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 Abstract 
Mosquito coils are made from incense products and are designed to repel 
insects using pyrethrins and pyrethroids as their main active ingredients. 
However, the use of these coils poses significant public health and ecological 
risks due to the emitted toxic fumes. These fumes can have long-term damaging 
effects on humans and the environment. This study aimed to investigate the 
effects of various durations of subacute exposure to mosquito coil smoke (MCS) 
on lung histology and blood hematology in white male Wistar rats (Rattus 
norvegicus). Rats were divided into four groups (n = 6): control; P1, P2, and P3, 
exposed to MCS for 5, 7, and 9 h per day, respectively, for 21 days. 
Hematological blood analyses (red cell count (RBC), hemoglobin (Hb), and 
hematocrit (Hct) were performed, and lung histopathology was evaluated 
using Manja Roenigk's criteria. The group exposed to MCS for 9 h/day showed 
a significant decrease in mean body weight (185.00 ± 9.59) (p = 0.008) 
compared with the control group. All treated groups had normal Hb and Hct 
levels and RBC indices, with no significant differences compared with the 
control group. The 9-hour exposure group had significantly lower lung weights 
than the control group, and all treatment groups showed significant differences 
in lung weight. Histopathological analysis revealed significant loss of alveolar 
septal integrity, leading to alveolar lumen rupture and development of 
emphysema. This study provides clear evidence of emphysema due to subacute 
allethrin-based MCS inhalation, although it did not affect hematological 
parameters in rats. 
 

 
1. INTRODUCTION 

Mosquitoes transmit diseases such as malaria, dengue, Zika virus, chikungunya, and yellow fever, and their bites 

cause itching, discomfort, and unattractiveness (1). Mosquito coils are frequently used to control mosquito populations in 

homes (2). Approximately 29.5% of the Indonesian population uses mosquito coils (3). 

Factors such as affordability and accessibility for low-income populations have contributed to the widespread use 

of mosquito coils in developing countries. Mosquito coils (MCs) serve as a means of insecticide dispersal through 

combustion, providing a limited safeguard against life-threatening mosquito-vectored illnesses. However, inhalation of 

these insecticidal compounds not only targets the intended pests, but also introduces substantial health risks due to 

associated toxicities. The prevalence of MC usage continues to rise, especially in developing countries; however, this 

phenomenon has not received sufficient scrutiny from governmental bodies or the public (1). The general population 

annually uses these coils for extended periods. However, prolonged smoke exposure from these coils can have cumulative 

health impacts. Many developing nations continue to incorporate mosquito coil smoke into their daily lives despite the 

potential health risks (4). 

Mosquito coils are created by combining granulated insecticide paste with fillers, such as sawdust, to form a coiled 

mixture that serves as an insect repellent (1). Pyrethrins and pyrethroids, making up 3-4% of the coil mass, are the primary 
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active ingredients that provide several hours of protection against mosquito bites (5). Despite their protective function, 

mosquito coils pose significant public health and ecological risks because of the harmful fumes they emit (6). Research 

shows that burning one mosquito coil can release particulate matter equivalent to burning 75-137 cigarettes and 

formaldehyde, similar to burning 51 cigarettes (7). Mosquito coil combustion of generates elevated indoor levels of PM2.5 

and CO, which are associated with potential respiratory health risks (8). This combustion increases indoor levels of PM2.5 

and CO, which are associated with respiratory health risks (8). The hazards of mosquito coils are attributed to their 

emissions during burning, whereas their efficacy in repelling mosquitoes is related to their benefits (9). 

Burning mosquito coils indoors generates smoke that can effectively control mosquitoes. Despite the fact that 

mosquito coil smoke may have many potential adverse health effects, large populations in developing countries still use 

mosquito coils in their daily lives. This practice is currently used in numerous households in Indonesia. Because coil 

consumers usually use mosquito coils for at least several months every year, the cumulative effects of long-term exposure 

to the coil smoke may also be a concern. Epidemiological studies have shown that epidemiological studies have shown that 

children and their parents exposed to mosquito coil smoke are more susceptible to the released chemicals during sleeping 

quarters. The long-term exposure to mosquito coil smoke can induce chronic bronchitis, asthma, and persistent wheezing 

in children and adults (10,11). 

The use of mosquito repellent products releases chemicals into the air, raising concerns about their impact  

on people who inhale these compounds (12). When assessing the health implications of inhaled vaporizer fumes  

containing allerthrin and mosquito coil smoke, special attention is given to the respiratory system (13). Mosquito coils emit 

smoke containing sub-micrometer particles, volatile and semi-volatile organic compounds, gaseous pollutants, 

polyaromatic hydrocarbons, and insecticides (14,15). The highest concentration of allethrin is typically detected  

30-35 minutes after using a mosquito coil and decreases over six hours. Smoke exposure at night can result in the  

inhalation of tiny particles, metal fumes, and free radicals that reach the alveolar region of the lungs and irritate the upper 

respiratory tract (15). 

The Wistar rat model is frequently used in toxicological studies to investigate the effects of inhaled substances  

on pulmonary histology, because these rats exhibit physiological and anatomical similarities to humans (16). Studies  

have demonstrated that the inhalation of fumes produced by mosquito coils can result in numerous adverse  

health consequences, particularly focus on respiratory complications and pulmonary damage. Specifically, these findings 

establish a link between exposure to mosquito coil emissions and the onset of chronic respiratory disorders,  

including asthma and chronic obstructive pulmonary disease (COPD) (17). Moreover, histopathological changes  

detected in the pulmonary tissues of experimental subjects exposed to mosquito coil emissions suggest that such smoke 

triggers inflammatory processes and morphological alterations in the lungs, potentially leading to respiratory  

function impaired (18). In particular, bronchiolar epithelial cells degeneration and bronchial walls thickening have  

been reported, leading to impaired gas exchange and reduced oxygen-carrying capacity in the blood (18). Furthermore,  

the presence of toxic compounds in smoke, such as allethrin, is associated with oxidative stress and cellular injury, 

potentially exacerbating lung damage (19). 

