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ABSTRACT
Objective: Glutamine is an important fuel for rapidly dividing
cells such as enterocytes and lymphocytes. Exogenous gluta-
mine supplementation in catabolic states preserves intestinal
mucosal structure and function, decreases bacterial transloca-
tion, and supports normal immunologic responses. This study
was planned to assess the effect of glutamine supplementation
on duration and severity of diarrhea and to assess its immuno-
modulatory effect by measuring serum interleukin-8 (IL-8) and
salivary immunoglobulin A (sIgA) in children with acute diar-
rhea.
Methods: In this placebo-controlled, double-blind and random-
ized trial, 6- to 24-month-old otherwise healthy children ad-
mitted to the Diarrheal Diseases Training and Treatment Center
with acute diarrhea received either 0.3 g/kg/day of glutamine
(n � 63) or placebo (n � 65) for 7 days. Serum IL-8 and sIgA
levels were determined on admission and 7 days later. All cases

were followed until the diarrheal episode ended. Anthropomet-
ric measurements and history of subsequent infectious diseases
were monitored monthly for 3 months after treatment.
Results: Mean duration of diarrhea in the glutamine treated
group was significantly shorter than that of the placebo group
(3.40 ± 1.96 days, 4.57 ± 2.48 days, respectively; P � 0.004).
No differences in serum IL-8 and sIgA were found between
groups on admission or 1 week later. During 3 month follow-
up, mean weight gain and incidence of infectious diseases were
similar in both groups.
Conclusion: Duration of diarrhea was shorter in children
supplemented with glutamine. The beneficial impact of gluta-
mine supplementation seems to be through effects on gastro-
intestinal mucosa rather than the host immune response. JPGN
38:494–501, 2004. Key Words: Acute diarrhea— Children—
Glutamine supplementation— Interleukin-8— Salivary immu-
noglobulin A. © 2004 Lippincott Williams & Wilkins

Glutamine is the major energy source for rapidly di-
viding cells such as enterocytes and lymphocytes (1–3).
Animal and human studies have documented roles for
glutamine in ameliorating mucosal atrophy occurring
during prolonged parenteral nutrition (4), in healing of
gastrointestinal mucosa after damage from radio- or che-
motherapy (5), in improving gut and systemic immune
function (6,7), in attaining positive nitrogen balance (8),
and in reducing episodes of bacterial translocation and
sepsis (9,10).

Glutamine stimulates NaCl absorption in intestinal
mucosa. Glutamine intake is coupled to both electrogenic

and neutral sodium absorption (11). It has been reported
that glutamine is superior to glucose alone in promoting
net water, sodium, and potassium absorption in normal
rabbit ileum (12) and in a rabbit model of secretory di-
arrhea induced by cholera toxin (13). Nath et al. (14)
demonstrated that enteral glutamine could enhance intes-
tinal sodium absorption in rabbits infected with diarrhea
producing Escherichia coli. Studies have also shown that
a glutamine-based oral rehydration solution is more ef-
fective than glucose-based ORS in infected pigs with
rotavirus or Cryptosporidium (15,16). Therefore,
glutamine-based ORS is considered the ideal solution to
improve mucosal healing from a gastrointestinal infec-
tion and to facilitate sodium and water absorption (15–
17).

In a randomized, double-blind jejunal perfusion study
of adults with acute cholera, glutamine plus glucose sig-
nificantly reduced net water and sodium secretion and
stimulated water absorption to the same degree as glu-
cose and alanine (18). Indeed, preliminary studies in
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adult patients with cholera from Indonesia (19) showed a
25% reduction in stool volume during the first 24 hours
and a 30% reduction in total stool volume in the group
treated with glutamine-based ORS compared with glu-
cose ORS (with 90 mmol/L each of glutamine and glu-
cose). Riberio et al. (20) found glutamine-ORS to be
well tolerated but with a therapeutic effect no different
from glucose-ORS in treating infants 1-12 months of
age with acute non-cholera diarrhea. However, gluta-
mine plus glucose ORS in this study had a higher osmo-
larity than the control ORS, and study patients were
only mildly dehydrated. ORS is more effective when
it is hypo-osmolar and given to dehydrated patients
(21,22). Unfortunately, the studies of glutamine in pa-
tients with diarrhea to date have only evaluated solutions
in which glutamine is added to standard, isotonic ORS
(19,20).

