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Abstract
AIM: To investigate the changes of oxidative stress 
indicators in the serum of silicosis patients and explore 
the mechanism of silicosis development.

METHODS: Two hundred workers who were exposed 
to silica dust for more than one year were recruited as 
dust-exposed group, 100 non-dust-exposed subjects 
served as control group, 32 patients with suspected 
0+ silicosis as observation group, and 130 silicosis 
patients were taken as the silicosis group. Indicators of 
oxidative stress, including superoxide dismutase (SOD), 
nitric oxide (NO), serum glutathione peroxidase (GSH-
Px), total antioxidant capacity (T-AOC), nitric oxide 
synthase (NOS), and lipid malondialdehyde (MDA), 
were determined in all the groups. 

RESULTS: Compared with the control group, NO and 
GSH-Px in dust-exposed group and silicosis group 
increased, and SOD decreased significantly (81.162 

± 35.176, 270.469 ± 39.228 and 68.209 ± 21.528, 
respectively, P  = 0.004, P  = 0.002, P  = 0.005). Com-
pared with the control and dust-exposed group, T-AOC, 
NOS and MDA in silicosis group increased significantly 
(13.048 ± 4.153, 36.201 ± 7.782 and 5.054 ± 1.204, 
respectively, P  = 0.018, P  = 0.022, P  = 0.011). Com-
pared with dust-exposed group, GSH-Px in the silicosis 
group increased significantly (270.469 ± 39.228, P  = 
0.002). GSH-Px in phase Ⅲ silicosis was significantly 
higher than in phase Ⅰ silicosis (290.750 ± 39.129, P  
= 0.021). Pearson correlation analysis showed that 
serum GSH-Px was positively correlated with silicosis 
staging, length of dust exposure and type of occupa-
tion (47.109 ± 8.015, P  = 0.001).

CONCLUSION: The imbalance of oxidative and anti-
oxidation system is associated with the development of 
silicosis. The surveillance of oxidative stress indicators 
will benefit the prognosis of silicosis patients. 

© 2012 Baishideng. All rights reserved.

Key words: Silicosis; Oxidative stress; Superoxide dis-
mutase; Glutathione peroxidase; Total antioxidant ca-
pacity; Nitric oxide synthase; Malondialdehyde
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ticles smaller than 10 micrometers is considered a major 
cause of  silicosis. According to the United States Na-
tional Institute for Occupational Safety and Health, the 
most important factor in the development of  silicosis 
is “the product of  the concentrations of  dust contain-
ing respirable silica in workplace air and the percentage 
of  respirable silica in the total dust[1]. The disease is as-
sociated with inflammation of  the respiratory system 
that eventually results in fibrosis, the hardening of  the 
lungs, reducing the ability of  the patients to breathe 
efficiently[2].The pathological manifestation includes 
macrophages alveolitis, silicotic nodule and dust fibra-
tion[3]. The role of  macrophages has been investigated[4], 
but the pathogenesis remains unclear. The imbalance of  
oxidation and anti-oxidation due to long-term exposure 
to silica dusts may be one of  the causative factors for 
silicosis[5]. This study aims at clarifying the pathogenesis 
of  silicosis by observing oxidative stress indicators in 
peripheral blood of  silicosis patients in an attempt to 
search for new strategies for the prevention and treat-
ment of  silicosis.

MATERIALS AND METHODS
Subjects
This research was approved by the Ethics Commit-
tee of  Wuxi Hospital for Prevention and Treatment of  
Occupational Disease, Wuxi, China. All subjects were 
male and they were divided into control group, dust-
exposed group, and silicosis patient group. The control 
group was composed of  hotel staff  who had no silica 
dust exposure (age 48.7± 8.0 years, n = 100). The dust-
exposed group consisted of  workers from a local casting 
factory who had more than one year dust-exposure (age 
50.78 ± 9.4 years, n = 200). The silicosis patient group 
was composed of  in-patients and out-patients who have 
been admitted to our hospital since 2008 (age 52.0 ± 
10.4 years, n = 130). There were 64 phase Ⅰ, 46 phase Ⅱ, 
and 20 phase Ⅲ silicosis patients in this group. Besides, 
the cases of  suspected 0+ silicosis were chosen as obser-
vation group (age 53.0 ± 9.12 years, n = 32). There was 
no significant difference in the age among the groups (P 
> 0.05). None of  the subjects had working experience 
with radiation and toxic substance, and digestive disor-
ders. No one had taken anti-oxidants, such as Vitamin C, 
Ginggo leaf  or Teapol, one month before the test.

