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Abstract

Context: The effect of electric cigarette smoke exposure had increased due to the number of electric
cigarette smoker that raised every year. The smoke which enters the respiratory tract enhance the free radical
inside the body, either in blood or lung tissue. The exceeding amount of free radical could trigger the
oxidative stress which causes cell damage. The increase of cell damage within lung tissue is accompanied
by the enhancement of malondialdehyde content. Therefore, this study aimed to know the malondialdehyde
content alteration on blood and lung tissue against the exposure of electric cigarette smoke. This study
used experimental methodology with posttest control group design using male Wistar rats as the sample.
Wester rats were divided into groups and examined the cell damage through malondialdehyde content within
the blood and the malondialdehyde expression within the Iung tissue. The exposure of electric cigarette
smoke was given to each group with different amount and duration. The lung tissue damage was measured
using malondialdehyde content parameter within the blood and immunohistochemistry (IHC) on lung
tissue. The finding showed that there was differentiation on malondialdehyde content within the blood and
malondialdehyde expression on lung tissue (p< 0.05). Whereas the relation between two groups showed
a strong and significant relationship for (r=0.945) and (p=0.000). The duration of electric cigarette smoke

exposure could affect the enhancement of malondialdehyde content within the blood and lung tissue.
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Introduction

Electric cigarette has been popular these days.
The increased number of electric cigarette user does
not merely happen in developing countries but also in
developed countries. In 2011, the E-cigarette user among
Senior High school students in the United States of
America was around 1.5% which then increases in 2014
for 13.4%. In New Zealand, the E-cigarette user at young
age (14-15 years old) had reached three times bigger than
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2012 for 20% in 2014!. E-cigarette is a battery-powered
cigarette that works through the metal coil process
using propylene glycol solution, vegetable glycerin and
flavor that sometimes contained with nicotine?. It also
known as a tool to heat the liquid nicotine into gas which
inhaled by the user. This product is relatively new with
popularity that increases every year!. A good marketing
and an eye-catching form of E-cigarette make it more
popular compared to the traditional cigarette. Besides,
most of the society assumes that E-cigarette is safer than
the traditional cigarette with tobacco, and lead to the
rapid enhancement of the use of E-cigarette in society?.
Besides, the use of electric cigarette consumed by
everyone, ranged from adolescent until elder>. However,
the amount of E-cigarette user is accompanied by the
huge number of people who inhale the smoke which
gives bad impact to health, especially in respiratory
tract?,
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E-cigarettes contained various kinds of dangerous
ingredients same as the traditional cigarette® which had
a direct effect on respiratory tract®’. The smoke that
enters the respiratory tract could occur some health
problems, including Chronic Obstructive Pulmonary
Disease (COPD), asthma, cardiovascular disease and
stroke®?. Even if the long term effect on E-cigarette has
not yet revealed, but the intrusion on health could be
seen through the damaged cell caused by the E-cigarette
smoke*. The damaged cell was caused due to the free
radical enhancement that enters the respiratory tract!?.

The E-cigarette smoke contained with high free
radical component, including Reactive Oxygen Species
(ROS) and Reactive Nitrogen Species (RNS)!'. The
exceed amount of free radical would cause an imbalance
between free radical and antioxidant inside the body!2.
Free radical is a molecule derived from one or more
unpaired electron. The amount of odd electron causes the
free radical having short age, reactive and not stable'’.
This makes free radical able to catch the electron to get the
stability by attacking the stable molecule around them.
The attacked molecule will become free radical due to
the loss of electron and caused cell damage. One of the
most reactive free radical is superoxide'4. The reaction
would occur the oxidative stress and affect the cellular
pathways, including cell metabolism, proliferation
process and inflammation. The oxidative stress also
triggers the peroxide lipid that caused cell damaged and
fatality'>. A very reactive and not stable free radical
caused the measurement of free radical enhancement
could not be done, except by using malondialdehyde
content that was the final result of peroxide lipid'®.
Therefore, this study aimed to see the enhancement of
free radical within the blood and lung tissue caused by
the exposure of E-cigarette smoke.