In addition to its role as a component of ORS, gluta-
mine supplementation may be of benefit to all children
with diarrhea, even those without dehydration. As a nu-
trient promoting intestinal growth and maturation, gluta-
mine may aid in prevention and control of gastroenteritis.
It may also promote the appropriate maturation and func-
tion of the immune system when given as supplement,
rather than in ORS. Although glutamine plays important
roles in gut integrity and immunologic responses (2–5,7),
there is no single study clarifying the role of glutamine
supplementation alone during acute diarrhea.

Given the key role of cytokines in regulating the func-
tion of cells of the immune system, there has been some
interest in the role of glutamine in modulating cytokine
production. Serum interleukin-8 (IL-8) secretion has
been found to be inversely related to the severity and
outcome of childhood adenovirus infection (23,24). In a
study of patients with pancreatitis, de Beaux et al. (25)
found that serum IL-8 release was reduced in patients
treated with glutamine-supplemented total parenteral nu-
trition (TPN) but was increased in the conventional TPN
group. The administration of glutamine enterally also
improves the primary immune defenses of all mucosal
surfaces against infections in mice (26). Burke et al. (6)
found that glutamine-supplemented TPN maintained
salivary immunoglobulin A (sIgA) concentration at nor-
mal levels in rats, suggesting that glutamine might have
a role in the regulation of the gut-associated lymphoid
tissues. Therefore, the immunomodulatory effect of glu-
tamine supplementation in cases of acute diarrhea could
be reflected by serum IL-8 levels, as well as the salivary
IgA levels.

We planned this study to evaluate the effect of gluta-
mine supplementation, not in ORS but as a medication,
on the duration and severity of diarrhea and on the levels
of IL-8 and sIgA in children 6 to 24 months of age
admitted to Ihsan Doğramacı Children’s Hospital Diar-
rheal Diseases Training and Treatment Center with acute
diarrhea.

PATIENTS AND METHODS

Design

A randomized, double-blind, placebo -controlled trial was
conducted from January 2000 until February 2001 at Hacettepe
University Ihsan Doğramacı Children’s Hospital Diarrheal Dis-
ease Training and Treatment Unit, a 24-hour working clinic
where the patients can receive ORS therapy as long as they
need on an ambulatory basis. Children ages 6 to 24 months with
diarrhea of less than 10 days’ duration were included in the
trial. Those with chronic illness, severe malnutrition (weight
was below 60% of weight standard for age according to Na-
tional Center for Health Statistics [NCHS]) (27), associated
infectious diseases (urinary tract infections, pneumonia), prior
antibiotic or antidiarrheal drug use, dysentery, or stool smear
containing more than 5 leukocytes per 40x high power field
were not admitted to the study.

Clinical Procedures and Baseline Assessment

One of the authors (SSY) explained the purpose and proce-
dures to the parents. Only mothers who gave written informed
consent were allowed to participate. At entry infants were ex-
amined and dehydration was assessed and corrected according
to World Health Organization (WHO) guidelines by using
glucose-ORS (22). Nutritional status (weight for age) was ex-
pressed as a percent of the median NCHS standard.

