AJMIAS

https://journal.utripoli.edu.ly/index.php/Algalam/index elSSN 2707-7179

Original article

Exposure to Fumes from Mosquito Coils Impairs Cardiac
Function and Elevates Serum Markers of Inflammation
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ARTICLE INFO
Corresponding Email. ao.ige@maill.edu.ng ABSTRACT

Background and aims. The use of fumes from mosquito
coils has been recognized as a malaria preventive
measure in rural to local areas in sub-Saharan Africa.
The effects of these fumes on cardiac function and serum
inflammatory indices are however not yet fully explored.
Hence, this study in Wistar rats. Methods. Male animals
(n = 40) weighing between 180- 200g were equally
divided into 4 groups as follows; Group | was control
and animals were not exposed to fumes from mosquito
coils. Animals in group I1, I11 and IV were exposed daily,
to fumes from pyrethroid-based mosquito coils for 30, 60
and 90 minutes in a modified fume exposure chamber for
28 days, respectively. Thereafter, systolic, diastolic, and
heart rate were assessed, while mean arterial and pulse
pressure were calculated. Blood samples were also
obtained for serum interleukin-6 (lI-6), interleukin-14
(N-1p), tumor necrosis factor-oc (TFN-o), and C-
reactive protein (CRP), respectively. Results. Cardiac
function was impaired to varied extent in the exposure
groups as groups Il and IV exhibited reduced systolic
blood pressure and heart rate while animals in group I11
had elevated systolic and diastolic blood pressures
compared to controls, respectively. Serum markers of
inflammation (l1-6, 1l-18 and CRP) were elevated
(P<0.05) in all exposure groups compared to controls,
while TFN-oc was unchanged across all groups.
Conclusions. This study suggests that exposure to fumes
from mosquito coil for prolonged periods may trigger
episodes of cardiac dysfunction and upregulate systemic
inflammation mediated mechanisms.
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INTRODUCTION

Malaria has been described as one of the most prevalent disease conditions plaguing sub-Saharan Africa [1]. However,
following diverse therapeutic interventions, studies have shown that its rate of causing morbidity and mortality have
been halved from about 30 to 13 per 100,000 population at risk between the year 2000 and 2019 [2]. The use of the
mosquito coil as an antimalaria strategy, has gained widespread patronage in malaria-endemic countries, even though it
is not a recommended preventive measure for avoiding mosquitoes [3]. Nevertheless, the use of these coils has come to
occupy a certain niche in the control of mosquitoes in low-income areas of sub-Saharan Africa, Asia and South America
due to its cheap cost and ready accessibility [3, 4].

These mosquito coils have been reported to contain heavy metals like aluminum, chromium, and tin, insecticide or
pesticide (pyrethrin), aromatic substances, and organic fillers capable of burning with smouldering binders and additives
[5, 6, 7]. The coils are formulated to allow approximately 6-8 hours of continuous smoldering, such that the insecticide
vaporizes slowly to offer protection against the mosquito. The fumes from these coils are said to either repel or reduce
the likelihood of being bitten by mosquitos and thus may constitute a malaria preventive measure [7].

Idowu et al. Alg J Med App Sci. 2023;6(2):593-602 593


https://journal.utripoli.edu.ly/index.php/Alqalam/index
mailto:ao.ige@mail1.edu.ng
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.8432298
https://orcid.org/0000-0003-2981-1256

AJMIAS

https://journal.utripoli.edu.ly/index.php/Algalam/index elSSN 2707-7179

Although these fumes are of great importance as a malaria preventive measure [8], they may cause emissions that
constitute a potential source of indoor air pollutant [9]. Fumes from mosquito coils have been reported to contain
pollutants like polycyclic aromatic hydrocarbons, aldehydes, ketones, carbon monoxide and volatile organic compounds
[9]. The most common active ingredients in these mosquito coils are pyrethroids which have been shown to be effective
against many genera of mosquitoes including Aedes, Anopheles and Mansonia [6]. These mosquito coils are often burnt
overnight in sleeping quarters resulting in elevated exposure to the coil fumes by those sleeping in close proximity.
Thus, these fumes are therefore likely to be inhaled, reach the alveolar region of the lung [10], enter the blood stream
and reach other tissues and organs such as the heart [11]. The continuous use of fumes from these mosquito coils as a
malaria preventive measure therefore, may raise serious environmental health concerns. Furthermore, epidemiologic
studies have also shown that long term exposure to fumes from mosquito coils can induce asthma and persistent
wheezing in children [12,13]. Toxicological studies following exposure to these fumes in rats have also showed focal
deciliation of the tracheal epithelium, metaplasia of epithelial cells and morphologic alteration of the alveolar
macrophages [14]. Lung damage which was evident by interstitial accumulations, pulmonary oedema and emphysema
as well as intracellular accumulations and severe sinusoidal congestion of hepatic cells have also been observed in rats
exposed to fumes from mosquito coils [4].

