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Abstract
Background—It is well established that
glutamine supplemented elemental diets
result in less severe intestinal damage in
experimental colitis. However, few studies
have examined the mode of action of
glutamine in reducing intestinal damage.
Aims—To examine the eVects of
glutamine supplemented elemental diets
on the potent inflammatory cytokines
interleukin 8 (IL-8) and tumour necrosis
factor á (TNF-á) in trinitrobenzene sul-
phonic acid (TNBS) induced colitis which
presents with both acute and chronic fea-
tures of ulcerative colitis.
Methods—Sprague-Dawley rats were ran-
domised into three dietary groups and fed
20% casein (controls), or 20% casein
supplemented with either 2% glutamine
(2% Gln) or 4% glutamine (4% Gln). After
two weeks they received intracolonic
TNBS to induce colitis.
Results—Both Gln groups of rats gained
more weight than the control group
(p<0.05) which had progressive weight
loss. Colon weight, macroscopic, and
microscopic damage scores for the Gln
groups were lower than in the control
group (p<0.05). IL-8 and TNF-á concen-
trations in inflamed colonic tissues were
lower in the Gln groups than in the control
group (p<0.05), and correlated well with
disease severity. Bacterial translocation
was lower both in incidence (p<0.05) and
in the number of colony forming units
(p<0.05) for the Gln groups, than in the
control group. With respect to all indices
studied, the 4% Gln group performed bet-
ter than did the 2% Gln group.
Conclusion—Prophylactic glutamine sup-
plementation modulates the inflamma-
tory activities of IL-8 and TNF-á in TNBS
induced colitis.
(Gut 1997; 41: 487–493)
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The aetiology of inflammatory bowel disease
(IBD), encompassing Crohn’s disease (CD)
and ulcerative colitis (UC), remains unknown.
Although the exact pathogenesis is poorly

understood, there is evidence that it involves
interactions between the immune system,
genetic susceptibility, and the environment,
most notably the bacterial flora.1 Other evi-
dence indicates infectious, psychogeneic, and
allergic aetiologies as well as involvement of the
vascular system.2 Food is also a major factor
aVecting the intestinal environment, and diet
has therefore been implicated in the pathogen-
esis of these diseases.3 4 However, the mecha-
nisms underlying initiation, progression, and
chronicity may well be distinct for each
implicated factor.1

The role of nutrition in the management of
IBD has received increasing attention. Conse-
quently various dietary measures have been
recommended as adjunctive, if not primary
therapies.3–6 Recent studies have indicated that
glutamine, the principal respiratory substrate
for enterocytes,7 is important for intestinal
metabolism especially following stress.8

Glutamine fortified parenteral and enteral diets
significantly improve intestinal morphology
and function.9–12 Animal models of colitis have
indicated that glutamine supplemented el-
emental diets resulted in less severe intestinal
damage, less weight loss, and improved nitro-
gen balance,13 and reduced intestinal bacterial
translocation.14 15

Many inflammatory mediators have been
implicated in IBD, the most potent of which
appear to be interleukin 8 (IL-8) and tumour
necrosis factor á (TNF-á). IL-8 diVers from
the others in that it is mainly produced by
monocytes and macrophages,16–18 is highly
selective for neutrophils,16–20 and is known to
persist in its active form for long periods in tis-
sues; its action is thus likely to be
protracted.19 21 Greater quantities of IL-8 have
been found in active UC than in inactive
disease or in active CD.22 23 We therefore inves-
tigated the eVect of glutamine supplementation
on IL-8 and TNF-á levels and on disease out-
come.
Although experimental animal models of

colitis are of value in eliciting some of the
mechanisms of IBD, the diVerent models differ
in their relative use.1 Most animal models
reported lack certain characteristics of IBD
and model acute events rather than the typical
chronic features of IBD. We therefore utilised
trinitrobenzene sulphonic acid (TNBS) in-
duced colitis, which has the dual advantage of
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chronicity and acuteness1 so often seen in
patients with IBD. Other advantages of this
model of colitis are its reasonable
reproducibility,1 and its value in assessing the
eYcacy of therapeutic agents commonly used
in the treatment of colitis.24 25

Methods
ANIMALS

Specific pathogen free Sprague-Dawley rats
were obtained fromKyudo Breeding Laborato-
ries (Kumamoto, Japan) and used for the
experiments. Rats were kept in a room of con-
stant temperature (25±2°C) and humidity
(50–70%) with a 12 hour light period. Animal
care was in compliance with applicable guide-
lines from the Ryukyus University Policy on
Animal Care and Use. The rats were allowed to
adapt to our laboratory environment for one
week before the onset of the experiment,
during which period they were maintained on a
commercial non-purified diet (Nihon clear,
Osaka, Japan). This standard diet contains
25.5% protein and 4.3% fat by weight.

