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ABSTRACT

Objective: E-cigarette products have resulted in various controversies concerning their posed impacts on health. Some argue that exposure to 
e-cigarette smoke could improve free radicals in the body; thus, it causes harming impacts on health. Peroral selenium (Se) administration can 
increase superoxide dismutase (SOD) and glutathione peroxidase (GPx) serving as antioxidants in the body.

Methods: This research is an experimental study aiming to analyze the effectiveness of Se to decrease free radical due to exposure to e-cigarette 
smoke as one of the preventive actions. The research was carried out to male Wistar rats with exposure to e-cigarette smoke and peroral Se intake 
with different time and duration of administration.

Results: Research results showed a decrease of antioxidant SOD and GPx in the administration of exposure to e-cigarette smoke, and they gradually 
increased after Se administration (p=0.000). Meanwhile, the malondialdehyde level was inversely proportional compared to antioxidant SOD and GPx.

Conclusion: Se is a micronutrient that can reduce free radicals due to exposure to e-cigarette smoke through enhancement of antioxidant enzymes 
such as SOD and GPx.

Keywords: Selenium, Malondialdehyde, E-cigarette, Glutathione peroxidase, Superoxide dismutase.

INTRODUCTION

The use of electronic cigarettes keeps on increasing annually. It is caused 
by the absence of specific regulations targeting the use of e-cigarettes 
leading to their use at any place [1]. Besides, their great shapes and models 
compared to tobacco cigarettes along with their massive promotion attract 
young people [2]. Electronic cigarettes are also claimed as tools to reduce 
or stop the use of tobacco cigarettes. They are also considered to be safer 
and have less risk because they only produce water vapor claimed not to 
endanger health [3]. Various studies have shown the dangerous risks posed 
by exposure to electronic cigarettes. The danger of electronic cigarettes has 
been estimated to be greater compared to the one in tobacco cigarettes. 
Even in passive smokers inhaling the smoke of e-cigarettes, nicotine is also 
found in blood [4]. The inhaled smoke of e-cigarettes entering airways can 
trigger the existence of free radicals. The amount enhancement of excessive 
free radicals will cause amount imbalance of free radicals and antioxidants 
in the body so that oxidative stress occurs [5].

Free radicals in the body are molecules having one or more electrons 
which are not in pairs, but very reactive, and unstable. Free radicals 
can react fast with other molecules by catching electrons to stabilize 
themselves. Free radicals will be balanced by taking electrons, 
whereas the molecules under attacked will change into other free 
radicals causing damage to cells [6]. Oxidative stress will enhance lipid 
peroxidase on the attacked cell membrane [7]. One of lipid peroxidase 
results due to free radicals is malondialdehyde (MDA), which can be 
used as a parameter of free radicals enhancement in the body [8].

Reduction of free radicals can be done by administering antioxidants. 
Antioxidants mechanism works by giving electrons to the free radicals; 
thereby, they can stop cell damage process [9]. Besides, antioxidants 

will neutralize free radicals so that they will not have any ability to 
take electrons from the cells [10]. Physiologically, human body can 
neutralize free radicals when their amount is not excessive [11]. This is 
done by means of endogenous antioxidant defense mechanism [12,13]. 
However, when there is a lack of endogenous antioxidants, the 
body needs exogenous antioxidants [14]. Various ways to enhance 
antioxidants in the body include adding intake of exogenous 
antioxidants from food, supplements, and doing sports [15]. Some 
of the endogenous antioxidants needed to neutralize free radicals 
free are glutathione peroxidase (GPx) and superoxide dismutase 
(SOD). Antioxidant GPx is an intracellular antioxidant enzyme which 
enzymatically changes hydrogen peroxidase (H2O2) to water (H2O) [16]. 
Meanwhile, antioxidant SOD plays a role in changing superoxide radical 
into H2O2 [17].

