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Effects of low-dose filtered kretek cigarette smoke on
bronchial smooth muscle in male Sprague-Dawley rats
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ABSTRACT

BACKGROUND

Kretek cigarettes contain less nicotine and tar than conventional
cigarettes. Exposure to cigarette smoke occurs mainly in the respiratory
tract, resulting in histometric changes. The aim of this study was to
evaluate the effect of filtered kretek cigarette smoke on bronchial
histometric measurements in male Sprague-Dawley rats.

METHODS

An experimental laboratory study was conducted involving 18 male
Sprague-Dawley rats, aged 2-3 months, ranging from 150 to 250 grams
in body weight. They were randomized into group 1 (controls) and
experimental groups 2 and 3. Group 2 was exposed to filtered cigarette
smoke at a dose of 1 stick/day and group 3 to 2 sticks/day. Treatment
time for all groups was 30 days. Observation of bronchial histometric
measurements of the lumen include, length, width, area, and perimeter.
In addition, the bronchial mucosal and smooth muscle layers were also
measured. The one way-ANOVA test was used to analyze the data.

RESULTS

The mean area and mean perimeter of the bronchial lumen of the rats were
significantly greater ingroup 1 than in groups 2 and 3 (p=0.000). The mean
bronchial smooth muscle area of the rats in group 1 was smaller than the
mean in group 2, which was in turn smaller than the mean in group 3
(p=0.000). Apparently the rats in the treatment groups had undergone
bronchoconstriction.

CONCLUSION

Exposure to filtered kretek cigarette smoke at a dose of 1 stick/day as well
as 2 sticks/day for 30 days caused bronchial mucosal hyperplasia and
bronchoconstriction in male rats.

Keywords: Filtered kretek cigarette, bronchial histometric measurements,
bronchial hyperplasia, bronchoconstriction, rats
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INTRODUCTION

Kretek cigarettes are known for their
characteristic content of a mixture of tobacco,
flower buds of the clove tree, and flavors.(» In
addition to kretek cigarettes, a substantial
proportion of the Indonesian population smokes
conventional cigarettes, and is therefore classified
as consistently consuming tobacco, so that
Indonesia is included as a third world country.®
Recent research suggests that kretek cigarettes
contain chemicals, including eugenol, menthol, and
flavor chemicals. Eugenol is exclusively found in
kretek cigarettes and not in other types of
cigarettes.?® In addition to containing these
compounds, kretek cigarettes have also been
demonstrated to produce high emissions of
particulate matter.) A systematic review showed
that the existing studies suggest that the habitual
use of kretek cigarettes can increase the risk of
a range of health problems, including oral,
cardiovascular, and respiratory diseases.®

Based on identical amounts of total
particulate matter (TPM) in cigarette smoke,
kretek cigarettes are less toxic than other
cigarettes, such as American-blended cigarettes.
(M In addition, the results of in vitro testing
demonstrated that kretek cigarette smoke is less
toxic to cells, and less mutagenic. Moreover, the
results of in vivo testing demonstrated that kretek
cigarette smoke is less toxic to the respiratory
tract.

There are more than 4000 types of chemical
substances contained in cigarettes that have been
identified.® Cigarette smoke contains about 8%
solid particles and 92% gases.” In addition,
nicotine in cigarettes is important to pay attention
to because it is addictive.® In addition to these
additives, there is also a radioactive component,
namely 2!°Po, which is a carcinogen.®) These
substances in cigarette smoke are inhaled from
the mouth into the alveoli so that they are deposited
along the respiratory tract.('” As a result, cigarette
smoke causes abnormalities, and can cause
diseases of the respiratory system. 'V In addition,
cigarette smoke also contains free radicals that
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are one of the causes of permanent lung tissue
damage called chronic obstructive pulmonary
disease (COPD),!"? leading to irreversible
destruction of the terminal bronchioles.!'¥ It has
been proven that the main cause of COPD is
cigarette smoke.!® In the application of COPD
diagnosis in humans, qualitative and quantitative
assessments are required.!

The results of previous studies indicate that
cigarette smoke causes a decrease in airway
diameter.'® Other results show that smoking
actively affects the human bronchial epithelium.(!”
In addition to cigarette smoke, 2,3-pentanedione
vapor causes injury to the epithelium lining the
respiratory tract of rats.'® Cigarette smoke also
causes a stress effect on the respiratory system,
leading to bronchopulmonary dysplasia.!® It has
also been demonstrated that degenerative
bronchiolar changes can occur in rat lung injury.?%
Previous studies have demonstrated the effect
of cigarette smoke on airway smooth muscle cell
proliferation and function.®? The thickness of the
smooth muscle layer in the bronchioles can be
influenced by several factors, including exposure
to chemicals.®? Other study has shown that the
smooth muscle of the bronchioles affects the
morphology and function of the rat airways.®®
Changes in the thickness of the bronchiolar
smooth muscle layer are important to know in
relation to exposure to cigarette smoke. This
relates to the effect of smooth muscle thickness
on the bronchiolar area and perimeter. 3

In addition to what has been described
previously, cigarette smoke induces dysregulation
that affects function in respiratory epithelial cells.
Toxic substances in cigarette smoke are inhaled
and pass into the epithelial cells of the respiratory
tract,® for example ciliated cells and goblet
cells.®% 29 Previous studies demonstrated that
ciliated epithelial cells are positively correlated
with bronchial lumen area, and negatively
correlated with airflow through the bronchi.?®
Therefore, it is important to measure the area and
perimeter of the bronchial lumen. This is related
to respiratory epithelial cells affecting the lumen
of the bronchus.
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Besides causing dysregulation and affecting
respiratory epithelial cells, toxic compounds in
cigarette smoke also cause fibrosis of lung tissue.
It has been demonstrated that toxic compounds
increase pulmonary collagen accumulation,
leading to pulmonary fibrosis.?? In this
connection, pulmonary fibrosis occurs due to the
formation of scar tissue that interferes with lung
function.®® It has been demonstrated that
inhalation of toxic compounds causes
inflammation,®*3% progressive lung injury,®” and
fibrosis in the rat.(%2%3D As with COPD,
morphometric measurements have been made in
lung cystic fibrosis.?

It has been demonstrated that unfiltered
cigarettes were smoked at a lower rate during
the trial than filtered cigarettes (p<0.05). In
addition, it was also demonstrated that there was
no difference in nicotine content or dependence
(intention to quit smoking) between unfiltered and
filtered cigarette smokers (p>0.05).% The
difference between our study and the previous
studies was that in this study we used filtered
kretek cigarettes.

The choice of a low dose of conventional
cigarettes as well as herbal cigarettes has been
made previously, namely using a dose of 2 sticks/
day against Mus musculus to obtain a picture of
pulmonary histology. The group exposed to
conventional cigarette smoke suffered from
edematous lesions with a score of 0.7,
inflammatory cell infiltration with a score of 3,
and destruction of the alveolar septum with a score
of 3.69

The term histometrics is used for
identification and authentication based on unique
biological characteristics at the tissue level.®
Research focusing on histometrics has been
carried out, and the data are expressed
quantitatively.®® In our study, in contrast with
previous studies, we evaluated the effect of
filtered kretek cigarettes at doses of 1 stick/day
or 2 sticks/day for 30 days on rat bronchial
histometric measurements. Therefore, the aim of
this study was to evaluate the effect of filtered
kretek cigarette smoke on bronchial histometric
measurements in male Sprague-Dawley rats.
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METHODS

Research design

An experimental laboratory study was
carried out at Laboratorium Penelitian dan
Pengujian Terpadu [(LPPT) (Integrated
Research and Testing Laboratory)] Unit 4,
Universitas Gadjah Mada. Histological
observations of bronchial histometrics were
carried out at the Biology Laboratory, Faculty of
Medicine, Universitas Trisakti, Jakarta, Indonesia.
This research was conducted from September
2022 to June 2023.

