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ABSTRACT
Objective: Exposure to electronic cigarette smoke causes an increase of free radicals. Physiologically, the body produces antioxidant superoxide
dismutase to neutralize the free radicals. However, an excessive increase of the free radicals will result in an imbalance between the amount of free
radicals and antioxidants. The free radicals in the body can trigger lipid peroxidation so that it will result in oxidative stress causing cell damage.
Malondialdehyde increase is a marker of oxidative stress in the body. The aim of this research is to understand the changes and the relationship
between levels of superoxide dismutase and malondialdehyde in the blood due to exposure to electronic cigarette smoke.
Methods: This research is an experimental study using male Wistar rats as experimental animal models. In the study, the exposure to electronic
cigarette smoke with different duration of administration was carried out. Next, blood samples were taken to check the levels of superoxide
dismutase and malondialdehyde.
Results: The results showed a difference in antioxidant levels between antioxidant Superoxide Dismutase and malondialdehyde (p<0.05).
Meanwhile the relationship between the two groups showed a strong (r = 0.893) and significant (p = 0.000) relationship.
Conclusion: The exposure to electronic cigarette smoke can reduce the level of antioxidant superoxide dismutase and increase the level of malondialdehyde
in blood. In addition, changes in the levels of antioxidant superoxide dismutase and malondialdehyde had a strong and significant relationship.
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INTRODUCTION
Electronic cigarettes have become one of the alternative products as a
substitute for tobacco cigarettes. Electronic cigarettes are claimed by
most people to be safer than the tobacco cigarettes. Furthermore, intense
promotion has increasingly accelerated the use of electronic cigarettes in
public [1]. In 2016, the use of electronic cigarettes in America had
reached 4.3% among middle school children and 11.3% among high
school children [2]. Besides, one-third of teenagers in America consider
electronic cigarettes to be less dangerous than the tobacco cigarettes [3].
The usage prevalence of electronic cigarettes in several countries in Asia
is smaller, such as in China (3.1%), in Taiwan (3%), and in Hong Kong
(2.3%). This is due to the less aggressive promotion of electronic
cigarettes compared to the one in the Western countries [4].
Various studies have shown the dangers posed by the exposure to
cigarette smoke. The electronic cigarettes contain harmful substances
just as the ones in the tobacco cigarettes [5]. The exposure to electronic
cigarette smoke entering the airways can be dangerous for lung tissues
[6]. It will trigger an increase of free radicals in the body. These free
radicals bind to oxygen and form Reactive Oxygen Species (ROS) [7]. One
type of Reactive Oxygen Species (ROS) that is harmful to the body is
superoxide radical (O2⦁). The free radical can be neutralized through an
enzymatic antioxidant, namely Superoxide Dismutase. Moreover,
Superoxide Dismutase can also serve as an anti-inflammatory and
prevent pre-cancerous cell changes[8]. Unfortunately, an increase in
excessive free radicals in the body will cause a disruption of the balance
between the amounts of antioxidants in the body, so that it can lead to
oxidative stress. This reaction will cause lipid peroxidation, resulting in
cell damage [9]. The result of lipid peroxidation is malondialdehyde
which is often used as a parameter to measure the increase of free
radicals in the body [10].
Reactive Oxygen Species (ROS) does not only have negative impacts
on the body, because the production of Reactive Oxygen Species

(ROS) at the physiological level will function to fight pathogen
invasion and induce immune responses against the effects of
pathogens; but also positive impacts since it increases cellular
activities, induces enzymes, maintains chemical balance and controls
hormone levels. Thus, the amount of free radicals in the body should
not be either too high or too low [11].
The exposure to electronic cigarette smoke has bad impacts on
airways. Even a 5-minute exposure to electronic cigarette smoke can
already cause airway disorders [12]. Moreover, an increase in free
radicals due to the exposure to electronic cigarette smoke can also
lead to various diseases such as Chronic Obstructive Pulmonary
Disease (COPD), Asthma and various types of respiratory disorders
[13, 14]. Therefore, this study will observe the effect of giving
exposure to electronic cigarette smoke on the levels of antioxidant
superoxide dismutase and malondialdehyde in blood with different
time periods. Hence, this study can describe the harmful effects of
free radicals of electronic cigarette smoke.
MATERIALS AND METHODS
This research is an experimental study using a post-test control
group design. The study was conducted for 4 w in 1 February 201911 March 2019 and the intervention time was adjusted. The
research sample was male Wistar rats (Rattus novergicus). The
study was divided into 6 groups with different time exposure to
electronic cigarrete smoke for each group. The provided exposure to
electronic cigarrete was done for 5 min each time the intervention
was given. What made the difference for each group was the
administration and the duration every week.
Rats
Male Wistar rats aged 2–3 mo weighing 150–200 grams were used
as experimental animal models. Macroscopically, there were no
abnormalities found. The rats were also never been subjects of any
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research. Before administering the intervention, the experimental
animal models were the first subject to laboratory adaptation for 5
d. The research was conducted in the Laboratory of the Faculty of
Medicine, Universitas Airlangga. Each group was given the same
amount of exposure period, but the selenium administration was
done in different times.

