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Abstract
Background: Most people believe that electric cigarettes have

no negative effect on health, which causes them to use it more.
However, exposure to the smoke from these cigarettes is bad for
the health and causes cell damage. Antioxidants play an important
role in preventing cell damage, and they can be obtained through
the oral administration of selenomethionine. 

Design and methods: This study used an experimental method
and a post-test control group design. Male Wistar rats, which were
exposed to cigarette smoke were given selenomethionine orally
and then tested for the presence of free radicals. The measurement
of lung tissue damage was conducted by assessing the level of
malondialdehyde in the blood and immunohistochemistry (IHC)
of the lung tissue. 

Result: The study showed that differences in the time of
administration of selenomethionine affect the levels of malondi-
aldehyde in the blood and expression of malondialdehyde in the
lung tissue (p<0.05). Consequently, the two groups showed a
strong (r=0.861) and significant (p=0.000) relationship with each
other. 

Conclusion: The early application of selenomethionine can
prevent increased levels of malondialdehyde in the blood and lung
tissue due to exposure to e-cigarette smoke.

Introduction
The use of electric cigarettes has increased in many countries

due to the rising popularity and its alleged benefits.1 The main rea-
sons for using electric cigarettes are that they reduce the dependence
of tobacco cigarettes, they are safer for smokers, and the smoke
emitted does not disturb the surrounding environment.2 However,
the effectiveness and benefits of using these cigarettes both in the
short and long term have not been proven through clinical trials.3
Furthermore, these cigarettes have not been named as a solution to
smoking. The combined use of tobacco and electric cigarettes will
further extend the use of both, as electric cigarettes are often used in
places which prohibit the use of the tobacco variety.4 An electric
cigarette is an electronic product that uses energy from batteries to

heat up liquid containing either propylene glycol, glycerin, nico-
tine, and various flavors. This process produces aerosols which
can be inhaled by its users.5 Electric cigarettes as product have a
variety of attractive models and good marketing methods, which
make them not only substitutes for cigarettes, but also trend setters
for teenagers. This will lead to an increase in the number of elec-
tric cigarette smokers in the young age group.6 A very aggressive
promotion and marketing system has been detected in several
countries through the very significant increase in promotional
costs which are expected to double every year.7

Smoke produced from electric cigarettes contain various
harmful substances which can increase the number of free radicals
(Reactive Oxygen Species and Reactive Nitrogen Species) in the
body to high concentrations of around 1016 molecules/puff.8 Free
radicals are normal cellular metabolic products that contain one or
more unpaired electrons.9 Normally, they are useful to the body’s
immune system and are produced during metabolic reactions
involving oxygen. Excessive increase in free radicals will cause an
imbalance between free radicals and antioxidants in the body, trig-
gering oxidative stress.10 This will affect cellular pathways such as
metabolism, proliferation and inflammatory processes in cells. In
addition, cell damage caused by free radicals can induce various
ailments such as cancer, cardiovascular, and pulmonary dis-
ease.11,12 An increase in the amount of excess free radicals can
also cause lipid peroxidation reactions which will lead to cell
damage and death.13 However, free radicals in the body can be
directly neutralized by enzymatic antioxidants.

Giving additional antioxidant is needed to increase enzymatic
antioxidants that can help neutralize external free radicals. This
antioxidant can only be produced in the body, therefore additional
intake only helps to increase its activity. Malondialdehyde is an
indicator for increasing enzymatic antioxidant activity, because it
is one of the final end products of lipid peroxidation. Therefore,
changes in malondialdehyde can be used as a benchmark for the
reduction or increase of free radicals in the body.14 Antioxidants
are the main defense in preventing the accumulation of free radi-
cals in the system. The three main enzymatic antioxidants that per-
form these roles are superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GSH-Px). Selenomethionine is a
micronutrient that can stimulate antioxidant activity in the body.15
It can be obtained from various food sources such as vegetables,

Significance for public health

The use of e-cigarettes has a negative impact on health, because they cause an increase in the free radicals in the body. Meanwhile, these free radicals cause
cellular damage in the airways, which is evidenced by an increase in malondialdehyde levels, and can be detected in the blood and lung tissues.
Selenomethionine can stimulate an increase in enzymatic antioxidant activity which leads to the neutralization of free radicals. Therefore, oral administration
of selenomethionine can prevent the buildup of these radical in the blood and lung tissues.
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seafood, meat, dairy products and various types of nuts. However,
the main form of selenomethionine that is digested by humans is
L-selenomethionine. Besides increasing the antioxidant activity of
L-selenomethionine, Selenomethionine also acts as an anti-inflam-
matory and works with the immune system.16

Various studies have shown the negative effects of electronic
cigarettes, however, an assessment on the long-term damage to
lung tissue has not been widely pursued. This is because, to prove
the long-term negative effects of electric cigarettes, there must be
evidence showing progressive cell damage due to exposure to elec-
tric cigarette smoke. In addition, various attempts have been made
to reduce the impact of cell damage caused by free radicals. This
form of damage will directly affect the expression of cells in lung
tissue. Therefore, the purpose of this study is to analyze the time
difference effect of per-oral selenomethionine in inhibiting free
radicals both in the body and in the intracellular lung tissue. It also
observed the association between increased free radicals in blood
and the damage to lung cells through the expression of malondi-
aldehyde in lung tissue.

