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The Molecular Pathways of Lung Damage by
E-Cigarettes in Male Wistar Rats

*Rivan V. Suryadinata' and Bambang Wirjatmadi?

ABSTRACT: Objectives: This study aimed to analyse the stages of lung tissue damage caused by exposure to
electronic cigarette (e-cigarette) smoke. The negative health effects of e-cigarettes remain debatable. Several studies
have shown the adverse effects, but others opine that e-cigarettes are safer to use than their tobacco counterparts.
There is, however, a possibility that the long-term health effects, such as respiratory and even kidney function
impairment, are presently not obvious. The amounts of increased free radicals and pro-inflammatory cytokines
from e-cigarettes result in various physiological disorders, which trigger cell damage and even cell death in the
body. Methods: An experimental study was conducted between March and September 2019 in Airlangga University
using a control and an experimental group of male Wistar rats to assess the levels of malondialdehyde, interleukin
(IL)-8, IL-10, matrix metalloprotein-8 and type-2 collagen. The results were obtained using immunohistochemical
staining methods on alveolar macrophages through Hematoxylin-Eosin staining. Results: The results showed that
exposure to e-cigarette smoke caused an increase in free radicals, triggered an inflammatory process and degraded
the type-2 collagen present in the lung tissue. Conclusion: Exposure to e-cigarette smoke can cause cell damage

in lung tissues.
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ADVANCES IN KNOWLEDGE

the cells of lung tissues.

APPLICATION TO PATIENT CARE

avoid or reduce using theim.

- This study explains the mechanism of lung tissue damage due to exposure to electronic cigarette (e-cigarette) smoke from the airway to

- The damage caused by e-cigarettes reaches the type-2 collagen, which indirectly affects the cartilages of the respiratory tract.

- This research aims to analyse the impact of the damage caused by e-cigarettes to enable its use as a reference in educating the public to

HE USE OF ELECTRONIC CIGARETTES
(e-cigarettes) increases every year. They are
usually advertised as products that have
low nicotine levels and are often seen as a viable
alternative to smoking cessation. Consequently, most
people believe e-cigarettes are safer than their tobacco
counterparts.! In addition, aggressive marketing from
e-cigarette producers accelerates and increases its use
among users.> While various studies have shown the
short-term adverse effects, such as an increase in free
radicals and/or respiratory/airway inflammation, the
long-term risks of exposure and use remain unknown
because it is still a recent innovation.** However,
various physiological disorders arising from cell
damage caused by e-cigarette smoke pose a safety
concern.®
The e-cigarette is an electronic device that
utilises battery power® Its use is different from
tobacco cigarettes, which require the burning of
natural tobacco leaves. It involves a heating process
conducted on metals containing a liquid, either
nicotine, propylene glycol or vegetable glycerol, which
is used as a solvent or flavour® The metal and the
liquid are heated to give off steam that is inhaled by the

user. The various types of metals and materials used
in the manufacturing process of these e-cigarettes
increasingly raise concerns regarding its level of safety
for users.” The resulting steam produced also causes
inflammation in the airways, reduces immunological
defence and triggers lung tissue damage.®

E-Cigarettes contain high concentrations of
free radicals that are approximately 1016 molecules/
puff. These free radicals, in turn, consist of reactive
oxygen species (ROS) and reactive nitrogen species
(RNS). Upon inhalation, free radicals are neutralised
by enzymatic antioxidants such as superoxide
dismutase, glutathione peroxidase and catalase.
However, when these free radicals are inhaled or
taken in excess, complete neutralisation will be
impossible. This would consequently trigger cellular
damage and inflammatory response through the
release of pro-inflammatory cytokines by macrophage
cells.” One of these cytokines is interleukin-8, which
plays a role in cellular rupture and damage. Other
cytokines include the neutrophil chemotactic factor,
which releases neutrophils into lung tissue. Increased
interleukin (IL)-8 secretion will stimulate the release
of a metalloprotein-8 matrix into the lung tissues.?

Department of Public Health, Universitas Surabaya, Surabaya, Indonesia; “Department of Public Health, Universitas Airlangga, Surabaya, Indonesia

*Corresponding Author’s e-mail: rivan.virlando.suryadinata@gmail.com

This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nd/4.0/

Rivan V. Suryadinata and Bambang Wirjatmadi

Metalloprotein matrix is an endopeptidase synthesised
by neutrophils and expressed in various inflammatory
cells when these neutrophils are activated by different
inflammatory mediators of cell damage."* Therefore,
metalloprotein matrix is not expressed in healthy cells
or tissues, so it is often a parameter for the diagnosis
of tissue damage.'? Excessive metalloprotein-8 matrix
will affect the collagen structure and function in
respiratory cartilages by increasing the degradation
of type-2 collagen.”® Such damage occurring in the
lung tissue for an extended amount of time would
increase the risk of pulmonary fibrosis. This would
render the tissue damage irreversible and result in
various diseases, including pulmonary hypertension,
cardiovascular problems and lung cancer.

This study aims to determine the stages of lung
tissue damage through increased free radicals and
inflammatory responses; these indirectly result in
increased numbers of alveolar macrophages that
cause damage to lung tissues. This research was done
by comparing a group of experimental animals (male
Wistar rats) that were exposed to e-cigarette smoke to
a control group.

Methods

In this study conducted between March and

September 2019 in Airlangga University, male Wistar
rats were used because there was’t menstrual cycle in
the subjects, which signifies no changes in hormone
levels. During care and maintenance of experimental

Adaptation + 57 days

Inclusion criteria

animals, the 3R principle of replacement, refinement
and reduction was applied. The animals were kept in
accordance with standard natural conditions of two
cycles (12 hours of light and 12 hours of dark) and
provided with healthy food and water.

E-cigarettes were used in this study, each
containing 6 mg of nicotine. The liquid was heated
using a coil made of nickel. The experimental method
involved streaming smoke into a smoking chamber
sized 70 x 50 x 30 cm. The rats were included in
the chamber only when an appropriate smoke
exposure had been given in accordance with the
experimental duration. Malondialdehyde, IL-8, IL-
10, metalloprotein-8 matrix and type-2 collagen
require an immunohistochemistry (IHC) staining
method for assessment. IHC assesses the expression
of each sample quantitatively. The values are the
average numbers of positive cells observed for each
preparation. The data for each sample is the average
value of the immunoreactive score observed in 10
different fields of view (LP) using a magnification of
400x on a light microscope.

