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Clarithromycin might attenuate the airway inflammation of smoke-
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Background: Smoke has been proved to be one of the most dangerous ingredients leading to the 
unsatisfying treatment response of asthmatics to inhaled corticosteroids (ICS) therapy. Macrolides, a class 
of antibiotics, possess the traits of immunomodulation and anti-inflammation besides antimicrobial activity. 
Given that studies on the efficacy of macrolides on the refractory asthma patient have diverting conclusions, 
this article was carried on to investigate the effects of macrolide on the airway inflammation of smoke-
exposed asthmatic mice.
Methods: BALB/c mice were chosen to be the subjects of this study. They were raised to establish asthma 
model (OVA group); and one asthma group were exposed to the smoke (SEA group), one asthma group were 
treat with clarithromycin (CAM group) after smoke exposure. Control group mice were used as parallel 
comparison. Total inspiratory resistance (RL), expiratory resistance of the lung (Re) and lung compliance 
(Cdyn) were the main index to evaluate airway hyperresponsiveness (AHR). The histopathological change 
was studied to assess lung tissue inflammation. Cell counts in bronchoalveolar lavage fluid (BALF) were also 
tested to represent airway inflammation. IL-4 and CXCL1 in BALF and serum were also used to evaluate 
the airway inflammation. Histone deacelytase2 (HDAC2) activity of lung tissues was measure by assay kit. 
HDAC2 expression in the lung tissue had been detected by western blot.
Results: Re, RL and Cdyn were monitored to represent airway responsiveness. All of the three indicators 
in SEA group were significantly different from control group, while clarithromycin improved airway 
responsiveness and the three indicator were statistically significant (P<0.01). Histopathology observation had 
showed massive infiltration of inflammatory cells in both OVA group and SEA group, while inflammation 
infiltration attenuated in CAM group. Total cell counts in SEA group was much higher than that in CAM 
group (P=0.019), so were neutrophils (P=0.022) and eosinophils (P=0.042); while macrophages in SEA 
group decreased when compared to CAM group (P=0.026), IL-4 and CXCL1 level in CAM group were 
significantly decreased in comparison to those in SEA group (P=0.031, P=0.017). HDAC2 activity in SEA 
group decreased significantly when compared to control group (P=0.010); while HDAC2 activity in CAM 
group was improved and significantly better than that in SEA group (P=0.038). The expression of HADC2 
in CAM group improved significantly when compared to that in SEA group (P=0.022).
Conclusions: Clarithromycin could improve AHR and attenuate airway inflammation in smoke exposed 
asthmatic mice which may involve HDAC2. Macrolides might have the potential to serve as the adjunctive 
treatment to some refractory asthmatics who are smokers or passive smokers.
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Introduction

Asthma is one of the most common respiratory diseases 
characterized by chronic airway inflammation and 
hyperresponsiveness which lead to episodes of variable 
airway obstruction, wheezing and coughing (1). There are 
tons of millions of patients suffering from this disease and 
the number of sufferers is still incredibly increasing. Since 
the first generation of inhaled corticosteroids (ICS) proved 
to be effective and was widely accepted, ICS has been the 
mainstay of the asthma management. Even though there 
is a bright future for asthma patients, the morbidity and 
mortality of asthma are still high because of those who are 
not sensitive to glucocorticoid treatment (2).

Smoking has been regarded as the primary factor 
affecting the effectiveness of ICS, and this theory has 
been proved by many researches (3,4). Smoking causes 
oxidative reaction leading to impaired histone deacelytase2 
(HDAC2) function which plays a major role in switching 
off the activated inflammatory genes. Smoking may also 
leads to the transformation of airway inflammation, which 
may be one of the underlying mechanisms responsible 
for decreased response to glucocorticoid treatment. 
Macrolides have been demonstrated to be endowed with 
anti-inflammatory and immune modulatory effects besides 
of their antimicrobial effects (5). They are effective auxiliary 
treatment against some pulmonary diseases such as cystic 
fibrosis, bronchiectasis (6). They exert different effects 
according to their given dosage. Practically, they would 
show antimicrobial effect when administered at high 
dosage, while anti-inflammatory and immunomodulatory 
effect can be demonstrated when given at lower dosage. 
Collectively, these effects would ameliorate tissue damage, 
decrease mucus viscosity, and support the rational 
application of macrolides for the treatment of chronic 
inflammatory airways diseases (7). Even though, several 
clinical trials have evaluated the effectiveness of macrolides 
as adjunct approach for asthma treatment, its effectiveness 
is still debatable. Most of the reported clinical trials on 
the one hand are not randomized controlled trials, or 
the samples are too small to be representative; on the 
other hand, these clinical trials are mainly focused either 
on the outcomes of clinical examination and tests, such 
as physical signs, pulmonary function, or on patients’ 
subjective feelings such as symptoms, etc. there is no article 
exploring the underlying mechanisms of how macrolides 
effect. Therefore, this article was dedicated to find out the 
effectiveness of clarithromycin, a member of the macrolides 

