
Mosquitoes are the deadliest animals in the world because of their ability 
to carry and spread disease to humans and thus causes millions of deaths 
every year. India is struggling every year to get rid of deadly diseases 
caused by these mosquitoes like malaria, chickungunya and dengue etc. 
Pyrethroid based mosquito coils (PBMC) are most common used 
mosquito repellents in India because of its effectiveness, low cost and 
easy availability. This study is an attempt to delineate the effect of 
inhaling mosquito coil smoke on the histopathological changes in heart, 
lung and kidney of albino wistar rats along with possible protective role 
of vitamin C. A total of thirty-six (36) adult albino rats of the Wistar strain are randomly divided into three groups of 
twelve rats in each. Group I served as control (no exposure to mosquito coil smoke). Group II and III received 
mosquito coil smoke 8 hours a day, 7 days a week for 12 weeks. Group III rats are co-administered with oral 
supplementation of Vit. C (20 mg/kg body weight) once in a day for the same time period. At the end of each 
experimental period, rats are sacrificed, organs are removed, and formalin preserved for histopathological study. Each 
specimen is examined under 5x and 10x for any histological changes. These findings suggest that inhaling mosquito 
coil smoke cause significant histological damage in rats' lung and kidney but least effect on their heart. this study also 
demonstrate the protective effect of vitamin c in group III rats. Pyrethroid based mosquito repellents are toxic to 
our organ system so there should be vigorous effort to replace them with other nontoxic methods.  Vitamin C 
has a protective effects against the damage caused by these Pyrethroid based mosquito coil (PBMC), so 
proper supplementation should be given to affected individuals.
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INTRODUCTION

Mosquitoes are the deadliest animals in the world 
because of their ability to carry and spread disease to 
humans and thus causes millions of deaths every 
year. India is struggling every year to get rid of 
deadly diseases caused by these mosquitoes like 
malaria, chickungunya and dengue etc. To 
understand the stakes, look no further than the 
capital, New Delhi, where this summer an outbreak 
of chikungunya affected thousands with fever and 
joint pain. This was soon followed by the seasonal 
dengue epidemic, a more severe virus that can be 
fatal. If we look towards the other part of the country 

where dengue, malaria, Japanese encephalitis, 
chikungunya etc. have their terrible presence, people 
are suffering both physically and mentally from 
these mosquitos borne diseases. People are so 
terrified in some state like in rural Maharashtra that 
they coin term jahreela malaria for these mosquitos 
borne diseases. Even in cases of simple viral fever, 
patients pressurize the doctors to investigate them 
for malaria and dengue and the condition is such 
devastating that if the treating qualified clinician 
refuses to investigate for malaria and dengue in 
absence of signs and symptoms, patients keep 
switching from one doctor to another until they reach  
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MATERIAL & METHOD

Ethical and Legal Aspects

a quack, who is ready to investigate and prescribe 
them treatment for malaria and dengue, which is 
actually not required. Various preventive measures 
were prescribed by directorate of national vector 
borne disease control, directorate general of health 
services and ministry of health & family welfare, 
government of India but the common preventive 
measures used by the people is pyrethroid based 
mosquito coils. Mosquito coil is a relatively cheaper 
and easy to use insecticide and can even be used in 
remote and rural areas, which are totally deprived of 
basic amenities like electricity and proper drainage. 
Majority of people living in Asia and Africa 
continents are devoid of healthier way of prevention 
against these mosquito bites. The annual worldwide 
consumption of these insecticidal products is in the 
billions of units (1). These mosquito coils are slow-
burning devices which emit smoke containing 
pyrethroid insecticides, each coil burns for several 
hours and are used near persons, requiring protection 
against mosquitoes in order to repel mosquito, a 
vector of widely distributed diseases. So, these 
mosquito coils lead to elevated exposure smoke 
containing small particles (1µm), metal fumes and 
vapors that (2) may reach the alveolar region of the 
lung (3). Researchers have also found that the gas 
phase of mosquito coil smoke contain carbonyl 
compounds like formaldehyde and acetaldehyde that 
can produce strong irritating effects on the upper 
respiratory tract of  children and their parents (4). In 
low and middle income areas where use of mosquito 
coil is overwhelmed to counter mosquito bites, 
children and adults are at a great risk so this study is 
perform to delineate the toxic effect of parathyroid 
based mosquito coil on heart, lungs, kidney of albino 
wistar rat. Although many studies have been 
performed separately on testis, brain, lung, kidney 
and on spleen but this study also demonstrate the 
possible protective role of vitamin C or antioxidants 
from ill effect of pyrethroid based mosquito coil.

