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Enteral supplementation of alanyleglutamine attenuates the
up-regulation of beta-defensin-2 protein in lung injury induced
by intestinal ischemia reperfusion in rats
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h i g h l i g h t s

� IIR could upregulate the expression of BD-2.
� Glutamine was able to ameliorate IIR-induced injury of remote organs by limiting inflammatory reaction.
� The exact effect of immune-nutrients on BD-2 level in lung after IIR is unknown.
� Its relationship with inflammation and oxidative injury has not been elucidated.
� In IIR animal model, the alteration of BD-2 expression in the lung after oral supplementation of AlaeGln was investigated.
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a b s t r a c t

Background: Beta-defensin-2 (BD-2), an endogenous antimicrobial peptide, plays a key role in immune
response against microbial invasion. This study aimed to observe the effect of AlanyleGlutamine (Ala
eGln) on BD-2 protein expression in pulmonary tissues after intestinal ischemia reperfusion (IIR) in rats
and to investigate its correlations to pulmonary inflammatory and oxidative injury. Methods: Rats in IIR
and the two treatment groups were subjected to intestine ischemia for 60 min and those in the treat-
ment groups were administered orally with AlaeGln or alanine (Ala) respectively. Lung tissues were
harvested to detect the BD-2 protein expression. Concentrations of Tumor necrosis factor (TNF)-a and
malondialdehyde (MDA) as well as superoxide dismutase (SOD) activity in lung tissues were determined
simultaneously. Results: AlaeGln attenuated the up-regulation of BD-2 expression (p < 0.05) and TNF-a
(p < 0.05), MDA (p < 0.05) levels, as well as the reduction of SOD activity (p < 0.05) in lung tissues after
IIR. But Ala did not exert significant effects. BD-2 protein in lung tissues was positively correlated to local
TNF-a level (p < 0.01) and MDA concentration (p < 0.01) with statistical significance. Conclusion: Ala
eGln can relieve the IIR-induced up-regulation of BD-2 protein expression in the lung of rats, which
involves anti-inflammation and anti-oxidation mechanisms.

© 2014 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.

1. Introduction

IIR is a potentially life-threatening condition which can be
induced by various surgical procedures, such as liver and intestine

transplantation, abdominal aortic surgery and postoperative ileus
being the most common complication of abdominal surgery [1].
The systemic inflammatory response syndrome (SIRS) resulting
from translocation of bacteria and endotoxin as a consequence of
IIR can cause injuries to remote organs including lung, heart, kidney
and liver, leading to multiple organ dysfunction syndrome (MODS)
at the end stage [2]. Among these distant organ injuries, acute lung
injury (ALI) or pneumonia develops frequently and is one of the
most common postoperative complications of abdominal surgery
[3]. IIR-induced ALI has been characterized by serious inflammation
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with significant recruitment of leucocytes and increased pulmo-
nary permeability that can lead to severe pulmonary edema [4,5].

It is generally accepted that defensins play a critical and indis-
pensable role in both innate and adaptive immune responses.
Multiply injured Patients showed elevated concentrations of
defensins in serum as compared to healthy donors [6]. Among
these defense peptides, BD-2 serves as an endogenous antimicro-
bial peptide that wasmainly produced by epithelial cells of skin and
respiratory tract [7]. It has been demonstrated that BD-2 is
expressed in rat lung [8] and plays an important role in maintaining
host defense on the face of microbial invasion via its chemo-
attractant effect on dendritic cells and T cells. Furthermore, in some
pulmonary inflammatory response BD-2 is up-regulated through
some proinflammatory factors such as TNF-a and shows a protec-
tive effect against inflammatory injury. It was found that IIR could
upregulate the expression of BD-2 and this phenomenon was
positively correlated to TNF-a level in the lung [5].

Glutamine (Gln) has been proved to be able to ameliorate IIR-
induced injury of remote organs including the mechanism of
limiting inflammatory reaction [9e11]. AlanyleGlutamine (AlaeGln),
anartificially syntheticdipeptidecontainingGln, is commonlyused in
clinical practice. However, the exact effect of immune-nutrients
administration on BD-2 level in lung after IIR and its relationship
with local inflammation and oxidative injury has not been elucidated
clearly. In the present study, the rat model of superior mesenteric
artery occlusion and reperfusion was employed to investigate the
alteration of BD-2 protein expression in the treatment of IIR-induced
lung injury via oral supplementation of AlaeGln.

2. Materials and methods

2.1. Animals

This study was approved by Animal Care Committee of Ooo
University. All of the animal care and experimental protocols were
performed in accordance with National Institutes of Health
guidelines for the use of experimental animals. Forty healthy male
SpragueeDawley (SD) rats weighing between 200 and 250 g were
used in the current study. They were kept in an air-conditioned
room with a 12-h lightedark cycle. They were allowed standard
rat chow (free of Gln and Ala) and tap water ad libitum.

