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Abstract

The purpose of this study was to investigate the effects of glutamine supplementation on inflammatory responses in chronic ethanol-fed rats. Male Wistar
rats weighing about 160 g were divided into five groups. Two groups were fed a normal liquid diet and three groups were fed a glutamine-containing liquid diet.
After 1 week, one of the normal liquid diet groups was fed an ethanol-containing liquid diet (CE), and the other group served as the control (CC) group. At the
same time, one of the glutamine-containing liquid diet groups was continually fed the same diet (GCG), but the other two groups were fed ethanol-containing
diet supplemented with glutamine (GEG) or without glutamine (GE). The following items were analyzed: (1) liver function, (2) cytokine contents, and (3)
hepatic oxidative stress. The activities of aspartate transaminase (AST) and alanine transaminase (ALT) and levels of tumor necrosis factor (TNF)-α and
interleukin (IL)-1β in the CE group had significantly increased. In addition, hepatic cytochrome P450 2E1 (CYP2E1) expression had significantly increased in the
CE, GE and GEG groups. However, the activities of AST and ALT and levels of TNF-α and IL-1β in the GE group were significantly lower than those of the CE group.
The results suggest that the plasma inflammatory responses of rats fed an ethanol-containing liquid diet for 7 weeks significantly increased. However,
pretreatment with glutamine improved the plasma inflammatory responses induced by ethanol.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Long-term excessive alcohol consumption induces alcoholic liver
disease (ALD). However, ALD is a result of complex pathophysio-
logical mechanisms. These mechanisms include oxidative stress and
lipid peroxidation [1], immunological responses initiated by the
formation of protein adducts [2], and activation of Kupffer cells by
endotoxin and the subsequent release of cytokines, chemokines, and
adhesion molecules [3,4]. Among the mechanisms implicated in
alcohol-dependent liver disease, an increase in intestinal permeabi-
lity caused by alcohol that leads to endotoxemia appears to play an
important role.

The biological activity of endotoxin is associated with lipopoly-
saccharide (LPS), a component of the outer wall of gram-negative
bacteria. LPS is released when Gram-negative bacteria break down.
LPS activates Kupffer cells by interacting with CD14 and Toll-like
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receptor 4 molecules on the surface of Kupffer cells when they enter
the bloodstream andmove to the liver [5,6]. Activation of Kupffer cells
results in the release of inflammatory cytokines such as tumor
necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and IL-10 [7–9].
These cytokines act to mediate the innate immune response. It was
reported that endotoxin plays an important role in alcohol-induced
liver injury. The reasons for alcohol-induced endotoxemia include
bacterial overgrowth in the small intestine, mucosal injury in the
upper gastrointestinal tract and increased gut permeability [10].
Therefore, preventing endotoxin from entering the blood circulation
by decreasing the alcohol-induced intestinal permeability or by
maintaining the intestine mucosal function may diminish alcohol-
induced liver injury.

Glutamine is the most abundant amino acid in the circulation and
in the intracellular amino acid pool. It was reported that glutamine is
important for maintaining intestinal mucosal metabolic function [11],
and it has immunomodulatory properties [12]. Glutamine stabilizes
the intestinal barrier by preventing the translocation of bacteria or
other toxins and providing an energy source for cell proliferation.
Furthermore, glutamine also prevents oxidative damage via the
production of glutathione [13]. In addition, it was reported that
glutamine supplementation attenuates proinflammatory cytokine
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release and protects against organ damage in a rat model of
endotoxemia [14]. Previous studies pointed out that glutamine and
alanine administration prevented the inhibition of liver regeneration
caused by alcohol [15], and allowed the recovery of body weight and
spontaneous motor activity to normal levels in ethanol-treated rats
[16]. In addition, it was also reported that glutamine prevents the
acetaldehyde-induced redistribution of intercellular junctions in the
human colonic mucosa [17]. But few studies have shown the effects of
glutamine on the innate immune responses in alcohol-administrated
rats. Therefore, the purpose of this study was to investigate the effects
of glutamine supplementation on inflammatory responses in chronic
ethanol-treated rats.