The histological examination started with the
removal of pulmonary organs of the rats to make
preparations for the Hematoxylin-Eosin staining
method. The assessment involves calculating the mean
number of alveolar macrophages in 10 visual fields per
preparation. Observations were carried out under
objective magnifications of 40x using an immersion
microscope.

Negative control Positive control
* Daily food intake * Daily food intake
* No exposure to E-cigarette © Exposure to E-cigarette
Evaluation for 30 days
Termination
(Anaesthesia and Euthanasia)
Histological preparation of
tissues lung
| Immunohistochemical staining | | Haematoxyline & eosin staining |
Identification of positive cells Identification of alveolar
(MDA, IL-8, IL-10, MMP-8, macrophage
Collagen type 2)

Figure 1: The methodology flowchart of an experimental study conducted on male Wistar rats assessing the levels of
malondialdehyde (MDA), interleukin (IL)-8, IL-10, matrix metalloprotein-8 (MMP-8) and type-2 collagen following

electronic-cigarette smoke exposure.
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Figure 2: Immersion microscopic scans at 100x magnification showing a higher number of cells positive for
malondialdehyde as seen in (A) the experiment group compared to (B) the control group of male Wistar rats based on
positive antigen-antibody reactions expressed through the brownish-black cytoplasm.
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Figure 3: The mean value and standard deviation
as seen in the experimental group compared to the
control group of male Wistar rats in a study assessing
the levels of malondialdehyde, interleukin (IL)-8, IL-10,
matrix metalloprotein-8 and type-2 collagen following
electronic-cigarette smoke exposure.

In this study, the experiment was divided into
two groups. The first was the control group, which was
given only food without any exposure to e-cigarette
smoke. The second group was given food and exposed
to e-cigarette smoke for two minutes daily during the
4-week period of the experiment [Figure 1].

The results of this study were obtained via a
ratio data focused on the average number of positive
cells from malondialdehyde, IL-8, IL-10, matrix
metalloprotein (MMP)-8 and type-2 collagen in the
lung tissue as well as the mean number of alveolar
macrophages in each group. Data analysis was
performed via t-test analysis using Statistical Package

for the Social Sciences (SPSS), Version 22.0 (IBM
Corp., Armonk, New York, USA). The next stage of
the data analysis was performed using the partial least
square (PLS) test to observe the effects between the
variables.

This study received ethical approval from the
Health Research Ethics Committee, Faculty of Public
Health, Universitas Airlangga.

Results

The results of this study were obtained by comparing
the average number of positive cells in 10 varying
LPs between the control and experiment groups for
malondialdehyde, IL-8, IL-10, MMP-8 and type-2
collagen. The mean value and standard deviation of
each variable in both groups are definite. The t-test
revealed a significant difference in the number of
positive cells between the control and experiment
groups [Figures 2a, 2b and 3].

In the experiment group, the number of positive
cells from malondialdehyde (24.30 + 0.82), IL-8 (15.49
+ 0.56), IL-10 (6.88 + 0.35) and the MMP-8 matrix
(12.01 + 0.35) were significantly higher than those in
the control group from malondialdehyde (6.80 + 0.28),
IL-8 (5.86 + 0.27), IL-10 (3.91 + 0.20) and the MMP-
8 matrix (7.14 + 0.23). Additionally, the number of
positive cells of type-2 collagen in the control group
(14.19 + 0.47) was significantly higher than those
in the experiment group (5.26 + 0.27) [Figure 3].

;-
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Figure 4: Immersion microscopic scans at 100x magnification showing a higher number of alveolar macrophage cells as
seen in (A) the experimental group as compared to (B) the control group of male Wistar rats in a study assessing the levels
of malondialdehyde, interleukin (IL)-8, IL-10, matrix metalloprotein-8 and type-2 collagen following electronic-cigarette

smoke exposure.
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Table 1:
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The results of the correlation-test for each group of male

Wistar rats in a study assessing the levels of malondialdehyde,
interleukin (IL)-8, IL-10, matrix metalloprotein-8 and type-2
collagen following electronic-cigarette smoke exposure

Protein MDA* IL-8" 1L-100 MMP- Collagen
8’ type-2
1L-8" 0.995 - - - -
IL-10* 0.980 0.983 - - -
MMP-8% 0.989 0.991 0.977 - -
Collagen -0993 -0.992 -0977 -0.991 -
type-2
Alveolar 0.995 0.995 0.994 0.994 -0.996
macrophage

MDA = malondialdehyde; "IL-8 = interleukin-8; *IL-10 = interleukin-10; *MMP-8 =
matrix metalloprotein-8.

The results of this study were obtained by
comparing the mean number of alveolar macrophages
per preparation in 10 LP between the control and
experiment groups [Figures 4a and 4b]. The standard
deviation and average value of alveolar macrophages
were observed for each group. T-test results exhibited
a difference in the number of alveolar macrophages
between both groups (P <0.001), where the experiment
group (53.26 + 0.93) had a greater number of positive
cells compared to the control group (21.86 + 1.12)
[Figure 3].

The results of the correlation test uncovered a
strong association between malondialdehyde, IL-8,
IL-10, matrix MMP-8, type-2 collagen and alveolar
macrophages present in lung tissue (r >0.80) [Table 1].

Discussion

This research shows an increase in various parameters
that can impact health negatively. It has been observed
that the content found and inhaled from e-cigarettes will
cause lung tissue damage. Free radicals passing through
the airways trigger oxidative stress and set off lipid
peroxidation, increasing the levels of malondialdehyde,
as shown in the immunohistochemical micrographs
[Figures 2 and 4]. E-cigarette smoke that enters and
passes through the airway will increase the number
of free radicals.”” When these free radicals become
excessive or abundant, oxidative stress also increases,
which causes further lipid peroxidation and cell
damage.’® The product of a lipid peroxidation reaction
is malondialdehyde, which is one of the final metabolic
by-products of peroxidase and hence, a commonly used
marker of increased free radicals in the body.”” The
increase in malondialdehyde levels in the experiment
group in this study was due to free radicals from
e-cigarettes entering the respiratory tract.

