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Abstract
AIM: to evaluate preventative effects of glutamine in 
an animal model of gut ischemia/reperfusion (I/R).

METHODS: Male Wistar rats were housed in a con-
trolled environment and allowed access to food and 
water ad libitum. Twenty male Wistar rats were divided 
into four experimental groups: (1) control group (con-
trol) - rats underwent exploratory laparotomy; (2) con-
trol + glutamine group (control-GLU) - rats were sub-
jected to laparotomy and treated intraperitoneally with 
glutamine 24 and 48 h prior to surgery; (3) I/R group 

- rats were subjected to occlusion of the superior mes-
enteric artery for 30 min followed by 15 min of reperfu-
sion; and (4) ischemia/reperfusion + glutamine group 
(G + I/R) - rats were treated intraperitoneally with 
glutamine 24 and 48 h before I/R. Local and systemic 
injuries were determined by evaluating intestinal and 
lung segments for oxidative stress using lipid peroxida-
tion and the activity of superoxide dismutase (SOD), 
interleukin-6 (IL-6) and nuclear factor kappa beta (NF-
kB) after mesenteric I/R. 

RESULTS: Lipid peroxidation of the membrane was 
increased in the animals subjected to I/R (p  < 0.05). 
However, the group that received glutamine 24 and 48 
h before the I/R procedure showed levels of lipid per-
oxidation similar to the control groups (p  < 0.05). The 
activity of the antioxidant enzyme SOD was decreased 
in the gut of animals subjected to I/R when compared 
with the control group of animals not subjected to I/R 
(p  < 0.05). However, the group that received glutamine 
24 and 48 h before I/R showed similar SOD activity to 
both control groups not subjected to I/R (p  < 0.05). 
The mean area of NF-kB staining for each of the con-
trol groups was similar. The I/R group showed the larg-
est area of staining for NF-kB. The G + I/R group had 
the second highest amount of staining, but the mean 
value was much lower than that of the I/R group (p  < 
0.05). For IL-6, control and control-GLU groups showed 
similar areas of staining. The I/R group contained the 
largest area of IL-6 staining, followed by the G + I/R 
animals; however, this area was significantly lower than 
that of the group that underwent I/R without glutamine 
(p  < 0.05). 

CONCLUSION: These results demonstrate that pre-
treatment with glutamine prevents mucosal injury and 
improves gut and lung recovery after I/R injury in rats.
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Core tip: Ischemia-reperfusion (I/R) leads to oxidative 
stress, with local and systemic consequences. Many 
enzymes and interleukins have been implicated in this 
process, among them interleukin-6 (IL-6) and nuclear 
factor kappa beta (NF-kB). The exact role of these en-
zymes is still not clear. Some substances, such as glu-
tamine, have been studied as protective agents against 
oxidative stress. In an animal experimental model of 
intestinal I/R we have found that glutamine reduced 
lipid peroxidation, preserved superoxide dismutase ac-
tivity, and decreased the expression of IL-6 and NF-kB 
in both lung and intestine, suggesting a protective role 
of this amino acid in the setting of intestinal I/R.  
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INTRODUCTION
Ischemic conditions such as arterial occlusions, trans-
plants, mesenteric ischemia and shock occur commonly 
in medical practice and affect a growing number of  in-
dividuals of  various ages, leading to high morbidity and 
mortality. However, unlike ischemic injuries, reperfusion 
injuries alter not only the affected areas but also produce 
systemic changes, so that the reestablishment of  the 
blood flow to ischemic areas may result in damage to 
the entire body. The damage to remote organs is termed 
post-traumatic multiple organ failure (MOF)[1].