family, on the airway inflammation of smoke-exposed 
asthmatic mice.

Materials and methods

Mice

A total of 40 specific pathogen-free female BALB/c mice, 
6 weeks old, weight (16±2) g, were purchased from Beijing 
HFK Bio-technology Co. Ltd. Mice were maintained under 
standard environment with a room temperature of 23 ℃. 
All animal welfare protocols and experimental procedures 
were performed according to institutional guidelines and 
conformed to the requirements of the authority for animal 
research conduct.

Experimental protocol

Mice were divided into four groups according to random 
principle, and each group had ten mice: control group, 
asthmatic group (OVA group), smoke-exposed asthmatic 
group (SEA group), and clarithromycin group (CAM group) 
respectively. The experimental protocol of establishing 
asthma model was performed according to literature 
data (8) as follows. Mice were sensitized and challenged 
by ovalbumin (OVA, Sigma, Germany) as follows. For 
initial sensitization (on day 0 and 14th), each mouse was 
intraperitoneally injected with 20 μg OVA emulsified in 
0.2 mL of sterile phosphate buffered saline (PBS, Solarbio, 
China) containing 2 mg of aluminum hydroxide (Sigma, 
Germany) or with 2 mg aluminum hydroxide in 0.2 mL 
PBS as control. From day 21st to 45th, mice in OVA group, 
SEA group and CAM group were challenged with nebulized 
1% OVA, or PBS alone as in control group for 30 minutes 
per day. From day 21st to 45th, mice in SEA and CAM group 
were also exposed to four commercial filtered cigarettes 
(12 mg of tar oil, 0.9 mg of nicotine, and 14 mg of carbon 
monoxide per cigarette, Daqiamen Factory, China) for 
30 minutes once per day except the control group and 
OVA group. For drug intervention, mice in CAM group 
were given clarithromycin (CAM, Sigma, Germany) 0.2 mg 
emulsified in 0.2 mL carboxymethlcellulose (CMC, Sigma, 
Germany) orally once per day for 20 days from 21st to 45th, 
the other groups were given 0.2 mL CMC only.

Determination of airway hyperresponsiveness (AHR) to 
methacholine

The protocol of invasive AHR measurement was also 
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finished as previously described (8,9). Weigh mice and 
administer 1% (w/v) pentobarbital sodium 0.1 mL/10 g for 
anesthesia (Merck, Germany). Sterilized neck skin with 75% 
ethanol, incised neck skin and separated neck muscle and 
expose trachea. Incised the trachea and insert the tracheal 
tube and fixed the tube with suture. Placed mice in the 
body plethysmograph chamber and connected the inserted 
tracheal tube to the ventilator with a tidal volume of 6 mL/kg 
and respiratory rate of 90 strokes/min (Bestlab, China). A 
needle with heparin-saline filled catheter was injected into 
venae jugularis interna to administrate methacholine 
(0 mg/kg, 0.025 mg/kg, 0.05 mg/kg, 0.1 mg/kg and 0.2 mg/kg, 
intervals of 5 minutes every each concentration) (8). Lung 
function was assessed by the AniRes 2005 lung function 
system (Bestlab, AniRes 2005, version 3.0, China) according 
to the manufacturer’s instructions. Lung resistance of 
expiration (Re), lung resistance of inspiration (RL) and 
lung compliance (Cdyn) were used to evaluate the airway 
responsiveness.

