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ABSTRACT 

 
Mosquito coil is one of the preferred anti-mosquito products in low income communities because it is 
cheap and readily available. Burning mosquito coil generates smoke that can repel mosquitoes 
effectively. However, the smoke contains pollutants that could be detrimental to health. This study was 
designed to investigate the possible effects that exposure to mosquito coil smoke could have on short-
term memory. Twenty-eight (28) adult male Wistar rats were grouped randomly into four of seven 
animals each. The control, 1 hour, 2 hours and 3 hours of mosquito coil smoke exposure per day. The 
exposure to the mosquito coil fumes was in a partially ventilated chamber for 21 consecutive days. 
Novel object recognition test was employed to determine short-term memory in the animals. Brain 
tissue specimens were collected and fixed in Bouin’s fluid and processed for histological examination. 
The 1 hour, 2 hours and 3 hours smoke exposed showed significant preference for familial objects. The 
histological examination of the hippocampus showed normal cellular architecture in the control while 
neuronal degenerations were observed in the experimental groups. Exposure to mosquito coil fumes 
for 21 days impaired short-term memory in addition to neurodegenerative changes in the hippocampus 
of adult Wistar rats. 
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INTRODUCTION 
 
Every year, millions of cases of insect related 
diseases are recorded, representing a serious threat 
to global public health. Insect-borne diseases 
accounted for about 17% of the estimated global 
burden of these vector-borne diseases (Akunna et al. 
2013). Environmental changes together with 
operational, financial and managerial problems 
coupled with increasing population mobility and 
pesticide resistance have contributed to increase in 
the prevalence of many of such diseases in recent 

decades (Akunna et al. 2013; Harsimran and Harsh 
2014). Mosquito coil is one of the preferred anti-
mosquito products in low income communities 
because it is cheap, easy to use and readily 
available. The coils are burned indoors as a common 
practice in households across Africa, Asia and South 
America including Nigeria (Garba et al. 2007; 
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Pauluhn 2006). World Health Organization Pesticide 
Evaluation Scheme (WHOPES) stated in 1996 that 
pesticides when exposed to humans are toxic to 
some degree (WHO 1996). Motor or sensorimotor 
function dependent learning and memory tasks may 
be disrupted by pyrethroids which is the major 
component of mosquito coil at levels well below those 
that induce serious neurotoxicity (Wolansky and 
Harrill 2007). Other mosquito repellents that are not 
pyrethroid based have also been found to cause 
brain cells degeneration leading to deficit in learning 
and memory (Abdel-Rahman et al. 2001; Sudakin 
and Trevathan 2003). Short-term memory is believed 
to rely mostly on an acoustic code for storing 
information, and to a lesser extent a visual code 
(Alberimi 2001). 
Despite the fact that mosquito coil smoke has many 
potential ill health effects, large populations in the 
developing countries still use mosquito coils in their 
daily lives (Liu et al. 2003). However, despite the 
reported inauspicious effects, there is paucity of 
information on the toxicological consequence of 
exposure to mosquito coil smoke on short-term 
memory, thus research is highly pertinent. This study 
was therefore designed to investigate the possible 
effects that exposure to mosquito coil smoke could 
have on short-term memory. 
 
 
MATERIALS AND METHODS 
 
Test Substance 
Rambo mosquito coil manufactured by Gongoni 
Company limited, 89A Sharada Industrial Estate, 
Phase III, Kano, Kano State Nigeria was used. 
 
Experimental Protocol 
A total number of 28 male Wistar rats were caged 
and allowed to acclimatize for two weeks. The 
animals were weighed and randomly grouped into 
four groups of seven animals each. The control group 
was exposed only to normal atmospheric air. One 
group was exposed to mosquito coil smoke for 1 hour 
per day, another to mosquito coil smoke for 2 hours 
per day and the third group was exposed to mosquito 
coil smoke for 3 hours per day in a partially ventilated 
chamber for the period of twenty-one consecutive 
days. All experimental procedures described were 
done according to the Ahmadu Bello University 
Committee on Animal Use and Care (ABUCAUC) 
Research Policy (2010) and in compliance with the 
National Institutes of Health Guide for the care and 
use of Laboratory Animals (1985).  
 
