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Abstract

Smoking has been involved as a significant risk factor for series and establishment of diseases. The aim of our
study to investigate smoking effects induced oxidative damage. We have chosen male students of Al-Iraqia
University and Tikrit University, aged 20-23 years. In our study we measured activity of Lactate Dehydrogenase
(LDH), Catalase (CAT), Superoxide Dismutase (SOD), and Glutathione Peroxidase (GXp). Our results showing that
the level of LDH in smokers were higher than nonsmokers ,and the levels of CAT was higher in group of
nonsmokers ,while SOD and GXp were higher significantly in non-smokers when comparison with smoker students.
Also we study the height, body weight, body mass index (BMI), and some of blood parameters red blood cells
(RBCs), White blood cells (WBCs), and hemoglobin (Hb). Results showing significant differences between smokers
and nonsmokers, all of these parameters were lower in smokers. These results perhaps indicate that smoker
students have oxidative stress and shortness in antioxidants defense system.
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Introduction
Smoking considers being wide public health problem, which

reached today to the level of global epidemical. It is a risk factor for
variety of disease (cardiovascular disease, stroke, chronic pulmonary
disease, Alzheimer's disease, Parkinson's disease) [1]. About more than
5 million people die from smoking related illnesses, as the report of
World Health Organization [2], this number will be doubled by 2025.
The main addictive component of smoke are Nicotine, Hydrogen
cyanide, Methanol, Butan and about more than 400 other chemicals.
These chemicals induced the rate of Reactive Oxygen Species (ROS),
which is a part of free radicals. Free radicals are highly unstable and
capable of undergoing complex interaction in biological system, make
oxidative stress, which occur when there are not enough antioxidant
molecules to counteract their side effects [3]. Antioxidant are natural
molecules in the biological system that scavenging free radicals or
protecting from its effects. They can be synthesized endogenously in
the body or determined by food intake [4].

Smoking is a rich source of oxidants. It has been considering the
main cause of increase production of (ROS) which may exceed the
capacity of antioxidants defense system [5].

Lactate dehydrogenase (LDH)
Lactate Dehydrogenase (LDH) is an enzyme required during the

process of turning sugar into energy for cells function. LDH is present
in much kind of organs and tissues within the body including: liver,
heart, pancreas, kidneys, skeletal muscles, lymph tissue, and blood

cells. When oxidative stress or oxidative damage occurs in the body,
LDH may release and raise its level in the blood [6]. High level of LDH
in the blood point to acute or chronic cell damage, abnormality LDH
low levels only rarely happened and usually are not consider as
harmful and the high level of LDH indicate a number of conditions
such as stroke, cancer, heart attack, blood flow deficiency, hemolytic
anemia, hepatitis, muscle injury and tissue death [7].

Catalase (CAT)
Catalase (CAT) is an antioxidant enzyme present in all aerobic

organisms. It's known to catalyze H2O2 into water and oxygen in an
energy efficient manner in the cell exposed to environmental stress.
Catalase is located in all major sites of Hydrogen peroxide (H2O2)
production in cellular environments such as peroxisomes,
mitochondria [8,9].

Superoxide dismutase (SOD)
Superoxide Dismutase (SOD) is metalloenzyme and one of the most

important antioxidative enzymes that catalyze dismutation of the
superoxide anion to molecular oxygen and hydrogen peroxide and
thus form a crucial part of the cellular antioxidant defense mechanism
[10]. The amount of SOD present intracellular and extracellular
environments is very important to prevention of the disease related to
oxidative stress [11]. SOD also appears to be important in prevention
of other neurodegenerative disorders such as Alzheimer's, Parkinson's
and Huntington's disease. The reaction catalyzed by SOD is extremely
fast and the presence of sufficient amount of the SOD in cells and
tissues typically keep the concentration of superoxide anion (O2) very
low [12].
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Glutathione peroxidase (GXp)
Glutathione Peroxidase (GXp) is one of enzyme family of

peroxidase activity whose main biological role is to protect the
organism from oxidative damage [9]. The biochemical function of GXp
is to reduce lipid hydro peroxides to their corresponding alcohols and
reduce free hydrogen peroxide to water. The main reaction that GXp
catalyzes is:

2GSH+H2O→ GS-GS+2H2O [13].

