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Abstract. The aim of the present study was to investigate 
the antioxidant mechanisms of dexmedetomidine against 
lung injury during intestinal ischemia reperfusion (IIR) in 
rats. The model of IIR‑induced acute lung injury was estab-
lished by occluding the superior mesenteric artery (SMA) 
for 1 h and reperfusing for 2 h using Sprague‑Dawley rats. 
Pathological examination was used to assess the extent of 
the lung injury. Oxidative stress was evaluated by measuring 
malondialdehyde, myeloperoxidase and superoxide dismutase 
in the lung and plasma. The proinflammatory cytokines 
tumor necrosis factor‑α and interleukin‑6 were determined 
via an enzyme‑linked immunosorbent assay. The mRNA 
and protein expression of nuclear factor‑erythroid 2 related 
factor 2 (Nrf2) and heme oxygenase 1 (HO‑1) were determined 
using a reverse transcription‑quantitative polymerase chain 
reaction and western blotting. Pretreatment with dexmedeto-
midine significantly inhibited the oxidative stress response 
and proinflammatory factor release caused by IIR compared 
with the normal saline group (MDA and SOD in lung and 
plasma, P<0.05; MPO, IL‑1β and TNF‑α in lung and plasma, 
P<0.05). Dexmedetomidine improved pulmonary pathological 
changes in IIR rats compared with the normal saline group. 
Investigations into the molecular mechanism revealed that 
dexmedetomidine increased the expression levels of Nrf2 and 
HO‑1 via activating α2 adrenergic receptors compared with 
the normal saline group. The antagonism of α2 adrenergic 
receptors may reverse the protective effect of dexmedeto-
midine on lung injury during IIR, including decreasing the 

expression levels of Nrf2 and HO‑1, elevating the oxidative 
stress response and increasing the proinflammatory factor 
release. In conclusion, pretreatment with dexmedetomidine 
demonstrated protective effects against lung injury during 
IIR via α2 adrenergic receptors. The Nrf2/HO‑1 signaling 
pathway may serve a function in the protective effect of 
dexmedetomidine.

Introduction

Intestinal ischemia reperfusion (IIR) injury always occurs 
following intestinal obstruction, shock, intestinal torsion and 
mesenteric artery occlusion (1‑3). IIR frequently causes lung 
injury, including acute lung injury (ALI) and acute respira-
tory distress syndrome (ARDS) (4,5). Oxidative stress serves 
important functions in lung injury induced by IIR, as free 
radicals are able to attack a number of cell constituents (6) and 
activate the processes of inflammation through transcription 
factors (7,8). Hence, antioxidant therapy against lung injury 
during IIR is imperative.

Dexmedetomidine (DEX) is primarily administered during 
intensive care and anesthesia due to its sedative and analgesic 
effects (9). It has been demonstrated that DEX is able to suppress 
oxidative stress in lipopolysaccharide‑induced liver injury by 
exerting its effects on α2 adrenoreceptors (10), suggesting a 
potential protective effect for diseases associated with oxida-
tive stress. The transcription factor nuclear factor‑erythroid 2 
related factor 2 (Nrf2) is able to bind to antioxidant response 
elements, including heme oxygenase 1 (HO‑1), which antago-
nize reactive oxygen species (ROS)‑associated oxidative 
stress (11,12). Activation of Nrf2 has been confirmed to rescue 
signaling pathways in order to inhibit oxidative pulmonary 
injury and abnormal inflammatory response to protect against 
lung injury in Staphylococcus  aureus pneumonia  (13,14). 
Hence, the aim of the present study was to investigate the effect 
of DEX on IIR‑induced lung injury and determine whether the 
protective function depended on the Nrf2/HO‑1 pathway.

Materials and methods

Animals. The present study was approved by the animal 
welfare committee of Fudan University (Shanghai, China). All 
experimental procedures of the present study were performed 
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in compliance with the National Institutes of Health Guide 
for the Care and Use of Laboratory Animals  (15). Adult 
male Sprague‑Dawley (SD) rats (8‑12 weeks old, 200‑250 g) 
were provided by the Animal Experimental Center of Fudan 
University. The animals were housed in a room with a 12 h 
light‑dark cycle under controlled environmental conditions 
with a temperature of 22±1˚C and a relative humidity of 
55±5%. Water and food were available ad libitum. All rats 
were acclimatized to these conditions for 1 week prior to the 
study. There were 110 rats used in total in the present study.