Methods
A questionnaire was designed and used to collect the 
general information of  the subjects, including age, his-
tory of  dust exposure and smoking, and past and fam-
ily histories[6]. Physical examination, electrocardiogram, 
high-kilovolt X-ray, pulmonary function tests including 
forced vital capacity (FVC), forced expiratory volume 
in one second (FEV1), FEV1/FVC and maximal vol-
untary ventilation, and abdominal ultrasonography were 
performed and serum fasting glucose, lipids, liver and 
kidney functions were examined.

Silicosis diagnosis
All the subjects were diagnosed and categorized based 
on the “Diagnostic Criteria of  Pneumoconiosis”[7].

Blood sample collection
Five milliliter peripheral blood was taken before break-
fast, then centrifuged and preserved under -80 ℃.

Reagents and instruments
Superoxide dismutase (SOD), nitric oxide (NO) enzyme-
linked immunosorbent assay kit (Biosource Corporation, 
United States). Serum glutathione peroxidase (GSH-Px), 
total antioxidant capacity (T-AOC), nitric oxide syn-
thase (NOS), malondialdehyde (MDA) test kit (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China), 
automatic biochemical analyzer (Beckman Inc., United 
States), Spiro lab Ⅱ portable spirometer (MIR Company, 
Italia), 550 microplate reader (BIORAD, United States), 
and New Century T6 ultraviolet (UV)-visible spectro-
photometer (Beijing Puxi General, Beijing, China). 

Test of oxidative stress indicators
SOD activity and NO levels were detected by enzyme-
linked immunosorbent assay. GSH-Px activity, T-AOC 
and NOS were detected by chemical colorimetric assay. 
MDA was detected by dithiobisnitro-benzoate colori-
metric assay and UV spectrophotometer was used for 
colorimetric assay. All the detections were performed 
manually according to the manufacturers’ instructions.

Statistical analysis
All the data were expressed as mean ± SD. SPSS11.5 was 
used for statistical analysis. Univariate analysis of  vari-
ance and Pearson correlation analysis were used for the 
significance comparison between each group. P < 0.05 
was considered statistically significant.

RESULTS
Comparison of general indicators between each group 
There was no significant difference in the blood pres-
sure, blood glucose, blood lipids, creatinine, urea nitro-
gen, and alanine aminotransferase between groups (P > 
0.05) (Table 1).

Comparison of serum NO, SOD, MDA, T-AOC, NOS and 
GSH-Px between each group
NO in dust-exposed and silicosis groups was signifi-
cantly higher than in the control group (P < 0.01), while 
there was no difference between dust-exposed group and 
silicosis patient group (P > 0.05). SOD in dust-exposed 
and silicosis group was lower than in the control group 
(P < 0.01), whereas there was no difference between 
silicosis and dust-exposed group (P > 0.05). T-AOC, 
NOS and MDA in silicosis group were obviously higher 
than in the control group and dust-exposed group (P < 
0.05, P < 0.01), but there was no difference between the 
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control group and dust-exposed group (P > 0.05). GSH-
Px in dust-exposed group and silicosis group was higher 
(P < 0.05, P < 0.01) than in the control group, but it was 
even higher in silicosis group, and the difference was sta-
tistically significant (P < 0.01) (Table 2).

Comparison of NO, SOD, MDA, T-AOC, NOS and 
GSH-Px between observation group and silicosis group 
at different stages
Compared with observation group and phase Ⅰ silicosis, 
GSH-Px in phase Ⅲ silicosis increased, and the differ-
ence was statistically significant (P <0.05). There was no 
significant difference in the NO, SOD, MDA, T-AOC, 
NOS and GSH-PX between observation group and dif-
ferent stages of  silicosis (P > 0.05) (Table 3).

