades, mainly

as a result of improved management of the condition.[1]

As gastroenteritis is typically a self-limiting condition,

the main goal of therapy is to prevent complications secon-

dary to dehydration and its associated electrolyte disturbances

and metabolic acidosis.[3] Oral rehydration salt (ORS) solu-

tions are the recommended mainstay of treatment for acute

diarrhea, and are effective on their own in ‡95% of cases of

mild or moderate dehydration.[1] Oral rehydration therapy

(ORT) with ORS solutions has the obvious advantages over

intravenous (IV) fluid rehydration of being less costly and
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able to be administered in many settings, including the home.[6]

In cases of severe dehydration, or where ORT is contra-

indicated or the patient is unable to drink, IV rehydration

may be required initially, with early reintroduction of ORT

where possible. Continued feeding, including breast feeding,

is also important for children with acute diarrhea, and this is

considered feasible as soon as the first part of rehydration is

finished, i.e. not more than 6–8 hours.

While ORT is central to the management of acute diarrhea, it

does not reduce the frequency of bowel movements or the

duration of illness.[6] Alternative or adjunctive anti-diarrheal

agents that decrease the duration of diarrhea and are safe would

therefore be a valuable addition in the management of diarrhea.

The three main classes of anti-diarrheal drug that are used to

reduce stool frequency and/or volume and duration of symptoms

are anti-motility agents, anti-secretories, and adsorbents. How-

ever, it is important that any drug used to treat diarrhea, parti-

cularly in children, is safe and well tolerated, especially as it is

likely to be used in the home environment without extensive

physician supervision. An anti-diarrheal agent should also be

able to be used in conjunction with ORT, and be effective in dia-

rrhea of different etiologies. Anti-diarrheal agents are not usually

recommended for acute diarrhea in children, mainly because of a

lack of consistent efficacy data supporting their use in pediatric

patients, but also because of the potential for significant and/or
serious adverse effects associated with anti-motility or anti-

secretory agents. Adsorbents, on the other hand, are generally

well tolerated as they are not readily absorbed systemically.

Diosmectite (smectite, Smecta�; Ipsen, Boulogne-Billancourt,

France) is an oral formulation of a natural aluminomagnesium

silicate clay with a lamellar structure. It exhibits adsorbent prop-

erties, interacts withmucus, and has been shown to be an effective

and well tolerated anti-diarrheal agent, reducing the frequency of

stools and the duration of symptoms (see sections 2 and 4).

This review summarizes the pharmacodynamic activity of

diosmectite underlying its anti-diarrheal properties, and eval-

uates the clinical evidence for the use of diosmectite in the

treatment of diarrhea in children. Articles used for this review

were identifiedwithin theMEDLINEdatabase using the search

terms ‘diosmectite’ and ‘smectite.’ Additional references were

identified from the bibliographies of published articles.

1. Use of Medicinal Clays

1.1 History

The historical practice of geophagy has been reported on all

continents going back hundreds of years, particularly in tropical

regions; it is also seen in the animal kingdom in the use of salt licks

and mud wallows.[7] Clays have been used systemically to prevent

poisoning, to treat diarrhea and indigestion, and, topically, for the

treatment of skin andmouth ulcers and parasite eradication. Soils

that have historically been used for such purposes have typically

been found to be rich in ‘kaolin’ minerals, particularly smectite.

1.2 Current Utilization

Clays continue to be used today in a variety of indications.

In addition to their use as anti-diarrheal agents, which is the

focus of this article, there has been a resurgence in the use of

clays by complementary therapists for many of the indications

described in section 1.1. Other uses of clays include beauty

treatments, as lubricants in drilling, as sealants, and as emulsi-

fying and bleaching agents; indeed the clay extract bentonite is

used as a back-filling material in underground storage facilities

for radioactive nuclear material.[8]

2. Clinical Evidence of Effectiveness of Diosmectite

Diosmectite, a powder formulation for oral suspension, is a

natural clay formed from fine sheets of aluminomagnesium sili-

cate. The non-fibrous crystalline structure of diosmectite confers

significantly greater adsorbent properties than other clays used in

the treatment of diarrhea.[9] Diosmectite reduces inflammation

and inhibits the penetration of toxins through the mucus layer,

thus intervening between the intestinal lumen and the epithelial

cells (see section 4). The efficacy of diosmectite in the treatment of

acute diarrhea in children has been investigated in several con-

trolled clinical studies. Despite varying inclusion criteria and

outcome parameters, results have consistently demonstrated the

efficacy of diosmectite.