Materials and Methods

Samples
Our samples included 100 individuals selected without known bias,

divided into two group50 male smoking and 50 male nonsmoking
consider as control group. Samples age were 22-23 years, attending as
students to AL-Iraqia University and Tikrit University Iraq. Venous
blood samples were collected into tubes with heparin anticoagulants.
Blood samples store freezing until the day of used.

Determination of weight, height and body mass index
Data of weight, height, and body mass index were obtained during

collecting the samples of study.

Determination of blood components RBCs, WBCs, and Hb
Data of blood components were obtained after blood dropping

according to laboratory methods. Blood samples were assayed in Auto
Hematology Analyzer from Mindray Medical International Company
China.

Determination of blood LDH activity
Principle: The principle is based on the kinetic determination of the

lactate

Dehydrogenase according to the following reaction.

Pyruvate+NADH+H+ L-Lactate+NAD+

Procedure: To 2 μl of sample, 1000 μl of the reagent was added,
mixed and incubated for

10 minutes at 37°C. The absorbance of the sample was measured per
minute,

(ΔOD/min), during 3 min against de-ionized water at 340 nm. LDH

activity (U/l)=(ΔOD/min) × 8095

Determination of superoxide dismutase (SOD) activity in
blood

Blood SOD activity was determined according to the method of Mc
Cord and Fridovich [14] after removing the hemoglobin.

Procedure: 0.1 ml of the heparinised blood was haemolysed by 0.9
ml of cold water (4°C).

The haemolysate was treated with 0.25 ml of Chloroform (CHCl3)
and 0.5 ml of ethanol.

Vigorous mixing is done to remove the hemoglobin. The mixture
was centrifuged at 15000 rpm for 60 min. 0.025 ml of the clear

supernatant was used for the SOD assay as described in the section
3.2.6.6. The activity was expressed as U/g Hb.

Determination of catalase (CAT) activity in blood
Catalase activity in the blood was determined according to the

method of Aebi [15].

Procedure: Erythrocyte sediment was prepared from the
heparinised blood and washed 3 times with isotonic saline. A stock
haemolysate containing approximately 5 g Hb/dl were prepared. By the
addition of 4 parts by volume of distilled water a 1:500 dilution of this
concentrated haemolysate with sodium-potassium phosphate buffer
(0.05 M, pH 7) was prepared immediately before the assay. Reference
cuvette contained 1 ml of buffer and 2 ml of haemolysate and test
cuvette contained 2 ml distilled haemolysate. The reaction was started
by addition of 1 ml of H2O2 (30 mM in the buffer) to the test cuvette,
mix well and the decrease in extinction was measured at 240 nm for 1
min by 15 s Interval. Catalase activity was calculated using the formula
and expressed as k/g Hb, where k is a rate constant of 1st order
reaction. Catalase=2.3 × (log E1-log E2) × dil. Factor 15 × g Hb/ml of
blood=0.153 × 1000 × (log E1- log E2) g Hb/ml of blood.

Where E1 is E240 at t=0 and E2 is E240 at t=15 s.

Determination of glutathione peroxidase (GPx) activity in
blood

Glutathione peroxidase activity was determined according to the
method of Hafemann et al. [16].

Procedure: 0.02 ml of heparinised blood was treated with 0.1 ml of 5
mM GSH, 0.1 ml of 1.25 mM H2O2, 0.1 ml of 25 mM NaN3 and
phosphate buffer (0.05 mM, pH 7) in a total volume of 2.5 ml at 37°C
for 10 min. The reaction was stopped by adding 2 ml of 1.65 % H3PO3
and the reaction mixture was centrifuged at 1500 rpm for 10 min. 2 ml
of supernatant was used for the estimation according to the procedure
given under tissue GPx determination. The result was expressed as U/g
Hb.

Statistical analysis
Spss 20.0 program was used to process the data. Adopt to detect

when comparing data of two variables. Results were presented as the
Mean ± SD, in the case of p<0.05, and the analytic results showing
significantly statistical differences.

Results and Discussion
There were 50 student’s smokers and 50 students nonsmokers. The

characteristics of the subject study are shown in Figure 1 (Table 1).
Data are presented as mean ± SD. Results showing lowering significant
differences in body weight, height and BMI in group of smokers when
comparison with control group of nonsmokers.

Our results in Table 1 showed the differences of characteristics of
study subject which include age, body weight and height and body
mass index .Our results shown significant decrease in body weight,
height and BMI.

The effects of chronic nicotine administration on appetite
suppression, decreased food intake and leanness have been replicated
in many studies.
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Figure 1: Characteristics of subject studied.