Gut ischemia usually results from occlusion of  the 
celiac trunk and/or the superior mesenteric artery by 
thrombi or emboli and, more frequently, from non-
occlusive processes, such as in the case of  decreased 
mesenteric blood flow that occurs in heart failure and 
sepsis[2]. In the gut, ischemia followed by reperfusion fre-
quently results in MOF, with the gut being the organ that 
triggers the injury process in distant organs. A systemic 
inflammatory reaction is initiated from pro-inflammatory 
substances released by the gut into the lymphatic circula-
tion, with the inflammation mainly affecting lungs, liver 
and kidneys[3].

Although the details about the molecular mecha-
nisms that determine injuries in ischemic events are not 
yet well defined, it is known that reactive oxygen species 
(ROS) play an important role in the pathogenesis of  gut 
injury after an ischemia/reperfusion (I/R) event[4]. Parks 
and Granger reported that the tissue damage that occurs 
during reperfusion is greater than the injury that occurs 
during ischemia. Rupture of  the mucosal barrier, bacte-

rial translocation and activation of  the inflammatory 
response, as well as acid-base balance and electrolyte dis-
orders, are observed[5]. Superoxide and hydrogen peroxide 
are thought to be the main free radicals that contribute to 
I/R injury. Under normal conditions ROS are neutralized 
by endogenous antioxidant enzymes, but an excess of  free 
radicals is observed during reperfusion, which results in 
oxidative stress[6]. Those free radicals originate when oxy-
gen (O2) is reintroduced into the ischemic tissue during 
reperfusion. Superoxide dismutase (SOD) is an antioxi-
dant enzyme highly specific for superoxide elimination, 
thus reducing gastrointestinal lesions caused by I/R[7].

Nuclear factor of  kappa light polypeptide gene en-
hancer in B-cells (NF-kB) is a transcription factor that 
plays a crucial role not only in normal states but also 
in the coordination of  adaptive immune responses by 
regulating the expression of  many cell mediators[8]. This 
factor, which was first described in 1986 by Sen and 
Baltimore[9], binds to specific kappa binding sites in the 
immunoglobulins of  B cells. It is now well recognized 
that NF-kB is expressed in most cell types and that NF-
kB consists of  a dimer composed of  members of  the 
Relish (Rel) family. The NF-kB/Rel family contains five 
subunits, p50, p52, p65 (RelA), c-Rel and Rel-B. These 
subunits form homo- and heterodimers in several combi-
nations. Generally, NF-kB is composed of  two polypep-
tides, one of  50-kDa (p50) and one of  65-kDa (p65). In 
homeostatic cells, NF-kB remains in the cytoplasm in its 
inactive form, associated with proteins that inhibit the kB 
site called kB inhibitors (IkB). Seven IkB isoforms have 
been described: IkBα, IkBβ, IkBγ, IkBε, Bcl-3, p100 and 
p105. NF-kB is activated by a variety of  signals relevant 
to the etiology and pathophysiology of  inflammation[8]. 
Intracellular and/or extracellular stimuli such as bacterial 
products (endotoxins, peptidoglycans), viruses and viral 
components, protozoa, cytokines (tumor necrosis factor-
alpha (TNF-α), interleukins), free radicals and/or oxi-
dants are needed to activate NF-kB[8]. In 2002, Haddad[10] 
suggested that NF-kB activation controls the oxidant/an-
tioxidant balance.

Interleukin (IL)-6 and TNF-α levels are elevated in I/
R as well as in MOF. Measurements of  plasma levels of  
these endotoxins are important to assess the systemic ef-
fects of  gut I/R. ROS promote oxidative stress as a result 
of  the production of  inflammatory cytokines, such as 
IL-6 and TNF-α, in addition to promoting the activation 
of  neutrophils. IL-6 and TNF-α not only directly induce 
tissue damage but are also potent neutrophil activators. 
When sequestered in the intestinal tissue, these mediators 
and their enzymatic products promote increased micro 
vascular permeability, interstitial and perivascular edema, 
MOF and pulmonary edema[11]. 