2. Methods and materials

2.1. Animals

MaleWistar rats (National Taiwan University, College of Medicine,
Laboratory Animal Center) weighing about 160 g were used in this
experiment. All rats were housed in individual stainless steel cages in
an animal room maintained at 22±2°C with 50–70% humidity and a
12-h light-dark cycle. All rats were allowed free access to a standard
rodent diet (LabDiet 5001 Rodent Diet; PMI Nutrition International,
St. Louis, MO, USA) and water for 1 week during acclimation before
the study. All procedures were approved by the Institutional Animal
Care and Use Committee of Taipei Medical University.

2.2. Study protocol

After 1 week of acclimation, the rats were divided into five groups
according to the same aspartate transaminase (AST) and alanine
transaminase (ALT) activities in each group (n = 10). In the first
week, two groups were fed a control liquid diet, and three groups
were fed a glutamine-containing liquid diet before treating the
ethanol (equal to the pre-administration of glutamine). During the
Table 1
Composition of the experiment diets in each groupa

Ingredientsb Concentration [g/L (1000 kcal)]

Control Control+glutamine Ethanol Ethanol+glutamine

Casein 41.4 31.03 41.4 31.03
L-Cystine 0.5 0.5 0.5 0.5
DL-Methionine 0.3 0.3 0.3 0.3
Corn oil 8.5 8.5 8.5 8.5
Olive oil 28.4 28.4 28.4 28.4
Safflower oil 2.7 2.7 2.7 2.7
Choline bitartrate 0.53 0.53 0.53 0.53
Fiber 10 10 10 10
Xanthan gum 4 4 4 4
ICN: AIN-76 vitamins 2.5 2.5 2.5 2.5
ICN: AIN-76 minerals 2.6 2.6 2.6 2.6
Maltodextrin 115.2 117.1 25.6 27.5
Ethanol – – 50 50
Glutaminec – 8.437 – 8.437
Total nitrogen 6.47 6.47 6.47 6.47

a Group CC is control diet; group GCG is control diet with glutamine; group CE is
control diet in the first week, and ethanol diet during the second to eighth weeks;
group GE is control diet with glutamine in the first week, and ethanol diet during the
second to eighth weeks; group GEG is control diet with glutamine in the first week, and
an ethanol diet with glutamine during the second to eighth weeks.

b L-cystine, DL-methionine, choline bitartrate, Fiber, AIN-76 vitamins, AIN-76
minerals, and maltodextrin were purchased from the ICN Biochemicals (Costa Mesa,
CA, USA). Xanthan gum, ethanol, and glutamine were purchased from the Sigma-
Aldrich (St. Louis, MO, USA). Corn oil and olive oil were purchased from the God Bene
Enterprise (Yunlin, Taiwan). Safflower oil was purchased from the Taiwan Sugar
Corporation (Taipei, Taiwan).

c It contains 0.84% glutamine in the control diet with glutamine and in the ethanol
diet with glutamine.
next 7 weeks, one of the two groups fed the control diet was treated
with ethanol by feeding an ethanol-containing liquid diet (CE), while
the other group was used as the control (CC) group. One of the three
groups fed the glutamine-containing liquid diet, was continually fed
the same diet (GCG), but the other two groups were fed an ethanol-
containing diet, which was supplemented with glutamine (GEG) or
without glutamine (GE). The diets were modified from Lieber and
DeCarli [18]. Following the study of Yeh et al. [19], part of the casein
was replaced by glutamine, which provided 25% N of the total amino
acid in glutamine-containing liquid diet (0.84% glutamine). All diets
were isonitrogenous and identical in energy and nutrient distribu-
tions (Table 1). At the end of the experimental period, the rats were
anesthetized and sacrificed. Blood samples were collected in tubes
containing heparin and were centrifuged to separate the plasma
(1200×g for 15 min at 4°C). All plasma samples were stored at−80°C
until being assayed. Liver tissues were rapidly excised and stored
at −80°C for further analysis.

