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ackground & Aims: Many therapeutic attempts have
emonstrated to be ineffective in reducing the severity
f congenital chloride diarrhea and its long-term com-
lications. The short-chain fatty acid butyrate stimulates
ntestinal water and ion absorption through a variety of
echanisms, including the activation of a parallel Cl�/
utyrate and Na�/H� exchanger. In this case report, we
eport the therapeutic efficacy of butyrate on an 11-year-
ld patient affected by congenital chloride diarrhea.
ethods: The efficacy of increasing doses of oral bu-
yrate (from 50 to 100 mg/kg/day) was investigated
hrough the daily evaluation of stool volume, bowel
ovements, fecal incontinence, serum, and stool elec-
rolytes concentrations. The modifications in transepi-
helial intestinal ion transport elicited by butyrate were
xamined by rectal dialysis study. Results: A butyrate
ose of 100 mg/kg/day induced a normalization of
tool pattern and of serum and fecal electrolytes con-
entration. The rectal dialysis study demonstrated a
roabsorptive effect induced by butyrate on Na�, Cl�,
nd K� intestinal transport. Butyrate therapy was well
olerated during the entire 12-month observation period,
nd the stool pattern and fecal and serum ion concen-
rations remained stable within the normal ranges. No
linical adverse events or episodes of dehydration re-
uiring hospital care were observed. Conclusions: Bu-
yrate could be effective in treating congenital chloride
iarrhea. It is easily administered, useful in preventing
evere dehydration episodes, and may be a promising
herapeutic approach for a long-term treatment in this
are and severe condition.

ongenital chloride diarrhea (CLD) (Online Mende-
lian Inheritance in Man no. 214700) is an inherited

ntestinal electrolyte transport disorder transmitted in an
utosomal recessive manner because of mutations of the
olute carrier family 26, member 3 (SLC26A3) gene.
his gene is located near the cystic fibrosis transmem-
rane conductance regulator gene.1,2 The disease is char-
cterized by persistent, life-long intestinal Cl� malab-
orption, deriving from a reduced activity of the Cl�/
CO3

� exchanger.1,2 The main clinical feature is
renatal onset of watery diarrhea, which may complicate
regnancy by inducing premature birth and polyhy-
ramnios.3,4 However, the overall clinical picture and
utcome could range from severe neonatal disease, with
atal hypoelectrolytemia and dehydration, to a relatively
ild chronic form, which may remain undiagnosed for a

ong time.2,5 Early diagnosis of this condition is neces-
ary in infancy because hyponatremic episodes may result
n mental and psychomotor impairment and the chronic
ontraction of the intravascular space leading to renal
ysfunction and gout.5–7 In patients with CLD, supple-
entation therapy with NaCl/KCl is essential in reduc-

ng the risk of severe dehydration. Immediately after
iagnosis, this therapy should be started and accurately
onitored to ensure that the increasing body weight

equirements are being met.8 Unfortunately, supplemen-
ation therapy cannot limit the severity of diarrhea as in
ther therapeutic approaches, including acetazolamide
nd cholestyramine.9,10 A proton pump inhibitor, i.e.,
meprazole, was proposed for CLD treatment for its
bility to reduce Cl� gastric secretion,11 but it was
nsuccessful in other reported cases of CLD-affected chil-
ren.8 Additionally, this therapy is costly and unsuitable
or life-long treatment.12

Recently, the role of amylase-resistant starch has
een increasingly recognized for the management of
iarrheal diseases.13–15 On reaching the colon, amy-
ase-resistant starch are fermented by resident bacteria
nto the short-chain fatty acids (SCFAs), including
cetate, propionate, and butyrate.16 As already shown,
CFAs have a great capacity for stimulating ion and

Abbreviations used in this paper: CLD, congenital chloride diarrhea;
LC26A3, solute carrier family 26, member 3 gene; SCFAs, short-chain
atty acids.
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August 2004 TREATMENT OF CONGENITAL CHLORIDE DIARRHEA 631
ater absorption; they provide energy and induce a trophic
ffect on both colonic and small bowel mucosa.16–19

oreover, it has been shown that SCFAs, particularly
utyrate, are avidly absorbed by the intestinal mucosa
nd that this process is responsible for the transport of
a� and Cl� through different mechanisms, primarily

y the stimulation of an electroneutral NaCl absorptive
echanism activated by parallel Cl�/butyrate and
a�/H� exchanger and secondarily by up-regulation of

he Na�/H� and Cl�/HCO3
� exchangers.20 Finally, bu-

yrate is able to limit Cl� secretion, inhibiting the
a�-K�-2Cl� cotransporter activity.21,22 The important

egulatory role of SCFAs on fluid and electrolyte absorp-
ion has led to the hypothesis that butyrate treatment
ould reduce diarrhea in CLD patients. In the following
ase study, a CLD-affected child is treated with an oral
ormulation of butyrate (1) to limit water and ion fecal
osses, (2) to determine a positive electrolyte balance, and
3) to reduce diarrhea severity.

