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Abstract: Organophosphate compounds in insect repellent have a role in contributing to mosquito 

mortality but have toxic effects for humans when exposed for a long time. The research is aimed to 

analyze the effect of insect repellent exposure in blood leukocyte profile and histopathologic findings 

in lungs. The study used thirty males Rattus novergicus, which were divided into three groups, such as 

electric liquid insect repellent (P1) with contain 0.031% dimefluthrin, anti-mosquito coils (P2) with 

0.014% dimefluthrin, and electric mat mosquito repellent with 0.566% dimefluthrin for 8 hours in 20 

days respectively. Leukocyte profiles were determined by using the blood smear method, and the lung’s 

health was identified by histopathologic findings. Based on the results study showed mosquito coils 

exposure increase the lymphocytes count. Meanwhile, the electric liquid-repellent increased the 

basophil’s numbers. The electric mat exposure had more eosinophils, neutrophils stab, neutrophils 

segment, and monocytes in the blood. The leukocyte profile of each group showed there were no 

statistically significant differences (P-value > 0.05). Based on histopathology, lung findings showed 

that the electric mat exposure contributed to cells degeneration 7.5% and pleural thickening 30%. The 

higher dimefluthrin concentrations in insect repellents could affect leukocyte profile and lungs health. 
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1. Introduction 

The mosquitos are decreased, followed by wind and higher temperature, but at the end 

of warm weather, mosquitoes consistently increase in numbers [1]. In Indonesia, the 

transitional season from dry to rainy or otherwise promotes the breed of mosquitos that could 

interfere with human comfort. Insect repellent is used to inhibit mosquitos’ action, but no one 

knows the effect on health for long-term use. In addition, active substances in insect repellent 

contain organophosphates that harm human health; they could have hazardous interactions with 

the biological system in the body [2]. Therefore, insect repellent must be used properly 

according to the type and doses of insect repellent.  

Based on Chang and Lin (1998) study explained that insect repellant coils produced 

smoke which contains small particles with a size of 1 micrometer, metal fumes, vapors, and 

free radicals[3] when the smoker each the alveoli of the lungs could cause irritation in the upper 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC126.77967803
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9952-3076
https://orcid.org/0000-0003-4821-0202
https://orcid.org/0000-0002-4310-7882


https://doi.org/10.33263/BRIAC126.77967803  

 https://biointerfaceresearch.com/ 7797 

respiratory tract and produce large amounts of sub-micrometer particles. Whereas when the 

smoke reaches the lower respiratory tract, it could contribute to carcinogenesis [3]. The smoke 

of insect repellent coils is toxic pollution that has been reported to have adverse effects on the 

environment and human health [4,5]. 

Other innovations of mosquito repellent are liquid electric and mat electric. Both insect 

repellent electric does not produce smoke like mosquito coils. The electric mosquito-repellent 

liquid, which contains prallethrin 1.6% insecticides, might cause hematological toxicity, and 

the pyrethroid group in liquid insect repellent leads to biochemical, hematological, neurological 

changes cytokine disturbance, and mutagenic damage in tissues [6,7]. Not only could it 

contribute to pollutants in the air [8], but also the active substance in both electric insect 

repellent is leading to biotransformation and followed by bioaccumulation that might have a 

toxic response in the body [2].  

Most ingredients used for insect repellents contain DEET, IR3535 (Ethyl 

Butylacetylaminopropionate) (EB), Icaridin (Picaridin), and pyrethroids which present 

advantages and disadvantages [9-11].  Dimefluthrin is one of the active ingredients belonging 

to pyrethroids that can control dengue vectors [12]. It has an excellent knockdown activity for 

insects [13]. Improper combustion of insect repellent containing dimefluthrin produces harmful 

gases to the human body if used for a long time [14]. 

The aerosol and smoke of mosquito repellent usage contribute to pollution in ambient 

air that could disrupt the respiratory system and organ function. Interaction of free radicals 

from mosquito repellent exposure could affect leukocyte profile in blood and lungs disruption 

organ [15]. Histopathological studies of deltamethrin and other insect repellents exposure in 

rats could cause lung toxicity [15,16]. Besides, the D-Allethrin content in insect repellent 

affected the liver, kidney, teratogenic effects in fetuses and led to respiratory problems by 

irritating the trachea [16-18]. The study was focused on analyzing the effect of exposure to 

insect repellent in various types such as electric liquid insect repellent, anti-mosquito coils, and 

electric mat insect repellent, which contain various dimefluthrin concentrations toward the 

differential count of leukocytes in the blood and histopathologic findings in lungs. 

