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Abstract: Background: The alleviating effects of carbocisteine (S-carboxymethylcysteine, SCMC) have been implicated in chronic obstructive pulmonary disease; however, very little is known about its mechanisms in asthma. In this
study, we aimed to investigate the effects of SCMC on airway remodeling in asthmatic mice induced by ovalbumin
(OVA). Methods: The asthma mouse model was generated by OVA sensitization and stimulation and subsequently
intervened by SCMC or dexamethasone. Bronchoalveolar lavage fluid (BALF) and lung tissues were collected from
each group of mice. The TGF-β1 levels in BALF were measured by ELISA. Masson’s staining was used to detect collagen fiber deposition in mouse airway tissues, while immunohistochemistry and RT-qPCR were conducted to examine
the protein and mRNA expression of TGF-β1 in mouse lung airway tissues, respectively. The correlation between
TGF-β1 mRNA expression and the area of collagen fiber deposition in airway tissues was analyzed by Pearson’s
correlation coefficient. Results: The area of collagen fiber deposition in the airway tissues of asthmatic mice was
significantly increased, while SCMC alleviated the collagen fiber deposition in the airway tissues. TGF-β1 expression
was significantly elevated in BALF and airway tissues of asthmatic mice, while SCMC inhibited TGF-β1 expression.
TGF-β1 expression was significantly and positively correlated with collagen fiber deposition in mouse airway tissues.
Conclusions: SCMC intervention improves collagen fiber deposition in airway tissues and inhibits TGF-β1 expression
in asthmatic mice.
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Introduction
Bronchial asthma (hereinafter referred to as
asthma) is a global disease, greatly endangering personal health, and the Global Initiative for
Asthma in 2020 pointed out that there were
approximately 300 million asthma patients in
the world and nearly 30 million in China [1].
Asthma is a heterogeneous disease featured
with chronic airway inflammation, and its main
pathophysiological changes include eosinophildominated inflammatory cell infiltration, increased bronchial secretions, bronchial smooth muscle spasm and airway remodeling [2].
Airway remodeling can occur early in the course
of asthma and exists throughout the chronic
inflammatory process [3]. Its pathological
changes are mainly manifested by mucocytosis
of airway epithelial cells, subepithelial collagen
deposition and fibrosis, smooth muscle hyper-

