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Abstract. E-cigarettes, considered healthier substitutes for traditional cigarettes,
are being used more and more frequently, especially among adolescents. How-
ever, there are not many studies that support this claim. Moreover, recent studies
have suggested that e-cigarettes are actually as harmful as traditional cigarettes.
Considering the increasing trend of people using e-cigarettes, it is necessary to
do a study to determine whether or not e-cigarettes are healthier than traditional
cigarettes. This paper, through a method of comparing data from recent studies,
explores the negative effects of both e-cigarettes and traditional cigarettes on the
lungs and bronchi. The paper finds that e-cigarettes are actually harmful to the
lungs and bronchial tubes. Besides, its damage level, which is the damage severity
e-cigarettes causes to the lungs and bronchial tubes, is approximately the same
compared to traditional cigarettes.
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1 Introduction

Electrical cigarettes, or e-cigarettes, will deliver an aerosol containing nicotine to users
through the heating up of solutions of nicotine, glycerol, flavorings, and other chemicals.
It comes up as a healthier substitute for quitting smoking and traditional cigarettes [1].
Nowadays, e-cigarettes are being used more and more frequently, especially among
adolescents. According to a report released by the U.S. Food and Drug Administration
and the U.S. Centers for Disease Control and Prevention, more than 2 million U.S.
middle school and high school students reported using e-cigarettes in 2021 [2]. This
number is a massive concern for society. Even though the e-cigarette companies claim
that e-cigarettes are harmless to the human body, there is no exact conclusion on whether
e-cigarettes are healthier compared to traditional cigarettes.

Whether it is traditional cigarettes or e-cigarettes, their greatest impact on the human
body is concentrated in the lungs and bronchi. This has to do with all those chemicals
contained in cigarette smoke. The smoke that contains so many chemicals goes through
humans’ lungs and bronchial tubes and damages the tissue. Scientists have done many
studies to try to find out the damage both of them cause, and the controversy continues.
In 2018, Reinikovaite V, Rodriguez IE, and Karoor V did a study with a rat model in vivo
[3]. They tested whether long-term exposure to e-cigarette vapor would damage the lung
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structure as tobacco smoke does. What they found out is that e-cigarettes and traditional
cigarettes have about the same toxicity to the lungs. The long-term exposure to both will
lead to significant lung damage. However, Thomas Miinzel and his group found in 2020
that e-cigarette vapor is less toxic compared to tobacco smoke [4]. In addition, Higham
Andrew found in 2018 that compared to traditional cigarettes, e-cigarettes have less
damage to the airway epithelium, which is part of the first line against inhaled particles
[5].

With all the varied conclusions, the difference between e-cigarettes and traditional
cigarettes remains unclear. This study will analyze data from different studies which
explore the damage that e-cigarettes and traditional cigarettes have on the lungs and
bronchi. By analyzing the data from those various studies, there will be a more convenient
conclusion about whether or not e-cigarettes are a healthier alternative to traditional
cigarettes. Most people view e-cigarettes as harmless products (means e-cigarettes will
not cause much damage to human body), and this has led to a trend of an increase in the
number of e-cigarette users [2]. Considering this trend, especially among adolescents
around the world, this study is necessary to do.

2 Traditional Cigarettes

Tobacco and additional chemical additions make up the majority of traditional cigarettes’
ingredients. The main cause of smokes’ negative health effects is tobacco. Emphysema,
a deadly lung illness with severe structural and functional damage to human lungs, is
one of the harms brought on by cigarettes. [6] Indranil Gupta and his team conducted a
study in 2016 to demonstrate how oxidants in cigarette smoke cause oxidative damage
to lung proteins and activate Rtp801, a crucial proinflammatory cellular component
that contributes to lung injury. They previously discovered that conventional cigarette
smoke directly causes animal lung proteins to deteriorate, making them more vulnerable
to proteolytic degradation. This is in line with observations of emphysema brought
on by cigarette smoking. However, they were unable to pinpoint the precise cellular
components that contribute to this destructive process. They conducted a follow-up
study using guinea pigs and discovered that the main cellular pathway for cigarette
smoke-induced emphysema, including Rtp801-mediated activation of NF-B and iNOS
in the lung and subsequent oxidative -nitrosation damage and lung protein apoptosis,
is actually set off by the oxidant in cigarette smoke. Each of the adult male guinea
pigs weighed between 300 and 400 g. The guinea pigs were kept in carefully regulated
environments with a consistent 12-h daylight cycle and a sufficient amount of food and
water. Six guinea pigs from each group were randomly assigned to either smoke exposure
or non-smoke exposure. Hematoxylin and eosin was used to stain guinea pig lung slices
after the experiment. Then, Lm and DI were used to calculate the amount of alveolar
injury.

