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Abstract. The aim of the study was to investigate the 
effects of tetrandrine combined with acetylcysteine on exer-
cise tolerance, pulmonary function, transforming growth 
factor-β1 (TGF-β1) and matrix metalloproteinase 7 (MMP-7) 
in silicosis patients. A retrospective analysis was performed 
on 149 silicosis patients admitted to the Maternal and Child 
Health Care Hospital of Zhangqiu District between August, 
2015 and September, 2017. Of the 149 patients, 70 patients 
treated with acetylcysteine comprised the control group, and 
79 treated with tetrandrine combined with acetylcysteine 
constituted the study group. The concentrations of serum 
TGF-β1 and MMP-7 before and after treatment were detected 
by enzyme-linked immunosorbent assay (ELISA), and the 
exercise tolerance and pulmonary function were compared. 
Chest distress, chest pain, cough, expectoration and dyspnea 
in the two groups were relieved after treatment, and the 
improvement rates of chest distress, chest pain and dyspnea 
in the study group were significantly higher than those in 
the control group (P<0.05). Before treatment, there was no 
significant difference in the results of the 6-minute walk test 
(6MWT) between the two groups (P>0.05). After treatment, 
the 6MWT in the two groups was significantly increased 
(P<0.05), and the improvement effect in the study group was 
more marked than that in the control group (P<0.05). There 
was no significant difference in the pulmonary function 
indexes between the two groups before treatment (P>0.05). 

Before treatment, there was no significant difference in 
serum TGF-β1 and MMP-7 expression levels between the 
two groups (P>0.05). By contrast, after treatment, the levels 
in the two groups were significantly decreased, with the levels 
in the study group being significantly lower than that the 
control group (P<0.05). In conclusion, tetrandrine combined 
with acetylcysteine can improve pulmonary function and 
exercise tolerance of patients with silicosis by inhibiting the 
expressions of TGF-β1 and MMP-7, thus improving clinical 
efficacy.

Introduction

Silicosis, one of the most common and severe pneumoco-
niosis, is characterized by extensive nodular fibrosis in the 
lungs, which is caused by long-term exposure to silica dust in 
industry (1). In China, 23,812 new pneumoconiosis cases were 
reported in 2010, of which 9,870 were silicosis, accounting for 
41.45% (2). Silicosis has become a threat to the occupational 
safety of workers worldwide (3). Therefore, it is particularly 
important to find an effective treatment.

Tetrandrine is a traditional Chinese medicine extracted 
from the root tuber of Stephania tetrandra, a type of alka-
loid, that can significantly improve the immune function of 
patients (4,5). Moreover, it is widely used in the treatment of 
silicosis, with anti-hypertensive, anti-inflammatory and anal-
gesic effects (6). In recent years, acetylcysteine has been used 
extensively for treating idiopathic pulmonary fibrosis (IPF) 
and chronic obstructive pulmonary disease (COPD), since it is 
anti-oxidative stress, anti-fibrosis and anti-inflammatory, and 
can effectively relieve patients' condition (7,8).

Silicosis is the result of the interaction of many factors 
and constraints, involving a variety of cells and bioactive 
substances (9). Transforming growth factor-β1 (TGF-β1), 
a strong fibrogenic factor, is secreted by a variety of cells, 
including alveolar macrophages, endothelial cells, fibroblasts, 
and epithelial cells (10,11). It can regulate cell proliferation 
and differentiation, stimulate the synthesis and secretion of 
various cytokines, inflammatory mediators and other active 
substances, and participate in the formation and degrada-
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tion of extracellular matrix (11). By establishing silicosis 
rat models, researchers (12) found that ursolic acid retarded 
the development of silicosis by reducing the expressions of 
TGF-β1 and IL-1. Matrix metalloproteinases (MMPs) are 
potential biomarkers for diagnosing and monitoring the prog-
ress of various fibrotic lung diseases (13). MMP-7, the smallest 
member of the MMPs superfamily, degrades cytoplasmic 
matrix components (including signal molecules and receptors) 
and is a key factor in fibrosis (14,15). It has been reported that 
elevated serum MMP-7 concentration is related to the severity 
of pulmonary fibrosis and low survival rate of IPF patients (16). 
The effect of tetrandrine combined with acetylcysteine on 
serum TGF-β1 and MMP-7 in silicosis patients remains to be 
further studied. At present, the treatment outcomes of silicosis 
patients are mainly reflected by pulmonary function indexes 
(17). The 6-min walk test (6MWT) is a safe detection method 
that has been widely used to evaluate the degree of pulmonary 
function decline in patients with pulmonary hypertension, IPF, 
and COPD (18,19).

