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ABSTRACT. Background: Glutamine is a major fuel and an
important nitrogen source for the small intestinal cell. It

plays a key role in maintaining mucosal cell integrity and gut
barrier function. Increased permeability may be a factor in
the pathogenesis of Crohn’s disease and may be an interest-
ing parameter in the follow-up of the disease. Therefore, the
aim of this study was to examine whether oral glutamine
supplements are able to restore an increased intestinal per-
meability in patients with Crohn’s disease. Methods: The
inclusion criteria for the study were Crohn’s disease and a
disturbed small intestinal permeability for 51Cr-EDTA. Of 38
patients screened, 18 had an increased permeability (6 hours
urinary excretion >1.1% of label recovered in urine). Four-
teen patients were included in the study and were random-
ized to receive either oral glutamine (7 g three times per day;

n = 7) or placebo (7 g glycine three times per day; n = 7) in
addition to their normal treatment during a 4-week period.
The study was performed in a double-blind manner. Results:
Baseline permeability (mean &plusmn; SD) was 2.32% &plusmn; 0.77% dose
in the glutamine group and 2.29% &plusmn; 0.67% dose in the

placebo group. Permeability did not change significantly
after glutamine (3.26% &plusmn; 2.15% dose) or after placebo (2.27%
&plusmn; 1.32% dose). There was no significant effect on plasma
glutamine, plasma glutamate, plasma ammonium, Crohn’s
disease activity index, C-reactive protein, or nutritional sta-
tus. Conclusions: Oral glutamine supplements, in the dose
administered, do not seem to restore impaired permeability
in patients with Crohn’s disease. (Journal of Parenteral and
Enteral Nutrition 23:7-11, 1999)

Glutamine has an important function in supporting
the healthy gut,1 but its role becomes still more pro-
nounced if the intestinal cell is stressed (eg, in the
postoperative period, during starvation, in advanced
malignant disease, in sepsis, or during inflammation).2 2
In a clinical trial, van der Hulst et a13 showed that
addition of glutamine to total parenteral nutrition
(TPN) can prevent an increase of small intestinal per-
meability. In a study with healthy volunteers, Buch-
man et a14 demonstrated that after a 14-day period of
TPN, refeeding with glutamine- and arginine-supple-
mented enteral nutrition was superior to standard
enteral nutrition to restore permeability.
Approximately 50% of patients with Crohn’s disease

have an increased small intestinal permeability. The
fact that permeability also is increased in healthy first-
degree relatives 5,6 suggests that permeability is not
just a result of inflammation but that it may precede
the disease and be involved in the pathogenesis. Fur-
thermore, in patients with quiescent disease, increased
permeability seems a good predictor of relapse in the
following year.’

The aim was to study whether glutamine supple-
ments can lower increased permeability in patients
with Crohn’s disease in a double-blinded, randomized,
placebo-controlled study.

METHODS

Inclusion of Patients

Thirty-eight patients with Crohn’s disease were
selected to perform a permeability test. Patients were
recruited from both the gastroenterology ward and the
outpatient clinic. No selection was made for degree or
localization of the disease. Small intestinal permeabil-
ity was measured using ’1Cr-EDTA (Amersham Inter-
national, Amersham, United Kingdom) as a permeabil-
ity probe. After an overnight fast, the patient drank
160 mL Nutridrink (Nutricia, Bornem, Belgium) to
which 50 >Ci ’1Cr-EDTA was added; the glass was
rinsed with 90 mL water.8 Eating or drinking was not
allowed for the next 2 hours, and urine was collected
for the next 6 hours. Volumes of urine were recorded,
and 1-mL aliquots were counted for radioactivity by a (3
liquid scintillation counter (model 4430; Packard,
Downers Grove, IL) within 48 hours after sampling.
Results were expressed as the percentage of the orally
administered dose of 51Cr-EDTA. Increased permeabil-
ity was defined as a 6-hour cumulative excretion total-
ing > 1.1 ’;é of the dose. Of the 38 patients who under-
went a permeability test, 18 patients had increased
permeability. Of these 18 patients, 4 were not included
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in the study: 2 patients had surgery, 1 patient had
renal problems that were considered a possible contra-
indication to receiving large doses of amino acids, and
1 refused further cooperation. The remaining 14

patients were included and completed the study.

Clinical Trial

Fourteen patients with increased permeability were
randomly assigned to receive glutamine (ICN Biomedi-
cals Inc, Cleveland, OH) or placebo, which in this case
was glycine (ICN Biomedicals Inc, Aurora, OH). Both
amino acids have a neutral taste and are powders that
can easily be dissolved in water. Both the patients and
the investigators were blinded to the code of the study.
Patients were instructed to ingest 7 g glutamine (or
placebo) in water three times daily during a 4-week
period. The study was conducted at home, and the
patients were asked to follow their normal diet and to
keep all medication at a constant dose. Each patient
kept a daily diary for glutamine intake, clinical activity
of the disease, and medication. Patients were contacted
once by telephone to check for motivation and to
answer possible questions.
The choice of dose (21 g glutamine/d) was based onclinical trials with TPN,9-1 in which between 0.2 and

0.6 g glutamine/kg body wt was administered. For a
mean body weight of 60 kg, this would mean a dose
between 12 and 36 g glutamine. Rather than construct-
ing a dose-response curve, we decided to use one rela-
tively high dose of glutamine (21 g is approximately
one third of protein needs). It is unlikely that lower
doses of glutamine show a better effect, but higher
doses would be difficult to integrate into the patient’s
daily life.