Exposure to harmful particles or free radicals can cause immediate and long-term respiratory issues by  

damaging the epithelial cells of the respiratory tract, particularly the alveolar epithelium, or by inducing inflammatory 

responses in lung tissue (20). Inhaled mosquito coil smoke deposits particles in the lungs and bloodstream. The active 

substances and combustion gases in mosquito coils cause oxidative stress, affecting various tissues, organs, and cells, 

including erythrocytes, leading to cell lysis and free hemoglobin (21). Prolonged exposure to allethrin and other particles 

from mosquito coils alters hemoglobin levels and other biochemical parameters. This noxious synthetic chemical is 

responsible for cellular, tissue, and organ injury owing to its action on membrane phospholipids, resulting in membrane 

fluidity and tissue damage (22). Despite their widespread use for mosquito protection in tropical countries, such as 

Indonesia, further studies are necessary to assess the short-term exposure to subacute toxicity. Previous studies on the 

effects of acute deltamethrin exposure in adult and developing Sprague-Dawley rats on acoustic shock response in relation 

to brain and plasma deltamethrin concentrations for 5, 7, and 9 h/day, each for 21 days. However, the subacute effects of 

mosquito coil smoke exposure on both lung histopathology and systemic hematological parameters, especially under 

varying exposure durations using Wistar rats as the model organism, remains unclear. The existing literature mostly 

focuses on either acute exposure or separate physiological parameters, lacking an integrated approach. The current study 

compared pulmonary histology and blood hematology parameters at 5, 7, and 9 h/day for 21 days. Spatial repellents are 

chemicals that volatized and prevent human-vector contact by disrupting the host-seeking behavior. Some of the widest-

used spatial repellent products are coils, which usually contain an insecticide that is burned to produce a repellent smoke 

and can last around 9 h (23–25). Therefore, this study aimed to examine the effects of different durations of subacute 

exposure to mosquito coil smoke on lung histology and blood hematology in male white Wistar rats (Rattus norvegicus). 

The subacute toxicity test aims to obtain information on the toxic effects of haematology that are not detected in the acute 

toxicity test. In addition, the toxic effects on haematology and lung histology after repeated different durations of subacute 

exposure within 21-day period were determined. 
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2. MATERIALS AND METHODS  

2.1. Chemicals 

The TR mosquito coil brand, containing 0.3% d-allethrin (0.3 %), was purchased from the market and used in this 

study. 

2.2. Animals and Experimental Design 

Animal studies were carried out in the Laboratory of Animal Experiments and Anatomical Pathology, Faculty of 

Veterinary Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia. A true experiment with a post-test-only control 

design involving male Wistar rats was obtained from the Animal House of the Faculty of Veterinary Medicine of Universitas 

Syiah Kuala, Indonesia. The inclusion criteria were that the male rats were healthy and weighed between 150 and 200 

grams on average. The rats were individually housed in a well-ventilated room with carefully controlled temperature and 

lighting conditions to maintain a constant environment (23±0.5°C and 12-h light/dark cycle). The animals were fed 

standard rat food (Brailler-I pellet (BRI) ad libitum) and water and underwent a 7-day acclimatization period in their cages. 

Twenty-four adults male Wistar rats were randomly divided into four groups, each comprising six rats: negative 

control groups, experimental groups 1, 2, and 3. The negative control group (C) was not exposed to mosquito coils. Groups 

P1, P2, and P3 were the experimental groups that were exposed to mosquito coil smoke. After 7 days of acclimatization, the 

animals were randomly divided into four groups: control groups 1, 2, and 3, each comprising six rats. The negative control 

group (C) was not exposed to mosquito coils. Groups P1, P2, and P3 were the experimental groups that were exposed to 

mosquito coil smoke. Throughout the experiment, rats were housed in designated cages measuring 60 × 50 × 20 cm, each 

equipped with two ventilation holes of 4 cm diameter, allowing whole-body inhalation of mosquito coil smoke (MCS). The 

mosquito coil was ignited and strategically placed in the center of the room, with the animal cages arranged at equal 

distances around it to provide uniform exposure for all rats. Groups P1, P2, and P3 were exposed to mosquito coil smoke 

for 5, 7, and 9 h/day, respectively, for 21 days (26). Some of the widest-used spatial repellent products are coils, which 

usually contain an insecticide that is burned to produce a repellent smoke and can last around 9 h (24). Animal 

randomization methods during the allocation to groups was simple randomization type used a function such as Rand in 

spreadsheet software such as MS Excel. 

2.3. Hematological Examination 

The experiment lasted for 21 days, after which the animals were euthanized using chloroform anesthesia. The 

surgical intervention was commenced in the abdominal region and progressed toward the thoracic cavity until the heart 

was exposed. Blood was extracted directly from the heart using a 3 mL syringe as promptly as possible. A needle was 

inserted into the heart, and blood was slowly withdrawn until the syringe contained 3 mL of blood. The blood was then 

transferred into a vacutainer tube containing ethylenediaminetetraacetic acid (EDTA) by slowly introducing it along the 

tube wall, followed by gentle agitation to ensure uniform mixing with EDTA anticoagulant. Blood samples were analyzed 

within 24 h using a fully automated hematological cell counter (XN1000A, Sysmex Corp., Kobe, Japan).  Sysmex conducted 

quality control using specific calibrators, including XN Cal and SCS-1000, specifically designed for their analyzers. These 

calibrators, with established values, are regularly used in the Laboratorium Riset Banda Aceh to ensure the traceability of 

measurements to international standards, such as ISO 17511, and. The parameters measured were the red blood cell (RBC) 

count, white blood cell (WBC) count, hemoglobin (Hb) concentration, packed cell volume (PCV%), mean cell volume (MCV), 

and platelet count. The mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) 

were calculated. 

2.4. Histopathological Examination of the Lung 

The lungs were carefully dissected and weighed using an electronic scale. The lungs were then rinsed with normal 

saline and fixed in 10% buffered neutral formalin for fixation. Tissue processing was performed using an automated tissue 

processor, followed by paraffin embedding. Serial paraffin sections (3–4 μm thick) were acquired and stained with standard 

Hematoxylin and Eosin (H&E) for histopathological analysis. The slides were examined under a light microscope (CX33, 

Olympus, Tokyo, Japan) at 10X and 40X magnifications. Photomicrographs were obtained using Cellsen imaging software 

(Olympus, Tokyo, Japan). Lung histology was evaluated in five fields of view for each lung, and the average scores were 

used to assess changes in lung histopathology based on the Manja Roenigk’s histopathology. Herdiani et al. (27) adapted 

the Manja Roenigk score (Table 1) to assess lung histopathology, including the damage of the alveolar membrane, alveolar 

lumen, and interalveolar connection. The total scores for the three parameters were averaged. Therefore, the mean results 

of the degree of lung damage were classified as follows: degree 1, mild damage; degree 2, moderate damage; degree 3, 

severe damage.  