The aim of the current study was to mainly evaluate the 
therapeutic effect of tetrandrine combined with acetylcysteine 
on silicosis through pulmonary function and exercise toler-
ance, and explore its effect on the expression levels of serum 
TGF-β1 and MMP-7.

Materials and methods

General information. A retrospective analysis was performed. 
The study comprised 149 patients with silicosis who were 
admitted to the Maternal and Child Health Care Hospital 
of Zhangqiu District between August, 2015 and September, 
2017. Of these patients, 70 patients treated with acetyl-
cysteine comprised the control group, including 51 males 
and 19 females, with an average age of (52.09±5.78) years. 
The grade of silicosis was defined according to a previous 
study (20). There were 42 silicosis patients in stage I, 23 in 
stage II and 5 in stage III, with a dust exposure duration of 
(8.01±1.18) years. The remaining 79 patients were treated with 
tetrandrine combined with acetylcysteine and constituted the 
study group. This group included 55 males and 24 females, 
with an average age of (52.87±5.12) years. There were 47 sili-
cosis patients in stage I, 26 in stage II and 6 in stage III, with a 
dust exposure duration of (7.92±1.21) years.

Inclusion criteria were: patients diagnosed with silicosis 
by clinical manifestations, high KV chest radiography and 
pulmonary function examination; patients with complete 
pathological data and good compliance; patients who actively 
co-operated; and patients with no blood diseases, diabetes, 
tumors, hypertension or other diseases. Exclusion criteria were: 
patients with a history of mental illness; pregnant women; 
patients complicated with active pulmonary tuberculosis, 
pneumothorax, respiratory failure and other complications; 
patients suffering from serious organic diseases such as lung, 
liver, kidney and brain; and patients with cognitive impairment 
and unable to communicate normally.

The study was approved by the Ethics Committee of 
Maternal and Child Health Care Hospital of Zhangqiu District. 
The subjects were informed of the experimental contents, 
and their family members signed complete informed consent 
forms.

Treatment methods. Patients in the control group were given 
routine treatment and comprehensive treatment, including anti-
inflammatory, antiasthmatic and antitussive treatment, and kept 
away from a dust-exposed work environment. The nutrition and 
physical exercise were increased to improve their immunity 
to actively prevent and treat pulmonary tuberculosis and other 
complications. Acetylcysteine effervescent tablets (600 mg; 
Zhejiang Conba Biopharmaceutical Co., Ltd.; SFDA approval 
no. H20057334) were administered twice a day, dissolved in 
warm boiled water. Twelve days was a course of treatment, one 
course per month in the first two months, then one course every 
2 months, and patients received 4 courses. On the basis of the 
control group, patients in the study group were given tetrandrine 
(Zhejiang Zhongyi Pharmaceutical Co., Ltd.; SFDA approval 
no. H33022163) orally, 60-100 mg each time, three times a day, 
six days a week. After one course of treatment (3 months), the 
drug was stopped for 1 month and then repeated for one course.

Serum collection and index detection. In the two groups, 2 ml 
of fasting peripheral blood collected 1 day before treatment 
and the morning after treatment were loaded into anticoagu-
lation tubes, respectively, and sent to the clinical laboratory. 
Then the blood was coagulated for 60 min (20-25˚C) and 
centrifuged at 2,600 x g for 10 min (4˚C). The supernatant was 
collected and stored at -80˚C. The concentrations of serum 
TGF-β1 and MMP-7 in the two groups before and after treat-
ment were detected by enzyme-linked immunosorbent assay 
(ELISA). The microplate reader was purchased from Bio-Rad 
Company (450 nm), and the serum TGF-β1 and MMP-7 kits 
were provided by Shanghai Yuanmu Biotechnology Co., 
Ltd. (YM-S0090 and YM-S1007). Standard, testing sample 
and blank wells (without sample and ELISA reagent, the 
remaining steps were the same) were respectively established. 
Then, 50 µl of standard sample was added accurately to the 
microELISA strip plate (Shanghai, Yuanmu Biotechnology, 
Ltd.) followed by the addition of 40 µl of diluent and 10 µl of 
sample to the testing sample well. The plate was sealed with 
a closure plate membrane and incubated at 37˚C for 30 min. 
After uncovering the membrane, the liquid was discarded 
and patted dry. Each well was filled with PBS washing buffer 
(Beyotime), which was discarded after standing. This step 
was repeated five times, then the well was dried. ELISA 
reagent (50 µl) was added to each well, except for blank well, 
then incubated and washed. Then, 50 µl of substrate A and 
50 µl of substrate B were added to each well, gently mixed 
and incubated at 37˚C for 10 min in the dark. The microplate 
reader was removed, and 50 µl of termination solution 2 M 
sulphuric acid  (Shanghai, Yuanmu Biotechnology, Ltd.) was 
added. The optical density (OD) value of each well at 450 mm 
was measured within 15 min.

