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Abstract. – OBJECTIVE: This research aims 
to investigate the role and mechanism of PI3K/
Akt pathway in the pathological process of lung 
ischemia-reperfusion injury in dexmedetomi-
dine-treated rats.

MATERIALS AND METHODS: Forty-five 
healthy male Sprague-Dawley rats were divided 
into three groups: sham operation group, lung 
ischemia-reperfusion group (IR group) and dex-
medetomidine pretreatment group (Dex group). 
Rats in the sham operation group did not re-
ceive other procedures except for opening left 
chest. The left lung hilar of rats in the IR group 
was clamped with non-invasive vascular clamp 
after anesthesia to establish an ischemic mod-
el. After 1 hour, the vascular clamp was released 
and the rats were reperfused for 2 hours. As 
for rats in the Dex group, 3 μg/kg of dexmede-
tomidine (pumping time of 10 min) was pumped 
through the tail vein before releasing the left hi-
lar clamp. After the experiment, blood samples 
and lung tissues were collected. Serum levels 
of interleukin 6 (IL-6), tumor necrosis factor-α 
(TNF-α), IL-10, and IL-1 in rats were examined. 
Activities of malondialdehyde (MDA), myelop-
eroxidase (MPO), superoxide dismutase (SOD) 
and catalase (CAT) in rat lung tissues were al-
so detected. Besides, the expressions of hypox-
ia-inducible factor-la (HIF-la), p-Akt, Caspase-3, 
and Caspase-9 in lung tissues were detected 
by Western blot. The mRNA expression levels 
of HIF-1a, p-Akt, Caspase-3, and Caspase-9 in 
lung tissues were evaluated by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR).

RESULTS: Lung ischemia-reperfusion mark-
edly increased the levels of IL-6, TNF-α, IL-10, 
and IL-1 in the IR group. In contrast, dexmede-
tomidine pretreatment decreased the expres-
sion levels of IL-6, TNF-α, IL-10, and IL-1in the 
Dex group. Also, the activities of MDA and MPO 
in lung tissues of rats in the IR group significant-
ly increased after lung ischemia-reperfusion in-
jury, whereas dexmedetomidine pretreatment 
reversed the elevated activities of MDA and 
MPO in the Dex group. Furthermore, dexmede-

tomidine pretreatment also improved the activ-
ities of SOD and CAT in rat lung tissues com-
pared with rats with lung ischemia-reperfusion 
injury. In addition, dexmedetomidine pretreat-
ment increased the expression levels of HIF-1α, 
p-Akt and HIF- in the Dex group when compared 
to those in the IR group. The mRNA expressions 
of HIF-1a, p-Akt, Caspase-3, and Caspase-9 in 
lung tissue of rats was significantly reduced af-
ter dexmedetomidine pretreatment.

CONCLUSIONS: Rat lung ischemia-reper-
fusion can induce severe lung injury. Dexme-
detomidine treatment can attenuate lung isch-
emia-reperfusion injury by activating the PI3K/
Akt signaling pathway at the transcriptional level.

Key Words:
Lung ischemia-reperfusion, Dexmedetomidine, PI3K/

Akt, Lung injury.

Introduction

Lung ischemia-reperfusion injury (LIRI) is a 
common disease in clinical practice, such as in 
cardiopulmonary resuscitation, lung transplan-
tation, single-lung ventilation, cardiopulmonary 
bypass and pulmonary embolism. LIRI is a form of 
acute aseptic lung injury with high morbidity and 
mortality1. The pathogenesis of LIRI is complex, 
involving many pathways and pathophysiological 
processes such as oxidative stress injury, calcium 
overload, endoplasmic reticulum stress injury, in-
flammatory injury, autophagy and apoptosis2-4.

Dexmedetomidine (Dex) is a highly potent and 
highly selective adrenergic alpha 2 receptor ago-
nist with sedative, anxiolytic, hypnotic, analgesic 
and sympathetic inhibitory effects. Dex is capable 
of reducing the dosage of conventional sedatives 
and analgesics. It has no incompatibility with other 
anesthetics, sedative and analgesic drugs, and has 
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been widely used in clinical application5,6. Nume-
rous studies7-9 have shown that dexmedetomidine 
has a protective effect on tissues and organs inclu-
ding brain, heart, liver and kidney in ischemia-re-
perfusion animal models. Such a protective role 
of Dex is mainly through anti-inflammation, an-
ti-oxidation and regulation of apoptosis, gradually 
highlighting its superiority and potential values in 
clinical application. It has been reported10 that dex-
medetomidine can prevent ischemia-reperfusion 
injury in a dose-dependent manner, the mechanism 
of which may be related to the inhibited inflamma-
tory reaction and apoptosis of intestinal mucosal 
epithelial cells. In addition, studies11-13 have shown 
that the degree of alveolar damage in LIRI model 
is significantly alleviated after the application of 
dexmedetomidine.

