Research Paper

Effects of Ambroxol Hydrochloride on Lung Tissue Cell
Apoptosis and Vascular Remodeling in Rats with Smoke
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Hu et al.: Effects of Ambroxol Hydrochloride
To evaluate the effects of ambroxol hydrochloride on lung tissue cell apoptosis and vascular remodeling
in rats with smoke induced chronic obstructive pulmonary disease. Sprague Dawley rats were randomly
divided into normal, model, experimental and control groups (n=20). The rat model of chronic obstructive
pulmonary disease was established by fumigation using Yan’an Cigarettes for 64 d. After fumigation, the
experimental and control groups were subcutaneously injected with 5 ml of Ambroxol hydrochloride (20
mg/kg) and 5 ml of Bambuterol hydrochloride (20 mg/kg) respectively, while the normal and model groups
were intraperitoneally injected with an equal dose of normal saline. Following drug intervention for 28
d, the pathological changes in lung tissues, vascular remodeling, lung tissue cell apoptosis, expressions
of alpha-smooth muscle actin and vascular endothelial growth factor, as well as levels of caspase-3,
B-cell lymphoma-2 and B-cell lymphoma-2 associated X protein were detected by hematoxylin and eosin
staining, elastic Van Gieson staining, terminal deoxynucleotidyl transferase dUTP nick end labeling
staining, immunohistochemical staining and western blotting, respectively. Compared with normal
group, the damage of lung tissues was obvious, the medial thickness of pulmonary arterioles significantly
increased, the degree of vascular muscularization, apoptosis rate and expressions of alpha-smooth muscle
actin, vascular endothelial growth factor, caspase-3 and B-cell lymphoma-2 associated X protein rose and
the expression of B-cell lymphoma-2 decreased in model group (p<0.05). Compared with model group,
the damage of lung tissues was significantly improved, the medial thickness of pulmonary arterioles
decreased, the degree of vascular muscularization, apoptosis rate and expressions of alpha-smooth muscle
actin, vascular endothelial growth factor, caspase-3 and B-cell lymphoma-2 associated X protein reduced
and the expression of B-cell lymphoma-2 rose in experimental and control groups (p<0.05). Ambroxol
hydrochloride can inhibit the apoptosis of lung tissue cells and improve vascular remodeling, thereby
protecting the lung tissues of chronic obstructive pulmonary disease rats.
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Chronic obstructive pulmonary disease (COPD) is
a common chronic respiratory disease involving
pulmonary vessels, pulmonary parenchyma and
airways[1]. The main pathological change of frequently
occurring COPD caused by smoking and air pollution
is airway remodeling induced air cavity stenosis after
massive inflammatory cell infiltration into peripheral
and central airways and pulmonary parenchyma, so that
fixed airway obstruction and pulmonary vascular wall
thickening occur in patients. COPD progresses rapidly
and it will easily develop into pulmonary heart disease

and organ failure if not treated effectively, threatening
the life[2]. At present, the nosogenesis and pathogenesis
of COPD have not been fully clarified. Tsai et al.
reported that pulmonary vascular remodeling induced
by the apoptosis of lung tissue cells was an important
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mechanism for the occurrence and development
of COPD[3]. Sun et al. showed that inhibiting the
apoptosis of pulmonary capillaries can greatly inhibit
the symptoms of COPD in rats[4]. Moreover, Yamada et
al. found that smoking led to enhanced inflammatory
stress and massive apoptosis of airway epithelial cells
in COPD patients[5]. Ambroxol hydrochloride is a
common expectorant able to dissolve viscous sputum
and lubricate the respiratory tract. Li et al. reported
that ambroxol hydrochloride suppressed inflammatory
stress and regulated apoptosis[6]. However, the role of
ambroxol hydrochloride in vascular remodeling upon
COPD has not been reported yet.
In this study, therefore, the rat model of COPD was
established and the protective effect of Ambroxol
hydrochloride on the lung tissues of COPD rats was
explored from the perspective of apoptosis and vascular
remodeling, aiming to provide valuable experimental
data for the treatment of COPD.