Selenium (Se) has antioxidant and immunomodulation functions. In the 
body, Se is used to synthesize amino acid, called selenocysteine, which is 
very important for selenoprotein formation. Selenoprotein is composed 
of 25 types in human body and classified based on its function as 
various enzymes which one of them is antioxidant GPx [18]. Thus, Se 
is often called as an enzymatic component of GPx [19]. The main form 
of Se is selenomethionine, commonly found in food [20]. Main sources 
of Se in food are selenomethionine amino acid (in the form of cereals) 
and selenocysteine (from animal products). Some plants such as beet 
leaves, cabbage, and garlic contain a high level of Se, reaching up to 50% 
in the form of selenate. Se can also be obtained from supplements in the 
forms of selenate, selenite, selenomethionine, or other forms of Se [21]. 
Moreover, Se has a quite significant function for human’s health because 
it is able to join into protein to be selenocysteine. Se effects have been 
proven, ranging from antioxidant to anti-inflammatory effects [22]. 

© 2019 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
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Various studies have proven that SE suppresses reactive oxygen species 
formation by improving GPx activity [23]. Antioxidant SOD is more 
influenced by copper and zinc micronutrients. Hence, the role of Se 
against SOD enhancement still needs further research [24].

METHODS

This research is an experimental study using a post-test control group 
design (Ethical Approval No:103/EA/KEPK/2018). The research was 
conducted for 5 weeks utilizing male Wistar rats (Rattus norvegicus). 
The research was divided into six groups with different treatments in 
each group.

The first group was the negative control group where the experimental 
animals did not undergo any intervention for 4  weeks. The second 
group was the cigarette control group where the experimental animals 
were given intervention of exposure to e-cigarette smoke for 4 weeks. 
The third group was the Se control group where the experimental 
animals were given intervention of peroral Se intake for 4 weeks. The 
fourth group was treatment Group I where the experimental animals 
were given exposure to e-cigarette smoke on the 1st  week. Next, on 
the second until the 5th week, they were given exposure to e-cigarette 
smoke and peroral Se. The fifth group was treatment Group II, where 
the experimental animals were given exposure to e-cigarette smoke 
and peroral Se for 4 weeks. The sixth group was treatment Group  III 
where the experimental animals were given peroral Se in the 1st week, 
next during the second until the 5th week they were given exposure to 
e-cigarette smoke and peroral Se.

Mice
Male Wistar rats aged 2–3 months weighing 150–200 g were used as 
animal models. The Wistar rats were never been subjects research and 
did not have macroscopic abnormalities. The experimental animals are 
adapted first for 5  days before giving intervention. The research was 
conducted in the Laboratory of the Faculty of Medicine, Universitas 
Airlangga.

Se
Se per oral used is an active form of selenomethionine. The 
recommended dose for adults is 200  mcg/day. Using the conversion 
table Laurence and Bacharach, calculation obtained was 3.6 mcg. Thus, 
the dosage that can be given to male white rats of the Wistar strain is 
3.6 mcg/day per each experimental animal.

E-cigarette
The solution of an e-cigarette used contains 6 mg of nicotine. The room 
where exposure to e-cigarette smoke measures 50 cm × 40 cm × 20 cm 
there is space a pipe will be passed which can expend e-cigarette smoke. 
The exposure to e-cigarette smoke exposure is adjusted for the length of 
time planned for the research.

Measurement of GPx level in the blood
GPx level in blood measured using an enzyme-linked immunosorbent 
assay (ELISA) Kit, which can be applied in the quantitative in vitro 
determination of Rat GPx1 concentration in serum, plasma, and other 
biological fluids. The ELISA kit uses the competitive-ELISA method. The 
kit had been coated with Rat GPx1 as a specific antibody. The rat GPx1 
concentration in the sample was then determined by comparing the 
sample result to the standard curve.

Measurement of SOD level in blood
SOD level in blood measured using an 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. The rat SOD 1 concentration in the sample was then 
determined by comparing the sample OD to the standard curve.

Measurement of MDA level in blood
MDA levels in blood measured using thiobarbituric acid (TBA) 

reactive substance (TBARS) assay. Measurements were carried out 
using the bioassay system based on the reaction of TBARS with TBA in 
forming pink-colored compounds. The color 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.

Statistika
The collected data will be statistically tested using SPSS version 20 to 
analyze the difference and influence of Se on SOD levels, GPx, and MDA 
in the blood in all groups.

RESULTS

SOD levels in blood as a result of exposure to e-cigarette smoke
Research results were obtained by comparing the levels of SOD in each 
group. Based on Fig.  1, the average value and difference of levels of 
SOD in each group can be known. The results showed that the cigarette 
control group had the lowest average value reaching 2.29±0.12. 
Meanwhile, in the Se control group, it had the highest average value 
reaching 5.05±0.16. In the treatment groups, there was an increase in 
the average value of SOD sequentially.

