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Abstract. – OBJECTIVE: To study the protec-
tive effect of glutamine on the intestinal tissues 
of septic rats by regulating the nuclear factor-κB 
(NF-κB) pathway. 

MATERIALS AND METHODS: A total of 30 rats 
were divided into the Sham group, Model group, 
and Glutamine group using a random number 
table. The changes in the intestinal tissues in 
rats were observed via hematoxylin-eosin (HE) 
staining, and the difference in the content of se-
rum inflammatory factor tumor necrosis factor-α 
(TNF-α) was detected via enzyme-linked immu-
nosorbent assay (ELISA). Moreover, the apop-
tosis of the intestinal tissues was detected via 
terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) assay, and the 
protein expression of NF-κB in intestinal tissues 
was detected via Western blotting. 

RESULTS: In the Sham group, the rats had 
normal activity and good mental state, and there 
were no evident lesions in the abdominal cavi-
ty. Compared with the rats in the Sham group, 
the rats in the Model group had very poor men-
tal state and erected hair, and they trembled and 
barely moved. After the abdomen was opened, 
there were bad smell and evident bleeding in 
the abdominal cavity, and the cecum became 
black with adhesion and swelling. In the Gluta-
mine group, the symptoms were significantly al-
leviated compared with the Model group. The 
morphological observation of the intestinal tis-
sues revealed that in the Sham group, the intes-
tinal villi were regularly and clearly arranged, 
and there was no congestion in the capillar-
ies. Compared with the Sham group, the intesti-
nal villi were disorderly arranged with rupture in 
the Model group, and the severe capillary con-
gestion was clearly visible and accompanied by 
ulcer. In the Glutamine group, the intestinal vil-
li had normal morphology and regular arrange-
ment after treatment, the subepithelial space 
was significantly dilated, the capillary dilation 
and the congestion could be seen and the lam-
ina propria was intact. In the Sham group, the 
pathological score was 0 point, and the intesti-
nal mucosa and villi had normal structure. Com-

pared with that in the Sham group, the patholog-
ical score of the intestinal tissues were signifi-
cantly increased in the Model group (p<0.05). 
In the Glutamine group, the pathological score 
significantly declined after treatment compared 
with that in the Model group (p<0.05). Besides, 
the content of the inflammatory factor TNF-α 
in the intestinal tissues was the highest in the 
Model group (p<0.05), and it was lower in the 
Glutamine group than that in the Sham group 
(p<0.05), indicating that glutamine can effective-
ly reduce the content of the inflammatory fac-
tor TNF-α, exerting a certain protective effect on 
the intestinal tissues. The number of apoptot-
ic intestinal epithelial cells was remarkably in-
creased in the Model group compared with that 
in the Sham group (p<0.05), and it was remark-
ably decreased in the Glutamine group com-
pared with that in the Model group (p<0.05). The 
Model group had a significantly higher protein 
expression of NF-κB in intestinal tissues than in 
the Sham group and Glutamine group (p<0.05), 
Sham group had the lowest protein expression 
of NF-κB in intestinal tissues (p<0.05), and the 
Glutamine group had a significantly lower pro-
tein expression of NF-κB in intestinal tissues 
than the Model group (p<0.05). 

CONCLUSIONS: Glutamine inhibits the pro-
tein expression of NF-κB, thereby exerting a 
protective effect on intestinal tissues of sep-
sis rats.
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Introduction