2.3. Measurements and analytical procedures

2.3.1. Liver function
To investigate the liver function during the experimental period,

plasma AST and ALT activities were measured with a Beckman
Synchron LXTM system at 340 nm.

2.3.2. Histological examinations
Liver tissue was fixed in 10% formaldehyde and embedded in

paraffin. Paraffin sections were cut and processed for histological
examination according to three kinds of histopathological stain
including hematoxylin-eosin (H&E), Masson and silver stains. A
semiquantitative histological evaluation was carried out by a
pathologist blinded to the treatment groups. The grading of H&E
stain ranged from 0 to 4 where 0 is absent, 1, trace, 2, mild, 3,
moderate and 4, severe. The scale for semiquantitation of hepatic
tissue fibrosis (Masson and silver stains) was as follows: 0 means no
collagen; 1means the existence of collagen but no septal formation; 2,
the existence of collagen and septum, but no connective tissue; 3,
the existence of collagen with a few thin connective tissue septa
and 4, the existence of collagen with thick connective tissue septa.

2.3.3. Measurement of hepatic triglyceride and cholesterol levels
Liver lipids were extracted by the method of Folch et al.

[20]. Hepatic triglyceride (TG) and cholesterol (TC) concentrations
in the liver were determined with diagnostic kits (Randox
Laboratories, Antrim, UK) with triglyceride and cholesterol as
standards, respectively.

2.3.4. Inflammatory responses and cytokine contents
Liver tissue (0.5 g) was homogenized in 1.5 ml ice-cold buffer

[50 mM Tris (pH 7.2), 150 mM NaCl and 1% Triton-X] plus 0.1%
protease inhibitor. The homogenate was then shaken on ice for
90 min. After shaking, the homogenate solution was centrifuged at
3000×g at 4°C for 15 min [21]. The supernatants were collected for
subsequent analysis.

To evaluate the inflammatory response, plasma and hepatic
cytokine concentrations were measured using enzyme-linked immu-
nosorbent assay kits. The TNF-α concentration was determined using
a rat TNF-α/TNFSF1A kit (R&D Systems, Minneapolis, MN, USA). The
IL-1β concentration was determined using a rat IL-1β/IL-1F2 kit (R&D
Systems). The IL-6 concentration was determined using a rat IL-6 kit
(R&D Systems). Assays of samples and standards were simultaneous-
ly conducted according to the assay kit instructions. The optical
density was read at 450 nm for all cytokines using a microplate reader
(Molecular Devices, Sunnyvale, CA, USA).



Table 2
Initial and final body weights and the relative liver weights of rats in each group

Group Initial body
weight (g)

Final body
weight (g)

Relative liver weight
(g/g×100%)

CC 298.9±18.1ab 451.4±20.3a 2.2±0.2a

GCG 286.1±23.0a 446.0±20.9a 2.2±0.2a

CE 297.1±17.0b 428.2±21.8ab 2.8±0.2b

GE 284.8±15.8ab 393.6±46.9c 2.6±0.2c

GEG 281.0±17.0ab 414.5±38.1bc 2.7±0.3bc

Values are expressed as the mean±S.D. (n=10). Means in the same column with
different superscript letters significantly differ (Pb.05).
Relative liver weight: (liver weight/body weight)×100%.

Table 3
Initial and the final AST and ALT activities of rats in each group1

Group2 Initial AST
activity (U/L)

Initial ALT
activity (U/L)

Final AST
activity (U/L)

Final ALT
activity (U/L)

CC 77.3±9.2a 25.8±7.5a 87.2±12.3a 28.2±4.0a

GCG 77.8±8.6a 21.2±3.8b 82.6±7.9a 24.2±4.7a

CE 77.6±13.4a 22.0±2.2ab 152.6±27.6b 58.4±11.1c

GE 78.7±10.7a 22.6±4.2ab 110.9±20.6c 44.6±10.8b

GEG 76.5±10.0a 22.3±4.5ab 118.1±30.1c 53.9±18.3bc

1 Values are expressed as the mean±S.D. (n = 10). Means in the same column
with different superscript letters significantly differ (Pb.05).