Pulmonary histopathological assessments were performed using a double-blind protocol and were subsequently 

validated by two independent pathologists. Inter-rater agreement was assessed to ensure scoring reliability, and the final 

dataset comprised the average scores derived from the double-blind evaluations of lung tissue damage. 
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Table 1. Histopathology of Manja Roenigk  

 

2.5. Ethical Approval 

The Ethics Research Commission of the Faculty of Medicine, Universitas Malikussaleh, approved all experimental 

procedures in this study (reference number: 72/KEPK/FKUNIMAL-RSUCM/2023, July 12, 2023). 

2.6. Statistical Analysis 

GraphPad Prism software version 10.2.2 (GraphPad Software, LLC, California, USA) was used for data analysis and 

visualization. A Kruskal-Wallis test was used to perform qualitative analysis, followed by Dunn’s test for multiple 

comparisons. The level of statistical significance was set at p < 0.05. The Kruskal-Wallis test is a nonparametric test for 

ordinal scale data (lung histology, lung color grading) and ratio scale data that non-normally distributed data (hematology 

parameters). 

 

3. RESULTS AND DISCUSSION 

This study aimed to explore the effects of different durations of subacute exposure to mosquito coil smoke on lung 

histology and blood hematology in white male Wistar rats. 

3.1. Mean Body Weight 

Figure 1 shows the effects of inhaled mosquito coil smoke on the mean body weight of negative control and MCS-

treated rats. A significant decrease in mean body weight was observed in all groups exposed to MCS compared to the control 

group (p = 0.019). Specifically, groups P1 (196.50 ± 14.71; p = 0.2578) and P2 (188.80 ± 23.71; p = 0.0626) exhibited a 

reduction in mean body weight; however, this reduction was not statistically significant compared with the control group 

(217.70 ± 14.84). In contrast, Group P3 exhibited a significant decrease in mean body weight (185.00 ± 9.59) compared 

with the control group (p = 0.008). 

Our findings align with previous research indicating that MCS inhalation leads to substantial changes in the mean 

body weight of rats exposed to smoke from local and commercial mosquito repellents compared with the control group 

(28). The longer the exposure (9 h in P3), the greater the impact on weight loss. It is important to show the cumulative 

toxicity effect. Our findings are consistent with those of previous studies, which reported that allerthin vapors cause weight 

loss in animal models. Allerthin vapors, which are released through coil smoke, reduce erythrocytes’ oxygen-carrying 

capacity, leading to decreased metabolism and energy output, which indicates body weakening (29). 

The body weight of an organism indicates its general metabolic condition and its ability to maintain regular growth 

and development. The potential hypothesis for weight reduction in this study may involve reduced food absorption or use 

due to gastrointestinal disruptions resulting from altered hydrolytic enzyme function in the small intestine following 

pyrethroids exposure (30). Ingestion of a single dose of pyrethroid-based pesticides leads to significant changes in 

intestinal enzyme activity, which can cause significant disruptions in the absorption of food components (30). Several 

factors, such as a decrease in appetite, specific organ-related toxicities (including those affecting the gastrointestinal, 

endocrine, and central nervous systems), and other stressors, such as transitioning to a new colony and experiencing 

anxiety due to unfamiliar surroundings, colud contribute to a reduction in weight gain in the exposed group (28,29). 

3.2. Hematological Parameters 

As shown in Table 2, all treatment groups exhibited a decrease in RBC count compared with the control group; 

however, these differences in RBC counts were not statistically significant (p = 0.2424). Regarding Hb and Hct levels and 

RBC indices, all treated groups exhibited normal values, and no significant differences were detected between any of the 

groups and the control group. The hematological values of all treatment groups were within normal limits and showed a 

non-significant decrease compared with those of the control group (p>0.05). 

The alveolar membrane score 1: Intact alveolar membrane containing complete cell nuclei with endothelial  
     cells >75% normal 
2: Intact alveolar membrane containing complete cell nuclei with normal   
     endothelial cells 25-75% 
3: Intact alveolar membrane containing complete cell nuclei with endothelial  
     cells <25% normal 

The alveolar lumen score 1: Round shape with proportional size >75% normal 
2: Round shape with proportional size of 25–75% normal 
3: Round shape with proportional size <25% normal 

Inter-alveolar connecting score 1: Density >75% normal 
2: Density 25 - 75% normal 
3: Density <25% normal 
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Figure 1. Effect of mosquito coil smoke on body weight in the control and 

treated groups (Group C: negative control; Group P1: mosquito coil smoke 5 h/day;  

Group P2: mosquito coil smoke 7 h/day; and Group P3: mosquito coil smoke 9 h/day).  

Values are presented as the mean±SD (n = 6). **p < 0.05. 

 

 

Table 2. Hematology parameters in the control and treated rats 

Parameters Control 
Group P1 

(MCS 5 h/day) 
Group P2 

(MCS 7 h/day) 
Group P3 

(MCS 9 h/day) 
p-value 

RBC (106/µL) 7.27±4.10 6.98±0.51 6.77±0.79 6.44±0.86 0.2424 
Hb (g/dl) 14.33±0.52 13.97±0.66 13.68±0.6 13.30±0.89 0.2354 
Hct (%) 39.70±1.94 39.05±1.90 38.20±1.72 37.92±0.73 0.1792 
MCV (fl) 54.62±1.54 56.26±5.69 56.94±5.02 59.79±8.36 0.625 
MCH (pg) 19.74±0.86 20.06±1.22 20.39±1.77 20.83±1.78 0.796 
MCHC (g/dL) 36.14±1.27 35.82±0.48 35.82±0.48 35.08±2.37 0.838 

Values are mean ± SD (n = 6). Data were analyzed using Kruskal–Wallis. RBC: red blood cell; Hb: hemoglobin; Hct: hematocrit; MCV = mean 

corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration. 