MATERIALS AND METHODS
Experimental
apparatus:

animals,

main

reagents

and

A total of 80 specific pathogen free Sprague Dawley
male rats (8-10 w old, 200-220 g) were provided by
Beijing Vital River Laboratory Animal Co., Ltd. (China;
License No. SCXK (Beijing) 2016-0011). According to
the administrative procedures for laboratory animals in
our hospital, the rats were adaptively fed with standard
feed and had free access to water in 4 separate cages at
room temperature for 1 w. All animal experiments were
approved by the Laboratory Animal Ethics Committee
of our hospital (Approval No. 2019-032).
Ambroxol hydrochloride oral solution (100 ml: 0.6 g,
batch No. NMPN H20031314) was manufactured by
Boehringer Ingelheim Shanghai Pharmaceuticals Co.,
Ltd. (China). Bambuterol hydrochloride oral solution
(10 m:10 mg×18 pcs, batch No. NMPN H20051790)
was manufactured by Nanjing Real Pharmaceutical
Co., Ltd. (China). Yan’an Cigarettes (tar content:
10 mg; nicotine content: 1 mg) were produced by China
Tobacco Shaanxi Industrial Co., Ltd.
Alpha-smooth muscle actin (α-SMA), vascular
endothelial growth factor (VEGF), caspase-3, B-cell
lymphoma-2 (Bcl-2), Bcl-2 associated X protein
(Bax) and rabbit anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) antibodies were purchased
from Santa (USA). Western blotting kit was purchased
from Rebstock (Germany). Immunohistochemical
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kit and elastic Van Gieson (EVG) staining kit were
provided by Nanjing Jiancheng Bioengineering
Institute (China). Hematoxylin-eosin (HE) staining kit
was bought from Shanghai Beyotime Biotechnology
Co., Ltd. (China). Protein concentration assay kit and
diaminobenzidine (DAB) chemiluminescence kit were
bought from Beijing Huaxia Yuanyang Technology
Co., Ltd.(China).
LIOOS600T biological microscope was provided
by Nikon (Japan). Gel imaging system was provided
by Bio-Rad (USA). -80° cryogenic refrigerator was
provided by WIGGENS (Germany). Leica RM2135
histotome was obtained from Leica (Germany). High
speed refrigerated centrifuge was obtained from Beijing
Liuyi Instrument Factory (China).
Model establishment and grouping:
After adaptive feeding for 1 w, the rats were randomly
divided into normal, model, experimental and control
groups (n=20). The rat model of COPD was established
via fumigation using Yan’an Cigarettes for 64 d[7]. The
normal group was fed normally at room temperature.
After fumigation, the experimental and control groups
were subcutaneously injected with 5 ml of Ambroxol
hydrochloride (20 mg/kg) and 5 ml of Bambuterol
hydrochloride (20 mg/kg) respectively, while the normal
and model groups were intraperitoneally injected with
an equal dose of normal saline. After injection, all rats
were fed normally and drank water freely.
Detection of respiratory function:
Following drug intervention for 28 d, the rats were
anesthetized and fixed on an operating table in a
supine position. The chest cavity was cut open using
microscissors and the trachea was fully exposed,
cut open in a V shape and peeled off, followed by
intubation and fixation. Then HX-200 small animal
breath energy exchanger and BL-420F biological
functional experiment system were connected and the
tidal volume, respiratory rate and minute ventilation
were recorded.
Observation of pathological changes of lung tissues
by HE staining:
After the respiratory function was detected, the rats
were sacrificed by cardiac puncture. The chest cavity
was cut open and the lung tissues were aseptically
taken, 90 % of which were stored in a -80° refrigerator.
Subsequently, the remaining 10 % of lung tissues were
fixed with 10 % paraformaldehyde solution for 24 h

Indian Journal of Pharmaceutical Sciences

May-June 2021

www.ijpsonline.com

and routinely prepared into paraffin sections. Finally,
the pathological changes of lung tissues were observed
by HE staining under a light microscope.

was analyzed using Image Pro plus 8.0 software to
detect the proportion of α-SMA-and VEGF-positive
cells to total cells.