2 Details are as same as those described in Table 2.
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2.3.5. Hepatic oxidative stress analysis
To investigate the oxidative status of the liver, the reduced

glutathione (GSH) and oxidative glutathione (GSSG) ratio, lipid
peroxidation and CYP2E1 expression were measured. One gram of
liver tissue was homogenized in 4-ml buffer (0.25 mM sucrose,
10 mM Tris-HCl, and 0.25 mM phenylmethylsulfonyl fluoride; pH
7.4). The homogenate was then centrifuged at 10,000×g for 15 min
at 4°C. The supernatants were analyzed for the GSH/GSSG ratio and
lipid peroxidation.

2.3.5.1. GSH/GSSG ratio. The GSH concentration were measured
spectrophotometrically at 405 nm according to the method of Tietze
[22], and the GSSG concentration was measured spectrophotometri-
cally at 405 nm according to the method of Griffith [23]. Finally, the
ratio of GSH/GSSG was calculated as (GSH−2GSSG)/(GSSG).

2.3.5.2. Lipid peroxidation. Lipid peroxidation was determined by
measuring the concentration of thiobarbituric acid reactive sub-
stances (TBARS) in the liver with minor modifications [24]. Briefly,
20 μl of liver homogenates or 1,1,3,3-tetramethoxypropane (as the
standard) were shaken with 800 μl of 0.22% H2SO4 in a 2-ml
centrifuge tube. Then, 100 μl of 10% phosphotungstic acid and
200 μl 0.67% TBA (in H2O: glacial acetic acid=1: 1, v/v) were added to
the mixture, mixed well, and warmed for 60 min in a boiling-water
bath followed by rapid cooling. It was shaken into 600 μl of a n-butyl-
alcohol layer in a separation tube, and the MDA content was
measured fluorometrically (at excitation and emission wavelengths
of 531 and 590 nm, respectively) using a Wallac Victor-2 1420
Multilabel Counter (Perkin-Elmer, Waltham, MA, USA).

2.3.5.3. Hepatic microsomal CYP2E1 protein expression. Liver tissues
were homogenized in 10 volumes of ice-cold buffer (0.25 M sucrose,
10 mM Tris–HCl, and 0.25 mM phenylmethylsulfonyl fluoride; pH
7.4). The homogenates were centrifuged at 17,000×g for 20 min at
4°C. The supernatant was transferred to a new tube and centrifuged at
105,000×g for 60 min at 4°C to separate the microsomes. The
microsomal pellet was dissolved in 50-mM potassium phosphate
buffer containing 1 mM EDTA and 1 mM DTT (pH 7.4). Microsomal
protein (30 μg) was separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis. After separation, the proteins
were electroblotted onto a polyvinylidene difluoride transfer mem-
brane (Amersham Biosciences, Little Chalfont, Bucks, UK). These blots
were then incubated with mouse monoclonal anti-rat CYP2E1
(Oxford Biomedical Research, Oxford, MI, USA) and mouse anti-
actin monoclonal (Chemicon International, Temecula, CA, USA)
antibodies. Finally, the blot was treated with goat anti-mouse
immunoglobulin G (IgG)-horseradish peroxidase (HRP) (Chemicon
International) or goat anti-rabbit IgG-HRP (Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA) and specific bindings of antibodies detected
using a Western Lightning kit (PerkinElmer Lifesciences, Boston,
MA, USA). The bands were quantified using Image-Pro Plus 4.5
software analysis.

