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Abstract

AIM: To evaluate the effect of glutamine on intestinal
mucosa integrity, glutathione stores and acute phase
response in protein-depleted rats during an inflammatory
shock.

METHODS: Plasma acute phase proteins (APP),
jejunal APP mRNA levels, liver and jejunal glutathione
concentrations were measured before and one, three
and seven days after turpentine injection in 4 groups
of control, protein-restricted, protein-restricted rats
supplemented with glutamine or protein powder.
Bacterial translocation in mesenteric lymph nodes and
intestinal morphology were also assessed.

RESULTS: Protein deprivation and turpentine injection
significantly reduced jejunal villus height, and crypt
depths. Mucosal glutathione concentration significantly
decreased in protein-restricted rats. Before turpentine
oil, glutamine supplementation restored villus heights
and glutathione concentration (3.24 + 1.05 vs 1.72 %
0.46 umol/g tissue, P < 0.05) in the jejunum, whereas
in the liver glutathione remained low. Glutamine

markedly increased jejunal al-acid glycoprotein mRNA
level after turpentine oil but did not affect its plasma
concentration. Bacterial translocation in protein-restricted
rats was not prevented by glutamine or protein powder
supplementation.

CONCLUSION: Glutamine restored gut glutathione
stores and villus heights in malnourished rats but had no
preventive effect on bacterial translocation in our model.
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INTRODUCTION

Sepsis and endotoxemia impair gut glutamine metabolism!".
This impairment may contribute to the weakening of the
gut mucosal barrier and to the development of bacterial
translocation”. The tripeptide glutathione is an active
free radical scavenging compoundm. Glutathione has
been shown to play an important role in the protection of
intestinal mucosa against exogenous injury both iz vitrg™
and in vivd®. Intestinal mucosa glutathione content falls
markedly following a period of protein restriction!”
also in patients with inflammatory bowel disease™”. The
depletion of reduced glutathione content in the mucosa
could therefore favor oxidative stress within the mucosa.
In addition to the liver, intestine also contributes to the
systemic inflammatory response and acute phase proteins
expressionllOJ and this intestinal acute phase response may
be influenced by protein malnutrition ',

Although glutamine has traditionally been recognized
as a nonessential amino acid, recent studies have demon-

and
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strated that glutamine plays a major role in the response
to injurym], in the enterocyte oxidative metabolism!",
and in the maintenance of the intestinal epitheliumlw’m.
Glutamine supplementation may prevent gut mucosal
damage and bacterial translocation in various experimental
models of gut injury™"”. Moreover, glutamine could with
stand systemic""” but also gut—associated“g’ZUJ immune
response, because glutamine is an important substrate
for optimal lymphocyte™ and macrophage™ function.
In addition, some reports indicate that glutamine may
counteract glutathione depletion by supporting gut
glutathione biosynthesis[23J and may influence cytokines
production by gut mucosa in rats” or in humans™?".
Therefore, the aim of this study was to investigate the
effect of glutamine supplementation on the integrity of
the intestinal mucosa and its glutathione stores and on
acute phase response in protein depleted rats during an

inflammatory challenge.

MATERIALS AND METHODS

Animals

Guidelines for the handling and care of laboratory animals
conformed to the standards established by the Animal
Studies Committee of the Rouen University.

Seventy two adult male Sprague-Dawley rats
weighing 291 £ 23 g were obtained from Charles River
(IArbresle, France) and were allowed at least 3 d to
acclimatize to laboratory conditions (constant humidity
and temperature: 21°C, with a 12 h light-dark cycle) in
community cages before being studied. During this time
the rats were allowed ad libitum intake of water and
standard rat chow (UAR A03, Epinay-sur-Orge, France).
Two weeks before the inflammatory challenge (d-14), rats
were housed in individual metabolism cages at 21°C with
12 h periods of dark and light cycles with a free access to
food and water. Rats were assigned to 4 groups: a control
group (CG) fed with a 23% protein diet (23 g casein/100
¢ synthetic diet, UAR, Epinay-sur-Otrge, France); and
3 groups fed with an isocaloric protein-free (0% casein)
diet. The composition of diets is summarized in Table 1.
In two protein-restricted groups, rats were supplemented
after 7 d of protein-free diet with cither glutamine
(3 g/100 mL) or protein powder (PolypeptalR, Novartis,
3.75 g/100 mlL), and until the end of the study (Gln
and PP groups, respectively). These supplements were
administered in solution with the drinking water, with

adequate dilution to provide isonitrogenous solutions.
Equal volumes and thus isonitrogenous supplements
were given to the rats of Gln and PP groups. One
protein-restricted group received no supplementation
later on (PR group).