Design and Methods
This is an experimental study using post-test control group

design. Sample of this study were male Wistar rats (Rattus nover-
gicus). The samples were divided into 6 groups (including negative
control groups, positive control groups and treatment groups), each
having different treatments. These rats were exposed to cigarette
smoke for 2 minutes every day for 28 days. After oral administra-
tion of selenomethionine and exposure to e-cigarette smoke, an
assessment of malondialdehyde levels through blood and lung tis-
sue observations was performed using Immunohistochemistry
(IHC) staining. This study aims to observe and compare lung tissue
damage and also determine the effectiveness of selenomethionine
in reducing free radicals by increasing antioxidant activity.

The Wistar rat was the experimental animal used in this study.
Some requirements for the rats were given to make the sample
homogeneous, such as: being 2-3 months old with a weight of 150-
200 grams, no macroscopic abnormalities, and never been used as
the object of research. The study was conducted at the Laboratory
of the Faculty of Medicine, University of Surabaya. Each group
was given selenomethionine orally and exposed to e-cigarette
smoke at different time, amount and duration of administration.

Malondialdehyde in the blood was measured using the
Thiobarbituric Acid Reactive Substance (TBARS) Assay. This
assay was are carried out directly and accurately using the
Bioassay System. The color intensity was measured at 535 nm
with a fluorescence intensity of 560 nm / 585 nm which is directly
proportional to the concentration of TBARS. Histological exami-
nation using the modified Remmele method was performed to
determine intracellular malondialdehyde expression and was
assessed as semiquantitative. The Remmele scale index (Immuno
Reactive Score/IRS) is obtained by multiplying the percentage
score of immunoreactive cells with that of the color intensity. The
data for each sample was the average value of the IRS which was
observed in 5 (five) different Fields of View (LP) using a light
microscope at 1000x magnification.

In this study, the experimental animals were divided into 6
groups. Each group was given a different treatment: 1) Group I =
this control group was given only food with no treatment for 4
weeks; 2) Group II = this group was given food and treatment by
exposing them to electric cigarette smoke,  but without the admin-
istration of selenomethionine for 4 weeks; 3) Group III = this

group was given food and selenomethionine (with the dose of 3.6
mcg / h / tail) without electric cigarette smoke exposure for 4
weeks; 4) group IV = this group at the beginning of the treatment
was exposed to cigarette smoke for 1 week after which it was then
exposed to electric cigarette smoke and administered selenome-
thionine (dose of 3.6 mcg/hr/tail) for 4 weeks; 5) group V = this
group was given food, exposed to electric cigarette smoke, and
administered selenomethionine (dose 3.6 mcg/day/tail) from the
beginning of the treatment, for 4 weeks; and 6) group VI = this
group at the beginning of the treatment was given selenomethion-
ine (dose of 3.6 mcg/day/head) for 1 week, then it was exposed to
electric cigarette smoke and administered selenomethionine (dose
of 3.6 mcg/day/head) for the remaining 4 weeks.

Statistical tests using ANOVA were performed on the data col-
lected. This was done to determine differences in malondialdehyde
levels in the blood and lung tissue. Subsequently, the Least
Significant Differences test was performed to compare groups,
after which a correlation test was performed to see the relationship
between two groups.

Result and Discussions

Malondialdehyde levels in the blood due to exposure to
e-cigarette smoke

The study was obtained by comparing the levels of malondi-
aldehyde in the blood and lung tissue of each group. The mean
value of malondialdehyde in the blood was proportional to the
duration of exposure to cigarette smoke and selenomethionine.
Malondialdehyde level in group III recorded the lowest value of
2.15±0.33, while the highest value in group II which was
5.02±0.51. The results of the study were analyzed by the Kruskal-
Wallis test, because the data obtained did not meet the require-
ments for normality and homogeneity tests (p<0.05).
Consequently, the Kruskal-Wallis analysis of malondialdehyde
levels showed differences in various groups (p=0.000) (Table 1).