In the largest trial to date, 804 children aged 3months to 5 years

with acute-onset, mild-to-moderate diarrhea were randomized to

receive ORS plus diosmectite 3 or 6 g/day or ORS therapy alone

for 5 days.[10] Efficacywas assessed according to the total duration

of diarrhea, stool frequency and consistency, incidence of vomit-

ing and fever, the number of children with diarrhea lasting

>7 days, and the number of children requiring hospitalization.

Adjunctive therapy with diosmectite significantly improved

frequency of stool outputs and stool consistency on days 2–5

compared with ORS alone. By day 6 of treatment, the differences

in improvement between the treatment groups were not sig-

nificant.Diarrhea lasting>7 days affected fewer children receiving
diosmectite plus ORS thanORS alone (10.8% vs 18.1%; p< 0.01).
Other outcomes such as hospital admission, and incidence and

duration of vomiting and fever did not differ between treatment
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groups. Diosmectite was well tolerated and no treatment-related

adverse events were reported. Up to 20% of children did not

comply with the 5-day diosmectite regimen, including 2.8% who

refused even one dose. The most commonly reported reason for

the noncompliance was the unpleasant taste of the diosmectite

formulation. Comparative control tolerability data were not

reported.

In a placebo-controlled study, 90 boys aged 3–24months with

acutewatery diarrhea andmild, moderate, or severe dehydration

were randomized to receive, following rehydration therapy,

diosmectite 1.5 g four times daily for 3 days or placebo.[11]Unlike

the previous study, all patients completed the regimen; the

treatment was administered under supervision. The mean

duration of diarrhea in diosmectite recipients was significantly

shorter than in placebo recipients (54 vs 73 hours; p= 0.001). The
difference between the groups became statistically significant

24–48 hours after the start of treatment. Diosmectite was also

associated with significantly fewer diarrheal stools overall (11.3

vs 13.8; p= 0.001). Weight gain at 24, 48, and 72 hours was

significantly greater with diosmectite, despite comparable fluid

and food intake between the groups. Diosmectite was well tol-

erated and did not interfere with normal feeding or ORT.

Two similarly designed studies in Thailand evaluated the ef-

ficacy, acceptability, and safety of diosmectite in hospitalized or

outpatient pediatric patients aged 1–24 months with mild-

to-moderate acute diarrhea.[12,13] In the study of hospitalized

patients, infants were randomized to receive diosmectite 1.5 g

every 6, 8, or 12 hours depending on bodyweight in combination

with ORS (n= 32) or ORS alone (n= 30).[12] The duration of

diarrhea was almost halved in diosmectite recipients (43.3 vs 84.7

hours; p< 0.005). By day 5, only 3% of infants whowere receiving

diosmectite continued to have diarrhea compared with 27%
treated with ORS alone. In the outpatient study, 66 infants were

randomized to receive rehydration plus diosmectite 1.5 g every

12 hours (n= 34) or IV or oral rehydration alone (n= 32).[13]

Diarrhea had resolved in 71% of diosmectite recipients by day 3

of treatment, comparedwith 34%of infants receiving rehydration

alone (p< 0.01). On day 5 of treatment, the incidence of diarrhea

was 12% in the diosmectite group compared with 34% in the

rehydration-alone group (p= 0.04). The acceptability of dios-

mectite was rated as ‘good’ by 88% of children in the outpatient

study. There was a tendency for more patients in the diosmectite

group to experience constipation in both studies; three cases

in the outpatient study and two participants in the study with

hospitalized infants had hardened stools. Two of the hospitalized

infants refused medication because of vomiting, a difficulty

resolved by moving diosmectite administration to the prepran-

dial period.

Diosmectite combined with ORS was also shown to be more

effective than ORS alone in a randomized, open-label, multi-

center study involving 54 children aged 6–48 months hospita-

lized in Lithuania with acute diarrhea and mild or moderate

dehydration.[14] Diosmectite significantly reduced the duration

of diarrhea compared with ORS alone (42.3 vs 61.8 hours;

p < 0.05). Electrolyte levels were also evaluated. Sodium levels

increased significantly during treatment in both groups; the

levels did not exceed normal levels and normalized in patients

with hyponatremic dehydration, suggesting that diosmectite

did not impact on the absorption of electrolytes. No treatment-

related adverse effects occurred in this study.