Cell damage causes cell necrosis, which in
turn results in cellular debris, often called damage-
(DAMPs) in the
micro-environment.'® Debris of cells stimulate the

associated molecular patterns
body’s immune system by increasing the number of
alveolar macrophages in the lung tissues. The first
stage of immune defence in the body is carried out
by M-1 alveolar macrophages through the process
of phagocytosis.”” The debris of cells that have been
phagocytosed by these macrophages will stimulate
the secretion of various cytokines that help initiate
an inflammatory reaction, one of which is IL-8.%
Whenever these reactions occur excessively, one of
the M-2 macrophage cells will play a role in regulating
the inflammatory process. Macrophage cells express
IL-10, which acts as an anti-inflammatory agent.”* The
results of this study showed an increase in levels of
interleukin-8 and a decrease in levels of interleukin-10
in the treatment group. This change in interleukin
levels would cause an excessive inflammatory reaction
in the lung tissue.

The increased inflammatory response in lung
tissue in the experiment group stimulates alveolar
macrophage and the secretion of metalloprotein-8
matrix, which is formed from the degranulation
of polymorphonuclear neutrophils (PMNs) during
the inflammatory reaction.?> Non-PMN cells that
experience these reactions, such as epithelial cells of
the human bronchi, also produce a metalloprotein-8
This the
inflammatory process on the

matrix. demonstrates influence  of
the

metalloprotein-8 matrix in lung tissues.” An excessive

increase in

increase stimulates the degradation of type-2 collagen
tissue found in the cells. This type of collagen is the
main active protein in cartilage tissues. In the airways,
it is abundant in the trachea, until it reaches the small
bronchial tubes. Increased synthesis and secretion
of type-2 collagen causes structural and functional
disorders of cartilage. Inflammation due to foreign
particles damages the bronchial wall and is one of
the risk factors of pulmonary fibrosis.® The increase
in alveolar macrophage, metalloprotein-8 matrix and
type-2 collagen that occurred in the experimental
group of the current study can increase the risk of
fibrosis in the lung tissue.

The body’s ability to regulate inflammation is
mainly through the secretion of anti-inflammatory
cytokines, namely IL-10. These cytokines are produced
by T helper 2 cells, which inhibit the activation of T
helper 1 cells that play a role in increasing the number
of macrophages in the lung tissue.?* In addition, IL-
10 is also needed to inhibit pathogen clearance and
25,26 This
was evidenced in the current study by the increase

improve immunopathological conditions.
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of various parameters of the inflammatory response
in the group exposed to e-cigarette smoke, which
was contrasted with the control group results. Each
parameter shows a relationship in the inflammatory
response process caused by exposure to e-cigarette
smoke, which forms a molecular pathway for lung
tissue damage.

Conclusion

Exposure to e-cigarette smoke increases free radicals
in the airways through increased malondialdehyde.
This
cytokines found in the lung tissue, such as IL-6 and IL-

causes modifications in pro-inflammatory
8, resulting in changes in the metalloprotein-8 matrix
and commencing type-2 collagen degradation. Hence,
this study showed a molecular pathway through its
short-term negative impact caused by e-cigarette
smoke that modifies the inflammatory process in
the lung tissue and triggers the onset of lung tissue

damage.
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The Molecular Pathways of Lung Damage by
E-Cigarettes in Male Wistar Rats

“Rivan V. Suryadinata' and Bambang Wirjatmadi’

ABSTRACT: Objectives: This study aimed to analyse theaagcs of lung tissue damage caused by exposure to
electronic cigarette (e-cigarette) smoke. The ncga& health effects of e-cigarettes remain debatable. Several studies
have shown the adverse effects, but others opine that e-cigarettes are safer to use than their tobacco counterparts.
There is, however, a possibility that the long-term health effects, such as respiratory and even kidney function
impairment, are presently not obvious. The amounts of increased free radicals and pro-inflammatory cytokines
from e-cigarettes result in various physiological disorders, which trigger cell damage and even cell death in the
body. Methods: An experimental study was conducted between March and September 2019 in Airlangga University
using a control and an experimental group of male Wistar rats to assess the levels of malondialdehyde, interleukin
(IL)-8, IL-10, matrix metalloprotein-8 and type-2 collagen. The results were obtained using immunohistochemical
nining methods on alveolar macrophages through Hematoxylin-Eosin staining. Results: The results showed that
exposure to e-cigarette smoke caused an increase in free radicals, triggered an inflammatory process and degraded
the type-2 collagen present in the lung tissue. Conclusion: Exposure to e-cigarette smoke can cause cell damage
inlung tissues.

Keywords: E-Cigarettes; Lungs; Immunohistochemistry; Hematoxylin; Eosin.

ADVANCES IN KNOWLEDGE 27
- This study explains the mechanison of hing tissue damage due to exposire to electronic cigarette (e-cigaretie) smoke from the airway to

the cells of lung tissues.

AfLicaTiON TO PATIENT CARE

avoid or reduce using them.

- The damage caused by e-cigarettes readhes the type-2 collagen, which indivectly affects the cartilages of the respivatory tract.

- This researdh aims (o analyse the impact of the damage caused by e-cigarettes to enable its use as a reference in educating the public to

HE USE OF ELECTRONIC CIGARETTES
(e-cigarettes) increases every year. They are
usually advertised as products that have

low nicotine levels and are often seen as a viable
alternative to smoking cessation. Consequently, most
people believe e-cigarettes are safer than their tobacco
counterparts.! In addition, aggressive marketing from
e-cigarette producers accelerates and increases its use
among users.” While various studies have shown the
short-term adverse effects, such as an increase in free
radicals and/or respiratory/airway inflammation, the
long-term risks of exposure and use remain unknown
because it is still a recent innovation.** However,
various physiological disorders arising from cell
damage caused by e-cigarette smoke pose a safety
concern.”

The e-cigarette is an electronic device that
utilises battery power® Its use is dilferent from
tobacco cigarettes, which require the burning of
natural tobacco leaves. It involves a heating process
conducted on metals containing a liguid, either
nicotine, propylene glycol or vegetable glycerol, which
is used as a solvent or flavour® The metal and the
liquid are heated to give off steam that is inhaled by the

1
‘Department of Public Health, Universitas Surabaya, Surabea

*Corresponding Authors e-mail: vivan.virlando. suryadinata@gmail com
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user. The various types of metalsgl materials used
in the manufacturing process of these e-cigarettes
increasingly raise concerns regarding its level of safety
for users” The resulting steam produced also causes
inflammation in the airways, reduces immunological
defence and triggers lung tissue damage.”