 

In Wistar rats, the normal range for the RBC count is 7.2 to 9.6 million/µL of blood, and the normal Hb level ranges 

from 11.1 - 18 g/dL (31). In this study, insignificant changes in RBC count, Hb levels, and Hct were observed in both treated 

groups compared with those in the control groups. Hematological parameters, including erythrocyte count and Hb levels, 

decreased in the control group, although the difference was not statistically significant. The Hb level, Hct, MCV, MCH, and 

MCHC remained within the normal range in male Wistar rats. Erythrocyte values may differ from reference ranges due to 

environmental conditions, cage and feed methods, maintenance practices, and climatic conditions during the treatment 

(27). This finding is consistent with a recent study by Anyabolu et al. (32) who reported that rats exposed to inhaled MCS 

did not exhibit signs of anemia. MCV, MCH, and MCHC are the three primary red blood cell indices that aid in measuring the 

average size and hemoglobin composition of red blood cells. In this study, we did not observe any significant changes in 

these indices between the control and treatment groups. Similarly, rats exposed to mosquito coil smoke for 6 h per day for 

4 weeks did not show any changes in their total RBC count, Hb levels, Hct, MCV, MCH, or MCHC levels (33). This observation 

can be attributed to the relatively short exposure duration in our study. In contrast, our results are inconsistent with those 

of previous studies, which revealed that MCS exposure significantly increased rat hematological parameters (21,34,35). 

Erythrocytes are produced in the bone marrow and are released into the bloodstream as they mature. An 

insufficient number of RBCs may result in anemia, fatigue, and weakness. In this study, the RBC count decreased. The control 

group did not exhibit any change in the RBC count, whereas the experimental groups demonstrated a slight decrease in the 

RBC count; however, these results were not statistically significant (p>0.05). 

Idowu et al. (36) suggested that an increase in EPO stimulates the bone marrow to produce red blood cells that 

counteract hypoxia. The normal hematological parameters in this study can be attributed to the elevated levels of EPO in 

the exposed groups. Prolonged exposure to antimosquito coil smoke in rats is associated with decreased hematological 

parameters (36,37). The smoke from mosquito coils poses a threat to red blood cells by damaging their membrane structure 

and increasing their susceptibility to breakage. The lipid bilayer of the erythrocyte membrane contains lipids, such as 

cholesterol and phospholipids, which are crucial for maintaining structural integrity. However, the presence of fatty 

peroxides in erythrocytes disrupts lipids, decreasing their proportion and ultimately affecting the structural integrity of the 

cellular membrane. This leads to an increase in cellular permeability, allowing extracellular molecules, such as Na+, Ca2+, 

and H2O, to enter the cell, causing cell swelling and compromising the cell membrane integrity. This could result in the red 

blood cells lysis and the subsequent release of hemoglobin. Prolonged hemolysis can decrease hemoglobin levels, leading 

to anemia (38,39). 
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3.3. Change in the Rat Lung 

The weight of the rat lungs was significant different between the treatment and control group (p = 0.029). The lung 

weight was significantly lower in group P3 (9 h/day) that in the control group (p = 0.009) (Figure 2). Regarding the 

classification of lung color, the lung color of the control group appeared pink without bleeding. Group P3 (9 h/day) 

exhibited greater color changes than the control group and group P1 (5 h/day), with the latter showing pulmonary 

hemorrhage with pus (Figure 3). 

A previous study reported reduced organ weights, including the lungs, in experimental groups exposed to coil smoke 

for an extended duration of 8 weeks (28). However, inconsistent findings have been reported in which exposure to liquid 

vaporizers and mosquito coil emissions did not significantly change the lung weight of mice (28,40). Alletrin has the 

potential to induce damage and inflammation in the lung tissue, thereby altering the structure of organ over time. Rat lung 

weight variations are the result of alveolar collapse (41). Organ weight is as an optimal parameter for detecting toxicity 

because a decrease in organ weight indicates structural changes in the organ. Prolonged exposure to anti-mosquito coil 

smoke leads to reduced organ weights in rats (39). Long-term exposure causes a greater accumulation of free radicals 

within the tissue, leading to oxidative stress and lipid peroxidation. This process involves the oxidation of unsaturated long-

chain lipid acids within the cell membranes, which triggers alveolar collapse (42). 

In terms of lung color classification, our results are consistent with those of a previous study, which also revealed 

variations in the lung samples across the test groups. Moreover, the group exposed to allethrin-based mosquito coils for 8 

h every day, 6 days a week, for 8 weeks demonstrated the most significant variation, exhibiting a range of colors from 

reddish-brown to grayish (28). Rats exposed to allethrin through the fumes of mosquito coils exhibited substantial changes 

in lung coloration, which may indicate potential tissue damage. Red discoloration in the lungs is believed to be caused by 

damaged alveoli containing trapped or accumulated blood debris. In contrast, the black spots observed in the lungs may be 

attributed to blood vessels rupture or oxygen-deprived lung tissue (43). The observed color changes in the lung samples 

could be indicative of various underlying pathological processes that occur in response to allethrin exposure. These changes 

may include inflammation, oxidative stress, or blood flow alterations, which could lead to long-term respiratory 

complications. 

This study provides compelling evidence of the harmful effects of short-term allethrin-based mosquito coil smoke 

(MCS) inhalation on lung tissue, specifically leading to emphysema. Histological analysis revealed extensive damage to the 

alveolar septa, resulting in alveolar lumen rupture and emphysema development. This damage is primarily attributed to 

the generation of reactive oxygen species (ROS) and subsequent oxidative stress induced by MCS exposure. This study 

highlights the critical role of ROS in triggering various cellular stress responses, which can affect multiple signaling 

pathways associated with carcinogenesis, apoptosis, necrosis, and inflammatory processes. Further examination of MCS 

composition revealed the presence of free radicals and volatile organic compounds, which are potent contributors to 

oxidative DNA damage and tissue injury. These harmful MCS components can lead to significant alterations in the 

histological structure of the pulmonary tissues, ultimately resulting in severe organ damage. This study emphasizes the 

importance of understanding the mechanisms by which MCS exposure, even for short durations, can lead to profound 

changes in lung tissue architecture and function (34,44). 

The accumulation of free radicals alters the functionality of alveolar macrophages, affecting their ability to 

effectively remove inhaled particles and increasing their susceptibility to pulmonary infections and inflammation. 

Macroscopic evidence of lung inflammation at the pathological level indicates tissue damage such as alveolar collapse. The 

collapse of alveoli results in reduced lung surface area and shrinkage. Obstructive elements, such as mucus clots, manifest 

as white areas in the pulmonary parenchyma. The recruitment of polymorphonuclear leukocytes and monocytes in the 

respiratory tract due to of epithelial injury caused by the toxic substance of coil smoke may be the cause of emphysema 

(39,44). 

In addition, thickening of the alveolar septa caused by a buildup of allethrin causes the alveoli to burst and the 

formation of air sacs, which increases the surface area of the lungs to increase, and the level of oxygen reaching the 

bloodstream to decrease. These air pockets result in reduced lung area and capacity, and the air inhalation capacity of the 

lungs becomes smaller. As a result, oxygen levels reach the blood flow pressure, and acetylcholine accumulates. 