Gilbert et al.[15] compared the efficacy of diosmectite with

that of loperamide in a placebo-controlled study involving

56 children aged 2–22months withmoderate or severe diarrhea,

mostly secondary to rotavirus infection. Resolution of diarrhea

occurred in 3.22 and 3.07 days with diosmectite and loper-

amide, respectively, compared with 4.08 days for placebo; the

difference between diosmectite and loperamide was not sig-

nificant. Although tolerability data were not formally obtained

in this study, the treating physicians reported that tolerability

was ‘good’ in all cases. Currently, no other studies have directly

compared the efficacy of diosmectite with anti-motility drugs,

anti-secretory drugs, or other adsorbent agents.

A recent meta-analysis of randomized, controlled clinical

trials includedmany of the clinical studies cited previously in this

review (table I).[19] Six trials (n= 1076) found that diosmectite

significantly reduced the duration of diarrhea by a mean -22.7
hours (95%CI -24.8, -20.6) compared with controls. Data from

two trials[19] (n= 125) showed that the frequency of stools was

reduced at 48–72 hours and 72–96 hours after start of treatment

with diosmectite, compared with placebo; no difference between

diosmectite and placebo was evident at <48 hours. The relative

chance of resolution of diarrhea on day 3 of diosmectite treat-

ment was 1.64 (95% CI 1.36, 1.98) compared with controls,

which was statistically significant; the number of patients needed

to treat to resolve one case of diarrhea was 4 (95% CI 3, 5). The

analyses did not detect any differences between diosmectite and

placebo in the incidence of vomiting or compliance with treat-

ment. Available tolerability data indicated only a nonsignificant

trend for more diosmectite than placebo recipients to experience

constipation. While acknowledging the limitations inherent in

any meta-analysis, and the methodologic limitations of the in-

cluded studies, the investigators concluded that the results of the

meta-analysis were promising and suggested that some children

with acute diarrheamay benefit fromusing diosmectite.However,

they also cautioned that if diosmectite is to be used, then pa-

tients, parents, and physicians need to be mindful that the focus
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is not removed from appropriate rehydration, electrolyte, and

nutritional therapies. The investigators also noted that further

well conducted research is needed to determine which patients

(e.g. age, invading pathogen type, outpatient vs inpatient) will

gain the greatest clinical benefit, the most effective dosing re-

gimen, the cost effectiveness or otherwise of therapy, and the

tolerability of diosmectite.

Very recently, two randomized, parallel, double-blind, placebo-

controlled studies in Peru (n= 300) and Malaysia (n= 302) were
undertaken to examine the efficacy of diosmectite for reducing

stool output in children aged 1–36 months with acute diarrhea.[20]

Inclusion criteria included ‡3 watery stools/day for <72 hours

and a weight :height ratio ‡0.8. In addition to ORT (WHO

formula), patients received diosmectite (6 g/day in children aged

1–12 months and 12g/day in children aged 13–36 months) for

‡3 days, followed by half doses until complete recovery. Stool

output was significantly lower with diosmectite, particularly

among rotavirus-positive children. In pooled data, a mean stool

output of 94.5– 74.4 g/kg was observed in the diosmectite group

versus 104.1– 94.2 g/kg in the placebo group (p= 0.002).[20]

3. Pathophysiology of Diarrhea

3.1 Microcellular Changes and Mechanisms in Diarrhea

3.1.1 Inflammatory Response to Enteric Pathogens

Intestinal epithelial cells can trigger a large immune response

to pathogenic organisms.[21-23] Adhesion or invasion of enteric

pathogens stimulates an inflammatory response in the adja-

cent intestinal mucosa via a number of different mechanisms

(figure 1). Bacterial invasion results in the coordinated expres-

sion and upregulation of proinflammatory cytokines by epithe-

lial cells.[24] It has also been demonstrated that when intestinal

epithelial cells are infected by microbes, for example, entero-

pathogenic Escherichia coli (EPEC), an inflammatory response

mediated by nuclear factor-kB is activated.[23] Indeed, many

enteric pathogens are capable of activating inflammatory

responses.[21]

3.1.2 Alterations to Fluid and Electrolyte Secretion

Secretion of chloride is the main determinant of hydration

in the lumen. The main chloride transporters affected by

pathogens are the cystic fibrosis transmembrane conductance

regulator (CFTR) and calcium-driven chloride channels.