The damage and loss of  mucosal barrier integrity 
promotes bacterial translocation and the production 
of  cytokines. The next stage is the transport of  inflam-
matory mediators through the intestinal lymphatic 
system. The lung is the first exposed organ[12]. After 
resuscitation from hemorrhagic shock, lymph duct li-
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gation prevents remote lung injury, the so-called “gut-
lymph hypothesis”[13]. Lymphatic thoracic duct ligation 
prior to mesenteric I/R protects against lung injuries 
and modulates serum levels of  endotoxins, D-lactate, 
diamine oxidase and cytokines. MOF causes acute lung 
injury (ALI) through the production of  inflammatory 
mediators drained through the circulatory system. The 
gastrointestinal tract has the largest lymphatic system of  
the body. Mediators released by activated inflammatory 
cells during an acute event reach the interstitium, which 
is predominantly drained by lymphatics[13].

Several substances have been used for the treatment 
and/or prevention of  experimental colitis. The experi-
ments aimed to evaluate new drugs for the treatment 
of  inflammatory processes or combinations of  drugs 
to achieve better results[14]. Substances that inhibit or 
minimize the inflammatory process caused by aggressive 
agents, such as glutamine, have been used for prevention 
purposes. Glutamine is an uncharged, polar amino acid 
that is non-essential or occasionally essential, hydrophilic, 
and found on the surface of  proteins where it interacts 
with water. Glutamine is the most abundant amino acid 
in peripheral blood[15]. This substance was initially used 
prophylactically in patients undergoing radiation therapy, 
leading to a reduction in the incidence and severity of  
actinic enteritis[16]. Glutamine also has a major role in the 
immune defense of  the intestinal mucosal barrier due to 
its participation in the formation of  immunoglobulins, 
especially IgA. Glutamine decreases the inflammatory 
effects of  methotrexate-induced enterocolitis and re-
duces bacterial translocation in animals with abdominal 
sepsis[17]. This amino acid acts on macrophage activity, 
interfering with phagocytosis at inflammatory sites. In 
addition to the direct protective effects mentioned above, 
glutamine plays an important role in intestinal inflam-
matory processes by acting on ROS[14]. Glutamine is a 
multifunctional amino acid used for the synthesis of  urea 
in the liver, renal aminogenesis, gluconeogenesis, and as 
the main respiratory fuel for many cells. Low glutamine 
concentrations are found during catabolic stress and are 
associated with susceptibility to infections. Glutamine is 
not only an important energy source for mitochondria 
but is also a precursor of  the brain neurotransmitter 
glutamate, which then participates in the synthesis of  
the antioxidant glutathione[15]. Glutamine is thus vital in 
the regulation of  the intracellular oxidative balance[16]. 
Glutamine has been used as a nutritional supplement 
in severely debilitated patients to reduce the deleteri-
ous effects of  oxidative stress[18]. It has been shown that 
preventing oxidative stress in patients with severe condi-
tions or multiple traumas or undergoing major surgery is 
useful as a treatment adjunct. In this setting, antioxidant 
therapy improves patient prognosis and decreases the 
overall rate of  complications[19].

Clinical observations have shown that patients re-
ceiving dietary glutamine supplementation had a better 
tolerance to colitis resulting from radiation therapy for 
prostate and cervical neoplasms[16]. The same substance 

was then used in patients with Crohn’s disease (granulo-
matous enterocolitis) and ulcerative rectocolitis. A clini-
cal improvement was observed in these patients, namely 
decreased diarrhea, increased fistulae healing rates and 
decreased use of  medications. Because of  the importance 
of  active oxygen species in the genesis of  colitis, the rela-
tionship between oxidative stress and the supposed ben-
eficial clinical effect of  glutamine in colitis has become a 
subject of  research. The mechanism by which glutamine 
exerts beneficial effects appears to be associated with the 
biosynthesis of  glutathione, which causes a consequent 
reduction in lipid peroxidation of  the intestinal mem-
brane during mesenteric I/R[20]. 