Diet regimens were maintained until sacrifice day.
During the experimental period, rats were weighted
weekly, and food and water consumption was monitored
daily. After 14 d of regimen, rats received a subcutancous
injection of 3 mL/kg of turpentine oil (TO) to induce
an acute-phase response. An experimental inflammation
induced by TO may increase intestinal permeability in
rats”", Rats were sacrificed immediately before TO injection
(0 h) or 1, 3, and 7 d after TO. The number of animals
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Table 1 Composition of control and protein-deficient diets'

Constituent (g/kg) Control diet Protein-deficient diet
(23% casein) (0% casein)
Protein 230 0
Glucose (+ starch) 580 800
Lipids 50 60
Cellulose 60 60
Mineral salts’® 70 70
Vitamins® 10 10
Total 1000 1000

'The energy density of each diet was 18 kJ/g. In the protein-restricted (PR)
group, energy was replaced with isocaloric quantities of carbohydrates
(glucose + starch in equal amounts); *Containing (g/kg): L-Arginine 8.5;
L-Cysteine 3.0; L-Lysine 17.4; L-Methionine 7.1; L-Tryptophane 5.0; L-Glycine
1.0; *Containing (mg/kg): phosphorus, 7750; calcium, 10000; potassium, 6000;
sodium, 4000; magnesium, 1000; manganese, 80; iron, 300; copper, 12.5; zinc,
45; cobalt, 0.09; and iodine, 0.49; 4Con’taining (UI/Kkg): retinyl acetate, 19800;
cholecalciferol, 6000; and (mg/kg): thiamin, 20; riboflavin, 15; D-pantothenic
acid, 70; pyridoxine, 10; inositol, 150; cyanocobalamine, 0.05; ascorbic acid,
800; dl-a-tocopherol acetate, 170; menadione sodium bisulfite, 40; nicotinic
acid, 100; choline, 1360; folic acid, 5; biotin, 0.3. (ND, not detectable).

ranged from 3 to 5 in each group at each time point.

Preparations

The rats were sacrificed and a ventral midline incision was
made under sterile conditions and mesenteric lymph nodes
were quickly removed and put into a sterile vial kept at
4°C and transferred to the bacteriology laboratory within
4 h. After excision of lymph nodes and exsanguination,
the portal vein was cannulated, the supra hepatic veins
were cut, and the liver was rinsed with ice cold normal
saline until it appeared blood free. Then, it was rapidly
excised and blotted. A sample of liver (about 1 g) was
weighed, minced and homogenized in a Braun" potter
homogenizer with 3 mL of normal saline for 60 s at 4°C.
This homogenate was used to determine the liver content
of soluble proteins. Another 1 g liver sample was similatly
homogenized in 3 mL of perchloric acid (0.4 mol/L). The
homogenate was centrifuged at 10000 X g for 20 min at
4°C. The supernatant was kept at -80°C for glutathione
concentration measurement. After removal of the liver,
the jejunum was removed and carefully rinsed with ice-
cold phosphate buffer saline to eliminate fecal material.
This tissue was opened longitudinally and the mucosa
was immediately scraped off and prepared as previously
described for the liver™.

Analytical methods
Total reduced glutathione concentration in the super-
natant was determined according to a modified spectro-
photometric glutathione reductase assay as previously™,
Glutathione assay was performed twice, with a variation
cocfficient of less than 10%. Results were expressed as
umoles glutathione per g wet weight tissue. Intracellular
glutamine and glutamate levels were determined in
the supernatant of jejunal homogenates after protein
precipitation by using an amino acid analyzer (Biotronik
LC3000; Eppendorf).