2. Materials and Methods 

The study was in vivo experiment research with a cross-sectional approach. The 

research used 30 male Rattus novergicus strain Wistar weighing 150-250 gr. The mice were 

divided into 3 groups, including 10 mice subjected to insect repellent liquid electric exposure 

(P1), 10 mice subjected to insect repellent coils exposure (P2), and 10 mice subjected to insect 

repellent mat electric exposure (P3). The length of exposure was conducted for 8 hours a day 

in 20 days each. The research has approved ethical clearance through No. 

062/EC/KEPK/UNUSA/2021. 

The intervention activity used an exposure of mosquito coils (P1) with dimefluthrin 

content of about 0.031%, mosquito liquid electric (P2) with dimefluthrin content about 0.014%, 

and mosquito mat electric (P3) with dimefluthrin content about 0.566% on mice for 8 hours a 

day in 20 days respectively. A set of surgical instruments, ketamine (Ket-A-100) for anesthesia, 

and pot samples for saving the lungs in fixative solutions such as buffer formalin 10%. The 

blood smear test uses Giemsa for staining [8]. The histopathological slide used several pieces 

of equipment that consists of microtome Thermo Scientific, object-glass, cover glass, label 

paper, microscope Olympus CX-22 for observing the cells necrosis, cell degeneration, pleural 
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thickening, and leukocyte profile through blood smear test, a set of hematoxylin-eosin (HE) 

for staining, alcohol, xylene and paraffin Diapath for histotechnique processing. 

2.1. Differential count of leukocyte. 

Differential count of leukocytes was observed using blood smear methods. The 

leukocyte profile consists of basophile, eosinophil, neutrophil stab, neutrophil segments, 

lymphocyte, monocyte. The procedure was carried out by one drop of blood put on the object-

glass, then covered by another object glass and smeared at an angle of 30-40o and dried for 5 

minutes [19,20]. Furthermore, the specimens were dived in a fixative solution for 2-3 minutes, 

then dripped the Giemsa dye on the specimen [19,20]. Leukocyte profiles including basophils, 

lymphocytes, neutrophils stab, neutrophils segments, monocytes, eosinophils were observed 

using a microscope Olympus CX-22 with a magnification of 1000x [20].  

2.2. Histopathological. 

The lungs organ of rats was collected on the 20th day or the end of intervention activity 

then preserved in buffer formalin solution 10% for further steps, including trimming, 

processing of lung tissue, embedding, slicing by using a microtome, staining by Hematoxylin-

Eosin (HE), and observing under a microscope [21] with magnitude 4000X.  

2.3. Data analysis. 

The differential count of leukocytes including basophils, eosinophils, neutrophils stab 

and segments, lymphocyte, monocyte. The leukocytes profile data were analyzed using the 

Anova One Way test for parametric data and the Kruskal Wallis test for non-parametric data. 

The histopathologic findings in the lungs were identified by observing necrosis, cells 

degeneration, and pleural thickening based on the score of interpretation data seen in Table 1, 

Table 2, and Table 3. 

Table 1. The cell degeneration of lungs histopathologic score [22]. 
Score Changing level Percentage of damage 

0 none 0% 

1 Cells degeneration reach ¼ of total observed 25% 

2 Cells degeneration reach ½ of total observed 50% 

3 Cells degeneration reach ¾ of total observed 75 % 

4 Complete cells degeneration 100% 

 

Table 2. The cell necrosis of lungs histopathologic score [22]. 
Score Changing level Percentage of damage 

0 none 0% 

1 Necrosis reach ¼ of total observed 25% 

2 Necrosis reach ½ of total observed 50% 

3 Necrosis reach ¾ of total observed 75 % 

4 Complete necrosis 100% 

 
Table 3. The pleural thickening of lungs histopathologic score [22]. 