Materials and Method

This study used experimental methodology with
posttest control group design. The sample was male
Wistar rats (Rattus novergicus) divided into six groups
based on the treatment duration. The exposure of cigarette
smoke was done for every 5 minutes of intervention with
different amount of exposure per day and the duration
time per week given to each group. The first group is
the negative control group used as a comparison to the
treatment group without giving the cigarette smoke
exposure. While the rest of the groups was given the
electric cigarette smoke exposure in a certain time and
evaluated on malondialdehyde content through blood and
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observation on lung tissue with Immunohistochemistry
(IHC) staining to see the damaged cell.

Wistar Rats: Male Wistar rats aged around
2-3 months weighted for 150-200gr which had no
abnormalities were used as the sample in this study.
The research was done in the Laboratory of Medicine
Faculty, Airlangga University, Surabaya. The Wistar
rats were put for adaptation for 5 days before doing the
treatment. After the adaptation, the Wistar rats were
divided into groups contained with 5 male Wistar rats for
each group. Then, each group would be given different
duration and amount of the e-cigarette smoke exposure.
The calculation of the replication sample was used to
compare the treatment groups using the formulation as
below:

(Z1-g + Z3-p).0
M1~ Mo

E-Cigarette: The e-cigarette solution used in
this study was contained with 6mg of nicotine. The
e-cigarette smoke was streamed around the room-sized
50cm x 40cm x 20cm with pipe around the room.

=

Malondialdehyde Measurement Within the
Blood: The malondialdehyde measurement in blood
was done using Thiobarbituric Acid Reactive Substance
(TBARS) Assay. The examination was done directly
and accurately using the Bioassay system based on the
TBARS reaction with Thiobarbituric Acid in shaping the
product or pink-colored compound. The color intensity
was measured on 535nm or with fluorescence intensity
on 560nm/585nm which proportional with TBARS
concentration in sample.

Immunohistochemistry (IHC): The sample was
valued in semi-quantitative using modified Remmele
method in which the Remmule index scale (Immuno
Reactive Score/IRS) was the multiplication result
between the percentage values of immunoreactive cell
with color intensity value in immunoreactive cell. The
data for every sample was the mean value of IRS in 5
different high power fields of 1000 times magnification.
This whole examination was used a light microscope.

Treatment Examination: The male Wistar rats
were divided into 6 groups, including negative control
and treatment group. The first group as the negative
control group was a group that given no intervention
for 4 weeks. While the second group as the treatment
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group | was given the e-cigarette smoke intervention
once every 5 minutes per day in a week. The third group
or the treatment group Il was given e-cigarette smoke
exposure intervention twice every 5 minutes per day in
a week. The treatment group III was given intervention
of e-cigarette smoke exposure once every 5 minutes
per day in 2 weeks. The treatment group [V was given
e-cigarette smoke exposure twice every 5 minutes
per day in 2 weeks. The last control group was given
intervention of e-cigarette smoke exposure once every 5
minutes per day in 3 weeks.

Statistical: The statistical test was done to the
collected data using ANOVA test with SPSS version 20
to see the differentiation on malondialdehyde content
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within the blood and lung tissue in every group. Then, the
Least Significance Differences (LSD) test was done to
make comparison among groups. Moreover, correlation
test was also done to see the relationship between two
groups.

Result

Malondialdehyde Content within the Blood due
to E-cigarette Smoke Exposure: The result showed
that every group had the mean value on malondialdehyde
content in blood was proportional to the duration of
e-cigarette smoke exposure. In treatment group 1, the
malondialdehyde content reached the lowest value or
0.0144 £ 0.0008, while the highest value was obtained
by the treatment group IV for 0.1444 + 0.0037.

Malondialdehyde content
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Figure 1:The mean value + SD on Malondialdehyde content in blood

Table 1:The mean value and ANOVA test for
Superoxide Dismutase (SOD) in each group

Groups Mean = SD P Value
I Control Group 5,64 +£0,12
11 Treatment Group I 435+0,07
I | Treatment Group II 2,92 +£0,08 0,000
IV | Treatment Group III 2,3+0,06
A\ Treatment Group IV 1,49 + 0,07
VI | Treatment Group V 0,87 £0,05

The ANOVA result showed the differentiation of
malondialdehyde content in every group (p=0.000).
Then it analyzed using Least Significance Different
(LSD) to see the differentiation among groups which

could be seen in table 2. Based on table 2 below,
there was significant differentiation for (p<0.005) of
malondialdehyde content between the negative control
group and all treatment groups.