A predesigned, pretested questionnaire was filled out on ad-
mission. Data included patient age, weight, length, birth order,
and birth weight; age and education level of parents; diarrheal
duration, frequency of diarrhea and vomiting, and presence of
fever (axillary temperature � 38°C). Saliva, serum, stool and
urine samples were obtained on admission. Stool samples were
examined for leukocytes and parasites. Stools were cultured for
Salmonella and Shigella only. Urine analysis and culture were
obtained. Samples of venous blood and saliva were obtained
only from patients enrolled in the morning. Venous blood (3
mL) was obtained on admission for IL-8 measurement. All
breast-fed infants were given 20 mL of water 30 minutes before
collection of saliva to avoid contamination of saliva by sIgA in
maternal milk. Whole, unstimulated (resting) saliva for sIgA
was collected 1 hour after feeding by suction on a plastic sy-
ringe without a needle.

Randomization

Eligible cases were randomized to two groups according to
their hospital file number on admission. Patients with odd file
numbers received capsules numbered G1 and those with an
even number received capsules numbered G4. Capsules of the
first dose were opened and dissolved in 50 mL of water and
administered by the mother with the help of a nurse. Infants
received the supplement, administered by their mothers, in
three daily doses for 7 days. The subjects and investigators
were blinded to the allocation of treatment group at initial
recruitment and during the follow-up period. The randomiza-
tion code was not opened until the statistical analysis had been
completed.
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Follow-up Visits

Mothers were given an observation chart and were instructed
to note the frequency of diarrhea, any side effects, and the
number of capsules administered every day until the termina-
tion of the diarrheal episode. All infants returned to the clinic
the day after enrollment and examined. Observation charts
were reviewed for accuracy with the mothers. On the second
day of intervention, infants with positive urine or stool cultures
for pathogenic bacteria and infants non-ompliant with the
supplement regimen were excluded. The progress of all infants
was monitored by telephone interview every other day by one
of the authors (SSY) until the infant’s recovery from diarrhea.

The transit of enterocytes from crypt to villus tip, including
proliferation-maturation-migration-slough of cells, takes 3 to 6
days (28). Therefore, the second venous blood sample and un-
stimulated saliva sample were obtained 7 days after enrollment.

All cases were followed until the end of the diarrheal epi-
sode. Infants were subsequently examined monthly for the next
3 months. At each visit, anthropometrics were obtained, pa-
tients were examined for evidence of acute infection, and care-
givers were questioned about potential infectious disease oc-
curring in the preceding month.

Definitions of Primary Outcomes

Clinical recovery was defined as the passage of a soft-
formed stool as described by the mother for at least 24 hours.
Persistent diarrhea was defined as an episode lasting 14 or more
days. Watery diarrhea was defined as severe if the child passed
� 8 movements/day.

The Dose and Preparation of Supplements

The optimal dose of glutamine is undetermined. Most inves-
tigators suggest that doses of 20 to 40 g/day are required to
enhance immunologic function and maintain structure and
function of the gastrointestinal tract in adults (2). Previous
studies have established the safety of enteral-administered glu-
tamine in normal adults and low–birth-weight infants at 0.1 and
0.3 g/kg/day (10,29). We therefore chose a dose of 0.3 g/kg/day
(3–4 g/day). The capsules were prepared and coded as G1 or
G4 by the pharmacist (LÖ) at Hacettepe University Faculty of
Pharmacy. Treatment capsules containing 250 mg of glutamine
and 18 mg of cornstarch and placebo capsules containing 250
mg of cornstarch were manufactured and packed in black cup-
ping glasses. Glutamine capsules were prepared from Power
Glutamine® (HPLC 100% Pure L-Glutamine, lot no: 93901
AA 84/9112, Champion Nutrition, CA, U.S.A.). The appear-
ance of the capsules and the cupping glasses in the two groups
were identical.

Compliance

Compliance with the intervention was based on the reports of
telephone calls, mother’s daily checklist, and the number of
capsules in the bottles at the 7th day of the intervention. Non-
compliance was defined as the infant receiving either less than
half of the study capsules or less than 3 days of supplement.
Noncompliant infants were excluded from the study.