Behavioural Test 
Novel Object Recognition Test  
Novel object recognition was employed to test for 
short-term memory according to the method of 
Ennanceur and Delacour (1988) and modified by 

Moscardo et al. (2012) and Antunes and Biala 
(2012). The rats were exposed to two familial objects 
and allowed to explore these objects for 2 minutes 
then the animal was removed and one of the objects 
was placed with a novel object and the animal was 
taken back in to the cage (Antunes and Biala 2012). 
If memory was functioning normally, the rats would 
have spent much of its time exploring the novel 
object than it did exploring the familiar object. If 
exploration time for all objects was the same, this 
was interpreted as a memory deficit. The index for 
memory was preference score calculated as the time 
spent exploring the novel object divided by the total 
time spent exploring both objects, expressed as a 
percentage. This novel object recognition test was 
carried out weekly, at the 7th, 14th and 21st day of 
the exposure. 
 
Animal Sacrifice 
Twenty-four hours after the last exposure, the 
animals were anesthetized using ketamine/diazepam 
cocktail (5 mg/kg/0.25 mg/kg) and the whole brain 
harvested and fixed in Bouin’s fluid then processed 
for histological analysis. 
 
Tissue Processing 
The fixed brain tissues were removed from the 
Bouin’s fluid and dehydrated using ascending grades 
of alcohol. The dehydrated tissues were then cleared 
in two changes chloroform for two hours, the clearing 
helped in removing opacity from the dehydrated 
tissues thereby making them transparent. The 
cleared tissues were then infiltrated by immersion in 
molten paraffin wax and allowed to solidify. The 
embedded tissues were blocked in a rectangular 
block and then sagittal sections were cut using rotary 
microtome at 5µm per section. The tissue sections 
were allowed to float in water bath at 300oC to help 
the spreading of the paraffin ribbons. The clean 
slides were used to pick the tissue from the warm 
water bath.  
 
Haematoxylin and Eosin (H and E) staining 
The slides with brain sections were left to dry and the 
methods of haematoxylin and eosin staining 
technique was carried out by de-waxing the tissue in 
two changes of xylene for three minutes each, 
hydrated by passing them through descending 
grades of alcohol (100%, 95%, 90%, and 70%) for 
three minutes each, then stained in Harris haematox-
ylin for ten minutes, and washed in tap water to 
remove excess stain. The slides were then flooded 
with acid alcohol for few seconds for differentiation 
and then washed in tap water again. The slides were 
then blued in Scott’s tap water for five minutes and 
counter-stained with eosin for three minutes. The 
sections were rinsed in tap water, and then dehy-
drated in ascending grades of alcohol, and cleared in 
xylene. Tissues were then mounted with cover slips 
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* Significant different at P ≤ 0.01 compared to the control. ** 
Significant different at P ≤ 0.02 compared to the control. 

Table 1: The Effects of Exposure to Mosquito Coil Smoke 
on Short-Term Memory Following Novel Object 

Recognition Test 

using a mounting media (egg white). Sections 
photomicrographs were taken using digital camera 
Amscope (MD 900) fitted to light microscope (Leica 
Microsystem Inc. Tokyo, Japan). 
 
Statistical Analysis 
The results were analyzed using the Statistical Pack-
age for Social Sciences (SPSS), version 20 and the 
results expressed as mean ± SEM. Statistical signifi-
cance between means were analyzed using one-way 
analysis of variance followed by Tukey post-hoc test 
to see where the significance lies. A p-value ≤ 0.05 
was considered statistically significant. 
 
 
RESULTS 
 
Effect of Exposure to Mosquito Coil Smoke on 
Short-Term Memory Test 
The result of the short-term memory test using novel 
object recognition test as shown in Table 1 recorded 
lower preference score for novel objects in the 1 
hour, 2 hours and 3 hours smoke exposed groups 
compared with control throughout the experimental 
period. However, the scores were significantly lower 
(p ≤ 0.01) in the second week in 1 hour and 2 hours 
smoke exposure groups compared with the control. 
Also, the 2 hours and 3 hours smoke exposed groups 
were significantly lower (p ≤ 0.02) in the third week 
compared with the control. 