Cholera enterotoxin, E. coli types I and II heat labile entero-

toxins, and Clostridium difficile, for example, activate CFTR

via induction of cyclic adenosine monophosphate (cAMP),

which stimulates electrogenic chloride secretion, ultimately

leading to diarrhea. Chloride secretion can also be stimu-

lated via cyclic guanosine monophosphate (cGMP)-mediated

pathways by heat-stable enterotoxins produced by entero-

aggregative E. coli or enterotoxigenic E. coli (ETEC).[25]

Nonbacterial pathogens, especially rotavirus, have also been

associated with production of the viral glycoprotein entero-

toxin NSP4, which is associated with intracellular calcium-

driven chloride secretion.[26]

Table I. Significant clinical effects of diosmectite compared with controls in randomized controlled trials[19]

Effect of diosmectite Studies included No. of patients Results (95% CI)

Mean reduction in duration of diarrhea Guarino et al.[10]

Lachaux et al.[16]

Madkour et al.[11]

Narkeviciute et al.[14]

Vivatvakin et al.[12]

Zong et al.[17]

1076 -22.7 h (-24.8, -20.6)

Weighted mean difference in frequency of diarrhea Madkour et al.[11] 125 At 48–72h: -0.58 (-0.9, -0.3)

Osman et al.[18] 44 At 72–96h: -1.87 (-3.0, -0.7)

Weighted mean difference in total number of stools Madkour et al.[11] 90 -2.5 (-3.8, -1.2)

Relative chance of cure Lachaux et al.[16]

Lexomboon et al.[13]

Madkour et al.[11]

Vivatvakin et al.[12]

254 Day 3 of treatment

Fixed effect model: 1.64 (1.36, 1.98)

Random effect model: 1.55 (1.29, 1.87)

NNT: 4 (3,5)

Risk of diarrhea lasting >7 days Guarino et al.[10] 804 RR: 0.6 (0.42, 0.85)

NNT: 14 (9, 42)

NNT= number needed to treat to stop diarrhea lasting >7 days in one patient; RR= risk ratio.

Diosmectite for Children with Acute Diarrhea 93

ª 2009 Adis Data Information BV. All rights reserved. Pediatr Drugs 2009; 11 (2)



3.1.3 Role of Mucus

Pathogens can trigger an inflammatory response at the

level of the intestinal mucosa itself [22,24] causing disruption of

the intestinal barrier, which results in heightened crossing

by macromolecules, including antigens, thereby probably

facilitating a self-perpetuating process of mucosal inflam-

mation.[22] This inflammation can destroy the mucosa and

cause diarrhea.

3.1.4 Role of Enterocytes

Colonic epithelial cells may be ‘programmed’ to provide

chemotactic and activating signals to nearby immune and

inflammatory cells following a pathogenic invasion. Further-

more, tumor necrosis factor (TNF)-a and interleukin (IL)-1

produced by neighboring cells within the epithelial micro-

environment following microbial invasion stimulate the

production of proinflammatory cytokines by epithelial cells,

amplifying the mucosal inflammatory response.

3.1.5 Role of Cytokines/Endotoxins
Bacterial invasion has been shown to result in the co-

ordinated expression and upregulation of proinflammatory cyto-

kines by epithelial cells.[24] Many pathogens produce endotoxins,

which can also contribute to the pathophysiology of acute

diarrhea by disruption of calcium-, cAMP-, and cGMP-mediated

fluid and electrolyte secretion, alteration of the tight junction

barrier function, and activation of inflammatory pathways.[21,4]

3.1.6 Alteration of Cellular Tight Junction

The tight junctions of epithelial cells can be disrupted by enteric

pathogens either by alteration of the cellular cytoskeleton or by

affecting specific tight junction proteins.[21] C. difficile, EPEC,

PEEC EPEC Helicobacter pylori Shigella spp.

TRAF2/TRAF6

NIK
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RICK

IKK
Flagellin

PKC

ARNO

ARF6 Porins

Mitogen-activated protein
kinases (p38, JNK, ERK1/2)

PKCζ

IκB

NF-κB

AP-1 JNK

MyD88
Neutrophil
transmigration
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Lipopolysaccharide

Salmonella spp.
Sip A

IL-8, etc.