intensity was measured at 535 nm or with fluorescence intensity at
560 nm/585 nm which was directly proportional to the
concentration of TBARS in the sample.
Research implementation
The first group was the negative control group where the
experimental animal models were not given any intervention for 4
w. The second group was the treatment group I where the
experimental animal models were intervened by exposure to
electronic cigarette smoke once for 5 min per day for 1 w. The third
group was the treatment group II where the experimental animal
models were given intervention in exposure to electronic cigarette
smoke twice for 5 min per day for 1 w. The fourth group was the
treatment group III where the experimental animal models were
intervened by exposure to electronic cigarette smoke 1 time 5 min
per day for 2 w. The fifth group was the IV treatment group where
the experimental animal models were given intervention in
exposure to electronic cigarette smoke twice for 5 min per day for 2
w. The sixth group was the treatment group V where the
experimental animal models were intervened by exposure to
electronic cigarette smoke once for 5 min per day for 3 w.

Sample size
The calculation of the replication sample size was used to compare
the treatment groups.

The result of minimum sample calculation used in this study was 5
male Wistar rats in each group.
E-cigarette
The used solution of electronic cigarettes contained 6 mg of nicotine.
The room of exposure to electronic cigarette smoke was 50 cm x 40
cm x 20 cm in size. The room was passed by a pipe draining
electronic cigarette smoke. The exposure administration to cigarette
smoke was adjusted for the administration duration as planned in
this study.

Statistics
The collected data underwent statistical testing using ANOVA
analysis with SPSS version 20 to see differences in the levels of
superoxide dismutase and malondialdehyde in the blood of all
groups. Next, the Least Significant Difference (LSD) test was
conducted to compare between the groups. In addition, a correlation
test was performed to understand the relationship between the two
groups.

Measurement of superoxide dismutase level in the blood
The measurement of Superoxide Dismutase level in blood was
carried out using an Enzyme-Linked Immuno sorbent Assay (ELISA)
Kit which can be applied in the quantitative in vitro determination of
Rat SOD1 concentration in serum, plasma and other biological fluids.
The ELISA kit uses the Competitive-ELISA method. The kit had been
coated with Rat SOD1 as a specific antibody. Color changes were
measured by spectrophotometry at a wavelength of 450 nm±2 nm.
The Rat SOD 1 concentration in the sample was then determined by
comparing the sample OD to the standard curve.

RESULTS
The results of the study were obtained by comparing the levels of
superoxide dismutase and malondialdehyde in each group. Based on
table 1, the mean values and differences in Superoxide Dismutase
level in each group can be seen. These results showed a decrease in
antioxidant level in each group which was inversely proportional to
the time duration of exposure administration to the electronic
cigarette smoke. In the group, I, the antioxidant Superoxide
Dismutase value reached 5.64±0.12, which was the highest average
value in all groups. Meanwhile, the lowest mean value was obtained
in group VI reaching 0.87±0.05.

Measurement of malondialdehyde level in the blood
The measurement of malondialdehyde level in blood was carried out
using Thiobarbituric Acid Reactive Substance (TBARS) Assay. The
test was directly and accurately carried out to detect using the
Bioassay System based on the reaction of TBARS with Thiobarbituric
Acid (TBA) in forming a pink product or compound. The color

Table 1: The mean value and ANOVA test for superoxide dismutase (SOD) in each group
I
II
III
IV
V
VI

Groups
Control Group
Treatment Group I
Treatment Group II
Treatment Group III
Treatment Group IV
Treatment Group V

mean±SD
5,64±0,12
4,35±0,07
2,92±0,08
2,3±0,06
1,49±0,07
0,87±0,05

The results of ANOVA analysis on Superoxide Dismutase level
showed differences in Superoxide Dismutase level in various
groups (p = 0,000). It was then analyzed using the Least Significant
Difference (LSD) test to see differences in Superoxide Dismutase

P Value
0,000

level between the groups (table 2). Based on table 2, there are
significant differences (p<0.005) in Superoxide Dismutase level
between the negative control group and all of the treatment
groups.