Table 2: Least Significant Difference (LSD) Result
on Malondialdehyde Content

Groups I I I v \% VI
I - - - - - -
I 0,002 - - - - -
I 0,000 | 0,003 - - - -
v 0,000 | 0,000 | 0,000 - - -
v 0,000 | 0,000 | 0,000 [ 0,000 - -
VI 0,000 | 0,000 | 0,000 [ 0,000 | 0,000 -
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Malondialdehyde Expression due to E-cigarette
Smoke Exposure: The result was used to compare the
mean of malondialdehyde in every group for 5 high power
fields. Based on figure 2 below, it could be seen that the
mean value and deviation standard of malondialdehyde
in every group. It showed that the enhancement of
malondialdehyde was proportional to the length of time
duration in e-cigarette smoke exposure. In treatment
group I the mean value of malondialdehyde reached 2.28
+0.215 which became the lowest mean value from every
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group. Meanwhile, the highest mean value was obtained
in treatment group IV for 10.08 £ 0.196.

The differentiation of malondialdehyde expression
in every group was done using Kruskal Wallis test since
the obtained data were not fulfilled the requirement for
normality and homogeneity test (p<0.05). The analysis
result on malondialdehyde expression showed that there
was differentiation on each groups (p=0.000) which
could be seen in table 3 below;

Table 3: The Result of Kruskal Wallis Test on Malondialdehyde

Group Mean + SD Maximum Minimum Kruskal Wallis Test
| 2,28 +0,215 2,8 1,6
1T 3,24+ 0,063 3,4 3,0
111 4,92 + 0,258 5,8 4.4 0.000
v 6,28 +0,413 7,0 5,0 ’
\% 8,96+ 0,117 9,2 8,6
VI 10,08 + 0,196 10,8 9,6
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Figure 3: Malondialdehyde Expression on Wistar Rats due to E-Cigarette Smoke Exposure using
Immunohistochemistry Technique

Based on figure 3 above, it showed that the control
group had low color intensity on lung tissue than the
other groups. The correlation test also showed the strong
relationship between malondialdehyde content on blood
with lung tissue for (r=0.948). Additionally, both control
group and treatment groups had significant relationship
(p<0.05).

Discussion

The sales of E-cigarette have always promoted the
E-cigarette as one of the alternative ways to stop smoking.
E-cigarettes also claimed as the traditional cigarette
substitute which safe from hazardous substances,
including tar, carbon monoxide, and other dangerous
particles®. Some research showed clinical refinement on
people who moved from traditional cigarettes to electric
cigarettes, such as the enhancement of FEF 25% - 75%
and the reduction of cough and choky symptoms!”!8,
However, it was too early to issue the statement on
E-cigarette safety in reducing the danger of traditional
cigarette and fixing the respiratory tract since the long
term effect was not certainly known yet!*?°. Therefore,
the appraisement on E-cigarette safety could be done by
analyzing the smoke exposure which enters the human
body through the respiratory tract. The huge amount of
free radical resulted from E-cigarette showed negative
effect on health?!.

This free radical would enter the respiratory tract
and caused oxidative stress and trigger the peroxide lipid
process that damaged the cell®’. One of the peroxide

lipid results was malondialdehyde which became the
most often parameter to know the enhancement of free
radical inside the body?>.

This study showed that there was an enhancement
on malondialdehyde content within the blood and lung
tissue. Malondialdehyde within the lung tissue could
be measured by immunohistochemistry coloring. The
enhancement of malondialdehyde was proportional
with the long time duration and the intensity in giving
the smoke exposure. The longer the smoke exposure,
then the malondialdehyde content will increase. The
enhancement of malondialdehyde content within the
blood was a sign on oxidative stress and often used
for health problems, such as Chronic Obstructive
Pulmonary Disease or COPD, asthma and cardiovascular
disease>*. While the malondialdehyde expression from
immunohistochemistry coloring showed the availability
of peroxide lipid within the tissue due to the increase of
cellular oxidative stress.

This study showed that free radicals that came from
the E-cigarette smoke exposure could enter into the
blood and lung tissue. Moreover, it also increased the
free radical inside the body which led to the negative
effect for health.

Conclusion

In conclusion, the long duration of E-cigarette
smoke exposure could affect the enhancement of
malondialdehyde content within the blood and lung
tissue.
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