Fig. 1. The main enteric pathogen-induced proinflammatory pathway, which results in nuclear factor-kB (NF-kB)-mediated transcription of interleukin (IL)-8.

Secreted IL-8 and other factors such as pathogen-elicited epithelial-derived chemoattractant (PEEC) stimulate the transepithelial migration of neutrophils to the

lumen, where they target pathogens for destruction. The precise bacterial components involved in inducing an inflammatory response and the details of the

signaling pathways involved have not been determined for all pathogens, but mitogen-activated protein kinases play a fundamental role in many of these

pathways. Pathogen-associated molecular patterns (e.g. lipopolysaccharide and flagellin) induce a response by binding to cognate toll-like receptors to elicit a

response.Non-IL-8-mediated proinflammatory pathways are also present in epithelial cells (reproduced fromBerkes et al.,[21] with permission).AP-l= activating
protein 1; ARF6= adenosine diphosphate (ADP) ribosylation factor 6; ARNO=ARF nucleotide-binding site opener; CARD4= caspase recruitment domain

protein 4;EPEC= enteropathogenicEscherichia coli;ERK= extracellular signal-regulated kinase; IkB= inhibitory protein kb; IKK= Ikb kinase; JNK= c-JunNH2
terminal kinase; MyD88=myeloid differentiation primary response protein 88; NIK=NF-kB-inducing kinase; PKC= protein kinase C; RICK= receptor-
interacting protein (RIP)-like interacting caspase-like apoptosis regulatory protein kinase; Sip A =Salmonella invasion protein A; TRAF = tumor necrosis factor

(TNF) receptor-associated factor.
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C. perfringens, Bacteroides fragilis, and Vibrio cholera are all

known to interfere with the tight junction barrier.[21]

4. Mechanisms of Action of Diosmectite

There are, up to now, three broad mechanisms by which

diosmectite is thought to help in the treatment of diarrhea,

all of which ultimately involve disruption of the interaction

between the intestinal lumen and intestinal epithelial cells.

First, diosmectite reduces inflammation; secondly, it binds with

the mucus barrier, altering its rheologic properties and inhibi-

ting mucolysis; and thirdly, it adsorbs toxins, other compounds,

and infectious agents that can damage the mucus lining.

4.1 Anti-Inflammatory Activity

The anti-inflammatory mechanism of diosmectite probably

involves inhibition of proinflammatory markers. Diosmectite

has demonstrated significant anti-inflammatory activity in

an experimental rat model of hapten-induced colitis.[27]

Furthermore, the level of anti-inflammatory action was

comparable to that of established treatments such as sulfasa-

lazine. Possible anti-inflammatory mechanisms include ad-

sorption of luminal antigens produced during the inflammation

process, an increase in colonic mucin levels, and modulation of

cytokine production by mucosal cells; several effects on

proinflammatory cytokines have been demonstrated that con-

tribute to the anti-inflammatory effects of diosmectite (see

section 4.4).

4.2 Interactions with Mucus

Diosmectite binds to the mucus layer in the intestines where

it induces physicochemical changes in mucopolysaccharides

that alter their rheologic properties.[28,29] Droy et al.[29] showed

that pretreating rats with diosmectite provided protection

against morphologic damage caused by bile salts, an effect

believed to be related to reduced penetration of toxins through

the mucus layer.

Rateau et al.[30] investigated the effect of diosmectite in a

rabbit ileum model in which mucolysis was controlled by su-

crase and protease enzymes produced by pathogenic bacteria.

Diosmectite inhibited mucolysis and reduced destruction of the

luminal surface membranes of most epithelial cells in animals

infected with EPEC.Diosmectite did not influencemucus levels

in uninfected animals. In anesthetized rats, diosmectite pro-

tected the adherent gastric mucus layer from pepsin-induced

mucolysis when administered 30 minutes prior to pepsin

challenge.[31] When given up to 16 hours prior to pepsin chal-

lenge, diosmectite was able to prevent gastric mucosal hemor-

rhage and histologic epithelial damage.Mucin degradation was

also significantly reduced in rats that received diosmectite

30minutes or 2 hours before pepsin challenge, but the reduction

was not significant when diosmectite was administered 16 hours

before pepsin challenge. Diosmectite was also found to effec-

tively increase the thickness of the mucus layer in rats shortly

after administration. The thickness was greatest at the

30-minute measurement, and had declined to 8% of that max-

imum 16 hours after administration. The histologic findings

suggest that diosmectite mixes with the adherent mucus, rather

than forming two separate layers. In addition to binding to the

mucus layer, diosmectite may also inhibit the actions of pepsin,

as there was evidence of inhibition of pepsin-induced mucolysis

in rats that received diosmectite.

