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Dexmedetomidine alleviates smoke-induced bronchial and alveolar 
epithelial cell injury
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Abstract. Dexmedetomidine (Dex) is a selective α2-adrenoceptor agonist and has ability to prevent 
inflammation and apoptosis in tissues injury. However, whether Dex could alleviate smoke-induced 
lung injury remains unknown. This study aimed to explore the protective effects of Dex against smoke-
induced lung injury. Bronchial and alveolar epithelial cells were treated with cigarette smoke extract 
(CSE) for 24 h to simulate cigarette smoke-induced lung injury. Results showed that CSE reduced cell 
viability and increased levels of pro-inflammatory cytokines TNF-α, IL-1β and IL-6, thus activating 
NF-κB and COX2 expression. CSE also increased ROS generation, whereas lessened MnSOD and 
catalase generation. Besides, the ratio of apoptotic cells was enhanced upon CSE stimuli, together 
with disturbance of apoptotic-related proteins including Bcl-2, Bax and caspase-3. However, Dex 
reduced the damage of CSE to cell viability. The increased activities of TNF-α, IL-1β and IL-6 induced 
by CSE were partially attenuated by Dex. Dex also recovered the levels of NF-κB and COX2, as well 
as mnSOD, catalase and ROS. Furthermore, the increase of cell apoptosis together with imbalance 
of apoptotic proteins induced by CSE was rescued by Dex. Our results demonstrated that Dex allevi-
ated CSE-induced lung injury through inhibition of inflammation, oxidative stress and apoptosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a world-
wide health issue and is predicted to be the third major 
reason of death by 2020 (Rabe et al. 2007). Cigarette smoke, 
which contains numerous carcinogens, mutagens, and other 
toxicants, is the major risk factor of COPD and lung cancer 
(Guan et al. 2013; Song et al. 2017). Different from other 
stimuli, cigarette smoke is an exceptionally rich source of 
oxidants, it is a mixture that contains >1015 free radicals per 
puff and >5,000 chemicals per inhalation, causing oxidative 
stress, inflammatory response, DNA damage, cell death, 
autophagy and cellular senescence, thus leading to serious 
lung injury (Cantin 2010; Yao and Rahman 2011; Zhang et 
al. 2011). A large amount of cellular signaling such as Nrf2, 
NF-κB and PI3K are reported to be involved in cigarette 

smoke-induced lung injury (Nyunoya et al. 2014). Long-
term cigarette smoking significantly increases the risk of 
COPD and lung cancer. Oxidative stress, inflammation and 
epithelial apoptosis on the bronchia and alveolus are three 
believed major steps in smoke inhalation lung injury (May-
bauer et al. 2009). Therefore, interference with oxidative 
stress, inflammation and apoptosis in these cells might be 
a therapeutic approach to alleviate cigarette smoke-induced 
lung injury. 

Nuclear factor kappa-B (NF-κB) is a  significant tran-
scription factor, which plays a key role in the regulation of 
inflammation (Yan et al. 2018). In most cells, the inactive 
NF-κB complexes exist predominantly in the cytoplasm and 
are inhibited by IκB proteins. When signaling pathways are 
activated, the IκB proteins are degraded and NF-κB dimers 
will enter the nucleus to regulate target gene expression 
(Hayden and Ghosh 2011). It can be activated by various 
important pro-inflammatory factors, including tumor ne-
crosis factors (TNF)-α, interleukin (IL)-1β and IL-6 and in 
turn is essential for transcription and production of these 
cytokines (DiDonato et al. 2012).
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In mammals, an oxidative stress condition is created as 
a result of an imbalance between the generation and the de-
toxification of reactive oxygen species (ROS) (Candas and Li 
2014). The degradation of the oxidation products depends 
on the antioxidant enzymes including superoxide dismutase 
(SOD), catalase, which are critical to maintain the redox balance. 