Bronchoalveolar lavage fluid (BALF) 

After AHR measurement, cut the ribcage to expose heart 
and lungs, and punctured the heart with  1 mL syringe to 
collect blood (8). Collect serum from the obtained blood 
and stored at −80 ℃. Keep the left side of lungs from being 
lavaged for histopathological analysis by knotting the left 
bronchus. Take out the tracheal tube and insert a cannula 
instead and tie a suture to fix the cannula. Applied 1 mL 
syringe to gently press 0.2 mL PBS into the lung and 
withdrew the fluid. Repeat this process for another 2 times. 
The BALF were centrifuged for 7 minutes, 2,000 rpm, 
4 ℃ to collect the whole cells in pellet. Collect supernatant 
and store at −80 ℃ for subsequent analysis. The pallet of 
cells were resuspended in 100 μL PBS and used for total 
and differential cells counts. Dilute cells if necessary. Load 
a standard hemacytometer with cell suspension and count 
the cells number. For cytospins, withdraw 20 μL the cell 
suspension after being filtered and allow the slides to dry 
naturally at room temperature and then stain the slides by 
using Wright-Giemsa stain (Baso Diagnostics Inc, China).

Measurement of cytokines in BALF

IL-4 and IL-8 were selected to detect the airway 
inflammation using Enzyme linked immunosorbent assay 
(ELISA) method with human IL-4 and IL-8 Duoset ELISA 
(Neobioscience technology, China). The procedure was 

performed according to the manufacturer’s instructions.

Histopathological analysis of the lungs

After the BALF, the lungs were removed and then infiltrated 
in 10% formalin at least 72 hours. A lung block from the 
lobe was paraffin-embedded, and 3 μm sections were cut 
and stained routinely with hematoxylin and eosin (10). The 
morphological changes were observed with microscope at 
magnification of ×100 and ×200.

Measurement of activity of HDAC2 in lung tissue

First of all ,  prepare the nuclear extracts with the 
EpiQuickTM Nuclear Extraction kit I (Epigenteck, USA), 
and operate the whole procedure following the protocol 
instructions. First, nuclear extracts need to be prepared 
using nuclear extraction kit (Epigenteck, USA). Nuclear 
extracts can be used immediately to detect the activity of 
HDAC2 or be frozen at −80 ℃ for future use. EpiQuickTM 
HDAC2 activity assay kit (Epigenteck, USA) was applied to 
analyze the HDAC2 activity for each sample. The assay kit 
contains seven different contents from HB1 to HB7. Dilute 
HB1 with distilled water to working concentration. Adjust 
protein concentration to 0.5 μg/μL with HB2 and add 5 μg 
of the protein solution into the central area of each well 
and incubate the strip wells at 37 ℃ for 90 minutes. For the 
control add 5 μL of HB2. Add 150 μL of HB3 and incubate 
at 37 ℃ for 40 minutes. Aspirated and wash each well with 
diluted HB1 and add diluted HB4 and incubate at room 
temperature for 60 minutes. Wash each well and add diluted 
HB5 and incubate at room temperature for 30 minutes. 
Wash each well and add 100 μL of HB6 and incubate at 
room temperature for 5 minutes. Add 50 μL of HB7 to each 
well and read absorbance on microplate reader at 450 nm.

Western blot analysis

Lung tissues were lysed in RIPA buffer supplemented 
with protease inhibitor cocktail (Solarbio, China). Protein 
estimation was performed by the bicinchoninic acid 
(BCA) method as described by the manufacturer (Biomed, 
China). Thirty micrograms of protein from the lung tissue 
was electrophoresed on SDS-8% polyacrylamide gel, 
transferred onto PVDF membranes and immunochemically 
stained with monoclonal rabbit anti-HDAC2 (Abcam, 
USA) antibody. β-actin (Jackson, USA) was used for 
loading control. The membranes were incubated with 
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HRP conjugated anti-mouse and anti-rabbit secondary 
antibodies. Immobilion Western chemiluminescent HRP 
substrate (Millipore, USA) was used to for expose the blot. 
The density of the bands was processed with the Gel pro 
analysis software.

Statistical analysis

All data were analyzed using the SPSS statistical package, 
version 19.0 for windows. Values were presented as means ± 
standard error. One-way ANOVA Dunnett test was applied 
for statistical analysis between groups. P values <0.05 were 
considered to be statistically significant.