It is believed that diosmectite exerts its action on mucus, at

least in part, by binding to mucins, thereby protecting them from

damage resulting from the presence of inflammation.[27] Dios-

mectite significantly increased colonic expression of mucin 2,

the main secretory gel-forming mucin in the colon. However,

the effect is post-transcriptional, as the mucin-2 gene messenger

RNA level was unchanged by diosmectite in vivo.

4.3 Adsorption of Toxins

Data from in vivo animal studies and in vitro experiments

indicate that diosmectite is able to protect the intestinal mucosa

by adsorbing bacteria, bacterial toxins, viruses, and other in-

testinal irritants.[9,11] Increased gastric emptying associated

with administration of a trichothecene mycotoxin was reduced

in mice when they were pretreated with diosmectite 4 days

earlier, or when diosmectite was incubated with the toxin for

24 hours prior to administration. However, diosmectite had no

effect on gastric emptying when it was administered con-

currently with the toxin (and with no prior incubation). Dios-

mectite administered on its own also had no effect on gastric

emptying, indicating the effect was dependent on the presence

of the toxin.[9] The fact that incubating the toxin with dios-

mectite in vitro prior to administration was effective in pre-

venting accelerated gastric emptying suggests that diosmectite

may be able to adsorb the toxin. However, the findings that

diosmectite is normally eliminated within 16 hours and that

protection was conferred when diosmectite was administered

4 days before the toxin[9] support an additional mechanism

independent of adsorption of the toxin by smectite in the stomach.

The ability of diosmectite to adsorb E. coli and V. cholera

heat-labile toxins, ETEC heat-stable toxins, and
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enterohemorrhagic E. coli verotoxin has been investigated in

cell cultures and newborn mice.[32] At the pH of intestinal

chyme, diosmectite efficiently adsorbed labile toxins by hy-

drogen bonding, preventing fixation of the toxins to cellular

membrane receptors. Diosmectite adsorbed verotoxin in an

acidic environment, but not at an alkaline pH. Stable toxin was

only slightly adsorbed.

Diosmectite has been shown to completely bind C. difficile

toxins A, B, and C and C. perfringens enterotoxin in vitro at

dilutions of 1 : 2–1 :16, with partial binding observed at greater

dilutions.[33]C. difficile endotoxinwas>99%bound to diosmectite

at dilutions of 1 : 2–1 : 32. The same study also demonstrated that

diosmectite had no effect on bacterial growth or the effect of

metronidazole in vitro. The ability of diosmectite to minimize the

effects of C. difficile enterotoxin B has also been observed in

McCoy cell lines.[34] That study also showed that diosmectite was

able to eliminate toxic effects of enterotoxins fromB. fragiliswhen

incubated in theHT29-C1human colon adenocarcinoma cell line.

Clark et al.[35] investigated adsorption of rotavirus and

coronavirus in vitro by a variety of adsorptive agents. Dios-

mectite was not one of the agents included in the investigation.

However, given that all of the tested agents showed excellent

virus-adsorbing properties, it is tempting to speculate that

diosmectite may also possess such capabilities.

4.4 Interactions with Cytokines

Compared with controls, diosmectite significantly reduced

levels of IL-1b and inhibited the increased synthesis of

myeloperoxidase normally seen in colitic rats.[27] This is

suggestive of decreased neutrophil infiltration and activation of

monocytes, which would be consistent with a decrease in the anti-

genic load. This scenario was further supported by decreased

levels of inducible nitric oxide synthase and histologic findings.

Diosmectite may also modulate the mucosal inflammatory

response. Using the HT29 human epithelial cell line as a model

for the interface between diosmectite and the colonic epithelium,

the same investigators found that diosmectite dose dependently

inhibited basolateral secretion of IL-8 by intestinal epithelial

cells in response to lipopolysaccharide stimulation.[27] IL-8 is

one of the important proinflammatory cytokines released by

epithelial cells following penetration of endotoxic or endotoxin-

bearing pathogens. Diosmectite also dose dependently reduced

IL-1b levels produced by humanmonocytic cell line THP-1 cells

in response to lipopolysaccharide stimulation, suggesting that

diosmectite may have potentially greater anti-inflammatory

activity if the integrity of the epithelium is impaired. However,

it must be noted that these findings are from in vitro studies.

