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Abstract 
 

The textile mill workers are continuously exposed to cotton dust which may lead to different respira-
tory disorders such as byssinosis, respiratory tract irritation, COPD etc. producing larger rate of de-
cline in pulmonary functions and occupational hypertension. The present study was carried out to as-
sess exposure effects of cotton dust on oxidant and antioxidant status which may induce related health 
hazards. 90 cotton industry workers and 30 healthy controls were screened for serum lipid peroxide 
(MDA) and serum nitric oxide as oxidants and superoxide dismutase, glutathione peroxidase, glu-
tathione reductase and catalase as antioxidants. Total antioxidant status was also measured. The cotton 
industry workers were divided in three groups. Group I included workers with 5 to 9 years exposure to 
cotton dust while group II and III workers were exposed to cotton dust for 10 to 14 years and 15 to 19 
years respectively. Highly significant increase in serum MDA and NO˙ was observed in all groups of 
cotton industry workers as compared to controls. The activities of SOD, glutathione peroxidase, glu-
tathione reductase were found to be significantly decreased in group II and III workers. Our study 
demonstrated significant decrease in catalase activity and total antioxidant status in all groups of cot-
ton industry workers. From our study, it is evident that cotton dust exposure induces oxidative stress 
among textile industry workers. As duration of exposure is increased, the effect is enhanced. This re-
sulting oxidative stress may contribute to respiratory disorders observed in these workers.   
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Introduction 
                    
Due to extensive mechanization and use of chemicals, 
cotton industry workers are exposed to different occupa-
tional hazards such as accidents, fire, diseases due to ex-
posure to cotton dust, disabilities because of exposure to 
high temperature, hearing impairment as a result of noise 
pollution, skin diseases caused by exposure to industrial 
chemical. Of all, the greatest health hazard is due to inha-
lation of cotton dust [1]. Constant inhalation of cotton 
dust causes various effects on respiratory system. The 
relation between exposure to cotton dust and respiratory 
disorders is well illuminated;  they include mainly the 
byssinosis, respiratory tract irritation, chronic obstructive 
pulmonary disease (COPD) etc. producing larger rate of 
decline in pulmonary functions and occupational hyper-
tension [1,2,3]. These disorders induced by inhalation of 
cotton dust seems at least partly, be mediated by free 
radicals or oxidative stress. These agents can affect 
epithelial, mesothelial and fibroblastic cells [4].   
 
Free radicals are highly reactive species characterized by 
an unpaired electron in their outer orbital. Free radical 
reactions, including lipid peroxidation, are considered to 

be important factors in the pathogenesis of a variety of 
diseases. Free radicals can damage proteins, lipids, carbo-
hydrates and nucleic acids. Plasma membranes are critical 
targets of free radical reactions. Oxygen derived free radi-
cals can easily produce injuries to cell membranes by ini-
tiation of polyunsaturated fatty acid peroxidation. Malon-
dialdehyde (MDA) is formed by fatty acids with two or 
more double bonds and is used as a measure of lipid pe-
roxidation. 
 
To defend themselves against these free radicals’ attack, 
cells have developed various antioxidant systems. Several 
enzymatic systems can detoxify free radicals like Super-
oxide Dismutase (SOD), catalase and a selenoprotein, 
Glutathione Peroxidase (GPx) [5]. In addition, some 
micronutrients can prevent the harmful effects of free 
radicals by nonenzymatic modes like vitamin E, vitamin 
C, glutathione etc. Under normal circumstances this de-
fense system is able to cope up with free radicals in tis-
sues by donating an electron to stabilize the free radicals, 
in doing so it can harmlessly decay itself or regenerate by 
another antioxidant. An imbalance between the produc-
tion of reactive oxygen species (ROS) and the various 
antioxidant defenses can result in oxidative stress, which 
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can arise from deficiencies of antioxidants and/or from 
increased formation of reactive oxygen species [6]. 
 