Animals

The minimum and maximum sample sizes
for one-way ANOVA using the between-subject
error (DF) is calculated as: DF=N-k=kn—-k
=k(n—- 1), where N = total number of subjects, k
= number of groups, and n = number of subjects
per group.®” The minimum n = 10/k + 1 and
maximumn =20/k + 1, so the minimumn = 10/
3+ 1=4.3 =rounded up to 5 animals/group and
maximum n = 20/3 + 1 =7.7 = rounded down to
7 animals/group. In the proposed study, between
5 and 7 animals per group are required. This study
involved 6 male rats of the Rattus norvegicus
Sprague-Dawley strain per group, that were 2-3
months old and weighed 150-250 grams. The
Sprague-Dawley rats were obtained from the
Integrated Research and Testing Laboratory Unit
4, Universitas Gadjah Mada, and were housed in
individual cages. The experimental room had a
temperature of 26 £+ 2°C, humidity 55 + 5%, and
artificial fluorescent lights (12:12 hours light and
dark cycle). The rats were free of specific
pathogens and were kept isolated from other
laboratory animals. They were housed in air-
filtered cages and provided with standard
laboratory feed and fresh water ad libitum.

Smoke inhalation exposure

At the beginning of the study, the rats were
acclimatized for 1 week. During acclimatization,
the rats were given food and drink, but no
treatment. After acclimatization, random grouping
was carried out. The rats were randomly
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subdivided into 3 groups; group 1 was the control
group, where the rats breathed normal air without
being exposed to filtered kretek cigarette smoke;
group 2 was the group of rats exposed to filtered
kretek cigarette smoke at a dose of 1 stick/day
for 30 days and group 3 was the group of rats
exposed to filtered kretek cigarette smoke at a
dose of 2 sticks/day for 30 days. Exposure to
filtered kretek cigarette smoke was carried out in
a smoking chamber measuring 45 x 35 x 20 cm
(31500 cm?®). The oxygen valve in the smoking
chamber is opened first, then the filtered kretek
cigarettes are installed at the end of the pipe
connected to the pump. After the pump is turned
on, the filtered kretek cigarettes are burned so
that the smoke enters the smoking chamber to be
inhaled by the rats. The animals were placed in
the exposure port of the machine so that only the
snouts protruded into the chamber. The first group
was sham-exposed (controls) in a separate
chamber of the machine and went through the
same exposure sequence but without the cigarette
in the holder. The second group was exposed to
the smoke of 1 cigarette. The third group was
exposed to the smoke of 2 cigarettes of the same
type. Smoking was carried out with groups 2 and
3 for 10 minutes in the morning. After 30 days of
treatment (the length of time being based on
preliminary studies), immediately after the last
exposure session, the animals were anesthetized
with ketamine 100 mg/kg body weight, and
xylazine 10 mg/kg body weight intra-peritoneally.
Afterwards, the animals were euthanized, then
the lungs were taken and collected in 10% neutral
buffered formalin (NBF) solution, to make
histological preparations.

Hematoxylin eosin staining

Right lobe Iung tissue was fixed in 10% NBF.
Next, the tissues were dehydrated by being
transferred consecutively into alcohol at
concentrations of 70%, 80%, 90%, and 96%,
respectively. Dehydration time is 2 hours for each
alcohol concentration. The next step is clearing
using xylol, then embedding and blocking. Lung
tissue in the paraffin block was cut using a
microtome, with a thickness of 5 um. The tissue

266

Bronchial smooth muscle

was stained with hematoxylin for 5 minutes, then
washed with running tap water for 5 minutes.
Next, the tissue was dipped in 1% acidic alcohol
(1% HCI in 70% alcohol) for a few seconds.
Bluing is done by rinsing under running tap water,
dipping in ammonia water until the area turns blue,
followed by washing with tap water. The
preparation is then counterstained with 1% eosin
for 10 minutes, then washed with tap water for 5
minutes. After counterstaining, the section is
dehydrated with alcohol, the preparation is
cleaned with xylol. The last step is mounting and
labeling.

Masson’s Trichrome staining

Sections of lung tissue of 5 pm thickness
from paraffin blocks were deparaffinized, washed
with water, then treated with Lugol’s iodine for
15 minutes, to remove possible traces of mercury
pigment, and washed with water. Subsequently
5% sodium thiosulphate solution is added and left
for 3 minutes, then washed with water for at least
10 minutes. The preparation is then stained with
hematoxylin for 3 minutes, dipped quickly into
1% acid alcohol 3 times, and washed with water.
Next the section is immersed in acid fuchsin for
5 minutes, washed with distilled water, immersed
in phosphomolybdic acid solution for 5 minutes,
and left to dry. The next step is to immerse the
section in methyl blue solution for 5 minutes,
wash with distilled water, immerse in 1% acetic
acid for 2 minutes, then dehydrate in serial
solutions of graded alcohols and clear with xylol.
The last step is mounting and labeling.

Scanning electron microscope

Lung tissue samples were taken from the
right lobe. After fixation, the sample was
positioned, then coated and analyzed under a
scanning electron microscope (SEM). The SEM
used for observation was of the JEOL 6510 LA
series made in Japan.

Bronchial histometric measurements
Images of the preparations

documented with Optilab Advance Plus and

Image Raster 3 by PT MICONOS, Special

were
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Region of Yogyakarta, Indonesia. The programs
are available at https://miconos.ac.id/new/support/
download. The bronchial histometric
measurements of the lumen include length, width,
area, and perimeter. In addition, the area and
perimeter of the bronchial mucosal and bronchial
smooth muscle layers were also measured. The
bronchial histometric measurements of the rat
lung was performed by three observers.

Statistical analysis

The measured data is expressed as the
mean + standard deviation. Data analysis between
groups used the one way-analysis of variance
test. Significant differences between the groups
were further tested by Tukey post hoc analysis
(honestly significant difference, HSD). All
statistical analysis tests were performed at the
significance level of p<0.05.

Ethical clearance

The Ethical Clearance Commission for
preclinical research of the Integrated Research
and Testing Laboratory, Universitas Gadjah Mada
has approved this study under No. 00012/04/
LPPT/VI1/2022.

RESULTS

After treatment, the mean lung weights of
the Sprague-Dawley rats in groups 1 to 3 were
1.92 +0.15¢g,1.9+0.11 g, and 2.03 £ 0.17 g,
respectively. There was no significant difference
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in lung weight of the rats between groups 1, 2
and 3 (p=0.281).

Bronchial wall appearance of a Sprague-
Dawley rat, presented in Figure 1.

The bronchial walls in group 1 showed a
normal histological structure (Fig. 1. A), whereas
in group 2 they showed an abnormal histological
structure, namely hyperplasia of the bronchial
mucosal layer (Figure 1. B). Group 3 of the
Sprague-Dawley rats showed
bronchoconstriction (Fig. 1. C).

Observations of the lungs of the Sprague-
Dawley rats using a light microscope and SEM
are presented in Figure 2.

Qualitative appearance of bronchial walls
showing differences in bronchial lumen, bronchial
mucosal layer, and bronchial smooth muscle cells
clearly visible on H&E staining (Fig. 2 A, B, C).
Likewise, it was shown qualitatively that
differences in bronchial collagen accumulation
were clearly seen by Masson’s trichrome staining
which demonstrated that the rats in groups 2 and
3 experienced more collagen accumulation than
those in group 1 (Fig. 2 D, E, and F). The results
of observations using SEM showed that
qualitatively there were differences in lung
appearance of the Sprague-Dawley rats between
groups 1, 2, and 3 (Fig. 2 G, H, and I).

