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Abstract 

 

Objectives: To explore the effect of cigarette smoking on lipid peroxidation induced oxidative stress and antioxidants 

in normal subjects living at Baghdad city- Iraq.  

Methods: A case-control study was conducted at Chemistry and Biochemistry Department, College of Medicine, Al-

Nahrain University, Baghdad- Iraq in the period from June 2011 to April 2012. The study included 40 smokers who had 

been smoking for more than one year and 42 non-smokers healthy volunteers. Malondialdehyde, glutathione and 

superoxide dismutase were measure spectrophotometrically.  

Results: The plasma malondialdehyde level was significantly (p< 0.05) increased in smokers compared with non-

smokers (0.75±0.17 nmole/mL and 0.69±0.12 nmole/mL) respectively, on the other hand the plasma superoxide 

dismutase and glutathione were decreased non-significantly in smokers (0.61±0.21 U/mL and 0.44±0.22 mM) 

respectively compared with those for non-smokers (0.66±0.41 U/mL and 0.50±0.165 mM) respectively.  

Conclusion: Our study suggests that smoking induces lipid peroxidation with balanced antioxidant status. 
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1 Introduction 

Smoking is today provenly recognized as lethally toxic to human system as each cigarette tears away 7-11 minutes of 

human life [1, 2]. Presently about 1 billion males and 250 million females smoke cigarette/ bidi and about 5 million 

people die every year from tobacco induced toxicity and unless drastically effective measures are taken the figure is 

expected to double by 2025[1]. 

Cigarette smoke contains numerous compounds, many of which are oxidants and prooxidants, capable of producing free 

radicals and enhancing the oxidative stress [3]. Cigarette smoke is a complex mixture of over 7000 chemical 

compounds [4, 5]. Each puff of cigarette smoke contains 1014-16 Reactive oxygen species (ROS) like superoxide (O2•), 

hydrogen peroxide (H2O2), hydroxyl (OH•) and peroxyl (ROO•˙) radicals [4]. Free radicals are highly reactive 

molecules generated by biochemical redox reactions that occur as a part of normal cell metabolism. The human body 

has an inherent synergistic and multilevel defense mechanism, which comprise of two major classes of cellular 

protection against ROS. Free radical scavenger enzymes namely SOD, CAT and GPx represent the enzymatic part. The 

non-enzymatic part includes a large number of natural and synthetic antioxidant compounds (GSH and vitamins) that 

have the ability to inhibit oxidative stress by scavenging the highly destructive free radicals. The deleterious effects of 

the free radicals are kept under check by a delicate balance between the rate of their production and the rate of their 

elimination by these defense systems. When there is an excessive addition of free radicals from exogenous sources 

added to the endogenous production, the available tissue defense system becomes overwhelmed resulting in oxidative 

damage to the tissues [6]. 

Superoxide dismutase (SOD) is the first enzyme in antioxidant defense that scavenges superoxide radicals to form 

hydrogen peroxide and hence diminishes the toxic effects of the radical. Decreased activity of SOD has been reported in 

many pathological conditions [6].  

Glutathione (GSH), a widely distributed cellular reductant is a metabolic regulator and putative indicator of health. 

Blood glutathione levels are believed to be predictors of morbidity and mortality [6]. GSH plays a key role in protecting 

cells against electrophiles and free radicals.  
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GSH can act directly as a free radical scavenger by neutralizing hydroxyl radicals, or indirectly by repairing initial 

damage to macromolecules inflicted by hydroxyl radicals. It is essential in the maintenance of protein and non-protein 

SH group in reduced form [6]. Smoking induced depletion of GSH level has also been reported [6]. 

This study was aimed toward the evaluation of the effect of cigarette smoking on lipid peroxidation and antioxidant 

status in smoker and non-smoker individuals in Iraq at Baghdad city.  

 

2 Subjects and Methods 

The present study was carried out at the department of Chemistry and Biochemistry, College of Medicine, Al-Nahrain 

University, Baghdad, Iraq, in the period from June-2011 to April-2012. This study was approved by the Ethical 

Committee of Al-Nahrain Medical College, Baghdad, Iraq. 

A total of 82 male subjects were included, 40 were individuals who had been smoking cigarettes for more than one year, 

and 42 were age-matched non-smokers who acted as the controls. All subjects were in the age group of 19-51 years, and 

were healthy with no evidence of any chronic respiratory disease like asthma, tuberculosis, diabetes mellitus, chronic 

hepatitis or renal diseases. 

A questionnaire was offered to the subjects to obtain information regarding their smoking history, marital status, and 

education, occupation, drinking habits, vitamin/mineral supplement and drug consumption. The eligibility criteria 

regarding smoking status were as follows: smokers were eligible if they smoked ≥1 cigarette per day. Non-smokers 

were eligible if they had not smoked cigarettes for the last one year and had not been exposed to tobacco smoke at all. 

Subjects who had been were excluded. Exclusion criteria for participation in the study also included an intake of alcohol 

or tobacco in the past one year. 

A blood sample was collected from each subject by using lithium heparin as an anticoagulant. The blood samples were 

immediately centrifuged at 2000g for 5 minutes (4°C) and plasma was separated and processed for the following 

analyses. 

 

2.1   Superoxide dismutase (SOD) determination 

 
Superoxide dismutase enzyme activity was measured using the rate of inhibition of 2-(4-indophenyl)-(4-nitrophenol)-5-

phenyltetrazolium chloride reduction method (modified method of Sun et al [7]) using SOD- Randox company kit. One 

unit of SOD activity was defined as the amount of protein that inhibits the rate of 2-(4-indophenyl)-(4-nitrophenol)-5-

phenyltetrazolium chloride reduction by 50%. 