Score Changing level Percentage of damage 

0 none 0% 

1 Mucosa thickening reach ¼ of total observed 25% 

2 Mucosa thickening reach ½ of total observed 50% 

3 Mucosa thickening reach ¾ of total observed 75 % 

4 Complete mucosa thickening 100% 
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3. Results and Discussion 

The results study of leukocyte differential count using blood smear methods could be 

seen in table 4, and statistical analysis using the Anova One Way test and the Kruskal Wallis 

test of each variable could be seen in table 5. The results of histopathologic findings in lungs 

can be seen in table 6. 

Table 4. The differential count of leukocytes. 

Group N Leukocyte Differential (Mean ± Standard Error) 

Basophils (%) Eosinophils 

(%) 

Neutrophils 

Stab (%) 

Neutrophils 

Segment (%) 

Lymphocyte 

(%) 

Monocyte 

(%) 

P1 10 40.00±10.11 2.00±1.33 9.00±2.33 4.00±2.21 71.00±14.33 46.00±7.77 

P2 10 32.00 ±8.41 1.00±1.00 3.00±1.53 5.00±3.41 76.00±15.07 42.00±5.73 

P3 10 28.00 ±3.89 4.00±2.21 10.00±3.94 6.00±2.21 59.00±7.06 53.00±5.78 

Table 5. Statistical difference test of leukocyte profile. 

Leukocyte Profile P-value 

Basophils 0.558a 

Eosinophils 0.504b 

Neutrophils Stab 0.136b 

Neutrophils Segment 0.578b 

Lymphocyte 0.627a 

Monocyte 0.490a 
aAnova One Way test, significant P-value < 0.05 
bKruskal Wallis test, significant P-value < 0.05 

Table 6. The lungs' cell damage due to insect repellent exposure. 

Mosquito Repellent 

Exposure 

N The Lungs Cell Damage Percentage of Lungs Cell 

Damage Degeneration Necrosis Pleural Thickening 

Coils (P1) 10 0 0 0 None 

Liquid electric (P2) 10 0 0 0 None 

Mat Electric (P3) 10 0 0.3 1.2 Necrosis 7.5%  

Pleural thickening 30%. 

 

Based on statistical difference test showed on the differential count of leukocyte 

explained the kind of insect repellent exposure did not affect leukocyte profile in the blood due 

to P-Value > 0.05. Meanwhile, the lungs histopathologic results showed that exposure to 

mosquito repellent coils and liquid electricity for 8 hours in a day and 20 days were safe to use 

daily because they had no effect on degeneration cell, necrosis cell, and pleural thickening. 

Whereas mat electric exposure, which had dimefluthrin content higher than others, could be 

contributed in necrosis cell about 7.5% and pleural thickening about 30%. The presence of 

necrosis and pleural thickening on P3 can be seen in figure 1. The black arrow in figure 1 (a) 

showed necrosis cells, and the black arrow in figure 1(b) showed pleural thickening. 
 

 
(a) 

 
(b) 

Figure 1. Histopathologic findings in lungs of P3 intervention: a) necrosis, b) pleural thickening. 
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The mosquito repellent smoke could cause high air pollution, which is inhaled by 

humans and animals could increase free radicals in the body [8]. Free radicals with high 

concentrations contribute to cell damage, inhibit the normal production of DNA, promote 

damage to cell membrane lipids, and cause cell death [3]. The number of free radicals increases 

along with the decrease in antioxidant production in the body and causes oxidative stress [15], 

resulting in various degenerative diseases, including Alzheimer’s, cancer, and heart disease. 

Therefore, optimal antioxidants could inhibit the occurrence of oxidative stress in the body 

[15,23].  

The lungs have direct contact with the outside air; therefore, they are very vulnerable 

to exposure to hazardous materials such as toxic gases, pathogenic microorganisms, and 

particles of dust. The lungs have defense mechanisms to protect themselves from outsider 

material. The particles measuring >10 m could be bound in the nasal cavity, while those 

measuring 5-10 m could be filtered in the bronchial branches, but those measuring <3 m could 

entrance in the alveoli [24]. 