E-Cigarettes contain high concentrations of
free radicals that are approximatem]lﬁ molecules/
puff. These free radicals, in turn, consist of reactive
oxygen species (ROS) and reactive nitrogen species
(RNS). Upon inlmion, free radicals are neutralised
by enzymatic antioxidants such as superoxide
dismutase, glutathione peroxidase and catalase.
However, when these free radicals are inhaled or
taken in excess, complete neutralisation will be
impossible. This would cons@nﬂy trigger cellular
damage and inflammatory response through the
release of pro-inflammatory cytokines by macrophage
cells.” One of these cytokines is interleukin-8, which
plays a role in cellular rupture and damage. Other
cytokines include the neutrophil chemotactic factor,
which releases neutrophils into lung tissue. Increased
interleukin (IL)-8 secretion will stimulate the release
of a metalloprotein-8 matrix into the lung tissues.'®

onesia; “Departmient of Public Health, Universitas Airlangga, Surabaya, Indonesia

This work is




Metalloprotein matrix is an endopeptidase synthesised
by neutrophils and expressed in various inflammatory
cells when these neutrophils are activated by different
inflammatory mediators of cell damage." Therefore,
metalloprotein matrix is not expressed in healthy cells
or tissues, so it is often a parameter for the diagnosis
of tissue damage." Excessive metalloprotein-8 matrix
will affect the collagen structure and function in
respiratory cartilages by increasing the degradation
of type-2 collagen.”® Such damage occurring in the
lung tissue for an extended amount of time would
increase the risk of pulmonary fibrosis. This would
render the tissue damage irreversible and result in
various diseases, including pulmonary hypertension,
card]‘nascular problems and lung cancer."

This study aims to determine the stages of lung
tissue damage through increased free radicals and
inflammatory responses; these indirectly result in
increased numbers of alveolar macrophages that
cause damage to lung tissues. This research was done
by comparing a group of experimental animals (male
Wistar rats) that were exposed to e-cigarette smoke to
a control group.

Methods

In this study conducted between March and
September 2019 in Airlangga University, male Wistar
rats were used because there was't menstrual cycle in
the subjects, which signifies no changes in hormone
levels. During care and maintenance of experimental

radinata and Bambang Wirjatrmad

animals, the 3R principle of replacement, refinement
and reduction was applied. The animals were kept in
accordance with standard natural conditions of two
cycles (12 hours of light and 12 hours of dark) and
provided with healthy food and water.

E-cigarettes were used in this study, each
containing 6 mg of nicotine. The liquid was heated
using a coil made of nickel. The experimental method
involved streaming smoke into a smoking chamber
sized 70 x 50 x 30 cm. The rats were included in
the chamber only when an appropriate smoke
exposure had been given in accordance with the
experimental duration. Malondialdehyde, IL-8, IL-
10, metalloprotein-8 matrix and type-2 collagen
require an immunohistochemistry (IHC) staining
method for assessment. |[HC assesses the expression
of each sample quantitatively. The values are the
average numbers of positcells observed for each
preparation. The data for each sample is the average
value of the immunoreactive score observed in 10
different fields of view (LP) using a magnification of
400x on a light microscope.

The histological examination started with the
removal of pulmonary organs of the rats to make
preparations for the Hematoxylin-Eosin staining
method. The assessment involves calculating the mean
number of alveolar macrophages in 10 visual fields per
preparation. Observations were carried out under
objective magnifications of 40x using an immersion
microscope.

Inclusion criteria

Immunchistochemical staining

Identification of positive celis
(MDA, IL-8, IL-10, MMP-8,
Collagen type 2)

Identification of ahveolar
macrophage

Figure 1: The methodology flowchart of an experimental study conducted on male Wistar rats assessing the levels of
malondialdehyde (MDA), interleukin (IL)-8, IL-10, matrix metalloprotein-8 (MMP-8) and type-2 collagen following

electronic-cigarette smoke exposure.

| 437




The Molecular P

Figure 2: Immersion microscopic scans at 100x magnification showing a higher number of cells positive for
malondialdehyde as seen in (A) the experiment group compared to (B) the control group of male Wistar rats based on
positive antigen-antibody reactions expressed through the brownish-black cytoplasm.
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as seen in the experimental group compared to the
control group of male Wistar rats in a study assessing
the levels of malondialdehyde, interleukin (IL)-8, IL-10,
matrix metalloprotein-8 and type-2 collagen following
electronic-ci garette smoke ex posure.
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In this study, the experiment was divided into
two groups. The first was the control groa, which was
given only food without any exposure to e-cigarette
smoke. The second group was given food and exposed
to e-cigarette smoke for two minutes daily during the
4-week period of the experiment [Figure 1].

The results of this study were obtained via a
ratio data focused on the average number of positive
cells from malondialdehyde, I1L-8, IL-10, matrix
metalloprotein (MMP)-8 and type-2 collagen in the
lung tissue as well as the mean number of alveolar
macrophages in each groB Data analysis was
performed via t-test analysis using Statistical Package

for the Social Sciences (SPSS), Version 22.0 (IBM
Corp., Armonk, New York, USA). The next stage of
the data analysis was performed using the partial least
square (PLS) test to observe the effects between the
variables.

This study received ethical approval from the
Health Research Ethics Committee, Faculty of Public
Health, Universitas Airlangga.

[10)
Results

N

The results of this study were obtained by comparing
the average number of positive cells in 10 varying
LPs between the control and experiment groups for
malondialdehyde, IL-8, IL-10, MMP-8 and type-2
collagen. The mean value and standard deviation of
each variabmq both groups are definite. The t-test
revealed a significant difference in the number of
positive cells between the control and experiment
groups [Figures 2a, 2b and 3].