IIR protocol and animal groups. Rats were anesthetized 
using pentobarbital (50 mg/kg; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) by intraperitoneal injection. Once the 
midline abdominal incision was performed, the superior 
mesenteric artery (SMA) was isolated and occluded for 60 min 
with an atraumatic microvascular clamp (16,17). Then, the clip 
was then gently release and the bowel perfusion was controlled 
by the presence of a pulse. The abdominal wall was sutured 
prior to recovering from anesthesia. After a 2 h reperfusion 
period, blood samples (5 ml each sample) from each animal 
were collected from the arterial line. A certain quantity of 
heparinized blood was used for the measurement of arterial 
blood gas with automated blood gas analyzer (ABL80 FLEX, 
Radiometer). Other samples were centrifuged at 3,500 x g 
for 15 min at 4˚C to separate the serum. Serum samples were 
stored at ‑80˚C for further analysis. Meanwhile, lung tissues 
were collected for histopathologic and biochemical analyses. 
Then, the rats were decapitated under deep anesthesia. If the 
rats went into shock or the IIR model was aborted, the animals 
were euthanized. The duration of the experiment lasted ~4 h.

In the present study two experiments were performed. 
Experiment 1 was designed to test the effects of DEX (Jiangsu 
Hengrui Medicine Co., Ltd., Jiangsu, China) pretreatment on 
pathological damage to the lung during IIR and to select the 
optimal drug dose. At present, the majority of researchers 
have selected 25‑50 µg/kg DEX (injected intraperitoneally) 
in order to study its protection against ischemia reperfusion 
injury (18‑20). Intravenous injection of DEX always requires 
small doses ranging from 1 to 10 µg/kg (21,22). Hence, in the 
present study, three different doses were assessed to select the 
optimal dose intraperitoneally. A total of 60 SD male rats were 
randomly divided into 6 groups (n=10 per group), as follows: 
Control group, IIR group, IIR + normal saline (NS) group, IIR 
+ DEX (10 µg/kg) group, IIR + DEX (30 µg/kg) group and 
IIR + DEX (90 µg/kg) group. Rats in the control group only 
underwent laparotomy without an intraperitoneal operation. 
In the IIR + DEX groups, DEX was intraperitoneally injected 
into the rats prior to releasing the clamp. If DEX was able to 
protect against lung injury during IIR, the best dose of DEX 
was selected based on if it altered the pathological lesions 
substantially without obvious side effects. The same volume 
of normal saline was selected to be the control.

Experiment 2 was designed to study the effects of DEX 
pretreatment on the Nrf2/HO‑1 signaling pathway and whether 
its action depended on an α2‑adrenergic receptor. Oxidative 
damage and inflammatory response were also detected. A 
total of 50 SD male rats were randomly divided into 5 groups 
(n=10 per group), as follows: Control group, IIR group, IIR + 
NS group, IIR + DEX group and IIR + DEX + atipamezole 

(ATI; α2‑adrenergic antagonist; Sigma‑Aldrich; Merck 
KGaA) group. Once the optimal dose of DEX was determined, 
the corresponding dose of α2‑adrenergic receptor antagonist 
ATI was selected.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA of the lung tissues was isolated using 
TRIZOL® reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer's protocol. 
cDNA was synthesized using the RevertAid First Strand 
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.) with the 
following reaction conditions: 25˚C for 10 min, 42˚C for 1 h, 
72˚C for 10 min and a 4˚C hold. PCR was performed according 
to the following thermocycling conditions: Predenaturation 
for 2 min at 95˚C for a cycle, denaturation for 15 sec at 95˚C, 
annealing for 15 sec at 60˚C and extension for 1 min at 72˚C 
with 40 cycles from denaturation to extension. RT‑qPCR was 
performed using the SYBR green method (FastStart Universal 
SYBR Master; Roche Diagnostics, Basel, Switzerland) 
and a MiniOpticon RT‑qPCR detection system (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The method 2‑ΔΔCq was 
used to determine the relative quantification of the target gene 
expression (23). β‑actin was selected as the house‑keeping 
gene. The following PCR primers (Sangon Biotech Co., Ltd. 
Shanghai, China) were used: Nrf2 forward, 5'‑CAC​AGT​GCT​
CCT​ATG​CGT​GA‑3' and reverse, 5'‑TTC​TGG​GCG​GCG​ACT​
TTA​TT‑3'; HO‑1 forward, TGA​TGG​CCT​CCT​TGT​ACC‑3' 
and reverse, 5'‑GTG​GGG​CAT​AGA​CTG​GGT​TC‑3'; β‑actin 
forward, 5'‑GGA​AAT​CGT​GCG​TGA​CAT​TAA​AG‑3' and 
reverse, 5'‑CGG​CAG​TGG​CCA​TCT​CTT‑3'.