Bronchial histometric comparison of
Sprague-Dawley rats is presented in Figure 3.

Effect of filtered kretek cigarette smoke on
the bronchial lumen in Sprague-Dawley rats is
presented in Table 1.

Figure 1. Bronchial wall appearance of a Sprague-Dawley rat with H&E stain, magnification of 100 x. A=Group
1 (controls), rats breathe normal air without exposure to filtered kretek cigarette smoke. B=Group 2, the group
of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. C=Group 3,

group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment.
H&E=hematoxylin & eosin; black arrow=respiratory epithelium; lime-colored arrow=lamina propria; blue
arrow=smooth muscle layer; yellow arrow=bronchus-associated lymphoid tissue; white circle=bronchial lumen
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Figure 2. Lung appearance of Sprague-Dawley rats. Lungs of Sprague-Dawley rats stained with hematoxylin &
eosin observed using a light microscope at 100x magnification in group 1 (A), group 2 (B), and group 3 (C).
Lungs of Sprague-Dawley rats stained with Masson’s trichrome observed using a light microscope at 100x

magnification in group 1 (D), group 2 (E), and group 3 (F). Lungs of Sprague-Dawley rats observed using the
scanning electron microscope at 100x magnification in group 1 (G), group 2 (H), and group 3 (I). Group 1
(control), the rats breathe normal air without exposure to filtered kretek cigarette smoke. Group 2, the group of
rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group 3, group
ofrats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment.

Figure 3. Bronchial histometric comparison of the Sprague-Dawley rats. The length and width of the bronchial
lumen stained with hematoxylin & eosin, 100x magnification, in group 1 (A), group 2 (B), and group 3 (C). The
area and circumference of the bronchial lumen stained with hematoxylin & eosin, magnification 100x, in group 1
(D), group 2 (E), and group 3 (F). Group 1 (control), rats breathe normal air without exposure to filtered kretek
cigarette smoke. Group 2, the group of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day
for 30 days of treatment. Group 3, group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/

day for 30 days of treatment.
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Table 1. Effect of filtered kretek cigarette smoke on the bronchial lumen
in male Sprague-Dawley rats
. Treatment groups
Bronchial lumen Group 1 (n=6) Group 2 (n=6) Group 3 (n=6) p value
Length (im) 83.94 +4.94 65.61 £7.72 54.94 + 6.43 0.000
Width (um) 52.06 +£2.83 35.96 + 5.98 3542 +7.54 0.000
Perimeter (um) 189.79 £ 4.04 161.66 £ 1.48 156.19 £5.21 0.000
Area (um)? 2048.43 + 63.73 1514.79 + 57.98 1541.07 + 78.18 0.000

Note: Group 1 (control), rats breathe normal air without exposure to filtered kretek cigarette smoke. Group 2, the
group of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group
3, group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment

The length, width, area, and perimeter of
the bronchial lumen of the Sprague-Dawley rats
differed significantly between the groups
(p=0.000) (Table 1). The results of the Tukey post
hoc analysis of the bronchial lumen is shown in
Table 2. The length of the bronchial lumen of the
Sprague-Dawley rats in group 1 was greater than
that in groups 2 and 3 (p=0.000), and was greater
in group 2 than in group 3 (p=0.012). The width
of the bronchial lumen of the Sprague-Dawley
rats differed between groups (p=0.000). It was
greater in group 1 than in groups 2 and 3 (p=0.000),
but was not significantly different between groups
2 and 3 (p=0.874). The area of the bronchial
lumen of the Sprague-Dawley rats differed
between groups (p=0.000). The area was greater
in group 1 than in groups 2 and 3 (p=0.000), but
was not significantly different in groups 2 and 3
(p=0.508). The perimeter of the bronchial lumen
of the Sprague-Dawley rats differed between
groups (p=0.000) and was greater in group 1
compared to groups 2 and 3 (p=0.000); similarly
it was greater in group 2 than in group 3 (p=0.028)
(Table 2). Based on Fig. 3 and Table 1, it is
apparent that the bronchial lumen of the rats has
undergone bronchoconstriction.

The effect of filtered kretek cigarette smoke
on the bronchial mucosal layer and bronchial
smooth muscle layer in Sprague-Dawley rats is
presented in Table 3.

The bronchial mucosa in group 1 is normal,
while in group 2 and 3 it has undergone
hyperplasia. Bronchial mucosal area, “ mucosal
perimeter, smooth muscle area, and “ smooth
muscle perimeter differ between groups (p=0.000)

(Table 3). Tukey post hoc analysis of bronchial
mucosa and bronchial smooth muscle is shown
in Table 4. The area of the bronchial mucosa in
group 1 was greater than that of group 2 and
group 3 (p=0.000) and also greater in group 2
than in group 3 (p=0.001). The “ mucosal
perimeter in groups 1 and 3 was lower than that
of group 2 (p=0.000), but it was not different
between group 2 and group 3 (p=0.763). The
bronchial smooth muscle area in group 1 was
smaller than in group 2; similarly it was smaller in
group 3 than in group 2 (p=0.000). The “ bronchial
smooth muscle perimeter of the Sprague-Dawley
rats in group 1 was shorter than that in group 2

Table 2. Post Hoc Tukey test of bronchial lumen
in male Sprague-Dawley rats

Bronchial lumen p value
Length (um) Group 1 vs Group2  0.000
vs Group3  0.000
Group 2 vs Group3  0.012
Width (um) Group 1 vs Group2  0.000
vs Group3  0.000
Group 2 vs Group 3 0.874
Perimeter (um) Group 1 vs Group2  0.000
vs Group3  0.000
Group 2 vs Group 3 0.028
Area (um) Group 1 vs Group2  0.000
vs Group3  0.000
Group 2 vs Group 3 0.508

Notes: Group 1 (control), rats breathe normal air
without exposure to filtered kretek cigarette smoke.
Group 2, the group of rats exposed to filtered kretek
cigarette smoke at a dose of 1 stick/day for 30 days of
treatment. Group 3, group of rats exposed to filtered
kretek cigarette smoke at a dose of 2 sticks/day for 30
days of treatment
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Table 3. Effect of filtered kretek cigarette smoke on the bronchial mucosal layer
and bronchial smooth muscle layer in Sprague-Dawley rats

Treatment groups

Bronchial lumen Group 1 (n=6) Group 2 (n=6) Group 3 (n=6) p value
A mucosal perimeter (pm) 45.12+1.74 72.78 £ 4.87 4422 +3.18 0.000
mucosal area (um?) 1527.04 +£77.30 1303.08 £68.02  1164.28 +30.20 0.000
A smooth muscle perimeter (im) 26.30 £3.69 21.32+5.72 3549 +7.82 0.000
smooth muscle area (um?) 1092.52 +64.16 1473.33 +£50.07  850.63 + 78.88 0.000

Notes: Group 1 (control), rats breathe normal air without exposure to filtered kretek cigarette smoke. Group 2, the group
of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group 3, group of rats
exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment. Mucosal area (um?) = outer

mucosal layer area (um?) x inner mucosal layer area (um?). “ mucosal perimeter (wm)=outer mucosal perimeter

(um)xinner mucosal perimeter (um)

(p=0.018); similarly it was shorter in group 1 than
in group 3 (p=0.001), but in group 2 it was not
significantly different from group 3 (p=0.170)
(Table 4).

DISCUSSION

Exposure to filtered kretek cigarette smoke
at a dose of 1 stick/day as well as 2 sticks/day
for 30 days in this study did not affect the weight
of the rat lungs. The results of this study are the
same as the results of previous studies which
demonstrated that the weight of the rat lungs did
not differ between day 1 and day 90 of the kretek
cigarette smoke inhalation period or between day
1 of treatment and day 42 of the post-inhalation
period.G®

The rats in the treatment group demonstrated
that they undergo bronchoconstriction. It is shown
that the control rats had a greater bronchial lumen
perimeter than the rats in groups 2 and 3; likewise,
in group 2 the perimeter was greater than in group
3.