About 15% of total population in Solapur District is 
working in the cotton industry. Thus, considering the 
magnitude of textile cotton industries and large popula-
tion employed in Solapur city situated in Maharashtra, an 
ideal group to study and as a public health problem, this 
study was undertaken. The purpose of the present study 
was to assess exposure effects of cotton dust on status of 
oxidants and antioxidants which may induce related 
health hazards and thereby to regard cotton dust as an 
‘environmental toxin’. 

 
Material and Methods             
 
The present study was carried out in the Department of 
Biochemistry, Dr. V.M. Govt. Medical College, Solapur 
and SCSM General Hospital, Solapur. A total of 120 sub-
jects were included in the study. Out of these 30 were 
healthy controls and 90 were workers employed in cotton 
industry.  
 
 
 
 

Inclusion criteria 
1. Healthy controls:  Thirty healthy volunteers were se-
lected from same locality and were matched for age, sex, 
dietary habits and socio-economic background. Only 
those who proved to be in a good state of health and free 
from any sign/s of chronic disease/s or disorder/s were 
included. None of them was exposed to any occupational 
dust. 
 
2. Study group subjects:  Workers employed in the cotton 
industry located in Solapur city were selected. Prior to the 
sample collection, subjects were interviewed for informa-
tion of age, diet, tobacco habits, cotton dust exposure and 
medical history.  
 
Exclusion criteria 
The subjects having history of alcoholism, smoking, pas-
sive smoking and diseases which induce oxidative stress 
such as diabetes mellitus, respiratory diseases, cardiovas-
cular diseases etc were excluded from study. 
 
The study group subjects were further divided into three 
groups depending upon the exposure to cotton dust. The 
distribution of subjects in the present study was as fol-
lows:  

 
Groups 

 
Types 

 
No. of subjects 

 
Control Healthy subjects 30 
Group I Workers with  5 to 9 years exposure to cotton dust 30 
Group II Workers with  10 to 14 years exposure to cotton dust 30 
Group III Workers with  15 to 19 years exposure to cotton dust 30 

 

 
The purpose of our study was explained to the subjects 
and their consent was taken. The study was approved by 
the institutional ethical committee. After obtaining prior 
consent, venous blood samples were collected from the 
subjects under aseptic condition. Out of 8 ml blood col-
lected, 4ml was poured in sterile heparinized bulb and 
4ml was allowed to clot. Serum and plasma were sepa-
rated by centrifugation at 3000 rpm for 10 minutes at 
room temperature. All the samples were analyzed on the 
same day of collection. Serum malondialdehyde (MDA) 
levels were measured by reacting it with thiobarbituric 
acid at high temperature to form pink colored complex as 
in Kei Satoh method [7]. Nitric oxide was determined by 
Cortas and Wakid method [8], in which nitrate is reduced 
to nitrite by copper coated cadmium granules. This nitrite 
produced is determined by diazotization of sulfanilamide 
and coupling to naphthylethylenediamine to form purple 
complex. Assays for SOD, glutathione peroxidase, glu-
tathione reductase, catalase and total antioxidant status 
were done by using kits by Randox Lab. Ltd. UK. 

Statistical analysis  
Statistical analysis was done by using student‘t’ test and 
the data were expressed as mean ± standard deviation. 
Probability values of P < 0.05 were considered to be sta-
tistically significant 
 
Results 
 
Table 1-shows levels of serum MDA, serum nitric oxide, 
superoxide dismutase activity, glutathione peroxidase, 
glutathione reductase, catalase and total antioxidant status 
in different groups of cotton industry workers  and 
healthy subjects.  Serum MDA and serum nitric oxide 
levels were significantly increased in all groups of cotton 
industry workers (group I-p<0.01, group II & III-
p<0.001) as compared to healthy controls.   There was 
slight but not significant decrease in superoxide dismutase 
and glutathione reductase activities of group I workers 
(p>0.05) as compared to healthy controls. But, Group II 
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and III workers showed significantly reduced activities of 
superoxide dismutase and glutathione reductase (group II-
p<0.01, group III-p<0.001) as compared to healthy con-
trols. There was no significant difference in glutathione 
peroxidase activity of group I workers and healthy con-
trols (p>0.05). In Group II and III workers glutathione 

peroxidase activity was significantly reduced (p<0.001) as 
compared to healthy controls. Blood catalase activity and 
total antioxidant status was significantly decreased in all 
groups of cotton industry workers (group I-p<0.05, group 
II & III-p<0.001) as compared to healthy controls. 