Laboratory Investigations

Samples of saliva and serum were stored at −20°C until
analyzed. When all samples were collected, IL-8 levels were
examined by Human IL-8 ELISA/NA-1/KHC0082 kit (lot no:
001901, Cytoscreen, Biosource International, Inc., CA, U.S.A.)
and sIgA by Human Secretory IgA RID kit (The Binding Site
RN 148.3, lot no: 038189, BIND A RID, Birmingham, United
Kingdom) at the Laboratory of Immunology Unit in the De-
partment of Pediatrics, Hacettepe University Faculty of Medi-
cine, Ankara, Turkey.

Ethical Consideration

The study was approved by the Ethical Committee for Medi-
cal, Surgery and Drug Research at Hacettepe University Fac-
ulty of Medicine, Ankara, Turkey (29/7/1999; TBK 99/2–10).

Sample Size

A preliminary study of 15 patients performed between Janu-
ary and February 2000 found that the mean duration of diarrhea
after intervention was 4.61 days (SD � 2.33 days). Using this
preliminary study, a prestudy analysis showed that a sample
size of 63 infants per group was required (80% power; 5%
significance level; two-tailed test) to detect a difference in di-
arrheal duration of at least 1 day among groups (30). Assuming
a dropout rate of 20%, we planned to recruit at least 75 infants
for each group.

Statistical Analysis

All analyses were compared with SPSS for Windows (SPSS
Inc., Chicago, IL, U.S.A.). The normality of data distribution
was checked using the Kolmogorov-Smirnov test. Serum IL-8
and sIgA were log-transformed for the analysis and presented
as the geometric means and 95% confidence intervals because
the distributions of the raw data values were skewed. Statistical
methods used were t test for comparing means and �2 for
comparing proportions. The Fisher exact test was used when
applicable. Paired t test was used for the differences between
baseline and the seventh-day examination. Kaplan Meier analy-
sis was performed to determine whether there was a significant
difference in the probability of improvement relative to time in
the two groups. Log-rank test was done to assess the equality of
success across the two groups.

RESULTS

Initial Characteristics of the Study Subjects

A total of 159 infants were recruited and randomized
into two groups (79 glutamine, 80 placebo). Of these, 16
(9 glutamine, 7 placebo) were excluded because of uri-
nary tract infection detected by culture at the second day
of intervention. Stool culture revealed Shigella in one
case in the placebo group, and stool examination re-
vealed Entameba histolytica in one of the glutamine
group. One infant in the placebo group refused to take
the medication at home. In addition, 11 mothers (6 glu-
tamine, 5 placebo) gave capsules at a rate that did not

YALÇIN ET AL.496

J Pediatr Gastroenterol Nutr, Vol. 38, No. 5, May 2004



meet the definition for compliance. In the placebo group,
one case had persistent diarrhea. Cow’s milk intolerance
was suspected and confirmed by clinical response to
withdrawal of cow’s milk and rechallenge. The remain-
ing 128 infants were included in the statistical analyses.
The dropout rate was not significantly different between
the groups (16 glutamine, 15 placebo). There were no
significant differences between dropouts and nondropouts
in age, gender, weight, height, duration and frequency of
diarrhea, frequency of vomiting, breast-feeding status,
presence of malnutrition, birth order, or birth weight.

The admission age, gender, weight, height, duration
and frequency of diarrhea, frequency of vomiting, breast-
feeding status, presence of malnutrition and dehydration,
birth order, birth weight, and mother’s and father’s age
and education were comparable in the two groups (Table 1).

Duration and Severity of Diarrhea After
the Intervention

The mean duration of diarrhea after treatment in the
glutamine group was significantly shorter than in the

placebo group (3.40 ± 1.96 days, 4.57 ± 2.48 days, re-
spectively; P � 0.004). Five infants in the glutamine
group and 13 in the placebo group still had diarrhea 7
days after enrollment (7.9%, 20.0%, respectively; P �
0.088). Duration of diarrhea in the glutamine group was
significantly shorter than in the placebo group with
Kaplan Meier analysis (log-rank, P � 0.004, Fig. 1).