STUDY PROTOCOL

After the period of adaptation, weight matched
female rats (200–250 g) were randomised into
three groups according to the dietary treatment
(15 animals in each group). Each diet was
started two weeks before the instillation of
TNBS to stabilise the rats, and was continued
until sacrifice. After two weeks on the diet each
rat received an intracolonic instillation of
TNBS (50 mg/0.5 ml). Two weeks later rats
were killed and damage to the colon was
assessed.

TRINITROBENZENE SULPHONIC ACID

2,4,6-Trinitrobenzene sulphonic acid (Wako
Chemical Co., Tokyo, Japan) was dissolved in
50% ethanol to a final concentration of
100 mg/ml, and 0.5 ml was intracolonically
instilled into each animal used for the experi-
ment.

DIET

Rats were fed either a 20% casein diet
(controls), or 20% casein supplemented with

either 2% (w/w) glutamine (2% Gln) or 4%
(w/w) glutamine (4% Gln). Glutamine was
obtained from Ajinomoto Company, Tokyo,
Japan. All diets were fibre free (table 1). The
diets were made isonitrogenous and isocaloric
by adding appropriate amounts of glycine.
Animals in all groups were fed ad libitum and
allowed free access to water. Between 0900 and
1000 every morning, animals were weighed
and food and water were renewed.

INDUCTION OF EXPERIMENTAL COLITIS

After a 24 hour fast, rats in each dietary group
were sedated by intraperitoneal administration
of 50 mg/ml sodium pentobarbital (Wako
Chemical Co., Japan; 0.1 ml/100 g body
weight). A polypropylene catheter was lubri-
cated with jelly and inserted 8 cm, via the anal
canal into the colon of the rat just proximal to
the splenic flexure. TNBS (100 mg/ml) dis-
solved in 50% (vol/vol) ethanol was instilled
into the colon (total volume of 0.5 ml per rat).
After instillation the rats were supported in the
supine position until recovery from anaesthesia
to prevent immediate anal leakage of the instil-
late.

TESTING FOR TRANSLOCATING BACTERIA

Two weeks after the instillation, rats were
killed by intraperitoneal administration of
sodium pentobarbital. Their abdomens were
shaved and cleaned with isodine and opened
with sterile instruments. The spleen and
mesenteric lymph nodes (MLNs) were asepti-
cally removed and placed in preweighed glass
tubes containing sterile brain heart infusion
(BHI) broth (Wako Chemical Co., Tokyo,
Japan) which were then reweighed. Spleen and
lymph nodes were homogenised in sterile BHI
in an ice cooled water bath using a previously
sterilised homogeniser piston (Ystral, Mita-
mura Riken Kogyo, Japan). Tenfold serial
dilutions were prepared in BHI and 100 µl
aliquots of the homogenates were cultured in

TABLE 1 Composition of diets

Ingredient Control
2% Gln
(g/kg)

4% Gln
(g/kg)

Casein 200.0 200.0 200.0
Starch 415.4 417.6 420.0
Sucrose 207.7 208.7 210.0
Glutamine 0.0 20.0 40.0
Glycine 46.9 23.7 0.0
Mineral1 50.0 50.0 50.0
Cellulose 20.0 20.0 20.0
Vitamin2 10.0 10.0 10.0
Oil 50.0 50.0 50.0

1Obtained from Oriental Yeast Co., Tokyo. The composition
was as follows (mg/kg): CaHPO4.2H2O (7820); KHPO4 (12
800); NaH2PO4 (4680); NaCl (2330); calcium lactate (17 550);
iron citrate (1590); MgSO4 (3590); ZnCO3 (55); MnSO4.6H2O
(60); CuSO4.5H2O (15); KI (5).
2Obtained from Oriental Yeast Co, Tokyo. The composition was
as follows (mg/kg): thiamine HCl (12); riboflavin (40); pyridox-
ine HCl (8); vitamin B12 (50); ascorbic acid (300); D-biotin
(0.2); folic acid (2); calcium panthothenate (5); aminobenzoic
acid (50); niacin, (60); inositol (60); choline chloride (2000);
dl-á tocopherol acetate (50); menadione, (52); retinyl acetate
(5000); ergocalciferol (1000).

TABLE 2 Histopathological grading scale of chemically
induced colitits

Grade of colitits Microscopic findings

0 Histological findings identical to normal
rats

1 Mild mucosal and/or submucosal
inflammatory infiltrate (admixture of
neutrophils) and oedema. Punctate mucosal
erosions often associated with capillary
proliferation. Muscularis mucosae intact.

2 Grade 1 changes involving 50% of the
specimen.

3 Prominent inflammatory infiltrate and
oedema (neutrophils usually
predominating) frequently with deeper
areas of ulceration extending through the
muscularis mucosae into the submucosa.
Rare inflammatory cells invading the
muscularis propriae but without muscle
necrosis.

4 Grade 3 changes involving 50% of the
specimen.

5 Extensive ulceration with coagulative
necrosis bordered inferiorly by numerous
neutrophils and lesser numbers of
mononuclear cells. Necrosis extends deeply
into the muscularis propria.