In the experiment group, the number of positive
cells from malondialdehyde (24.30 + 0.82), [L-8 (1549
+ 0.56), lL-IO@S + 035) and the MMP-8 matrix
(12.01 + 0.35) were significantly higher than those in
the control group from malondialdehyde (6.80 + 0.28),
IL-8 (5.86 % 0.27), IL-10 (3.91 £ 0.20) and the MMP-
8 matrix (7.14 = 0.23). Additionally, the number of
positive cells of type-2 collagen in the control group
(14.19 £ 047) was significantly higher than those
in the experiment group (526 + 0.27) [Figure 3].

ad

Figure 4: Immersion microscopic scans at 100x magnification showing a higher number of alveolar macrophage cells as

seenin(A) the experimental group as compared to (B) the control group of male Wistar rats in a study assessing the levels
of malondialdehyde, interleukin (IL)-8, IL- 10, matrix metalloprotein-8 and type-2 collagen following electronic-cigarette

Sy k('.‘ exposure.
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Table 1:

The results of the correlation-test for each group of male

Wistar rats in a study assessing the levels of malondialdehyde,
interleukin (IL)-8, IL-10, matrix metalloprotein-8 and type-2
collagen following electronic-cigarette smoke exposure

Protein MDA* IL-8'  1L-10f  MMP-  Collagen
8¢ type-2

IL-8" 0.995 - - -

IL-10¢ 0.980 0.983 - -

MMP-8+ 0.989 0.991 0977 -

Collagen -0993 -0992 0977 -0991

type-2

Alveolar 0.995 0.995 0.994 0.994 -0.9%

macrophage

MDA = mvilondialdelryele; TL-8 = interleukin-8 TIL-10 = interlewkin 10; "MMP-8 -
malrix melalloprotein-§

The results of this study were obtained by
comparing the mean number of alveolar macrophages
per preparation in 10 LP between the control and
experiment groups [Figures 4a and 4b]. The standard
deviation and average value of alveclar macrophages
were observed for each group. T-test results exhibited
a difference in the number of alveolar macrophages
between both groups (£ <0.001), where the experiment
groum&m +0.93) had a greater number of positive
cells compared to the control group (21.86 + 1.12)
[Figure 3].

The results of the correlation test uncovered a
strong association between malondialdehyde, 1L-8,
IL-10, matrix MMP-8, type-2 collagen and alveolar
macrophages present in lung tissue (r =0.80) [Table 1].

Discussion

This research shows an increase in various parameters
that can impact health negatively. It has been observed
that the content found and inhaled from e-cigarettes will
cause lung tissue damage. Free radicals passing through
the airways trigger oxidative stress and set off lipid
peroxidation, increasing the levels of malondialdehyde,
as shown in the immunohistochemical micrographs
[Figures 2 and 4]. E-cigarette smoke that enters and
passes through the airway will increase the number
of free radicals!® When these free radicals become
excessive or abundant, oxidative stress also increases,
which causes further lipid peroxidation and cell
damage.'® The product of a lipid peroxidation reaction
is malondialdehyde, which is one of the final metabolic
by-products ol peroxidase and hence, a commonly used
marker of increased free radicals in the body.” The
increase in malondialdehyde levels in the experiment
group in this study was due to [ree radicals from
e-cigarettes entering the respiratory tract.

Cell damage causes cell necrosis, which in
turn results in cellular debris, often called damage-
patterns (DAMPs) in  the
micro-environment." Debris of cells stimulate the
body's immune system by increasing the number of

associated molecular

alveolar macrophages in the lung tissues. The first
stage of immune defence in the body is carried out
by M-1 alveolar macrophages through the process
of phagocytosis.!'” The debris of cells that have been
phagocytosed by these macrophages will stimulate
the secretion of various cytokines that help initiate
an inflammatory reaction, one of which is IL-8*
Whenever these reactions ocm excessively, one of
the M-2 macrophage cells will play a role in regulating
the inflaimmatory process. Macrophage cells express
IL-10, which acts as ;ﬂlti-inﬂammator)ﬂ agent.* The
results of this study showed an increase in levels of
interleukin-8 and a decrease in levels of interleukin-10
in the treatment group. This change in interleukin
levels would cause an excessive inflammatory reaction
in the lung tissue.

The increased inflammatory response in lung
tissue in the experiment group stimulates alveolar
macrophage and the secretion of metalloprotein-8
matrix, which is formed from the degranulation
of polymorphonuclear neutrophils (PMNs) during
the inflammatory reaction” Non-PMN cells that
experience these reactions, such as epithelial cells of
the human bronchi, also produce a metalloprotein-8
matrix.  This the
the inflaimmatory process on the
metalloprotein-8 matrix in lung tissues.* An excessive

demonstrates influence  of

increase in

increase stimulates the degradation of type-2 collagen
tissue found in the cells. This type of collagen is the
main active protein in cartilage tissues. In the airways,
itis abundant in the trachea, until it reaches the small
bronchial tubes. Increased synthesis and secretion
of type-2 collagen causes structural and functional
disorders of cartilage. Inflammation due la:)reign
particles damages the bronchial wall and is one of
the risk factors of pulmonary fibrosis.” The increase
in alveolar macrophage, metalloprotein-8 matrix and
type-2 collagen that occurred in the experimental
group of the current study can increase the risk of
fibrosis in the lung tissue.

The body’s abilmo regulate inflammation is
mainly through the secretion of anti-inflammatory
cymws, namely IL-10. These cytokines are produced
by T helper 2 cel.mwhich inhibit the activation of T
helper 1 cells that play a role in increasing the number
of macrophages in the lung tissue* In addition, IL-
10 is also needed to inhibit pathogen clearance and
improve immunopathological conditions*** This
was evidenced in the current study by the increase
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of various parameters of the inflammatory response
in the group exposed to e-cigarette smoke, which
was contrasted with the control group results. Each
parameter shows a relationship in the inflammatory
response process caused by exposure to e-cigarette
smoke, which forms a molecular pathway for lung
tissue damage.

aonclusion

Exposure to e-cigarette smoke increases free radicals
in the airways through increased malondialdehyde.
This in  pro-inflammatory
cytokines found in the lung tissue, such as IL-6 and IL-

causes modifications
8, resulting in changes in the metalloprotein-8 matrix
and commencing type-2 collagen degradation. Hence,
this study showed a molecular pathway through its
short-term negative impact caused by e-cigare
smoke that modifies the inflammatory process in
the lung tissue and triggers the onset of lung tissue
damage.
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INTERESTING MEDICAL IMAGES: These
short articles highlight an interesting
image(s), with a brief Introduction to the
image/s and a detailed caption for each
one, followed by a Comment section of
maximum 500 words and c. 5 refs.