Apoptosis is a form of programmed cell death, resulting 
in the orderly and efficient removal of damaged cells. It can 
be triggered by extrinsic apoptotic pathway (death receptor-
dependent) and intrinsic apoptotic pathway (mitochondria-
dependent) (Pistritto et al. 2016). It is reported that many 
proteins such as Bcl-2 family and P53 exert pro- or anti-
apoptotic activity in cells, the disruption of which can result 
in apoptosis. caspase-3, which belongs to caspase family, is 
the major executor of apoptosis (Wong 2011). 

Dexmedetomidine (Dex) is a  highly selective α2-
adrenoceptor agonist with sedative, analgesic and opioid-
sparing effects (Keating 2015). Increasing studies have 
indicated that Dex has good effects on inflammation (Xiang 
et al. 2014; Liang et al. 2017; Yamakita et al. 2017), apoptosis 
(Akpinar et al. 2016; Chen et al. 2017, 2018; Liang et al. 2017) 
and oxidative stress (Akpinar et al. 2016; Chen et al. 2018). 
In recent years, researches on lung injury confirmed the pro-
tective effects of Dex against inflammation-, apoptosis- and 
oxidative-induced lung injury via inhibiting series of cellular 
signaling pathways including GSK-3/NF-κB (glycogen syn-
thase kinase-3), PI3K/AKT (phosphatidylinositol 3-kinase/
protein kinase B) and ROS/JNK (reactive oxygen species/c-
Jun N-terminal kinase) (Li et al. 2018; Meng et al. 2018; Zhang 
et al. 2019). In addition, a randomized and double-blinded 
study has demonstrated that Dex administration may pro-
vide clinically benefits by improving oxygenation and lung 
mechanics in patients with moderate COPD undergoing lung 
cancer surgery (Lee et al. 2016). 

However, whether Dex could protect against smoke-
induced lung injury is unknown. The objective of this work 
was to explore the effects of Dex on smoke-induced bronchial 
and alveolar epithelial cell injury.

Materials and Methods

Cell culture and treatment

Human alveolar epithelial cell line (A549) was purchased 
from American Type Culture Collection (ATCC, USA) and 
maintained in high-glucose DMEM (Gibco, USA) with 10% 
FBS (Wisent, Canada), and 1% antibiotics (Thermo Fisher, 
USA) in a 5% CO2 humidified atmosphere at 37°C.

Human bronchial epithelial (Beas-2B) cells (ATCC) 
were cultured in 1640 medium (Abcam, UK) with 10% FBS 
(Wisent) and 1% antibiotics (Thermo Fisher Scientific) in 
an atmosphere of 5% CO2 at 37°C. 

Before exposure to CSE, cells were pretreated with 0.1 nM 
or 1 nM Dex (Orion Pharm Ltd, UK) for 2 h.

Cigarette smoke extract (CSE) treatment

CSE was obtained using a modification of previous reported 
method (Wang et al. 2019). In brief, two burning cigarettes 
(CHUNGHWA, China) without filtration were sucked at 
a steady flow rate (8 ml/s). The cigarette smoke was bubbled 
into serum-free medium and then adjusts the pH of medium 
to 7.4. Then this 100% CSE solution was further diluted with 
serum-free medium to 10%. A549 and Beas-2B cells were 
exposed to 10% CSE to simulate smoke-induced lung injury 
in vitro and control group was prepared by bubbling air into 
cell culture medium and filtering. 

Cell viability 

For the assessment of cell viability, cells on 24 well plate after 
smoke exposure with or without Dex pretreatment were 
cultured for 24 h under normal condition before assay. Cell 
Counting Kit-8 (CCK-8) was adopted following the manu-
facturer’s instructions. Briefly, cells were incubated with 50 μl 
of CCK-8 working solution diluted in 0.5 ml of cell culture 
medium for 2 h under normal cell culture condition, and 
then detected with a microplate reader.

Detection of inflammatory factors and oxidative stress levels

The levels of pro-inflammatory factors TNF-α, IL-1β and 
IL-6 were tested by enzyme-linked immunosorbent assay 
(ELISA) kit (Abcam Biotechnology, USA) following the 
manufacturer’s instructions. 