Observation of vascular remodeling in lung tissues
by EVG staining:

Detection of Caspase-3, Bax and Bcl-2 expressions
by Western blotting:

From each group, 10 % of lung tissues were taken,
fixed with neutral formaldehyde solution, prepared
into paraffin sections, routinely deparaffinized and
washed with sterile water for 10 min, followed by EVG
staining for 15 min and observation under an inverted
fluorescence microscope. Images were analyzed using
Image Pro Plus 8.0 software to evaluate the changes
in the medial thickness of pulmonary arterioles and the
degree of vascular muscularization[6].

From each group, 10 % of lung tissues were taken, lysed
with lysis buffer and centrifuged. The supernatant was
harvested, subjected to electrophoresis and incubated
with the primary antibody (1:1500) and secondary
antibody (1:1500), followed by color development
with ELC reagent for 30 min. After exposure, image
development and fixation, the expression of target
protein was analyzed using GAPDH as a reference.

Observation of lung tissue cell apoptosis by TUNEL
staining:
In each group, 10 % of lung tissues were taken, routinely
fixed, prepared into frozen sections, rinsed twice with
xylene, rinsed with gradient alcohol for 5 min, air dried,
soaked in 3 % hydrogen peroxide-methanol for 10 min
and washed with Phosphate buffered saline (PBS) for
3 times (3 min/time). Then after pretreatment with precooled ethanol at 4°, the sections were treated with
0.1 % TritonX-100 and 0.1 % buffer for 2 min, washed
with PBS for 3 times (3 min/time), sealed with sealing
film and reacted with Terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) mixture
in a dark wet box at 37° for 1 h. Next, the sections were
washed with PBS, dehydrated with gradient alcohol,
transparentized with xylene and mounted with neutral
rosin, followed by observation under a fluorescence
microscope.
Detection of α-SMA and VEGF expressions by
immunohistochemistry:
From each group, 10 % of lung tissues were taken and
subjected to routine immunohistochemical staining.
Brownish yellow particles under the light microscope
indicated positive expression. Afterwards, the image

Statistical analysis:
All data were statistically analyzed by Statistical
package for the social sciences (SPSS) 16.0 software
and figures were plotted with GraphPad 5.01 software.
Intergroup comparisons were conducted by the t test.
p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION
The respiration curves of rats are shown in fig. 1.
Compared with the normal group, the respiratory
frequency was significantly increased and the
ventilation and tidal volume were significantly reduced
in the model group (p<0.05). Compared with the model
group, the respiratory frequency of the experimental
group and the control group decreased significantly and
the ventilation and tidal volume increased significantly
(p<0.05). Compared with the control group, the
experimental group had no significant difference,
without statistical significance (p>0.05).
The results of HE staining are shown in fig. 2. The lung
tissue of the normal group is complete, the structure
of the alveolar cavity clear and the thickness of the
alveolar wall uniform, without widening or exudation.
No edema, inflammatory cell infiltration and exudation
were found in the alveolar septum and bronchial

Fig. 1: Respiratory function. (A): Normal group; (B): model group; (C): experimental group; (D): control group. Compared with
normal group, *p<0.05; compared with model group, #p<0.05.
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lumen at all levels. No abnormalities were found in
the structure of pulmonary artery wall. Compared
with the normal group, the model group had a large
amount of infiltration of inflammatory cells in the
airway and around capillaries at all levels, with obvious
inflammatory stress, uneven thickness of alveolar
wall, narrow lumen and obvious thickening of blood
vessel wall. The inflammatory stress in the lung tissues
of the experimental group and the control group was
significantly reduced, the pathological symptoms of
the lung tissues were alleviated and the infiltration of
inflammatory cells was significantly reduced.
The results of EVG staining are exhibited in fig. 3. The
pulmonary arterioles in the normal group are normal in
structure and the wall thickness uniform. Compared with
the normal group, the media thickness of pulmonary
arterioles in the model group was significantly
increased and the degree of vascular muscularization