As can be seen in the figure above, after 28 days of CS exposure, guinea pigs
developed alveolar lung damage over time (Fig. 1A, V-VIII), as demonstrated by the
mean linear Intercept (Lm) and destruction index (DI) of alveolar air expansion. This lung
damage was also accompanied by extensive destruction of key lung structural proteins,
elastin, and MMP-9 overexpression. Protein deterioration in emphysema is mediated
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Fig. 1. Comparison of lung sections, Alveolar morphologic changes are represented by Lm, Alve-
olar morphologic changes were indicated by Di, Representative lung sections of alveolar cell
apoptosis in the above treatment group, Immunoblots, Bax or Bcl-2 levels

by primary pulmonary metalloproteinases (30). (Fig. 1E and S1 A and B). This shows
that damage to the alveolar lungs is caused by regular cigarettes, which also degrade
important lung structural proteins and elastin (Fig. 2).

In addition, a study conducted in 2016 by Cao Chao and his team examined the link
between lung cancer and tobacco use. [7] One of the main causes of DNA damage is the
oxidative stress brought on by tobacco usage. Numerous malignancies, particularly lung
cancers, have been linked to this damage. They compared the levels of oxidative DNA
damage responses in lung cancer patients who smoked and those who did not smoke
in this study. A chemical known as 8-hydroxydeoxyguanosine was also investigated
(8-OHDG). A typical type of DNA damage brought on by oxidative stress is 8-OHDG.
Due to this characteristic, 8-OHDG is regarded as a trustworthy indicator of oxidative
DNA damage.

In lung cancer patients who smoked and those who did not, they compared the levels
of 8-OHDG expression. They initially exposed HBE cells to cigarette smoke extract in
order to show that smoking causes oxidative DNA damage in bronchial epithelial cells,
and then they looked for the expression of 8-OHDG in the HBE cells. When compared
to the control group, they discovered a statistically significant rise in the expression of 8-
OHDG cells (62.4 £ 5.3 percent versus 9.5 & 2.0 percent, P = 0.0007). Flow cytometry
added its support to this conclusion.

Mice that had been exposed to cigarette smoke for 12 or 24 weeks in vivo were
immunohistochemically stained to look for oxidative lung DNA damage. They found
a substantial difference in the percentage of 8-OHDG-positive cells between the group
exposed to cigarette smoke and the control group (54.9 £ 5.7 compared 28.3 &+ 4.0, P
= 0.0026 for 12 weeks; 81.5 4= 4.2 versus 30.5 & 2.2, P 0.0001 for 24 weeks).
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Fig. 2. Histogram describing the relative levels (strengths) of protein elastin (A) and MMP-9 (B),
(C) represents the relative number of apoptotic lung cells

With so many studies, it is evident that regular cigarettes are extremely harmful to
the body, particularly the lungs and bronchi.
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3 E-cigarette

Although the E-cigarette has nothing to do with the combustion of tobacco, it never-
theless causes harm. E-cigarettes create aerosol by heating a liquid that typically con-
tains nicotine flavorings as well as additional, hazardous substances. This aerosol will
be inhaled into the lungs of e-cigarette users. It has already been established through
research that e-cigarettes are bad for the lungs and bronchi. High levels of free radicals,
including reactive oxygen species (ROS) and reactive nitrogen species, are present in
e-cigarettes (approximately 1016 molecules each puff) (RNS). Enzymatic antioxidants
like glutathione peroxidase and superoxide dismutase will often neutralize these free
radicals.

It is impossible to completely neutralize these free radicals when radicals inhale e-
cigarettes in excess, though. In reaction to this unsuccessful neutralization, macrophage
cells will release cytokines that will induce cellular damage and an inflammatory
response. One of these cytokines, interleukin-8, contributes to cellular damage. This
rise in interleukin-8 causes the lung tissue to release the metalloprotein-8 matrix. Type 2
collagen breakdown is accelerated by an excess of metalloprotein-8 matrix. The structure
and operation of the collagen in the respiratory cartilages are impacted by this deteri-
oration. The likelihood of developing pulmonary fibrosis would rise as a result of this
damage to the lung tissue over an extended period of time, making the tissue damage per-
manent. Different ailments, including lung cancer, cardiovascular issues, and pulmonary
hypertension, can be brought on by it [8].

In 2021, a study was carried out by Rivan V. Suryadinata and Bambang Wirjatmadi.
The goal of the study was to pinpoint the phases of lung tissue destruction brought
on by an increase in free radicals and an inflammatory response. These factors, which
indirectly induce an increase in alveolar macrophages, harm the lung tissue. They used
a control group of male Wistar rats and exposed some of them to e-cigarettes. After the
test, the rat lung tissues were taken out, and a hematoxylin-eosin staining procedure was
prepared.

For each preparation, the average number of alveolar macrophages in 10 fields
was calculated as part of the assessment. The T test revealed a difference in alveo-
lar macrophage counts between the two groups (P < 0.001) between the two groups.
The experimental group had considerably more positive cells than the control group
(53.26 £ 0.93 vs. 21.86 £ 1.12). Overall, inhaling e-cigarette smoke raises malondi-
aldehyde levels, which raises free radicals in the airways. As a result, lung tissue has
been discovered to modify pro-inflammatory cytokines including IL-6 and IL-8, which
causes adjustments in the metalloprotein-8 matrix and the beginning of type 2 collagen
breakdown.