ROS production was determined by DCFDA (2’-7’-di-
chlorodihydro-fluorescein diacetate)-ROS Detection Kit 
(Abcam Biotechnology, USA). In a short word, A549 and 
Beas-2B cells were harvested by trypsinization and washed 
with buffer, then stained with 20 µM DCFDA in 1X Buffer for 
30 min at 37°C. The fluorescence was assessed by microplate 
reader at Ex/Em: 485/535 nm.

Cellular manganese superoxide dismutase (MnSOD) 
activity assay and Catalase assay kit (Abcam Biotechnology, 
USA) were used to determine MnSOD and catalase activities. 

Western blot analysis

RIPA lysis buffer (Beyotime, China) plus a cocktail of serine 
and cysteine protease inhibitors (Roche, Switzerland) was 
used for the extraction of proteins in cell lysates. Protein 
concentration was judged by BCA kit (Beyotime, China) 
and equal amount of each sample was separated on a 10% 
gradient sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE), then transferred to a polyvinylidene 
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fluoride (PVDF) membrane (Bio-Rad, USA), incubated 
with 5% non-fat milk at room temperature for 1 h, and the 
membranes were treated with primary antibodies against 
phosphorylated-NF-κB, NF-κB, COX2, Bcl-2, Bax, cas-
pase-3, cleaved-caspase-3 and GAPDH (Abcam Biotech-
nology, UK) at 4°C overnight. Next, the membranes were 
cultivated with horseradish peroxidase (HRP)-conjugated 
secondary antibodies for 2  h  at room temperature and 
visualized by the ECL (electrochemiluminescence) system 
(Amersham, USA). 

Flow cytometry

Cell apoptosis was evaluated by flow cytometry using An-
nexin V-FITC Kit (Beyotime, China). Briefly, cells were 
collected and washed with PBS, gently resuspended in 
Annexin  V  binding buffer and incubated with Annex-
in V-FITC/PI. Flow cytometry was performed using flow 
cytometer (Becton Dickinson, USA). Data were analyzed 
by flow cytometry software. 

Statistical analysis

The data processing was according to previous study (Zhang 
2016). All experimental data were expressed as mean ± SD, 

and GraphPad Prism 6 software (La Jolla, USA) was used in 
the statistical analyses. p values were calculated using one-
way ANOVA analysis; p < 0.05 was considered statistically 
significant.

Results 

Effect of Dex on cell viability

To determine the effect of Dex on cell viability, CCK-8 was 
used to calculate the ratio of living cells with or without Dex 
pretreatment before CSE exposure. Cell viability of A549 and 
Beas-2B was dramatically reduced by CSE, whereas partially 
rescued by 0.1 or 1 nM Dex (Fig. 1), indicating the protective 
effect of Dex on A549 and Beas-2B cell injury.

Effect of Dex on inflammation

To examine the effect of Dex on inflammation, we performed 
ELISA and Western blot analyses. As shown in Figure  2, 
exposure to CSE significantly increased the activities of 
pro-inflammatory molecules including TNF-α, IL-1β and 
IL-6, suggesting the occurrence of inflammation induced 
by CSE in A549 (Fig. 2A) and Beas-2B (Fig. 2B) cells, while 

Figure 1. Effect of Dex on cell viability. Cell viability 
of A549 (A) and Beas-2B (B) cells was quantified by 
CCK-8 assay (n = 3). Cells were exposed to 10% CSE 
with or without 0.1 or 1 nM Dex pretreatment. CSE, 
cigarette smoke extract; Dex, dexmedetomidine. 
** p < 0.01, *** p < 0.001 vs. CSE treatment.