Free radicals in insect repellent exposure could interact with leukocytes in the blood 

through the respiratory system. Based on the study, results showed that the higher eosinophil, 

neutrophil stab, neutrophil segment, and monocyte counts were P3. The higher basophil count 

was P1, and the higher of lymphocyte was P2. However, the statistical analysis explained there 

were no significant differences in each variable. Therefore, dimefluthrin compounds in insect 

repellent might not have an effect on leukocytes in the blood. 

The study was observed there was a presence of necrosis cells and pleural thickening 

on the P3 group. Meanwhile, in P1 & P2, groups were absent. Insect repellent mat electric 

exposure could be caused by several chemical substances, particularly dimeflutrin with a high 

concentration. The dimeflutrin content in mat electric is higher than liquid electric and coils 

repellent. In addition, continuous exposure to insect repellent smoke can cause degenerated 

cells to become necrotic cells [25]. Mucous thickening in this study could be observed in the 

P3 group that was exposed to the smoke of electric mosquito coils with high concentrations of 

Dimefluthrin. Pleural thickening was observed in 30% of lungs, particularly those with the 

lumen that could be due to mucosal hyperplasia. Necrosis is the death of cells or tissues caused 

by an irreversible degeneration process. The main characteristics of cells or tissues undergoing 

necrosis, namely pyknosis, are characterized by dark nuclei (hyperchromatic) and shrinking 

[26]. Karyorrhexis is characterized by a cracked nucleus, and karyolysis is characterized by 

missing or only hollow nuclei and missing chromatin [26]. Thickening is the damage and 

proliferation of scar tissue in the lung parenchyma tissue, which causes the lung parenchyma 

tissue to become thick and stiff [27]. Alveolar wall thickening is characterized by alveolar 

diameter marking, Bronchus Associated Lymphoid Tissue (BALT) hyperplasia, and 

infiltration of cells including (macrophages) [24]. 

A comparative study of various insect repellents on the liver, brain, kidneys, lungs, and 

heart of Swiss albino rats exposed 3 hours a day for 20 days showed a significant toxicological 

effect [3]. Lung damage was almost affected by various insect repellents. Inhaled mosquito 

vapor in the body contributes to free radicals that cause lung injury and DNA damage that can 

trigger necrosis, apoptosis, cell degeneration, cell thickening, inflammation, and 

carcinogenesis [3,22]. Necrosis is acute and irreversible cell damage so that cells cannot 

continue their metabolic processes because there are active or toxic substances that enter the 

bloodstream to the organs [26]. In the lungs, cell necrosis could be caused by the direct 

influence of toxic agents, including chemicals, toxic bacteria, and caused by a lack of factors 
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needed by cells such as oxygen and nutrients [25]. Besides, other factors that could affect the 

onset of disease or disorders in the respiratory tract include particles, content concentration, 

solubility, chemical properties, and individual factors, including lung defense, duration of 

exposure, and exposure from other sources [28-35]. 

Exposure to mosquito coil smoke stimulates excrete fluid or mucus in the lungs. 

However, in the P1 and P2 groups, no mucosal thickening was seen; this could be due to the 

low content of dimefluthrin and the lack of duration of exposure to electric mosquito repellent 

liquid and mosquito coils [20]. 

Based on the results, the higher the exposure to dimeflutrin, the higher the damage to 

lung tissue, especially the thickening and necrosis of lung tissue. However, further research is 

needed to obtain more comprehensive research results. 

4. Conclusions 

The usage of mosquito coils and electric liquid mosquito repellent for 8 hours in 20 

days had no significant effect on leukocyte profile in blood and absent lungs damage. Mosquito 

coils exposure increased the lymphocytes’ count, and the electric liquid-repellent increased the 

basophils’ count. However, the electric mat insect repellent exposure with the higher 

dimefluthrin contents in repellent is still not recommended for the use, which was contributed 

in a higher number of eosinophils; neutrophils stab, neutrophils segment, and monocytes 

descriptively in the blood. Besides, histopathology findings in the lungs showed that the electric 

mat exposure contributed to cells degeneration 7.5% and pleural thickening 30%. The duration 

of exposure to insect repellent containing dimefluthrin in rats can be extended to determine the 

specific effect of the dimefluthrin content and the duration of exposure to insect repellent 

through Red Blood Cells (RBC), White Blood Cells (WBC), and lung damage. 
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