Case Report
An 11-year-old boy was admitted to our depart-

ent because of a history of recurrent abdominal suboc-
lusions and chronic watery diarrhea. He was the third
hild of unrelated parents from southern Italy. His 2
iblings were both healthy. Dilated bowel loops and
olyhydramnios were detected by ultrasound during
regnancy. After 36 weeks of gestation, the baby was
elivered by caesarean section. Two days after birth, the
nfant underwent surgery for a suspected intestinal ob-
truction. Subsequently, he developed watery diarrhea
ith recurrent metabolic alkalosis episodes, requiring
ospitalization for intravenous liquid and electrolytes
eplacement. The median hospital stay rate since his first
ospitalization was 25 days per year. Most bowel move-
ents were associated with urgency and incontinence.
he child could not regularly attend school as a result of

ecurrent episodes of diarrhea causing a variety of dis-
uptions of his class. He was presented for admission to
ur hospital with watery diarrhea associated with a daily
ecal incontinence, abdominal distension, mild dehydra-
ion, and metabolic alkalosis. His serum electrolytes were

� 4.3 mEq/L, Na� 128 mEq/L, and Cl� 93 mEq/L. His
eight (38.600 kg) and height (157.2 cm) were within

he normal range for his age. An upper gastrointestinal
ndoscopy, small bowel barium follow-through study,
norectal and antroduodenal manometry, lactose breath
ydrogen test, aldosterone, and renin and vasoactive
ntestinal polypeptide serum concentration all proved to
e normal. His fecal Cl�, Na�, and K� concentrations
ere 164, 68, and 56 mEq/L, respectively, resulting in
ecal cationic gap and Cl� concentration diagnostic for
LD (fecal Cl� content �90 mmol/L and cationic gap F
Na� � K� � Cl�).8 The diagnosis was further con-
rmed by molecular analysis showing 2 mutations in the
LC26A3 gene.

Materials and Methods
The Ethics Committee of our University approved the

tudy protocol. Informed consent was obtained from the pa-
ient’s parents. During the entire length of the study, the child
as examined as an outpatient and received oral NaCl/KCl

upplementation and continued with a normal diet. The bu-
yrate treatment was started at 50 mg/kg/day, administered in
doses for 1 week. An increased dosage of 25 mg/kg/day each

onsecutive week was planned. A commercially available oral
ormulation of gastric-resistant capsules was used. The oral
ormulation contained calcium and magnesium butyrate salts
Butyric acid complex; Natur Bio Care, Legnago, Italy). Base-
ine patient data were recorded daily throughout the week
efore the butyrate trial and were taken as representative of the
sual clinical and laboratoristic pattern of the child. Each
easurement of stool volume, number of bowel movements,

tool consistency (determined by an apposite score: 1 �
ormed, 2 � loose, 3 � semiliquid, 4 � liquid), episodes of
ecal incontinence, and serum and stool electrolyte concentra-
ions, as in the week before butyrate trial, were made daily
uring the weeks in which the butyrate therapy had taken
lace. Moreover, the hypothesized effects of butyrate on ion
ntestinal transport were verified in vivo by using the rectal
ialysis technique, which was performed both at baseline and
s soon as clinical and/or laboratory improvements were ob-
erved. In brief, a dialysis bag (1.5 inches of length) containing
he isotonic electrolyte solution 20 mmol/L KCl, 30 mmol/L
aHCO3, and 110 mmol/L NaCl was inserted into the rectum

nd left for 30 minutes. Afterward, the bag was removed and
eweighed. The Na� and K� concentrations were measured by
ame photometry and Cl� using a chloridometer. The changes
bserved in electrolyte content were calculated and assumed to
epresent net fluxes (either absorptive or secretive) as reported
reviously.23