The aim of  our study was to investigate the effects of  
glutamine treatment in an animal model of  mesenteric I/
R analyzing parameters such as lipid peroxidation, SOD 
activity, and immunohistochemical expression of  IL-6 
and NF-kB.

MATERIALS AND METHODS
Ethics
Animal care was in compliance with the normative reso-
lution 04/97 of  the Research and Ethics Committee 
of  the Health Research Group and Graduate Teaching 
Hospital of  Porto Alegre (Hospital de Clinicas de Porto 
Alegre-HCPA)[21]. 

Animals
Male Wistar rats [250-300 g; State Foundation for Pro-
duction and Health Research (Fundação Estadual de 
Produção e Pesquisa em Saúde-FEPPS)] were housed in 
a controlled environment and allowed access to food and 
water ad libitum. 

Surgical procedures
After trichotomy, rats were anesthetized with ketamine 
and xylazine solution [45 mg/kg intraperitoneally (ip)]. 
After midline laparotomy, the celiac and superior mesen-
teric arteries were isolated near their aortic origins. Dur-
ing this procedure, the intestinal tract was placed between 
gauze pads soaked with warm 0.9% NaCl solution. The 
superior mesenteric artery and the celiac trunk were 
clamped, resulting in total occlusion of  these arteries for 
30 min to induce splanchnic artery occlusion injury. After 
occlusion, the clamps were removed, and after 15 min of  
reperfusion, intestinal segments (10 cm) and pieces of  
the lung were removed for histological examination and 
biochemical studies.

Experimental groups
Rats were randomly allocated into the following groups: 
(1) ischemia/reperfusion (I/R): rats were subjected to 
splanchnic artery occlusion injury (30 min) followed by 
reperfusion (15 min) (n = 5); (2) ischemia/reperfusion 
+ glutamine group (G + I/R): identical to the ischemia/
reperfusion group but were treated with glutamine (25 
mg/kg ip) 24 and 48 h before I/R (n = 5); (3) control 
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and anti-IL-6 (Santa Cruz Biotechnology, United States) 
at 1:100. After incubation with the primary antibody, sec-
tions were washed three times in PBS, pH 7.2. To amplify 
the antigen-antibody reaction, the Advance system HRP 
was used for IL-6 (Dako, United States) according to the 
manufacturer’s recommendations, and for NF-kB, goat 
anti-rabbit IgG-HRP secondary antibody was used at 1:300 
in PBS for 30 min at room temperature. Next, the slides 
were washed with PBS and incubated with diaminoben-
zidine (Dako Liquid DAB Substrate Chromogen System, 
United States) for 5 min. After washing with distilled wa-
ter, slides were counterstained with Harris hematoxylin for 
1 min, washed with water until complete removal of  the 
dye and incubated in a 37 mmol/L ammonia solution for 
15 s. Finally, the slides were dehydrated in absolute etha-
nol (four incubations of  2 min) and two treatments with 
xylene for 5 min. The slides were mounted with Entellan 
synthetic medium (Merck, Germany)[25].

Analysis of digital images
We used a digital analysis system composed of  a Zeiss 
Axioskop 40 microscope (Oberkochen, Germany) with 
Neofluar lenses connected by a Roper Scientific video 
camera (Media Cybernetics, Rockville, United States) to a 
computer with an Image Capture Pro kit (Media Cyber-
netics, Rockville, MD, United States) capture card. Image 
Pro Plus version 4.5 (Media Cybernetics, Rockville, Unit-
ed States) was used to analyze digital images. The images 
were captured in TIFF (True Image File Format) format 
without compression by the same examiner with a light 
intensity pattern for all photos. Images were captured of  
at least fifteen random, non overlapping fields for each 
histological slide at 200 × magnification (44 pixel = 1 
µm). The hot spot method was used to select fields on 
slides with focal positivity for the markers. Color selec-
tion was performed interactively by three trained observ-
ers and was then applied to all samples by the automated 
digital image analysis system. The initial area considered 
was 0.01 cm. 