6 Grade 5 changes involving 50% of the
specimen.

488 Ameho, Adjei, Harrison, Takeshita,Morioka, Arakaki, et al



polymyxin B nalidixic acid agar and
McConkey’s agar for detection of Gram posi-
tive and Gram negative organisms. Blood
drawn from the heart (100 µl) was mixed in
0.9 ml BHI and similarly cultured as above.
All plates were incubated at 37°C. After two
days colonies were counted and microorgan-
isms were quantified as colony forming units
per gram tissue (CFU/g) or per ml blood
(CFU/ml) using the fomula:

(cfu/g) or (cfu/ml) = N × D × C × 10
(W) or (V)

whereN is the number of colonies on the plate,
D the dilution inoculated on the plate, C the
volume of BHI used for homogenising tissue or
mixing blood, andW or V the weight of speci-
men in grams or the volume of blood in ml,
respectively; 10 is included for the 0.1 ml

inoculum. Representative colonies on both
agar plates were identified by standard bacte-
riological procedures.

ASSESSMENT OF COLONIC DAMAGE

The distal colon was removed, opened longitu-
dinally, and cleared of faecal material with a
gentle spray of 0.9% saline. The freshly opened

TABLE 3 Body weight gain and colonic inflammation in the diVerent dietary groups

Control 2% Gln 4% Gln

Body weight gain (g) −31.4 (14.80)a 0.4 (6.35)b 21.6 (8.26)c

Colon weight (g)* 5.39 (2.04)a 2.55 (0.42)b 1.50 (0.10)c

Colon weight:body 0.025 (0.012)a 0.008 (0.003)b 0.004 (0.001)c

Values are mean (SEM). In a row diVerent letters indicate significant diVerence, p<0.05.
*Mann-Whitney U test.

Figure 1: Sample sections of rat colonic mucosa from each dietary group. Control (A,B); 2% Gln (C,D); 4% Gln (E,F).
The varying degrees of necrosis of the intestinal mucosa and infiltration by inflammatory cells among the groups are
evident.

TABLE 4 Incidence of bacterial translocation in the
diVerent dietary groups

Organ
Translocation
incidence* (%)

Bacterial count log10
(CFU/g)

MLNs
Control 93.0a 2.88 (2.25–2.90)a

2% Gln 60.0b 1.79 (1.37–2.16)b

4% Gln 33.0c 0.96 (0.44–1.20)c

Spleen
Control 93.0a 2.55 (2.17–2.77)a

2% Gln 40.0b 1.76 (1.44–1.95)b

4% Gln 13.0c 0.72 (0.36–0.92)c

Blood**
Control 67.0a 1.85 (1.76–1.92)a

2% Gln 20.0b 0.65 (0.56–0.87)b

4% Gln 0.0c NAc

MLNs, mesenteric lymph nodes.
*Number of positive tests for all animals tested (p<0.05, t test).
**CFU/ml. Values are median (range) (p<0.05, Fisher’s exact
test). In a column diVerent letters indicate significant difference.
Translocating bacteria were identified as E coli, P aeruginosa,M
morgani, and Enterococcus species.
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colonic segments were pinned out on a wax
block and examined by two independent
observers blinded to the treatment (TM, AA).
The extent of mucosal damage was assessed
using the colon macroscopic scoring system of
Wallace et al.24 After scoring, the detached
colon was blotted dry and weighed. The colon
weight:body weight ratio was calculated. This
ratio has been shown to be a marker of colonic
inflammation.26

COLON HISTOLOGY

Samples of the inflamed tissues were removed
for histological analysis. The tissues were fixed
in 37–40% phosphate buVered formalin (37–
40% formaldehyde, 10 ml; sodium phosphate
monobasic, 1.86 g; sodium hydroxide, 0.42 g;
distilled water, 90 ml) at room temperature
overnight. The tissues were then sliced into
4–6 mm pieces, dehydrated in ethanol, embed-
ded in paraYn wax, sectioned, and stained with
haematoxylin and eosin. The microscopic
slides were reviewed by two histologists (TM
and AA) blinded to the experimental groups
and the extent of damage; colonic inflamma-
tion was assessed using a modification of the
histopathological grading system of Macpher-
son and PfeiVer27 (table 2). The sections were
examined and photographed with an Olympus
microscope (Olympus Kogyo Co., Tokyo,
Japan).

COLON CYTOKINE EXTRACTION

Samples of inflamed and non-inflamed colon
were weighed and homogenised for one minute
in 0.01 M phosphate buVered saline (PBS),
pH 7.4, in an ice cooled water bath. The

homogenates were then centrifuged at
10 000 g at 4°C for 30 minutes and filter steri-
lised before the assay. Serum was prepared
from cardiac blood and stored frozen at –80°C
until analysis. IL-8 and TNF-á were quantified
with a commercial rat IL-8 (Panapharm Labo-
ratories Co. Ltd, Kumamoto, Japan) or TNF-á
(Genzyme Co., Cambridge, Massachusetts,
USA) ELISA kit according to the manufactur-
er’s instructions. The interassay and intraassay
coeYcients of variation were less than 10%.
The sensitivities of the assays were less than 5
ng/ml and 8 ng/ml for IL-8 and TNF-á respec-
tively.