Further evidence of the ability of diosmectite to act from

the luminal side of the intestinal epithelium to reduce the con-

sequences of inflammation arises from a study investigating

the effect of apical diosmectite on the intestinal dysfunction

induced by basal TNFa.[36] Incubation of monolayers of the

intestinal cell line HT29-19A with TNFa and interferon-g al-

tered the intestinal barrier function, resulting in a paracellular

leakage in the epithelial layer. Addition of diosmectite com-

pletely restored the barrier capacity of the epithelial layer, as

measured by a significant reduction in ionic conductance and

mannitol and horseradish peroxidase fluxes. Furthermore,

diosmectite was found to have no effect on permeability in the

absence of TNFa.

4.5 Interaction with Digestive Fluids

Diosmectite has been found to decrease gastric, but not

jejunal or colonic,motility in dogs fromday 3 of treatment in the

absence of diarrhea-producing stimuli.[37] When cholera toxin

was also administered, diosmectite administered 3 days later

appeared to restore the cholera toxin-induced disruption of GI

cyclical activity. Mannitol infusion on its own disrupted gastric

and jejunal cyclical migrating motor complexes, which stimu-

lated colonic motility activity and resulted in diarrhea 45–60

minutes after the start of the infusion. When the mannitol in-

fusions were administered 3 or 6 days after diosmectite initia-

tion, disruption of gastric and jejunal activity persisted, but the

disturbances in colonic motility were absent, and development

of diarrhea was delayed by >7 hours. The investigators postu-

lated that diosmectite probably enhanced fluid absorption by

some mechanism. The differing effects suggest that diosmectite

may have different mechanisms on different sections of the GI

tract under various conditions.

4.6 Effect on Intestinal Permeability

In addition to the pre-clinical evidence, the effect of dios-

mectite on intestinal permeability has been investigated in

children with acute gastroenteritis.[38] Patients received dios-

mectite 1.5–6 g three or four times daily depending on their

bodyweight, or placebo. Diosmectite significantly improved

urinarymannitol clearance 2days after treatment, comparedwith

placebo. This finding that the intestinal absorption of mannitol

was superior in diosmectite recipients suggests that the absorp-

tive capability of the intestine had been increased by diosmectite.

4.7 Effect on Secretory Mechanisms

Diosmectite altered the net ion fluxes and fluid changes in

favor of absorption, and consequently counteracted microbial-
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induced water excretion, in rabbit ileal mucosa exposed to

ETEC.[30] These effects are believed to be secondary to reduced

bacterial mucolysis and diminished destruction of the luminal

surfacemembranes of the intestinal epithelium by themicrobial

pathogens. Chloride andmagnesium adsorption were increased

and bicarbonate secretion was decreased by diosmectite; goblet

cell degradation was ameliorated. Increased absorption of

magnesium indicated that the cellular integrity was preserved.

These findings could contribute to the anti-diarrheal effects of

diosmectite in infectious diarrhea in humans.

5. Discussion

Diosmectite is available in more than 50 countries and is

frequently used with good effect to reduce the duration of

diarrhea. However, it is currently not recommended by the

WHO for routine use in children with acute diarrhea because of

the additional costs and efficacy of ORT.[39] TheWHO recently

recommended use of zinc as an adjunct therapy to ORT in the

treatment of acute diarrhea in children.[39] To date, no studies

have shown whether concomitant use of diosmectite will affect

zinc absorption. However, it should be noted that because of

the adsorbent properties of diosmectite it should be adminis-

tered at a different time to othermedications. Although no cost-

effectiveness studies have been published, it is possible that the

additional cost of diosmectite is offset by the reduced duration

of disease and length of hospital stay and time spent by parents

looking after children with diarrhea. It has also been proposed

that diosmectite might be useful for managing infectious diar-

rhea where extensive use of antibacterial agents has led to the

emergence of multi-resistant organism strains.[13]

The precise process(es) by which diosmectite acts to decrease

diarrhea have yet to be established and appear to be quite com-

plex. Impairment of the structure or function of the intestinal

mucosa always occurs with infectious diarrhea[14] and the anti-

diarrheal properties of diosmectite probably include protection

against damage to the intestinal mucosa by diarrheogenic agents.