 

2.2   Malondialdehyde (MDA) determination  

 
MDA levels were determined by the method of Draper and Hadley [8] based on the reaction of MDA with 

thiobarbituric acid (TBA) at 95°C. In the TBA test reaction, MDA and TBA react to form a pink pigment with an 

absorption maximum at 532nm. 

 

2.3   GSH determination 

 
The measurement of glutathione is based on the reaction of aliphatic thiol compounds with 5, 5'-dithiobis (2-

nitrobenzoic acid) (DTNB) at PH 8 [9].   

The results are reported as mean ±SD. The statistical analysis was done with SPSS 10 version software. Independent 

sample "t" test and Pearson's correlation coefficient (r) were calculated wherever applicable and for all measurements 

the p value of less than 0.05 was considered statistically significant.  

 

3 Results 

Age, body mass index (BMI), number of cigarettes smoked per day, smoking period, systolic and diastolic blood 

pressures in smokers and non-smokers are given in table (1). 
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Table 1: Characteristics of participants 

Parameters Smokers n=40 

mean±SD 

Non-smokers n=42 

mean±SD 

P-value 

Age (year) 31.23±7.92 29.17±8.77 > 0.05 

BMI (kg/m2) 27.27±3.96 25.89±3.85 < 0.05 

No. of cig./day 25.68±12.76 -  

Smoking period (year) 10.44±6.78 -  

Systolic blood  

pressure (mm Hg) 

141±5 123±3 < 0.05 

Diastolic blood  

pressure (mm Hg) 

92±4 81±2 < 0.05 

 

The BMI and systolic and diastolic blood pressures were significantly different between smokers and non-smokers.  

The glutathione, superoxide dismutase and malondialdehyde levels in smokers and non-smokers individuals were listed 

in table (2). 

 
Table 2: Biochemical parameters 

Parameters Smokers n=40 

mean±SD 

Non-smokers n=42 

mean±SD 

P-value 

GSH (mM) 0.44±0.22 0.50±0.165 > 0.05 

SOD (U/mL) 0.61±0.21 0.66±0.41 > 0.05 

MDA (nmol/mL) 0.75±0.17 0.69±0.12 < 0.05 

 

The relationship between glutathione and superoxide dismutase with malondialdehyde levels in smokers is given in 

table (3). 

 
Table 3: Pearson's correlation coefficients in smokers 

Parameters Pearson's correlation coefficient (r) P-value 

GSH vs. MDA -0.26 < 0.05 

SOD vs. MDA -0.34 < 0.05 

 

4 Discussion 

Cigarette smoking is a serious health problem and most avoidable causes of death in the world. The results in this study 

illustrates that there were no significant differences in BMI between smokers and non-smokers. Also, it shows that 

systolic and diastolic blood pressures were significantly higher in cigarette smokers than in non-smokers. 

In our study results are similar to studies conducted in other countries [10, 11, 12]. Some studies have reported that 

smokers have poorer dietary habits and consume significantly ascorbic acid than non-smokers [13], which may be the 

reason for increase risk of oxidative stress. Analysis of thiobarbituric acid reactive substances (TBARS) in plasma is a 

widely used method for the evaluation of lipid peroxidation [6].  

Regarding to the results in this study, the extent of lipid peroxidation was found to be higher in smokers than in non-

smokers, as shown by the significantly higher levels of plasma MDA(P<0.05) (Table 2), these results are consistent 

with previous studies [6,18] . Also the data confirms that cigarette smoking is associated with decreased GSH and SOD 

levels non-significantly (P > 0.05), which suggests that with an increase in oxidative stress, there is a corresponding 

proportionate decrease in the antioxidant defense system, (Table 2). 

Cigarette smoke is known to stimulate the alveolar macrophages (AMs) to release excessive levels of free radicals, 

which are believed to play a role in the development of chronic bronchitis, emphysema and inflammatory diseases [14]. 

In conclusion it was found that smokers have higher plasma concentrations of MDA compared with nonsmokers inspite 

of balanced antioxidant profile. This suggests that the observed increase in plasma MDA was induced by smoking per 

se. While poor antioxidant status presumably also affects lipid peroxidation as shown in several previous studies, the 

present study shows that it is only partly responsible for the increased level found in smokers in general. The data on 

antioxidant status in smokers are still more variable and conflicting. Risal et al [15] did not find any difference in 

plasma TBARS levels between smokers and never-smokers. In the same way to our observations, several workers have 

noted raised OS in smokers [16-19]. Jain et al [17] examined the TBARS levels in bidi smokers and noted that the 

TBARS levels were about two times and four times more in mild smokers and heavy smokers respectively. Notably, 

Lykkesfeldt et al [18] observed high plasma MDA levels in smokers, inspite of balanced antioxidant status. Yang et al 
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[19] noted stimulated secretion of pro-inflammatory cytokines in lungs in smokers and attributed it to smoke induced 

OS. There is still another group which has noted lower OS in smokers [20, 21]. Pearson's correlation coefficients 

presented in table 3 gives high significant and negative relationship between glutathione and superoxide dismutase 

levels with malondialdehyde (r= - 0.26; r= - 0.34) respectively. This finding was in accordance with that reported 

previously [1]. In conclusion, the data of this study indicate that there is a significant increase in lipid peroxidation level 

and at the same time non-significant decrease of superoxide dismutase and glutathione levels. 
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