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Abstract

ACKGROUND: Coal dust is known to trigger

hypersensitivity and inflammation of the respiratory

tract as it increases oxidative stress leading to
asthma. To date, the relationship of coal dust exposure in
the pathomechanism of asthma remains unclear. This study
was aimed to examine the effect of coal dust exposure on
the superoxide dismutase (SOD) activity and the oxidative
DNA damage indicated by increased serum 8-hydroxy-2'
-deoxyguanosine (8-OHdG) in asthmatic mice.

METHODS: Twenty-four female balb/c mice were divided
into four groups. The first group was the control group.
The second group was the negative control group which
composed of mice exposed to coal dust particles. The third
group was composed of ovalbumin (OVA)-sensitized mice.
The fourth group was composed of OVA-sensitized mice
and exposed to coal dust particles. The inflammatory process
was identified by serum interleukin (IL)-13 concentration

using Enzyme-linked Immunosorbent Assay (ELISA)
method. Meanwhile, the oxidative stress was examined
by measuring the SOD activity using the Nitro Blue
Tetrazolium (NBT) method, and the 8-OHdG concentration
was quantified by ELISA method.

RESULTS: There was an increasing IL-13 in OVA-
treated coal dust exposed group along with the increment
of 8-OHdG (statistically not significant). SOD activity
measured in serum was decreased in all groups (p>0.05).
Combination of OVA and coal dust showed the worst effect
on [L-13, 8-OHdG and SOD activity.

CONCLUSION: Coal dust exposure for four weeks
does not adequately induce the oxidative DNA damage in
asthmatic mice.

KEYWORDS: asthma, coal dust, IL-13, SOD, 8-OHdG

Indones Biomed J. 2019; 11(2): 159-66

Introduction

Asthma is a chronic respiratory tract disorder indicated
by recurrent inflammation of the respiratory tract. It is
also commonly accompanied by shortness of breath
accompanied with wheezing, heavy chest sensation,
coughing, and airway remodeling caused by the increasing
infiltration of inflammatory cells including mast cells,

eosinophils and lymphocytes.(1,2) Many studies have
been conducted on asthma, including experimental
model. Astamthic symptoms in experimental models, can
be induced by ovalbumin (OVA).(3-5) The induction of
OVA leads to T-helper II (Th2) activation which secretes
interleukin (IL)-4, IL-5 and IL-13 leading to activation of
inflammatory cells, an increment of mucus production,
airway  bronchoconstriction and  respiratory  tract

remodeling.(5-7) The sensitization of chicken OVA via
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intraperitoneal administration and inhalation of 1% OVA
diluted with 8 mL NaCl in the mice model, showed that
IL-4 receptor expression, inflammatory cell infiltration, and
cosinophils were increased. These changes the airway
wall structure.(8)

The data that the
incidence of asthma will rise from 235 million to
400 million worldwide between 2016-2025.(9) Based on
the data of Basic Health Research/Riset Kesehatan Dasar
(RISKESDAS) in 2013, the proportion of Indonesian
citizens who suffered asthma have reached 4.5% of the

epidemiological reported

total population. Approximately, 6.4% of them was in South
Kalimantan.(10)

Asthma can be aggravated by continuous exposure to
allergens. One of the allergens found in the South
Kalimantan is coal dust, which is the result of the coal
dust
resulted from the coal mining. The inhaled cold dust

mining activity.(1,11,12) The coal in the air was
through the respiratory tract can cause respiratory tract
hypersensitivity, inflammation and oxidative stress. Coal
dust penetrating the respiratory tract will attract alveolar
macrophages and trigger the secretion of inflammatory
mediators. This process will also increase the production of
reactive oxygen species (ROS) which may cause oxidative
damage.(13,14) Oxidative damage of proteins indicated
by the increasing carbonyl protein level and thiobarbituric
acid-reactive species (TBARS) in the lung occurs due to the
coal dust exposure.(15) Previous studies showed that the
particulate matter (PM)10 coal dust exposure induced lipid
peroxidation as indicated by the increasing malondialdehyde
(MDA) level in the lung and the bronchoalveolar lavage
(BAL) fluid in mice.(16)

The damage was not only occurred in the lung tissue
but also systematically. Several studies reported that there
was an increment of serum MDA in mice exposed to
coal dust for 24 hours in 14 days.(17) MDA is a marker
of lipid peroxidative damage, whereas oxidative damage
to DNA is characterized by the formation of 8-hydroxy-2'
-deoxyguanosine (8-OHdG).(18) Another study identified
an increment of 8-OHdAG concentration in the serum and
sputum of patients with chronic obstructive pulmonary
disease (COPD).(19)

To date, the relationship of coal dust exposure in the
pathomechanism of asthma remains unclear. Therefore,
this study was conducted to examine the effect of coal dust
exposure on the Superoxide dismutase SOD activity and the
oxidative DNA damage indicated by the increased serum
8-OHdG in asthmatic mice.
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Methods

This study has obtained the ethical approval from the health
research ethics committee of the Faculty of Medicine,
Universitas Lambung Mangkurat, Banjarmasin, Indonesia
with the certificate number of No.895/ KEPK-FK UNLAM/
EC/VIII/2018. In general, the research method was
explained in Figure 1.