STATISTICAL ANALYSIS

Statistical analysis of the data was performed
by analysis of variance (ANOVA); the Mann-
Whitney U test was used for damage scores and
Spearman rank correlation was used to corre-
late tissue cytokine levels with damage scores.
Duncan’s multiple range test was used to
determine significant diVerences among
means. A value of p<0.05 was considered
significant.

Results
GENERAL FINDINGS

One day post-induction, rats in all dietary
groups had watery diarrhoea and reduced
activity. Towards sacrifice, rats in the control
group had diYculty in passing faeces, were
increasingly lethargic, and showed piloerec-
tion. Rats in the Gln groups occasionally
passed soft faeces but exhibited little to no
lethargy. Prior to the induction of colitis,
weight gain was consistent and similar among
all dietary groups. Two weeks after induction,
after a slight weight drop, both Gln supple-
mented dietary groups had an increase in
weight to a mean value higher than (but not
significantly diVerent from) their preinduction
weights while the control group of rats contin-
ued to lose weight throughout (data not
shown). Both Gln groups of rats had a weight
gain that was higher than the control group
(p<0.05) (table 3). The 4% Gln group had a
weight gain that was higher than that of the 2%
Gln group (p<0.05). There were no deaths in
any of the groups during the period of investi-
gation.

BACTERIAL TRANSLOCATION

Both Gln groups of rats showed a lower
incidence of bacterial translocation (p<0.05)
and also a lower number of colony forming
units compared with the control group
(p<0.05) (table 4). The incidence of transloca-
tion and the number of colony forming units
were lower in the 4%Gln group than in the 2%
Gln group. Translocation occurred into at least
two of the tissues studied in each dietary group.
Translocating bacteria were identified as Es-
cherichia coli,Pseudomonas aeruginosa,Mycobac-
terium morgani, and Enterococcus species.

COLONIC INFLAMMATION

Two weeks post-induction, the control group
of rats had severe faecal stasis resulting in par-
tial bowel obstruction; a few rats on both

Figure 2: Colon macroscopic (A) and microscopic (B)
scores of rats. Values represent mean (SEM). Bars with
diVerent letters indicate significant diVerence (p<0.05).
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glutamine supplemented diets had smaller and
varying degrees of bowel obstruction with the
4% Gln group showing the least obstruction.
In the control group, the damage comprised
broad mucosal ulcers with a surface layer of
necrotic slough, accumulation of mesenteric
fat, and fibrinous adhesions to the bowel. Acute
colonic damage with haemorrhage and bowel
wall thickening were also observed (fig 1).
Colon weight and macroscopic damage scores
in the 4%Gln group were lower compared with
the other groups (p<0.05) (table 3, fig 2A) The
2%Gln group also had a lower score compared
with the control group (p<0.05) (fig 2B).
Microscopic examination showed infiltration
of neutrophils, lymphocytes, macrophages,
fibroblasts, and connective tissue mast cells,
with extensive crypt distortion and transmural
necrosis (fig 2A), which was less severe in the
4% Gln group than in 2% Gln group, both of
which were lower than the control group
(p<0.05) (fig 2B).

IL-8 AND TNF-á CONCENTRATION IN INFLAMED

AND NON-INFLAMED COLONIC PORTIONS

Compared with the other groups, the 4% Gln
group had the lowest concentration of IL-8 and
TNF-á (p<0.05) (table 5), in both inflamed
and non-inflamed colonic tissues which corre-
lated well with the damage score (IL-8:
r=0.894, p<0.05; TNF-á: r=0.744, p<0.05,
inflamed colon). The 2% Gln group also had a
lower TNF-á concentration (r=0.832, p<0.05,
inflamed colon) in both portions of the colon
compared with the control group (r=0.893,
p<0.05), which also correlated well with the
damage score. The IL-8 concentration was also
lower in the inflamed portions of the colon in
the 2% Gln group (r=0.874, p<0.05) com-
pared with the control group (r=0.965,
p<0.05) but concentrations in the non-

inflamed portions were similar in the two
groups. Generally, higher levels of both cy-
tokines were observed in inflamed tissues than
in non-inflamed tissues (p<0.05).

SERUM IL-8 AND TNF-á CONCENTRATIONS

The 4% Gln group had the lowest concentra-
tion of serum IL-8, compared with the other
groups (p<0.05). The 2% Gln group also had
a lower concentration of serum IL-8 than did
the control group (p<0.05) (fig 3). Interest-
ingly, however, serum TNF-á concentrations
in all three dietary groups were negligible.