LETTERS TO THE EDITOR: (c. 1,000 words
& 5 refs.). These are short communications
either in response to a previous SQUM]J
article or on a new topic of interest.

2. JOURNAL LANGUAGE &
TRANSLATION

The Journal publishes papers in UK Eng-
lish, with the title, author names, abstracts
and keywords in Arabic and UK English.
Where none of the authors are Arabic
speaking, an abstract translation service is
provided. If you wish to include an Arabic
translation of these sections, please upload
it on the SQUM]J Editorial Manager web-
site as a separate file; do not include it
within the manuscript itself.

3. STYLE

The modern trend to simplify has also
influenced scientific writing. When pre-
paring your manuscript, avoid long sen-
tences, jargon and clichés. When tempted
to use a difficult word or complex sen-
tence, see if it can be replaced by simpler
one. Always write for the generalist, rather
than the specialist. The overall essence of
your manuscript should be understandable
to someone educated until university level.

4. ABBREVIATIONS & SYSTEM
OF UNITS

Since abbreviations tend to make the text
difficult to read, avoid them except when
essential. In the Abstract and the arti-
cle itself, define each abbreviation when
first used—e.g. coronary artery disease

(CAD)—and thereafter use the abbrevi-
ation alone without further explanation.
Avoid beginning sentences with abbrevia-
tions. All abbreviations must be expanded
in titles, subtitles and captions. Use stand-
ard abbreviations, rather than words,
for units and percentages (e.g. km, mm,
kg, L, mL, %, etc.). This Journal uses the
International System (SI) units for most
measurements (eg. pmol/L). Alternative
corresponding units may be included in
parentheses.

5. FIGURES & TABLES

All tables and figures should be inserted/
placed at the end of the manuscript, rather
than within the main text. Provide a brief
but fully self-explanatory caption and
title for each figure and cite each figure
in the text and number them consecu-
tively. Number tables consecutively, give
concise but self-explanatory titles to each
and cite them in the text. All figures will be
printed in colour. Tables will be formatted
to fit the standard shading/layout of the
Journal. It is the author’s responsibility to
obtain permission for the reproduction of
previously published figure or table from
other sources and the source of the original
figure/table should be clearly cited under-
neath the reproduction. An explanation
of all definitions used, as well as any other
potentially non-intuitive features, should
be included in the legend to the figure or
table. A maximum of 6 figures/tables are
permitted for Clinical & Basic Research
articles. All other article types are allowed
a maximum of 4 figures/tables.

PHOTOGRAPHS/IMAGES/ScANSs: The qual-
ity of such figures must be high enough
resolution for good print reproduction
and should stand reduction. The Journal
uses standard arrows/identifying symbols
for figures, so additional arrows, symbols,
words and other identifying/descriptive
features should not be placed on the figure
itself, if possible, but into the Microsoft
Word document instead. After acceptance,
figures should be provided to the Edito-
rial Office in digital format (300 dpi) and
in JPEG, PNG, GIF, TIFF or other image
format. Sourcing figures directly from a
Microsoft Word document may greatly
and negatively affect their quality in print.

DrawiNGs: All line drawings should be
planned to fit the Journal’s page size (12 x
18 cm). Lines should be dark enough and
letters should be of professional quality in
order to stand reduction. Do not use bold
or all-capital lettering. Do not combine
line drawings and photographs into one
illustration. For best results, it is advisa-
ble to execute your drawings in a vector
application such as Adobe Illustrator or
CorelDraw. The Editorial Office is able to
accommodate a wide range of vector and
bitmap formats executed on Windows or
Macintosh platforms.

DiaGgraMs/FLow CHARTs: All diagrams
and flow charts should be created in
Microsoft Word, if possible, and be edit-
able so that the font/formatting of the text



can be changed by the Editorial Office if
necessary.

TaBLES AND CHARTS: All X and Y axes
must be clearly labelled. Charts and tables
pasted into Microsoft Word documents
in un-editable “picture” formats are not
acceptable and should be provided in
Microsoft Excel or a similar programme.
Please ensure that no charts or graphs are
displayed in three dimensions. For tables,
please ensure that as few cells as possible
are merged and that each column and
row is clearly labelled and outlined using
the border function. Within a table, do
not insert multiple spaces or tabs within a
single cell.

6. FORMATTING

All manuscripts must be submitted in
Microsoft Word. Use 12 point Times New
Roman font for the entire manuscript. Use
minimum formatting, restricting format-
ting to superscripts and subscripts and
what is absolutely essential to reveal vari-
ous heading levels, since most formatting
will be removed before typesetting. Use
true superscripts and subscripts and not
“raised/lowered” characters. For symbols,
use the standard symbol fonts on Win-
dows or Macintosh. Using strange symbol
fonts may give unpredictable results in
print, even if the fonts are supplied by
the author. Put exactly one space between
words and after any punctuation. Put one
blank line between paragraphs and do not
use indents to indicate new paragraphs.
Ensure that the text of the entire man-
uscript is in uniform black font colour,
unless you need to indicate changes to
your article made during a request for
revision. Please do not insert page borders

Article Sections

1. MANUSCRIPT DETAILS

Please ensure that you remove the author
names and affiliation details from the
Microsoft Word document of your man-
uscript as it will be sent out for blind
peer review. In addition, ensure that any
potential identifying information—such
as that which might be included in an
Acknowledgments/Funding/Conflict  of
Interest section—is uploaded as part of the
standard SQUM]J Covering Letter on the
SQUM]J Editorial Manager website. This
information can subsequently be included
in the manuscript after an acceptance
decision has been made.

2. ABSTRACT

As the most widely read part of a paper,
the abstract demands careful prepara-
tion. Editorials, Letters to the Editor and
Interesting Medical Images do not need
an abstract. Abstracts of Clinical & Basic
Research studies and Brief Communi-
cations (max. 250 words and 150 words
respectively) should be clearly divided into
four sections: 1) Objectives; 2) Methods;
3) Results; and 4) Conclusion. Reviews,
Sounding Board articles, Special Contri-
butions, Technical Notes, Case Series/
Reports and CME articles should have a

narrative abstract in a single paragraph
(max. 150 words). The abstract is uploaded
to the SQUM]J Editorial Manager website
as a separate file.