Western blotting. T‑PER protein extraction reagents (Thermo 
Fisher Scientific Inc.) were used to extract the proteins of 
lung tissues. Subsequently, the protein concentration in each 
sample was determined using a BCA protein assay (Bio‑Rad 
Laboratories, Inc.). Equal amounts of proteins (30 µg per 
sample) were separated using 10% SDS‑PAGE gel, transferred 
to polyvinylidene difluoride membrane (Bio‑Rad Laboratories, 
Inc.). blocked with 5% nonfat dry milk at room temperature 
for 1 h and incubated with primary antibodies against HO‑1 
(1:200; cat. no. sc‑136960; Santa Cruz Biotechnology, Inc.), 
Nrf2 (1:200; cat. no. sc‑365949; Santa Cruz Biotechnology, 
Inc.) and GAPDH (1:1,000; cat. no. sc‑365062; Santa Cruz 
Biotechnology, Inc.) overnight at 4˚C. Then, the membranes 
were washed and incubated with anti‑rabbit immunoglobulin 
G (IgG)‑HRP (sc‑2357) or anti‑mouse IgG‑HRP (sc‑2005) 
secondary antibodies (1:2,000; Santa Cruz Biotechnology, 
Inc.) for 2  h at  37˚C. Proteins were visualized using 
enhanced chemiluminescent reagents (Beyotime Institute of 
Biotechnology, Jiangsu, China). The expression of GAPDH 
was used as an internal control. The optical density of the 
bands was measured using a densitometer (Syngene Europe) 
together with Genesnap 4.0 and Genetools 4.0 software 
(Syngene Europe).

Biochemical analysis of lung tissues and plasma. The lung 
tissues and plasma were used to evaluate the malondialde-
hyde (MDA) levels and the myeloperoxidase (MPO) and the 
superoxide dismutase (SOD) activities using a MDA detection 
kit (A003‑1‑2), a MPO detection kit (A044‑1‑1) and a SOD 
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detection kit (A001‑3‑2) (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China), respectively, according to the manu-
facturer's protocol.

Enzyme‑linked immunosorbent assay (ELISA). Whole blood 
was centrifuged for 15 min at 1,000 x g at 4˚C subsequent 
to collection. Plasma was removed immediately for further 
analysis. Lung tissues were rinsed with ice‑cold phosphate 
buffered saline (PBS; 0.01 M, pH=7.4) to remove excess blood 
thoroughly. Tissue pieces were weighed and then minced into 
small pieces which were homogenized in PBS with a glass 
homogenizer on ice. The homogenates were then centrifuged 
for 15 min at 4,000 x g at ‑20˚C to obtain the supernatant. 
The plasma and supernatant were collected for ELISA. 
Interleukin‑1β (IL‑1β, F15810) and tumor necrosis factor‑α 
(TNF‑α, F16960) concentrations in the plasma and superna-
tant were measured using the ELISA kits (Shanghai Westang 
Bio‑Tech Co., Ltd.) in accordance with the manufacturer's 
protocols.

Histopathology assessment. Lung tissues were harvested 2 h 
following IIR and were fixed in 4% paraformaldehyde in PBS 
at room temperature for 2 h. Sections were stained with 0.45% 

hematoxylin for 10 min and 0.5% eosin for 2 min at room 
temperature and observed under light microscopy (magnifica-
tion, x40) to detect lung injury. Severity of lung injury was 
evaluated as described from 0  to 5 grades  (24): 0, normal 
tissue; 1, minimal inflammatory change; 2, mild to moderate 
inflammatory changes (no obvious damage to the lung archi-
tecture); 3, moderate inflammatory injury (thickening of the 
alveolar septae); 4, moderate to severe inflammatory injury 
(formation of nodules or areas of pneumonitis that distorted 
the normal architecture); and 5, severe inflammatory injury 
with total obliteration of the field.

Statistical analysis. All data were analyzed using SPSS 
20.0 software (IBM Corp., Armonk, NY, USA). Difference 
was assessed using a one‑way analysis of variance. Dunnett's 
test was used for multiple comparisons. Data are expressed as 
the mean ± standard error of the mean. P<0.05 was considered 
to indicate a statistically significant difference.