Outcome measures. The improvement rates of chest distress, 
chest pain, cough, expectoration, dyspnea and other clinical 
symptoms in the two groups were recorded. The 6MWT and 
lung function indexes [maximal voluntary ventilation (MVV) 
per minute, percentage of FEV1 and vital capacity percentage 
(FEV1/FVC%), forced expiratory volume in 1 second (FEV1), 
peak expiratory flow (PEF) per second] in the two groups were 
compared. The changes of serum TGF-β1 and MMP-7 before 
and after treatment were observed.
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Statistical treatment. SPSS 19.0 software system (IBM, 
SPSS, Chicago, IL, USA) was used for statistical analysis of 
experimental data. Counting data were expressed as [n (%)], 
and the Chi-square test was used for inter-group comparisons. 
Measurement data were expressed as (mean ± SD). Inter-group 
comparisons were conducted by an independent sample t-test, 
and comparisons between groups were conducted by the paired 
t-test. P<0.05 indicated statistically significant differences.

Results

Comparison of general data. The general data of patients in 
the two groups were collected (Table I). There was no signifi-
cant differences between the two groups in terms of sex, age, 
average age, dust exposure duration, smoking and silicosis 
stage (P>0.05).

Comparison of clinical symptoms between the two groups 
before and after treatment. Cough, expectoration, chest 
distress, chest pain and dyspnea in the two groups were 
relieved after treatment (Table II). The improvement rates 
of chest distress, chest pain and dyspnea in the study group 
were significantly higher than those in the control group, with 
statistically significant difference (P<0.05).

Comparison of exercise tolerance between two groups. Exercise 
tolerance was compared between the two groups, as shown in 
Fig. 1. Before treatment, there was no significant difference in 
the results of 6MWT between the two groups (P>0.05). After 
treatment, the 6MWT in the two groups was significantly 
increased (P<0.05), and the improvement effect in the study 
group was more marked than that in the control group (P<0.05).

Comparison of pulmonary function between the two groups. 
There was no significant difference in pulmonary function 

indexes between the two groups before treatment (P>0.05). 
By contrast, the indexes in the two groups were significantly 
increased after treatment (P<0.05), including MVV, PEF, 
FEV1, FEV1/FVC%. Specifically, the indexes in the study 
group were significantly higher than those in the control group 
(P<0.05) (Fig. 2).

Changes of serum TGF-β1 and MMP-7 before and after 
treatment in the two groups. The levels of serum TGF-β1 
and MMP-7 in the two groups were measured before and 
after treatment (Figs. 3 and 4). Before treatment, there was no 
significant difference in serum TGF-β1 and MMP-7 expres-
sion levels between the two groups (P>0.05). However, after 
treatment, the levels in the two groups were significantly 
decreased, and the study group was statistically significantly 
lower than the control group (P<0.05).

Table I. Comparison of general data between the two groups (mean ± SD) [n (%)].

Characteristic Study group Control group Chi-square test P-value

Sex   0.189 0.663
  Male 55 51
  Female 24 19
Age (years)   0.502 0.479
≤50 44 43
>50  35 27
Average age (years) 52.87±5.12 52.09±5.78 0.874 0.384
Dust exposure   7.92±1.21   8.01±1.18 0.458 0.647
duration (years)
Smoking   0.237 0.626
Yes 42 40
No 37 30
Stage   0.012 0.994
Ⅰ 47 42
Ⅱ 26 23
Ⅲ 6 5

Figure 1. Comparison of exercise tolerance between the two groups. Before 
treatment, there was no significant difference in the 6MWT between the two 
groups (P>0.05). After treatment, the 6MWT of the two groups was signifi-
cantly higher than that before treatment (P<0.05). The change of 6MWT in 
the study group was more significant than that in the control group (P<0.05). 
a vs. before treatment, aP<0.05; b vs. the study group after treatment, bP<0.05.
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Figure 3. Changes of serum TGF-β1 before and after treatment in the two 
groups The results of ELISA showed that there was no significant difference 
in serum TGF-β1 expression level between the two groups before treatment 
(P>0.05). However, after treatment, the level in the two groups was sig-
nificantly decreased, and the study group was statistically significantly lower 
than the control group (P<0.05). *P<0.05, compared with before treatment. 
#P<0.05, compared with the study group.