Pearson correlation test
Serum GSH-Px was positively correlated with the sili-
cosis stage, category, length of  dust exposure and type 

of  occupation (based on the exposure concentration of  
dust), and the differences were statistically significant (P 
< 0.01) (Table 4).

DISCUSSION
Pathogenesis of  silicosis mainly involves oxidative stress, 
cytokines, cell apoptosis and immunity doctrine[8-12]. Al-
though the pathogenesis varies, the mechanism that the 
SiO2 stimulates the body to secrete a variety of  cytokines 
and other biological activity substances resulting in the 
fibrosis of  lung tissue, is affirmative[13-16]. The clinical di-
agnosis of  silicosis rely mainly on the chest radiograph, 
but a definite diagnosis is often established when the 
lesion is irreversible, imposing heavy economic burdens 
on both the patient and society[17,18]. If  the quantitative 
and qualitative changes of  these cytokines can be de-
tected earlier and one or more cytokines as a relatively 
specific indicator can be found, it will be of  great sig-
nificance for the early diagnosis of  silicosis and the dust-
exposed population census. Many early stage biomarkers 
have been found in the sera of  human and animals. 
Reactive oxygen species/reactive nitrogen species (ROS/
RNS)[5,19], cytokines[20,21] and apoptosis-related factors[22] 
are indicators related to the early biological indicators of  
silicosis. Clara cell protein CC16[23,24], the lung surface ac-
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  Group n Age (yr) 
Systolic pressure Diastolic pressure Blood glucose Triglyceride Cholesterol Creatinine Urea nitrogen Alanine transarninase

(mmHg) (mmHg) (mmol/L) (mmol/L) (mmol/L) (μmol/L) (mmol/L) (mmol/L)

  Control 100  48.7 ± 8.0   130.42 ± 8.65 82.65 ± 7.68 4.93 ± 0.94 1.45 ± 0.94 5.15 ± 1.03 71.80 ± 16.50 5.53 ± 1.20 24.31 ± 17.44
  Dust-exposed 200  50.8 ± 9.4   129.53 ± 9.45 84.72 ± 8.96 4.95 ± 0.79 1.52 ± 0.42 4.24 ± 0.89 69.97 ± 18.96 6.37 ± 1.16 29.16 ± 16.68
  Silicosis 130  52.0 ± 10.4   131.42 ± 10.23 84.52 ± 8.14 5.06 ± 0.94 1.53 ± 0.90 4.75 ± 0.92 80.12 ± 19.10 6.47 ± 1.87 27.10 ± 16.83

Table 1  Comparison of general indicators between control group, dust-exposed group and silicosis patient group

  Group n NO (μmol/L) SOD (U/mL) MDA (μmol/L) T-AOC (U/mL) NOS (μmol/L) GSH-Px (U/mL)

  Control 100      45.622 ± 24.081      75.239 ± 24.020        4.027 ± 0.822       11.639 ± 3.707       33.812 ± 6.398     223.360 ± 46.838
  Dust-exposed 200      77.148 ± 30.188b      70.515 ± 20.034b        4.240 ± 1.167       11.814 ± 4.758       35.598 ± 5.664     231.164 ± 36.484a

  Silicosis 130      81.162 ± 35.176b      68.209 ± 21.528b        5.054 ± 1.204a,d       13.048 ± 4.153a,c       36.201 ± 7.782a,c     270.469 ± 39.228b,d

Table 2  Comparison of nitric oxide, superoxide dismutase, malondialdehyde, total antioxidant capacity, nitric oxide synthase and 
serum glutathione peroxidase between control, dust-exposed group and silicosis patient group

aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs dust-exposed group. NO: Nitric oxide; SOD: Superoxide dismutase; MDA: Malondialdehyde; 
T-AOC: Total antioxidant capacity; NOS: Nitric oxide synthase; GSH-Px: Serum glutathione peroxidase.