The mean total duration of diarrhea (the sum of diar-
rheal duration on admission and diarrheal recovery after
the intervention) in the glutamine group was shorter than
in the placebo group (6.90 ± 3.24 days, 8.29 ± 3.39 days,
respectively; P � 0.020). The proportion of persistent
diarrhea was 3.2% in the glutamine group and 9.2% in
the placebo group (2/63, 6/65, respectively; P � 0.27).

Twelve (19.0%) infants in the glutamine group and 19
(29.2%) in the placebo group had a high stool frequency
( � 8/day) for at least 1 day during follow-up period, but
the difference between groups was not statistically sig-
nificant. Vomiting was observed in 24 (38.1%) infants in
the glutamine group and 32 (49.2%) in the placebo group
(P > 0.05). Six (9.5%) patients in the glutamine group
vomited more than 3 times a day in at least one of the
intervention days compared with 15 (23.1%) patients in
the placebo group (P � 0.067).

In the glutamine group, at the seventh day of the in-
tervention, three infants had urinary tract infection and
one had upper respiratory tract infection, while in the
placebo group three had upper respiratory tract infection
symptoms, one had bronchiolitis, and five had urinary
tract infection. One infant in the placebo group was hos-
pitalized because of a high stool frequency, recurrent,
severe dehydration, and acidosis on the seventh day of
the intervention. She was discharged from the hospital
after 5 days of treatment.

TABLE 1. General characteristics of the study infants at
the enrollment (mean ± SD)*

Glutamine group
n � 63

Placebo group
n � 65

Age, months 13.1 ± 5.1 12.1 ± 4.8
Male, n (%) 30 (47.6) 36 (55.4)
Body weight, kg 9.79 ± 1.97 9.25 ± 1.57
Cases with weight/age <90%

of NCHS median (percentage) 15 (23.8) 21 (32.3)
Length, cm 76.1 ± 6.5 74.5 ± 5.9
Birth weight, kg 3.34 ± 0.50 3.29 ± 0.45
Duration of breast-feeding,

months 9.10 ± 5.56 8.01 ± 5.36
Breast-feeding, n (%) 29 (46.0) 24 (36.9)
Mother’s age, years 27.0 ± 6.1 28.2 ± 5.6
Father’s age, years 31.2 ± 6.0 32.1 ± 6.3
Mother’s education level

>8 years, n (%) 30 (47.6) 34 (52.3)
Father’s education level

>8 y, n (%) 46 (73.0) 47 (72.3)
Housewife, n (%) 50 (79.4) 47 (72.3)
Birth order

1 33 (52.4) 29 (44.6)
2 15 (23.8) 21 (32.3)
3+ 15 (23.8) 15 (23.1)

Duration of diarrhea on
admission, day 3.51 ± 2.37 3.72 ± 2.10

Purging rate in the last
24 hours 6.21 ± 2.87 6.76 ± 3.22

Cases with urging rate �8/day 17 (27.0) 24 (36.9)
Number of vomiting in the

last 24 hours 1.31 ± 1.90 1.84 ± 2.32
Cases with vomiting frequency

�3/day 15 (23.8) 16 (24.6)
History of dehydration 30 (47.6) 36 (55.4)
Cases with axillary temperature

>38°C 12 (19.0) 14 (21.5)

* P > 0.05 for all parameters between groups.
NCHS � National Center for Health Statistics.