Figure 4. Changes of serum MMP-7 before and after treatment in the two 
groups. The results of ELISA showed that there was no significant difference 
in serum MMP-7 expression level between the two groups before treatment 
(P>0.05). However, after treatment, the level in the two groups was sig-
nificantly decreased, and the study group was statistically significantly lower 
than the control group (P<0.05). *P<0.05, compared with before treatment. 
#P<0.05, compared with the study group.

Figure 2. Comparison of lung function between the two groups. Before treatment, there was no significant difference in lung function between the two groups 
(P>0.05). After treatment, the lung function indexes MVV, PEF, FEV1, FEV1/FVC% were significantly higher than those before treatment (P <0.05). MVV, 
PEF, FEV1, FEV1/FVC% in the study group were significantly higher than those in the control group, with statistically significant differences (P<0.05). a vs. 
before treatment, aP<0.05; b vs. the study group after treatment, bP<0.05.

Table II. Comparison of clinical symptoms between two groups before and after treatment/cases.

Item Chest distress Chest pain Cough Expectoration Dyspnea

Study group (n=79)
  Before treatment 69 73 77 72 65
  After treatment 7 9 11 13 6
  Improvement rate 78.5% 81.0% 83.5% 74.7% 74.7%
Control group (n=70)
  Before treatment 63 68 70 67 60
  After treatment 19 21 19 15 17
  Improvement rate 62.9%a 67.1%a 72.9a 74.3% 61.4%a

aP<0.05, compared with the study group.
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Discussion

Silicosis is a systemic disease characterized by pulmonary 
fibrosis, mainly caused by long-term inhalation of dust 
containing free silica (21). The gradual development of pulmo-
nary fibrosis may lead to gas exchange area reduction, lung 
function damage, thus resulting in respiratory failure, or even 
lung cancer in severe cases (22). Therefore, effective clinical 
treatment should be taken to improve the pulmonary function 
of patients to prevent the deterioration of the condition.

Tetrandrine is a strong calcium antagonist and affects the 
transmembrane transport of calcium ions by acting on calcium 
channels, thus playing a blocking effect on calcium channels 
of lung fibroblasts. Moreover, it can also promote the loosening 
and degradation of lung collagen fibers, the disappearance and 
depolymerization of microtubule structures, thus hindering 
the transformation of procollagen and preventing pulmonary 
fibrosis (23). Modern pharmacology shows that tetrandrine 
improves phagocytosis of macrophages and enhances excre-
tion by acting on collagen macromolecules and combining 
with them, effectively preventing inflammation and pulmonary 
fibrosis (24). It has been shown that a free radical-mediated 
oxidation/antioxidation imbalance plays an important role in 
the occurrence and development of silica-induced pulmonary 
fibrosis (25). Acetylcysteine, a precursor of reduced glutathione 
with an antioxidant effect, can reduce the level of free radicals, 
antagonize pulmonary fibrosis caused by free radicals, and 
delay the process of pulmonary fibrosis induced by silicosis 
(25-27).

The occurrence and progression of silicosis is an inter-
weaving process of inflammation and fibrosis, in which 
cytokines play an important role (28). TGF-β1 is considered the 
strongest extracellular matrix precipitation promoter and the 
most direct cytokine to promote pulmonary fibrosis (29). It may 
promote the increase of extracellular matrix by up-regulating 
the expressions of fibronectin and collagen, and may inhibit the 
degradation of extracellular matrix by increasing the secretion 
of protease inhibitor and decreasing the secretion of matrix 
metalloproteinase, eventually participating in the process of 
pulmonary fibrosis (30). MMP-7 is a matrix metalloproteinase, 
which has local inflammatory regulatory effects (31,32), and 
is highly up-regulated in alveolar epithelial cells of idiopathic 
pulmonary fibrosis (IPF) (32,33). In addition, MMP-7 knockout 
mice were relatively unaffected by bleomycin (a fibrosis 
inducer), suggesting that MMP-7 may promote fibrosis in IPF 
(33). Moreover, MMP-7 may stimulate epithelial cells by lysis 
of E-cadherin (34) and activate heparin-binding epidermal 
growth factor-like growth factor (proHB-EGF) by proteolysis, 
leading to the release of activated HB-EGF and the prolifera-
tion of human lung fibroblasts (35), thus promoting pulmonary 
fibrosis. However, the main mechanism of TGF-β1 and MMP-7 
in silicosis patients needs to be further proved.