trophy/proliferation, as well as vascular hyperplasia [4]. Current asthma treatments aim to
alleviate airway inflammation and exacerbations, but none are targeted towards airway
remodeling [5]. Therefore, perturbation of airway remodeling or reversing established remodeling has the potential to improve symptoms
and disease burden in asthmatic patients.
Transforming growth factor-β (TGF-β) exerts a
regulatory function during the process of asthma airway remodeling, and TGF-β1 is an important cytokine involved in the process [6].
Therefore, the regulation of TGF-β1 expression
might play a significant role in airway remodeling of asthma.
Carbocistein (S-carboxymethylcysteine, hereinafter referred to as SCMC), the side-chain carboxymethyl derivative of the sulfur-containing
amino acid, cysteine, has been known and
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available for nearly 80 years [7]. The structure
and mechanism of SCMC differ from other commonly available mucolytic drugs that bear free
sulfhydryl (thiol) groups via which they split glycoprotein bonds in mucus [8]. It was found that
SCMC inhibited airway TGF-β1 expression after
early application, implying that SCMC functions
effectively in preventing airway remodeling in
chronic obstructive pulmonary disease (COPD)
[9]. Taketa et al. discovered that SCMC attenuated the number of eosinophils in bronchoalveolar lavage fluid (BALF) of asthmatic mice,
weakened bronchial hyperreactivity and reduced the release of cytokines such as serum IL5
and IL13 [10]. In addition, SCMC has been
shown to attenuate hydrogen peroxide-induced
inflammatory injury in A549 cells [11]. However,
the modulating effect of SCMC in airway remodeling during asthma remains unexplored. The
murine models of allergic respiratory diseases
induced by ovalbumin (OVA) have been widely
used to elucidate immunological and nonimmunological mechanisms involved in the pathogenesis of asthma [12]. In this study, we established an asthmatic mouse model by OVA.
Based on this model, we assessed the effectiveness of SCMC in treating airway remodeling, which could provide alternative strategies
for the clinical treatment of asthma.
Material and methods
Experimental animals
Thirty-two clean-grade BALB/C female mice (7
weeks, 19 ± 2 g) were provided by the Experimental Animal Center of the Third Military
Medical University, Chongqing. The experimental protocol was conducted in accordance with
National Institutes of Health guidelines and
approved by the Institutional Animal Care and
Use Committee of the Third Military Medical
University, Chongqing (Approval number: 20210412). All mice were housed in a temperature- (22-24°C) and humidity-controlled (5060%) room on a 12/12 h light/dark cycle with
ad libitum access to chow and drinking water.
The mice were acclimatized for one week before
the experiments were performed.
Establishment of asthma model and treatments
Mice were classified into the normal saline
(NS), asthma (AS), AS + SCMC, and AS + dexa-
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methasone (DEX) groups (n = 8). The method
proposed by Kearley et al. [13] was followed.
The asthma mouse model was established by
intraperitoneal injection combined with subcutaneous injection of OVA. In brief, the AS, AS +
SCMC, and AS + DEX groups were sensitized
with OVA by intraperitoneal combined subcutaneous injection on day 1 and day 13, respectively, and stimulated by nebulization with 10%
OVA solution for 18 days from day 19, once a
day for 30 min each time. Besides, the AS
group was given 0.2 mL of saline intraperitoneally 30 min before each stimulation, while
SCMC (10 mg/kg) was given by gavage, and
DEX (2 mg/kg) was administered by intraperitoneal injection (0.2 mL). In the NS group, normal
saline was given in each sensitization and intervention. The mice were euthanized 24 h after
the last OVA stimulation. BLAF and lung tissues
were collected for subsequent experiments.
Figure 1 presents the flow chart of the
modeling.
Enzyme-linked immunosorbent assay (ELISA)
BALF samples were collected by flushing the
lungs of mice with 1 mL phosphate-buffered
saline three times. The BALF samples were
then centrifuged at 300 g for 10 min at 4°C,
and the supernatant was harvested. The mouse TGF-β1 ELISA Kit (ab119557, Abcam,
Cambridge, UK) was used to quantify TGF-β1
according to the manufacturer’s instructions.
RT-qPCR
Total RNA was extracted from mouse lung tissues using Trizol (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). After reverse transcription
of total RNA into cDNA by PrimeScript™ RT
reagent kit (Takara Biotechnology Ltd., Dalian,
Liaoning, China), qPCR reactions were performed on a LightCycler 480 System (Roche
Diagnostics, Co., Ltd., Rotkreuz, Switzerland)
using TB Green® Fast qPCR Mix (Takara).
GAPDH was used as an internal control. The
gene expression was analyzed via 2-ΔΔCt method. The primer sequences were: TGF-β1 forward primer: 5’-TGATACGCCTGAGTGGCTGTCT3’, reverse primer: 5’-CACAAGAGCAGTGAGCGCTGAA-3’; GAPDH forward primer: 5’-CATCACTGCCACCCAGAAGACTG-3’, reverse primer: 5’-ATGCCAGTGAGCTTCCCGTTCAG-3’.
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Figure 1. Flow chart of asthma modeling.

Masson’s staining

Statistical methods

Collagen fiber deposition in mouse lung airway
tissues was observed using Masson’s staining
kit (G1340, Beijing Solarbio Life Sciences Co.,
Ltd., Beijing, China). Briefly, mouse lung tissues
were routinely paraffin-embedded and sectioned (5 μm). The sections were dewaxed,
rehydrated and stained with a configured
Weigert hematoxylin staining solution for 5 min,
followed by 10 s of treatment with ethanol. The
sections were treated with Masson staining
solution for 5 min and stained with Ponceau 2R
for 5 min. After staining with aniline blue staining solution for 2 min, the sections were subjected to conventional dehydration and xylene
clearing. After neutral gum fixation, the sections were observed under a light microscope
(Olympus Optical Co., Ltd., Tokyo, Japan), and
the areas of blue collagen fiber deposition were
quantified by ImageJ.

All experimental data, which were statistically
analyzed with SPSS17.0 software (IBM Corp.
Armonk, N.Y., USA), were denoted as mean ±
_
standard deviation ( x ± sd). One-way ANOVA
was used to compare multiple sample means,
within which the comparison between two
groups was performed using LSD test. P < 0.05
indicated that the difference was statistically
significant.