FIG. 1. Kaplan-Meier plot of time-to-diarrheal recovery after ini-
tiation of intervention in glutamine (gln) versus placebo (plb)
groups (log-rank, P = 0.004).
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Diarrheal Recovery Time According to Subject
Characteristics and Intervention Group

Glutamine supplementation reduced diarrhea recovery
time in both breast-fed and non–breast-fed infants (Table
2). When data were stratified by stool frequency on ad-
mission, infants in the glutamine group with a stool fre-
quency < 8/day had shorter duration of diarrhea after the
intervention than did those in the placebo group (3.30 ±
1.96, 4.68 ± 2.30 days, respectively; P � 0.006). No
significant differences were observed for the infants with
high stool frequency >8/day. Similarly infants who vom-
ited less than three times daily in the glutamine group
had significantly shorter duration of diarrhea compared
with similar infants who received placebo (3.54 ± 2.05,
4.73 ± 2.62 days, respectively; P � 0.015). The diarrheal
duration was significantly shorter the glutamine group
with normal nutritional status compared with normally
nourished subjects in the placebo group (3.42 ± 1.91,
4.27 ± 2.12 days, respectively; P � 0.044). When the
duration of diarrhea was compared among dehydrated
infants, the duration of diarrheal recovery was shorter in
the glutamine group than in the placebo group (3.50 ±
1.98, 4.72 ± 2.41 days, respectively; P � 0.030). Diar-
rheal duration was slightly shorter in the glutamine group
with mild to moderate malnutrition and no dehydration
than in similar patients in the placebo group. Among
patients > 12 months of age, duration of diarrhea was
significantly shorter in the glutamine group than in the
placebo group (3.06 ± 1.88, 4.45 ± 2.53 days, respec-
tively; P � 0.014). No such significant difference in
duration was found among patients <12 months.

Dose Effect

Because daily glutamine intake varied according to
compliance level, a dose effect was seen in the glutamine
group. When the daily intake of the supplement in-
creased, the duration of diarrhea decreased in the gluta-
mine group only (r � −0.253, P � 0.046), and there was
no similar dose effect in the placebo group (r � 0.04,
P > 0.05).

Biochemical and Immunologic Analysis

Blood samples were taken from 36 glutamine cases
and 39 placebo cases on admission and day 7. Samples of
saliva were adequate for analysis in 35 cases from each
group. The patients whose blood and saliva samples were
studied were similar for baseline characteristics to pa-
tients with no blood sample. No differences were found
between groups in geometric mean levels of serum IL-8
and sIgA on admission and at day 7 (Table 3). Serum
IL-8 levels were significantly less after treatment in both
groups (P < 0.05), whereas sIgA levels showed no
change.

Weight Gain and Frequency of Infectious Disease

Mean weight gain within the first month in the gluta-
mine group was greater than that in the placebo group
(489 ± 365 g, 359 ± 309 g respectively; P � 0.05). Mean
weight gain was similar in both groups in the second and
third months (695 ± 367 g in the glutamine group, 650 ±
359 g in the placebo group; P > 0.05 for the second
month; and 1,086 ± 540 g in the glutamine group, 989 ±

TABLE 2. Effect of glutamine supplementation on diarrheal duration (days) according to subject
characteristics in acute diarrhea

Glutamine group Placebo group

Pn Mean ± SD n Mean ± SD

Age
<12 mo 28 3.82 ± 2.00 36 4.67 ± 2.47 0.146
�12 mo 35 3.06 ± 1.88 29 4.45 ± 2.53 0.014

Nutritional status
Cases with weight/age <90% of NCHS median 15 3.33 ± 2.16 21 5.19 ± 3.08 0.053
Cases with weight/age �90% of NCHS median 48 3.42 ± 1.91 44 4.27 ± 2.12 0.044

Breast-feeding
No 34 3.44 ± 2.18 41 4.61 ± 2.53 0.038
Yes 29 3.34 ± 1.70 24 4.50 ± 2.43 0.047

History of dehydration
No dehydration 33 3.30 ± 1.96 29 4.38 ± 2.60 0.069
Mild + moderate 30 3.50 ± 1.98 36 4.72 ± 2.41 0.030

Purging rate on admission
<8/day 46 3.30 ± 1.96 41 4.68 ± 2.60 0.006
�8/day 17 3.65 ± 1.97 24 2.37 ± 2.30 0.296

Vomiting frequency on admission
<3/day 48 3.54 ± 2.05 49 4.73 ± 2.62 0.015
�3/day 15 2.93 ± 1.58 16 4.06 ± 1.95 0.088

NCHS � National Center for Health Statistics.
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395 g in the placebo group; P > 0.05 for the third month).
During 3 months of follow-up period, the frequency of
infection was not different between the two groups.