2.3.6. Measurement of total protein concentration
The total protein concentration of tissue samples was spectro-

photometrically estimated using a Bio-Rad DC protein assay kit (Bio-
Rad Laboratories, Hercules, CA, USA).

2.4. Statistical analysis

All data are expressed as the mean±S.D. One-way ANOVA
followed by Fisher's test was used to determine the statistical
differences among groups using SAS software vers. 8.0 (SAS Institute,
Cary NC, USA). Statistical significance was assigned at the Pb.05 level.
3. Results

The average energy intake in the five groups was as follows:
CC group (74.8±8.6 kcal/day), GCG group (75.4±9.0 kcal/day), CE
group (75.5±8.5 kcal/day), GE group (69.5±9.6 kcal/day), and GEG
group (72.2±9.4 kcal/day). The average ethanol intake levels in the
groups consuming ethanol were as follows: CE group (3.8±0.4 kcal/
day), GE group (3.5±0.5 kcal/day) and EGE group (3.6±0.5 kcal/day).
There were no differences in the energy or ethanol intake levels
among these groups.

The initial and final body weights are shown in Table 2. The initial
body weight in the CE group was significantly higher than that of the
GCG group (Pb.05). However, the final body weight in the GE group
was significantly lower than those of the CC and GCG groups (Pb.05).
The relative liver weights in the CE, GE and GEG groups were
significantly higher than those in the CC and GCG groups (Pb.05), and
the relative liver weight in the GE group was significantly lower than
that in the CE group (Pb.05).

The liver function of the experimental animals was monitored
through AST and ALT activities. The results of the initial and final
AST and ALT activities are shown in Table 3. There were no
differences in the initial AST activities of the various groups. The
initial ALT activity in the GCG group was significantly higher than
that in the CC group (Pb.05), and the ALT activities in the GCG, CE,
GE, and GEG groups did not differ. The final AST and ALT activities in
the CE, GE, and GEG groups significantly increased compared to
those in the CC and GCG groups (Pb.05). The final AST and ALT
activities in the groups which were given an ethanol diet and
pretreatment with glutamine (GE group) were significantly lower
than those in the CE group (Pb.05). Moreover, the final AST activity
in the GEG group was also lower than that in the CE group (Pb.05).
Fig. 1 shows the representative photomicrographs of livers in the
five groups. The results of semiquantitative histological assessment
are shown in Table 4. The scores of fatty change and inflammation
in the CE, GE, and GEG groups were higher than those in the CC and
GCG group (Pb.05). However, microvesicular fat accumulation in the
GEG group was significantly lower compared to the CE group
(Pb.05). The scores of inflammation in the GE group were
significantly lower than that in the CE group (Pb.05). The scores



Fig. 1. Representative photomicrographs of livers. CC, control diet; GCG, control diet with glutamine; CE, control diet in the first week, and an ethanol diet during the second to eighth
weeks; GE, control diet with glutamine in the first week, and an ethanol diet during the second to eighth weeks; GEG, control diet with glutamine in the first week, and an ethanol diet
with glutamine during the second to eighth weeks. The CC group showed no histopathological change (hematoxylin and eosin; original magnification ×200). The CE group showed
microvesicular and macrovacuolar fat accumulation (arrow).
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of fibrosis were no significant differences in the five groups (data
not shown). The results of hepatic lipids are shown in Table 5.
Hepatic TG levels in the CE, GE, and GEG groups were significantly
higher than those in the CC and GCG groups (Pb.05); however, there
were no differences among values in the CE, GE and GEG groups.
Table 4
Hepatic histopathology scores of rats in each group1

Group2 Injury of scores

Fatty change
(vacuole formation)

Necrosis Inflammation

Micro Macro

CC 0.3±0.2ab 0.0±0.0a 0.0±0.0a 0.3±0.2a

GCG 0.2±0.2a 0.0±0.0a 0.0±0.0a 0.2±0.2a

CE 1.1±0.4c 0.7±0.5b 0.1±0.2a 0.8±0.3b

GE 1.0±0.6cd 0.6±0.6b 0.0±0.0a 0.6±0.3c

GEG 0.7±0.3bd 0.5±0.4b 0.1±0.2a 0.6±0.2bc

1 Values are expressed as the mean±S.D. (n = 10). Means in the same column
with different superscript letters significantly differ (Pb.05).