Statistical analysis
Quantitative data were initially described by mean and 
standard deviation. To compare groups, we used analy-
sis of  variance. For categorical data, we used scores and 
comparisons based on Fisher’s exact test. 

Analysis of  variance with robust standard errors 
(Welch) was used to verify NF-kB and IL-6 results be-
tween groups.

The significance level for the experiments was p < 
0.05. Data were analyzed with SPSS version 21.0.

RESULTS
Evaluation of oxidative stress by analysis of lipid 
peroxidation
Lipid peroxidation of  the membrane was increased in 
both the gut and the lung in the animals subjected to I/R 
(p < 0.05). However, the group that received glutamine 

group (control): rats were subjected to identical surgical 
procedures as the above groups, except the blood vessels 
were not occluded and the rats were maintained under 
anesthesia for the duration of  the experiment (n = 5); 
and (4) control + glutamine group (control-GLU): identi-
cal to the Control group except for the administration of  
glutamine (25 mg/kg ip) 24 and 48 h before identical sur-
gical procedures (n = 5). The glutamine treatment dose 
of  25mg/kg ip was chosen based on previous studies[22].

Assessment of lipid peroxidation
Thiobarbituric acid reactive substances: Tissue sam-
ples were placed in test tubes; solutions were added in 
the following order: 0.75 ml of  10% trichloroacetic acid 
(TCA), 0.25 ml of  homogenate, 0.5 ml of  0.67% thio-
barbituric acid (TBA), and 0.25 ml of  distilled water.

thiobarbituric acid reactive substances (TBARS) 
consists of  heating the homogenate with thiobarbituric 
acid and measuring the consequent formation of  a col-
ored product in a spectrophotometer at 535 nm. The 
coloration is due to the presence of  malondialdehyde and 
other substances from biological lipid peroxidation[23]. 

SOD activity 
SOD was measured according to Misra and Fridovich. 
The rate of  auto-oxidation of  epinephrine, which is in-
hibited by SOD, is measured in the presence of  progres-
sively increasing doses of  SOD with a spectrophotometer 
at 560 nm. The amount of  enzyme that inhibits auto-
oxidation of  epinephrine at 50% of  the maximum dose 
is defined as 1 U SOD[24].

Evaluation of NF-kB and IL-6
To prepare slides for subsequent immunohistochemical 
analysis, tissue was sectioned at 3-µm thickness using a 
microtome (Leica SM 2000R, Germany). The sections 
were placed on slides pretreated with HistoGrip (Zymed, 
United States) and incubated in an oven at 60 ℃ for 24 h.

Sections were deparaffinized by incubating in xylene 
three times for 10 min, followed by rehydration of  the 
sections using decreasing concentrations of  ethanol. 
Antigen exposure was performed using the pTLINK 
platform (DAKO) for 40 min at 98 ℃ with the Envision 
Flex antigen retrieval solution, high pH (DAKO). The 
slides were then immediately washed in phosphate-buff-
ered saline (PBS), pH 7.2. The blocking of  endogenous 
peroxidases was performed with two 15-min incubations 
in a 3% solution of  H2O2 in methyl alcohol, which were 
followed by three washes with PBS, pH 7.2. Non-specific 
binding was blocked using the commercial solution Se-
rum-Free Protein Block (Dako, United States) for 30 min 
at room temperature.

The sections were incubated using the immunostain-
ing Sequenza station (Thermo Shandon, United States) 
overnight at 2 ℃ and 6 ℃ and with the following primary 
antibodies diluted in Antibody Diluent with Background 
Reducing Components (Dako, United States): anti-NF-
kB (Santa Cruz Biotechnology, United States) at 1:100 
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24 and 48 h before the I/R procedure showed levels of  
lipid peroxidation similar to the control groups (animals 
not subjected to I/R and also the group receiving gluta-
mine without I/R) that were significantly different from 
animals that only received I/R (p < 0.05). These results 
are shown in Figure 1.

