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Background and Purpose 

Cigarette smoking has been associated with the 
development of cardiovascular disease and cancer. 
Even though the molecular mechanism is not clear 
yet, it has been related to the oxygen free radicals. 
Thus, the main objective of this study was to es-
tablish the changes in the oxidation/antioxidation 
balance induced by cigarette smoking. 

Methods 

30 healthy subjects (15 smokers and 15 non 
smokers) of both genders were studied. The 
smokers group had smoked a mean of 14 cigaret-
tes per day during 4.5 years. Fasting serum levels 
of malondialdehyde (MDA), nitric oxide (NO), re-
duced glutathione (GSH) and vitamin C (ascorbic 
and dehydroascorbic acid) were measured.  

Results 

Fasting NO concentration was significantly hig-
her in smokers (51.3 ± 5.3 μM) than non-smokers 
(35.2 ±  4.8 μM, p<0.05). Smokers group showed 
significant high serum dehydroascorbic acid levels 
(2.4 ± 0.5 mg/dl, p<0.03) compared with non-
smokers (1.08 ± 0.08 mg/dl). No significant diffe-
rences were observed in ascorbic acids, MDA and 
GSH levels between both groups.

Conclusions 

Our results suggest that exposure to cigarette in-
creases the NO synthesis in response to cigarettes, 
so it may act in a compensatory way as an inhibitor 
of lipidic peroxidation; likewise, it activates other 
antioxidative mechanisms such as vitamin C. 

The two systems seem to be enough to avoid oxi-
dative damage and the accumulation of its pro-
ducts like MDA.  
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igarette smoking increases the risk 
of several types of cancer especially 
cancer of the lung1,2, mouth, larynx, 

esophagus, bladder, kidney, pancreas, and uterine 
cervix. Smoking also increases the risk of cardio-
vascular disease3, strokes and chronic lung dis-
ease. However, the mechanisms by which cigarette 
smoking contributes to vascular disease and can-
cer are not yet completely understood, although it 
has been related to oxygen free radicals4. Reactive 
oxygen species (ROS) and reactive nitrogen species 
(RNS) are now thought to play an important role in 
the onset of various vascular pathologies. 

Collectively, ROS refers to free radicals and oxi-
dants derived from one-electron reduction of mo-
lecular oxygen. These radicals are the following: 
superoxide (O2•–), hydrogen peroxide (H2O2), hy-
droxyl radicals (•OH), lipid peroxyl radical (LOO•), 
lipid hydroperoxides (LOOH), and aldehydes such 
as 4-hydroxynonenal (4-HNE)5. 

Superoxide (O2•–), the primary oxygen free radi-
cal produced by mitochondria, can be converted 
within the cell to hydrogen peroxide (H2O2) by the 
superoxide dismutases (SOD1, SOD2, and SOD3). 
H2O2 can react with reduced transition metals to 
produce the highly reactive hydroxyl radical (•OH), 
a far more damaging molecule to the cell. O2•– 
can also react with nitric oxide (NO) to generate 
cytotoxic peroxynitrite anions (ONOO–) which can 
lead to protein damage via the formation of nitro-
tyrosine and lipid oxidation6.   

Cigarette smoke contains high amounts of free 
radicals and other oxygen-derived species7. The 
toxic products resulting from both the direct and 
secondary reactions with cigarette smoke are 
thought to activate inflammatory immune respons-
es, which may themselves be altered by cigarette 
smoke constituents and play an influential role in 
smoking-related oxidative tissue damage8. 

To help detoxify ROS, biological antioxidants, in-
cluding glutathione, α-tocopherol (vitamin E), ca-
rotenoids, and ascorbic acid, will react with most 
oxidants. In addition, the antioxidant enzymes cat-
alase and glutathione peroxidase detoxify H2O2 by 
converting it to O2 and H2O. However, when ROS 
levels exceed the antioxidant capacity of a cell, a 
deleterious condition known as oxidative stress oc-
curs6. Thus, the purpose of this study was to deter-

mine malondialdehyde, NO, Vitamin C and reduced 
glutathione serum levels in smokers and  non-smok-
ers in order to evaluate changes in the oxidation/an-
tioxidation balance induced by cigarette.