2 Details are as same as those described in Table 2.
Hepatic TC levels in the CE and GE groups were significantly higher
than that in the CC group (Pb.05). In addition, hepatic TC con-
centration in the GEG group did not differ compared to those of the
CC and GCG groups.

Plasma TNF-α, IL-1β and IL-6 concentrations are shown in Table 6.
TNF-α and IL-1β levels significantly increased in the CE group (Pb.05).
However, TNF-α and IL-1β levels were significantly lower in the GEG
able 5
epatic TG and TC levels of rats in each group1

roup2 TG (mg/g liver) TC (mg/g liver)

C 27.3±5.4a 5.7±1.2a

CG 20.7±7.1a 7.8±1.4bd

E 34.8±7.1b 10.0±2.7c

E 36.5±8.1b 9.4±2.1cd

EG 35.7±8.5b 7.1±2.0ab

1 Values are expressed as the mean±S.D. (n = 10). Means in the same column
ith different superscript letters significantly differ (Pb.05).
T
H

G

C
G
C
G
G

w

2 Details are as same as those described in Table 2.



Table 6
Plasma TNF-α, IL-1β and IL-6 concentrations of rats in each group1

Groups2 TNF-α (pg/ml) IL-1β (pg/ml) IL-6 (pg/ml)

CC 1.8±1.5ab 9.5±2.8a 79.5±25.2ab

GCG 1.4±0.8a 11.3±2.2ab 95.1±62.3b

CE 5.1±2.1c 17.1±13.1b 72.0±41.4ab

GE 2.1±1.6ab 8.4±3.7a 60.8±35.3ab

GEG 3.5±4.0bc 11.1±6.4ab 50.5±17.0a

1 Values are expressed as the mean±S.D. (n = 10). Means in the same column
with different superscript letters significantly differ (Pb.05).

2 Details are as same as those described in Table 2.

Table 8
The hepatic reduced GSH/GSSG ratio and TBARS concentrations of rats in each groupa

Groupb GSH/GSSG ratio TBARS (μM)

CC 8.9±1.6 15.0±2.0
GCG 8.9±1.3 14.6±2.1
CE 8.6±2.6 14.2±1.4
GE 9.4±2.2 14.3±2.1
GEG 9.3±1.6 14.4±2.2

a Values are expressed as the mean±S.D. (n = 10).
b Details are as same as those described in Table 2.
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group compared to the CE group (Pb.05). The IL-6 concentration in
the GCG group was significantly higher than that in the GEG group
(Pb.05). The IL-6 concentration in the GCG group did not differ
compared to that of the CC group, and IL-6 concentrations in the GE
and GEG groups did not differ compared to that of the CE group.
Hepatic TNF-α, IL-1β, and IL-6 concentrations are shown in Table 7.
Hepatic TNF-α and IL-1β levels did not differ in the various groups.
Hepatic IL-6 level was significantly higher in the CE group (Pb.05). The
IL-6 level was significantly lower in the GE group compared to that in
the CE group (Pb.05), but there was no significant difference in IL-6
concentrations between the GEG and CE groups.