The inflammatory factors can lead to sepsis. In 
sepsis, homeostasis cannot be restored due to the 
immune response caused by invading pathogens, 
ultimately leading to the pathological syndrome 
characterized by persistent excessive inflamma-
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tion and immunosuppression. The common com-
plications of sepsis include burns, severe infec-
tion, and shock. The further development of sep-
sis can result in circulatory system failure, multi-
ple organ dysfunction syndromes, multiple organ 
failure, and even death1-3. As the power organ in 
the pathogenesis of sepsis, the intestinal tract is 
damaged, so that the intestinal epithelial cells are 
damaged and the barrier function is destroyed, 
leading to the persistent sepsis. Therefore, pro-
tecting the intestinal barrier function has an im-
portant clinical significance in the treatment and 
prognosis of sepsis4,5. Zhou et al6 have shown that 
the nuclear factor-κB (NF-κB) signaling pathway 
is activated in septic patients, and various drugs 
that inhibit the activation of the NF-κB signaling 
pathway can effectively protect multiple organ 
functions and increase the survival rate of septic 
patients. Moreover, it has been found in animal 
experiments that a large amount of NF-κB can be 
detected in the organs in the sepsis model. In the 
vital organs in sepsis, such as intestinal tract, the 
activity of NF-κB is enhanced, stimulating the 
occurrence and development of sepsis. NF-κB 
can dramatically increase the expressions of the 
inflammatory factors, aggravating the disease7,8. 
Glutamine is closely related to intestinal immu-
nity, and also an indispensable part constructing 
the intestinal mucosal barrier function. Septic 
patients have a huge demand for glutamine, but 
the significantly enhanced intestinal metabolism 
makes the glutamine in the body insufficient. 
Many investigations9 have found that the rational 
use of glutamine based on enteral and parenteral 
nutrition can well regulate the body’s immune 
function and inflammatory responses. In this 
paper, the protective effect of glutamine on the 
intestinal tissues in septic rats by regulating the 
activity of the NF-κB pathway was explored.

Materials and Methods

Laboratory Animals
A total of 30 healthy adult female Sprague-Daw-

ley rats weighing 180-220 g and aged 6-8 weeks 
old were provided by Shandong Laboratory An-
imal Center. They were fed in separate cages in 
the specific pathogen-free animal room under the 
room temperature of (22 ± 2)°C, the humidity of 
50-60% and a 12/12 h light/dark cycle, and had 
free access to food and water. This study was ap-
proved by the Animal Ethics Committee of Hai-
jiya Hospital, Shanxian County Animal Center.

Reagents and Instruments
The reagents and instruments used in this 

experiment included the refrigerated centrifuge 
3K15 and biosafety cabinet TYPE B2 (Sigma, 
Louis, MO, USA), BH2 microscope (Olympus, 
Tokyo, Japan), rat NF-κB enzyme-linked im-
munosorbent assay (ELISA) kit (USCNLIFETM, 

Wuhan, China), tumor necrosis factor-α (TNF-α), 
ELISA kit (ImmunoWay, Hudson, WI, USA), 
glutamine standard (Boster, Wuhan, China), mi-
cro high-speed refrigerated centrifuge (Thermo, 
Waltham, MA, Germany), in situ cell death assay 
tool (Roche, Basel, Switzerland), and microana-
lytical balance (Mettler-Toledo, Columbus, OH, 
USA).

Animal Modeling and Grouping
The 30 rats were divided into the Sham group, 

Model group, and Glutamine group. The mouse 
model of cecal ligation and puncture (CLP) is the 
most widely used model for studying sepsis and 
septic shock. In the present study, the rat model 
of sepsis was established via CLP, as follows: (1) 
the rats were first anesthetized via intraperitone-
al injection of 0.1% pentobarbital sodium (4 mL/
kg); (2) the rats were fixed on the experimental 
table in a supine position, an about 1.5 cm-long 
incision was made along the midline of abdo-
men, and then the cecum was ligated at the root; 
(3) the cecum was thoroughly acupunctured for 
3 times to form the cecal fistula, and then the 
cecum was placed back in the abdominal cavity. 
Finally, the incision was sutured. In the Sham 
group, the abdominal cavity was cut open and 
only closed, and the cecum was not ligated and 
punctured. After the operation, all rats were 
immediately placed on the warm bed and then 
placed back in the cage after the normal activ-
ity was recovered. In the Glutamine group, the 
rats were gavaged with glutamine (12 g/kg) at 1 
week before the operation. In the Sham group 
and Model group, the rats were gavaged with an 
equal volume of normal saline at 1 d before the 
operation. After modeling, the fever occurred, 
the heart rate was increased by 50%, the respi-
ratory rate doubled, and there were piloerection 
and fatigue in the Model group, indicating the 
successful modeling.

