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Abstract

Objective: This study was aimed to determine the potential of 1,8-cineole to reduce the amount of
malondialdehyde (MDA), interleukins (IL)-8 and neutrophils in MMA-exposed lung alveolar cells.
Methods: Thirty mice were divided into five groups: a normal control group (KO0), a negative control group
(K1) and a treatment group, further subdivided into P1, P2 and P3, whose members were administered 5
mg, 10 mg and 15 mg doses of 1,8-cineole. The treatment group subjects were placed in a glass cage
containing 150 ppm MMA vapor that has been nebulated by 1.8-cineole vapor for 120 minutes. The mice
were subsequently terminated, and tissue removed from their lungs. Observation of MDA and expression
of TIL-8 was conducted during immunohistochemical examination. Neutrophils was observed using
Hematoxylin Eosin (HE) staining. Results: MMA exposure significantly increased MDA, IL-8 and
neutrophil counts. Meanwhile, administration of 1, 8-cineole successfully reduced MDA numbers. Fifteen
milligrams of 1, 8-cineole constituted the only dose which proved capable of reducing the expression of
IL-8. Administration of 1, 8-cineole in all groups also decreased the number of neutrophils. Conclusion: 1,
8-cineole, especially at a dose of 15 mg, can reduce the levels of MDA, IL-8 and neutrophil in the lung
tissue of mice following exposure to MMA vapor.

Keywords: MMA, 1, 8-cineole, Inflammation, ROS, MDA.

Running Title: Anti-inflammatory effect of 1, 8-cineole.
Introduction

hypersensitivity =~ pneumonitis due to

At the present day, self-curing acrylic

material that consists of polymethyl inhalation of MMA [4, 5] while Lyapina et al.
methacrylate powder and methyl highlighted the incidence of contact
methacrylate (MMA) liquid monomer hypersensitivity (>24%) among members of
remains widely employed in dentistry. the dental profession, students and random

However, it is also known as a cytotoxic and
genotoxic agent, particularly the liquid
monomer which is considered less inert than
polymethyl methacrylate powder [1].

MMA monomer is a volatile liquid with a
pungent odor, readily released into the air
and inhaled by anyone in the immediate
vicinity [2]. MMA constitutes a sensory
irritant to the respiratory tract where the
first target tissue is in the airway epithelium
[3]. Scherpereel et al. and Kim et al. reported
cases of dental technicians diagnosed with
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populations due to MMA [6].Daily use of
methacrylate significantly increases the risk
of asthma, nasal conditions, phlegm
production and coughing [7].

Exposure to MMA causes its molecules to
interact with nucleophilic targets in the cell,
thus forming reactive oxygen species (ROS).
If the level of ROS exceeds that of anti-ROS
oxidative stress occurs [8]. Lipid peroxidase
as an indicator of systemic oxidative stress
can be assessed through measurement of
malondialdehyde (MDA) [9].
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Inflammation of the airway epithelium can
be identified by measuring pro-inflammatory
mediators, IL-8, IL-10 and neutrophils count
[10].

To prevent oxidative stress, antioxidant can
be administered as a first defense against
ROS [11].1,8-cineole represents one of the
largest components of eucalyptus. 1,8-cineole
contains rich antioxidants and has been
widely employed for medicinal purposes such
as reducing pain and inflammation of mucous
membranes, in addition to treating coughs,

bronchitis, sinus pain and inflammation,
asthma, chronic obstructive pulmonary
disease (COPD) and other respiratory

infections [12].

1,8-cineole has been shown to inhibit ROS
production [13,14], reduce NF-xB activity in
vitro [15] and affect macrophages to a greater
extent than other leukocytes [12,16]. It also
inhibits airway smooth muscle contraction,
increases mucociliary clearance [17] and
reduces lung inflammation and oxidative
stress [18]. The purpose of this study was to
determine the potential of 1.8-cineole to
reduce the number of MDA metabolites, IL-8
expression and neutrophil counts in the
respiratory tract cells of mice that had been
exposed to methyl methacrylate vapor.

Material and Methods

This research was a true experimental
laboratory study with a post-test only group
design. Thirty 3-month-old, male BALB/c
mice with a body weight of 20-30 grams and
which had been declared healthy following
physical examination by a veterinarian were
used as research subjects. This study was
granted an ethical clearance certificate
(Number: 042 / HRECC.FODM / V / 2018).

Sample Preparation and Exposure

The experimental subjects were divided into
five groups, namely; normal control (KO),
negative control (K1) and three treatment
groups (P1, P2 and P3) each of which
contained six members. Prior to treatment,
the subjects underwent a one-week
adaptation period during which they all
received  basic feed and  standard
maintenance 1in order to satisfy the
participation criteria for this study. The
normal control group subjects were placed in
cages without having received treatment,
whereas those in the negative control group
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were exposed to MMA vapor. Initially, 20 ml
of MMA (Merck, Darmstadt, Germany) was
placed in a 41x49x25 cm glass cage for 90
minutes until the desired concentration of
150 ppm MMA had been achieved, at which
point the subjects were placed there for 120
minutes. In the treatment group (P1, P2 and
P3), the procedure for achieving MMA at a
concentration of 150 ppm was the same as in
the negative control group, although after 85
minutes 1.8-cineole (Merck, Darmstadt,
Germany) was dissolved in a saline solution
(Otsu-NS, Lawang, Indonesia) and 1%
Tween-80 (Brataco, Bekasi, Indonesia).