Animal and Research Design

The animal used in this study were female balb/c
mice, aged 8-10 weeks, weighing of 20-30 g, gathered
from Pusat Veterinaria Farma Surabaya, Indonesia. The
acclimatization of balb/c mice was conducted for 7 days
in the pharmacology laboratory of the Faculty of Medicine,
Universitas Brawijaya. During the acclimatization process,
mice were treated according to the laboratory standards,
they were placed in a similar conditioned housing
(temperature of 25+2°C, 12/12 hours of light and dark
cycles) and were given ad libitum access to food and
drinks.

Twenty-four female balb/c mice were divided into 4
groups using a simple random method. The control group
administered with NaCl via intraperitoneal injection and
nebulized inhalation of 8 mL 0.9% NaCl. The coal dust
group was composed of mice exposed to 12.5 mg/m* PM35
coal dust for four weeks. The OVA group was composed of
OVA-sensitized mice by peritoneal injection and inhalation
of 1% OVA diluted in 8 mL NaCl, three times a week for
8 weeks. The combination OVA and coal dust group was
composed of OVA-sensitized mice by peritoneal injection
and inhalation of 1% OVA diluted in 8 mL NaCl, three times
a week for 8 weeks, and exposed to inhalation of 12.5 mg/
m?® PMS5 coal dust particles for 4 weeks.

Preparation and Coal Dust Exposure

The coal dust particles were produced using pulverizer
consisting of Ball, Ring, and Raymond Mill at Carsurin
Coal Laboratory in Banjarmasin. The process produced
coal dust particles with a diameter of 75 pum. Coal dust
particle that was engineered to reach the lower respiratory
tract was confirmed to have the diameter of fewer than 5
um (PMS5). It was obtained by filtering the coal dust that
has been grinded priorly using a zifon polyvinyl chloride
(PVC) filter. The concentration of 12.5 mg/m*> PM35 coal
dust exposure was prescribed based on the previous study.
(16) The coal dust exposure in this study was performed for
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Figure 1. The experimental protocol. A: Balb/c mice were induced with coal dust exposure for 4 weeks. B: Balb/c mice were sensitized
by injecting a mixture of OVA with aluminium hydroxide and then challenged with 1% OVA concentration of aerosolized OVA for 8 weeks
(three time a week). C: Balb/c mice were sensitized by injection of OVA and aerosolized OVA and then challenged with 12.5 mg/m? coal

dust exposure PM5 for 4 weeks.

4 weeks (Figure 1A). Based on the previous research, coal
dust exposure for 4 weeks can cause oxidative stress in the
body. The coal dust exposure was conducted using special
exposure chamber with a duration of 60 minutes daily for 4
weeks in Pharmacology Laboratory, Faculty of Medicine,
Universitas Brawijaya.

OVA Sensitization

OVA sensitization was carried out according to the previous
research.(8) The OVA used was albumin from crude
Dried Egg White (Product No. A0198, TCI Chemical,
Tokyo, Japan). The initial sensitization was performed by
intraperitoneally injecting 10 ug of OVA and 1 mg of AI(OH),
in 0.5 mL of NaCl on day 0 and 14. The re-sensitization
was performed on day 21 by inhalation of 1% OVA
diluted in 8 mL NaCl using Omron Ultrasonic Nebulizer

(Type NE-U17, Konotsubo, Kyoto, Japan) for 20 minutes
periodically three times a week for 8 weeks (Figure 1B).
The re-sensitization OVA was carried out up to the day 75.
Meanwhile, a combination of OVA and coal dust exposure
was also carried out (Figure 1C). OVA sensitization method
was added by 60 minutes exposure of 12.5 mg/m? PM5 coal
dust daily, which was carried out from day 49 until day 75
for 4 weeks.

Serum Sample

The serum was obtained after the mice were sacrificed
by 0.1
peritoneally. The heart blood was collected on a serum tube,

mL/20gBB  ketamine/xylazine injection intra-
and it was centrifuged for 10 minutes at 6,000 rpm at 4°C.