Figure 2. Effect of Dex on 
inflammatory cytokines lev-
els. A. Alteration of inflam-
matory cytokines TNF-α, 
IL-1β, and IL-6 levels in 
A549 cells (n = 3). B. Altera-
tion of inflammatory factors 
TNF-α, IL-1β, and IL-6 levels 
in Beas-2B cells (n = 3). * p < 
0.05, ** p < 0.01 and *** p < 
0.001 vs. CSE treatment. For 
abbreviations, see Fig. 1. 
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pretreatment with 0.1 or 1 nM Dex reduced CSE-induced 
inflammation in these two cell lines.

To determine whether increased activities of pro-in-
flammatory molecules could activate downstream NF-κB 
pathway, Western blot assay was adopted to evaluate the 

levels of NF-κB in the cytoplasm and nucleus, respec-
tively. Expression of nuclear NF-κB, which can initiate 
transcription of target genes, as well as the inducible cy-
clooxygenase COX2 was up-regulated in A549 (Fig. 3A) 
and Beas-2B (Fig. 3B) cells exposed to CSE, indicating 
the presence of inflammation and activation of NF-κB 
pathway. However, all these effects were partially reversed 
by the pretreatment with 0.1 or 1 nM Dex. These results 
indicated the inhibitory effect of Dex on CSE-caused 
inflammation.

Effect of Dex on activities of antioxidant enzymes and ROS

To explore the functions of Dex in oxidative stress, the 
activities of MnSOD, catalase and ROS were detected. Com-
pared with that of control cells, the activities of antioxidant 
enzymes MnSOD and catalase in CSE-treated A549 (Fig. 4A 
and B) and Beas-2B (Fig. 4C and D) cells decreased signifi-
cantly. This effect was blunted by pretreatment with 0.1 nM 
Dex and further abolished by 1 nM Dex.

To identify whether a  functional outcome of the loss 
in antioxidant activities existed, we checked cellular ROS 
generation. Treatment with CSE for 24  h  enhanced ROS 
levels in A549 cells (Fig. 5A and B) and Beas-2B cells (Fig. 
5C and D). Pretreatment with 0.1 or 1 nM Dex inhibited 
the generation of CSE-increased cellular ROS in A549 and 
Beas-2B cells. These results suggested that the disturbance 
of cellular redox induced by CSE can be recovered by Dex.

Figure 3. Effect of Dex on expression of inflammatory proteins. A. Representative immunoblot analysis together with relative protein 
expression of COX2, nuclear and cytoplasmic NF-κB in A549 cells (n = 3). B. Representative immunoblot analysis and relative protein 
expression of COX2, nuclear and cytoplasmic NF-κB in Beas-2B cells (n = 3). * p < 0.05, ** p < 0.01 and *** p < 0.001 vs. CSE treatment. 
For abbreviations, see Fig. 1.

Figure 4. Effect of Dex on MnSOD and catalase. Relative expres-
sion of MnSOD and catalase in A549 cells (n = 3) (A, B) and in 
Beas-2B cell line (n = 3) (C, D). ** p < 0.01 and *** p < 0.001 vs. 
CSE treatment. For abbreviations, see Fig. 1.
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Effect of Dex on cell apoptosis

To investigate the role of Dex in cell apoptosis, flow cy-
tometry and Western blot techniques were adopted. CSE 
exposure resulted in much greater ratio of apoptotic cells 
in both cell lines. Compare with cells that were treated 
with CSE alone, both 0.1 nM and 1 nM Dex weakened cell 
apoptosis (Fig. 6).

Expression of apoptotic protein cleaved-caspase-3 and 
pro-apoptotic protein Bax were up-regulated in cells exposed 

to CSE. The expression of anti-apoptotic proteins Bcl-2 in 
A549 and Beas-2B cells was down-regulated when detected 
with Western blot technique, and pretreatment with Dex 
rescued all these effects (Fig.  7). This result indicated at-
tenuated effect of Dex on CSE-produced apoptosis in lung. 

Figure 5. Effect of Dex on ROS generation. ROS generation in A549 
(A) and Beas-2B (B) cells were detected by DCFDA-ROS kit and 
observed under fluorescence microscope (green, A and B; see color 
Figure in online version of the manuscript); relative expression of 
ROS was analyzed (C, D) (n = 3). Scale bar = 50 μm. ** p < 0.01 
and *** p < 0.001 vs. CSE treatment. For abbreviations, see Fig. 1.