Two milliliters of each dose was taken and
placed in a medicine tank, before being
nebulated with a compressor nebulizer
(Beurer, Germany), at an aerosol flow = 0.2
ml / min (particle size 3.85 um) for five
minutes at a dose of 5 mg / ml in the P1
group, a dose of 10 mg / ml in the P2 group
and a dose of 15 mg / ml in group P3. Post-
nebulation, the subjects were placed in a
glass cage for 120 minutes. After treatment,
the subjects were sacrificed and airway
epithelial cell specimens were excised from
their lungs with a sharp blade. The tissues
were subsequently immersed in a fixative
solution (10% neutral buffered formalin) for
further processing.

Oxidative Stress and Inflammatory

Observation

Observation of MDA metabolites and IL-8
expression was conducted by indirect
immunohistochemical staining. The number
of MDA metabolites was calculated by
counting the number of epithelial cells that
reacted positively to anti-MDA and IL-8 anti-
mouse monoclonal antibodies (Santa Cruz
Biotechnology Inc., USA). Calculations were
performed on each slide (10 fields of view),
observed under a light microscope at 400x
magnification and considered positive if they
produced a brownish color in the cell
cytoplasm.

Observation of tissue inflammation was
completed through a process of hematoxylin-
eosin (HE) staining which began with
deparaffinization involving three immersions
in technical xylol for five minutes, followed
by hydration by means of successive two-
minute 1mmersion in 96% alcohol, 80%
alcohol and 70% alcohol. The tissues were
then rinsed with running water for ten
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minutes and immersed 1In Meyer’s
Hematoxylin solution for 15 minutes. After
being washed again with running water, the
tissues were immersed in 1% eosin solution
for 30 seconds. Dehydration was completed
by placing it in 80% alcohol for two minutes
and immersing it three times in 96% alcohol
for two minutes. The neutrophils were
counted in a 200x200 pm2 field of view under
a light microscope.

Statistical Analysis

Data was analyzed with a SPSS Statistical
Package for the Social Sciences Software
(SPSS) 24.0 edition (SPSSTM, Chicago,
United States) through a one-way ANOVA
test for normal and homogeneous data,

followed by a LSD multiple comparison test
(a: 0.05). Data that was neither normally
distributed nor homogeneous was tested by
means of a Kruskal-Wallis test, while
normally distributed data that was not
homogeneous was subjected to multivariate
comparison testing using a Brown-Forsythe
ANOVA and a Games-Howell test.

Results

The results showed that MMA exposure
increased the number of MDA metabolites,
IL-8 expression and neutrophil count (see
Table 1), whereas administration of 1, 8-
sineol reduced the number of MDA
metabolites, IL-8 expression and neutrophil
count.

Table 1: Mean and standard deviations of MDA metabolite counts, IL-8 expression, and neutrophil counts

Group MDA IL-8 Neutrophils
KO 7.08 + 6.03 4.56 +£4.10 12.83 +£0.98
K1 20.27 +7.22 33.80 + 16.34 50.83 = 5.04
P1 5.18 +£2.90 16.93 +3.79 41.33 £ 4.32
P2 4.25+2.24 17.46 £ 7.02 40.33 + 3.56
P3 2.18+1.63 16.13 £ 10.52 30.83 + 3.66

KO: normal control; K1: negative control; P1: 1, 8-sineol 5 mg; P2: 1, 8-sineol 10 mg; P3: 1, 8-sineol 15 mg

Based on the results of a Brown-Forsythe
test, the p value was determined to be 0.000
(p <0.05). This meant that significant
differences existed, at least between a pair of
groups. The lowest level of MDA expression
was found in group P3, while the highest was

in K1 (see Figure 1). The mean, standard
deviations and results of a Games Howell
test of MDA metabolites indicating that the
K1 group was significantly different from the
KO, P1, P2 and P3 groups are contained in
Table 1 and Figure 1.
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Figure 1: Mean and standard deviation of MDA metabolites

According to the Brown-Forsythe test results,
the p value was 0.003 (p<0.05) indicating
that significant differences existed, at least
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between a pair of groups. The lowest number
of TL-8 expressions was found in the KO
group (normal control), while the highest was
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found in the K1 group (negative control). The
mean, standard deviation and LSD test
results for IL-8 expression can be seen in
Table 1 and Figure 2. The KO group (normal
control) differed significantly from other
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groups with the exception of the P3 group.
Although not significantly different from the
P1 group, the K1 group was significantly
different from P2 and P3 groups.

IL-8

Figure 2: Mean and standard deviation of IL-8 expression
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Figure 3: Number of neutrophils in the lungs of mice

The lowest neutrophil count was found in the
KO group, while the highest was in the K1
group. Significant differences between groups
existed, with the exception of the P1 and P2
groups (Figure 3).