For measurement of villus height, additional 1 cm
samples of jejunum were rinsed with ice-cold saline
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Table 2 Body weight, total energy and nitrogen intake

CG PR Gin PP
Body weight (g) 295+9 288+31 284+30 296+8
Energy intake (kcal/d.
100 g body weight)

1% wk 34+2 20 +5° 2+7 19+7°
2" wk 30+4 30+4 28+10 28 +£10
Nitrogen intake (/100 g  0.28 £0.02  0.00 0.05+0.03 0.04 +0.01

body weight)

Body weight (g) before the beginning of the study, total energy intake (powder
or powder + supplementation in the drinking water) expressed in kcal/d per
100 g of body weight, and total nitrogen intake (g/100 g body weight) in CG
(control group), protein-restricted group (PR) and protein-restricted groups
supplemented with glutamine (Gln) or a protein powder (PP). °P < 0.05 vs CG.
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Figure 1 Evolution of body weight from initial weight as a function of time during
the feeding period and at each time point studied after turpentine oil (TO) injection
(arrow) for control (CG;), protein-restricted (PR;u), glutamine (GIn; 4) and protein-
powder (PP; o) groups. Values are means + SD. P < 0.05, between CG and other
groups from d-7 until d7.

and fixed in a 10% formol solution during 24-72 h. The
samples were coded and further handled in blinded fashion
by the same observer. The samples were cut longitudinally
in 3 pieces and embedded in paraffin. The sections
(40 pm) were placed on a slide and then stained with
hematoxylin. To minimize the variability of measurements,
about 20 villi were studied in jejunal samples, and for each
villus, epithelial thickness, chorion or lamina propria height
and crypt depths were measured in duplicate.

In the bacteriology laboratory, lymph nodes were
weighed in sterile conditions and then homogenized in
a Teflon potter homogenizer with sterilized NaCl (10%
weight/volume). The homogenate was then cultured in
aerobic atmosphere on 3 different medium: horse blood
Columbia, CLED (Biomérieux, Marcy I'Etoile, France) and
nalidixic acid (Pasteur Diagnostics, Marnes-la-Coquette,
France) agar plates, during 48 h. Colony counts were
expressed as colony forming units per gram of organ
tissue (CFU/g tissue), and culture was considered positive
for (CFU/g tissue) > 100.

o-1 AGP and a.2-macroglobulin plasma concentrations
were determined by rocket immunoelectrophoresis as
previously described"? using rat anti-q-1 AGP or anti-
a2-macroglobulin (UER Sciences Pharmaceutiques et
Biologiques, Chatenay Malabray, France) antibodies.

RT-PCR
Total RNAs were extracted from the liver or intestinal
mucosa by a modified-extraction method as previously

Table 3 Positive cultures (colony forming units per gram of
organ tissue (CFU) > 100) from cultured lymph nodes/total
cultures for (CG ), protein-restricted (PR), glutamine-(GIn) and

protein powder (PP) supplemented groups

CG 0/4 2/4 1/4
PR 1/5 1/5 1/5
Gln 2/6 4/7 2/5
PP 3/5 3/4 3/4

described”. The quality and quantity of total RNA were
determined by spectrophotometry using the absorbance
at A260/A280 nm. The integrity was also controlled
by visualization of 18S and 28S ribosomal bands. RT-
PCR was performed as previously reported™. The
RT products were amplified by PCR using sense and
antisense primers (Eurogentec) specific for a-1 AGP and
glycerladehyde-3 phosphate deshydrogenase (GAPDH)
used as an internal standard: a-1 AGP, 5'-GCAGCTT
TCCGAGACCCCGT-3" and 5'-CATGCCCACATCT
TTGACAG-3'; GAPDH, 5'-AAAGGGTCATCATCT
CCGCC-3"and 5'-GTGGAGGAATGGGAGTTGC
T-3". The relative quantification of the autoradiogram
bands represents an integrated area under the curve of
densitometric tracing, estimated as the ratio of targeted
gene to GAPDH.

Statistical analysis

Values are expressed as the mean £ SD. Data were
analyzed by analysis of variance, and differences
between means were determined using Scheffe’s multiple
comparison test. The incidence of bacterial translocation
was compared by corrected y? test. Significance was
defined as P < 0.05.

RESULTS

Dietary intake and weight of animals

Before starting the specialized regimens, there was no
significant body weight difference between the groups
(Table 2). Control group’s body weight rose during the
whole period before TO injection, slightly diminished 24
h after TO (not significant) and then remained unchanged
(Figure 1). In contrast, in the three other groups, the
animals lost about 60 g of their body weight during
the first week of protein deprivation, and about 10 g
during the second week, Turpentine oil did not induce an
additional loss of weight and no significant difference was
observed between these 3 groups (Figure 1).