Findings of this study showed that chest distress, chest 
pain, cough, expectoration and dyspnea in the two groups were 
relieved after treatment, and the improvement rates of chest 
distress, chest pain and dyspnea in the study group were signifi-
cantly higher than those in the control group, with statistically 
significant difference (P<0.05). Thus, tetrandrine combined 
with acetylcysteine effervescent tablets improves the occur-
rence of adverse respiratory symptoms, and its effect is better 

than that of single drug. Li et al (36) compared the clinical 
effects of tetrandrine combined with acetylcysteine efferves-
cent tablets (observation group) and conventional treatment 
(control group) on silicosis. The results showed that there was 
no significant difference in respiratory symptoms between the 
two groups before treatment. After treatment, the symptoms in 
the two groups were significantly improved, and the improve-
ment rates of cough, expectoration, chest pain, chest distress 
and other symptoms in the observation group were significantly 
better than those in the control group. This is similar to the 
study in this paper, but probably due to the small sample size, 
there was no significant difference between the two groups 
in the improvement rates of cough and expectoration. In this 
study, the exercise tolerance in the two groups was compared. 
The results showed that there was no significant difference in 
the results of 6MWT before treatment (P>0.05). After treat-
ment, the 6MWT in the two groups was significantly increased 
(P<0.05), and the improvement effect in the study group was 
more marked than that in the control group (P<0.05). Previous 
findings showed that the 6MWT of patients treated with high-
dose N-acetylcysteine was significantly higher than that with 
conventional dose in treating silicosis (37). Combined with 
this study, it has been shown that tetrandrine combined with 
high-dose acetylcysteine can significantly improve exercise 
tolerance of silicosis patients. There was no significant differ-
ence in pulmonary function indexes between the two groups 
before treatment (P>0.05). After treatment, pulmonary func-
tion indexes MVV, PEF, FEV1, FEV1/FVC% in the two groups 
were significantly increased, and those indexes in the study 
group were significantly higher than those in the control group. 
It was also reported that tetrandrine combined with acetyl-
cysteine can significantly improve FVC and FEV and lung 
ventilation function of silicosis patients (38). Xiao et al (39) 
used silicosis models to show that tetrandrine combined with 
acetylcysteine can significantly delay and inhibit the process 
of pulmonary fibrosis, and the therapeutic effect was better 
than that of single drug. Therefore, tetrandrine and acetyl-
cysteine can both achieve good therapeutic effects, but the 
combination is better. It was reported that the high expression 
of MMP-7 in plasma of IPF patients was positively correlated 
with the severity of the disease (40), and that the expression 
of TGF-β1 was upregulated in the peripheral blood of silicosis 
patients (41). In this study, there was no significant difference 
in serum TGF-β1 and MMP-7 expression levels between the 
two groups before treatment. By contrast, after treatment, the 
levels in the two groups were significantly decreased, and the 
levels in the study group were significantly lower than those 
in the control group. This suggests that tetrandrine combined 
with acetylcysteine can significantly reduce the expressions 
of TGF-β1 and MMP-7 in serum of silicosis patients. A study 
found that tetrandrine can inhibit the expression of MMP-2 
protein in human umbilical vein endothelial cells (HUVEC) 
cultured in vitro (42). Combined with the results of this study, 
it is suggested that tetrandrine may inhibit MMP-7 expres-
sion by the same mechanism. The effects of N-acetylcysteine 
on pulmonary fibrosis, endothelial injury and vasoactive 
factor in patients with chronic pulmonary heart disease were 
studied (43), and it was found that N-acetylcysteine can signifi-
cantly reduce the expression levels of TGF-β1 and MMP-7 in 
serum of those patients.
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The results of the present study mainly explored the cura-
tive effect of tetrandrine combined with acetylcysteine on 
silicosis patients and its influence on TGF-β1 and MMP-7 
expressions. The prognosis and influencing factors of silicosis 
and the mechanism of tetrandrine combined with acetylcys-
teine in silicosis patients will be further explored, so as to 
provide more definite references for the pathogenesis, clinical 
diagnosis and treatment of silicosis. To sum up, tetrandrine 
combined with acetylcysteine can improve pulmonary function 
and exercise tolerance of patients with silicosis by inhibiting 
the expressions of TGF-β1 and MMP-7, thus improving the 
clinical efficacy.
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