A total of thirty-six (36) adult albino rats of the Wister 
strain of the age between 2-3 months weighing between 
250-300 grams were obtained from the animal house of 
Indian Institute of Toxicology and Research. After 
procurement of rats they were allowed to acclimatize 
for 2 weeks and were fed freely on standard pellet diet 
5gm/rat/day. Relatively constant environmental 
conditions were maintained with proper aeration and 
good source of light (12hours light-12hours dark and 24 

0
± 6 C). Food and water were provided ad libitum. Rats 
were kept in proper hygienic condition and care was 
delivered in accordance with the guidelines given by 
CPCSEA (Committee for the Purpose of Control and 

Supervision of Experiments on Animals).

Ethical approval for this study was obtained from 
Animal Institutional Ethical Committee via reference 
number 66/IAH/Pharma-14 after taking all ethical 
aspect into consideration

Animals were randomly divided into three groups 
of twelve rats in each group

1) Group I - A total of 12 rats and served as control 
(no exposure to mosquito coil smoke)

2) Group II - A total of 12 rats with 8 hours exposure 
to mosquito coil smoke 7 days in a week for 12 
weeks.

Animals from experimental group II and III were kept 
in a room of dimension 9.5 feet×9feet×9feet having 
proper cross ventilation. Rats could inhale pyrethrin 
based mosquito coil smoke by burning it for 8 hours 
(9:00 AM -5:00 PM). Each coil measured 15 cm in 
diameter and 12 gm in weight and contained 0.1%w/w 
of d-trans allethrin.

Treatment with ascorbic acid

Animal Sacrifice and Sample Collection

Rats were sacrificed after 12 weeks of exposure 
period. Rats were anaesthetized by using chloroform. 
Thereafter they were spread on their back and all four 
limbs and were held by pinning them on the wax 
coated dissection tray. Next the incision was made on 
the thoracoabdominal part. through three way stop 
cock, rats were perfused with normal saline followed 
by10% formalin. After perfusion heart, lungs and 
kidney were removed and were preserved in 10% 
formalin and sent for the histopathological analysis.

Preparation of slide and examination

3) Group III- A total of 12 rats with 8 hours exposure 
to mosquito coil smoke 7 days in a week for 12 
weeks along with oral supplementation of 
ascorbic acid (vitamin C) in the dose of 20 mg/kg 
body weight once in a day for the same time.

Appropriate tissue samples were collected from each 
organ and after tissue processing and sectioning, slides 
were prepared which were stained using hematoxylin 
and eosin. Each slide was then examined first under 5x 
then finally under 10x for any histological changes.

A fresh aqueous solution of vitamin C was prepared by 
dissolving one vitamin C tablet of 500 mg in 10 ml of 
water. Freshly prepared solution was orally 
administered with the help of feeding canula to rats of 
experimental group III at dose level of 20mg/kg wt. 
(twice as the human recommended dose of 10 mg/kg 
body weight) (5).
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Normal histological and microscopic features 
observed in the lungs (Fig 1.1), kidneys (Fig 2.1) and 
heart (Fig 3.1) in control group (Group I)

RESULTS

Pyrethroid toxicity in lungs (Fig 1.2) in Group II:

Edema present (++) and Congestion (++) present all over 
lung alveoli and interstitium. Mononuclear infiltrate in 
interstitium or inflammatory infiltrate in interestitium 
(+++). Some bronchi show necrotizing effect with an 
increase no of alveolar macrophage in interstitium.

Effect of vitamin C supplementation on lungs (Fig 
1.3) in group III:

Effect on lungs

Reduced edema and congestion in alveoli (+/±) and 
interstitium (+) in comparison group II. Interstitial 
infiltrates are also very less (±). There is reduced 
hypertrophy of bronchus without any necrotic change.
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Fig.3.1 Photomicrograph of Heart of Control 
Group. Group I, H&E(100x)

Fig 2.1 Photomicrograph of Kidney of Control 
Group. Group I, H&E(50x)

Fig 1.1 Photomicrograph of lung of control rat. 
Group I, H&E(100x)

Fig 1.2 Photomicrograph of Lung of Exposure 
Group Showing Edema, Congestion Mononuclear 

Infiltrate in Interestitium Bronchi Shows Necrotizing 
Effect, Increase Number of Alveolar Macrophages in 

Interestitium. Group II, H&E(100x)

Fig 1.3 Photomicrograph of Lung of Exposure 
Group with Vitamin C Showing Edema and 

Congestion, Few Inflammatory Infiltrates and no 
Necrotic Changes in Bronchi. Group III, 

H&E(100x)



No major or minor changes are observed in this group. 
Vitamin C supplementation have provided full 
protection against these changes.