The mean daily energy intake during the first week of
the feeding period was reduced in all the groups fed with
0% protein diets (Table 2). During the second week of
the feeding period, the energy intake (powder or powder
+ supplementation in the drinking water, see the methods
section) was not significantly different between the groups
(Table 2). During the supplementation period, nitrogen
intake of Gln and PP groups represented about 18%
and 14% (expressed in g N/d per 100 g body weight,
respectively) of the nitrogen intake of CG (Table 3). When
the rats were injected with TO, a significant (about 50%)
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Figure 2 Morphometrics of jejunal villus height (A), jejunal crypt depths (B), and
jejunal lamina propria (C), immediately before turpentine oil (TO) injection and
1, and 3 d after TO. Rats received either control (m), protein-restricted (PR; m),
glutamine (GIn; m ), or protein-powder (PP;1) supplemented diets. Values are
means + SD. Means without a common letter (a, b or c) differ. °P < 0.05 vs d 0.

reduction of food intake was observed in all groups, with
no significant difference between groups, and food intake
normalized 24 h later.

Intestinal morphology

The morphometric data of the four groups are displayed
on Figure 2. After 14 d of 0% protein diet, both the villus
and lamina propria heights in the jejunum (446 £ 80 s 590
T 43 um and 388 £ 65 u5 518 £ 39 um respectively; P <
0.05) were significantly decreased in comparison to CG.
The jejunal crypt depths were also decreased, although
not significantly. There was no significant difference for
crypt depths and lamina propria height before injection
of TO between Gln and PP-supplemented groups. In
contrast, villus heights were maintained in Gln group but
not in PP group (Figure 2A). One day after TO injection,
a significant decrease was observed in jejunal villus height,
crypt depth and lamina propria for CG group (421 £ 36
um 25 590 £ 43 um, 130 + 4 pm »5 282 £ 13 um, 386 *
40 um »5 517 £ 39 pm respectively; P <0.05). In the other
groups, morphometrics did not change after TO. Three
days after injury, morphometric parameters were restored
only in CG group. There was no difference between the 3
protein restricted groups (PR, Gln, PP; Figure 2).

Bacterial translocation
For the CG, no viable bacteria were detectable in cultured
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mesenteric lymph nodes before TO injection (Table 3).
In contrast, some positive cultures were observed for
lymph nodes from PR animals as well as from Gln or PP-
supplemented groups. After TO induced inflammation,
bacterial translocation was also noted in several animals;
however, no significant difference between groups was
observed (Table 3).

Glutathione and glutamine concentrations

The glutathione concentration in liver and jejunum
is displayed in Figure 3. In both tissues, glutathione
concentration significantly decreased after protein
restriction (jejunum: 1.72 + 0.46 o5 4.24 + 1.40 pmol/g
tissue; liver: 2.59 + 0.38 »5 7.3 £ 0.38 pumol/g tissue, both
P < 0.05). Glutathione concentration was restored after
glutamine supplementation in the jejunum (3.24 = 1.05 s
1.72 £ 0.46 pmol/g tissue, P < 0.05), while it remained low
despite supplementation with protein powder (Figure 3A).
In the liver, glutamine supplementation had no significant
effect on glutathione concentration (Figure 3B).

After TO injection, glutathione concentration in the
jejunum peaked on d 1 and d 3 for CG and PR animals,
respectively (Figure 3A). In the Gln group, but not in the
PP group, a marked jejunal glutathione concentration peak
was also observed on d 3 (Figure 3A, P < 0.05 Gln »s PR).
Glutathione in the liver was decreased on d 1, and later
increased on d 3 in CG and PR animals (Figure 3B, P < 0.05
d1wdO0for CG,and P<0.050nd3w»d1 for PR). In
both groups of supplemented rats, liver glutathione rose
markedly on d 1 and peaked on d 3 after TO injection,
and returned to initial values on d 7 (Figure 3B). Protein
concentrations were similar and did not vary significantly
in the both organs.

Intracellular glutamine concentration before inflamma-
tion was significantly increased in the Gln group in
comparison to CG (2.36 £ 2.93 »s 1.05 £ 0.23 umol/g
tissue; P < 0.05), while it was not affected by protein
deprivation alone or by supplementation with protein
powder. After TO, no significant difference was observed
between groups and intracellular glutamate was not
modified by any diet nor by TO induced inflammation (data
not shown).

Acute phase response

Before TO, a-1 AGP was detected to a low level in the
plasma but no difference was observed between the groups
(Figure 4A). In contrast, a2-MG was increased in plasma
from Gln rats (Figure 4B). After TO, plasma a-1 AGP and
0.2-MG increased in all groups to a similar extent.