The serum formed was collected in a 1.5 mL Eppendorf
tube and was stored.
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IL-13 Concentration Measurement

The concentration of IL-13 in the sample serum
was measured using the mouse IL-13 enzyme-linked
immunosorbent assay (ELISA) kit (Cat. #E0019Mo,
Bioassay Technology Laboratory, Shanghai, China) with
sensitivity 0.52 ng/L. The analysis was done according to

detail procedures in the kit.

Superoxide Dismutase (SOD) Activity Measurement

The examination of SOD activity was performed by
employing the nitro blue tetrazolium (NBT) method
and Calabrese.(20) One-
hundred pL sample serum was then mixed with 200 pL
ethylenediaminetetraacetic acid (EDTA) 100 mM, 100
pL NBT 25 units, 100 pL Xanthine 25 mM, and 100 pL
Xanthine oxidase 1 unit. The solution was then incubated
for 30 minutes at 37°C, and 500 uL of buffer and distilled
water were added until 3mL. The reaction results were

according to Bannister

then analyzed using UV-Vis spectrophotometer (UV-1700
Series, Shimadzu, Kyoto, Japan) at 580 nm wavelength.

8-OHdG Concentration Measurement

The concentration of 8-OHdG in the sample serum was
measured using mouse 8-Hydroxy-deoxyguanosine ELISA
kit (Cat. #£0187Mo, Bioassay Technology Laboratory) with
sensitivity 0.053 ng/mL. The 50 uL of standard solution,
10 pL anti-8-OHdG antibody, and 50 pL of streptavidin-
horseradish peroxidase (HRP) were added into the standard
well. Then, 40 pL, 10 pL anti-8-OHdG antibody, and 50
pL of streptavidin-HRP were added into the sample well.
The solution was covered with a sealer for 60 minutes at
37°C. Then, the well was washed five times using 0.35 mL
wash buffer and was dried. Fifty puL of substrate solution
A and 50 pL of substrate solution B were added in each
well, and incubated for 10 minutes at 37°C in a dark room.
The solution reacted as it appeared blue, 50 pL of stop
solution was added subsequently as it turned yellow. The
optical density (OD) of the samples were obtained using a
microplate reader at a wavelength of 450 nm. Finally, its
concentration was obtained by converting the OD value to
concentration using the standard curve equation obtained
from the measurement of the 8-OHdG standard.

Statistical Analysis

The results of the data are presented in mean value
(xSD). Shapiro-Wilk and Levene's test was employed to
analyze normality and the homogeneity of the data. A
parametric one-way ANOVA test followed by post hoc test
was performed to quantify the difference of the data (SOD
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activity, IL-13 concentration) between groups. Meanwhile,
the differences in the concentration of §-OHdAG serum
in each group were analyzed by the Kruskal Walis non-
parametric test. The statistical analyses were conducted
using SPSS version 20.0 (SPSS Inc., Chicago, USA), with a
significance level of p<0.05.

Results

The Concentration of IL-13

IL-13 serum concentration of all treatment groups was
presented in Figure 2. The was homogenous (Lavene's test:
p=0.107; p>0.05). The normality test using the Shapiro-
Wilk test confirmed that the data was distributed normally
(p=0.526; p>0.05). Therefore, tha ANOVA test can be
conducted. The ANOVA test analysis showed the p=0.188
(p> 0.05), indicating that there was no significant difference
between groups.

The SOD Activity

The SOD serum activity data was tested for its homogeneity
and normality employing the same statistical procedures
performed in IL-13 concentration data. It was identified
that the data were normally distributed and homogeneous
(»=0.539 and p=0.174 respectively; p>0.05). Therefore,
the parametric ANOVA test was conducted and showed the
p=0.072 (p> 0.05). This results indicated that there was no
significant difference between groups (Figure 3).

The concentration of 8-OHdG

Figure 4 presents the mean of the concentration of serum
8-OHdG for each group in this study. According to the
Shapiro Wilk test, the data were considered normally
distributed (p=0.477; p>0.05). Levene test was conducted
subsequently and showed that the data wasn’t homogenous
(p=0.016; p<0.05) respectively. Thus, the concentration of
serum 8-OHdG was statistically analyzed using the non-
parametric Kruskal Wallis test. There was no significant
difference in 8-OHdG concentration between groups
(p=0.571; p>0.05).

Discussion

OVA sensitization and PM5 coal dust exposure have a
negative effect on the respiratory tract. OVA sensitization
was identified to cause the inflammation and hyperactivity
of the respiratory tract.(6,7) Meanwhile, the exposure of
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Figure 2. The concentration of serum IL-13.
The graph presented that coal dust, OVA and
the combination of OVA and coal dust tend to
increase the IL-13 level. The highest level was
shown at the combination of OVA and coal
dust group.