To fulfill the parametric test requirements, the research results were 
subjected to a normality test (p>0.05) and homogeneity test (p=0.008). 
Based on Table 1, Kruskal–Wallis test was conducted to know the 
difference of SOD levels in the groups (p=0.000).

GPx levels in blood as a result of exposure to e-cigarette smoke
Research results were obtained by comparing levels of GPx in each 
group. Based on Fig.  2, the average value and difference of levels of 
GPx in each group can be known. The results showed that the cigarette 
control group had the lowest average value reaching 85.6±8.96. 
Meanwhile, in the Se control group, it had the highest average value 
reaching 330.6±13.22. In the treatment groups, there was an increase 
in the average value of GPx sequentially.

To fulfill the parametric test requirements, the research results were 
subjected to normality test (p>0.05) and homogeneity test (p=0.385). 
Based on Table 2, analysis of variance test was conducted to know the 
difference of GPx levels in the groups (p=0.000).
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Fig. 1: The mean value for superoxide dismutase in each group

Table 1: Kruskal–Wallis test for superoxide dismutase in each 
group

Groups Definition Mean±SD p‑value
I Negative control group 4.64±0.27 0.000
II Cigarette control group 2.29±0.12
III Selenium control group 5.05±0.16
IV Treatment Group I 3.00±0.04
V Treatment Group II 3.33±0.1
VI Treatment Group III 4.67±0.07
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MDA levels in blood as a result of exposure to e-cigarette smoke
Research results were obtained by comparing levels of MDA in each 
group. Based on Fig.  3, the average value and difference of levels of 
MDA in each group can be known. The results showed that the negative 
control group had the lowest average value reaching 0.0144±0.0018. 
Meanwhile, in the cigarette control group, it had the highest average 
value reaching 0.2416±0.0174. In the treatment groups, there was an 
decrease in the average value of MDA sequentially.

To fulfill the parametric test requirements, the research results were 
subjected to normality test (p>0.05) and homogeneity test (p=0.000). 
Based on Table 3, Kruskal–Wallis test was conducted to know the 
difference of MDA levels in the groups (p=0.000).

DISCUSSION

E-cigarette smoke entering the airways will increase free radicals in 
the body. The enhancement of free radicals can trigger an increase of 
MDA as well as a decrease of the body’s enzymatic antioxidants in the 
forms of SOD and GPx [25]. The free radicals are also actually needed 
in the body because they play an important role in the body’s defense 
system [26]. However, the imbalance between amount of free radicals 
and antioxidants will cause the occurrence of cell damage  [27,28]. 
Additional intake of selenium per oral is needed to stimulate antioxidant 
increase in the body [29,30].

Administering Se in this research showed enhancement existence of SOD 
and GPx. The group with the highest increase of antioxidants was the 
Se control group. It was proven by higher enhancement of antioxidants 
compared to the negative control groups. Meanwhile, the cigarette 
control group had the lowest level of antioxidants. This was caused by 
an increase of the amount of free radicals entering the airways because 
of exposure to e-cigarette smoke. On the three treatment groups, there 
was antioxidant enhancement gradually. The first treatment group had 
a higher level of antioxidant due to the administration of Se done earlier 
than exposure to e-cigarette smoke. As a result, the body’s enzymatic 

antioxidants were still able to reduce the free radicals entering through 
the airways. In the second treatment group, the administration of both 
exposures to e-cigarette and Se was done at the same time. Therefore, 
there was a decrease in the antioxidant level. The third treatment group 
indicated the lowest level of antioxidants of all other treatment groups. 
It happened because the free radicals had entered the airways earlier. 
Hence, the antioxidant enhancement did not show any significant 
increase.

Se is a supplement that plays an important role in human’s health. 
The given Se intake is expected to be able to prevent the increase of 
antioxidants SOD and GPx as well as provide with potential hope as a 
therapy to prevent cell damage caused by exposure to e-cigarette [31].

CONCLUSION

Se is a micronutrient that can reduce free radicals due to exposure to 
e-cigarette smoke through enhancement of antioxidant enzymes such 
as SOD and GPx.
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