was significantly increased, with statistically significant
differences (p<0.05). However, the media thickness of
pulmonary arterioles in the experimental group and
the control group was significantly reduced and the
degree of vascular muscularization was significantly
reduced, among which the differences were statistically
significant (p<0.05). Compared with the control
group, the differences were not statistically significant
(p>0.05).
The results of TUNEL staining are shown in fig. 4.
Compared with the normal group, the apoptosis rate of
lung tissue cells in the model group was significantly
increased (p<0.05). Compared with the model group,
the apoptosis rate of lung tissue cells of the experimental
group and the control group was significantly reduced
after the drug intervention (p<0.05). There was
no statistically significant difference between the
experimental group and the control group (p>0.05).

Fig. 2: HE staining results (SP×400). (A): Normal group; (B): model group; (C): experimental group; (D): control group.

Fig. 3: EVG staining results (SP×400). (A): Normal group; (B): model group; (C): experimental group; (D): control group.
Compared with normal group, *p<0.05; compared with model group, #p<0.05.
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Fig. 4: Cell apoptotic rates in lung tissue detected by TUNEL assay. (A): Normal group; (B): model group; (C): experimental group;
(D): control group. Compared with normal group, *p<0.05; compared with model group, #p<0.05.

The results of immunohistochemistry are presented in
fig. 5 and fig. 6. Compared with the normal group, the
expression of α-SMA and VEGF in the lung tissue of
the model group was significantly increased (p<0.05).
Compared with the model group, the expressions of
α-SMA and VEGF in the lung tissue of the experimental
group and the control group were significantly reduced
after drug intervention (p<0.05); the difference between
the experimental group and the control group was not
statistically significant (p>0.05).
The expressions of caspase-3, Bax and Bcl-2 in the
lung tissues of rats in each group were detected by
Western blot, as shown in fig. 7. Compared with the
normal group, the expressions of caspase-3 and Bax
was significantly increased, and the expression of Bcl-2
was significantly reduced in the lung tissue of the model
group (p<0.05). Compared with the model group, the
expressions of caspase-3 and Bax were significantly
reduced and the expression of Bcl-2 was significantly
increased in the lung tissues of the experimental group
and the control group (p<0.05); the difference between
the experimental group and the control group was not
statistically significant (p>0.05)
COPD is a common and frequently occurring disease.
In autumn and winter in particular, COPD patients
are prone to respiratory failure and even death due to
acute attacks[8]. Since its pathogenesis is not yet clear,
May-June 2021

there is still a lack of rapid and effective treatment in
clinical practice. Therefore, it is of great significance
to clarifying the pathological mechanism of COPD and
developing effective adjuvant drugs for improving the
clinical treatment effect and prognosis of COPD.
Pulmonary vascular remodeling is a key event in the
occurrence and development of COPD[9]. Pulmonary
vascular remodeling in COPD involves the whole
pulmonary vascular layer, including dysfunction
of microvascular endothelial cells, phenotypic
transformation of smooth muscle cells and imbalance
of extracellular matrix synthesis and secretion[10].
Pulmonary vascular remodeling directly leads to
pulmonary hypertension, pulmonary heart disease and
right ventricular dysfunction in COPD patients, which
will induce worse events if their development cannot
be effectively controlled in a timely manner. Pulmonary
vascular remodeling is the result of the participation
of multiple factors and multiple effector cells[11]. As
highly specific cytokines, α-SMA and VEGF play an
important role in the pathological process of pulmonary
microvascular remodeling. α-SMA is a key factor in
the phenotypic transformation of pulmonary vascular
smooth muscle cells and VEGF is an important factor
that promotes the mitosis of pulmonary microvascular
endothelial cells and changes vascular permeability[12].
Nielsen et al. found in clinical observations that the
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Fig. 5: α-SMA expression in lung tissue detected by immunohistochemistry (SP×400). (A): Normal group; (B): model group; (C):
experimental group; (D): control group. Compared with normal group, *p<0.05; compared with model group, #p<0.05.