Malondialdehyde expression due to exposure to 
e-cigarette smoke

The results were also obtained by comparing the mean levels
of malondialdehyde in each group per 5 fields of view. Table 2
shows the mean value and standard deviation of malondialdehyde
in each group. These results showed an increase in malondialde-
hyde level in each group was directly proportional to the length of
time of exposure to cigarette smoke and selenomethionine. In
group I and III, the mean malondialdehyde value was 1.36±0.17
which was the lowest mean value in all groups. While the highest
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Table 1. The mean value and Kruskal-Wallis test for malondialde-
hyde. 

Groups                                                            Mean ± SD    p-value

I                   Control negative                                             2.69 ± 0.17           0.000
II                  Control positive cigarette                           5. 02 ± 0.51           0.000
III                 Control positive selenomethionine           2.15 ± 0.33           0.000
IV                 Treatment group I                                          3.20 ± 0.23           0.000
V                  Treatment group II                                        3.81 ± 0.22           0.000
VI                 Treatment group III                                       4.26 ± 0.13           0.000
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mean value was obtained in group II which reached 10.20±0.42.
Figure 1 shows that the control group’s (group 1) lung tissue had a
lower color intensity than the other groups. Furthermore, the
ANOVA test was used to mark the different expressions of malon-
dialdehyde in various groups of which the results are shown in
(p=0.000) (Table 3). The correlation test analysis showed strong
relationship between malondialdehyde levels in the blood and lung
tissue (r= 0.861; p=0.000) (Table 3).

Most people assume that electronic cigarettes have no negative
effects and are safer than tobacco cigarettes. Such false perceptions
make the use of these products increase every year.17 In recent
times, adolescents and young adult smokers seek electric cigarettes
as nicotine alternatives without the harmful side effects.18 Even
young people nonsmokers will want to try new things, which leads
them to form new habits.19 Inhaled electric cigarette smoke

increases the production of free radicals by reacting with other
chemicals such as aldehydes, polycyclic aromatic hydrocarbons
(PAHs) and heavy metals.20 This further increases the inflammato-
ry response in the body. Chronic cigarette smoke exposure can
cause cell damage (due to oxidative stress) and this is an important
factor in the etiology of various diseases caused by smoking.21
Many studies show the negative impact of cigarette smoke expo-
sure in different perspectives, however there were those that  fore-
saw the danger behind the contents of electric cigarettes liquids
when heated.22,23 In addition, the use of these cigarettes caused
free radicals to be were also observed in the body through the
blood.24 However, the existence of intracellular damage in the lung
tissue has not yet been proven.

One of the free radicals that comes from oxygen oxidation is
superoxide (O2•-). It is neutralized by the superoxide antioxidant
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Figure 1. Expression of malondialdehyde in the lung tissue.
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Table 3. Correlation test between levels of malondialdehyde in the blood and lung tissue.

Variables                                                                                                 Correlation test                                              p-value

Blood malondialdehyde                                                                                                                    0.861                                                                            0.000
Expression of malondialdehyde in the lung tissue                                                                                                                                                             

Table 2. ANOVA test results for malondialdehyde. 

Group                                        Mean ± SD                               Maximal                               Minimal                               ANOVA test

I                                                                   1.36 ± 0.17                                                 1.6                                                      1.2                                                      0.000
II                                                                10.20 ± 0.42                                                9.6                                                     10.6                                                     0.000
III                                                                1.36 ± 0.17                                                 1.6                                                      1.2                                                      0.000
IV                                                                7.92 ± 0.48                                                 8.4                                                      7.4                                                      0.000
V                                                                  9.44 ± 0.33                                                  10                                                      9.2                                                      0.000
VI                                                               10.08 ± 0.39                                               10.6                                                     9.6                                                      0.000
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and mutated to become hydrogen peroxidase (H2O2) radicals.
These are all non-reactive radicals, but when they experience a
Fenton and Haber-Weiss reaction, they will turn into reactive
hydroxyl (•OH) radicals.25 However, the hydrogen peroxidase rad-
ical can be converted back into water and oxygen by action of the
antioxidant glutathione peroxidase (GSH-Px) and catalase (CAT).
Selenomethionine is a micronutrient that plays a major role in
increasing the activity of glutathione peroxidase. Therefore,
increasing selenomethionine intake can help boost the activity of
antioxidants from the body, thereby reducing the effects of cell
damage.26

Conclusions
The results showed that early administration of selenomethio-

nine, was effective in preventing and reducing free radicals in the
body. This was proven by the reduction in free radicals in the
groups which were given oral selenomethionine early. In addition,
exposure of electronic cigarette smoke to the airway not only
increases free radicals in the blood, but also within the cell. This is
observed from the increased levels of malondialdehyde not only in
the blood, but also in the expression of malondialdehyde in the pul-
monary alveoli. Therefore, the impact of exposure to electronic
cigarette smoke not only influences free radicals in the body, but
also affects the intracellular system.
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