The phosphatidylinositol 3-kinase/serine-threo-
nine protein kinase (PI3K/Akt) signaling pathway 
is a key pathway for cell signal transduction and 
is mainly involved in the regulation of cell proli-
feration and apoptosis14. Activated PI3K produces 
phosphatidylinositol triphosphate (PIP3), which 
acts as a second messenger to activate Akt. Sub-
sequently, Akt downregulates the pro-apoptotic 
proteins including Bad, Bax and caspase, ulti-
mately reducing the opening and lowering of mi-
tochondrial permeability transition pores. The 
permeability of mitochondrial membrane inhibits 
apoptosis and enhances cell tolerance to hypoxia 
or nutrient deficiencies, and promotes cell survi-
val and proliferation15. When the body tissues or 
organs are subjected to ischemia-reperfusion, the 
hypoxanthine in the body undergoes electronic 
conversion to jaundice, which can produce a lar-
ge amount of oxygen free radicals. Ischemia or 
hypoxia leads to a decrease in the production of 
adenosine triphosphate (ATP) in the mitochondria, 
and ATP dysfunction eventually produces a large 
number of oxygen free radicals16. The activation of 
the PI3K/Akt signaling pathway may alleviate the 
ischemia-reperfusion injury of tissues or organs by 
reducing the generation of oxygen free radicals17. 
A recent study18 suggested that the PI3K/Akt si-
gnaling pathway plays a key role in inflammation, 
ischemia-reperfusion and multi-organ protection.

In this work, a rat model of lung ischemia-re-
perfusion was established using non-invasive va-
scular clamping method to investigate the effect 
of dexmedetomidine on lung reperfusion injury. 
In addition, changes in the PI3K/Akt pathway 
were evaluated to explore the protective mecha-
nism of dexmedetomidine in lung function after 
reperfusion injury in rats.

Materials and Methods

Animal Grouping
Forty-five male Sprague-Dawley rats wei-

ghing 220-270 g were randomly divided into 
three groups, including sham operation group, 
lung ischemia-reperfusion group (IR group) 
and dexmedetomidine pretreatment group (Dex 
group). Rats in the sham operation group did 
not receive other procedures except for opening 
the left chest. The left hilar of rats in the IRI 
group were clamped with a non-invasive vascu-
lar clamp to establish an ischemic model. After 
1 hour, the vascular clamp was released and the 
rats were reperfused for 2 hours. As for rats in 
the Dex group, 3 μg/kg of dexmedetomidine 
(pumping time of 10 min) was pumped throu-
gh the tail vein before releasing the left hilar 
clamp. This study was approved by the Animal 
Ethics Committee of Harbin Medical Universi-
ty Animal Center.

Rat Lung Ischemia-Reperfusion Model
Rats were anesthetized with 1% sodium pen-

tobarbital (50 mg/kg). After anesthesia was suf-
ficient, rats were intravenously injected with sa-
line (10 mL/kg/h). Then the laryngoscope was 
intubated under the direct vision of the laryn-
goscope. The tracheal tube was connected to a 
small animal ventilator for mechanical ventila-
tion. The specific parameters were maintained: 
the respiratory rate was 60 times/min, the tidal 
volume was 15 mL/kg, I: E = 1:2.5 and FiO2: 
99%. Rat chest was opened by the fourth inter-
costal space and the subcutaneous tissue was 
blunt separated. The pleura was exposed and 
cut in the expiratory phase. The left thoracic 
cavity was exposed and the left hilar was care-
fully separated to expose the trachea. Then the 
portal vein was injected with 300 U/kg of un-
fractionated heparin via the tail vein. After 10 
min, the left hilar was clamped with a non-in-
vasive vascular clamp to establish an ischemic 
model. After 60 min, the non-invasive vascular 
clamp was released to restore the ventilation 
and blood supply of the left lung for 2 h.