Results

DEX alleviates IIR‑induced lung injury. Lung tissue in the IIR 
group was markedly damaged with aberrant alveolar structures, 

Figure 1. Histopathological changes in the lung tissue of control, IIR, IIR + NS, IIR + DEX (10 µg/kg), IIR + DEX (30 µg/kg) and IIR + DEX (90 µg/kg) 
groups. (A) Tissue sections of the lung tissue stained with hematoxylin and eosin in different groups. Magnification, x40. (B) Pathological damage scores 
of the lung tissue in the control, IIR + NS, IIR + DEX (10 µg/kg), IIR + DEX (30 µg/kg) and IIR + DEX (90 µg/kg) groups. Data are presented as the mean 
± standard error of the mean. #P<0.05 vs. control group; ##P<0.01 vs. control group; *P<0.05 vs. IIR + NS group; **P<0.01 vs. IIR + NS group. IIR, intestinal 
ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline.
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notable cell infiltration, alveolar thickening and diffuse inter-
stitial edema (Fig. 1A). The alveolar structures were integral 
in the control group. An intraperitoneal injection of DEX at 
a concentration of 10 µg/kg did not decrease the pulmonary 
damage induced by IIR (Fig. 1A). However, 30 and 90 µg/kg 
DEX substantially alleviated IIR‑associated lung injury to a 
similar degree (Fig. 1A). The histopathological injury scores 
in all groups are presented in Fig. 1B. Arterial blood gas levels 
were also detected following reperfusion for 2 h. PaO2 and 
pH were significantly lower in the IIR group compared with 
the control group (Table I). Although 30 and 90 µg/kg DEX 
significantly increased oxygenation compared with the IIR + 
NS group (P<0.01), rats with 90 µg/kg DEX exhibited more 
adverse drug reactions, including a longer sedation time and 
greater urinary volume. Hence, 30 µg/kg DEX was selected 
for further experiments in order to determine the mechanism 
of its protective effect on lung injury induced by IIR.

DEX decreases oxidative stress in lung tissue and plasma. In 
order to evaluate oxidative damage, the present study detected 
the MDA levels and SOD activity (25,26). There was a signifi-
cant increase in MDA levels in the lung tissue and plasma of 
the IIR group compared with the control group (P<0.05 in the 
plasma; P<0.01 in the lung; Table II). Pretreatment with DEX 
significantly decreased the increase in MDA level induced by 
IIR in the lung tissue and plasma (P<0.05; Table II). In the IIR 
group, SOD activity was significantly lower compared with 
that in the control group (P<0.01). DEX pretreatment signifi-
cantly improved SOD activity compared with normal saline 
(P<0.01; Table II).

DEX decreases the inflammatory response. Activation and 
infiltration of polymorphonuclear (PMN) cells are key factors 

resulting in IIR (27). As a marker enzyme of PMN, MPO is 
able to reflect the degree of tissue PMN infiltration (28). There 
was a significant increase in MPO concentration in the lung 
tissue and plasma of the IIR group compared with the control 
group (P<0.01; Table III). Pretreatment with DEX significantly 
suppressed the increase in MPO concentration induced by IIR 
in the lung tissue and plasma (P<0.01; Table III). The expression 
of IL‑1β and TNF‑α in lung tissue and plasma was determined 
via ELISA. IIR caused the significantly increased release of 
inflammatory factors in the lung tissue and plasma compared 
with the control group (P<0.01; Table IV). DEX significantly 
inhibited the IL‑1β and TNF‑α expression levels induced by 
IIR (P<0.05 in the lung; P<0.01 in the plasma; Table IV).

DEX enhances the expression of the Nrf2/HO‑1 signaling 
pathway in the IIR model. In order to assess whether the 
Nrf2/HO‑1 signaling pathway serves a function in the 
protective effect of DEX, the present study measured the 
gene and protein levels of Nrf2 and HO‑1. RT‑qPCR revealed 
that the gene levels of Nrf2 and HO‑1 were significantly 
downregulated in the lung tissue of IIR rats compared with 
the control groups (P<0.01; Fig. 2). DEX at 30 µg/kg signifi-
cantly prevented the decrease in Nrf2 and HO‑1 induced by 
IIR (P<0.01; Fig. 2). Protein levels of Nrf2 and HO‑1 were 
measured via western blotting in order to investigate the 
effect of DEX on the IIR‑induced inactivation of Nrf2/HO‑1 
signaling (Fig. 3A‑D). Nrf2 and HO‑1 protein levels in the 
IIR group were significantly lower compared with those in 
the control group (P<0.01). Pretreatment with DEX signifi-
cantly alleviated the IIR‑induced inactivation of Nrf2 and 
HO‑1 in the lungs (P<0.01; Fig. 3). These results indicated 
that the Nrf2/HO‑1 signaling pathway served an important 
role in oxidative stress. Hence, the results revealed that 