Immunohistochemical staining
Paraffin-embedded lung tissue sections were
de-waxed and rehydrated, and heat-mediated
antigen retrieval was performed by using Tris/
ethylenediaminetetraacetic acid buffer (pH =
9.0). The sections were incubated with 3% H2O2
to block endogenous peroxidase activity and
5% BSA to reduce nonspecific staining. The
sections were incubated with the primary antibody to TGF-β1 (1:500, ab215715, Abcam)
overnight at 4°C, followed by a 2-h incubation
with secondary antibody goat anti-rabbit IgG
H&L (HRP) (1:1000, ab6721, Abcam) at room
temperature. Color development was performed using DAB, and the nuclei were counterstained by hematoxylin. The tan TGF-β1 positively stained areas were observed under a
light microscope (Olympus).
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Results
SCMC inhibited collagen deposition in the airway tissues of asthmatic mice
We induced asthma in mice (AS, with NS as
controls) and treated them with SCMC, with
DEX serving as a positive control. Masson’s
staining was conducted to observe the collagen
deposition in the airway tissues of mice. Few
collagen fibers were deposited around the airways of mice in the NS group (Figure 2A). In the
AS group, the mice showed significant collagen
deposition (Figure 2B). The SCMC-treated mice
(Figure 2C; Table 1) exhibited less collagen
fiber deposition than that in the AS + DEX group
(Figure 2D).
SCMC inhibited the expression of TGF-β1 in
asthmatic mice
The levels of TGF-β1 in the BALF of mice were
measured by ELISA (Table 2). We found that the
TGF-β1 levels in BALF was significantly higher in
the AS group compared with the NS group.
SCMC or DEX treatment reduced the TGF-β1
content in BALF of asthmatic mice, but SCMCor DEX-treated mice still showed elevated TGFβ1 levels compared with the NS group.
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try. In the NS group, TGF-β1 protein was expressed in small
amounts mainly in airway epithelial cells and not in the rest of the
tissues (Figure 3A; Table 3). In
contrast, in the AS group, TGF-β1
was largely expressed in the airway wall and lung interstitium
(Figure 3B; Table 3). In addition,
the mice in the AS + SCMC
(Figure 3C; Table 3) and AS +
DEX (Figure 3D; Table 3) groups
also had a distinct TGF-β1 expression profile, but the expression
was significantly lower than that
of the AS group.
Finally, the relative expression of
TGF-β1 mRNA in the lung tissues
of mice was detected by 2-ΔΔCT
Figure 2. SCMC attenuated collagen deposition in the airways of asthvalues using RT-qPCR assay
matic mice. Representative images of Masson staining in the airway tis(Table 4). The results showed
sues of mice in NS group (A), AS group (B), AS + SCMC group (C), and AS
that the expression of TGF-β1
+ DEX group (D).
mRNA was significantly increased
in the airway tissues of asthmatic
mice. SCMC and DEX treatment reduced the
Table 1. Collagen fiber deposition around the
expression of TGF-β1 mRNA, but the expresairways of mice
sion was still significantly increased compared
Relative quantification of periwith that of mice in the NS group.
Groups
airway collagen fibril deposiNS Group
AS Group
AS + SCMC Group
AS + DEX Group

tion (µm2/µm)
3.36 ± 0.59
20.93 ± 3.05*
14.68 ± 1.28*,#,Δ
19.01 ± 1.01*

Note: Data were presented as mean ± SD. *p < 0.01 vs
the NS group, #p < 0.01 vs the AS group, Δp < 0.01 vs the
AS + DEX group. NS, normal saline; AS, asthma; SCMC,
carbocistein; DEX, dexamethasone.

Table 2. TGF-β1 content in the BALF of mice
Groups
NS Group
AS Group
AS + SCMC Group
AS + DEX Group

TGF-β1 content (ng/L)
28.87 ± 4.98
248.86 ± 16.31*
140.64 ± 10.78*,#
139.95 ± 11.63*,#

Note: Data were presented as mean ± SD. *P < 0.01
vs the NS group, #P < 0.01 vs the AS group. NS, normal
saline; AS, asthma; SCMC, carbocistein; DEX, dexamethasone.