In spite of the fact that a normal diet contains glu-
tamine, food intake of the patients was not standard-
ized, but the patients were instructed to follow their
normal diet because we wanted to study the effects of
large supplements of glutamine in comparison with
placebo, independent of the normal protein intake.

Evaluation of Effect

Before and immediately after the study period, the
following parameters were measured.

Small intestinal permeability was measured as

described previously.
The Crohn’s disease activity index (CDAI), a mea-

sure for the clinical condition of the patient, was cal-
culated.l3
Glutamine, glutamate, and ammonium in plasma

were measured enzymatically. The principle of the
three measurements is the conversion of the reduced
form of nicotinamide-adenine dinucleotide (NADH)
from and to its oxidized form (NAD T ). The ratio of
NADH to NAD~ was followed by a spectrophotometer.
Blood samples were centrifuged during 15 minutes at
3000 rpm. Ammonium was measured within 1 hour
with a test kit (Boehringer Mannheim GmbH, Mann-
heim, Germany). Plasma samples for glutamine and
glutamate were prepared as follows. The protein in 2
mL plasma was precipitated with 2 mL perchloric acid
30% and centrifuged for 10 minutes at 3000 rpm. The

supernatant was decanted and collected. The precipi-
tate was washed with .5 mL perchloric acid 30% and
again centrifuged for 10 minutes at 3000 rpm. The
supernatants were pooled, and 2 mL buffer (KOH-KCI-
hydroxine) was added. The pH was adjusted with KOH
30% to a value between 6 and 7. The samples were
stored on ice for 10 minutes and then were centrifuged
for 10 minutes at 3000 rpm. Glutamate 14 and glu-
tamine 15 in the supernatant were measured enzymat-
ically according to the method described by Bergmeyer.
The nutritional status of the patients was evaluated

by height, weight, percentage of ideal body weight (ref-
erence weight was taken from the 1983 Metropolitan
Height-Weight Tables), body mass index ([BMI] weight
[kgliheight2 [m] ), triceps skinfold (TSF), midarm mus-
cle arm circumference ([MMAC] 3.14 X TSF), serum
albumin, and serum transferrin.

Liver function tests were performed as a check-up
because the patients received considerable supple-
ments of amino acid (21 g/d).

Statistical Analysis
The disease characteristics and the clinical parame-

ters at baseline were compared between the glutamine
group and the placebo group. Means (-!- SD) were com-
pared by Student’s t test (PROC TTEST; SAS Institute,
Cary, NC); proportions were compared by a X2 test
(PROC FREQ; SAS Institute). To compare the effect of
glutamine and placebo on clinical outcome, the differ-
ence before and after treatment in both groups was

compared by means of Student’s t test (PROC TTEST;
SAS Institute).

Ethics

Informed consent was obtained from all patients,
and the study was approved by the Ethical Committee
of the University Hospital.

RESULTS

Table I shows the anthropometric data in the glu-
tamine group and the placebo group. These data are
purely descriptive because the groups were too small
for statistical comparison, especially because anthro-
pometric data of men and women should be considered
separately. The disease characteristics are also shown
in Table I. Patients were well matched for duration of
disease (t test: p = .14), type of disease (X2: p = .17),
medication (X2: p = .40), and number of operations (X2:
p = .57).

According to the patients’ diaries, patient compli-
ance was good. Although there was no objective way to
control for glutamine intake, all patients were strongly
motivated to cooperate. They reported a maximum of 9
missed doses of 84 total doses; these doses were missed
for practical reasons or because of forgetfulness.
Table II shows parameters studied before and after

treatment with either glutamine or placebo.
The baseline permeability did not differ significantly

between the two treatment groups, and there was no
effect from either glutamine treatment or placebo
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TABLE I
Anthropometric data and disease characteristics of patients in the group

receiving glutarnine and in the group receiving placebo

M, male; F, female; MAMC, midarm muscle circumference.
*Values are means ± SD.
t Values are number of patients.

treatment on permeability. Individual changes in per-
meability are shown in Figure 1.
The mean CDAI in the two treatment groups did not

differ at baseline and was not affected by either glu-
tamine or placebo. The mean percent change after
treatment was +8% of the baseline value in the group
receiving glutamine (individual values ranging from
-59% to +67%) and 0% in the group receiving glycine
(range, -45% to +63%). Figure 2 shows the individual
values for CDAI.

FIG. 1. Permeability (urinary % dose excretion of 51Cr-EDTA) before
and after treatment in patients receiving glutamine and in patients
receiving placebo.

