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Abstract

Transflutrhin is a single isomer compound that is contained in mosquito repellent. The volatility
of this chemical compound made it suited for applications that evaporate this active ingredient like
space spray using one push mosquito repellent. As an aerosol, transfluthrin can trigger oxidative stress
that causes cell damage. Cell damage can be identified microscopically or by analyzing the electrical
characteristics of the cell. Cell damage due to the content of chemical compounds in the pollutants that
enter the body will affect the electrical properties of the cell itself. One of the bio-electric variables
in organ tissues that can be analyzed and used to determine the level of tissue damage is a change
in the dielectric constant value of an organ. The measurement of the dielectric constant is done by
using two conductor plates in which the dielectric material is inserted in the middle of the plates, and
the capacitance value will be measured. The results show that a higher level of damage to the organ
caused a lower dielectric constant value. This decrease was caused by the changes in the polarization
properties of the damaged tissue. Factors that affected the polarization of material were large electric
dipole moments and large numbers of healthy and damaged cells. Organ damage was determined based
on the decrease in the value of dielectric constant. Histological studies revealed severe cell damages
evidenced by the deformed cell compared to the unexposed mice. Type-A mosquito repellents with
transfluthrin active ingredients of 25% caused 74% at lung cell damage, 71% of blood damage, 47% of
kidney cell damage, and 40% of liver cell damage, with dielectric organ constants 0.65x10° to 2.62x10°.
In the mice exposed to type-B mosquito repellent (21.3% of transfluthrin), the damage levels were 72%,
72%, 49%, and 36%, respectively, for lung, blood, kidney, and liver cells. The dielectric constants were

0.91x10° to 2.62x10°. Our studies indicate that mosquito repellent aerosol does initiate physical damage
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to the cells of mice. These histological studies must be taken into consideration by the use of mosquito

repellent, particularly when investigating the long-term effect of the transfluthrin impact on health.
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Introduction

The increasing amount of pollutant concentrations in
the ambient air becomes a serious issue in environmental
quality change. The activities of human life provide a
lot in the decreasing qualities of air, land, and water and
affect human health, animal, and plant life. All forms of
pollutants are very dangerous for human health. Once
they enter the body through a respiratory process or
oral process, they have the potential to interfere with
organ function [1, 2].

Indonesia is one of the largest archipelagic countries
with a tropical climate. The negative impact caused by
this climate is the emergence of epidemics caused by
mosquito bites such as malaria and dengue fever [3,
4]. The spread of mosquitoes that cause malaria and
dengue fever can be prevented by using insect repellent,
such as mosquito repellent. Mosquito repellent contains
toxic active ingredients [5].

Transfluthrin is one of the mosquito repellent
active ingredients [6, 7]. This substance is a type of
insecticide belonging to the synthetic pyrethroid group
[5]. Transfluthrin, which enters the body, can trigger the
formation of free radicals. Generally, free radicals can
be found as atoms, elements, molecules, or compounds
that have one or more unpaired electrons in their outer
shell [8]. If these free radicals interact with body cells,
it may cause abnormalities in organs [9].

Cell damage from organs can be caused by

oxidative stress and the relation with inflammation
[10]. Oxidative stress is a pathological condition that
is associated with the increased speed of cell and
tissue damage due to the induction of oxygen and its
derivatives or ROS (Reactive Oxygen Species) [11]. Cell
damage occurs due to an imbalance in the amount of
ROS and the physiological activity of antioxidants in
the body against these free radicals [12]. The production
of ROS and inflammatory cytokines in the body
indicates injuries or dysfunction in cells due to many
toxic reasons, such as found in hepatocytes (liver cells)
and lung cells [13, 14].

Cell damage due to the content of chemical
compounds in the pollutants that enter the body will
affect the cell’s electrical properties. Bioelectricity
is a characteristic possessed by cells or biological
tissue and can be defined as electrical conductivity,
dielectric constant, capacitance, inductance, and
impedance [15-17]. The electrical cells of living
things are regulated through the compound activity of
biological metabolism and ion exchange in the body.
The electricity of a material or tissue can be assessed
based on the conductivity and dielectric dispersion of
the material. The change in polarization properties

of substances (atoms or molecules) that make up
the material will cause changes in conductivity and
dielectric dispersion [15, 16].