3. KEYWORDS

Keywords are needed for Reviews, Sound-
ing Board articles, Special Contributions,
Clinical & Basic Research articles, Brief
Communications, Technical Notes, Case
Series/Reports and CME articles. Provide
max. 8 keywords using terms from the
medical subject heading (MeSH) database
on the PubMed site (http://www.ncbi.nlm.
nih.gov/mesh). Keywords are uploaded on
the SQUM]J Editorial Manager website in
the special section for this purpose.

4. METHODS - CLINICAL &
BASIC RESEARCH AND BRIEF
COMMUNICATIONS

In the Methods section, it is vital that
enough information is provided as to how
your study was conducted so that the
research can be replicated. If applicable,
you should clearly state any inclusion/
exclusion criteria, variables and sample
size calculations. For studies with human
or animal subjects, please include infor-
mation as to which organisation granted
ethical permission for the study and how
the consent of the subjects/patient con-
sent was obtained, if necessary. For ethical
permission, be aware that you will need
to provide the name of the committee
which granted approval for the study, as
well as the date and number of approval.
Any references to medical equipment
must include the official trade name of the
equipment and the full company name and
the city and country of the supplier. The
time period of the study must be clearly
noted in months and years (e.g. this study
was conducted between April 2016 and
February 2017).

5. CASE REPORT - CASE
SERIES AND CASE REPORTS
Include all relevant past medical history for
the case as well as the circumstances lead-
ing to the presentation/admission of the
patient. The year of presentation should
be included, but not the specific month
so as to avoid identification of the patient.
Provide a full description of the sequence
of events that followed the patient’s pres-
entation/admission as well as the clinical
decision-making process, diagnosis steps
and/or treatment. Clearly mention the
final prognosis status of the patient and the
results of any follow-up/further observa-
tions. If any further treatment or observa-
tion is planned for the future, this should
also be mentioned.

6. DISCUSSION

For studies, your Discussion section should
first reiterate briefly the results, then move
to a discussion of your main findings, and
finally move to wider topics and compari-
son of your study with other research. For
individual cases, it is advisable to describe
how the case is rare/unusual and the edu-
cational/scientific merit of its publication,
followed by an overview of the topic and a
comparison of your case with similar cases
described in the literature.

7. REFERENCES

All statements which require support/
evidence or cite data from previously
published material should be referenced.
Other literature should be referenced
sequentially in their order of appearance,
for example: “The Omani Ministry of
Health has prioritized eye care in its next
5 year plan” Always try to use primary
rather than secondary sources of data, if
available. Avoid references to personal
communications, unpublished data or
other manuscripts which have not yet
been accepted for publication. The refer-
ence number must be inserted within the
text in superscript after a comma or full
stop. In the article itself and the Reference
section, list all the references in sequential
numerical order. In the Reference section,
list all authors up to a maximum of six. If
there are more than six authors then write
et al. after the sixth author. The Journal
uses a variation of the Index Medicus style
of referencing, which is similar to the Van-
couver style. Please adopt the exact style
as shown in the examples below, includ-
ing punctuation. Journal names should be
abbreviated as per the Journals Database
section in PubMed (http://www.ncbi.
nlm.nih.gov/nlmcatalog/journals). Please
include DOI numbers where available.

JOURNAL CITATION
Khandekar R, Mohammed AJ, Negrel AD,
Riyami AA. The prevalence and causes of
blindness in the Sultanate of Oman: The
Oman Eye Study (OES). Br ] Ophthalmol 2011;
86:952—8. https://doi.org/10.1136/bj0.86.9.957.

Book CHAPTER
Brown J, Murphy KH. Adult-onset Still's
Disease. In: Maddison PJ, Woo P, Glass DN,
Eds. Oxford Textbook of Rheumatology. 3rd
ed. Oxford, UK: Medical Publication, 2010.
Pp. 1127-31.

Boox
Smith MD. Introduction to Gynaecology.
6th ed. New York, USA: Institutional Press,
2010. P 15.

REPORT
World Health Organization. Issues in
Health Services Delivery. Geneva: World
Health Organization. WHO/EIP/ool. Pp.
3—4.

THESIS
Rowe L. DNA damage-induced reac-
tive oxygen species: A genotoxic stress
response. Ph.D. Thesis, 2012, Emory
University, Georgia, USA.

WEBSITE
Smith AD. Pregnancy after 35. From: www.
marchof-dimes.com/pregnancy Accessed:
Sep 2011.

8. FIGURES/TABLES

Figures and tables should not simply be a
repetition of data already included in the
text but should be used to present your
data in a concise and more understanda-
ble format. They also should not contra-
dict results reported elsewhere within the
manuscript. Ensure that the correct type of
figure/table is used so that the information
is presented in the most appropriate/inter-
esting manner.



Submission

Proofs & Prints

All manuscripts should submitted online
via the Editorial Manager system at: www.
edmgr.com/squmj/. Authors can also track
the progress of their manuscript and submit
revised manuscripts on this site. Alterna-
tively, authors can follow the link to the
Editorial Manager site from the home page
of the SQUM]J website (journals.squ.edu.
om/index.php/squmj) or the Authors page
(journals.squ.edu.om/index.php/squmj
/about/submissions#authorGuidelines).
The latter contains these Guidelines for
Authors as well as other resources for
authors and a link to the standard SQUM]J
Covering Letter which must be uploaded
along with the manuscript. If there should
be any problems during the submission
process, authors should contact the Edi-
torial Office at mjournal@squ.edu.om
or squmjoman@gmail.com. Substantial
delays in the submission process can be
avoided if authors comply with these
Guidelines for Authors.

Review Process

The Editorial Office of the Journal and
the SQUM]J subject editors check each
submitted manuscript for general qual-
ity, suitability and whether it conforms to
the accepted format. All manuscripts are
also checked for plagiarism; if discovered,
immediate strong action is taken. If found
prima facie acceptable, the manuscript will
be sent out for double-blind international
peer review. All reviewers treat the manu-
script with the strictest confidentiality and
must declare any conflict of interests. Sub-
stantial delays can be avoided if authors
comply with these Guidelines. Comments
and suggestions from the reviewers are
conveyed to the authors via the online
system. Revised manuscripts are subject
to further review by the original reviewers
and the responsible subject editors. The
final decision as to acceptance or rejec-
tion lies with the Editor-in-Chief, with
advice from the SQUM]J Editorial Board
and Sultan Qaboos University's Academic
Publications Board.