Discussion
Our results confirm other reports that
glutamine supplementation of elemental diets
may improve the condition of patients with
IBD, and specifically that 4% Gln may oVer a
better response than 2% Gln. A previous study
utilising another model of colitis with 2% Gln
supplementation reported reduced endotoxae-
mia, but could not show mucosal regeneration
as determined by colon ornithine decarboxy-
lase levels, which might precede the restoration
of gut mucosa after injury.14 Although we did
not measure colon regeneration by enzymatic
studies, both our macroscopic and microscopic
examination revealed smaller and more super-
ficial necrotic areas and a less intense accumu-
lation of inflammatory cells in the 4% Gln and
the 2% Gln group compared with the more
deep seated damage and intense accumulation
of inflammatory cells in the control group. In
our study we stabilised the rats on the diets for
two weeks before inducing colonic damage,
whereas in the previous study, glutamine
supplementation was started in the post-
induction state. This, together with the length
of time of supplementation and the model of
colitis used, may be responsible for the
observed diVerences.
Fox et al,13 also utilising the dietary prestabi-

lisation mode of feeding in a lethal model of
colitis, showed that glutamine supplemented
enteral diets significantly improved nutritional
status, decreased intestinal injury, decreased
bacterial translocation, and resulted in im-
proved survival which is in agreement with our
results. In a related study using endotoxin
injection, Barber et al,15 working with a defined
fomula diet supplemented with either 2% Gln
or fibre, showed that while both glutamine and
fibre maintained small bowel mass, only
glutamine preserved normal jejunal mucosal
architecture. Furthermore, even though nei-
ther fibre nor glutamine supplementation
prevented caecal bacterial overgrowth or bacte-
rial translocation, glutamine was associated
with a significantly lower bacteraemia; this also
supports our results. In yet another study,
similar to the present one, Apteker et al28 found
both macroscopic and microcopic damage
scores and also myeloperoxidase activity to be
lower in rats pretreated with glutamine enemas
before induction of colitis compared with rats
treated after the induction of colitis. Klimberg
et al29 also reported that prophylactic glutamine
protects the intestinal mucosa from radiation
injury, and concluded that glutamine exerts a

TABLE 5 Interleukin 8 (IL-8) and TNF-á concentrations in inflamed and non-inflamed
rat colon

Il-8 (ng/g tissue) TNF-á (ng/g tissue)

Inflamed Non-inflamed Inflamed Non-inflamed

Control 2.39 (0.110)a 1.41 (0.025)a 0.72 (0.290)f 0.43 (0.200)f

2% Gln 1.34 (0.130)b 0.96 (0.020)a 0.53 (0.227)g 0.31 (0.207)g

4% Gln 0.18 (0.005)c d 0.09 (0.005)c e 0.27 (0.100)h 0.12 (0.150)h

Values represent mean (SEM). Within a row values with diVerent letters indicate significant dif-
ferences. In a column, values with diVerent letters indicate significant diVerences (n=15; p<0.05).

Figure 3: Serum IL-8 concentrations in rats. Values
represent mean (SEM). Bars with diVerent letters indicate
significant diVerence (p<0.05).
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protective eVect on the mucosa by supporting
crypt cell proliferation which may accelerate
healing of the acutely radiated bowel. Together,
these results suggest that pretreatment with
glutamine acts as protection against intestinal
damage; our results indicate 4% Gln to be
more eVective than 2% Gln.
In TNBS induced colitis, there is severe

neutrophil infiltration,24 30–35 possibly due to
local release of neutrophil chemotactic agents.
Many lipid derived chemoattractants such as
leukotriene B4,

36 platelet activating factor
(PAF),37 a product of the complementary path-
way C5a,38 and also IL-8,16–18 have been impli-
cated in neutrophil infiltration in inflammatory
bowel disease. However, the lipid derived
chemotactic agents are short lived19 and would
not be suYcient explanation for neutrophil
emigration.34 39 IL-8 diVers from the others in
that it is mainly produced by monocytes and
macrophages,16–18 is highly selective for
neutrophils,16–20 and is known to persist in
tissue in its active form for long periods; its
action is thus likely to be protracted.19 21

Furthermore, some studies have found greater
quantities of IL-8 in active UC than in inactive
disease or in active CD.22 23 We therefore
considered the eVect of glutamine supplemen-
tation on IL-8 and TNF-á, which is also a che-
moattractant, on disease outcome. As we had
previously observed that 4% Gln resulted in a
higher survival than 2% Gln in methicillin
resistant Staphylococcus aureus infection,4 we
compared the eVects of a two concentrations of
glutamine supplementation. The present study
showed that while both Gln groups had less
damage and bacterial translocation, and also
lower concentrations of the potent inflamma-
tory cytokines IL-8 and TNF-á compared with
the control group, the 4% Gln group per-
formed better than the 2%Gln group.With the
low concentration of both cytokines observed
in the Gln groups, it is possible that Gln may
have inhibited synthesis, release, and/or action
of these inflammatory cytokines, resulting in
the improvement in disease outcome. We have
no ready explanation for the neglegible serum
TNF-á concentration observed. However, it is
known that serum levels of this cytokine are not
consistently elevated in accordance with dis-
ease severity.41