Accumulation of acetylcholine stimulates bronchial contraction, resulting in alveolar walls degeneration, which causes air 

buildup in one place (28,32).  

Conversely, MCS exposure results in extensive infiltration of inflammatory cells around the alveolar septa through 

disruption of the interalveolar septa. The compromised alveoli subsequently coalesced, forming large air spaces, 

particularly in the lung’s peripheral region. Histological examination of the lung tissue revealed substantial destruction of 

the alveolar septa and bronchial epithelial wall, leading to a reduction in alveoli and capillary surface area. Thus, this study 

provides compelling evidence for severe emphysema induced by prolonged allethrin-based MC smoke inhalation. 

Furthermore, the recruited inflammatory cells and proteolytic enzymes interact with anti-proteases (collagen and elastin) 

in the alveolar region, inactivating them, resulting in the degradation of alveolar septa and ultimately emphysema 

development. The involvement of neutrophils in the degradation of elastin fibers, leading to the subsequent development 
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of emphysema, has been substantiated. The accumulation of inflammatory cells likely induces the deposition of 

extracellular matrix in the subepithelial region and contributes to the thickening of the bronchial epithelial wall. Fibroblast 

activation by inflammatory cells, along with subsequent thickening of the bronchial epithelial wall and alveolar septa, is 

considered a manifestation of airway resistance and remodeling in response to the ongoing destruction of the alveolar septa 

(39,41). 

 

 
Figure 2. Effect of mosquito coil smoke (MCS) exposure on lung weight, lung color classification, lung damage score,  

and lung histopathology in different experimental groups. Each bar represents the mean ± SD (n = 6).  

(****p<0.0001, ***p<0.001, **p<0.05, *p<0.05). 

 

 

 
 

Figure 3. Effect of exposure to mosquito coil smoke (MCS) on lung histopathology in different experimental groups. Each 
bar represents mean ± SD (n = 6). Arrows in photomicrographs of lung histopathology (40x): black, intact alveolar 
membrane, fully nucleated with endothelial cells; red, rounded alveolar lumen but not thickened; green, thickened 
alveolar membrane; blue, ruptured alveolar lumen, and emphysema. A: negative control; B: Group 1: mosquito coil  

smoke for 5 h/day; C: Group 2: mosquito coil smoke for 7 h/day; D: Group 3: mosquito coil smoke for 9 h/day. 
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An increase in reactive oxygen species (ROS) levels leads to an inflammatory response in the pulmonary system. 

This inflammatory cascade initiates the recruitment of immune cells into the interstitial space, which promotes edema (45). 

Activation of immune cells subsequently causes injury to endothelial cells within the pulmonary alveoli, resulting in a 

decrease in the number of healthy endothelial cells, ultimately leading to pulmonary blood vessels rupture (39,44). 

These findings indicated that inhaling mosquito coil (local brand) smoke causes toxic effects in a time-dependent 

manner on lung experimental mice models. Moreover, burning one mosquito coil releases the same amount of particulate 

matter (0.3% d-allethrin) as burning 75-137 cigarettes. Also, the emission of formaldehyde from burning one coil can be as 

high as that released from burning 51 cigarettes. Furthermore, long-term exposure to mosquito coil smoke (MCS) might 

induce chronic bronchitis, asthma, and persistent wheeze (11,46).  

 

4. CONCLUSIONS 

Subacute exposure to allethrin-based MCS has a significant effect on lung histology in Wistar rats. This study 

provides clear evidence of emphysema resulting from subacute inhalation of mosquito coil smoke. The lung weight and 

change in lung color analyses demonstrated the severity of tissue damage in the smoke exposed group. The decline in mean 

body weight trend was significant with longer exposure (9 hours/day) in the rat model upon MCS inhalation. However, the 

hematological parameters of the rats were not affected by subacute mosquito coil smoke inhalation. 

However, further investigation is required to study potential biological mechanisms such as oxidative stress and 

inflammation due to Reactive Oxygen Species (ROS), the mechanism of its toxicity, and the reversibility or irreversibility of 

these harmful effects on the experimental model system. 

  

Author contributions: MSR: Conceptualization, Methodology, Investigation, Data Curation, Writing-Original draft 
preparation. SW: Formal analysis, Visualization, Writing- Reviewing, and Editing. 
 
Funding: This research received no specific grants from any funding agency in the public, commercial, or not-for-profit 
sectors. 
 
Acknowledgements: The authors thank all the staff researchers for their support. 
 
Ethics statement: All experimental procedures in this study were approved by the Ethics Research Commission of the 
Faculty of Medicine, Universitas Malikussaleh (reference number: 72/KEPK/FKUNIMAL-RSUCM/2023; July 12, 2023). 
 
Conflict of interest: The authors declare that they have no competing interests.

 

 

REFERENCES 

1. Jones RT, Ant TH, Cameron MM, Logan JG. Novel control 
strategies for mosquito-borne diseases. Philos Trans R Soc 
Lond B Biol Sci. 2021;376(1818):20190802. 
https://doi.org/10.1098/rstb.2019.0802  

2. Statistita. Global mosquito repellent market value in 2021 
and 2022, with the forecast for 2029. 
https://www.statista.com/statistics/631760/mosquito-
repellent-market-value-worldwide/ 

3. Annur CM. Surveys of Indonesian people show that most 
people use mosquito spray compared to other types. 
[Survey masyarakat Indonesia paling banyak gunakan 
obat nyamuk semprot dibandingkan jenis lainnya]. 
https://databoks.katadata.co.id/datapublish/2023/06/0
7/survei-masyarakat-indonesia-paling-sering-gunakan-
obat-nyamuk-semprot-ketimbang-jenis-lainnya 

4. Rahman MA, Hasan I, Sajeeb BK, Islam F, Mitra S, Islam MR, 
et al. Practice and perception analysis of mosquito coil 
usages in Bangladesh. Bangladesh Pharm J. 2024;27(1): 2–
102. https://doi.org/10.3329/bpj.v27i1.71159  

5. Martins WFS, Reid E, Tomlinson S, Evans G, Gibson J, Guy 
A, et al. Improving the efficiency of aerosolized insecticide 
testing against mosquitoes. Sci Rep. 2023;13(1):6281. 
https://doi.org/10.1038/s41598-023-33460-0  