Based on the result of this study, it can be
stated that cigarette smoke affects smooth
muscle cell thickness, and causes dysplasia of
the respiratory epithelial cells in the rat lungs. This
fact is in accordance with the results of research
which demonstrates that cigarette smoke
influences smooth muscle cell thickness and
induces dysregulation that affects function in the
respiratory epithelial cells resulting in
dysplasia.?3?
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Filtered kretek cigarette smoke at 1 stick/
day and 2 sticks/day for 30 days of treatment
affected the rat bronchial walls (Fig. 1; Fig. 2. A,
B, C). This influence is clearly seen in the
measurements of the bronchial mucosa, smooth
muscle layer, and bronchial lumen. A deviation
from the metabolic steady state leads to a
condition of oxidative stress. The source of
oxidative species can be endogenous or
exogenous. A major exogenous source of these
species is tobacco smoke. Oxidative damage can
be induced in cells by chemical species contained

Table 4. Post hoc Tukey test of bronchial
mucosa and bronchial smooth muscle layer in
Sprague-Dawley rats

Bronchial lumen p value
A mucosal Group 1 vs Group2  0.000
perimeter (um) vs Group3  0.000
Group 2 vs Group3  0.000
Group 1 vs Group2  0.000
mucosal area vs Group3  0.763
(um?) Group 2 vs Group 3 0.000
Group 1 vs Group2  0.018
vs Group 3 0.001
A smooth muscle ~ Group 2 vs Group3  0.170
perimeter (pm) Group | vs Group2  0.000
vs Group3  0.000
Group 2 vs Group3  0.000

smooth muscle

area (um?)
Notes: Group 1 (control), rats breathe normal air without
exposure to filtered kretek cigarette smoke. Group 2, the
group of rats exposed to filtered kretek cigarette smoke 1
stick/day for 30 days of treatment. Group 3, group of rats
exposed to filtered kretek cigarette smoke 2 sticks/day for
30 days of treatment
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in smoke through the generation of pro-
inflammatory compounds and the modulation of
intracellular pro-inflammatory pathways, resulting
in a pathological condition.“*” More clearly it has
been demonstrated that cigarette smoke induces
lung inflammation by various mechanisms.®!#?

As a result of exposure to filtered kretek
cigarette smoke, specifically the bronchial mucosa
undergoes hyperplasia. A previous study
demonstrated that exposure to cigarette smoke
at a dose of 2 sticks/day for 14 days caused
changes in epithelial structure in rat airways.®3
Our results are consistent with the results of
studies showing that cigarette smoke increases
lung epithelial cell activation and hyperplasia.®®
The bronchial epithelial structure of the rat affects
the bronchial histometric measurements. We
suggest that the occurrence of
bronchoconstriction is primarily driven by smooth
muscle cells. Bronchoconstriction is associated
with bronchial hyperactivity, which in turn causes
bronchial hyperplasia. Therefore as a result of
exposure to filtered kretek cigarette smoke, the
bronchial mucosa undergoes hyperplasia. This
statement is in line with studies showing that
growth of the smooth muscle layer of the airways
is mediated by hypertrophy, and subsequent
hyperplasia.*? The results of other studies have
also shown that cigarette smoke is associated with
inflammation and hyperplasia of bronchial
mucosal cells.*

Our study demonstrated that exposure of
the bronchial wall of rats to low doses of filtered
kretek cigarette smoke at a dose of 1 stick/day
as well as 2 sticks/day for 30 days, showed a
noticeable accumulation of collagen in the
bronchial wall, which is clearly visible in the
smooth muscle layer (Fig. 2. D, E, and F). Related
to the data in this study, it has been demonstrated
that exposure to cigarette smoke twice daily, with
one day off per week, for 90 days affects the
proliferation and synthetic function of airway
smooth muscle cells.?" This fact shows abnormal
collagen deposition in the bronchial wall due to
exposure to low-dose filtered kretek cigarette
smoke. The appearance of bronchial collagen in
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the rats of our study was evident through Masson’s
trichrome staining which was the stain of choice
for visualizing bronchial collagen accumulation,
as was done for visualizing collagen accumulation
in murine lungs.“**> The results of the present
study show the dangers of low-dose filtered
kretek cigarette smoke because it can result in
collagen deposition in the bronchial walls.
Although our study used low doses of filtered
kretek cigarettes, the toxic substances that they
contained were shown to cause the accumulation
of bronchial collagen. The results of this study
are in line with studies showing the accumulation
of bronchial collagen in rats due to other toxic
substances, namely sulphur mustard®® and silica
nanoparticles.®) Based on the results of this
study, research is needed to prove on the
molecular level that low-dose filtered kretek
cigarette smoke, at doses of 1 stick/day or 2 sticks/
day for 30 days has affected the genes that control
collagen accumulation resulting in bronchial
fibrosis in the rats. This is consistent with the
results of research showing that exposure to
cigarette smoke controls the gene expression of
heat shock protein, -7 collagen type I,V
collagen type IIL,G'#® DNA methylation and
histone modifications.“*” In addition to cigarette
smoke, fibrosis in the lung tissue of Sprague-
Dawley rats can also be caused by exposure to
bleomycin and lipopolysaccharide. In more detail
it was shown that the peak of fibrosis due to
exposure to bleomycin and lipopolysaccharide in
these rats occurred on the 14" day.C?

The results of our study further reinforce
the fact that exposure of rat lungs to low-dose
filtered kretek cigarette smoke of 1 stick/day as
well as 2 cigarette/day for 30 days causes
bronchoconstriction. These results are similar to
the treatment with high doses of toxic agents
(ammonia) that cause bronchoconstriction in
rats.®D In addition to bronchoconstriction, in rat
lungs it has been demonstrated that short-term
smoking increases the risk of insulin resistance
in rats,®? the subsequent increase in insulin
acutely causing smooth muscle contraction.®¥
The results of our study differ from studies on
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the effects of high intensity interval training on
adult rats, which increased the thickness of the
bronchial epithelium and bronchial muscles.*
The limitations of this study include the absence
of measurement of the concentration of the
substances in filter kretek cigarette smoke.
However, the bronchoconstriction in this study
was evidence of a clear reduction in area and
perimeter of the bronchial lumen, and in areas of
the bronchial mucosal layer and smooth muscle.
This fact can be used as a warning to novice
smokers and persons with low-dose smoking.
Research is needed in humans on low-dose kretek
smokers and novice kretek smokers. We know
that novice kretek smokers usually take a low-
dose as the start of their addiction to kretek
cigarettes. Subsequent research should also be
focused on histometric abnormalities in parts of
the airways other than the bronchi, for example
the trachea, bronchioles, respiratory bronchioles,
and pulmonary alveoli.

CONCLUSION

Based on the research data, it can be
concluded that exposure of male Sprague-Dawley
rats to low-dose filtered kretek cigarette smoke
of 1 stick/day as well as 2 sticks/day for 30 days
does not affect the lung weight. In the Sprague-
Dawley rats of the treatment group there
apparently is hyperplasia of the bronchial mucosa,
as well as bronchoconstriction, which is
characterized by a reduction in the area and
perimeter of the bronchial lumen and in the areas
of the bronchial mucosa and smooth muscle layer.
In the future, further research based on the
results of this study should be focused on the
effect of low-dose filtered kretek cigarette smoke
on lung cell epigenetics.
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ABSTRACT

BACKGROUND

Kretek cigarettes contain less nicotine and tar than conventional
cigarettes. Exposure to cigarette smoke (urs mainly in the respiratory
tract, resulting in histometric changes. The aim of this study was to
evaluate the effect of filtered kretek cigarette smoke on bronchial
histometric measurements in male Sprague-Dawley rats.