Table II. Expression levels of SOD and MDA in the lung and plasma of different groups (n=10).

Item	C ontrol group	IIR  group	IIR  + NS group	IIR  + DEX group

Pulmonary SOD (U/ml)	 37.19±1.14	 31.21±1.16b	 32.08±0.58b	 33.41±0.93d

Pulmonary MDA (nmol/ml)	 2.61±0.08	 3.16±0.06b	 3.15±0.08b	 2.90±0.06d

Plasma SOD (U/ml)	 43.77±0.91	 33.27±1.45b	 33.00±1.36b	 40.30±0.69a,d

Plasma MDA (nmol/ml)	 2.92±0.12	 3.45±0.04b	 3.40±0.06b	 3.13±0.06c

aP<0.05, bP<0.01 vs. control group, cP<0.05, dP<0.01 vs. IIR + NS group. SOD, superoxide dismutase; MDA, malondialdehyde; IIR, intestine 
ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline.

Table I. Arterial blood gas levels (n=10).

				IIR    +DEX 	IIR +DEX 	IIR +DEX 
Item	C ontrol group	IIR  group	IIR +NS group	 (10 µg/kg) group	 (30 µg/kg) group	 (90 µg/kg) group

pH	 7.36+0.019	 7.22+0.012a	 7.21+0.033a	 7.24+0.009 a	 7.31+0.022b,c	 7.29+0.013a

PaO2	 97.34+2.76	 74.33+1.63a	 74.05+1.24a	 76.42+1.72a	 88.46+1.56a,c,e	 82.74+1.20a,c,e

PaCO2	 37.04+0.84	 45.15+1.00a	 44.22+1.78a	 42.91+0.88a	 39.79+1.00d	 40.01+1.04d

aP<0.01 and bP<0.05 vs. control group, cP<0.01 and dP<0.05 vs. IIR + NS group. eP<0.05 vs. IIR + DEX (30 µg/kg) group. IIR, intestine 
ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline.
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the antioxidant effect of DEX may be associated with the 
Nrf2/HO‑1 signaling pathway.

DEX protects against lung injury in IIR rats via an 
α2‑adrenoceptor. ATI is an α2‑adrenoceptor antagonist. 

Co‑treatment with ATI (300  µg/kg) reversed the protec-
tive effect of 30 µg/kg DEX on lung injury in IIR rats. The 
histopathological injury score in the IIR + DEX + ATI group 
was higher compared with that in IIR + DEX group (P<0.01; 
Fig. 4A and B). A total of 300 µg/kg ATI also significantly 
inhibited the effect of DEX on the expression levels of the 
Nrf2/HO‑1 signaling pathway (P<0.01; Fig. 4C and D) and 
MDA levels and SOD activity in the lung tissue (P<0.05; 
Fig. 4E and F). DEX significantly decreased the MPO concen-
tration, IL‑1β and TNF‑α expression levels in the lung tissue of 
IIR rats compared with the NS group (P<0.01), which was also 
significantly alleviated by ATI (P<0.05; Fig. 4G‑I).

Discussion

The present study demonstrated that pretreatment with DEX 
had a protective effect on IIR‑associated acute lung injury via 
the α2 adrenoreceptor. DEX may be activating the Nrf2/HO‑1 
signaling pathway in order to decrease the oxidative stress 
and inflammatory reaction, thus alleviating the lung injury 
induced by IIR.