Research carried out on foodstuffs from living
things shows that damage to food causes changes in
the dielectric properties of these foods. Assuming that
the nature and composition of organ tissue are almost
similar to the nature of food composition, it can be
analogized that changes in tissue conditions will
cause changes in the dielectric properties of the tissue.
The magnitude of the change in dielectric properties
depends on how much damage or conditions occur in
the tissue network [18]. The measurement of healthy and
atherosclerotic dielectric arteries also shows significant
differences.

The bioelectrical properties can be observed using
the measurement method for the organ’s dielectric
constants. The amount measured in this method is the
value of capacitance, where the value of the capacitance
C is proportional to the value of the dielectric constant
(¢). The equation that describes the relationship
between capacitance and dielectric constant can be seen
below:

C=( .¢.A)/d Q)

Experimental
Mosquito Repellents

Two types of aerosol spray mosquito repellents that
were purchased from the general market were used as
the source of transfluthrin. They were determined as
type-A (25% of transfluthrin) and type-B mosquito
repellents (23.1% of transfluthrin). The concentrations
of the exposed transfluthrin were divided into five
variations: 1, 2, 3, 4, and 5 sprays.

Experimental Animals

This study used 110 male mice (12 weeks old, body
weight: 23-30 grams). All mice were treated humanely
and provided with food and freshwater ad [libitum.
They were kept in cages with a 12/12 dark-light cycle
and acclimatized [19]. After the acclimatization
process, all mice were divided into three main
groups: one control group and two treatment groups
(Table 1). All animal treatment procedures were
approved by the Animal Care and Use Committee
of Brawijaya University Malang, Indonesia (Ethical
Clearance number: 541-KEP-UB).
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Table 1. Animal groups for the experiments.
Main Groups Aerosol Types Subgroup Codes Number of Sprays Number of Mice
Al 1 10
A2 2 10
Group A Type-A A3 3 10
A4 4 10
AS 5 10
Bl 1 10
B2 2 10
Group B Type-B B3 3 10
B4 4 10
BS 5 10
Control - Ctrl - 10

Transfluthrin Exposure

All exposure treatments after the acclimatization
process were conducted in an exposure chamber
with a dimension of 30 (length) x 20 (width)
x 20 (height) cm?. The first treatment was conducted for
the treatment groups, Group A and Group B. According
to Table 1, fifty mice from Group A were divided into
five subgroups: Al, A2, A3, A4, and A5 (n = 10 per
subgroup). A similar treatment was applied in Group B,
in which fifty mice of Group B were divided into five
subgroups containing ten mice per subgroup (Bl, B2,
B3, B4, and BS5). The classification of these subgroups
was related to the number of sprays exposed to the mice.
Prior to dosing (in the preliminary study), we found that
five sprays were the maximum number of sprays that
could be exposed to the mice without causing collapsed
mice. As shown in Table 1, the mice from subgroups
Al, A2, A3, A4, and A5 were exposed to Type-A
mosquito repellent with the concentrations of one spray,
two sprays, three sprays, four sprays, and five sprays,
respectively. Whereas, subgroup Bl is a group of mice
exposed to one spray of type-B mosquito repellent.

Fig. 1. The set up of the exposure treatments.
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For other subgroups, the same method was carried out.
After the exposure to the repellents, the mice were
kept in the exposure chambers for 20 minutes as the
inhalation procedures (Fig. 1) [20]. After exposures, the
mice were sacrificed to observe organ samples using the
cervical vertebra dislocation method [21].

For the blood samples, the blood was collected in
blood tubes. The smears were made on object glasses
and fixed with 70% methanol solutions [22]. After that,
they were colored using Giemsa-buffer pro-Giemsa
solution (1:3) and washed in freshwater. Meanwhile,
the kidneys, livers, and lungs were cleaned using
0.9% NaCl. They were fixed in buffered formalin for
a week before being processed to dehydration process
using upgraded ethanol series. After that, the slices
were trimmed, processed to the paraffinization, and
cut using a microtome. The results were stained using
hematoxylin and eosin [19].