METHODS

An experimental laboratory study was conducted involving 18 male
Sprague-Dawley rats, aged 2-3 months, ranging from 150 to 250 grams
in body weight. They were randomized into group 1 (controls) and
experimental groups 2 and 3. Group 2 was exposed to filtered cigarette
smoke at a dose of 1 stick/day and group 3 to 2 sticks/day. Treatment
time for all groups was 30 days. Observation of bronchial histometric
measurements of the lumen include, length, width, area, and perimeter.
In addition, the bronchial mucosal and smooth muscle layers were also
measured. The one way-ANOVA test was used to analyze the data.

RESULTS

e mean area and mean perimeter of the bronchial lumen of the rats were
significantly greater in group 1 than in groups 2 and 3 (p=0.000). The mean
bronchial smooth muscle area of the rats in group 1 was smaller than the
mean in group 2, which was in turn smaller than the mean in group 3
(p=0.000). Apparently the rats in the treatment groups had undergone
bronchoconstriction.

CONCLUSION

Exposure to filtered kretek cigarette smoke at a dose of 1 stick/day as well
as 2 sticks/day for 30 days caused bronchial mucosal hyperplasia and
bronchoconstriction in male rats.

Keywords: Filtered kretek cigarette, bronchial histometric measurements,
bronchial hyperplasia, bronchoconstriction, rats
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INTRODUCTION

Kretek cigarettes are known for their
characteristic content of a mixture of tobacco,
flower buds of the clove tree, and flavors.!'? In
addition to kretek cigarettes, a substantial
proportion of the Indonesian population smokes
conventional cigarettes, and is therefore classified
as consistently consuming tobacco, so that
Indonesia is included as a third world country.
Recent research suggests that kretek cigarettes
contain chemicals, including eugenol, menthol, and
flavor chemicals. Eugenol is exclusively found in
kretek cigarettes and not in other types of
cigarettes.'” In addition to containing these
compounds, kretek cigarettes have also been
demonstrated to produce high emissions of
par‘tgate matter."! A systematic review showed
that the existing studies suggest that the habitual
use of kretek cigarettes can increase the risk of
a range of health problems, including oral,
cardiggascular, and respiratory diseases.””!

ased on identical amounts of total
particulate matter (TPM) in cigarette smoke,
kretek cigarettes are less toxic than other
cigarettes, such as American-blended cigarettes.
(" In addition, the results of in vitro testing
demonstrated that kretek cigarette smoke is less
toxic to cells, and less mutagenic. Moreover, the
results of in vivo testing demonstrated that kretek
cigarette smoke is less toxic to the respiratory
tract.!!

There are more than 4000 types of chemical
substances contained in cigarettes that have been
identified."® Cigarette smoke contains about 8%
solid particles and 92% gases.”” In addition,
nicotine in cigarettes is important to pay attention
to because it is addictive.”®! In addition to these
additives, there is also a radioactive component,
namely 2'°Po, which is a carcinogen.”” These
substances in cigarctte smoke are inhaled from
the mouth into the alveoli so that they are deposited
along the respiratory tract."'" As a result, cigarette
smoke causes abnormalities, and can cause
diseases of the respiratory system. ') In addition,
cigarette smoke also contains free radicals that
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are one of the causes of permanent lung tissue
damage called chronigsmbstructive pulmonary
disease (COPD),"? Teading to irreversible
destruction of the terminal bronchioles.!'* It has
been proven that the main cause of COPD is
cigarette smoke.!"* In the application of COPD
diagnosis in humans, qualitative and quantitative
assessments are required.'”

The results of previous studies indicate that
cigarette smoke causes a decrease in airway
diameter.""" Other results show that smoking
actively affects the human bronchial epithelium.!'”
In addition togsimarette smoke, 2,3-pentanedione
vapor causes injury to the epithelium lining the
respiratory tract of rats.!'® Cigarette smoke also
causes a stress effect on the respiratory system,
leading to bronchopulmonary dysplasia."'® It has
also been demonstrated that degenerative
bronchiol. anges can occur in rat lung injury.®"
Previous studies have demonstrated the effect
of cigarette smoke on airwa ooth muscle cell
proliferation and functionP@e thickness of the
smooth muscle layer in the bronchioles can be
influenced by several factors, including exposure
to chemicals.'*® Other study has shown that the
smooth muscle of the bronchioles affects the
morphology and function of the rat airways."
Changes in the thickness of the bronchiolar
smooth muscle layer are important to know in
relation to exposure to cigarette smoke. This
relates to the effect of smooth muscle thickness
on the bronchiolar area and perimeter, %

In addition to what has been described
previously, cigarette smoke induces dysregulation
that affects function in respiratory epithelial cells.
Toxic substances in cigarette smoke are inhaled
and pass into the epithelial cells of the respiratory
tract,™ for example ciliated cells and goblet
cells.®- 26 Previous studies demonstrated that
ciliated epithelial cells are positively correlated
with bronchial lumen area, and negatively
correlated with airflow through the bronchi.?®
Therefore, it is important to measure the area and
perimeter of the bronchial lumen. This is related
to respiratory epithelial cells affecting the lumen
of the bronchus.
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Besides causing dysregulation and affecting
respiratory epithelial cells, toxic compounds in
cigarette smoke also cause fibrosis of lung tissue.
It has been demonstrated that toxic compounds
increase pulmonary collagen accumulation,
leading to pulmonary fibrosis.®” In this
connection, pulmonary fibrosis occurs due to the
formation of scar tissue that interferes with lung
function.”®® It has been demonstrated that
inhalation of toxic compounds causes
inflammation,®** progressive lung injury,”” and
fibrosis in the rat.!"s2%*Y As with COPD,
morphometric measurements have been made in
lung cystic fibrosis.®*?

It has been demonstrated that unfiltered
cigarettes were smoked at a lower rate during
the trial than filtered cigarettes (p 5). In
addition, it was also demonstrated that there was
no difference in nicotine content or dependence
(intention to quit smoking) between unfiltered and
filtered cigarette smokers (p=0.05).%* The
difference between our study and the previous
studies was that in this study we used filtered
kretek cigarettes.

The choice of a low dose of conventional
cigarettes as well as herbal cigarettes has been
made previously, namely using a dose of 2 sticks/
day against Mus musculus to obtain a picture of
pulmonary histology. The group exposed to
conventional cigarette smoke suffered from
edematous lesions with a score of 0.7,
inflammatory cell infiltration with a score of 3,
and destruction of the alveolar septum with ascore
of 3.04

The term histometrics is used for
identification and authentication based on unique
biological characteristics at the tissue level.*?
Research focusing on histometrics has been
carried out, and the data are expressed
quantitatively.*® In our study, in contrast with
previous studies, we evaluated the effect of
filtered kretek cigarettes at doses of | stick/day
or 2 sticks/day for 30 days on rat bronchial
histometric measurements. Therefore, the aim of
this study was to evaluate the effect of filtered
kretek cigarette smoke on bronchial histometric
measurements in male Sprague-Dawley rats.

Tol 42 No. 3

METHODS

Research design

An experimental laboratory study was
carried out at Laboratorium Penelitian dan
Pengujian Terpadu [(LPPT) (Integrated
Research and Testing Laboratory)] Unit 4,
Universitas Gadjah Mada. Histological
observations of bronchial histometrics were
carried out at the Biology Laboratory, Faculty of
Medicine, Universitas Trisakti, Jakarta, Indonesia.
This research was conducted from September
2022 to June 2023.