6. Sharma V, Sharma A, Joshi S, Ojha P, Soni S, Saxena A, et al. 
Human health risks to the use of chemical mosquito 

repellents: A review. Int J MOq Res. 2024;11(1):161-167. 
https://doi.org/10.22271/23487941.2024.v11.i1c.757  

7. Abdrabouh AES. Toxicological and histopathological 
alterations in the heart of young and adult albino rats 
exposed to mosquito coil smoke. Environ Sci Pollut Res Int. 
2023;30(40):93070-93087. 
https://doi.org/10.1007/s11356-023-28812-2  

8. Elehinafe FB, Okedere OB, Adesanmi AJ, Jimoh EM. 
Assessment of indoor levels of carbon monoxide emission 
from smoldering mosquito coils used in Nigeria. Environ 
Health Insights. 2022:16:11786302221091031. 
https://doi.org/10.1177/11786302221091031  

9. World Health Organization. Test procedures  
for insecticide resistance monitoring in malaria  
vector mosquitoes Global Malaria Programme.  
2016 [Accessed 24th March 2024]. 
https://iris.who.int/bitstream/handle/10665/250677/9
789241511575eng.pdf;jsessionid=2654401AD62004FBB
EE2A22DB1678EF7?sequence=1  

10. Hassan Y, Ibrahim M, Abubakar UA. Unpremeditated 
indoor pollution: A glance at recent use of mosquito coil in 
Northern Nigeria. Int J Sci Res Rev. 2019;7(03):3570-3577. 
http://dx.doi.org/10.2139/ssrn.3462378  

11. Rao SR, Chitra GA, Elavarasu G, Kamaraj P, Kaliaperumal K, 
Kaur P. Exposure to mosquito coil and biomass fuel  
smoke and respiratory health in rural Tamil Nadu, India.  

https://doi.org/10.1098/rstb.2019.0802
https://www.statista.com/statistics/631760/mosquito-repellent-market-value-worldwide/
https://www.statista.com/statistics/631760/mosquito-repellent-market-value-worldwide/
https://databoks.katadata.co.id/datapublish/2023/06/07/survei-masyarakat-indonesia-paling-sering-gunakan-obat-nyamuk-semprot-ketimbang-jenis-lainnya
https://databoks.katadata.co.id/datapublish/2023/06/07/survei-masyarakat-indonesia-paling-sering-gunakan-obat-nyamuk-semprot-ketimbang-jenis-lainnya
https://databoks.katadata.co.id/datapublish/2023/06/07/survei-masyarakat-indonesia-paling-sering-gunakan-obat-nyamuk-semprot-ketimbang-jenis-lainnya
https://doi.org/10.3329/bpj.v27i1.71159
https://doi.org/10.1038/s41598-023-33460-0
https://doi.org/10.22271/23487941.2024.v11.i1c.757
https://doi.org/10.1007/s11356-023-28812-2
https://doi.org/10.1177/11786302221091031
https://iris.who.int/bitstream/handle/10665/250677/9789241511575eng.pdf;jsessionid=2654401AD62004FBBEE2A22DB1678EF7?sequence=1
https://iris.who.int/bitstream/handle/10665/250677/9789241511575eng.pdf;jsessionid=2654401AD62004FBBEE2A22DB1678EF7?sequence=1
https://iris.who.int/bitstream/handle/10665/250677/9789241511575eng.pdf;jsessionid=2654401AD62004FBBEE2A22DB1678EF7?sequence=1
http://dx.doi.org/10.2139/ssrn.3462378


 

 

 
106 

Mulyati Sri Rahayu & Sri Wahyuni 

 

Indones J Med Lab Sci Technol. October 2025;7(2):98-107 

J Public Health (Oxf). 2022;44(3):625-633. 
https://doi.org/10.1093/pubmed/fdab119  

12. Zhou G, Yu L, Wang X, Zhong D, Lee M chieh, Kibret S, et al. 
Behavioral response of insecticide-resistant mosquitoes 
against spatial repellent: A modified self-propelled particle 
model simulation. PloS one. 2020;15(12):e0244447. 
https://doi.org/10.1371/journal.pone.0244447  

13. Alabi OA, Ologbonjaye KI, Awosolu O, Alalade OE. Public 
and environmental health effects of plastic wastes 
disposal: a review. J Toxicol Risk Assess. 2019;5(021):1–
13. https://doi.org/https://doi.org/10.23937/2572-
4061.1510021. 

14. Wang L, Zheng X, Stevanovic S, Xiang Z, Liu J, Shi H, et al. 
Characterizing pollutant emissions from mosquito 
repellents incenses and implications in risk assessment of 
human health. Chemosphere. 2018;191:962–970. 
https://doi.org/https://doi.org/10.1016/j.chemosphere.
2017.09.097 

15. Li S, Hao Z, Shen H, Wang F, Xie Z, Shen B, et al. 
Characteristics comparison of gaseous and particle-phase 
VOCs released by smoldering mosquito coils and their 
health risks. Atmos Pol Res. 2023;14(8):101811. 
https://doi.org/10.1016/j.apr.2023.101811  

16. Sánchez-Meza J, Campos-Valdez M, Domínguez-Rosales  
JA, Godínez-Rubí JM, Rodríguez-Reyes SC, Martínez-López 
E, et al. Chronic administration of diethylnitrosamine  
and 2-acetylaminofluorene induces hepatocellular 
carcinoma in Wistar rats. Int J Mol Sci. 2023;24(9):8387. 
https://doi.org/10.3390/ijms24098387  

17. Abdulaziz A, Avwioro MO, Abubakar MS, et al.  
D-trans-allethrins in some selected mosquito coil 
repellents causes histological inflammation in trachea of 
experimental animals. Int J Patho res. 2020;3(3–4):1–7. 
https://doi.org/10.9734/ijpr/2019/v3i330096  

18. Abdullahi SN, Dahiru MM, Rabiu DH, Mohammed JM. 
Toxicological effect of inhaled mosquito incense sticks 
smoke on the histology and biochemical responses in 
experimental rats. FUDMA J Sci. 2020;4(2):260–268. 
http://dx.doi.org/10.33003/fjs-2020-0402-218  

19. Singh H, Diwan RK, Singh R, Manik P, Rani A,  
Ahmad S. Experimental validation of vitamin C’s  
defensive function against the biochemical changes 
triggered by a pyrethroid-based mosquito coil (PBMC) on 
testis of albino rats. Int J Mosq Res. 2021;8(1):01–05. 
http://dx.doi.org/10.22271/23487941.2021.v8.i1a.492  

20. Albano GD, Montalbano AM, Gagliardo R,  
Anzalone G, Profita M. Impact of air pollution in  
airway diseases: role of the epithelial cells (cell models  
and biomarkers). Int J Mol Sci. 2022;23(5):2799. 
https://doi.org/10.3390/ijms23052799  

21. Karim M, Dipayon, Krisna G, Rahman MF, Rahman,  
Hossain M, et al. Evidence of health complications  
caused by mosquito coil smoke inhalation in mouse model. 
J Adv Biotechnol Exp Ther. 2020;3(2):122–127. 
https://doi.org/10.5455/jabet.2020.d116. 