Collection and Observation 
of Specimens

At 1 d after the operation, the blood was drawn 
from the abdominal aorta in each group and 
centrifuged at 1000 rpm using the high-speed 
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refrigerated centrifuge. The serum separated was 
taken, stored in a refrigerator at -80°C, and then 
used for ELISA.

The cecum was taken as follows: after the rats 
were sacrificed, the abdominal cavity was imme-
diately cut open to expose the small intestine, and 
the small intestine was carefully peeled off and 
placed in 10% formaldehyde for preparation of 
pathological sections.

Observation of General State of Rats
After CLP in the three groups, the general 

state of rats was observed, and the abdominal 
cavity was cut open to observe the changes inside 
according to the references10.

Morphological Observation of 
Intestinal Tissues

The tissue blocks (generally 0.5 cm in thick-
ness at most) were placed in the fixing solution 
and already prepared (10% formalin, Bouin’s fix-
ative, etc.) to denature and coagulate the proteins 
in the tissues and cells. Then, the blocks were 
dehydrated with alcohol at different concentra-
tions and with 70%, 95%, and 100% ethanol for 3 
times. The transparent tissue blocks were placed 
in the melted paraffin and placed in the paraffin 
oven till the blocks were completely embedded 
into paraffin. After cooling and coagulation, the 
paraffin-embedded blocks were sliced into 8 μm-
thick sections using the microtome, baked in an 
oven at 60°C for 30 min, deparaffinized with xy-
lene (5 min×3 times), and dehydrated with 100%, 
95%, and 70% ethanol for 3 times. The transpar-
ent sections were stained with hematoxylin dye 
for 5 min, sealed with gum, and covered with the 
cover glass. Finally, five fields of view were ran-
domly selected in each section and photographed 
under a light microscope (200× and 400×).

Observation and Scoring of Pathological 
Changes in Intestinal Tissues

The pathological changes in the intestinal tis-
sues were observed under the light microscope, 
and the pathological injury of the intestinal tis-
sues was scored according to the reference11.

Determination of Serum Inflammatory 
Factor TNF-α in Rats 

The level of the pro-inflammatory cytokine 
TNF-α in the intestinal tissues was detected via 
ELISA, as follows: 100 μL of specimens to be 
detected were added into each well of ELISA 
plate and incubated at 37°C for 60 min. Then, 

the liquid was discarded, and the plate was re-
peatedly patted dry without washing. 100 μL 
of freshly diluted biotin-labeled antibodies were 
added into each well for incubation at 37°C for 
60 min, followed by washing for 3 times. Then, 
100 μL of horseradish peroxidase (HRP)-strepta-
vidin-labeled antibodies were added into each 
well for further incubation at 37°C for 60 min, 
followed by washing for 3 times. 100 μL of te-
tramethylbenzidine (TMB) a developing solution 
(Thermo Fisher Scientific, Waltham, MA, USA) 
freshly prepared was added into each well, fol-
lowed by reaction in a dark place at 37°C for 30 
min. Finally, the stop buffer was added into each 
well, and the liquid turning from blue to yellow 
indicated the successful assay. The assay should 
be completed within 20 min.

Detection of Apoptosis of Intestinal 
Tissues via TUNEL

The paraffin-embedded sections of the intesti-
nal tissues were prepared and stained according 
to the instructions of TUNEL (Roche, Basel, 
Switzerland) kit. Then, the apoptosis of the in-
testinal tissues in each group was observed and 
photographed under the light microscope. The 
apoptotic cells were yellow brown. Five fields of 
view were selected, and the color was observed, 
based on which the number of apoptotic cells 
was calculated, and the average was taken in five 
fields. 