How glutamine reduced bacterial transloca-
tion in the prescence of colonic damage is an
interesting question. Burke et al42 found that
glutamine supplemented total parenteral nutri-
tion maintained secretory IgA (S-IgA) concen-
tration at normal levels and suggested that
glutamine may be important in the gut associ-
ated lymphoid tissue (GALT). S-IgA functions
primarily by preventing the attachment of bac-
teria to the mucosal cell.43 It is conceivable that
the higher glutamine dose may have further
enhanced the eYciency of the GALT in elimi-
nating intestinal bacteria. Some studies have
reported a consistent obligate requirement for
the presence of normal intestinal flora in the
genesis of intestinal inflammation.44–46

Glutamine is a key substrate for rapidly
dividing cells such as enterocytes.47 Gut
glutamine requirements are increased in cata-

bolic disease states.48 A high rate of glutamine
uptake but only partial oxidation is characteris-
tic of rapidly dividing cells such as enterocytes,
immunocytes, macrophages, and fibroblasts.
This situation provides ideal conditions for the
synthesis of key molecules such as glutathione
and nucleotides.49 We recently found that
dietary supplementation with a nucleoside-
nucleotide mixture which is also important for
the maintenance of gut integrity, but has
proinflammatory properties, worsened colonic
mucosal damage in experimental colitis.50

Since glutamine is a substrate for nucleotide
synthesis, it could be expected that increased
supplements may enhance nucleotide synthesis
which in turn may aggravate disease outcome.
From our results, however, it is obvious that
this was not the case, which indicates the pref-
erential use of glutamine for the maintenance
of mucosal integrity during damage. Further
clarification of the mechanism of action of
glutamine supplementation on intestinal dam-
age is necessary.
This model of experimental colitis has been

well characterised and has clinical, biochemi-
cal, and pathological similarities to colonic
CD.29 Animals with TNBS colitis have re-
sponded to drugs useful in IBD.24 25 This
observation, together with the availability of a
quantitative scoring system, makes it a useful
system for the evaluation of new therapeutic
agents.51 Many studies have utilised this model
of colitis to assess the therapeutic eYcacy of
glutamine; to our knowledge, however, our
study is the first to assess the eVect of
glutamine supplementation on the potent
inflammatory cytokines IL-8 and TNF-á in
TNBS induced colitis. Although it is not possi-
ble to extrapolate findings from animal models
to the human situation, these results suggest
that an increased level of glutamine supple-
mentation may oVer a better response in the
treatment of IBD.

The authors would like to thank Ajinomoto Co., Tokyo, Japan,
for the supply of glutamine.

1 Olson CO, Sartor RB, Tennyson GS, Ridell RH. Experi-
mental models of inflammatory bowel disease. Gastroenter-
ology 1995; 109: 1344–67.

2 Seidman E, Leleiko N, Ament M, Berman W, Caplan D,
Evans J, et al. Nutritional issues in pediatric inflammatory
bowel disease. J Pediatr Gastroenterol Nutr 1991; 12: 424–8.

3 Levi AJ. Diet in the management of Crohn’s Disease. Gut
1985; 26: 985–8.

4 O’Morian C. Diet and Crohn disease. Mol Aspects Med
1987; 9: 113–8.

5 Seidman EG, Roy CC, Weber AM, Morin CL. Nutritional
therapy of Crohn’s disease in childhood. Dig Dis Sci 1987;
32: 82S-8S.

6 Seidman E, Sabbah S, Atlan P, Grey VL, Morin CL.
Elemental diet in inflammatory bowel disease. Can J Gas-
troenterol 1988; 2: 26A–34A.

7 Windmueller HG, Spaeth AE. Uptake and metabolism of
plasma glutamine by the small intestine. J Biol Chem 1980;
249: 5070–9.

8 Souba WW,Klimberg VS, Plumley DA, Salloum RM, Flynn
TC, Bland KI, Copeland III EM. The role of glutamine in
maintaining the gut and supporting the metabolic response
to injury and infection. J Surg Res 1990; 48: 383–91.

9 Roediger WEW. Utilization of nutrients by isolated
epithelial cells of the rat colon. Gastroenterology 1982; 83:
424–9.

10 SoubaWW, Smith RJ,Wilmore DW.Glutamine metabolism
in the intestinal tract. Journal of Parenteral and Enteral
Nutrition 1985; 9: 608–17.

11 Fox AD, Kripke SA, Berman JM, Settle RG, Rombeau JL.
The eVect of glutamine supplemented enteral nutrition on
methotrexate induced enterocolitis [abstract]. Am J Clin
Nutr 1987; 45: 850.