Results

Assessment of airway responsiveness

In response to different concentrations of intravenously 
administered methacholine, airway responsiveness showed 

concentration-dependent increase both in Re and RL and 
concentration-dependent decrease in Cdyn (Figure 1). 
Airway responsiveness increased in OVA and SEA group 
when compared to control group, and Re in SEA group 
seemed to be higher than those in OVA group even though 
there was no significant difference. After clarithromycin 
intervention, those three indicators were significantly 
improved in CAM group compared to SEA group.

Histopathological observations of lung histology 

Histopathological changes were exhibited in Figure 2. In 
control group, there was no obvious sign of inflammatory 
cell infiltration, small bronchi, bronchioles and lung alveoli 
were structurally intact, mucosal epithelia were normal. 
Both of OVA group and SEA group showed significant 
airway inflammation in lung tissues. Eosinophils in OVA 
group accounted for a large part of inflammatory cells 
besides mononuclear cells. In SEA group, cilia were severely 

Figure 1 RC1, RC2, RC3, RC4, RC5 represented five different concentration of methacholine (0 mg/kg, 0.025 mg/kg, 0.05 mg/kg, 0.1 mg/kg 
and 0.2mg/kg). Re (A), RL (B) and Cdyn (C) were used to assess the airway hyperresponsiveness and the picture showed that Re and RL 
increased while Cdyn decreased according to different mehacholine concentrations. (D,E) Re and RL increased significantly compared to 
control group, while Cdyn decreased compared to control group. #, SEA group vs. control group; Re: 16.51±1.694 vs. 7.79±1.234, P=0.006; 
RL: 15.36±0.665 vs. 3.58±0.104, P=0.002; Cydn: 0.001±0.0004 vs. 0.09±0.001, P=0.002); Re and RL increased dramatically in comparison 
to SEA groups. *, CAM group vs. SEA group; Re: 9.02±0.97 vs. 16.51±1.694, P=0.006; RL: 4.101±0.690 vs. 15.36±0.665, P=0.003; Cydn: 
0.005±0.0003 vs. 0.001±0.0004, P=0.002).
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Figure 2 Representative photomicrographs of lung tissue (hemotoxylin and eosin) were showed as picture A to picture D. (A) Control 
group, (B) OVA group, (C) SEA group and (D) CAM group were images with 100× magnifications. (A) Showed few inflammatory cell 
infiltration around bronchioles; (B,C) both had immense inflammatory cells infiltrating around bronchioles; after clarithromycin treatment, 
inflammation in lung tissue attenuated in CAM group as (D) showed (arrows in A/B/C/D mean area around bronchioles).

destroyed. In contrast to OVA group, the SEA group had 
prevailed neutrophils rather than eosinophils; cilia were also 
injured. In CAM group, the inflammatory cell infiltration 
was attenuated, and cilia were less injured than SEA group.

Cell counts in BALF

Total cell counts in OVA group, SEA group and CAM 
group dramatically increased compared to control group, 

while total cell counts in CAM group reduced significantly 
compared to SEA group (Figure 3). In control group, 
macrophage accounted for a large part in the whole cells, 
while eosinophils in OVA group was the highest compared 
to the other three groups, and neutrophils in SEA group 
was extremely high compared to the other three groups 
(P<0.05). Eosinophils and neutrophils in CAM group were 
both reduced compared to SEA group (P<0.05). Figure 4 
showed different cell type stained with Wright-Giemsa 

A CB D

Figure 3 Total cell counts in BALF of SEA group were much higher than that of control group (SEA group vs. control group: 56.3±3.172 
vs. 2.31±0.143; #, P=0.010) and CAM group (SEA group vs. CAM group: 56.3±3.172 vs. 13.22±1.046; *, P=0.019). Each group cells were 
counted to compare the proportions of different cell types. A total of 200 cells were counted and the four different cell types were calculated 
as Figure 3B showed. Macrophages (Mac) in SEA group had the lowest number in comparison to control group and CAM group (#, SEA 
group vs. control group: 64.4±3.48 vs. 162.2±5.036, P=0.014; SEA group vs. CAM group: 64.4±3.48 vs. 132.464.4±5.352; *, P=0.026). 
Eosinophils (Eos) in OVA group accounted for a large part; in SEA group, there was significant difference when compared to control group 
and CAM group (SEA group vs. control group: 44.2±2.040 vs. 0.8±0.749; #, P=0.027; SEA group vs. CAM group: 44.2±2.040 vs. 34.2±3.060; 
*, P=0.042). While neutrophils (Neu) in SEA group were dramatically higher than that in control group (SEA group vs. control group: 
68.0±1.424 vs. 28.2±5.418; #, P=0.035) and CAM group (SEA group vs. CAM group: 68.0±1.424 vs. 26.8±2.401; *, P=0.022).
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staining method.