  Group n NO (μmol/L) SOD (U/mL) MDA (μmol/L) T-AOC (U/mL) NOS (μmol/L) GSH-Px (U/mL)

  Observation 32 74.130 ± 38.049 70.414 ± 20.036 4.489 ± 1.154 12.903 ± 3.790 35.379 ± 5.504     256.906 ± 21.418
  Silicosis
     Phase Ⅰ 64 79.145 ± 36.149 69.215 ± 25.033 4.994 ± 1.237 12.905 ± 4.448 35.626 ± 7.234     259.594 ± 34.79
     Phase Ⅱ 46 80.173 ± 36.215 67.896 ± 26.018 5.038 ± 1.208 12.834 ± 3.481 36.078 ± 5.911     276.783 ± 40.969
     Phase Ⅲ 20 83.176 ± 34.131 67.201 ± 30.030 5.244 ± 1.127 13.993 ± 4.662 36.899 ± 4.162     290.750 ± 39.129a,c

Table 3  Comparison of nitric oxide, superoxide dismutase, malondialdehyde, total antioxidant capacity, nitric oxide synthase and 
serum glutathione peroxidase between observation group and silicosis at different stages

aP < 0.05 vs observation group; cP < 0.05 vs phase Ⅰ silicosis. NO: Nitric oxide; SOD: Superoxide dismutase; MDA: Malondialdehyde; T-AOC: Total antioxi-
dant capacity; NOS: Nitric oxide synthase; GSH-Px: Serum glutathione peroxidase.

Silicosis stage Category Length of dust exposure Type of occupation

  r value 0.507 0.456 0.365 0.341
  P value 0.000 0.000 0.000 0.000

Table 4  Serum glutathione peroxidase Pearson correlation test

Miao RM et al . Oxidative stress and silicosis



tive substances D and heme monooxygenase-1 are early 
specific indicators for silicosis[23,25,26]. With the progress 
made in the pathogenesis studies of  silicosis, a variety 
of  theories have become available. Free radical is one 
of  the most important theories. Under physiological cir-
cumstances, the normal metabolic process continuously 
generates free radicals meanwhile they are eliminated 
by the antioxidant mechanisms in order to maintain ho-
meostasis. When the body is subjected to different kinds 
of  harmful stimuli, oxidative stress occurs and more 
bioactive molecules such as ROS and RNS are produced 
that exceeds the removal of  oxide, resulting in the imbal-
ance of  oxidation and anti-oxidation system[27,28]. This 
research shows that the imbalance of  oxidation and anti-
oxidation system existed in both the dust-exposed group 
and silicosis group, which was particularly remarkable in 
silicosis group. The increase of  NO, NOS, T-AOC and 
MDA and the decrease of  SOD are the prime manifes-
tations. It suggests that silica dust can induce the occur-
rence of  oxidative stress and increase lipid peroxidation, 
and then cause lung tissue damage. Since serum GSH-Px 
increases with stages of  silicosis, it may be related to the 
severity of  silicosis. Silicosis patients have a higher level 
of  oxidant and anti-oxidant molecules. It may be caused 
by the continuous production of  free radicals and lipid 
peroxidation with the development of  silicosis[29,30]. As 
the illness progresses, oxidative stress becomes more 
severe. Therefore, the abnormality of  oxidative stress in-
dicators not only suggests the existence of  silicosis, but 
also the inevitable outcome of  silicosis. These indicators 
can be used to predict the occurrence, development, se-
verity and prognosis of  silicosis in clinical practice. Due 
to the known effects of  oxidative damage in the devel-
opment of  silicosis, administration of  antioxidant agents 
is a potential strategy for the prevention and treatment 
of  silicosis.

COMMENTS
Background
Silicosis is the most destructive form of pneumoconiosis caused by the inhala-
tion of SiO2.The pathological manifestation includes macrophages alveolitis, 
silicotic nodule and dust fibration. But the pathogenesis is still unclear.
Research frontiers
The imbalance of oxidation and anti-oxidation induced by long-term exposure 
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the pathogenesis of silicosis by observing oxidative stress indicators in the pe-
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al of oxide, resulting in the imbalance of oxidation and anti-oxidation system.
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portant issue about the plasma level of oxidative stress-related molecules and 
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