Editing

Papers selected for publication are edited
by the SQUM]J Editorial Office for brevity,
clarity, grammar, spelling and style. Brit-
ish/UK English spelling and punctuation
are used. The Editorial Office has final
approval over the version of the manu-
script to be published and certain changes/
modifications to the language and style of
the text can be made without the authors’
agreement, as long as they do not impact
the intended meaning or scientific content
of the text. When the editing is extensive,
with the possibility of altered meaning,
queries are sent to the corresponding
author by email.

The galley proof of an accepted article is
emailed in PDF format to the correspond-
ing author for typographical checking only.
It should be returned within 48 hours of
receipt. The corresponding author will be
provided with one copy of the issue per
author of the manuscript. Since high-qual-
ity PDF reprints are downloadable from the
SQUM]J web site, physical reprints are not
issued. The full text of all articles is also avail-
able in PubMed and the abstracts in Scopus.

Checklist for
Authors

« Manuscript conforms to ICJME Uni-
form Requirements?

+ Standard Covering Letter uploaded and
all required sections completed?

« Abstract has required length and sec-
tions? Keywords provided?

+ Arabic translations of title, author-
names, abstract and keywords provided
(if one author is Arabic-speaking)?

»  Manuscript conforms to SQUM]J’s style,
length and formatting requirements?

» Tables, drawings, charts and photo-
graphs placed after the article text and
in editable format?

«+ References in the Journal’s exact style?

« All sources acknowledged, ethical per-
mission and patient consent received,
any conflict of interest declared and
copyright issues resolved?

SQUMJ
Standard
Covering Letter

Available from: web.squ.edu.om/squmj/
index.asp and also from: www.edmgr.

com/squmj Author submission page.

This form covers Declaration of Author
contributions, Source of Funding, Cop-
yright Transfer and Declaration of Con-
flict of Interest. The signature of the cor-
responding author at the bottom of this
form certifies compliance with all sections.
Manuscripts will not be processed until
the corresponding author has completed
this form and uploaded it along with the
manuscript to SQUMJ at: www.edmgr.
com/squmj/

To: The Editor-in-Chief, SQU Medical Journal,
College of Medicine & Health Sciences,

Sultan Qaboos University, Post Box 35, PC 123
Al-Khod, Oman.

Please find enclosed my/our paper entitled:

Please consider it for publication in the SQUMJ.
I/we certify that this paper has not been sub-
mitted for publication elsewhere and will not
be submitted to another publication be it print
or electronic. Likewise this paper has not been
published elsewhere either in part or in its

entirety in either print or electronic format.
Upon acceptance of this manuscript, the copy-
right will transfer to SQUM]J.

Full Name & Signature Corresponding Author:
Full postal address of Corresponding Author:
E-mail address for correspondence:

COPYRIGHT TRANSFER

In order that SQUMJ may disseminate the arti-

cles submitted and accepted by SQUMJ authors

must transfer copyright to SQUMYJ. If the article
has multiple authors, the corresponding author
takes responsibility for transferring the rights
of all authors to SQUM]J by signing this form.

However, all published articles will be licensed

by SQUM]J under a Creative Commons Attribu-

tion License that allows others to freely share the
work with an acknowledgement of the work’s
authorship and initial publication in this journal.

1. The authors hereby transfer all copy-
rights in and to the manuscript named
above in all forms and media, now or
hereafter known, to the SQUM]J and
effective if and when the manuscript is
accepted for publication in SQUM]J.

2. The authors retain the following nonex-
clusive copyrights, to be exercised only
after the manuscript has been published
in online format on the SQUM]J website:

a) Reprint the manuscript in print collec-
tions of the author’s own writing.

b) Present the manuscript orally in its
entirety.

¢) Use the manuscript in theses and/or
dissertations.

d) Reproduce the manuscript for use in
courses the author is teaching. (If the
author is employed by an academic
institution, that institution may also
reproduce the manuscript for course
teaching.)

e) Distribute photocopies of the man-
uscript to colleagues, but only for
non-commercial purposes.

f) Reuse figures and tables created by the
author in future manuscripts the author
writes.

g) Post a copy of the manuscript on the
author’s personal website, departmental
website and/or the university’s intranet,
provided a hyperlink to the manuscript
on the SQUM]J website is included.

h) In all the instances under clause 2a)
through 2g) above, the author will give
proper credit to the original publication
in SQUMJ as follows:

This research was originally published in
SQUMJ. Author(s). Title. Sultan Qaboos
University Med ] Year; vol:pp-pp.

3. The authors understand that if and when
the manuscript is accepted for publica-
tion in SQUMJ it will be pre-published
online in open access format one to
two months before the issue appears in
print. It will also appear in the SCOPUS
Index in abstract format and in PubMed
as a ‘Free PMC article’ (full text freely
available).

4. The authors warrant that the manuscript
(or its essential substance) has not been
published other than as an abstract
in any language or format and has not
been submitted elsewhere for print or



electronic publication consideration.

5. The authors warrant that the manuscript
does not contain any material the pub-
lication of which would violate any cop-
yright or other personal or proprietary
right of any person or entity.

6. The authors will obtain and include with
the manuscript written permission from
any respective copyright owners for the
use of any textual, illustrative, or tabu-
lar materials that have been previously
published or are otherwise copyrighted
and owned by third parties. The authors
agree that it is their responsibility to pay
any fees charged for permissions.

CONFLICT OF INTEREST
DISCLOSURE

SQUM]J is committed to ensuring the
integrity of all its activities. The SQUM]J
Conflict of Interest Policy requires each
author to disclose all relevant financial and
other interests that might be construed as
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ent conflict in one’s role as contributor to
SQUM]J, regardless of amount or value.
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be regarded as creating a presumption of
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interest to disclose. It also needs to be filled
out if none of the authors have a conflict of
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process the conflict(s) of interests will only
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closures will appear in both the print and
online edition of the article in the Conflict
of Interest section at the end of the article.
Please tick the relevant box below:
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uscript, in the Conflict of Interest section.
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