No significant differences in baseline C-reactive pro-
tein (CRP) or changes in CRP were found. If 0.80

mg/dL is set as normal limit, four of seven patients in
the group receiving glutamine had normal values
before the study, compared with one patient after the
study. In the group receiving glycine, four of seven
patients had normal values at baseline, and two

patients retained a normal CRP after the treatment.
Although there was a slight increase in plasma

glutamine after treatment, this difference was not

significant. Both plasma glutamate and ammonium
remained stable.
Serum albumin and transferrin, parameters that are

often used as indicators for nutritional status, did not
change significantly during the study. Other nutri-
tional parameters such as weight, height, BMI, TSF,
and MMAC did not change significantly, neither in the
glutamine group nor in the placebo group (data not
shown).

Liver function tests were not significantly affected,
implying that the dose of amino acid used in this study
was not hepatotoxic.

DISCUSSION

Glutamine is a major fuel and an important nitrogen
source for the small intestinal cell. Approximately 50%

TABLE II
Clinical parameters before and after study in the group receiving glutamine and in the group receiving placebo

Values are means - SD.
*Baseline values between both groups are compared to check if patients are well matched.
rDifferences before and after treatment in both groups are compared to known the effect of glutamine in comparison to placebo.
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FIG. 2. Crohn’s disease activity index before and after treatment in
patients receiving glutamine and in patients receiving placebo

of the carbon of glutamine that is administered
through the lumen is oxidized to carbon dioxide by the
intestinal cell, and 38% of the nitrogen is released as
ammonia. 1 The splanchnic glutamine metabolism

plays a major role in several pathophysiological condi-
tions, such as operative stress, starvation, advanced
malignant disease, sepsis, endotoxemia, and inflam-
mation.2 2

Numerous clinical studies have shown a beneficial
effect of glutamine added to TPN. The studies con-
cerned patients after bone marrow transplantation9-11
or after abdominal surgery12,16 and showed general
effects, such as a shorter hospital stay,10,1l fewer infec-
tions,9,10 a faster normalization of the nitrogen bal-
ance, 10,12,16 and a dramatic decrease of intracellu-
lar glutamine concentration after glutamine-supple-
mented TPN. 12,16 Studies in animals showed a positive
effect of glutamine added to TPN on gastrointestinal
integrity (eg, on villus height, crypt cell production
rate, and mucosal protein concentration).17-19 Several
studies in rats (all TPN)2o-22 and two studies in
humans (one with TPN in patients3 and one with
enteral nutrition in healthy volunteers’) specifically
investigated the relationship between glutamine and
small intestinal permeability. All studies showed that
supplements of glutamine can prevent an increase of
permeability compared with standard nutrition. In an
uncontrolled study, Zoli et a123described that oral glu-
tamine supplements were able to decrease permeabil-
ity in Crohn’s disease.

Intestinal permeability is assessed noninvasively in
vivo by measuring urinary excretion of orally adminis-
tered test substances. Most commonly used test probes
are polymers of polyethylene glycol, 51Cr-EDTA, and
the lactulose-manntiol ratio. In our study, 51Cr-EDTA
was used because sample preparation is easy and sam-
ples could be measured overnight. Obtaining a quick
result was necessary because increased permeability
was an inclusion criteria for the study. The use of
5lCr-EDTA as a permeability probe is similar to using
oligosaccharides such as lactulose. 24
Small intestinal permeability is increased in Crohn’s

disease, 25 but it remains unclear whether this is a

secondary result of inflammation or whether it is due
to a primary genetic abnormality. Increased perme-

ability in healthy relatives of patients with Crohn’s
disease~~6 suggests that it may be involved in disease
pathogenesis. In patients with quiescent disease, the
finding that increased permeability was a good predic-
tor of relapse in the following year’ also suggests that
increased permeability precedes active disease. If this
is true, controlling permeability would be of major
importance in the treatment of Crohn’s disease.

In this study, we examined the effect of oral glu-
tamine supplements on intestinal permeability in
Crohn’s disease. Seven grams of glutamine, three
times daily during a 4-week period, did not result in a
significant decrease of permeability in patients with
increased basal values nor was there a significant
effect on other parameters, such as CDAI, CRP, plasma
glutamine, plasma glutamate, plasma ammonium, or
nutritional indices.
The reasons for the lack of effect are unclear. A major

problem is the absorption of glutamine. We do not
know which part of the dose is decomposed (eg, by
gastric acid) or how fast glutamine is absorbed in the
lumen. This problem is relevant because Crohn’s dis-
ease is mainly a disease of the ileum. Yet, two clinical
trials with enteral doses4,23 showed positive results,
assuming that enteral doses can be effective. Another
problem is the dose and time of administration.
Because we do not know what mechanism initiates the
increase of permeability, it is impossible to say what
the best moment is to administer glutamine. The study
that mostly resembles the design of our study was
published by Zoli et a123 and describes a normalization
of increased permeability in Crohn’s disease by oral
glutamine supplements. However, these results were
obtained in an open trial and were only published in
abstract form; therefore, it is impossible to conduct a
detailed comparison to our results.

In conclusion, a double-blinded, randomized, pla-
cebo-controlled study was performed to investigate the
effect of glutamine on small intestinal permeability in
Crohn’s disease patients. Oral glutamine supplements
were not able to normalize increased permeability.
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