We explained the reason of significant lowering of body weight, and
BMI in smokers group to the effect of smoking chemicals within
smoke on the appetite regulation center of the hypothalamus [17].
Other reason may return to the behavioral factors, which appear to be
strong relationship between smoking habits, lifestyle, body weight,
BMI and number of cigarette smoking per day [18]. Significant
decrease in body weight and BMI of smokers group in our study is
consistent with explained by the observations in several studies
[18-21]. Our results disagree with the results of [22], which refers to
significant increasing in body weight and BMI in smoker’s comparison
with nonsmokers. Also may the decreased in body weight and BMI
happened as a results of increase the metabolic rate [23]. Other why of
this result may to the increase of would generate of free radicals in
tissues because of increasing lipid peroxidation by smoking [24].

parameters Group of smokers Group of non-smokers

Age (years) 22.68 ± 3.71a 23.12 ± 4.16a

Body weight (Kg) 58.19 ± 10.12a 61.32 ± 11.56b

Height (m) 1.57 ± 0.09a 1.62 ± 0.07b

BMI 20.54 ± 3.71a 23.13 ± 4.16b

N=50, ± mean SD, (a,b) refers to significant differences , P<0.05

Table 1: Characteristics of subject studied.

Differences between RBCs, WBCs, and Hb
The results we obtained showing increasing significant in Hb and

WBCs in group of smokers when comparison with nonsmokers. RBCs
showing no difference in both group smokers and nonsmokers.

Result of our study for blood components include Red blood
corpuscles (RBCs), White Blood Cells (WBCs) and Hemoglobin (Hb),
are shown in Table 2, as comparable between smokers and
nonsmokers.

In smokers group we observed significantly increased in WBCs, Hb,
and no significantly change in RBCs. There are many studies
supporting the role of free radicals generated by smoking which have
deleterious effects on hematological parameters which causing
oxidative stress (Figure 2) [25-27].

Figure 2: Blood components result.

Increasing significantly in WBCs may return to the role of oxidative
status result of smoking, as well as the significant increase in Hb, in
smokers with respect to nonsmokers. Our explaining independent on
the fact of smoke inhalation through Lung into the blood stream, it
actually reacts with the hemoglobin in RBCs forming a stable
coordinated complex, CO interferes with the content of Hb in blood
[26]. In specific, our results showed no significant differences
statistically in RBCs in both group smokers and nonsmokers. Our
results agreed with the results [21,27]. Also, we agreed practically with
the results of [28], about WBCs and Hb, but disagree with RBCs
results.

Group of non-smokers Group of smokers parameters

6.71 ± 1.41b 7.23 ± 1.43a WBCs

4.46 ± 0.58a 4.81± 0.52a RBCs

10.6 ± 1.41a 15.5 ± 1.2b Hb (g/dl)

N=50, ± mean SD, (a,b) refers to significant differences , P<0.05.

Table 2: Blood components result.

Antioxidant enzymes
Results in Figure 3 (Table 3) are showing the antioxidant enzymes

concentration (LDH, CAT, SOD and GXp). According to the results,
LDH was showing significantly increasing in smokers comparable with
nonsmokers while all of CAT, SOD and GXp were decreased
significantly in smokers comparable with nonsmokers.

Our results in Figure 3 (Table 3) showed the antioxidants enzymes
Lactate Dehydrogenase (LDH), Catalase (CAT), Superoxide dismutase
(SOD) and Glutathione peroxidase (GXp) in both of smokers and
nonsmokers group.

Our study findings showed significantly increasing in LDH level of
smoker’s group comparison with nonsmokers group. Lactate
dehydrogenase enzyme is found in almost every tissue in the body and
its level increase in blood in many tissues damage pathological
disorders.
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Figure 3: Antioxidant enzymes (LDH, CAT, SOD and GXp)
concentration.

Group of smokers Group of non-smokers parameters

190.5 ± 1.9b 231.3 ± 6.5a LDH, U/L

9.6 ± 1.3b 6.4 ± 1.4a CAT, U/L

4.9 ± 1.2b 5.8 ± 1.3a SOD, U/L

0.46 ± 0.12b 1.51 ± 0.10a GXp, U/L

N=50, ± mean SD, (a,b) refers to significant differences , P<0.05.