Specimen Collection and Processing
At the end of the experiment, 2 mL of blood 

was collected from the internal iliac vein and 
stored at -80°C. The lung tissue was taken out, 
quickly washed with phosphate-buffered saline 
(PBS; Beyotime, Shanghai, China), and immedia-
tely placed in an 80°C refrigerator.
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Detection of Serum Inflammatory 
Factors in Rats

Serum levels of interleukin 6 (IL-6), tumor 
necrosis factor-α (TNF-α), IL-10 and IL-1 in rats 
were measured according to the instructions of 
the enzyme-linked immunosorbent assay (ELI-
SA) kit (R&D Systems, Minneapolis, MN, USA).

Examination of Malondialdehyde (MDA), 
Myeloperoxidase (MPO) Content and 
Superoxide Dismutase (SOD) and 
Catalase (CAT) Activities

After the lung tissue was homogenized, activi-
ties of MDA, MPO and SOD and CAT in the lung 
tissue were detected according to the instructions 
of the relative kits (Nanjing, Jiancheng Bioengi-
neering Institute, Nanjing, China).

Western Blot Assay
The lung tissue was homogenized in radioim-

munoprecipitation assay (RIPA) lysate (Beyoti-
me, Shanghai, China). After homogenization, the 
supernatant was centrifuged, and the total protein 
content was determined according to the bicincho-
ninic acid (BCA) assay kit (Pierce, Rockford, IL, 
USA). Protein samples were electrophoresed on 
polyacrylamide gels and then transferred to poly-
vinylidene difluoride (PVDF) membranes (Merck 
Millipore, Billerica, MA, USA). After blocking 
with 5% skimmed milk, the membranes were 
incubated with primary antibody of hypoxia-in-
ducible factor-la (HIF-la), p-Akt, Caspase-3 and 
Caspase-9 (Cell Signaling Technology, Danvers, 
MA, USA) at 4°C overnight. The membrane was 
incubated with the secondary antibody after rin-
sing with the Tris-buffered Saline and Tween 20 
solution (TBST). Chemiluminescence was used 
to expose the protein bands on the membrane.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) Analysis

Total RNA of the lung tissue was extracted ac-
cording to the instructions. Complementary de-
oxyribose nucleic acid (cDNA) was synthesized 
by reverse transcription. The sequences of HIF-
1a, p-Akt, Caspase-3 and Caspase-9 and glyce-
raldehyde 3-phosphate dehydrogenase (GADPH) 
(the internal reference) were obtained from Ge-
neBank. Primers were designed using Primer 5.0 
software, and the Ct values of the target gene and 
the reference gene were determined by qRT-PCR. 
The average value was calculated by the relative 
quantitative method, and the gene expressions in 
the treatment group relative to the blank group were 

calculated by the formula 2-ΔΔCt. Primer sequen-
ces used in this study were as follows: HIF-1a, F: 
5’-CCTATGTAGTTGTGGAAGTTTATGC-3’, R: 
5’-ACTAGGCAATTTTGCTAAGAATG-3’; p-A-
kt, F: 5’-AGGAGGAGGAGGAGATGGA-3’, R: 
5’-GGTCGTGGGTCTGGAAAG-3’; Caspase-3, 
F: 5’- AGAACTGGACTGTGGCATTGAG-3’, R: 
5’-AAGCTTGTCGGCATACTGTTTC-3’. Caspa-
se-9: F: 5’-CTGAGCCAGATGCTGTCCCATA 
-3’, R: 5’-GACACCATCCAAGGTCTCGAT-
GTA-3’; GAPDH: F: 5’-CGCTCTCTGCTCCTC-
CTGTTC-3’, R: 5’-ATCCGTTGACTCCGACCT-
TCAC-3’.

Statistical Analysis
Statistical analysis was performed using Stati-

stical Product and Service Solutions (SPSS) 17.0 
statistical software (Chicago, IL, USA). Data were 
expressed as mean ± standard deviation. One-way 
analysis was used for comparison between groups, 
followed by Post-Hoc Test (Least Significant Dif-
ference). Paired t-test was used for comparison 
within the two groups. DUNNETT’S T3 analysis 
was used for comparing uneven variance. p<0.05 
was considered statistically significant.