12 Jacobs DO, Evans DA, O’Dwyer ST, Smith RJ, Wilmore
DW.Disparate eVect of fluorouracil on the ileum and colon

492 Ameho, Adjei, Harrison, Takeshita,Morioka, Arakaki, et al



of enterally fed rats with protection by dietary glutamine.
Surg Forum 1987; 38: 45–9.

13 Fox AD, Kripke SA, De Paula J, Berman JM, Settle RG,
Rombeau JL. EVect of glutamine-supplemented enteral
diet on methotrexate-induced enterocolitis. Journal of
Parenteral and Enteral Nutrition 1988; 12: 325–31.

14 Fujita T, Sakurai K. EYcacy of glutamine-enriched enteral
nutrition in an experimental model of ulcerative colitis. Br
J Surg 1995; 82: 749–51.

15 Barber AE, Jones WG, Minei JP, Fahey III TJ, Moldawer
LL, Rayburn JL, et al. Glutamine or fiber supplementation
of a defined fomula diet: impact on bacterial translocation,
tissue composition, and response to endotoxin. Journal of
Parenteral and Enteral Nutrition 1990; 14: 335–43.

16 Yoshimura T, Matsushima K, Tanaka S, Robinson EA,
Oppenheim JJ, Leonard EJ. Purification of a human
monocytes-derived neutrophil chemotactic factor that has
peptide sequence similarity to other host defence cytokines.
Proc Natl Acad Sci USA 1987; 84: 9233–7.

17 Schroder J-M , Morowietz E, Morita E. Purification and
partial biochemical characterization of a human monocyte-
derived neutrophil activating peptide that lacks interleukin
1 activity. J Immunol 1987; 139: 3474–83.

18 Matsushima K, Morishita K, Yoshimura T, Lavu S,
Kobayashi Y, Lew W, et al. Molecular cloning of a human
monocyte-derived neutrophil chemotactic factor
(MDNCF) and the induction of MDNCF mRNA by
interleukin 1 and tumor necrosis factor. J Exp Med 1988;
167: 1883–93.

19 Thomsen MK, Larsen CG, Thomsen HK, Kirsten D, Skak-
Neilsen T, Ahnfelt-Ronne I, Therstrup-perdesen K.
Recombinant human interleukin-8 is a potent activator of
canine neutrophil aggregation, migration, and leukotriene
B4 synthesis. J Invest Dermatol 1991; 96: 690–4.

20 Leonard EJ, Yoshimura T, Tanaka S, RaVeld M. Neutrophil
recruitment by intradermally injected neutrophil
attractant/activation protein-1. J Invest Dermatol 1991; 96:
260–6.

21 Thelen M, Peveri P, Kernen P, Von Tscharner V, Baggiolini
M. Mechanism of neutrophil activation by NAF, a novel
monocyte-derived peptide agonist. FASEB J 1988; 2:
2702–6.

22 Mitsuyama K, Toyonaga A, Sasaki E,Watanabe K, Tataeishi
A, Nishiyama T, et al. IL-8 as an important chemoattract-
ant for neutrophils in ulcerative colitis and Crohn’s disease.
Clin Exp Immunol 1994; 96: 432–6.

23 Mahida YR, Ceska M, EVenberger F, Kurlak L, Lindley I,
Hawkey CJ. Enhanced synthesis of neutrophil-activating
peptide-1/interleukin-8 in active ulcerative colitis. Clin Sci
1992; 82: 273–5.

24 Wallace JL, MacNaughton WK, Morris GP, Beck PL. Inhi-
bition of leukotriene synthesis markedly accelerates healing
in a rat model of inflammatory bowel disease. Gastroenter-
ology 1989; 96: 29–36.

25 Higa A,Mcknight GW,Wallace JL. Attenuation of epithelial
injury in acute experimental colitis by immunomodulators.
Eur J Pharmacol 1993; 239: 171–6.

26 Rolandelli RH, Saul SH, Settle RG, Jacobs DO, Trerotola
SO, Rombeau JL. Comparison of parenteral nutrition and
enteral feeding with pectin in experimental colitis in the rat.
Am J Clin Nutr 1988; 47: 715–21.

27 Macpherson BR, PfeiVer CJ. Experimental production of
diVuse colitis in rats. Digestion 1978; 17: 35–50.

28 Apteker L, Goldin E, Wengrower D, Okon E. Beneficial
eVects of glutamine in TNB-induced experimental colitis
[abstract]. Gastroenterology 1996; 110: A852.

29 Klimberg VS, Souba WW,Dolson DJ, Salloum RM,Hauta-
maki RD, Plumley DA, et al. Prophylactic glutamine
protects the intestinal mucosa from radiation injury. Cancer
1990; 66: 62–6.

30 Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk
MR,Wallace JL. Hapten-induced model of chronic inflam-
mation and ulceration in the rat colon. Gastroenterology
1989; 96: 795–803.