Results

During butyrate therapy, a progressive reduc-
ion was observed to normal values in the number of
owel movements and stool volume (Figure 1). Simul-
aneously, butyrate improved stool consistency (me-
ian daily score fell from 3.8 at baseline to 1.8 at the
ose of 100 mg/kg/day) as well as reduced fecal in-
ontinence (incidences numbering 3 days a week, in
ontrast to daily episodes prior to butyrate treatment,
s described previously). At a dose of 100 mg/kg/day,
virtual normalization of stool pattern was obtained,



m
i
(
o
i
m
o
p
a
i
t
1
S
w
t
s
F
s
s

t
r
o
a

F
g
s
t
t
■

F
e
d
c
d
s

632 BERNI CANANI ET AL. GASTROENTEROLOGY Vol. 127, No. 2
aking higher butyrate doses unnecessary. As shown
n Figure 2, a reduction of fecal electrolyte losses
determined on 1 stool sample per day) was also
btained. Serum electrolytes had already normalized
n the first week of butyrate therapy (at the dose of 50
g/kg/day). In accordance with the clinical and lab-

ratory results, the rectal dialysis study showed a
roabsorptive effect elicited by butyrate on Na�, Cl�,
nd K� intestinal transport (Figure 3). Following the
nitial trial of 3 weeks, the patient continued butyrate
herapy with a dosage of 100 mg/kg/day for the next
2 months, absent of any reported adverse events.
erum electrolyte concentrations remained stable
ithin the normal range, and no episodes of dehydra-

ion (requiring hospital care for parenteral fluid infu-
ion) were observed during this follow-up period.
inally, for the first time, the child could attend
chool regularly for the entire scholastic year, with his
ocial activities becoming normalized.

igure 1. Clinical efficacy of butyrate therapy in the child with con-
enital chloride diarrhea. Daily number of bowel movements (A) and
tool volume (B) during the first week of baseline data collection and
he subsequent 3 weeks of treatment with increasing doses of bu-
yrate. Horizontal lines represent median values of each study week.
, untreated; Œ, 50; �, 75; }, 100 butyrate (mg/kg per day).
d

Discussion
To our knowledge, this is the first therapeutic

rial using butyrate on a patient affected by CLD. The
esults of this investigation show dose-dependent effects
f butyrate in reducing stool volume, bowel movements,
nd fecal incontinence. Furthermore, rectal dialysis study

igure 2. Effect of butyrate therapy on fecal electrolyte content. Fecal
lectrolyte concentrations (mEq/L) during the first week of baseline
ata collection and the subsequent 3 weeks of treatment with in-
reasing doses of butyrate. Ion concentrations of 1 stool sample per
ay are reported. Horizontal lines indicate median values of each
tudy week. ■ , untreated; Œ, 50; �, 75; }, 100 butyrate (mg/kg per

ay).
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August 2004 TREATMENT OF CONGENITAL CHLORIDE DIARRHEA 633
emonstrated in vivo an effective up-regulation of ion
bsorption, which in turn could be responsible for the
bserved butyrate clinical effects. These results paralleled
he data from the measurement of serum and fecal elec-
rolyte contents, indicating a positive electrolytes and
ater balance. Through the reduction of the chronic Cl�

eficiency and intravascular volume contraction, butyrate
herapy could limit the risk of severe dehydration epi-
odes and avoid end-stage renal disease.

It has been already shown that SCFAs are absorbed
long the entire length of human intestine, inducing
ater and ion absorption.20,24,25 The therapeutic effects
bserved in our patient could be related, at least in part, to
he stimulation of the Cl�/butyrate exchanger activity.18–20

n addition, it has been shown that butyrate is also able
o inhibit both basal and adenosine 3�,5�-cyclic mono-
hosphate–stimulated Cl� secretion in a dose-dependent
anner.21,22 Finally, the trophic effects elicited by SC-

As on intestinal mucosa (mediated through circulatory,
ormonal, and neural mechanisms) could contribute to
mprovement in diminishing severity of diarrhea in the
LD patient.16

During the entire length of the study on oral butyrate
up to the dose of 100 mg/kg/day), compliance was
xcellent, the oral formulation was safe, and no side
ffects or any untoward modifications in laboratory data
ere reported. The long-term beneficial effects of SCFAs
ere confirmed by both well-known therapeutic use of
any gastrointestinal disorders and by their physiologic

oles in providing energy-yielding substrates and regu-
ating intestinal mucosa growth.16,26 In fact, butyrate
eads to growth arrest and differentiation and induces
poptosis in tumor cell lines, lowering the risk of colo-
ectal cancer.16,26 SCFA therapy has also shown benefits
n reducing colonic inflammation and alleviates diarrhea
ssociated with inflammatory bowel diseases, diversion
olitis, and other intestinal inflammatory conditions.27,28

urthermore, SCFAs are able to limit intestinal fluid
ecretion because of severe gut infections17 or during
nteral feeding.29 Our results in the CLD child are

igure 3. Rectal dialysis study. Intestinal electrolyte transport before
baseline) and during butyrate therapy (at 100 mg/kg/day) in the child
ffected by congenital chloride diarrhea.
ncouraging and could provide the basis for further
tudies to determine whether this treatment could be as
ffective in infants or in children with more severe forms
f the disease. Butyrate therapy also results in cost saving
hrough the reduction in necessity of hospital care.
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