The antioxidant status in the liver was evaluated by the GSH/GSSG
ratio, TBARS concentration, and CYP2E1 expression. The hepatic GSH/
GSSG ratio and TBARS concentrations of rats in each group did not
differ in the various groups (Table 8). CYP2E1 expressions in the CE,
GE, and GEG groups were significantly higher than that in the CC
group (Pb.05); however, there were no differences among values in
the three groups (Fig. 2).
4. Discussion

In this study, rats were fed isocaloric diets in these five groups. The
average ethanol consumption in ethanol-treated groups was similar
to that used in a previous report [25]. The final body weight and
relative liver weight of rats fed the glutamine-containing normal
liquid diet did not differ compared to the control group. This reveals
that glutamine supplementation had no adverse effects. The present
results showed that the final body weight significantly decreased in
the ethanol-treated groups except for the CE group (Table 2). It was
reported that weight gain was reduced in rats by substitution of
alcohol for carbohydrates in spite of a similar energy intake [26].
However, the relative liver weight significantly increased in rats of the
CE group (Table 2). Chronic alcohol consumption may cause
asymptomatic hepatomegaly [27], and ethanol intake increases the
relative liver weight in rats [28]. The results showed that pretreat-
ment with glutamine can prevent the ethanol-induced relative liver
weight increase in rats fed an ethanol-containing diet.

To evaluate liver damage caused by chronic ethanol feeding,
plasma AST and ALT activities were determined in the present study.
Table 7
Hepatic TNF-α, IL-1β and IL-6 concentrations of rats in each group1

Groups2 TNF-α (pg/mg) IL-1β (pg/mg) IL-6 (pg/mg)

CC 10.9±2.5a 9.0±1.2a 20.6±6.9a

GCG 10.2±3.6a 9.6±2.3a 21.2±7.0a

CE 11.4±3.1a 10.0±2.8a 32.8±6.8c

GE 9.9±3.0a 8.5±2.1a 24.6±5.5ab

GEG 11.7±3.7a 9.7±1.7a 27.1±7.7bc

1 Values are expressed as the mean±S.D. (n = 10). Means in the same column
with different superscript letters significantly differ (Pb.05).

2 Details are as same as those described in Table 2.
Plasma AST and ALT activities are markers of ethanol-induced liver
injury [29,30]. The final plasma AST and ALT activities significantly
increased in rats fed the ethanol-containing diet (Table 3). In the CE
group, fat accumulation and inflammation were observed from the
results of hisotopathology examinations (Table 4) and hepatic TG and
TC were significantly increased (Table 5). This demonstrates that
long-term ethanol administration induced liver injury in this study. In
addition, the results showed that the final plasma AST and ALT
activities in the GE group and final AST activity in the GEG group were
significantly reduced compared to those of the CE group (Table 3).
Furthermore, the injury scores of microvesicular fat accumulation
were reduced in the GEG group (Table 4). Glutamine is the primary
metabolic fuel of the small amino acid pool in the body, and the amide
nitrogen of glutamine is the major component for the biosynthesis of
nucleotides which plays a major role in cell proliferation [13,31]. In an
animal model of obstructive jaundice, oral administration of gluta-
mine reduced liver injury after bile duct ligation [32]. In addition,
preceding ingestion of a 10% glutamine diet suppressed liver injury in
D-galactosamine-induced acute hepatitis in rats [33]. Although the
protective mechanisms of glutamine against liver damage in rats
remain to be elucidated, the results are evidence that the pre-
administration of glutamine showed a hepatoprotective effect against
ethanol-induced liver injury.