Results

Levels of Serum Inflammatory Factors 
ELISA results showed that lung ischemia-re-

perfusion markedly increased the levels of IL-6, 
TNF-α, IL-10 and IL-1 in the IR group. In con-
trast, the expression levels of the above factors in 
the Dex group were lower compared with those in 
the IR group (p<0.05) (Figure 1A-1D).

MDA, MPO Content and SOD, CAT Activ-
ity in Lung Tissue

Activities of MDA and MPO in the lung tissue 
of the IR group significantly increased after LIRI, 
whereas dexmedetomidine pretreatment reversed 
the elevated activities of MDA and MPO in the 
Dex group (Figure 2A, 2B). Furthermore, LIRI 
decreased the activities of SOD and CAT in the 
IR group. However, dexmedetomidine pretreat-
ment improved the activities of SOD and CAT in 
lung tissue of rats (Figure 2C, 2D).

Relative Protein Expression 
in Lung Tissues

The expression levels of HIF-1α and p-Akt in 
rat lung tissue of the IR group were markedly 
lower than those in the sham operation group. In 
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Figure 1. Levels of inflammatory factors in rats of different groups. A, Comparison of serum level of IL-6 in three groups of 
rats. B, Comparison of serum level of TNF-α in three groups of rats. C, Comparison of serum level of IL-10 in three groups 
of rats. D, Comparison of serum level of IL-1 in three groups of rats. *: The difference was statistically significant compared 
with the sham operation group (p<0.05); #: the difference was statistically significant compared with the IR group (p<0.05).

Figure 2. Activities of MDA, 
MPO, SOD and CAT in lung tis-
sue of three groups of rats. A, 
Comparison of MDA content in 
lung tissue of rats in three groups 
of rats. B, Comparison of MPO 
content in lung tissue of rats in 
three groups of rats. C, Compari-
son of SOD activity in lung tissue 
of three groups of rats. D, Com-
parison of CAT activity in lung 
tissue of three groups of rats. *: 
The difference was statistically si-
gnificant compared with the sham 
operation group (p<0.05); #: the 
difference was statistically signi-
ficant compared with the IR group 
(p<0.05).
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Discussion

Ischemia-Reperfusion (I/R) injury is a con-
dition of tissues suffering from ischemia and 
hypoxia induced by various causes. After blood 
flow reperfusion, cell metabolism disorder and 
structural damage are further aggravated and 
some organ functions undergo further deteriora-
tion, which is a common surgical injury19. LIRI 
is a pathological phenomenon in which tissue da-
mage is aggravated and even irreversible damage 
occurs after blood flow restores in the ischemic 
tissues and organs. The essence of LIRI is that the 
reversible injury of the ischemic period is further 
aggravated or converted into irreversible damage 
after restoring blood flow20. At present, the main 
pathogenesis of LIRI may be explained by free ra-
dicals, intracellular calcium overload, leukocyte 
activation and complement activation, but it has 
not been fully elucidated yet. In recent years, va-
rious theories have emerged to explain its under-
lying mechanism, including autoimmune theory, 
apoptosis theory, etc.21-24.

addition, dexmedetomidine pretreatment mar-
kedly enhanced the expressions of HIF-1α and 
p-Akt in the Dex group (p<0.05) (Figure 3A, 3B). 
Besides, the expressions of Caspase-3 and Ca-
spase-9 in the rat lung tissue of the IR group was 
remarkably higher than those in the sham opera-
tion group (p<0.05). However, dexmedetomidine 
pretreatment reversed this elevation ( p<0.05) (Fi-
gure 3C, 3D).

Expression of HIF-1a, p-Akt, Caspase-3 
and Caspase-9 mRNA in Lung Tissue

The mRNA levels of HIF-1αand p-Akt in rat 
lung tissue of the IR group markedly decreased 
compared to those in the sham operation group. 
However, dexmedetomidine pretreatment increa-
sed the expressions of HIF-1α, p-Akt and HIF- in 
the Dex group when compared to those in the IR 
group (Figure 4A, 4B). Besides, the levels of Ca-
spase-3 and Caspase-9 in rat lung tissues of the 
IR group significantly increased after LIRI, but 
were conversely reduced after dexmedetomidine 
pretreatment (Figure 4C, 4D).