 
Table 1. Shows the levels of oxidants and antioxidants in healthy controls and different groups of cotton industry 
workers. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Discussion 
 
Under normal conditions, there is a steady state of bal-
ance between the production of oxygen free radicals 
and their destruction by the cellular antioxidant sys-
tems. The oxygen free radicals, which accumulate via 
an imbalance between generation and scavenging, are 
believed to induce many disease states [9,10].    
       The indiscriminate proliferation of industrial organi-
zation without adequate safety measures in certain set up 
have resulted in various forms of stresses, one of them has 
been an oxidative stress created in the biological system 
due to cellular lipid peroxidation resulting in various dis-
orders. 
 
The present study revealed extensive increase in serum 
total lipid peroxide which was a resultant of concomitant 
increase in reactive oxygen species production in cotton 
industry workers.  
 
When macrophages and neutrophils ingest microorganism 
or foreign dust, they undergo respiratory burst mediated 
by reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase system. Consequently oxidants includ-
ing superoxide anion, hydrogen peroxide, hydroxyl radi-
cal and hypoclorous radical are released. At low levels, 
these reactive oxygen species can increase chemokine,  

 
cytokine and adhesion molecule expression, thus amplify-
ing the cascade of inflammatory mediators. At higher lev-
els, these short lived molecules are implicated in a variety 
of tissue injury mechanisms. 
 
Toxic oxygen metabolites released by activated neutro-
phils and macrophages synergistically increase toxicity of 
neutrophil elastases resulting in increased lipid peroxida-
tion that alter membrane function (change in permeabil-
ity). This lipid peroxidation inhibits production of prosta-
cyclin and causes reorientation of arachidonic acid me-
tabolism towards leukotriene, which stimulate inflamma-
tory process in lung epithelium leading toward thrombo-
sis, necrosis, airway obstruction, respiratory disorder etc 
[13,14]. 
 
Thus cotton dust inhalation cause lung inflammation and 
necrosis with the degree of oxidative damage. It is ob-
served that occupational dust like cotton dust affects on 
large airways in early age and exposure period whereas 
involvement of small airways occurs as age and duration 
of exposure progresses. 
 
Nitric oxide (NO˙) is a known bronchodilator and a potent 
inhibitor of platelet adhesion and aggregation [15]. NO˙ 
has significant effect on vascular smooth muscle tone and 
blood pressure [16]. In the present study we found sig-

 
Sr. 
No. 

 
Parameter 

 
Healthy Controls 

 
Group I 

 
Group II 

 
Group III 

 

1. Serum MDA (nmol/ml) 1.83±0.30 2.40±0.13  
P<0.01 

2.54±0.24 
P<0.001 

2.58±0.12  
P<0.001 

2. Serum Nitric Oxide (Nitrite) 
(µmol/L) 

49.37±5.44 53.67±5.97 
P<0.01 

59.17±8.55 
P<0.001 

59.60±4.42  
P<0.001 

3. Superoxide dismutase 
(U/ml) 

218.29±27.16 201.93±33.67 
P>0.05 

187.89±41.31 
P<0.01 

165.31±27.9
1 P<0.001 

4. Glutathione peroxidase 
 (U/g Hb) 

63.40±3.89 64.50±4.71 
P>0.05 

58.33±7.77 
P<0.001 

57.69±4.46 
P<0.001 

5. Glutathione reductase  
(U/L) 

65.59±5.25 63.02±8.44  
P>0.05 

62.40±1.86 
P<0.01 

58.19±3.02 
P<0.001 

6. Blood Catalase  
(k/g Hb) 

315.06±29.77 289.79±28.64 
P<0.05 

275.04±14.57 
P<0.001 

265.16±15.1
9 P<0.001 

7. Plasma Total antioxidant 
status (mmol/L) 

2.05±0.02 1.94±0.15  
P<0.05 

1.69±0.25 
P<0.001 

1.67±0.08  
P<0.001 
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nificantly increased serum nitric oxide levels in all groups 
of cotton industry workers.    
 