Subjects
Thirty healthy volunteers (13 men and 17 women) 
were allocated to two groups: non-smoking (n=15, 
mean age 26.2 ± 2.2 years) and smoking (n=15, 
mean age 32.8 ± 2.2 years). Smoking status was 
ascertained by asking participants whether they 
were current smokers at the time of the interview 
and if they had smoked more than 100 cigarettes 
in their lifetime. Participants were classified as cur-
rent smokers if they answered “yes” to both ques-
tions, Participants who answered “no” to smok-
ing more than 100 cigarettes in their lifetime were 
classified as never smokers. These questions and 
classifications were identical to a smoking status 
measure used in a national survey9. The smokers 
had smoked a mean of 14 cigarettes per day dur-
ing 4.5 years. Distribution with regard to age, sex, 
weight was similar in both groups. Medical histo-
ries were recorded. Exclusion criteria included use 
of antioxidants (vitamin C, vitamin E, α-lipoic acid, 
ß-carotene, probucol, carvedilol, and iron chela-
tors) or prooxidants (primaquine and iron) within 
the last 3 months, asthma, respiratory infection 
within the 2 weeks preceding the study, BMI (Mass 
Body Index) <18,5 or >30 Kg/m2, diabetes, hyper-
tension, cardiovascular disease, stroke, transient 
ischemic attack, or chronic diseases involving the 
central nervous system and pregnancy.

Laboratory Methods
Metabolic parameters were evaluated in venous 
blood drawn after a 12-h over-night fast. Serum 
was obtained by centrifugation at 1,500g at room 
temperature for 10 min. Fasting glucose, triglycer-
ides, total cholesterol, HDL cholesterol, MDA, NO, 
ascorbic and dehydroascorbic acids and reduced 
glutathione were measured. Glucose, total choles-
terol and triglyceride levels were determined using 
an enzymatic colorimetric assay. The LDL and VLDL 
cholesterol concentrations were calculated using 
the Friedewald formula10. HDL cholesterol was 
quantified using a commercial kit (Human Gesell-
schaft für Biochemica und Diagnostica mbH). 

Markers of Oxidative Stress
MDA levels were measured through the forma-
tion of thiobarbituric acid-reactive substances 
(TBARS)11. NO levels were measure using a colori-
metric assay for determination of total nitrites12. 
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Ascorbic and dehydroascorbic acids levels were 
measured using Schwarz and Williams’ method13 
and reduced glutathione was determined with a 
colorimetric commercial kit (GSH-400 Assaytm, 
Oxis International Inc, Missouri, USA)14.

Statistical Analysis 
All results are expressed as means ± SE. Results 
of the subjects were analyzed using Students’t 
test and analysis of variance. Statistical analysis 
was performed using SPSS software for Windows 
version 12.0. Results were considered significant 
when the corresponding P value was <0.05.

Values are mean ± SE

Table 1. Baseline Characteristics of Smokers and Non-Smokers Subjects

                                                  Non-smokers                               Smokers

Age (years)                                         26.3 ± 2.2                            32.8 ± 2.4

N (men/women)                                15 (9/6)                                         15 (8/7)

Weight, Kg                                         62.8 ± 2.2                            65.4 ± 2.8

Height (cm)                                        167.6 ± 2.9                           169.3 ± 3.4

Fasting glucose, mg/dl                    81.1 ± 2.0                            87.6 ± 3.0

Total Cholesterol, mg/dl                   172.2 ± 5.4                           174.9 ± 6.0

Triglycerides, mg/dl                               87.9 ± 7.6                          106.7 ± 12.0

HDL-C, mg/dl                                         44.2 ± 1.8                            42.6 ± 2.5

LDL-C, mg/dl                                        103.0 ± 7.1                           110.2 ± 7.3

VLDL-C, mg/dl                             19.4 ± 2.0                             24.0 ± 3.3

he demographic and laboratory data 
of the smokers and non-smokers 
groups are shown in Table 1. There 

were no significant differences among these groups 
with respect to mean age, BMI, systolic and diastol-
ic blood pressure, fasting plasma glucose and lipid 
profile. As shown in Figure 1, there was no signifi-
cant difference between MDA serum concentration 
in smokers (1.75 ± 0.33 M) and non-smokers (1.03 
±  0.16 M). 

Nitric oxide concentration was significantly higher (p< 
0.05) in smokers (51.3 ± 5.3  M) when compared to 
non-smokers (35.2 ± 4.8 M) (Figure 2). As shown in 
Figure 3, a no significant difference was found in re-
duced glutathione concentrations between non-smok-
ers (293.0 ± 9.0 μg/ml) and smokers (309.1 ± 6.2 
μg/ml).  Smokers group showed significant high 
serum dehydroascorbic acid levels (2.4 ± 0.5 mg/dl, 
p< 0.03) compared with non-smokers (1.08 ± 0.08 

mg/dl) whereas there was no significant difference 
in ascorbic acid levels (smokers 0.9 ± 0.2 mg/dl and 
non-smokers 0.8 ± 0.1 mg/dl) (Figure 4). 