Table 3: Antioxidant enzymes (LDH, CAT, SOD and GXp)
concentration

We think that the reasons for elevated of LDH significantly due to
the smoke chemicals compounds may affect the respiratory tract as
well as all of the cells in respiratory system [29]. The increased of LDH
considered as indicator of cell necrosis or tissues damage or may be
attributed on the smoking induced cell damage anywhere in the body,
which may leak cellular contents along with LDH into serum [30].
Elevated of LDH levels is usually considered to reflect cell damage, and
this is agree with the bad effect of smoking in generated free radicals
and oxidative stress in cell which lead to release more of LDH to the
blood stream by cell injury [31]. In the other hand, LDH is a
ubiquitous medically significant enzyme, which exists in five isoforms
compound. Interestingly the isozyme of LDH profile found in serum
and saliva and both of them will be in contact and affected by smoke
chemical compounds [32]. Our results appear to approve many other
studies findings, about the role of smoking in increase LDH level in
blood stream [33,34]. Similar studies have observed increased level of
LDH in blood of smokers [35]. We think there is another reason help
in explaining the higher LDH level, which is the ability of smoke
compounds to generate free radicals and oxidative stress in many cell
and tissues of the body [29]. In other hand, we suggested that the
decreased in CAT level in smokers group due to accumulation of
hydrogen peroxide, which inhibit this enzyme or alter enzymatic
conformation. Also this decreased CAT activity could be due to
inactivation of CAT by the cross linking or the impairment of nitric
oxide (NO) synthase, which can bind reversible to ferric iron and
inhibiting afterwards CAT activity [36-38]. Our findings about CAT
activity were disagreeing with previous results [39], which observed
increased level of CAT significantly in smokers. Our observation about

CAT, SOD and GXp confirm the results of many studies [40]. Our
result disagrees with other studies [41], which observed that about
SOD and GXp, which decreased in group of smokers as compared to
nonsmokers. The significantly differences of oxidative enzymes levels
CAT, SOD and GXp may be due to nicotine increased generation of
superoxide anion and hydrogen peroxide, which in turn results in
generation of hydroxyl free radicals. Generation of these free radicals
have been shown to participate in many toxic reaction and increased
production of superoxide and hydrogen peroxide may cause
deleterious injury to alveolar macrophages by causing release of
proteolytic enzymes [42].

Our results in Figure 3 showed significantly lowering in Catalase
(CAT) levels in blood of smokers group when comparable with
nonsmokers. Enzymes may take form of free radicals scavengers such
as CAT, SOD, and GXp in smokers the obligatory use of reserve
antioxidant to detoxify the excess free radicals, result in alternation of
the levels of different antioxidants enzymes [43]. We have
demonstrated the activity of CAT was significantly lowering in
smokers than nonsmokers and this result may be due to structural
features of CAT or environmental factors, increased of SOD and GXp
levels were occurred as a result of increase lipid peroxidation [44]. In
normal conditions CAT, SOD and GXp consider are among most
important antioxidants enzymes as free radical scavengers. In our
study, we investigated and compared these enzymes concentration in
blood in group of smokers and nonsmokers. We have demonstrated
the SOD and GXp activity, which were significantly higher in smokers
than nonsmokers. This observation suggests oxidative stress induction
following smoking [45]. Our results were similar to finding in some of
studies [46,47], differences the activity of these enzymes have been
reported. We think that the damage caused by ROS of smoking occur
as consequence of imbalance between the generation and
detoxification of these species, defense against oxidative stress is
provided by oxidative enzymes such as CAT, SOD and GXp which are
the first line of cellular defense against oxidative damage [49-51].

Conclusion
The present study evaluated the effect of smoking on serum

antioxidants (LDH, CAT, SOD and GXp). The study group was
classified based on age and heavy smoking consumed per day to
evaluate the harmful effects of smoking on the serum levels of
antioxidant enzymes and resultant oxidative stress. The result showed a
significant decreasing and increasing in serum antioxidants enzymes
concentrations when compared to the control group of nonsmoker.
This study also highlights the effects of smoking at a young age,
suggesting a progressive depletion and a sequential accumulation of
antioxidants. Conclusively, smoking depletes many serum antioxidants
required to scavenge excess free radicals, thus increasing the rate of
lipid peroxidation.

Recommendations
Efforts should be made to increase the number of future studies on

the relations between heavy smoking and their effects on antioxidants
defense in the body, to assess the relationship between smoking and its
harmful effects.
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