The results of this study indicated that coal dust
exposure can increase the concentration of IL-13 serum
compared to OVA sensitization group only. However, the
increment was not statistically significant. The combination
of OVA and coal dust exposure increased the concentration
of IL-13 serum with no statistical significance. It is assumed
that the administration of OVA for 8 weeks was not adequate
to cause allergic inflammatory reactions systemically. The
allergen sensitization (OVA) in the experimental models
can stimulate the allergic inflammation. The allergic

Figure 3. The Activity of serum SOD. Coal
dust or OVA alone might no effect to the serum
SOD activity. But the combination of OVA and
| coal dust could decrease the SOD activity in

Control

Coal Dust OVA

Groups

OVA + Coal Dust

serum.
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Figure 4. The concentration of serum
8-OHdG. There was a tendency of increasing
serum 8-OHAG level. Combination of OVA

Control Coal Dust

Groups

inflammation is characterized by the release of IL-13, a
proinflammatory cytokine.(7,21,22)

The results of this study are in line with the results
of the previous studies reporting that OVA-induced mice
showed increasing inflammatory mediators in the lung
tissue and bronchoalveolar fluid but showed no increment
of the inflammatory mediators in the serum. The study also
mentioned that the release of the inflammatory mediators
and cells were influenced by several factors including the
duration of exposure to the allergen and the severity of the
disease(6,8,23-25). The exposure duration and the disease
severity will determine the infiltration area of the cells and
the inflammatory mediators. The acute and sub-chronic
exposures only cause the release of the inflammatory cells
and mediators in the perivascular area and will not result in
endothelial damage that will consequently induce vascular
leakage.(24,26) Thes reports are supported by another study
which identified that serum IL-13 will increase significantly
in severe asthma condition.(27) Another study also showed
that serum IL-13 concentration significantly increased when
the inflammatory process occurred in chronic persistent
conditions.(28)

This study also found that the serum SOD activity in
the ovalbumin group was decreased compared to the group
exposed to coal dust. Meanwhile, the decreasing SOD
activity was higher in the combination group of OVA and
coal dust exposure even though not statistically significant
compared to other groups. This event may be related to
the duration of the inflammatory process of 8 weeks OVA

164

OVA + Coal Dust

and coal dust yielded the worst effect on DNA
damage in serum.

sensitization and 4 weeks of coal dust exposure which
maybe has not been able to yield a substantial ROS
production systemically. Several studies mentioned that
ROS production determined the activity of endogenous
antioxidants, one of which was SOD. The sources of ROS
production are from the coal dust compounds. It can
indirectly stimulate pro-inflammatory mediators secretion
which will active inflammatory cells such as tumor
necrosis factor (TNF)-a. IL-13, and while also activates
macrophages.(13,14,29,30) Several studies
reported that the more ROS was produced.(31) One
of the most important ROS produced was superoxide
radicals.(32,33)

The superoxide radicals will send signals to the body

alveolar

to produce SOD to convert the radical into non-radical
products. Therefore, the decrease of the SOD activity is one
of the characteristics of the amount of ROS formed.(32,33)
The trend of SOD serum activity showed similar trend
the IL-13 serum concentration. Based on the mechanism
previously explained, the inflammatory process has not
occurred systemically and therefore the concentration of IL-
13 serum produced also influenced the SOD serum activity.
This mechanism is supported by the result of another
study which explained that the recurrent and prolonged
inflammatory process in COPD leads to a significant
decrement of serum SOD compared to the healthy group.
(34) Besides that, the chronic coal dust exposure on coal-
fired power plant workers increased the serum MDA while
significantly reduced the serum SOD.(35)
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In this study, it was also identified that the increment
of the serum 8-OHdAG concentration in the coal group
was higher than the OVA group. On the other hand, the
higher increment of the 8-OHdG concentration was also
shown in the combination group. However, the rise of
8-OHdG concentration was not statistically significant.
These results were similar to the result of IL-13 and serum
SOD activity. This may be regarding the duration of
coal dust exposure, coal dust concentration exposed, and
the inflammatory process that has not adequate enough to
produce a certain amount of ROS that is able to trigger the
oxidative stress leading to the systemic oxidative damage.
The oxidative damage that is commonly observed are
oxidative lipid damage indicated by an increment of MDA
and oxidative DNA damage indicated by the rise of the
8-OHdG concentration.(18,36) The results of this study
are in line with the previous which reporting that 14-days
coal dust exposure didn’t increase the serum MDA yet
significantly increased the MDA in the lung tissue and
bronchoalveolar fluid of mice.(37)

Conclusion

Coal dust exposure for four weeks isn’t adequate to induce
oxidative DNA damage systemically in asthma mice model.
For further research studies are necessary to examine
subchronic coal dust exposure to determine the extent of the
impact of coal dust to cause DNA oxidation.
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