Figure 3. Western blot analysis of PI3K/Akt-related protein expression in lung tissue of three groups of rats. A, Expressions 
of HIF-1α and p-Akt in lung tissue of three groups of rats. B, Comparison of expression levels of HIF-1α and p-Akt in lung 
tissue of rats. C, Expressions of caspase-3 and caspase-9 in lung tissue of three groups of rats. D, Comparison of expression 
levels of caspase-3 and caspase-9 in lung tissue of three groups of rats. *: The difference was statistically significant compared 
with the sham operation group (p<0.05); #: the difference was statistically significant compared with the IR group (p<0.05).
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on the function of organs suffering from ische-
mia-reperfusion.

PI3K is an important member of the phospholi-
pase kinase family. It is a heterodimer composed 
of a p110 catalytic subunit and a p85 regulatory 
subunit. It has lipid kinase and protein kinase 
activity and is an important signal transduction 
molecule in cells28. As an important downstream 
molecule of PI3K, Akt plays a key part in the re-
gulation of cell proliferation, growth and survi-
val, and is at the intersection of multiple signaling 
pathways29,30. In the PI3K/Akt signal transduction 
pathway, PI3K binds to and activates Akt by pho-
sphorylating Akt at Ser473 and Thr30831. The 
caspase family is one of the important downstre-
am effector molecules of the PI3K/Akt signaling 
pathway. It is mainly in the form of inactive zy-
mogen in living cells and plays an essential role 
in the process of apoptosis. Apoptosis activates 
the irreversible hydrolysis substrate, caspase-9, 
serving as a promoter and caspase-3 serving as an 
effector. The PI3K/Akt signaling pathway regu-
lates the cycle of apoptosis by inhibiting caspase 

Dexmedetomidine is a second-generation, hi-
ghly selective a2 adrenergic receptor agonist with 
an a2/a1 receptor selectivity ratio of 1620:1, which 
is 8 times that of clonidine. As a widely applied 
drug, dexmedetomidine can be used as preope-
rative sedatives, general anesthesia adjuvants, 
regional anesthesia adjuvants, postoperative se-
dation, analgesia, an so on25. In addition to these 
characteristics, dexmedetomidine has recently 
been found to inhibit inflammatory reactions in 
the brain, heart and kidney, exhibiting a protecti-
ve effect on their function after ischemia and 
reperfusion26,27. In this study, dexmedetomidine 
significantly reduced the levels of IL-6, TNF-α, 
IL-10, and IL-1 in the LIRI model in rats. The 
activities of MDA and MPO in lung tissue was 
significantly down-regulated, while the activities 
of SOD and CAT were enhanced, indicating that 
dexmedetomidine can exert an anti-inflammatory 
effect by inhibiting the expressions of inflam-
matory factors in lung tissue, and can inhibit the 
process of oxidative stress damage. It is suggested 
that dexmedetomidine exerts its protective effect 

Figure 4. QRT-PCR detection of lung tissue-associated mRNA expressions in three groups of rats. A, Comparison of mRNA 
expression of HIF-1α in lung tissues of three groups of rats. B, Comparison of mRNA expression of p-Akt in lung tissue of rats 
in three groups of rats. C, Comparison of mRNA expression of caspase-3 in lung tissue of three groups of rats. D, Comparison 
of mRNA expression of caspase-3 in lung tissue of three groups of rats. *: The difference was statistically significant compared 
with the sham operation group (p<0.05); #: the difference was statistically significant compared with the IR group (p<0.05).
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family activity, thereby affecting apoptosis32-34. In 
our study, Western blot assay showed that the pro-
tein levels of HIF-1α and p-Akt in the Dex group 
significantly increased compared to those in the 
IR group. However, Caspase-3 and Caspase-9 le-
vels significantly decreased compared to those in 
the IR group, suggesting that Akt was activated 
and phosphorylated. Therefore, we hypothesized 
that the PI3K/Akt signaling pathway was inhibi-
ted after LIRI, leading to ischemia-reperfusion 
injury in rats. By comparison, dexmedetomidine 
pretreatment could protect the lung function of 
rats in the IR group by activating the PI3K/Akt 
signaling pathway.

Conclusions

The rat lung ischemia-reperfusion could result 
in severe lung injury. We showed that dexmede-
tomidine treatment can alleviate this injury by 
activating the PI3K/Akt signaling pathway at the 
transcriptional level.
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