Current data suggest thatmultiplemechanismsmay contribute to

the anti-inflammatory effect, but it is likely that the decrease in

proinflammatory cytokines reported in several studies is sec-

ondary to effects that occur in the lumen. Diosmectite is not

absorbed from the lumen into the epithelial cells[40] and, there-

fore, probably inhibits some pathogens in the lumen that induce

inflammation of the gut wall. Proposed mechanisms by which

diosmectite acts at the luminal level include increased thickness of

the mucus layer, absorption of or binding to endotoxins, ab-

sorption of proteins and antigens associated with inflammation,

increase in colonic mucin, and decreased mucolysis[11] (which

may also be secondary to enterotoxin adsorption). As previously

mentioned (in section 4.2), Rateau et al.[30] determined that

diosmectite inhibits mucolysis caused by EPEC infection. In

their study, they acknowledge that smectite may have inhibited

mucolysis by adsorbing enterotoxins, thereby masking their

action on the goblet cells. Diarrhea is probably decreased by the

anti-inflammatory effects of diosmectite resulting in ameli-

oration of increased fluid secretion normally associated with

inflammation. Changes in the absorptive properties of the in-

testine in the presence of diosmectite may also alter fluid and

electrolyte secretion and absorption, whichmay also contribute

to the anti-diarrheal effects.[37]

While it is tempting to deduce from these data that dios-

mectite acts as a physical barrier to proinflammatory me-

chanisms, there are data showing that diosmectite can provide

anti-diarrheal activity several days after administration (by

which time it would have been eliminated from the intestinal

lumen), suggesting that there is also likely to be a reinforcing

effect of the natural defense mechanisms contributing to the

overall anti-inflammatory effect.[9]

A significant effect of diosmectite on stool output was also

recently demonstrated as a primary outcome in two placebo-

controlled trials in young children with acute diarrhea.[20] Al-

though not designed with this aim, these studies showed that

diosmectite was particularly effective in rotavirus-positive

children. This effect could be related to both the higher stool

output in rotavirus-positive patients and to the pharmacologic

properties of diosmectite. It may also be related to the fact that

a pharmacologic effect is more likely demonstrated when

symptoms are more pronounced. An additional reason may

be that rotavirus itself induces a secretory process at the entero-

cyte level that could be counteracted by diosmectite.

Oral antibacterials may also be indicated for patients with

diarrhea, and diosmectite should not be considered a replace-

ment for antibacterial therapy where it is indicated (e.g. in

invasive diarrhea).[12,13] Furthermore, because of the effects of

diosmectite on the GI system, other orally administered drugs

may be inadequately absorbed when given concomitantly.

Therefore, a delay of 60–90 minutes between administration

of diosmectite and oral antibacterials or any other orally ad-

ministered agents that rely on absorption is recommended.

ORT, on the other hand, is not adversely affected when

administered concomitantly with diosmectite.[14]

6. Conclusion

Diosmectite has demonstrated adsorbent and anti-

inflammatory activity in both in vivo and in vitro studies. There
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are several mechanisms by which diosmectite can treat diar-

rhea. Diosmectite reduces inflammation, probably via a direct

modulatory effect on cytokine production by mucosal cells. It

can bind with the mucus barrier and alter its rheologic prop-

erties, inhibiting mucolysis and increasing colonic mucin.

Diosmectite has also been shown to adsorb toxins and other

compounds that can damage the mucus lining, including bac-

terial enterotoxins and viruses, and it enhances the absorptive

capability of the gut in vivo.

Although ORT remains the cornerstone of treatment for

mild-to-moderate acute diarrhea, several controlled clinical trials

in children with mild-to-moderate acute diarrhea have provided

evidence that diosmectite significantly reduces stool output, the

duration of diarrhea, stool frequency, the time to improved stool

consistency, and the incidence of protracted cases of diarrhea

(i.e. >7 days). Because of its lack of systemic absorption, dios-

mectite is also well tolerated, even by very young children. It can

be administered as an adjunct to ORT without affecting its ab-

sorption or efficacy, but antibacterial agents need to be ad-

ministered at least 60–90minutes before or after diosmectite. The

efficacy of diosmectite has been assessed mainly in eight con-

trolled studies in children in developed and developing countries

with mild-to-moderate acute diarrhea, both in hospital and

ambulatory settings. Studies to determine the cost effectiveness

of diosmectite in combination with ORT would also be useful.
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