DEX was approved by the US Food and Drug Administration 
in 1999 and has been used for analgesia and sedation in intensive 
care units (29). In animal studies, it has been demonstrated to 
inhibit oxidative stress and inflammatory responses to protect 
the kidneys, brain, intestine and heart from ischemia‑reperfusion 
injury (16,30‑34). However, to the best of our knowledge, few 
studies have focused on DEX on IIR‑induced lung injury. The 
present study revealed that DEX decreased the release of TNF‑α 
and IL‑6. In other models of ischemia reperfusion, DEX was 
revealed to attenuate the apoptosis of lung alveolar epithelial cells 
induced by oxidative stress by inhibiting ROS generation (35). 
Pretreatment with DEX decreased the MDA concentration and 
enhanced SOD activity in patients with lung cancer during 
one‑lung ventilation (36). The present study investigated the 

Figure 2. Reverse transcription‑quantitative polymerase chain reaction 
analysis of Nrf2/HO‑1 expression. (A) mRNA expression levels of Nrf2. 
(B) mRNA expression levels of HO‑1. Nrf2/HO‑1 mRNA expression was 
revealed to be significantly lower in the IIR group compared with the control 
group. Pretreatment with DEX increased the mRNA expression of Nrf2/HO‑1 
in the IIR + DEX (30 µg/kg) group. Data are presented as the mean ± standard 
error of the mean. ##P<0.01 vs. control group; **P<0.01 vs. IIR + NS group. IIR, 
intestinal ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline; 
Nrf2, nuclear factor‑erythroid 2 related factor 2; HO‑1, heme oxygenase 1.

Table III. Expression levels of MPO in the lung and plasma of different groups (n=10).

Item	C ontrol group	IIR  group	IIR  + NS group	IIR  + DEX group

Pulmonary MPO (U/l)	 113.28±2.79	 131.42±3.14b	 132.02±1.05b	 118.75±2.13c

Plasma MPO (U/l)	 124.10±3.06	 150.98±3.44b	 153.11±2.52b	 135.09±2.48a,c

aP<0.05, bP<0.01 vs. control group, cP<0.01 vs. IIR + NS group. MPO, myeloperoxidase; IIR, intestine ischemia reperfusion; DEX, dexme-
detomidine; NS, normal saline.

Table IV. Expression levels of IL‑1β and TNF‑α in the lung and plasma of different groups (n=10).

Item	C ontrol group	IIR  group	IIR  + NS group	IIR  + DEX group

Pulmonary IL‑1β (pg/ml)	 7.10±0.21	 8.56±0.24b	 7.78±0.20b	 7.78±0.32a,c

Pulmonary TNF‑α (pg/ml)	 62.26±2.15	 72.95±1.99b	 72.77±0.69b	 66.52±1.91c

Plasma IL‑1β (pg/ml)	 7.28±0.20	 9.19±0.21b	 9.33±0.28b	 8.13±0.25a,d

Plasma TNF‑α (pg/ml)	 64.64±2.27	 86.37±1.90b	 85.56±1.82b	 71.28±1.39a,d

aP<0.05, bP<0.01 vs. control group, cP<0.05, dP<0.01 vs. IIR + DEX group, cP<0.01 vs. IIR + NS group. IIR, intestine ischemia reperfusion; 
DEX, dexmedetomidine; NS, normal saline; IL‑1β, interleukin‑1β; TNF‑α, tumor necrosis factor‑α.
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Figure 4. Protective effects of DEX on lung injury depend on α2‑adrenergic receptors. (A) Tissue sections and (B) pathological damage scores of the lung 
tissue stained with hematoxylin and eosin in IIR + NS, IIR + DEX and IIR + DEX + ATI groups. Magnification, x40. (C) Western blotting of Nrf2/HO‑1 
expression in different groups. (D) Quantified western blotting results. Expression levels of (E) SOD and (F) MDA in the lung of different groups. Expression 
levels of (G) MPO, (H) IL‑1β and (I) TNF‑α in the lungs of different groups. ##P<0.01 vs. IIR + NS group; *P<0.05 vs. IIR + DEX group; **P<0.01 vs. IIR + 
DEX group. IIR, intestinal ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline; ATI; Nrf2, nuclear factor‑erythroid 2 related factor 2; HO‑1, 
heme oxygenase 1; MPO, myeloperoxidase; SOD, superoxide dismutase; MDA, malondialdehyde; IL‑1β, interleukin‑1β; TNF‑α, tumor necrosis factor‑α.