DISCUSSION

In this study, glutamine supplementation had a ben-
eficial effect on diarrheal recovery in children with acute
diarrhea. Normally, the human body synthesizes gluta-
mine sufficient for metabolic needs; however, the intes-
tinal mucosa has limited de novo synthetic capacity (1–
3). In childhood diarrhea the supply of glutamine might
be inadequate to support mucosal recovery and an exter-
nal supply might be necessary to promote repair and
regeneration of the damaged mucosa. Similarly, in cata-
bolic conditions such as infection, malnutrition, surgery,
or stress, glutamine is often depleted and becomes a
“provisionally essential” amino acid (1–3,6). Indeed, ex-
ogenous glutamine supplementation has been shown to
improve nitrogen balance after major surgery (3,8), de-
crease hospital stay after bone marrow transplantation
(9), reduce mortality of chronic intensive care unit pa-
tients (7,31), stimulate the growth of intestinal mucosa in
patients on bowel rest, decrease intestinal permeability
and improve absorption (3,32).

In this study, glutamine supplementation seemed to be
effective in children >12 months, children with low stool
frequency and those with a low vomiting rate. In cases
with high stool frequency and vomiting rate glutamine
supplementation had no significant impact on diarrhea
duration. One possible explanation is that quick transport
might decrease enteral glutamine absorption, and the
vomiting and purging may reduce surface contact for
glutamine and salt absorption, necessitating a higher in-
take. Another possibility is that the small number of chil-
dren in these subgroups might have limited the study’s
power to detect significant association.

Despite the decrease in diarrheal duration, the fre-
quency of persistent diarrhea was not affected by gluta-

mine supplementation. One explanation could be that the
number of patients was too small to detect changes in
this infrequent complication. The study was powered to
detect only a one day difference in diarrheal duration. To
demonstrate whether glutamine supplementation signifi-
cantly reduces the incidence of persistent diarrhea, a
sample size of more than 100 infants per group would be
required (30).

Glutamine supplementation did not have a beneficial
effect on subsequent disease prevention. Previous studies
have established the safety of enterally administered glu-
tamine in healthy individuals and premature infants at
doses of 0.1 to 0.3 g/kg/day (2,10,29). The dose used in
our study was .3g/kg/day. However, the optimal dose of
glutamine has yet to be determined, and most investiga-
tors suggest that doses of 20 to 40 g/day are required in
adults to enhance immunologic function and maintain
structure and function of the gastrointestinal tract after
catabolic insult (2,29).

Ameho et al. (33) showed that glutamine may have
inhibited synthesis, release, and/or action of the proin-
flammatory cytokines IL-8 and TNF-�, resulting in the
improvement in disease outcome in experimental trini-
trobenzene sulfuric acid-induced colitis in rats. Simi-
larly, in cases of acute pancreatitis, serum IL-8 levels
were found to be decreased in a glutamine-supplemented
TPN group (25). However, our data indicate that gluta-
mine supplementation for children with acute diarrhea
(0.3 g/kg/day of glutamine for 7 days) did not change
serum IL-8 levels, despite significant clinical improve-
ment in diarrheal recovery. This finding may be partly
attributable to our patient selection. Patients with mild-
moderate diarrhea were enrolled, whereas patients with
either persistent diarrhea or bloody diarrhea were not
enrolled. It is also possible that the glutamine dose in our
study might be less than that needed to affect immuno-
logic parameters. Ameho et al. (33) reported that a high-
dose (4% glutamine, 40 g/kg/day) glutamine group per-
formed better than did the 2% glutamine group. In our
study, only systemic cytokine response was studied. Pre-
vious studies have shown that bacterial and viral infec-
tions elicit IL-8 secretion in cultured epithelial cells
(34,35). Secretion of IL-8 in stool extracts has been cor-
related with disease severity in a rabbit model of shigel-
losis (36). Additional studies are necessary to detect the
effect of glutamine supplementation on mucosal cyto-
kine production.