Fig. 6: VEGF expression in lung tissue detected by immunohistochemistry (SP×400). (A): Normal group; (B): model group; (C):
experimental group; (D): control group. Compared with normal group, *p<0.05; compared with model group, #p<0.05.

expression level of α-SMA was an important marker to
measure the degree of pulmonary fibrosis in patients with
idiopathic pulmonary fibrosis and COPD[13]. Szucs et al.
reported that the increased expression of VEGF directly
activated multiple signals in pulmonary smooth muscle
cells and enhanced the migration and proliferation of
smooth muscle cells, resulting in pulmonary artery
remodeling in COPD patients[14]. Truong et al. verified
that blocking the expression of VEGF can significantly
improve vascular remodeling in COPD rats[15]. In this
study, the media thickness of pulmonary arterioles, the
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degree of vascular muscularization and the expression of
α-SMA and VEGF of the model group are significantly
increased, with obvious symptoms of COPD pulmonary
vascular remodeling. After intervention, the three
indicators of the experimental group and the control
group were significantly reduced and the symptoms
of COPD pulmonary vascular remodeling were
significantly improved. Thus, ambroxol hydrochloride
can significantly improve the pulmonary microvascular
remodeling in COPD rats.
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Fig. 7: Caspase-3, Bax and Bcl-2 protein expressions in lung tissue detected by Western blot. (A): Normal group; (B): model group;
(C): experimental group; (D): control group. Compared with normal group, *p<0.05; compared with model group, #p<0.05.

The pathogenesis of COPD is very complicated.
Apoptosis plays an important role in the pathogenesis
of the disease[5]. Masubuchi et al. confirmed that
inhibition of apoptosis in lung tissue of COPD mice can
significantly inhibit the reduction of transient potential
in lung tissue and improve its symptoms[16]. Li et al.
found that reducing the apoptosis rate of COPD injured
mice can significantly improve the autoimmune ability
of mice and shorten the recovery period[17]. Sun et al.
reported that improving the apoptosis of pulmonary
microvessels can significantly improve the COPD
injury of patients and prevent the deterioration of lung
tissue[4]. Bcl-2 protein is the most important regulatory
protein in the physiological process of apoptosis, which
is mainly composed of anti-apoptotic protein Bcl-2 and
pro-apoptotic protein Bax. Bcl-2/Bax releases signals
into the mitochondria at the beginning of apoptosis,
which promotes the activation of the apoptosisexecuting molecule caspase-3, leading to DNA
breakage, cytoskeletal and intracellular membrane
defects and even apoptosis[18]. Cho et al. pointed out
that the imbalance of Bcl-2/Bax expression directly
promoted the apoptosis of alveolar epithelial cells in
COPD rats[19]. Regulating the release of Bcl-2/Bax
signals can significantly inhibit the apoptosis of cell
pairs, improve pulmonary artery pressure in COPD
rats and improve the vascular remodeling of COPD[20].
Herein, in the model group, the apoptosis rate and the
expressions of caspase-3 and Bax in the lung tissue
were significantly increased and the expression of BclMay-June 2021

2 was significantly reduced. After drug intervention,
the apoptosis rate and the expressions of caspase-3
and Bax in the lung tissue were obviously decreased in
the experimental group and the control group and the
expression of Bcl-2 was increased significantly. Hence,
Ambroxol hydrochloride can inhibit the apoptosis of
lung tissue in COPD rats by regulating the expression
of Bcl-2/Bax.
In summary, Ambroxol hydrochloride can inhibit
the apoptosis of lung tissue, improve its vascular
remodeling and protect the lung tissue of COPD rats.
Nevertheless, whether Ambroxol hydrochloride can
achieve the same satisfactory therapeutic effect in the
clinical treatment of COPD requires further research.
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