Figure 6. Effect of Dex on the ratio of apoptotic cells. A549 (A) 
and Beas-2B (B) cell apoptosis was assessed by flow cytometry and 
the ratios of apoptotic cells in each group were calculated (C, D). 
** p < 0.01 and *** p < 0.001 vs. CSE treatment.
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Discussion

The present research, for the first time, shed light on the 
effect of Dex, a potent α2 adrenergic agonist, on cigarette 
smoke-induced lung alveolar and bronchial epithelial cell 
injury. Consistent with previous evidence (Ballweg et al. 
2014; Petrusca et al. 2014; Higham et al. 2018; Wang et al. 
2019), CSE decreased cell viability and induced excessive 
generation of pro-inflammatory cytokines TNF-α, IL-1β 
and IL-6, thus leading to the activation of NF-κB and COX2. 
At the same time, CSE increased the level of ROS, whereas 
decreased antioxidant activities of MnSOD and catalase. 
What’s more, CSE induced cell apoptosis, which is inferred 
by greater ratio of apoptotic cells, up-regulated expression 
of cleaved-caspase-3, Bax and reduced expression of anti-
apoptotic protein Bcl-2. 

Dexmedetomidine (Dexdor®) is widely used in the pa-
tients undergoing surgery or under critical care because of 
its sedative, analgesic, sympatholytic, and hemodynamic 
effects (Cui et al. 2015). In recent years, it is reported that 
Dex plays a pivotal role in alleviating inflammation, apop-
tosis and oxidative stress (Xiang et al. 2014; Akpinar et al. 
2016; Chen et al. 2017, 2018; Liang et al. 2017; Yamakita 
et al. 2017), thus treatment with Dex may be effective in 
reducing CSE-induced damage to lung cells. In accordance 
with our speculation, pretreatment with either 0.1 or 1 nM 
Dex led to an alleviation in exacerbation of inflammation, 

oxidative stress and apoptosis induced by CSE in lung al-
veolar and bronchial epithelial cells. Firstly, compared with 
that of CSE-treated cells, the cell viability was obviously 
increased by Dex. Secondly, Dex inhibited the activation 
of NF-κB and COX2 caused by CSE. The generation of 
pro-inflammatory molecules including TNF-α, IL-1β and 
IL-6 was also reversed by Dex. Thirdly, Dex prevented the 
occurrence of oxidative stress. Finally, Dex reduced the 
ratio of apoptotic cells and recovered the balance between 
anti-apoptotic and pro-apoptotic proteins including Bcl-2, 
Bax and caspase-3.

Previous studies have demonstrated the protective effects 
of Dex against lung injury (Li et al. 2018; Meng et al. 2018; 
Zhang et al. 2019), but the specific roles of it in cigarette 
smoke-induced lung cell injury have been poorly under-
stood. Here, we provided the first evidence that Dex exerted 
protection against lung alveolar and bronchial epithelial cell 
injury through inhibition of inflammation, oxidative stress 
and cell apoptosis. Further in vitro and in vivo studies are 
needed to investigate the detailed functions and mechanisms 
of Dex on smoke-induced lung injury. 

In conclusion, this study demonstrates that Dex func-
tions as a novel regulator of CSE-induced inflammation, 
oxidative stress and apoptosis in bronchial and alveolar 
epithelial cells. Dex can be a  valuable therapeutic agent 
for prevention or treatment of smoke-induced lung injury 
and COPD.

Figure 7. Effect of Dex on expression of apoptosis-related proteins. Representative immunoblot bands together with relative protein 
expression of Bcl-2, Bax and cleaved-caspase-3 in A549 (A) and Beas-2B (B) cells, respectively. * p < 0.05, ** p < 0.01 and *** p < 0.001 
vs. CSE treatment.
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