Animals

The minimum and maggnum sample sizes
for one-way ANOVA using the between-subject
error (DF) is calculated as: DF=N-k=kn-k
=k(n— 1), where N = total number of subjects, k
= number of group d n = number of subjects
per group.”” The mmimum 10/k + 1 and
maximum n= 20/k + 1 , so the minimumn = 10/
3 +1=4.3 = rounded up to 5 animals/group and
maximum n = 20/3 + 1 = 7.7 = rounded down to
7 animals/group. In the proposed study, between
5 and 7 animals per group are required. This study
involved 6 male rats of the Rattus norvegicus
Sprague-Dawley strain per group, that were 2-3
months old and weighed 150-250 grams.
Sprague-Dawley rats were obtained from the
Integrated Research and Testing Laboratory Unit
4, Universitas Gadiph Mada, and were housed in
individual cages. The experimental room h:
temperature of 26 + 2°C, humidity 55 + 5%, an
artificial fluoreggent lights (12:12 hours light and
dark cycle). e rats were free of specific
pathogens and were kept isolated from other
laboratory animals. They were housed in air-
filtered cages and provided with standard
laboratory feed and fresh water ad libitum,

Smoke inhalation exposure

At the beginning of the study, the rats were
acclimatized for 1 week. During acclimatization,
the rats were given food and drink, but no
treatment. After acclimatization, random grouping
was carried out. The rats were randomly
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subdivided into 3 groups; group 1 was the control
groupgwhere the rats breathed normal air without
being exposed to filtered kretek cigarette smoke;
group 2 was the group of rats exposed to filtered
kretek cigarette smoke at a dose of 1 stick/day

30 days and group 3 was the group of rats
exposed to filtered kretek cigarette smoke at a
dose of 2 sticks/day for 30 days. Exposure to
filtered kretek cigarette smoke was carried out in
a smoking chamber measuring 45 x 35 x 20 cm
(31500 ¢cm?). The oxygen valve in the smoking
chamber is opened first, then the filtered kretek
cigarettes are installed at the end of the pipe
connected to the pump. After the pump is turned
on, the filtered kretek cigarettes are burned so
that the smoke entergghe smoking chamber to be
inhaled by the ratsRe animals were placed in
the exposure port of the machine so that only the
snouts protruded into the chamber. The first group
was sham-exposed (controls) in a separate
chamber of the machine and went through the
same exposure sequence but without the cigarette
in the holder. The second group was posed to
the smoke of | cigarette. The third group was
exposed to the smoke of 2 cigarettes of the same
type. Smoking was carried out with groups 2 and
3 for 10 minutes in the morning. After 30 days of
treatment (the length of time being based on
preliminary studigshy immediately after the last
exposure session,m animals were anesthetized
with ketamine 100 mg/kg body weight, and
xylazine 10 mg/kg body weight intra-peritoneally.
Afterwards, the animals were euthanized, then
the lungs were taken and collected in 10% neutral
buffered formalin (NBF) solution, to make
histological preparations.

Hematoxylin eosin staining

Right lobe lung tissue was fixed in 10% NBE.
Next, the tissues were dehydrated by being
transferred consecutively into alcohol at
concentrations of 70%, 80%, 90%, and 96%,
respectively. Dehydration time is 2 hours for each
alcohol concentration. The next step is clearing
using xylol, then embedding and blocking. Lung
tissue in the paraffin block was cut using a
microtome, with a thickness of 5 pm. The tissue
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was stained with hematoxylin@S minutes, then
washed with running tap water for 5 minutes.
Next, the tissue was dipped in 1% acidic alcohol
(1% HCI in 70% alcohol) for a few seconds.
Bluing is done by rinsing under running tap water,
dipping inammonia water until the area turns blue,
followed by washing with tap w The
preparation is then counterstained with 1% eosin
for 10 minutes, then washed with tap water for 5
minutes. After counterstaining, the section is
dehydrated with alcohol, the preparation is
cleaned with xylol. The last step is mounting and
labeling.

Masson’s Trichrome staining

Sections of lung tissue of 5 um thickness
from paratfinblocks were deparaffinized, washed
with water, then treated with Lugol’s iodine for
15 minutes, to remove possible traces of mercury
pigment, and washed with water. Subsequently
5% sodium thiosulphate solutionis added and left
for 3 minutes, then washed with water for at least
10 minutes. The preparation is then stained with
hematoxylin for 3 minutes, dipped quickly into
1% acid alcohol 3 times, and wa
Next the section is immersed in acid fuchsin for
5 minutes, washed with distilled water, immersed
in phosphomolybdic acid solution for 5 minutes,
and left to dry. The next step is
section in methyl blue solution for 5 minutes,
wash with distilled water, immerse in 1% acetic
acid for 2 minutes, then dehydrate in serial
solutions of graded alcohols and clear with xylol.
The last step is mounting and labeling.

with water.

snmerse the

Scanggimg electron microscope

ung tissue samples were taken from the
right lobe. After fixation, the sample was
positioned, then coated and analyzed under a
scanning electron microscope (SEM). The SEM
used for observation was of the JEOL 6510 LA

series made in Japan.

Bronchial histometric measurements

Images of the
documented with Optilab Advance Plus and
Image Raster 3 by PT MICONOS, Special

preparations were
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Region of Yogyakarta, Indonesia. The programs
available at https://miconos.ac.id/ne port/
ownload. The bronchial histometric
measurements of the lumen include length, width,
area, and perimeter. In addition, the area and
perimeter of the bronchial mucosal and bronchial
smooth muscle layers were also measured. The
bronchial histometric measurements of the rat

lung was performed by three observers.

@tistical analysis

The measured data is expressed as the
mean + standard dgpsation. Data analysis between
groups used the one way-analysis of variance
test. Significant differences between the groups
were further tested by Tukey post hoc analysis
@nestly significant difference, HSD). All
statistical analysis tests were performed at the
significance level of p<0.05.

Ethiﬁclearance

e Ethical Clearance Commission for
preclinical research of the Integrated Research
and Testing Laboratory, Universitas Gadjah Mada
has approved this study under No. 00012/04/
LPPT/VL/2022.

RESULTS

After treatment, the mean lung weights of
the Sprague-Dawley rats in groups | to 3 were
1.92 £ 0.15 9+ 0.11 g, and 2.03 £ 0.17 g,
respectively.

ere was no significant difference
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in lung weight of the rats between groups 1, 2
and 3 (p=0.281).

Bronchial wall appearance of a Sprague-
Dawley rat, presented in Figure 1.

The bronchial walls in group 1 showed a
normal histological structure (Fig. 1. A), whereas
in group 2 they showed an abnormal histological
structure, namely hyperplasia of the bronchial
mucosal layer (Figure 1. B). Group 3 of the
Sprague-Dawley
bronchoconstriction (Fig. 1. C).

Observations of the lungs of the Sprague-
Dawley rats using a light microscope and SEM
are presented in Figure 2.

Qualitative appearance of bronchial walls
showing differences in bronchial lumen, bronchial

rats showed

mucosal layer, and bronchial smooth muscle cells
clearly visible on H&E staining (Fig. 2 A, B, C).
Likewise, it was shown qualitatively that
differences in bronchial collagen accumulation
were clearly seen by Masson’s trichrome staining
which demonstrated that the rats in groups 2 and
3 experienced more collagen accumulation than
those in group | (Fig. 2 D, E, and F). The results
of observations using SEM showed that
qualitatively there were differences in lung
appearance ofthe Sprague-Dawley rats between
groups 1,2, and 3 (Fig. 2 G, H, and I).

Bronchial histometric compamison of
Sprague-Dawley rats is presented in Figure 3.

Effect of filtered kretek cigarette smoke on
the bronchial lumen in Sprague-Dawley rats is
presented in Table 1.

C.