31 Allgayer H, Deschryver K, Stenson WF. Treatment with
16,16'-dimethyl-prostaglandin E2 before and after induc-

tion of colitis with trinitrobenzene sulphonic acid in rats
decreases inflammation. Gastroenterology 1989; 96: 1290–
300.

32 Rachmilewitz D, Simon PL, Schwartz LW, Griswold DE,
Fondacaro JD, Wasserman MA. Inflammatory mediators
of experimental colitis in rats. Gastroenterology 1989; 97:
326–37.

33 Vialseca J, Salas A, Guarner F, Rodriguez R,Malagelada JR.
Participation of thromboxane and other eicosanoid synthe-
sis in the course of experimental inflammatory colitis.Gas-
troenterology 1990; 98: 267–77.

34 Wallace JL, Keenen CM,Gale D, Shoupe, TS. Exacerbation
of experimental colitis by nonsteroidal anti-inflammatory
drugs is not related to elevated leukotriene B4 synthesis.
Gastroenterology 1992; 102: 18–27.

35 Pons L, Droy-Lefaix MT, Bueno L. Leukotriene D4 partici-
pates in colonic transit disturbances induced by intraco-
lonic administration of trinitrobenzene sulphonic acid in
rats. Gastroenterology 1992; 102: 149–56.

36 Ford Hutchinson AW, Bray MA, Doig MV, Shipley ME,
Smith MJ. Leukotriene B, a potent chemokinetic and
aggregating substance released from polymorphonuclear
leukocytes.Nature 1980; 286: 264–5.

37 Lee T-C, Synder F. Function, metabolism and regulation of
platelet-activating factor and related ether lipids. In: Kuo
JF, ed. Phospholipids and cellular regulation, Vol. 2. Boca
Raton: CRC Press, 1985: 1.

38 Fernandez NH, Henson PM, Otani A, Hugli TE. Chemo-
tactic response to human C3a and C5a anaphylatoxins. I.
Evaluation of C3a and C5a leukotaxis in vitro and under
stimulated in vitro conditions. J Immunol 1978; 120:
109–15.

39 Falk W, Leonard EJ. Human monocyte chemotaxis: migrat-
ing cells are a subpopulation of with multiple chemotaxin
specificities on each cell. Infect Immun 1980; 29: 953–9.

40 Suzuki I, Matsumoto Y, Adjei AA, Asato S, Shinjo S,
Yamamoto S. EVect of glutamine-supplemented diet on
response to methicillin-resisitant Staphylococcus aureus
infection in mice. J Nutr Sci Vitaminol 1993; 39: 405–10.

41 Fiocchi C. Cytokines and intestinal inflammation. Trans-
plant Proc 1996; 28: 2442–3.

42 Burke DJ, Alverdy JC, Aoys E, Moss GS. Glutamine-
supplemented total parenteral nutrition improves gut
immune function. Arch Surg 1989; 124: 1396–9.

43 Bergman KC, Waldman KC. Stimulation of secretory anti-
body following oral administration of antigen.Rev Infect Dis
1988; 10: 939–50.

44 Onderdonk AB, Hermos JA, Dzink JL, Bartlett JG. Protec-
tive eVect of metronidazole in experimental ulcerative coli-
tis. Gastroenterology 1978; 74: 521–6.

45 Onderdonk AB, Bartlett JG. Bacteriological studies of
experimental ulcerative colitis. Am J Clin Nutr 1979; 32:
258–65.

46 Ohkusa T, Yamada M, Takenaga T, Kitazuma C, Yamamoto
M, Sasabe M, et al. Protective eVect of metronidazole in
experimental ulcerative colitis induced by dextran sulphate
sodium. Jpn J Gastroenterol 1987; 84: 2337–46.

47 Windmueller HG. Glutamine utilization by the small intes-
tine. Adv Enzymol 1982; 53: 202–37.

48 Souba WW. Glutamine metabolism in catabolic states. Role
of the intestinal tract (thesis). Harvard School of Public
Health, Department of Nutritional Biochemistry, June
1984.

49 Higashiguchi T, Hasselgren PO, Wagner K, Fischer JE.
EVect of glutamine on protein synthesis in isolated intesti-
nal epithelial cells. Journal of Parenteral and Enteral
Nutrition 1993; 17: 307–14.

50 Adjei AA, Morioka T, Ameho CK, Yamauchi K, Kulkarni
AD, Al-Mansouri HMSH, et al. Nucleotide-nucleoside
mixture free diet protects rat colonic mucosa from damage
induced by trinitrobenzene sulphonic acid. Gut 1996; 39:
428–33.

51 Beagley KW, Black CA, Elson CO. Strain diVerences in sus-
ceptibility to TNBS-induced colitis [abstract]. Gastroenter-
ology 1991; 100: A560.

Dietary glutamine supplementation in colitis 493