Inhalation of cotton dust induce overproduction of nitric 
oxide in many ways viz. increased expression of iNOS, 
cytokines, activated macrophages etc. whose deleterious 
effect lead to inflammatory lung disorders resulting in 
respiratory distress syndrome [17]. 
 
Increased levels of nitric oxide cause loss of local vascu-
lar regulation, vasoconstriction and mechanical blockage 
of vessels, all cause a reduction in pulmonary vascular 
region [11,13,14].  
 
Macrophages and neutrophils which are capable of pro-
ducing nitric oxide and superoxide are likely the host of a 
very powerful deleterious radical i.e. peroxynitrite 
(ONOO˙) anion which is relatively long lived reactive 
species. In this way NO˙ may magnify superoxide toxicity 
remarkably [18]. 
 
Present study depicted significantly lowered SOD activity 
in group I & II cotton industry workers. The decrease was 
substantial with inclination in the occupational dust expo-
sure period in the study subjects as compared to non-
exposed controls. SOD is a free radical metabolizing en-
zyme, catalyzing dismutation of superoxide radical to 
H2O2. This protects cell membrane from damage by high-
ly reactive oxygen species [6]. The low activity of SOD in 
the study group could be due to inactivation of enzyme by 
cross linking or damage to DNA by lipid peroxidation 
induced by cotton dust exposure [19]. 
 
Statistically significant diminished levels of the glu-
tathione peroxidase and glutathione reductase activities 
were seen in group II & III cotton industry workers when 
compared to healthy controls. Glutathione peroxidase 
removes both H2O2 and lipid peroxide by catalyzing the 
conversion of lipid hydroperoxides to hydroxyl acids in 
the presence of reduced glutathione [6].  
 
Decrease in the activity of glutathione peroxidase in our 
investigation may be due to exhaustion of the enzyme by 
reactive oxygen species since oxidative damage to hemo-
globin and cell membrane has been reported to reduce the 
activity of glutathione peroxidase [20]. The decrease in 
glutathione peroxidase and glutathione reductase activity 
may also be due to depletion of glutathione synthesis, 
decreased concentration of NADPH which in turn results 
in the loss of homeostasis of glutathione redox cycle or 
profound depletion of plasma protein sulphydryl groups 
following dust exposure [21]. 
 
Significant decrease in the activity of catalase was seen in 
the cotton industry workers when compared to those of 
control subjects. The depletion of antioxidant- catalase in 

cotton dust exposure population, is probably secondary to 
oxidative damage. Since exposure to pollutants is associ-
ated with free radical mediated tissue damage, the anti-
oxidant should be in greater demand during dust expo-
sure. This decrease in the catalase activity could also in-
crease lipid peroxide due to overstress of singlet O2 and 
peroxyl radical which can crosslink with amino group of 
protein to form inter or intramolecular crosslinks thereby 
inactivating the enzyme [22]. 
 
Decreased levels of enzymatic and nonenzymatic antioxi-
dants might be the cause of reduced ability of plasma to 
withstand ROS which is perceived as significantly dimin-
ished total antioxidant capacity among cotton industry 
workers.  
 
Thus, it is evident from our study that cotton dust expo-
sure induces oxidative stress among textile industry 
workers. As duration of exposure is increased, the effect 
was enhanced. Long term exposure to cotton dust results 
in macrophage/neutrophil migration into the airspaces 
which generate ROS production by opsonization, thereaf-
ter appear to precede the increased lung permeability 
which reflects a loss of epithelial tight junction integrity. 
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