Figure 3. Western blotting of Nrf2/HO‑1 expression levels. (A) Protein expression of Nrf2. (B) Protein expression of HO‑1. (C) Quantified Nrf2 protein 
expression. (D) Quantified HO‑1 protein expression. Data are presented as the mean ± standard error of the mean. ##P<0.01 vs. control group; **P<0.01 vs. IIR 
+ NS group. IIR, intestinal ischemia reperfusion; DEX, dexmedetomidine; NS, normal saline; Nrf2, nuclear factor‑erythroid 2 related factor 2; HO‑1, heme 
oxygenase 1.
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effect of DEX on lung injury during IIR, and further identified 
that intraperitoneal DEX significantly suppressed IIR‑induced 
oxidation products, including MDA (P<0.01 in the lung and 
P<0.05 in the plasma), and enhanced SOD activity (P<0.01 in the 
lung tissue and plasma). Since free radicals may further promote 
the release of inflammatory cytokines (37), the present study also 
revealed that a significant increase in the release of inflammatory 
cytokines IL‑1β (P<0.05 in the lung and P<0.01 in the plasma) 
and TNF‑α (P<0.05 in the lung and P<0.01 in the plasma) in the 
lung during IIR was also inhibited by DEX. Among the oxida-
tion products, MDA (38) and SOD (39) are always used to assess 
the degree of oxidative stress.

The affinity of DEX binding to α2‑adrenergic receptors is 
8‑fold greater compared with that of clonidine, and DEX has 
a half‑life of 6 min and an elimination half‑life of 2 h (29,40). 
Via α2‑adrenergic receptors, DEX has demonstrated sedative, 
analgesic, anti‑anxiety and diuresis effects (40,41). In addi-
tion, the anti‑apoptosis effect of DEX was inhibited by the 
α2‑adrenoceptor antagonist ATI in liver ischemia‑reperfusion 
injury and renal ischemia‑reperfusion injury  (10,18). The 
present study further demonstrated that the antioxidant and 
anti‑inflammatory action of DEX in lung injury during IIR 
was also acting on the α2‑adrenoceptor.

Excessive ROS, produced during IIR, may overwhelm the 
antioxidant capacity and result in the oxidative stress of lung 
tissues (42,43). Nrf2 has been demonstrated to serve an impor-
tant role in the protection against oxidant‑associated lung, 
including ischemia reperfusion lung injury, ventilation‑induced 
lung injury and sepsis‑induced lung injury (44). Following acti-
vation, the conformation of the Nrf2 complex changes, which 
inhibits the proteasomal degradation of Nrf2 and facilitates 
Nrf2 translocation into the nucleus to bind with antioxidant 
response element sequences in the promoter regions (43‑46). 
Yan et al (47) reported that DEX alleviates LPS‑induced lung 
injury via activating Nrf2/Keap1 signaling and inhibiting the 
inflammatory response and oxidative stress in rats. However, 
the molecular mechanisms underlying ALI/ARDS induced by 
IIR or LPS are different. IIR occurs due to the transient oblit-
eration of the SMA and reperfusion of the ischemic bowel (48). 
As a common complication of IIR, lung injury is caused by a 
systemic inflammatory response due to the proinflammatory 
cytokines and bacteria‑derived endotoxins released from the 
damaged intestine (49‑51). Since the intestinal flora is complex, 
lung injury induced by IIR may be further complicated by 
gram‑negative bacterial infections  (49,52,53). Pathological 
damage is more serious with alveolar exudation, bleeding 
and invasion of immune cells, in addition to the release of 
abundant cytokines and enzymes (53). Lipopolysaccharides 
(LPS) are a core constituent of gram‑negative bacterial cell 
walls. Hence, LPS‑induced lung injury is always used to 
study gram‑negative bacterial‑associated lung injury  (54). 
The protective mechanisms of DEX on lung injury induced 
by IIR or LPS may not exactly be the same, since the activa-
tion of the Nrf2/HO‑1 pathway has been reported to decrease 
oxidation products and improve intestinal mucosal injury in 
an IIR model (55). HO‑1 is also a stress‑responsive enzyme 
that produces antioxidants and anti‑inflammatory agents (56). 
Therefore, the present study detected the effect of DEX on the 
Nrf2/HO‑1 signaling pathway and revealed that pretreatment 
with DEX may activate the Nrf2/HO‑1 signaling pathway in 

the pulmonary tissue of IIR rats. Through this method, DEX 
may decrease the oxidation products, inflammatory cytokines 
and pathological changes induced by IIR.

In conclusion, pretreatment with DEX exhibited potent 
antioxidant and anti‑inflammatory properties in lung injury 
induced by IIR. The Nrf2/HO‑1 signaling pathway may serve 
a function in the protective effect of DEX.
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