Non-smokers Smokers
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Figure 1. Basal serum malondialdehyde concentration 
in Smokers and non-smokers. NS: no significant difference
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Figure 3. Basal Glutathione Levels in smokers
and non-smokers NS: no significant difference

Figure 2. Basal serum nitric oxide concentration
in smokers and non-smokers p < 0.05

Figure 4. Basal serum ascorbic and dehydroascorbic levels in smokers 
and non-smokers. White columns represent non-smokers; black columns represent 
smokers. NS: no significant difference  p  <0.03

ur results suggest that in order to 
avoid the toxic effects of cigarette 
smoking, the organism activates 

some antioxidative defense mechanisms, demon-
strated by an NO increase and the depletion of Vi-
tamin C (evidenced by an increase of its oxidized 
form). These mechanisms prevent the accumula-
tion of cigarette free radicals and lipidic peroxida-
tion, and therefore the production of oxidative 
agents like MDA. Cigarette smoke is an exoge-
nous source of free radicals. There is evidence that 
proves that the polyphenols of cigarette smoke 
particulate phase are the main source of super-
oxide anion and hydrogen peroxide. In the other 
hand, the vapor phase contained a factor which 
produced •OH from H2O2 which was identified as 
carbonyl sulfide15. 

Nevertheless, cigarette increases NO synthesis, as 
demonstrated through cell culture studies that re-
port the presence of peroxynitrite, the product of 
the NO and O2μ¯ reaction16,17. NO synthesis can act 
on the isoforms of the inducible NO synthase, ex-
pressed in a wide variety of cell types in response 
to stimulation, including macrophages, monocytes, 
platelets, respiratory tract epithelial cells, among 
others. Cigarette acts as inductive stimuli mainly 
of the NOS 2 isoform of the NO synthase located 
in the epithelium of the air ways and in bronchoal-
veolar macrophages, probably in response to the 
amount of free radicals present, including O2 μ¯18. 
Nitric oxide is an unstable free radical that plays 
a critical role in the regulation of lipidic oxidation 
induced by reactive oxygen species (superoxide, 
hydrogen peroxide, peroxyl and hydroxyl radicals). 
NO in some cases stimulates lipidic oxidation and 
in other conditions mediates reactions that protect 
the membrane from oxidizing and inhibits lipidic 
peroxidation induced by O2 μ¯and peroxynitrite. 
This last reaction requires a higher rate of NO 
production. In other words, NO stimulates lipidic 
peroxidation when its production rate is lower or 
equivalent to superoxide production rate19,20,21. 

When NO production rate exceeds superoxide 
production rate, lipidic peroxidation is inhibited 
and, thus, the formation of reactive products with 
thiobarbituric acid, such as MDA. NO can act in a 
similar way to Vitamin E, as a possible inhibitor of 
free radical chain propagation reactions through a 
radical-radical reaction with cytotoxic species like 
peroxyl and alcohoxyl radicals. 
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Also, there is an extensive group of mechanisms 
that protect the organism in different places and 
against different types of free radicals. One of 
them is Vitamin C, a hydrosoluble vitamin and the 
first line of antioxidant defense in plasma, which is 
oxidized in the first 60 minutes of exposure to free 
radicals from exogenous sources, like cigarette, 
avoiding lipidic peroxidation22. Vitamin C is oxi-
dized first to ascorbyl radical and then to dehydro-
ascorbate, scavenging free radicals and preventing 
radical-induced damage of lipoproteins and other 
macromolecules. Since ascorbate is used during its 
antioxidative action and inhibits the initiation of 
peroxidation, it is considered a sacrificial and pre-
ventive antioxidant, respectively22,23.

Glutathione (GSH), another important antioxidant, is 
a defense mechanism against oxygen-derived toxic 
products that in presence of a selenium-dependent 
peroxidase, reduces H2O2. As a result, GSH is oxi-
dized to GSSG, which is rapidly reduced to GSH by 
an NADPH dependent reductase, creating a closed 
system24. However, in this study no significant modi-
fication of GSH levels was found in smokers.
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