SOD activity
Figure 2 shows that the activity of  the antioxidant en-
zyme SOD was decreased in the gut of  animals subjected 
to I/R. These findings were statistically significant (p < 
0.05) when compared with the control group of  animals 
not subjected to I/R. However, the group that received 
glutamine 24 and 48 h before I/R showed similar SOD 
activity to both control groups not subjected to I/R. 
There was a significant difference between the group of  
animals subjected to I/R and the group that received glu-
tamine before I/R, suggesting that glutamine is a protec-
tive factor for mesenteric I/R.

NF-kB transcription factor
We calculated the mean area of  NF-kB staining for each 
of  the groups. As shown in Figures 3 and 4, the control 
and control-GLU groups presented similar mean areas. 
The I/R group showed the largest area of  staining. The 

G + I/R group had the second highest amount of  stain-
ing, but the mean value was much lower than that of  the 
I/R group. The same differences were observed among 
groups in the large intestine and the lung. These findings 
were statistically significant (p < 0.05). 

Evaluation of IL-6
Images of  IL-6 staining were analyzed in the same 
method as those stained for NF-kB. As shown in Figures 
5 and 6, the control and control-GLU groups showed 
similar areas of  staining. The I/R group contained the 
largest area of  staining, followed by the G + I/R animals; 
however, this area was significantly lower than that of  the 
group that underwent I/R without glutamine (p < 0.05). 

DISCUSSION
As glutamine is glutathione precursor, and glutathione is 
the main non-enzymatic cellular antioxidant, is vital in the 
regulation of  the intracellular oxidative balance[26].

This study demonstrates that glutamine treatment ex-
erts important protective effects against splanchnic artery 
occlusion injury in a murine model. Our data provide evi-
dence that glutamine attenuates: (1) the lipid peroxidation 
of  gut mucosa; (2) the decrease in SOD activity; (3) the 
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increases in NF-kB expression; and (4) IL-6 expression 
that occur after I/R. 

In our study, the amount of  lipid peroxidation was 
greater in the group of  animals subjected to I/R. The ad-
dition of  glutamine significantly decreased lipid peroxida-
tion compared with animals that underwent I/R without 
glutamine treatment. Other authors, such as Mondello et 
al[27] and He et al[13] observed similar beneficial results of  
glutamine for I/R with different methodologies. Mon-
dello et al[27] have induced intestinal ischemia in rats by 
clamping the superior mesenteric artery and the celiac 
trunk for 30 min, then releasing it and promoting reper-
fusion during 1 h. Glutamine was administered 15 min 
before reperfusion at the dose of  1.5 mg/kg, iv Their 
findings showed a reduction in: (1) the infiltration of  

neutrophils in the ileum; (2) the formation of  the pro-
inflammatory cytokines; (3) the expression of  the adhe-
sion molecules ICAM-1 and P-selectin; (4) the IKB-α 
degradation and the nuclear translocation of  NF-kB; 
and (5) the nitrotyrosine formation and PARP activation. 
He et al[13] utilized a rat model of  I/R, but administering 
glutamine enterically before and after a 60 min ischemia; 
additionally, in one subgroup the lymphatic mesenteric 
duct was also ligated before the production of  intestinal 
ischemia. They concluded that both the enteral admin-
istration of  glutamine and the ligature of  the lymphatic 
mesenteric duct prevented intestinal permeability, attenu-
ating systemic inflammatory reactions and ALI. In con-
trast, Fukatsu et al[28] have shown that in a murine model 
of  gut I/R, an iv glutamine was detrimental in terms of  

Figure 4  Digital images of the immunohistochemical expression of nuclear factor kappa beta (photomicrography, × 200). A: Ischemia/reperfusion (I/R) gut; B: 
G + I/R gut; C: I/R lung; D: G + I/R lung. 
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survival and organ injury due to the increased priming of  
circulating myeloid cells. 