Dielectric Test

An LRC meter was used to measure the capacitance
values in the range of 2,000 pF to 20 pF. The cross-
sectional area of the plate (4) and the distance between
the plates (d) had been measured before, while the

LCR Meter

=M aterial

Plate

Fig. 2. A series of tools used for the dielectric measurements.
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magnitude of the air permittivity value (g, 8.85x10"
F/m) was referred to the reference. The amount of
capacitance C was obtained from the measurement
results indicated by the capacitance meter with a
frequency of 2,000 Hz (Fig. 2). The value of dielectric
constant ¢, was calculated using:

e=(C.d)/(,.A4) )
Histological Examination

Digital images of all organs were taken with a 400x
magnification of areas from an overall evaluation of the
slide. Ten random fields of view were obtained from
a Binocular BX-51 Computer Microscope [23]. The
damage levels (DL) [19,24] of the mice organs were
calculated using:

DL = [ Ydamage cells | Y observed cells | x 100%
©)

Statistical Analysis

All data are expressed as the means+standard
deviation. The association between the dielectric
constant and the organ damage level was interpreted
by the 2" order of polynomial regression analysis
using Microsoft Excel 2016. R?>0.90 was considered as
significantly correlated [25].

Results

The concentrations of the mosquito repellents
are shown in Fig. 3 and expressed in the unit of PPM
(parts per million). The levels of the repellents were
calculated from the repellent mass for each spray (m)
and the volume (V) of air inside the exposure chamber.
The mass of air inside this chamber (m ) was obtained
by multiplying the air density (p ) with V. of the air
mass during the experiment.

OType-A

Repellents (x10* ppm)
w

Number of Sprays

Fig. 3. The concentrations of repellents for each spray.

According to Fig. 3, more spray given to the mice
generates a more significant concentration of repellent.
This result is related to the level of absorption of active
ingredients of mosquito repellent in mice that are also
getting higher. Fig. 4 represents the correlation between
the dielectric constant and the damage level of the
organs (R?>0.90). There is a strong correlation between
the dielectric constants and the damage levels (2™ order
of polynomial function as the approximation equation).
According to Fig. 4, the decreased dielectric constant in
organs of the mice exposed to one push aerosol type-B
is greater than the decrease found in the type-A group.
These results were related to the level of transfluthrin
in each repellent type. The active ingredient of
transfluthrin in type-B was higher than type-A. Thus,
the level of damage in the type-B group was higher
than the damage obtained in the type-A group.

Fig. 5 represents the comparison of the physical
damages due to the different treatments. According
to Fig. 5, the control mice had more healthy cells,
with normal form. Besides, the treated mice had
more physical damages as the deformation of the
cells. The deformation in the red blood cells is mostly
found as teardrop-shaped cells, helmet-shaped cells,
and drakocyte. In the kidney cells, the deformations
are dominated by the narrowed tubules (red circles).
Meanwhile, the normal tubules and glomerulus
are shown by the white circles and green arrows,
respectively. Vein centralist can be found in the
hepatocytes, with a large area in white. Parenchymal
degeneration and binucleus indicate the cell
deformations. In the last observed cell, alveolar cells
are indicated by the green circles, while the deformed
ones are referred to the blue (ASD, alveolar septal
destruction) and yellow circles (edema).

Discussion

In this study, we found a significant correlation
between exposure to transfluthrin with the dielectric
changes and cell deformations. Analysis of the possible
mechanism involved was based on the study of
transfluthrin toxicity and the oxidative stress related to
the dielectric changes and cell deformations. This study
also shows a significant association between dielectric
constants and damage levels.

Transfluthrin is the active ingredient belonging to
the pyrethroid group [7, 26]. Pyrethroids in insects are
neurotoxins that work by blocking sodium channels
in nerve fibers to prevent the transmission of nerve
impulses [27]. If toxins enter the body continuously,
they may accumulate and cause an impact, such as
organ damage. The toxic effects of active chemicals can
cause gene mutations, cancer, and even death in cells.
Cells are enveloped by membranes whose structure
consists of lipids, proteins, and other components. If
important cell components (such as proteins, DNA
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Fig. 4. The correlation between dielectric constant and the damage level of the mice’s organs: a). blood (R? = 0.96 and 0.99, respectively
for Type-A and Type-B); b). kidney (R*> = 0.96 and 0.98); ¢). liver (R* = 0.98 and 0.94); and d) lung (R? = 0.94 and 0.99).
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Fig. 5. The physical cell damage (deformation) found in the control and treated mice.
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(deoxyribonucleic acid), and lipids on the membrane)
interact with active toxic chemicals, cells can lose their
function.

The interaction of transfluthrin with the lungs
generally occurs in the blood inside the lungs. In the
lungs, there is a bloodstream that contains hemoglobin.
Hemoglobin in the blood has a function to bind oxygen.
However, oxygen and transfluthrin in the lungs will
compete to be bound by hemoglobin. Transfluthrin can
be more reactive, so it is easily bound by hemoglobin.