Detection of NF-κB Protein 
Expression in Intestinal Tissues 
Via Western Blotting

The cells were added with an appropri-
ate amount of radioimmunoprecipitation assay 
(RIPA) lysis buffer and the protease inhibitor 
phenylmethylsulfonyl f luoride (PMSF; RIPA: 
PMSF = 100: 1) (Beyotime, Shanghai, China). 
The intestinal tissues were cut into pieces, 
added with lysis buffer (10:1), homogenized 
using the homogenizer, and transferred into 
an Eppendorf (EP) tube, followed by cen-
trifugation at 14,000 rpm at 4°C for 30 min 
using the high-speed refrigerated centrifuge. 
Then, the protein supernatant was collected 
and subjected to a heating bath at 95°C for 
10 min for protein denaturation. The protein 
sample prepared was placed in the refrigera-
tor at -80°C for later use, and the protein was 
quantified using the bicinchoninic acid (BCA) 
kit (Pierce, Rockford, IL, USA). After that, the 
dodecyl sulfate, sodium salt-polyacrylamide 
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gel electrophoresis (SDS-PAGE) gel was pre-
pared, and the protein sample was loaded 
into the gel loading well for electrophoresis 
under the constant pressure of 80 V for 2.5 
h. Then, the protein was transferred onto a 
polyvinylidene dif luoride (PVDF) membrane 
(Millipore, Billerica, MA, USA) using a semi-
dry transfer method. The PVDF membranes 
were immersed in Tris-Buffered Saline Tween 
(TBST) containing 5% skim milk powder and 
shaken slowly for 1 h on a shaking table to be 
sealed. Then, the protein was incubated with 
the primary antibody diluted with 5% skim 
milk powder, rinsed with TBST for 3 times 
(10 min/time), incubated again with the sec-
ondary antibody at room temperature for 2 h, 
and rinsed again with TBST twice and with 
TBS once (10 min/time). Finally, the protein 
was detected using the enhanced chemilumi-
nescence (ECL) reagent, followed by exposure 
in a dark room. The relative expression of the 
protein was analyzed using Image-Pro Plus v6 
(Media Cybernetics, Silver Spring, MD, USA).

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 13.0 (SPSS Inc., Chicago, IL, USA) soft-
ware was used for analysis. The Chi-square test 
was performed for the comparison of tissue 
morphology, the number of apoptotic cells, and 
NF-κB protein among the three groups, and the 
t-test was performed for the data analysis among 
groups. The calculation results were expressed 
as mean ± standard deviation (x– ± s) and per-
centage. p<0.05 suggested that the results had 
statistically significant differences.

Results

Observation of General State
In the Sham group, the rats had normal activity 

and good mental state, and there were no evident 
lesions in the abdominal cavity. Compared with 
the rats in the Sham group, the rats in the Model 
group had very poor mental state and erected 
hair. Moreover, they trembled and barely moved. 
After the abdomen was opened, there were bad 
smell and evident bleeding in the abdominal cav-
ity, and the cecum became black with adhesion 
and swelling. In the Glutamine group, the symp-
toms were significantly alleviated compared with 
those in the Model group.

Morphology of Intestinal Tissues
In the Sham group, the intestinal villi were 

regularly and clearly arranged, and there was 
no congestion in the capillaries. Compared with 
those in the Sham group, the intestinal villi 
were disorderly arranged with rupture, and the 
severe capillary congestion was clearly visible 
accompanied by ulcer in the Model group. In the 
Glutamine group, the intestinal villi had normal 
morphology and regular arrangement after treat-
ment, the subepithelial space was significant-
ly dilated, the capillary dilation and congestion 
could be seen, and the lamina propria was intact 
(Figure 1).