The expression of TGF-β1 in the airway tissues
of mice was analyzed by immunohistochemis-
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Correlation analysis of TGF-β1 expression and
collagen deposition
We analyzed whether TGF-β1 expression in airway tissues correlated with collagen fiber deposition (Figure 4). The results showed that the
area of Masson-stained collagen deposition in
lung tissues of the AS + SCMC group was positively correlated with the level of TGF-β1 mRNA
expression (r = 0.82, P < 0.01).
Discussion
As one of the most vital pathological changes in
asthma, airway remodeling is characterized by
hypertrophy and hyperplasia of airway smooth
muscle, destruction of airway epithelium, thickening of the airway wall, changes in the extracellular matrix, hypertrophy and hyperplasia of
mucus glands and infiltration of inflammatory
cells [14]. The clinical symptoms and the degree
of lung function decline in asthma patients are
related to the patients’ airway remodeling to a
great extent [15], which highlights the signifi-
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tion of OVA for sensitization and
nebulized excitation of BALB/C
mice. It was revealed that SCMC
can inhibit the expression of
TGF-β1 in lung tissues and suppressed airway remodeling in
asthmatic mice.
The antitussive and phlegmolytic
effects of SCMC are mainly
achieved through a series of
effects, such as influencing the
secretion of bronchial glands,
reducing the viscosity of sputum
and strengthening the ciliary
movement of the respiratory
tract [16]. SCMC administration
has been previously indicated as
a novel therapeutic option for
asthmatic patients, especially
with cough variant asthma [17].
Figure 3. SCMC downregulated TGF-β1 expression in the airways of asthActually, adding SCMC to inhaled
matic mice. Immunohistochemical staining was performed to detect the
expression of TGF-β1 in the airway tissues of mice in the NS group (A), AS
corticosteroids (ICS) in asthmatic
group (B), AS + SCMC group (C), and AS + DEX group (D).
patients can effectively ameliorate the clinical manifestations,
such as cough and shortness of
Table 3. TGF-β1 protein expression in lung tissues
breath in asthmatic patients, and
Groups
Corrected mean optical density values
the improvement of PEF in paNS Group
0.08 ± 0.01
tients after the addition of SCMC
AS Group
0.39 ± 0.02*
is more obvious when compared
with the application of ICS alone,
AS + SCMC Group
0.21 ± 0.01*,#
indicating that SCMC can effec*,#,Δ
AS + DEX Group
0.12 ± 0.01
tively increase the effect of ICS
*
#
Note: Data were presented as mean ± SD. P < 0.01 vs the NS group, P < 0.01
and play a role in enhancing the
vs the AS group, ΔP < 0.01 vs the AS + SCMC group. NS, normal saline; AS,
lung function of asthmatic paasthma; SCMC, carbocistein; DEX, dexamethasone.
tients [18]. Moreover, SCMC is
effective in scavenging hypochloTable 4. TGF-β1 mRNA expression in lung tissues
rous acid and hydroxyl radicals,
thus reducing the release of
Groups
ΔCT
ΔΔCT
2-ΔΔCT
inflammatory factors (e.g., IL8)
NS Group
5.30 ± 0.18
0 ± 0.12
1.00 ± 0.08
and exerting anti-inflammatory
*
*
*
AS Group
2.71 ± 0.13
-2.59 ± 0.08
6.02 ± 0.25
effects [19, 20]. Besides, it also
*,#
*,#
*,#
AS + SCMC Group
3.35 ± 0.08
-1.95 ± 0.10
4.23 ± 1.05
reduced the release of inflamma*,#,Δ
*,#,Δ
*,#,Δ
AS + DEX Group
4.07 ± 0.14
-1.23 ± 0.06
2.36 ± 0.10
tory factors such as TGF and
F value
516.138
1198.305
129.179
VEGF in COPD mice [21]. SCMC
Note: Data were presented as mean ± SD. *p < 0.01 vs the NS group, #p < 0.01
ameliorated airway remodeling
Δ
vs the AS group, p < 0.01 vs the AS + SCMC group. NS, normal saline; AS,
(thickness of airway epithelium
asthma; SCMC, carbocistein; DEX, dexamethasone.
and smooth muscle, airway fibrosis, and the level of TGF-β1) in
cance of delaying airway remodeling treatment
rats with COPD [22]. More relevantly, Takeda et
in the management of asthma. In this study, an
al. reported that SCMC was effective in reducasthma model with significant airway remodeling airway hyperresponsiveness and airway
ing was successfully established using cominflammation at two distinct phases of the
bined intraperitoneal and subcutaneous injecresponse to the secondary allergen challenge
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up to 30-50% of asthmatics have
poor response to corticosteroid
treatment [33]. SCMC has been
verified to ameliorate steroid
sensitivity treatment in COPD as
well [34]. Therefore, we believe
that SCMC might provide an
alternative option for corticosteroid-resistant patients.
In the current experiment, SCMC was found to inhibit airway
remodeling by decreasing the
expression of TGF-β1 in asthmatic mice, thus providing a theoretical basis for its application in the
Figure 4. Correlation between the area of collagen deposition of lung tislong-term treatment of asthma. A
sues and the TGF-β1 mRNA expression.
potential pitfall of this work was
the lack of possible mechanistic
in sensitized mice [23]. However, the regulatory
exploration between SCMC and TGF-β1 downregulation. Future investigation with the examieffects of SCMC on airway remodeling in asthnation of airway fibrosis is warranted to validate
ma remain unclear.
our data.
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