Table 2: Least significant difference (LSD) test results on superoxide dismutase (SOD) levels in each group
Groups
I
II
III
IV
V
VI

I
0,000
0,000
0,000
0,000
0,000

II
0,000
0,000
0,000
0,000

III
0,000
0,000
0,000

IV
0,000
0,000

V
0,000

VI
-

Based on table 3, it was shown that the average value of the malondialdehyde level was directly proportional to the duration of exposure to
cigarette smoke. In group I, the malondialdehyde level reached the lowest value of 0.0144±0.0008, while the highest value was found in group VI
which was 0.1444±0.0037.

14

Suryadinata et al.
Int J Curr Pharm Res, Vol 11, Issue 3, 13-16
Table 3: The mean value and ANOVA test for malondialdehyde (MDA) in each group
Groups
Control Group
Treatment Group I
Treatment Group II
Treatment Group III
Treatment Group IV
Treatment Group V

I
II
III
IV
V
VI

mean±SD
0,0144±0,0008
0,0282±0,0013
0,0412±0,0020
0,0590±0,0037
0,0942±0,0040
0,1444±0,0037

The ANOVA analysis of malondialdehyde level showed
differences in malondialdehyde level in various groups (p =
0,000). Next, it was analyzed using the Least Significant
Difference (LSD) test to see differences in malondialdehyde level

P Value
0,000

between the groups (table 4). Based on table 4, there were
significant differences (p<0.005) in the malondialdehyde level
between the negative control group and all of the treatment
groups.

Table 4: Least significant difference (LSD) test results on malondialdehyde (MDA) levels in each group
Groups
I
II
III
IV
V
VI

I
0,002
0,000
0,000
0,000
0,000

II
0,003
0,000
0,000
0,000

III
0,000
0,000
0,000

IV
0,000
0,000

V
0,000

VI
-

The results of the correlation test analysis showed that there was a strong correlation between Superoxide Dismutase level and Malondialdehyde
Level (r = 0.893). In addition, the two groups had a significant relationship (p<0.05) (table 5).

Table 5: Test results correlation between superoxide dismutase levels and malondialdehyde levels between groups
Variable
Superoxide Dismutase Level
Levels of malondialdehyde

Correlation value
0,893

P value
0,000

DISCUSSION
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The exposure to electronic cigarette smoke entering the airways will
reduce the level of antioxidant superoxide dismutase and increase
the level of malondialdehyde in blood. This is because the exposure
to electronic cigarette smoke contains various kinds of hazardous
chemicals having impacts on an increase of free radicals in the
airways [15]. Superoxide radicals entering the airways will be
directly neutralized by the antioxidant superoxide dismutase [10].
However, the excessive increase of superoxide radicals will cause a
decrease in the body's antioxidant levels. Furthermore, an increase
in malondialdehyde level also shows an increase in lipid
peroxidation triggered by an increase in free radicals which is
imbalanced of an increase in antioxidant level in the blood [16].
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The free radicals that are still reactive will directly react with cell
membranes. This will cause damage to cells in the airways and
increase the inflammatory reaction. This process will impact on the
existence of airway obstruction so that it can trigger acute
exacerbations [17, 18]. Antioxidant enhancement can be done
through food intake as a means to increase exogenous antioxidant
levels. The recommended sources of vitamins for antioxidant
enhancement are Vitamin A, C, D, and E in the food or supplement
forms. This can affect the reduction of free radicals, so that cell
damage can be prevented [19, 20].
This research shows that the electronic cigarette can increase the free
radicals in blood just like the tobacco cigarette does. Moreover, it also
decreases the level of superoxide dismutase. Thus, it can be stated that
electronic cigarettes will have bad impacts on health [21, 22].
CONCLUSION
The exposure to electronic cigarette smoke can reduce the level
antioxidant superoxide dismutase and increase the level
malondialdehyde in blood. In addition, changes in the levels
antioxidant superoxide dismutase and malondialdehyde had
strong and significant relationship.
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