Discussion

The results of this study indicated that
administration of 1, 8-cineole significantly
reduced the number of MDA metabolites in
all treatment groups. Exposure to Methyl
Methacrylate and Tween-Saline solution
(MMA+TS) produced a significant increase in
MDA metabolites (p = 0.000). Research on
lung cell cultures showed that MMA
exposure reduced cell viability when both the
duration and concentration of exposure
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increased [19]. Based on its morphology,
MMA has been proven to be toxic to cells and
increase ROS production. Exposure to MMA
causes superoxide dismutase (SOD) activity
to increase, with the result that H202 /
hydroxyl radicals formed through the Fenton
reaction will also proliferate and initiate lipid
peroxidation [20]. This chain reaction results
in an increase in MDA, a lipid peroxidation
product that can trigger cell damage which,
in turn, will produce cell debris which forms
Damage Associated Molecular Patterns

(DAMPs) [21].

Research by Aydin et. al. also showed that
MDA increases as a result of MMA exposure
[9]. Groups that were administered 5 mg, 10
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mg or 15 mg doses of 1.8-cineole
demonstrated a significant reduction in MDA
metabolites (p = 0.000). 1,8-cineole, acting as
an anti-inflammatory agent, was able to
reduce redox marker levels (MDA) [22]. In
this case, 1,8-cineole also played a role as an
antioxidant agent by reducing ROS which, in
turn, produced a decrease in the number of
MDA metabolites.

However, these did not differ significantly
from those of the normal control group,
although the lowest reduction was achieved
by the administering of a 15 mg dose. IL-8
secretion is an important mediator within the
innate immune response system achieved
through biochemical chain reactions. IL-8 is a
pro-inflammatory cytokine which, under
acute conditions, acts as a neutrophil
chemotactic factor attracting neutrophils
from bone marrow to the peripheral blood
vessels [23].

The results presented above indicate an
increased expression of IL-8 in MMA
exposure (K1 group). Greater expression of
IL-8 can occur due to an increase in MDA
metabolites which leads to cell damage as a
result of which cell debris play a role as
DAMPs and induces TLR2. Furthermore,
induction of the IKk complex occurs resulting
in  phosphorylation that will cause
degradation of IkB, thereby inducing the
release of NF-kB. Increased expression of
NF-xB will increase the formation of active
NF-xB which then translocates to the cell
nucleus.

This induces DNA with the result that
transcription  occurs, translating and
producing pro-inflammatory cytokines such
as IL-18, IL-6, TNF-a and IL-8. MMA
exposure also causes an increase in the
number of neutrophils that act as an innate
defense. IL-8 is an important activator and
chemoattractant of PMN leukocytes and is
involved in inflammatory reactions [24]. In
addition, higher levels of MDA can also
increase IL-8 [25]. IL-8 expression tends to
decrease due to the administration of 1.8-
cineole but does not reach a level as low as
that in the normal control (K0) group.

However, this finding might be due to the
relatively limited of research conducted with
the result that the effect remains to be
proved. Research by Juergens et al. showed
that therapeutic concentrations of 1,8-cineole
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(1.5 pgr / ml = 10-5 M) were capable of
reducing the production of IL-8 cytokines in
human monocyte cell cultures by as much as
65% 26. 1, 8-cineole is a strong inhibitor of
TNF-a and IL-18, while also affecting
chemotactic cytokines (IL-8). 1, 8-cineole also
plays a role in controlling airway mucus
hypersecretion through cytokine inhibition
and in the future could be used as a therapy
to treat severe asthma, sinusitis and COPD.

The results of this study support the
proposition that 1,8-sineol suppresses IL-8
secretion in LPS-induced subjects through a
decrease in NF-kB p6525 phosphorylation in
Der-p induced subjects by modulating TLR-4
[23]. In this study, inflammation was
measured by the number of neutrophils
which rose significantly (p = 0.000) after
exposure to MMA. Neutrophil counts
increased as a result of innate defenses [27].

IL-8 1is an important activator and
chemoattractant for PMN leukocytes and is
involved in inflammatory reactions [24]. The
anti-inflammatory effect of 1,8-cineol has
been widely proven in experimental subjects
to which LPS [28, 29] cerulean [30] and
cigarette smoke [18] have been administered.
The results of this study indicate that
administration of 5 mg, 10 mg and 15 mg
doses of 1, 8-cineol reduced the number of
neutrophils (see Table 4).

The number of neutrophils tends to be higher
than that of the KO group, possibly due to the
timing of the examination which was
conducted  immediately  post-treatment.
Nevertheless, the tendency for inflammatory
markers to decrease supports the proposition
that 1,8-cineol  produces an anti-
inflammatory effect. The limitation to this
research consists of the implemented
termination time immediately after exposure
with the result that the measurement peak,
specifically with regard to the number of
neutrophils, was not reached.

Conclusion

1, 8-cineol can reduce the amount of MDA
metabolites, IL-8 expression and neutrophils,
particularly at a dose of 15 mg.
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