Figure 1. Bronchial wall appearance of a Sprague-Dawley rat with H&E stain, magnification of 100 x. A=Group
1 (controls), rats breathe normal air without exposure to filtered kretek cigarette smoke. B=Group 2, the group
of'rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. C=Group 3,

group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment.
Hé&E=hematoxylin & eosin; black arrow=respiratory epithelium; lime-colored arrow=lamina propria; blue
arrow=smooth muscle layer; yellow arrow=bronchus-associated lymphoid tissue; white circle=bronchial lumen
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Figl;re 2. Lung appearance of Sprague-Daw]ey rats. Lungs of § e-Daw]ey rats stained with hematoxylin &
eosin observed using a light microscope at 100x magnification i group 1 (A), group 2 (B),and group 3 (C).

Lungs of Spi -Dawley rats stained with Masson’s trichrome observed using a light microscope at 100x
magnification 10 group 1 (D), group 2 (E), and gmupa). Lungs of Sprague-Dawley rats observed using the

scanning electron microscope at 100x magnificatioffl group 1 (G), group 2 (H). and group 3 (I). Group 1
(control), the rats breathe normal air without exposure o filtered kretek cigarette smoke. Group 2, the group of
rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group 3, group

of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment.

Figure 3. Bronchial histometric comparison of the Sprague- ley rats. The length and width of the bronchial
lumen stained with hematoxylin & eosin, 100x magnification, in group | (A), group 2 (B), and group 3 (C). The
arca and circumference of the bronchial lumen stained with hematoxylin & eosin, magnification 100x, in group 1
(D), group 2 (E), and group 3 (F). Group 1 (control), rats breathe normal air without exposure to filtered kretek
cigarette smoke. Group 2, the group of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day
for 30 days of treatment. Group 3, group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/

day for 30 days of treatment.
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Table 1. Effect of filtered kretek cigarette smoke on the bronchial lumen
in male Sprague—DaWIE:ﬁts
Treatment EF0ups
B hial 1 I
ronchfalfumen Group 1 (n=6) Group 2 (n=6) Group 3 (n=6) pvaiue
Length (pm) 83.94+494 65.61+7.72 5494 £ 6.43 0.000
Width (pm) 52.06+2.83 3596 + 5.98 3542+ 7.54 0.000
Perimeter (um) 189.79 + 4.04 l6l.66+ 148 156.19 £5.21 0.000
Area (um)’ 2048.43 + 63.73 1514.79 g 7.98 1541.07 + 78.18 0.000

Note: Group 1 (control), rats breathe normal air without exposure 1o filtered kretek cigarette smoke. Group 2, the
group ofrats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group
3, group of rats exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment

The length, width, area, and perimeter of
bronchial lumen of the Sprague-Dawley rats
fered significantly between the groups

(p=0.000) (Table 1). The results of the Tukey post
hoc analysis of the bronchial lumen is shown in
Table 2. The length oﬁle bronchial lumen of the
Sprague-Dawley rats 1n group | was greater than
in groups 2 and 3 (p=0.000), and was greater
10 group 2 than in group 3 (p=0.012). The width
of the bronchial lumen of the Sprague-Dawley
differed between groups (p=0.000). It was
greater in group | than in groups 2 and 3 (p=0.000),
butwas not significantly different between groups
2 and 3 (p=0.874). The area of the bronchial
lumen of the Sprague-Dawley rats differed
between groups (p=0.000). The area wasga
' group | than in groups 2 and 3 (p=0.000), but
was not significantly different in groups 2 and 3
(p=0.508). The perimeter of the bronchial lumen

ater

of the Sprague-Dawley ratpsgliffered between
groups (p=0.000) and was greater in group 1
cumpml to groups 2 and 3 (p=0.000); similarly
it was greaterin group 2 than in group 3 (p=0.028)
(Table 2). Based on Fig. 3 and Table 1, it is
apparent that the bronchial lumen of the rats has
unde e bronchoconstriction.

%ef&'ct of filtered kretek cigarette smoke
on the bronchial mucosal layer and bronchial
smooth muscle layer in Sprague-Dawley rats is
presented in Table 3.

The bronchial mucosa in group | is normal,
while in group 2 and 3 it has undergone
hyperplasia. Bronchial mucosal area, “ mucosal
perimeter, smooth muscle area, and * smooth
muscle perimeter differ between groups (p=0.000)

(Table 3). T
mucosa and

post hoc analysis of bronchial
ronchial smooth muscle is shown
in Table 4. The area of the bronchial mucosgsi
group 1 was greater than that of group 2 an
group 3 (p=0.000) and also greater in group 2
p 3 (p=0.001). The * mucosal
perimeter in groups | and 3 was lower than that
of group g@p=0.000), but it was not different
between group 2 and group 3 (p=0.763). The
bronchial smooth muscle area in group 1 w
smaller than in group 2; similarly it was smaller in
group 3 than in group 2 (p=0.000). The ** bronchial
smooth muscle perimeter of the Sprague-Dawley
rats in group 1 was shorter than that in group 2

than in

Table 2. Post Hoc Tukey test of bronchial lumen
in male Sprague-Dawley rats

Bronchial lumen g p value
Length (um) Group 1 vs Group 2 0.000
vs Group3  0.000
Group 2 vs Group 3 0.012
Width (um) Group 1 vs Group 2 0.000
vs Group 3 0.000
Group 2 vs Group 3 0.874
Perimeter (pum) Group 1 vs Group 2 0.000
vs Group3  0.000
Group 2 vs Group 3 0.028
Area (um) Group 1 vs Group 2 0.000
vs Group 0.000
Group 2 vs Group 0.508

Notes: Group 1 ( rol), rats breathe normal air
without exposure 1o filtered kretek cigarette smoke.
Group 2, the group of rats exposed to filtered kretek
cigarette smoke at a dose of 1 stick/day for 30 days of
treatment. Group 3, group ofrats exposed to filtered
kretek cigarette smoke ata dose of 2 sticks/day for 30
days of treatment
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Table 3. Effect of filtered kretek cigarette smoke on the bronchial mucosal layer

and bronchial smooth muscle layer in Spmgﬁ)awley rats

Treatment EFoups

Bronchial lumen Group 1 (n=6) Group 2 (n=6) Group 3 (n=6) PRI
A mucosal perimeter (um) 4512 £ 1.74 72,78 £ 4.87 4422 +3.18 0.000
mucosal area (um?) 1527.04 £77.30  1303.08£68.02  1164.28 £30.20 0.000
A smooth muscle perimeter (um) 26.30 £3.69 21.32+£572 3549+ 7.82 0.000
smooth muscle area {pmz) 1092.52 £ 64.16 3.33+£50.07 850.63 £ T8.88 0.000

Notes: Group 1 (control), rats breathe normal air without exposure

filtered kretek cigarette smoke. Group 2, the group

of rats exposed to filtered kretek cigarette smoke at a dose of 1 stick/day for 30 days of treatment. Group 3, group of rats
exposed to filtered kretek cigarette smoke at a dose of 2 sticks/day for 30 days of treatment. Mucosal area (um?) = outer
mucosal layer area (um®) * inner mucosal layer area (unr'). * mucosal perimeter (um)=outer mucosal perimeter

(um)*inner mucosal perimeter (pm)

(p=0.018); similarly it was shor’tergroup 1 than
in group 3 (p=0.001), but in group 2 it was not
significantly different from group 3 (p=0.170)
(Table 4).

DISCUSSION

Exposure to filtered kretek cigarette smoke
at a dose of 1 stick/day as well as 2 sticks/day
for 30 days in thmsgudy did not affect the weight
of the rat lung&@e results of this study are the
same as the results of previous studies which
demonstrated that the weight of the rat lungs did
not differ between day 1 and day 90 ofthe kretek
cigarette smoke inhalation period or between day
1 of treatment and day 42 of the post-inhalation
period.**

The rats in the treatment group demonstrated
that they undergo bronchoconstriction. It is shown
that the control rats had a greater bronchial lumen
perimeter than the rats in groups 2 and 3; likewise,
in group 2 the perimeter was greater thanin group

3.