Hemoglobin, which binds to transfluthrin, is carried
from the lungs throughout the body, including the
spleen organ. Hemoglobin in the blood that transports
transfluthrin will be considered as a foreign substance
so that lymphoblasts will be activated to produce
lymphocytes in follicular follicles. Lymphocytes
are white blood cells found in the immune system
and are very useful in producing antibodies [28]. If
there is continuous damage to blood cells and white
blood cells cannot fight it, this may cause toxicity
and may trigger the production of free radicals. This
interaction can be determined by the existence of
oxidative stress and inflammation in the blood. As
confirmed in the previous study, there is a relationship
between erythrocyte deformability and oxidative
stress and chronic inflammation markers [29]. Thus,
this interaction probably may become like the blood
cell’s responses in countering the effects of oxidative
stress and chronic inflammation due to free radicals.
Oxidation of membrane lipids and proteins may alter
the erythrocytes [30]. Also, the presence of free radicals
can trigger oxidative stress, which has an impact on
organ damage [31]. Organ damage can also be caused
by the presence of free radicals or ROS (reactive
oxygen species) contained in these organs because ROS
has a key role in organ disruption and is related to the
inflammatory response [32].

Organ physical damage (e.g., cell deformation)
can be seen based on a decrease in the value of the
dielectric constant [33, 34]. The diclectric constant can
be used to indicate the nature or characteristics of a
material. The dielectric constant describes the degree
of polarization of a material [35]. Polarization itself is
defined as the repolarization of the electrical charge
contained in dielectric materials due to the presence of
an external electric field. This polarization results in a
parallel electric dipole moment orientation. The dipole
moments can be interpreted as a pair of charges that
have opposite charges and are separated at a certain
distance. The direction of the dipole moment is from
a negative charge to a positive charge. The moment of
this dipole will determine the amount of polarization
that occurs. Several factors influence the polarization of
a material, namely the dipole moment and the number
of healthy cells and damaged cells [18, 36].

Organ damage or reduced healthy cells in the
organ will affect the polarization effect or contribute to
shifts dielectric spectra [37, 38]. The more healthy cells

in the organ, the greater the level of polarization that
will occur. This phenomenon will cause the dielectric
constant value to be higher. Conversely, if more cells
are damaged, then the polarization that occurs is
smaller, so the dielectric constant value gets lower [18].
A decrement in the dielectric constant indicates that the
organ is increasingly non-polar. The dielectric constant
also depends on electrical susceptibility. Susceptibility
describes the degree easiness of polarization of material
[35]. So the greater the diclectric constant value, the
material is easier to be polarized.

In this study, transfluthrin contained in mosquito
repellent, which has an impact on cell damage, may
cause a reduction in dipole moments (reducing sample
polarity). This decrement will reduce the susceptibility
of the sample so that the dielectric constant in the
exposed (damaged) organ is also reduced. The
relationship between susceptibility and the dielectric
constant is shown by the equation below:

C=(,..4)/d @

With &” = 1 + x, where x, is a susceptibility which
is influenced by the number of atoms or the number
of molecules involved in polarization and the value of
dipole moment.

This study has been conducted in a simple method
and analysis. The results show preliminary physical
damage of cells related to the obtained dielectric
change due to exposure to transfluthrin, as a highlight
of the study. However, there is a limitation to identify
further physical damage types. Furthermore, analytical
procedures focused on the chemical compounds of the
repellent should be discussed deeply. A study about
dielectric constant and physical damage due to exposure
to transfluthrin contained in repellent may be difficult
to quantify unless specific assays are developed.

Conclusions

According to the results above, it is concluded
that the active ingredient of transfluthrin contained in
mosquito repellents have a negative impact in the form
of organ damage in male mice. The organ damages, in
terms of the decrease of the organ’s diclectric constant,
are related to the transfluthrin contents and the mosquito
repellent concentrations. Type-A mosquito repellents
with transfluthrin active ingredients of 25% cause 74%
damage in lung cells, 40% in liver cells (hepatocytes),
47% in kidney cells, and 71% in erythrocytes, with
the dielectric constants 0.65x10° to 2.62x10°. Type-B
mosquito repellent (transfluthrin: 21.3%) causes damage
in erythrocytes, hepatocytes, alveolar cells, and kidney
cells with the percentages of 72%, 36%, 72%, and 49%,
respectively. The dielectric constants type-B group
were in the range of 0.91x10° to 2.62x10°.
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