In 2018, Arunava Ghosh and his team conducted a study to determine the effects of
persistent vaping on pulmonary epithelia. Both smokers and those who use e-cigarettes
had bronchoscopies. For a proteomic analysis, they also collected bronchial brush biop-
sies and lavage samples from both groups. In bronchoscopies, it was discovered that e-
cigarette smokers’ airways appeared friable and erythematous. Additionally, the epithe-
lial cell biopsy samples show that proteins were expressed differently in e-cigarette users.
For instance, e-cigarette users had higher levels of CYP1B1 (cytochrome P450 family
1 subfamily B member 1), MUCSAC (mucin 5 AC), and MUC4. Additionally, they
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discovered that PG/VG decreased membrane fluidity and impeded protein diffusion,
while e-liquids quickly penetrated cells. They came to the conclusion that e-cigarettes
have noticeable biological impacts on a person’s lungs. The PG/VG base might partially
mediate these effects. [9].

These studies demonstrate that using e-cigarettes will cause bronchial and lung tissue
damage that is permanent.

4 Comparison

This part will mainly concentrated in the comparison between e-cigarettes and traditional
cigarettes. There are two articles that going to be discussed in this part. One articles is
a study with different type of smokers, and the other one is a study that get done with
mice. Based on the result from both studies, it can be conclude that both e-cigarettes
and traditional cigarettes have approximately the same level negative effect on lungs and
bronchial.

4.1 Research on Smokers

Researchers have compared e-cigarettes and conventional cigarettes in their investiga-
tions. According to Arunava Ghosh and his team, released proteases are biomarkers of
damage because they trigger the onset of chronic lung illness when they are out of bal-
ance with antiproteases [10]. Based on this, they proposed that, similar to tobacco use,
exposure to e-cigarettes would result in an increase in lung protease secretion. They per-
formed a bronchoscopy investigation on smokers, e-cigarette users, and non-smokers.
In each of the three groups, BAL protease levels were tested. Additionally, they looked
into how various e-liquid ingredients affected important immune cells’ in vitro protease
secretion.

They discovered that, in contrast to nonsmokers, the levels of the proteins NE, MMP-
2, and MMP-9 were significantly higher in smokers and e-cigarette users than in non-
smokers, but the levels of the protease were not significantly different. This demonstrated
that while protease levels rose, net protease activity rose while antiprotease activity
stayed the same. Additionally, they examined the MMP-2 and MMP-9 activity in BAL
from e-cigarette users who were not smokers and discovered that it had dramatically
increased. In conclusion, both smokers and e-cigarette users had higher amounts of
NE protein and functional activity. E-cigarettes can also significantly raise levels of
nicotine and other metabolites. This level is comparable to the sputum of a typical
smoker (approximately 50 M). Overall, e-cigarette effects are comparable to those of
conventional cigarettes.

4.2 Research on Mice

To determine the in vivo effects of e-cigarette smoke in the lung and to compare them to
those of tobacco cigarette smoke, Constantinos Glynos and his team conducted a study
with the mouse group. [11] There were three separate experimental groups that exposed
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people to the smoke from cigarettes, e-cigarettes, and the air. They saved the bronchoalve-
olar lavage fluid after the experiment. PBS was used to resuspension the obtained cells.
The left lung of mice was then removed, and it was stained with hematoxylin-eosin. The
following histological findings have been utilized to create a grading system to determine
the severity of lung inflammation: capillary congestion, intra-alveolar bleeding, intersti-
tial neutrophil infiltration, intra-alveolar neutrophil infiltration, and localized thickening
of alveolar membranes.

For each characteristic, a scale from O to 3 will be utilized (0: absence, 1: mild, 2:
moderate, 3: most severe) [11] What they discovered is that, in comparison to the air-
breathing group, both groups exposed to tobacco cigarettes and e-cigarettes have higher
protein carbonyl levels. Additionally, there were more BALF cells overall. In conclusion,
exposure to e-cigarettes will cause inflammatory reactions and have a negative impact
on the mechanics of the respiratory system. The extra flavor in e-cigarettes also made
the negative effects of e-cigarette vapor worse. Lung biology is negatively impacted by
both traditional cigarette smoking and e-cigarette use.

5 Conclusion

It can be concluded that e-cigarettes have similar negative effects on the lungs and
bronchial tubes. Even though e-cigarettes do not contain tobacco, the aerosol that is
produced from e-cigarettes is also very harmful to the human body. Plus, the additional
flavor in e-cigarettes can cause problems that tobacco will not. All that data shows that
e-cigarettes are not a healthier substitute for traditional cigarettes. Moreover, adolescents
who use e-cigarettes will have a higher chance of using tobacco cigarettes in the future.
It suggests that the government should have tighter regulations on adolescent use of
e-cigarettes and also make more announcements about the harmful effects of e-cigarettes.

There are some flaws in this study. Most of the data mentioned in this study is all
from short-term studies. Considering e-cigarettes are still a new product to society, it is
understandable. But more long-term studies need to be done on e-cigarettes to test the
possible long-term effects they may have.
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