IL-4 and CXCL1 levels in BALF

To determine the type of airway inflammation, IL-4 and 
CXCL1 levels were chosen to represent the Th2 and Th1 
cytokines. As shown in Figure 5, the level of IL-4 increased 
in OVA group, while CXCL1 level elevated dramatically 
in SEA group and CAM group compared to control group 
(P<0.05), but the level of IL-4 in CAM group showed 
significant reduction compared to SEA group (P<0.05). 

CXCL1 in CAM group decreased dramatically when 
compared to SEA group (P<0.05).

HDAC2 activity in lung tissue

HDAC2 activity in the lung tissues were tested by an assay 
kit and the results were showed in the Figure 6. Control 
group had the best HDAC2 activity, HDAC2 activity in 
OVA group was decreased compared to control group; 
while the SEA group showed the lowest HDAC2 activity, 
and the difference between SEA group and control group 

Figure 4 The images of BALF cytospin were all at 400× magnification. Mac, macrophages; RBC, red blood cells; Eos, eosinophils; Lym, 
lymphocytes; Neu, neutrophils. The number of cells in image (A) control group and (D) CAM group relatively smaller than that in (B) OVA 
group and (C) SEA group. (A) and (D) showed typical macrophages (arrows), (B) had the typical eosinophils (arrows), while (C) had typical 
neutrophils and lymphocytes (arrows).

Figure 5 (A) Presented a dramatic difference of IL-4 in OVA group compared to control (#, OVA group vs. control group: 206.27±56.887 
vs. 20.44±6.587; P<0.001), while the level of IL-4 in SEA group also higher than control group and CAM group (#, SEA group vs. control 
group: 109.03±15.474 vs. 20.44±6.587; P=0.017; *, SEA group vs. CAM group: 109.03±15.474 vs. 60.53±11.886; P=0.031); (B) presented 
a significant elevation of CXCL1 in SEA group compared to that in control group (#, 745.78±72.506 vs. 63.18±12.873; P=0.002); whereas 
CXCL1 in CAM group decreased significantly in comparison to SEA group (*, 313.419±96.545 vs. 745.78±72.506; P=0.017).
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was significant (P<0.05). After clarithromycin intervention, 
HDAC2 activity in CAM group was improved significantly 
in comparison to SEA group (P<0.05).

HDAC2 expression in lung tissue

To determine whether CAM influences the expression of 
HDAC2, western blotting method had been adopted to 
test HDAC2 expression in lung tissue. HDAC2 expression 
decreased dramatically in the SEA group compared to 
control group, while its expression in CAM group improved 
compared to the SEA group, which suggested that CAM 

might have a positive effective on HDAC2 expression 
(Figure 7). To quantify the bands of HDAC2 and β-actin 
in the four groups, the images were processed with the 
Gel pro analysis system, and the results showed in the 
Figure 8. The relative density of HDAC2/β-actin showed 
that the ratio in SEA group significantly lower than control 
group (P<0.05), while the ration in CAM group improved 
dramatically in comparison to SEA group (P<0.05), which 
supported the theory that clarithromycin might attenuate 
airway inflammation by affecting the expression and activity 
of HDAC2.

Discussion

AHR is a major criterion in the demonstration of asthma 
model. Airway responsiveness to methacholine can 
be applied to identify if the model is successful. The 
parameters most commonly chosen for assessment of the 
airway reactivity were mainly focused on lung resistance 
and lung compliance (11). RL, Re and Cdyn were adopted 
as indicators to represent airway resistance. RL represents 
total airway resistance of inspiration, Re represents 
expiratory resistance of the airway and Cdyn stands for the 
dynamic lung compliance. As the results showed, asthma 
model fit the criteria, indicators above changed accordingly 
to the different concentrations of methacholine. IL-4 has 
been proved to be dramatically elevated in asthma patients 
and rodents (12,13), and it also is a candidate marker to 
demonstrate asthma model. The total cell counts, especially 

Figure 6 The graph illustrated that control group possessed the 
highest HDAC2 activity. HDAC2 activity in SEA group decreased 
dramatically in comparison to control group (#, 124.44±16.960 vs. 
468.56±18.308; P=0.010); while after clarithromycin treatment, 
HDAC2 activity reversed in CAM group, and was better than 
that in SEA group, the difference between the two groups was 
statistically significant (*, 266.89±28.205 vs. 124.44±16.960; 
P=0.038).