@sed on the result of this study, it can be
stated that cigarette smoke affects smooth
muscle cell thickness, and causes dysplasia of
theres 9 tory epithelial cells in the rat lungs. This
factis 1n accordance with the results of research
which demonstrates that cigarette smoke
influences smooth muscle cell thickness and
induces dysregulation that affects function in the
respiratory epithelial cells resulting in
dysplasia.!'*%
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Filtered kretek cigarette smoke at 1 stick/
day and 2 sticks/day for 30 days of treatment
affected the rat bronchial walls (Fig. 1; Fig. 2. A,
B, C). This influence is clearly seen in the
measurements of the bronchial mucosa, smooth
muscle layer, and bronchial lumen. A deviation
from the metabolic steady state leads to a
condition of oxidative stress. The source of
oxidative species can be endogenous or
exogenous. A major exogenous source of these
species is tobacco smoke. Oxidative damage can
be induced in cells by chemical species contained

Table 4. Post hoc Tukey test of bronchial
mucosa and bronchial smooth muscle layer in

Sprague-Dawley rats

Bronchial lumen

A mucosal Group 1 oup2  0.000
perimeter (um) vs Group 3 0.000
Group 2 vs Group 3 0.000

Group 1 vs Group2  0.000

mucosal area @ vs Group 3 0.763
(um?) oup 2 vs Group3  0.000
Group I vs Group2  0.018

vs Group 3 0.001

A smooth muscle ﬁup 2vsGroup3  0.170
perimeter (um) oup 1 vs Group2  0.000
vs Group 3 0.000

Group 2 vs Group 3 0.000

smooth muscle

area (n m_zr]
Notes: G&Mlip 1 (control), rats breathe normal air without
exposure (o filtered kretek cigarette smoke. Group 2, the
group of rats exposed to filtered kretek cigarette smoke 1
stick/day for 30 days of treatment. Group 3, group of rats
exposed to filtered kretek cigarette smoke 2 sticks/day for
30 days of treatment
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in smoke through the generation of pro-
inflammatory compounds and the modulation of
intracellular pro-inflammatory pathways, resqg
ina pathological condition.*” More clearly 1t has
been demonstrated that cigarette smoke induces
lung inflammation by various mechanisms.!#2
As a result of exposure to filtered kretek
cigarette smoke, specifically the bronchial mucosa
undergoes hyperplasia. A previous study
demonstrated that exposure to cigarette smoke
at a dose of 2 sticks/day for 14 days caused
changes in epithelial structure in rat airways.*"
Our results are consistent with the results of
studies showing that cigarette smoke increases
lung epithelial cell activation and hyperplasia.**
The bronchial epithelial structure of the rataffects
the bronchial histometric measurements. We
suggest  that  the
bronchoconstriction is primarily driven by smooth
muscle cells. Bronchoconstriction is associated

occurrence of

with bronchial hyperactivity, which in turn causes
bronchial hyperplasia. Therefore as a result of
exposure to filtered kretek cigarette smoke, the
bronchial mucosa undergoes hyperplasia. This
ement is in line with studies showing that

wth of the smooth muscle layer of the airways
1s mediated by hypertrophy, and subsequent
hyperplasia.** The results of other studies have
also shown that cigarette smoke is associated with
inflammation and hyperplasia of bronchial
mucosal cells.®!

Our study demonstgated that exposure of
the bronchial wall of rats to low doses of filtered
kretek cigarette smoke at a dose of 1 stick/day
as well as 2 sticks/day for 30 days, showed a
noticeable accumulation of collagen in the
bronchial wall, which is clearly visible in the
smooth muscle layer (Figmd. D, E, and F). Related
to the data in this study, 1T has been demunstq
that exposure to cigarette smoke twice daily, wi
day off per week, for 90 days affects the
proliferation and synthetic function of airway
smooth muscle cells.?!" This fact shows abnormal
collagen deposition in the bronchial wall due to
exposure to low-dose filtered kretek cigarette
smoke. The appearance of bronchial collagen in
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the rats of our study was evident through Masson’s
trichrome staining which was the stain of choice
for visualizing bronchial collagen accumulation,
as was done for visualiggng collagen accumulation
in murine lungs.*** The results of the present
study show the dangers of low-dose filtered
kretek cigarette smoke because it can result in
collagen deposition in the bronchial walls.
Although our study used low doses of filtered
kretek cigarettes, the toxic substances that they
contained were shown use the accumulation
of bronchial collagemq results of this study
are in line with studies showing the accumulation
of bronchial collagen in rats due to other toxic
substances, name
nanoparticles. )

Iphur mustard® and silica
ased on the results of this
study, research is needed to prove on the
molecular level that low-dose filtered kretek
cigarette smoke, at doses of 1 stick/day or 2 sticks/
day for 30 days has affected the genes that control
collagen accumulatyem resulting in bronchial
fibrosis in the rat&@ls is consistent with the
results of research showing that exposure to
cigarette smoke controls the gene expression of
heat shock protein,*+" collagen type [,V
collagen type III,*'# DNA meth

histone modifications.*” In addition fo cigarette

ion and

smoke, fibrosis in the lung tissue of Sprague-
Dawley rats can also be caused by exposure to
bleomycin and lipopolysaccharide. In more detail
it was shown that the peak of fibrosis due to
exposure to bleomycin and lipopolysaccharide in
these rats occurred on the 14" day.©"

The results of our study further reinforce
the fact that exposure of rat lungs to low-dose
filtered kretek cigarette smoke of | stick/day as
well as 2 cigarette/day for 30 days causes
bronchoconstriction. These results are similar to
the treatment with high doses of toxic agents
(ammonia) that cause bronchoconstriction in
rats,®"! In addition to bronchoconstricggm, inrat
lungs it has been demonstrated thatﬁlﬂ—term
smoking increases the risk of insulin resistance
in rats,”? the subsequent increase in insulin
acutely causing smooth muscle contraction.®*
The results of our study differ from studies on
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the Qﬂcts of high intensity interval training on
adult rats, which increased the thickness of the
@nchial epithelium and bronchial muscles.®*

e limitations of this study include the absence
of measurement of the concentration of the
substances in filter kretek cigarette smoke.
However, the bronchoconstriction in this study
was evid of a clear reduction in area and
perimete;%w bronchial lumen, and in areas of
the bronchial mucosal layer and smooth muscle.
This fact can be used as a warning to novice
smokers and persons with low-dose smoking.
Research is needed in humans on low-dose kretek
smokers and novice kretek smokers. We know
that novice kretek smokers usually take a low-
dose as the start of their addiction to kretek
cigarettes. Subsequent research should also be
focused on histometric abnormalities in parts of
the airways other than the bronchi, for example
the trachea, bronchioles, respiratory bronchioles,
and pulmonary alveoli.

CONCLUSION

gased on the research data, it can be
concluded that exposure of male Sprague-Dawley
rats to low-dose filtered kretek cigarette smoke
of | stick/day as well as 2 sticks/day for 30 days
does not affect the lung weight. In the Sprague-
Dawley rats of the treatment group there
apparently is hyperplasia of the bronchial mucosa,
as well as bronchoconstriction, which is
by a reduction in the area and
perimeter ot the bronchial lumen and in the areas
of the bronchial mucosa and smooth muscle layer.
In the future, further research based on the
results of this study should be focused on the
effect of low-dose filtered kretek cigarette smoke

characterj

on lung cell epigenetics.
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