In our study, SOD activity was decreased in animals 
submitted to I/R. In the Control and Control-GLU 
groups, the decrease in SOD activity was much lower and 
similar between the two groups. The addition of  gluta-
mine to animals submitted to I/R produced a decrease 
that was not as significant but that was lower than that 
found in the I/R only group. The first authors to describe 
the role of  SOD in oxidative stress were Misra and Fri-
dovich[24]. In their pivotal study, SOD was prepared from 
bovine erythrocytes, being able to inhibit the autoxidation 
of  epinephrine at a pH 10.2. Recently, Salman et al[29] ad-
ministered glutamine by gavage to Sprague-Dawley rats, at 
a dose of  1 g/kg for 10 d prior to intestinal I/R, studying 
tissue damage in the intestines and lungs. These authors 

measured the intestinal and pulmonary levels of  SOD, in 
addition to serum levels of  TNF-α and IL-6, concluding 
that pre-treatment with a bolus dose of  enteral glutamine 
was able to minimize the extent of  ALI in rats.

Tissue I/R activates families of  protein kinases that 
converge on specific transcription factors (protein activa-
tor-1 (PA-1) and NF-kB) that regulate the expression of  
pro-inflammatory genes. In our study, the activity of  NF-
kB was higher in both the intestines and the lungs in the 
group subjected to I/R. However, in the group of  animals 
that received prophylactic glutamine ip 24 and 48 h before 
I/R, the levels of  NF-kB were lower. This difference 
between groups was statistically significant. Sen and Balti-
more[9] published the first report on NF-kB, suggesting its 
important role in cellular inflammatory response to injury. 
However, the exact role of  this transcription factor re-
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Figure 5  Immunohistochemical expression of interleukin-6. A: In the gut; B: In the lungs. SO: Control group means; I/R: Ischemia/reperfusion; IL: Interleukin. 

Figure 6  Digital images of the immunohistochemical expression of interleukin-6 (photomicrography, × 200). A: Ischemia/reperfusion (I/R) gut; B: G + I/R gut; C: I/R 
lung; D: G + I/R lung. 
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mains controversial. According to Haddad[10], NF-kB ap-
pears to perform an important function in the generation 
and resolution of  intestinal I/R lesions, as a transcription 
factor that is directly influenced by reactive species and 
pro-inflammatory signs. Bowie et al[30], in a review article 
about oxidative stress and Nf-kB activation, determined 
that in most cases, the role of  oxidative stress in NF-
kB activation is at best facilitatory rather than causal, if  
a there exists a role at all. Ypsilantis et al[31] tested the hy-
pothesis that the action of  2-mercaptoethane-sulfonate 
(mesna) is mediated by the inhibition of  NF-kB, studying 
the oxidative stress on a rat model of  I/R, analyzing glu-
tathione, malondialdehyde concentration, SOD and NF-
kB. These authors concluded that prophylaxis with mesna 
prevents oxidative stress induced by I/R in the intestine 
via inhibition of  NF-kB activation. 

ROS-mediated oxidative injury as a consequence of  
increased production of  inflammatory cytokines such as 
IL-6 and TNF-α and the neutrophil activation play criti-
cal roles in the pathogenesis of  I/R. IL-6 and TNF-α 
not only directly induce tissue damage but are also potent 
activators of  neutrophils. The neutrophils and their enzy-
matic products cause increased microvascular permeabil-
ity, perivascular and interstitial edema, and even promote 
distant organ injury such as pulmonary edema when 
sequestrated in intestinal tissue. Cuzzocrea et al[11] studied 
the inflammatory process secondary to I/R in a knock-
out mice model, verifying by immunohistochemistry that 
IL-6 plays an important role in I/R injury, suggesting that 
the inhibition of  IL-6 may actually represent a novel and 
possible strategy in the prevention of  I/R injuries. 