Jejunal a-1 AGP mRNA (Figure 5) was not constitu-
tively expressed in any groups. TO injection induced a
weak increase of a-1 AGP mRNA level in CG group
only at d 1. This increase was prolonged in PR group until
d 7. However, the peak response of a-1 AGP mRNA
was higher in the two supplemented groups (Gln and
PP, P < 0.05, Figure 5). The highest -1 AGP mRNA
peak response was observed in the Gln group at d 1,
and was significantly higher than that observed in PR
and PP groups (P < 0.05). Jejunal a2-MG mRNA level
remained not affected by protein restriction, Gln or PP
supplementation and TO challenge (data not shown).
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Figure 3 Jejunal (A) and liver (B) glutathione (umol/g tissue) immediately before turpentine il (TO) injection and 1, 3 and 7 d after TO. Rats received either control (m),
protein-restricted (PR; ), glutamine (GIn; @), or protein-powder (PP; ). Values are means + SD. Means without a common letter (a, b or ¢) differ. °P < 0.05 vs d 0.
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Figure 4 Plasma levels (g/L) for alpha-1 acid glycoprotein (A) and alpha-2 macroglobulin (B) immediately before turpentine oil (TO) injection and 1, 3 and 7 d after TO.
Rats received either control (m), protein-restricted (PR; m), glutamine (GlIn; @), or protein-powder (PP; 2) supplemented diets. Values are means + SD. Means without a
common letter (a, b) differ. ‘P < 0.05 vsd 0.

restored gut glutathione content and regulated intestinal

DISCUSSION acute phase response without influencing bacterial
In the present study, we measured the effect of glutamine translocation in protein-restricted rats.

supplementation on gut barrier, glutathione content and In the present study, weight gain was severely impaired
acute phase response in severely protein-restricted rats in rats fed a protein-free diet (PR group). Growth
during TO injection. Our results indicate that glutamine retardation has been reported as a consequence of feeding
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a poor-protein diet without taking into consideration the
anorexia associated with the consumption of low protein
diets™. In our study, the mean daily energy intake during
the first week of the feeding period was also diminished
in all the groups fed with 0% protein diets (see results
section). Thus, as both diets were isocaloric, this suggests
that the absence of proteins may have affected the
palatability of the diets or influenced the central regulation
of appetite™. Neither glutamine nor protein powder
supplementation restored a growth rate similar to that of
animals fed the normal-protein diet. However, during the
second week, the variations in the energy intake between
the 4 groups did not reach significance. It may appear not
physiological to have used a protein-free diet. However,
it is not rare that patients remain with only fluids and
glucose for several days in postoperative situations while
undergoing inflammatory stress. In addition, this diet was
appropriate to test the pharmacological effect of glutamine
alone, apart from that of other amino acids.

Inflammation was induced by a subcutaneous
injection of 3 mL/kg of body weight of TO. Previous
studies have shown that this experimental model elicits
hormonal and metabolic changes similar to those observed
during the response to injury and infection®'™"!, This
includes the production of the acute-phase protein o-2
macroglobulin**" but does not lead to the anorexia
commonly associated with administration of endotoxin,
gavage with bacteria or other injury models””. The
injection of TO had only a marginal effect upon the
rate of weight gain in normally fed animals following
the injection. This observation confirms similar findings
observed in pigsp”.

The gastrointestinal tract is a major organ of glutamine
utilization™. In various models of stress-induced injury
(cancer, radiation, and chemotherapy) or malnutrition,
glutamine supply maintains or restores the normal
morphometric values of the small bowel mucosa and
supports gut function”. However, glutamine deprivation
in an otherwise complete diet prior to TO injury had only
a marginal detrimental effect on the structural integrity of
the small intestinal mucosa'”. This may be due to the fact
that animals were not otherwise protein-depleted, and were
thus able to maintain an adequate glutamine endogenous
de novo synthesis from several other amino acids i.e.
branched-chain amino acids"".