Cytokines are produced by immune cells that act as mediators of
the immune response and the response of tissues to injury. In the
present study, we analyzed the systemic and hepatic cytokine levels
in rats with chronic ethanol feeding. The plasma TNF-α and IL-1β
levels significantly increased in the CE group compared to the control
group (Table 6). These results are consistent with those of previous
studies [7,34,35]. Ethanol consumption can promote bacteria over-
growth, which may cause accumulation of endotoxin. In addition,
Fig. 2. Hepatic CYP2E1 protein expression of rats in each group. *Significantly differs
from the CC group (Pb.05).
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ethanol-induced gut barrier disruption leads to increased intestinal
permeability, and excess amount of endotoxin may transfer from
intestine to the liver and general circulation and contribute to an
inflammatory response [10,36]. In the present study, pretreatment of
glutamine reduced plasma TNF-α and IL-1β levels in rats with chronic
ethanol feeding (Table 6). The results showed that glutamine could
suppress the inflammatory response. Previous studies indicated that
glutamine plays an important role in the maintenance of intestinal
integrity [11]. It has been reported that glutamine availability sustains
recovery from decrease of transepithelial resistance and increase of
permeability in Caco-2 cells [37]. Glutamine prevents acetaldehyde-
induced disruption of the tight junction and adherens junction in
human colonic mucosa [17]. Furthermore, glutamine prevents gut
mucosal injury and improves mucosal recovery in LPS-treated rats
[31]. Therefore, glutamine may provide protective effects to prevent
ethanol-induced permeability increasing and endotoxin from enter-
ing the circulation and activating Kupffer cells by improving intestinal
barrier function. However, plasma endotoxin level and intestinal
permeability test are required in the present study to clarify the
possible mechanism of glutamine's protective effect in chronic
ethanol-fed rats.

The results of plasma and hepatic IL-6 levels were unanticipated in
the present study. We found that plasma IL-6 levels were highest in
the GCG group and lowest in the GEG group, although they did not
differ in the CC and CE groups (Table 6). However, hepatic IL-6 levels
significantly increased in the CE group (Table 7). Previous studies
pointed that serum and hepatic IL-6 levels increased in ALD patients,
suggesting that elevated IL-6 may contribute to alcoholic liver injury
[8,9]. However, many studies mentioned that IL-6 may play a
compensatory role in protecting against alcohol-induced liver injury
[38]. IL-6 may have a protective effect by modulating the expression
of the antiapoptotic proteins, bcl-2 and bcl-xL [39]. In addition, IL-6
plays a protective role by inhibiting ethanol-induced oxidative stress,
lipid peroxidation, and mitochondrion permeability transition [40].
The inconsistent results of IL-6 levels between plasma and the liver
suggest that confirming whether IL-6 plays a protective role or not
could be a complicated. Although previous studies pointed out that
glutathione supplementation attenuates the release of IL-6 in septic
rats and improves survival [41,42], we could not define the effect of
glutamine supplementation on IL-6 production in the present study.
A further study may be necessary to elucidate the effect of glutamine
on IL-6 production in ALD using IL-6-deficient mice as an experi-
mental model [40].

The present study also investigated the oxidative status in the
experimental rats. The results showed that hepatic CYP2E1 expres-
sion significantly increased when rats were fed the ethanol-
containing diet (Fig. 2). The hepatic GSH/GSSG ratio and lipid
peroxide products, as TBARS concentrations, showed no significant
differences among the five groups (Table 8). It is believed that the
increase in reactive oxygen species (ROS) generation is responsible
for the high oxidative stress in the body during ethanol metabolism,
and CYP2E1 plays a key role in ROS generation in the liver [1]. The
results suggest that although hepatic CYP2E1 was induced by
ethanol, oxidative stress had not yet increased in the liver.
Glutamine via glutamate plays an important role in the intestine
by producing glutathione which is considered an antioxidant
substance [13]. It was also reported that glutamine-supplemented
nutrition preserves hepatic glutathione in an animal model of pre-
infusion with glutamine and hepatic injury [43]. However, hepatic
CYP2E1 expression, the GSH/GSSG ratio, and lipid peroxide products
(TBARS concentrations) in ethanol-treated rats supplemented with
glutamine (the GE and GEG group) did not differ when compared to
the CE group (Table 8, Fig. 2). Therefore, glutamine supplementation
might not be associated with providing antioxidative protection in
the liver in this study.
In conclusion, plasma TNF-α and IL-1β levels significantly
increased in rats fed an ethanol-containing liquid diet for 7 weeks,
suggesting that ethanol consumption induces plasma inflammatory
responses and liver damage. However, pretreatment with glutamine
prevented ethanol-induced liver injury by improving the ethanol-
induced inflammatory response.
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