2.2. Experimental design and establishment of IIRI model

Rats were randomly divided into sham operation (S), IIR,
AlaeGln and Ala groups, each of which contained 10 rats. Those in
AlaeGln group and Ala group were administered orally with
AlaeGln (Sino-Swed Pharmaceutical Co., Ltd, Wuxi, China) or Ala
(SigmaeAldrich, St Louis, MO, USA) at the dose of 0.6 g/kg d 3 days
before the ischemia procedure followed by the reperfusion period
of 72 h, except the day on which ischemia was conducted. Mean-
while rats in S group and IIR group have been administered with
physiological saline orally at the same points.

After fasted for 12 h before the operation, animals were anes-
thetized with pentobarbital (30 mg/kg, intraperitoneal injection).
Themodel of IIRwas treated byocclusion of the superiormesenteric
artery. Through a midline laparotomy, the superior mesenteric ar-
tery was located and isolated from the surrounding tissues, and a
vascular clipwas placed around the vessel near the aortic origin. The
abdominal incision was then temporarily closed, and the rat was
placedonaheatingpadduring the ischemicperiod.After60min, the
abdominal incisionwas opened, and the vascular clip was removed.
Reperfusion was noted by visual inspection of the intestine in each
animal, afterwhich the abdominal incisionwas permanently closed.

A sham operation on control rats was carried out as above but
without placing the vascular clip on the superior mesenteric artery.

2.3. Samples of lung tissues

After the reperfusion procedure of 72 h (3 day), the rats were
reanesthetized with intraperitoneal pentobarbital (75 mg/kg) and
sacrificed by blood depletion. Then thoracic cavity of each animal
was opened, the right lower lung was harvested for immunohis-
tochemistry examination. The right lower lungs were utilized for
the detections of BD-2 protein expression and distribution by
immunohistochemistry, immunofluorescence and western blotting
techniques, while the left upper and lower lungs were for the de-
terminations of TNF-a concentration, SOD activity and MDA level.
All the lung tissues were snap frozen with liquid nitrogen and
stored at �80 �C until analysis.

2.4. Immunohistochemistry staining of BD-2

Pulmonary tissues stored in ultra low temperature freezer were
transferred to �20 �C refrigerator for about 20 min and then
mounted on opti-mum cutting temperature compound (SAKURA,
USA) until slicing at 8 mm. The cryosections were fixed in ice-cold
acetone for 15 min and incubated with 3% hydrogen peroxide at
room temperature for 10 min to block endogenous peroxidase ac-
tivity. After blockingwith phosphate buffered sodium containing 5%
fetal bovine serum, the slides were incubated overnight with a
1:1000 dilution of polyclonal primary antibody against BD-2
(Abbiotec, USA). The labeling was visualized by using horseradish
peroxidase (HRP)-conjugated secondaryantibody (Invitrogen,USA).
All incubation steps were performed in a humidified chamber. Then
the sectionswere stainedwith diaminobenzidine (DAB)þ Substrate
Buffer (Zhongshan Goldenbridge Biotechnology Co., Ltd, Beijing,
China) according to the manufacturer's instruction and counter-
stained with hematoxylin for 3 min and mounted with glass cov-
erslips. Examination was performed under light microscopy.

2.5. Immunofluorescence detection of BD-2

The preparation and fixation of cryosections was conducted as
described previously. The sections were incubated with a 1:800
dilution of polyclonal primary antibody against BD-2 overnight at
4 �C and then with fluorescein isothiocyannate (FITC)- secondary
antibody against rabbit (Invitrogen, USA) at the same dilution for
1 h at 37 �C. Mounting medium for fluorescence with DAPI (Vector
laboratories Inc. USA) was added for staining of nucleuses just
before the examination the fluorescent signals of BD-2 protein
under fluorescence microscope.

2.6. Assessment of TNF-a level in lungs

TNF-a concentration in the lung were assessed by using
commercially available ELISA kits according to the manual book
provided by the manufacturer (Dakewe biotech Co., Ltd, China).
Pulmonary tissues were homogenised on ice with physiological
saline (1:9 w/v) and then centrifuged for 10 min at 3000 rpm/min.
Supernatants were collected for the further assessment. Briefly,
0.1 ml supernatants were incubated with the 50 ml biotinylated
antibody for 90 min at 37 �C and then washed four times. 0.1 ml
streptavidin- HRP was added for per sample and incubated for
30 min at 37 �C. After washed for anther four times the substrate
solution was added. The reaction system was kept from light for
20 min at 37 �C. The optical density at 450 nmwas detected with a
microplate reader.
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