 
 
Histology of the Hippocampus 
The results of the histological study of hippocampus 
using H and E showed cyto-architectural overview of 
the hippocampus (Figure 1) below at lower 
magnification with the CA1, CA3 and dentate gyrus 
regions in the control and the mosquito coil fumes 
exposed groups. Figure 2 shows the CA3 region of 

hippocampus from across the groups at medium 
magnification, with the control group showing intact 
pyramidal cells and some intact pyramidal cells in the 
CA3 regions of the animals exposed to 1 hour daily 
mosquito coil smoke for 21 days. The 2 hours daily 
smoke exposed and the 3 hours daily smoke 
exposed shows pyknotic cells which is an indication 
of degeneration. 
 
 
DISCUSSION 
 
After 21 days of exposure to mosquito coil smoke, 
there were gradual decrease in the exploration time 
for novel objects (less than 50%) which suggest 
deficit in short-term memory of the smoke exposed 
animals (Antunes and Biala 2012), with significant 
difference recorded in the group exposed to mosquito 
coil smoke for 1 hour in week 2, group exposed to 
mosquito coil smoke for 2 hours in weeks 2 and 3 
and the group exposed to mosquito coil smoke for 3 
hours in week 3 compared with the control. 
The animals in the control group showed a minimum 
of 61.2% preference score for novel objects against 
the familial objects, indicating that, exposure to 
mosquito smoke negatively impact short-term 
memory. Investigations in humans using functional 
magnetic resonance imaging have revealed 
hippocampus to play important role in memory 
processes, such as novelty detection in either 
environmental or object this is because hippocampus 
responded similarly to both forms of novelty as 
reported by Raphael et al. (2014). This suggests that 
the degeneration observed in the histological 
examination of the hippocampus in this study have 
impacted negatively on the object recognition 
memory assessed. 
Mosquito coil smoke contain many gases and 
particles like carbon monoxide (CO), carbon dioxide 
(CO2), pyro(a)benzene and other hydrocarbons 
(Abubakar and Hassan 2006). CO is particularly 
known for its ability to displace oxygen from 
haemoglobin thereby, exposing the neural cells to 
hypoxic state which results to necrosis (Dimitri and 
Agamanolis 2013). Histological examination of the 
hippocampus of the smoke exposed animals 
revealed nuclear condensation (pyknosis) in the 
pyramidal cells. The pyknosis appear to be exposure 
time dependent, with less assault on the animals 
exposed to the smoke for 1 hour and more assault on 
the animals exposed to the smoke for 3 hours. This is 
as a result of the smoke exposure which lead to 
arrest of cellular functions and subsequently cellular 
necrosis. 
The mosquito coil smoke release gases and particles 
that could interfere with the normal cellular processes 
of energy generation. The first result of energy 
depletion is failure of sodium and potassium ions 
pumps, leading to depolarization of the neuronal 

 Preference Score (%) 

Group Week 1 Week 2 Week 3 

Control 61.2 ± 8.6 73.3 ± 4.6 75.8 ± 3.6 

1 hour smoke 
exposure 

45.4 ± 9.8 33.7 ± 14.7* 50.3 ± 6.4 

2 hours smoke 
exposure 

62.2 ± 7.9 21.9 ± 4.0* 28.2 ± 10.4** 

3 hours smoke 
exposure 

38.2 ± 4.1 46 ± 4.4 36.1 ± 11.6** 
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membrane, then synaptic function and conductivity 
ceases (Dimitri and Agamanolis 2013). 
Depolarization cause neurons to release glutamate 
into the synaptic cleft which excessively excite the 
neurons and when the glutamate is in excess, it 
results in excitotoxicity (Dimitri and Agamanolis 

2013). Since some glutamate receptors are non-
selective cation-permeable ion channels, over 
activation of these channels causes a passive influx 
of chloride and sodium ions into cells causing 
cytotoxic oedema and rapid cell death. Additional 
functional changes like excitotoxicity develop after 

some days as a result of calcium ion influx 
into neurons (Dimitri and Agamanolis 
2013). 
 
 
CONCLUSION 
The exposure to mosquito coil smoke for 
the period of 21 days has significantly 
negative impact on short-term memory. 
The smoke exposed animals had less than 
50% preference score for the novel object 
against the familial object which served as 
an indication of memory deficit. The vary-
ing degree of the histopathological 
changes observed across the mosquito 
coil smoke exposed groups can be 
attributed to the smoke polluted 
environment caused by the mosquito coil 
smoke. 
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