22. Aljali A, Othman H, Hazawy S. Toxic effect of  
deltamethrin on some hematological and biochemical 
parameter of male rats. Alq J Med Sci. 2023;6(2):536–546. 
https://journal.utripoli.edu.ly/index.php/Alqalam/article
/view/344  

23. Naz M, Rehman N, Nazam Ansari M, Kamal M,  
Ganaie MA, Awaad AS, et al. Comparative study of 
subchronic toxicities of mosquito repellents (coils,  
mats and liquids) on vital organs in Swiss  
albino mice. Saudi Pharm J. 2019;27(3):348–353. 
https://doi.org/10.1016/j.jsps.2018.12.002 

24. Logan J, Chen-Hussey V, O’Halloran L, Greaves C,  
Due C, Macdonald M. An expert review of spatial  
repellents for mosquito control. IVCC, Arctec. 2022. 
https://www.ivcc.com/wp-content/uploads/2020/08 
/An-Expert-Review-of-Spatial-Repellents-for-Mosquito-
Control.pdf 

25. Williams MT, Gutierrez A, Vorhees C V. Effects of  
acute deltamethrin exposure in adult and developing 
Sprague Dawley rats on acoustic startle response in 
relation to deltamethrin brain and plasma  
concentrations. Toxicol Sci. 2019;168(1):61-69. 
https://doi.org/10.1093/toxsci/kfy275  

26. Williams MT, Gutierrez A, Vorhees C V. Effects of  
acute deltamethrin exposure in adult and  
developing sprague dawley rats on acoustic startle 
response in relation to deltamethrin brain and plasma 
concentrations. Toxicol Sci. 2019;168(1):61–69. 
https://doi.org/10.1093/toxsci/kfy275. 

27. Herdiani N, Putri EBP. Histopathological image of the lungs 
of Wistar rats after exposure to cigarette smoke. 
[Gambaran histopatologi paru tikus Wistar setelah diberi 
paparan asap rokok]. Medical and Health Science Journal. 
2018;2(2):7-14. https://doi.org/10.33086/mhsj.v2i2.583  

28. Saleem A, Ijaz A, Kuraishi R, Sikandar H. Comparative 
analysis of morphological and histological impact  
on the respiratory tract of albino mice exposed to  
allethrin-based vaporizer fumes vs mosquito coil smoke. J 
Popul Ther Clin Pharmacol. 2023;30(18):1507–1516. 
https://doi.org/10.53555/jptcp.v30i18.3290. 

29. Yadav S, Diwan RK, Rani A, Chopra J. Effect of inhalation of 
pyrethroid based mosquito vaporisers fumes on the  
body weight of male albino wistar rats- an experimental 
study. J Clin Diagn Res. 2021;15(4):AC01–AC03. 
https://doi.org/10.7860/JCDR/2021/47261.14686. 

30. Esanovna TN, Kamalova SM. The influence of harmful 
environmental factors on the anatomical parameters of the 
small intestine of rats. J Phar Neg Res. 2022;13(9):3502–
3506. https://doi.org/10.47750/pnr.2022.13.S09.436  

31. Whishaw IQ, Kolb B. Analysis of behavior in laboratory 
rats. In: The laboratory rat. Elsevier; 2020:215–242. 
https://doi.org/10.1016/B978-012074903-4/50011-X  

32. Obinwa BN, Ezejindu DN, Anyabolu AE. Evaluation  
of toxic effect of d-alletrin based mosquito’s coil on the 
lungs and selected haematological parameters of adult 
Wistar rats. J Adv Med Phar Sci. 2021;23(4): 9–19. 
http://dx.doi.org/10.9734/jamps/2021/v23i430229  

33. Abdrabouh AE. Susceptibility of young and adult rat 
kidneys to impacts of mosquito coil fumes. Egyptian 
Journal of Basic and Applied Sciences. 2021;8(1):1–11. 
https://doi.org/10.1080/2314808X.2020.1839850. 

34. Hamza MF, Haruna IA, Abubakar HA. Toxicity assessment 
on some brands of mosquito coil incandescents sold in 
kano against some health indices of swiss albino rat 
(Rattus norvegicus). Int J Adv Acad Res. 2024;10(1): 30–48. 
https://www.openjournals.ijaar.org/index.php/ijaar/arti
cle/view/415  

35. Zeban T, Rahila T. Toxic effects of the Mortein, Kingtox, and 
Finis mosquito coil’s smoke on blood profile of albino rats 
(Rattus albus). FUUAST J Biol. 2020;10(2): 121–126. 
https://www.proquest.com/openview/2d847ef13d2ff2b
a6665d87551682f22/1?pq-
origsite=gscholar&cbl=1936347  

36. Idowu AA, Adegoke UA, Adele BO, Ige AO.  
Exposure to fumes from mosquito coils impairs  
cardiac function and elevates serum markers of 
inflammation. Alq J Med App Sci. 2023;6(2):593–602. 