Pathological Score of Intestinal Tissues
In the Sham group, the pathological score 

was 0 point, and the intestinal mucosa and villi 
had normal structure. Compared with that in the 
Sham group, the pathological score of the intes-
tinal tissues was significantly increased in the 

Figure 1. Morphology of intestinal tissues in the three groups (×100).
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Model group (p<0.05). In the Glutamine group, 
the pathological score significantly declined after 
treatment compared with that in the Model group 
(p<0.05) (Figure 2).

Comparison of Serum TNF-α Content 
The content of inflammatory factor TNF-α in 

the intestinal tissues was the highest in the Model 
group (p<0.05), and it was lower in the Gluta-
mine group than that in the Sham group (p<0.05), 
indicating that glutamine can effectively reduce 
the content of the inflammatory factor TNF-α, 
exerting a certain protective effect on intestinal 
tissues (Table I).

Apoptosis Assay
The apoptotic cells were brown. The number 

of apoptotic intestinal epithelial cells was re-
markably increased in the Model group compared 
with that in the Sham group (p<0.05), and it was 
remarkably decreased in the Glutamine group 

compared with that in the Model group (p<0.05) 
(Model group>Glutamine group>Sham group) 
(Figure 3).

Protein Expression of NF-κB in Intestinal 
Tissues Detected via Western Blotting

The Model group had a significantly higher 
protein expression of NF-κB in intestinal tis-
sues than the Sham group and Glutamine group 
(p<0.05), the Sham group had the lowest protein 
expression of NF-κB in the intestinal tissues 
(p<0.05), while the Glutamine group had a sig-
nificantly lower protein expression of NF-κB 
in intestinal tissues than in the Model group 
(p<0.05) (Figure 4).

Discussion

Due to the complex pathogenesis of sepsis, 
the timeliness of clinical intervention treatment, 
and the diversity of the body’s response to sepsis 
and clinical treatment12, the clinical research on 
the pathophysiology, prevention, and treatment 
of sepsis is greatly limited. Therefore, the clin-
ical treatment of sepsis is still dominated by 
symptomatic and supportive treatment13,14. The 
mortality and morbidity rates of sepsis remain 
high, and sepsis also induces secondary diseases, 

Figure 2. Pathological score of intestinal tissues in the 
three groups. Note: avs. Sham group (p<0.05), bvs. Model 
group (p<0.05).

Figure 3. Apoptosis of intestinal epithelial cells in the three groups (×400). A, Staining of apoptosis of intestinal epithelial 
cells, B, comparison of apoptosis rate in rats. avs. Sham group (p<0.05), bvs. Model group (p<0.05).

Note: a vs. Sham group (p < 0.05), b vs. Model group (p < 
0.05).

Table I. Serum TNF-α content in the three groups.

	 Group	 TNF-α content/pg·mL-1

Sham group	 120.53 ± 6.08
Model group	 139.62 ± 9.17a

Glutamine group	 125.82 ± 10.37a,b
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such as septic shock and multiple organ failure. 
At present, the understanding of the pathogenesis 
of human sepsis, at least in part, depends on the 
laboratory animal models, especially the CLP 
model. Therefore, the animal model of sepsis was 
established in this paper to explore the protective 
effect of glutamine on the intestinal tract of septic 
rats by inhibiting the NF-κB pathway.

In the Sham group, the rats had normal activity 
and good mental state, and there were no evident 
lesions in the abdominal cavity. Compared with 
the Sham group, the rats in the Model group had 
very poor mental state and erected hair, and they 
trembled, and barely moved. After the abdomen 
was opened, there were bad smell and evident 
bleeding in the abdominal cavity, and the cecum 
became black with adhesion and swelling. In the 
Glutamine group, the symptoms were significant-
ly alleviated compared with the Model group. 
The morphological observation of the intestinal 
tissues revealed that in the Sham group, the in-
testinal villi were regularly and clearly arranged, 
and there was no congestion in the capillaries. 
Compared with those in the Sham group, the 
intestinal villi were disorderly arranged with 
rupture, and the severe capillary congestion was 
clearly visible accompanied by ulcer in the Model 
group. In the Glutamine group, the intestinal villi 
had normal morphology and regular arrange-
ment after treatment, the subepithelial space was 
significantly dilated, the capillary dilation and 
congestion could be seen, and the lamina propria 
was intact. In the Sham group, the pathological 
score was 0 point, and the intestinal mucosa 
and villi had normal structure. Compared with 
that in the Sham group, the pathological score of 