Figure 7 HDAC2 expression in SEA group decreased significantly 
compared to control group, while HDAC2expression in CAM 
group improved compared to SEA group (β-actin used as control 
protein).

Figure 8 Semiquantify the exposures of the bands on PVDF 
membrane and the figure showed that the ratio in SEA group 
significantly decreased compared to control group (#, 0.508±0.032 
vs. 0.714±0.032; P=0.014), while in CAM group, the ratio increased 
dramatically in comparison to SEA group. (*, 0.653±0.029 vs. 
0.508±0.032; P=0.022).
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eosinophils in BALF were dramatically high, and these can 
also be adjunctive indicators to establish asthma model. 
Still, histopathological slices exhibited a large amount of 
inflammatory cells infiltration as the picture showed.

Smoke is one of the most notorious factors that affecting 
the process of airway inflammation and the effectiveness 
of ICS treatments (14,15). Smoke can cause immune 
response shifting from Th2-dominant inflammation to 
Th1-dominant inflammation, and inflammatory cytokines 
may also transform from IL-4 to CXCL1 (16). CXCL1 
level had elevated both in serum and BALF in SEA group, 
and the airway responsiveness were much more changeable. 
Total cell counts and eosinophils and neutrophils in BALF 
were higher even than OVA group. In the histopathological 
analysis showed ambient infiltration of inflammatory cells 
in the lung tissues. These results fit the discovery proposed 
and proved by former researchers (15). This study also 
compared the difference of HDAC2 activity between each 
group, the results were overwhelming. Control group had 
the highest HDAC2 activity, OVA group was lower, while 
SEA group had the lowest HDAC2 activity; this suggested 
that smoke might be the primary factor leading to the 
decreased HDAC2 activity. While after clarithromycin 
intervention,  the HDAC2 act iv i ty  was  improved 
significantly, which implies that clarithromycin may be 
used as an adjunctive treatment to those patients who are 
glucocorticoid insensitive caused by decreased HDAC2 
activity.

Macrolides can exert its anti-inflammatory and 
immunomodulatory effects beyond antimicrobial effects (7).  
The underlying mechanism might be as follows: (I) 
decreasing mucus production by inhibiting neutrophil 
elastase; (II) attenuating the production of pro-inflammatory 
mediators; (III) stimulating phagocytosis of apoptotic cells 
by alveolar macrophages (7). Several trials had already 
done to explore if macrolides can benefit smoke-exposed 
asthma patients, but the results were controversial when 
it comes to clinical treatment (17,18). In this article, low-
dosage and long-term clarithromycin was administrated to 
the smoke-exposed asthmatic mice, and the results were 
better than those without clarithromycin treatment mice. 
Lung resistance, RE and dynamic lung compliance were 
all improved in clarithromycin group. And the airway 
inflammation of lung tissue and BALF was also attenuated 
significantly, such as dramatically decreased CXCL1 
level, and cell counts in BALF. These findings support 
the conclusion that clarithromycin can suppress AHR and 
inflammation, and the results were in line with previous 

study (19,20), though the experimental protocols were 
different. The potential mechanism was postulated to be 
related with the transcription factors such as nuclear factor 
kappa B (21) and HDAC2 (22,23), which are believed to 
play an important part in the process of inflammation and 
anti-inflammation. In this study, the HDAC2 activity was 
also tested to find the difference between each group, and 
the results still was positive. Clarithromycin intervention 
improved the HDAC2 activity in CAM group compared 
to SEA group. The HDAC2 expression also dramatically 
decreased in the SEA group, while clarithromycin 
attenuated the expression of HDAC2 and this might be one 
of those potential mechanisms of how macrolides work.

In this research, clarithromycin inhibited the airway 
inflammation and AHR in smoke-exposed asthmatic mice. 
The results suggest that clarithromycin might be effective 
as adjunctive therapy in treating asthmatic patients who are 
smokers and/or second smokers.
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