https://doi.org/10.1093/pubmed/fdab119
https://doi.org/10.1371/journal.pone.0244447
https://doi.org/https:/doi.org/10.23937/2572-4061.1510021
https://doi.org/https:/doi.org/10.23937/2572-4061.1510021
https://doi.org/https:/doi.org/10.1016/j.chemosphere.2017.09.097
https://doi.org/https:/doi.org/10.1016/j.chemosphere.2017.09.097
https://doi.org/10.1016/j.apr.2023.101811
https://doi.org/10.3390/ijms24098387
https://doi.org/10.9734/ijpr/2019/v3i330096
http://dx.doi.org/10.33003/fjs-2020-0402-218
http://dx.doi.org/10.22271/23487941.2021.v8.i1a.492
https://doi.org/10.3390/ijms23052799
https://doi.org/10.5455/jabet.2020.d116
https://journal.utripoli.edu.ly/index.php/Alqalam/article/view/344
https://journal.utripoli.edu.ly/index.php/Alqalam/article/view/344
https://doi.org/10.1016/j.jsps.2018.12.002
https://www.ivcc.com/wp-content/uploads/2020/08/An-Expert-Review-of-Spatial-Repellents-for-Mosquito-Control.pdf
https://www.ivcc.com/wp-content/uploads/2020/08/An-Expert-Review-of-Spatial-Repellents-for-Mosquito-Control.pdf
https://www.ivcc.com/wp-content/uploads/2020/08/An-Expert-Review-of-Spatial-Repellents-for-Mosquito-Control.pdf
https://doi.org/10.1093/toxsci/kfy275
https://doi.org/10.1093/toxsci/kfy275
https://doi.org/10.33086/mhsj.v2i2.583
https://doi.org/10.53555/jptcp.v30i18.3290
https://doi.org/10.7860/JCDR/2021/47261.14686
https://doi.org/10.47750/pnr.2022.13.S09.436
https://doi.org/10.1016/B978-012074903-4/50011-X
http://dx.doi.org/10.9734/jamps/2021/v23i430229
https://doi.org/10.1080/2314808X.2020.1839850
https://www.openjournals.ijaar.org/index.php/ijaar/article/view/415
https://www.openjournals.ijaar.org/index.php/ijaar/article/view/415
https://www.proquest.com/openview/2d847ef13d2ff2ba6665d87551682f22/1?pq-origsite=gscholar&cbl=1936347
https://www.proquest.com/openview/2d847ef13d2ff2ba6665d87551682f22/1?pq-origsite=gscholar&cbl=1936347
https://www.proquest.com/openview/2d847ef13d2ff2ba6665d87551682f22/1?pq-origsite=gscholar&cbl=1936347


 

 

 
107 

Mulyati Sri Rahayu & Sri Wahyuni 

 

Indones J Med Lab Sci Technol. October 2025;7(2):98-107 

https://doi.org/https://doi.org/10.5281/zenodo.843229
8 

37. Nafi’u SA, Sulaiman K, Ibrahim AA, Habib RA.  
Haemato-biochemical alterations in experimental  
Wistar rats exposed to pyrethroid-based mosquito  
coils and local mosquito repellants smoke. Biol  
Envirol Sci J Trop. 2023;20(1):52-63. 
https://www.ajol.info/index.php/bestj/article/view/248
521  

38. Okoh HI, Odoh IM, Ahmed J, Oluwafemi F, Morikwe UC, 
Augustine A. Effects of mosquito coil smoke  
inhalation on the haematological, biochemical, and 
histopathological parameters of Wistar rats (Rattus 
norvegicus). Nigerian J Pharm. 2023;44(1):201–208. 
https://doi.org/10.4314/njpar.v44i1.20  

39. Charisma AM, Aristian F, Ningtyas R, Anwari F. Duration 
exposure effect of anti mosquito coils smoke on lung and 
microscopic condition of heart and haemoglobin in mice 
(Mus musculus). Res J Phar Tech. 2023;16(4): 1593–1597. 
https://doi.org/10.52711/0974-360X.2023.00260  

40. Naz M, Rehman NU, Ansari M, Kamal M, Ganaie M, Awaad 
A, et al. Comparative study of subchronic toxicities of 
mosquito repellents (coils, mats and liquids) on vital 
organs in Swiss albino mice. Saudi Pharm J. 2019;27(3): 
348–353. https://doi.org/10.1016/j.jsps.2018.12.002 

41. Amin M. Hazardous effects of smoke and smokeless 
mosquito coils on the fertility and respiratory functions  
in rats. J Bangla Agr Univ. 2022;20(4):1. 
https://doi.org/10.5455/jbau.113130 

42. Tewari A. Respiratory system: Highly exposed yet  
under-reported organ in pyrethrin and pyrethroid  
toxicity. Toxixol Ind Health. 2024;40(11):622-635. 
https://doi.org/10.1177/07482337241273808  

43. Hayu TP, Soekanto A. The effect of exposure to electric 
mosquito repellent vapor containing allathrin on the 
weight and color of mouse lungs. [Pengaruh  
pemaparan uap anti nyamuk elektrik yang mengandung 
allathrin terhadap berat dan warna paru-paru tikus]. J 
Ilmiah Ked Wijaya Kusuma. 2018;5(1):26–36. 
http://dx.doi.org/10.30742/jikw.v5i1.3  

44. Abiodun OO, Doro C, Oke T, Bakre A. Pulmonary  
oxidative stress and inflammation in Wistar rats  
exposed to fume of alletrin based mosquito coil.  
Arch Basic Appl Med. 2020;8(2):111–115. 
https://doi.org/10.0410/cata/04cb78f771f5e328f6ceda
8e0d4ab92d  

45. Syed M, Balowria KS, Tousia S, Jabeen N, Faruqi NA. 
Histopathological and haematological effects of mosquito 
coil smoke on lungs-an experimental study on albino rats. 
Acad Anat Int. 2019;5(1):54–58. 
https://doi.org/http://dx.doi.org/10.21276/aanat.2019.
5.1.11 

46. Meme H, Amukoye E, Bowyer C, Chakaya J, Das D, Dobson 
R, et al. Asthma symptoms, spirometry and air pollution 
exposure in schoolchildren in an informal settlement and 
an affluent area of Nairobi, Kenya. Thorax. 2023;78(11): 
1118–1125. https://doi.org/10.1136/thorax-2023-
220057 

 

https://doi.org/https:/doi.org/10.5281/zenodo.8432298
https://doi.org/https:/doi.org/10.5281/zenodo.8432298
https://www.ajol.info/index.php/bestj/article/view/248521
https://www.ajol.info/index.php/bestj/article/view/248521
https://doi.org/10.4314/njpar.v44i1.20
https://doi.org/10.52711/0974-360X.2023.00260
https://doi.org/10.1016/j.jsps.2018.12.002
https://doi.org/10.5455/jbau.113130
https://doi.org/10.1177/07482337241273808
http://dx.doi.org/10.30742/jikw.v5i1.3
https://doi.org/10.0410/cata/04cb78f771f5e328f6ceda8e0d4ab92d
https://doi.org/10.0410/cata/04cb78f771f5e328f6ceda8e0d4ab92d
https://doi.org/http:/dx.doi.org/10.21276/aanat.2019.5.1.11
https://doi.org/http:/dx.doi.org/10.21276/aanat.2019.5.1.11
https://doi.org/10.1136/thorax-2023-220057
https://doi.org/10.1136/thorax-2023-220057