Secretory IgA plays an important role in protection
against infections caused by enteropathogens in both hu-
man and animal models (37). Burke et al. (6) found that
glutamine-supplemented TPN maintained biliary secre-
tory IgA concentration at normal levels in rats. Kudsk et
al. (38) reported that glutamine-enriched TPN preserved
both extraintestinal and intestinal IgA levels and had a
normalizing effect on Th2-type IgA-stimulating cyto-
kines in mice. Salivary IgA secretion may be induced by
both oral antigens stimulating the proliferation and dif-

TABLE 3. Effect of glutamine supplementation on levels of
serum IL-8 and salivary IgA levels in patients with

acute diarrhea

Glutamine group Placebo group

n GMT (95% CI)* n GMT (95% CI)*

IL-8, pg/mL
On admission 36 89.4 (72.3–110.6) 39 70.9 (59.7–84.2)
After 7 days 36 54.5 (45.4–66.4)† 39 53.6 (46.9–61.3)‡

sIgA, mg/L
On admission 35 351 (280–39) 35 321 (261–396)
After 7 days 35 309 (251–379) 35 277 (227–339)

* Geometric mean, 95% confidence interval.
P > 0.05 for comparison of all parameters between glutamine and

placebo groups.
Significantly different from baseline values †P � 0.001, ‡P �

0.004.
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ferentiation of lymphoid cells locally in salivary glands
and by the migration of antigen-sensitized IgA precursor
B cells from gut-associated lymphoid tissues to salivary
glands (37). Considering this mechanism and the ease of
obtaining salivary samples, salivary secretory IgA was
studied in our study. Our data suggest that glutamine
supplementation did not affect the level of salivary IgA
in patients with acute watery diarrhea. The dose and
duration of glutamine supplementation and severity of
disease could be plausible explanations for the lack of
effect.

Although the mean duration of diarrhea was signifi-
cantly decreased, glutamine supplementation did not in-
fluence immunologic parameters in the current study.
We suspect therefore that the reduction in diarrheal du-
ration by glutamine was a result of its local beneficial
effect on the mucosa rather than a modulation of the
modulation of systemic humoral and cytokine response.
However, mucosal immune responses were not the pur-
pose of this experiment and were not examined in this
study. Additional studies including the local immune re-
sponse of glutamine supplementation would clarify this
subject.

There remains controversy about the impact of gluta-
mine on the integrity of the mucosal barrier, as well as
the maintenance of its metabolic and immune function
(3,12,17–20,32,39–41). Studies have shown limited evi-
dence that glutamine supplementation has a benefit for
patients with short bowel syndrome, inflammatory bowel
disease and radiation induced diarrhea (3,8,28,42–44).
Although beneficial effects of glutamine are not consis-
tently observed, some studies suggest that, under certain
circumstances, glutamine supplementation may be ben-
eficial to some patients (2,7,9,10,19,25,28,31,45). Addi-
tional studies are required to determine which individu-
als are the best candidates for such therapy.

The reduction in duration and severity of diarrhea by
glutamine supplementation may be perceived as desir-
able by caregivers of children with acute diarrhea. Per-
haps the use of glutamine would be helpful in reducing
the use of antibiotics and other antidiarrheal drugs often
prescribed for children with acute diarrhea. Additional
studies, with large numbers of cases, are needed to de-
termine the efficacy and cost-benefit analysis of
glutamine-ORS in dehydrated children. Because these
findings may have important implications for the reduc-
tion of morbidity and mortality caused by diarrhea in
children, they need to be confirmed in other developing
countries.
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