In our study, similarly to NF-kB, the immunohis-
tochemical expression of  IL-6 was found to be high in 
animals that underwent I/R in both the intestines and the 
lungs. The control and control-GLU groups showed sim-
ilar results for IL-6, with observed levels well below those 
of  the I/R group. However, the group that received a po-
tentially protective factor, glutamine, before I/R showed 
a higher expression of  IL-6 than the control and control-
GLU groups but at levels that were statistically inferior to 
the I/R group.

In conclusion, this study demonstrates that ip admin-
istration of  glutamine at a dose of  25 mg/kg 24 and 48 
h before animals are subjected to 30 min of  mesenteric 
ischemia and 15 min of  reperfusion effectively protected 
against lipid peroxidation and preserved SOD activity. 
The activity of  NF-kB and IL-6 were also reduced upon 
ip administration of  glutamine at 24 and 48 h prior to 
I/R in rats. This adds to previously published data on 
glutamine as a protective factor in mesenteric I/R states 
in rats. Further studies are necessary to test the role of  
glutamine as a potential protective agent against I/R le-
sions in humans.

COMMENTS
Background
Ischemia-reperfusion (I/R) leads to oxidative stress, with local and systemic 
consequences. Many enzymes and interleukins have been implicated in this 

process, among them interleukin-6 (IL-6) and nuclear factor kappa beta (NF-
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sites. Plays an important role in intestinal inflammatory processes by acting on 
reactive oxygen species (ROS). Glutamine is a multifunctional amino acid used 
for the synthesis of urea in the liver, renal aminogenesis, gluconeogenesis, and 
as the main respiratory fuel for many cells.
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This substance was initially used prophylactically in patients undergoing ra-
diation therapy, leading to a reduction in the incidence and severity of actinic 
enteritis. It is thus vital in the regulation of the intracellular oxidative balance. 
Glutamine has been used as a nutritional supplement in severely debilitated 
patients to reduce the deleterious effects of oxidative stress. The present study 
demonstrated that the pretreatment with glutamine prevents mucosal injury and 
improves gut and lung recovery after I/R injury in a rat model.
Applications 
The study results suggest that the glutamine protected against lipid peroxida-
tion and preserved superoxide dismutase (SOD) activity. The activity of NF-kB 
and IL-6 were also reduced upon ip administration of glutamine at 24 and 48 
h prior to I/R in rats. This adds to previously published data on glutamine as a 
protective factor in mesenteric I/R states in rats.
Terminology
Ischemia/reperfusion (I/R): gut ischemia usually results from occlusion of the 
celiac trunk and/or the superior mesenteric artery by thrombi or emboli and, 
more frequently, from non-occlusive processes, such as in the case of de-
creased mesenteric blood flow that occurs in heart failure and sepsis. In the 
gut, ischemia followed by reperfusion frequently results in multiple organ failure 
(MOF), with the gut being the organ that triggers the injury process in distant 
organs; SOD: is an antioxidant enzyme highly specific for superoxide elimina-
tion, thus reducing gastrointestinal lesions caused by I/R; NF-kB: nuclear factor 
of kappa light polypeptide gene enhancer in B-cells is a transcription factor 
that plays a crucial role not only in normal states but also in the coordination of 
adaptive immune responses by regulating the expression of many cell media-
tors; IL-6: levels are elevated in I/R as well as in MOF; Glutamine: is a polar 
amino acid that is non-essential or occasionally essential, hydrophilic, and 
found on the surface of proteins where it interacts with water.
Peer review
This is an interesting article studying how the pretreatment with glutamine pre-
vents mucosal injury and improves gut and lung recovery after I/R injury in a rat 
model. The manuscript includes six clear figures. This research is easy to follow 
and finds some valuable information for scientific community interested in both 
glutamine and ischemia/reperfusion, as well as in oxidative damage and ROS. 
To date, this is the first investigation to study glutamine effect on NF-kB and IL-6, 
as well as in SOD and TBARS in a model of mesenteric ischemia/reperfusion.
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