In our study of 12-week duration, there is no major 
histopathological changes present except inflammatory 
infiltrates and few vacuolations were seen in the heart of 
group II. dilated blood vessels were also seen.

Effect of vitamin C supplementation on heart (Fig 
3.3) in group IIIAlthough protective effects are less marked in comparison 

to lungs but there is a clear difference between two slides. 
In glomeruli, there is minimal congestion & fusion of 
glomeruli tuft (±). Less amount of edema (+/±) is present 
in tubule and interstitium. Decrease interstitial infiltrate (+ 
or ±) in comparison to group II

Pyrethroid toxicity in heart (Fig 3.2) in group II

In glomeruli, there is fusion of glomeruli tuft (+) with 
little bit congestion (+). Edema is present in tubule 
(hydronephrosis) and in interstitium. Infiltrates are 
also visualized in the interstitium (+). Blood vessels 
are congested.

Effect on HeartEffect on Kidney

Pyrethroid toxicity in kidney (Fig 2.2) in Group II:

Effect of vitamin C supplementation on kidney (Fig 
2.3) in group III:

Fig 2.2 Photomicrograph of Kidney of Exposure 
Group Showing Fusion of Glomeruli Tuft with Little 
Bit Congestion and Edema, Inflammatory Infiltrates, 
Congestion in Blood Vessel. Group II, H&E(100x)

Fig 2.3 Photomicrograph of Kidney of Exposure 
Group with Vitamin C Showing Decrease Interstitial 
Infiltrate, Reduced Edema in Tubule and Interestium 

and Decreased Congestion & Fusion of Glomeruli 
Tuft. Group III, H&E(100x)

Fig 3.2 Photomicrograph of Hear of Exposure 
Group Showing Inflammatory Infiltrates and Few 
Vacuolations and Dilated Blood Vessels. Group II, 

H&E(100x)

Fig 3.3 Photomicrograph of Hear of Exposure 
Group Showing Inflammatory Infiltrates and Few 
Vacuolations and Dilated Blood Vessels. Group II, 

H&E(100x)
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2. Liu, W.K. and S.E. Sun. Ultrastructural changes 
of tracheal epithelium and alveolar macrophages 
of rats exposed to mosquito-coil smoke. Toxicol. 
Lett. 1988; 41: 145-157.

DISCUSSION

Ethical & Legal aspects

CONCLUSION

Inhalation being the most common route of exposure, 
make the lungs most susceptible organ. The lung tissue 
of exposed rats showed edema and congestion over 
alveoli and interestium. Mononuclear infiltrates were 
markedly present in interstitium, showing 
inflammatory changes. Some bronchi showed 
necrotizing effect with an increased number of alveolar 
macrophages in interstitium. These effects are 
produced due to inflammation occurring as a result of 
irritants released in burning coil like aldehydes, 
sulphates and polycyclic aromatic hydrocarbons such 
as acenaphthene, phenanthrene, benzo(a)pyrene (11). 
Several areas of consolidation, septal thickening in 
alveoli and destruction of bronchial epithelial wall are 
mainly due to inflammatory response against these 
pyrethroid based mosquito coils (12-13). As kidney 
receives 25% of total blood volume, it become more 
vulnerable to these toxic irritants produced by burning 
smoke, which are absorbed and circulated through 
blood. The chief function of the kidney is to process 
blood plasma and excrete urine, so it plays a vital role in 
the clearance and excretion of xenobiotics from the 
body. Other studies around the world also 
demonstrated consistent changes in kidney like edema 
in tubules and infiltrates in interstitium along with 
multifocal congestion; cystic dilatation in the medulla; 
proteinaceous casts within ducts, interstitial 
mononuclear cellular infiltration and widespread 

fibrosis (14-15). Heart tissues are also affected 
although changes are minimal and completely reversed 
by vitamin C supplementation. The toxic irritants 
released from pyrethroid based mosquito coil (PBMC) 
usually produce free radicals leading to the oxidative 
stress to tissue. Other researchers also postulated that 
reactive oxygen species, induced by toxins and smoke 
of PBMC, interferes with the antioxidant defense 
system, which would trigger inflammatory response in 
damage sites (13,16). That's why an antioxidant 
supplementation will prove to be beneficial in recovery 
from these PBMC related damages. So, in our study 
too, rats were supplemented with vitamin C to see its 
possible beneficial effects. The results of vitamin c 
supplementation were promising in our study. we 
found while somewhat normal appearance of heart 
tissue was detected in the exposed group that 
supplemented with vitamin C, reversal of changes in 
lung and kidney also occur to an extent.
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