In our study, the histological assessment of the mucosa
in the jejunum was carried out on 4 rats from each dietary
group before and 1 and 3 d after TO injection. Protein
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restriction induced a marked, significant decrease of
jejunal villus and chorion height (Figure 2). In contrast,
in Gln group, villus height was only modestly reduced
(not significantly different from CG). This is consistent
with a beneficial effect of glutamine supplementation on
enterocyte proliferation rate as reported in human mucosa
in vitro™. Tt may also be explained by a prolongation of
cell life™” or apoptosis inhibition"*"".,

Bacterial translocation occurred in several animals in
all protein-restricted rats. This may be due to the passage
of viable bacteria through paracellular pathways, as a
consequence of altered tight junction selectivity secondary
to severely impaired metabolism. None of the supplements
had any significant preventive effect on bacterial
translocation, which is at variance with some other reports
in enterally'! or parenterally fed rats supplemented with
glutaminem]. This lack of preventive effect may be due to
the fact that other factors involved in gut barrier function,
such as mucosal immune cells or IgA secretion, had been
impaired by severe protein restriction"”

Glutathione plays an important role in detoxification
reactions with xenobiotics and oxygen radicals”™ and is
also required in large amounts in catabolic states, not only
by hepatic and intestinal cells but also by inflammatory
cells; thus, impaired mucosal glutathione content
increases the susceptibility to oxidative tissue injury™,
Glutathione requires glutamate for its biosynthesis and
the main intracellular source of glutamate is derived
from glutamine™. Some authors reported that glutamine
supplementation may increase glutathione concentration
both in the liver™ and in the gutm’m’m. In both tissues
studied in the present study (jejunum and liver),
glutathione concentration decreased markedly in PR rats
before TO injection. After the inflammatory shock, liver
glutathione slightly decreased in CG and PR groups,
and later increased up to values not different from initial
values; in contrast, it was markedly increased in Gln and
PP groups. The transient initial decrease in CG and PR
animals may reflect the short-term reduction of solid food
intake after T'O, since liver glutathione is very sensitive to
food deprivation. Contrastingly, after TO, rats in all groups
markedly increased their water intake (data not shown)
until d 3; this resulted in an increased intake of both
glutamine and protein powder. Accordingly, an increase of
liver glutathione was observed after inflammatory shock
on d 3 and may have been supported by the increased
intake of precursors from glutamine or protein powder.
The significant decrease in jejunal glutathione of severely
protein-restricted rats in the present study is in accordance
with previous results in rats fed a 3% protein diet”". Both
a decreased synthetic rate of glutathione in the mucosa™*
and/or a leakage in the lumen may have contributed to
this decreased concentration of glutathione. At most
time points, glutamine but not protein powder restored
glutathione concentrations in the jejunum and this effect
was significant on d 0 and d 3. In contrast, glutathione in
the liver was best restored with the amino acid mixture
(PP). The specific beneficial effect of glutamine on jejunal
glutathione probably reflects the high capacities of uptake,
as reflected by intracellular glutamine concentration and
of glutamine utilization in the proximal small intestine!’
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for immediate glutathione synthesis. In addition, beneficial
effects of glutamine on villus height and GSH content
in jejunal mucosa could be related to each other since a
negative correlation between GSH content and apoptosis
of epithelial cells has been reportedw. Despite being
provided with isonitrogenous drinking solutions, rats in
the PP group drank somewhat less water than those in
the Gln group, with consequently a lower nitrogen intake
in the PP group than in the Gln group. Despite this,
jejunal glutathione content in the glutamine group was
even higher than in normally fed rats (Figure 3B). Thus,
the supply of free glutamine via the oral route may have
a distinct kinetic advantage as far as mucosal glutathione
synthesis is concerned.

Before the induction of inflammatory shock, the
mRNA for g-1 AGP was not expressed in the jejunal
mucosa, which is in accordance with data in cultured rat
intestinal epithelial cells™!. In response to TO challenge,
mRNA expression for a-1 AGP increased in jejunal
mucosa in normally fed rats. However, protein restriction
and glutamine-supplementation enhanced jejunal a-1 AGP
response without altering plasma APP concentrations. The
o-1 AGP has been reported to have an anti-inflammatory
effect by increasing the production of IL-1 receptor
antagonist’” by limiting the migration of leukocytes
through endothelium!” and by reducing complement- and
neutrophil-mediated intestinal injury[m. Thus, an enhanced
intestinal a-1 AGP production after supplementation
with glutamine may contribute to the local protective
effects of glutamine, together with the reduction of

¥ 2s well as the

pro-inflammatory cytokine production
improvement of protein metabolism"™”.
In summary, our results indicate that glutamine
supports glutathione stores and may support the intestinal
acute phase response in the jejunum of malnourished rats
during inflammatory shock. Since a marked glutathione
depletion has been observed during inflammatory bowel
diseases, specially when combined with malnutrition'™,
the beneficial effects of glutamine-supplemented diets on
antioxidative capacities and gut integrity in inflammatory
conditions with associated malnutrition should be

evaluated.
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