the intestinal tissues was significantly increased 
in the Model group (p<0.05). In the Glutamine 
group, the pathological score significantly de-
clined after treatment compared with that in the 
Model group (p<0.05). According to Emadi et 
al15, glutamine provides nutrients for intestinal 
mucosal cell metabolism, which can effectively 
maintain the integrity of intestinal epithelial cell 
structure16. In the case of intestinal injury, such as 
sepsis, the content of glutamine in intestinal ep-
ithelial cells will significantly decline, the intes-
tinal villi will become scarce and short, and the 
mucosal atrophy and even shedding will occur, 
causing certain damage to the intestinal immune 
function. Moreover, it has also been confirmed 
in some clinical practices that the administration 
of glutamine in vitro can also effectively prevent 
intestinal injury, maintain the normal function of 
intestinal tissues, keep the weight and structure 
of intestinal mucosa intact, and enhance the cell 
viability, effectively reducing intestinal diseases 
caused by inflammatory factors17.

The detection results showed that the content 
of the inflammatory factor TNF-α in intesti-
nal tissues was the highest in the Model group 
(p<0.05), and it was lower in the Glutamine 
group than that in the Sham group (p<0.05), 
indicating that glutamine can effectively reduce 
the content of the inflammatory factor TNF-α, 
exerting a certain protective effect on the intesti-
nal tissues. Sepsis is a syndrome caused by a sys-
temic inflammatory response, and TNF-α is an 
inflammatory factor that promotes sepsis, which 
is involved in the activation of multiple signal 
transduction pathways and various kinases and 
transcriptional regulation, exerting a wide range 

Figure 4. NF-κB protein expression in intestinal tissues. A, NF-κB protein expression in intestinal tissues in the three groups, 
B, comparison of NF-κB protein in intestinal tissues. avs. Sham group (p<0.05), bvs. Model group (p<0.05).
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of biological effects and ultimately leading to the 
occurrence and development of sepsis18. Cai et al19 
have found that NF-κB can regulate the activation 
of TNF-α, thereby aggravating sepsis.

The number of apoptotic intestinal epithelial 
cells was remarkably increased in the Model 
group compared with that in the Sham group 
(p<0.05), and it was remarkably decreased in 
the Glutamine group compared with that in the 
Model group (p<0.05). There are reports20 indi-
cating that the immune dysfunction in sepsis is 
associated with apoptosis of many intestinal cells 
and immunosuppression, manifested as the de-
cline in the proliferation of intestinal cells. Some 
studies have also found that apoptosis of the 
intestinal cells reduces the number of intestinal 
cells, which will further affect the prognosis of 
sepsis patients. In addition, the Model group had 
a significantly higher protein expression of NF-
κB in intestinal tissues than in the Sham group 
and Glutamine group (p<0.05), the Sham group 
had the lowest protein expression of NF-κB in 
intestinal tissues (p<0.05), and the Glutamine 
group had a significantly lower protein expression 
of NF-κB in intestinal tissues than the Model 
group (p<0.05). The above findings showed that 
glutamine treatment could inhibit the expression 
of NF-κB in intestinal tissues of rats, demonstrat-
ing that the anti-inflammatory effect of glutamine 
is related to the fact that it inhibits the TNF-α 
expression to suppress NF-κB activity and reduce 
the inflammatory mediators21.

Conclusions

We showed that glutamine downregulates the 
NF-κB signaling pathway, thereby exerting a pro-
tective effect on intestinal tissues of sepsis rats.
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