While many studies have investigated the elemental and organic chemical composition of fumes from mosquito coils
[15, 16, 17], and their effects on lung vasculature and function [4, 12-14], very limited investigation have evaluated the
effect of prolonged exposure to these fumes on cardiac function and general inflammatory processes in the body. This
study was therefore designed to evaluate cardiac function and serum inflammatory markers in rats exposed to mosquito
coil fumes for varying durations.

METHODS

Animals and groupings

Male Wistar rats (n = 40) weighing between 180- 200g housed in well-aerated plastic cages and exposed to room
temperature with alternating natural day and night cycles. They were acclimatized to laboratory conditions prior to
experimental procedures and were allowed free access to food (standard rat chow) and water. The rats were handled
according to the ethics of animal handling and treated humanely in accordance with the Guide for the Care and Use of
Laboratory Animals [18]. The animals were randomly grouped into 4 equal groups of 10 animals each as follows. Group
I was control and was exposed to fresh air. Animals in group Il, I and IV were exposed daily to fumes from mosquito
coils.

Mosquito coil characteristics

A commercially available brand of mosquito repellent, Rambo Mosquito Coils (Black Big - RB140D10) ™ Gongoni
Ltd, Kano, Nigeria), which was purchased from a retail outlet at a local market in Ibadan, Nigeria was used in this study.
The spiral mosquito coils were declared to be unbreakable, perfumed, contain 0.02% pyrethroids as the main active
ingredient and weigh 100g. Each coil was declared by the manufacturer as being capable of burning for up to 8 hours.
However, in this study animals were exposed to fumes from this mosquito coil for 30, 60 and 90 minutes daily for 28
days respectively.

Design of the mosquito coil fume exposure chamber and duration of exposure

The fume exposure chamber was modified version of that described by Owonikoko et al, [19]. Briefly, the fume
exposure chamber was a fabricated non-mobile apparatus designed to simulate mosquito coil fume dispersal in an
aerated room as it is usually being used across rural Africa, South America and Asia. The exposure chamber was made
up of transparent plexiglass arranged in a perfect square (45x50x45cm). An internal sub-chamber (10x13x13cm) is
specifically designed to house the burning mosquito coil fumes. Made of plexiglass, the sub chamber is designed to
contain the fumes and with its walls adequately perforated, it ensures constant effusion of the fume-laden air into the
portion of the chamber housing the rats. This sub-chamber is completely isolated from the portion housing the rats save
for the tiny perorations in its walls for the dispersal of fumes to the interior of the chamber. This sub-chamber also
houses a miniature metallic quadri-bladded aerator situated anterodorsally. The aerator is a heavy-duty type of model
CNS-3 20/620 (serial number S40141392) running on main alternating current of 220 V, power of 27 W, current of
0.25A, and frequency of 50/60 Hz. When connected to a power source the aerator is capable of moving with a speed of
2400/3400 rpm which is capable of delivering the mosquito coil fumes in inhalable form from the sub-chamber to the
internal portion of the apparatus housing the experimental animals. Animals in groups II, Il and IV were daily
transported from their cages to this exposure chamber in batches (n=5) for 30, 60 and 90mins respectively. After each
respective exposure period, animals in each group were removed from the exposure chamber and transferred back to
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their cages, respectively. Animals in the control group were also placed into the exposure chamber in batches (n=5), the
aerators were turned on for 90mins, however no burning mosquito coil was placed in the sub-chamber for dispersal.
Thereafter, controls were also removed from the cage and transferred back to their laboratory cage. This exposure
protocol was followed each day for the control and experimental animals for 28days, respectively.

Blood pressure analysis

At end of the exposure period, blood pressure in five randomly selected animals per group was evaluated as previously
described [20]. Briefly, the systolic and diastolic blood pressure were measured simultaneously non-invasively by tail-
cuff method using a CODA blood pressure machine (Kent Scientific Co., USA). The CODA tail-cuff system used
volume pressure recording (VPR) to evaluate tail blood volume and hence blood pressure as its method of analysis. The
animals were allowed to enter the holders on their own freewill and were maintained therein for at least 10-15 minutes
for acclimatization test runs, prior to actual recording of blood pressures. The pulse and mean arterial blood pressures
were estimated from the systolic and diastolic pressure measurements, respectively.

Blood collection and biochemical analysis

Blood samples were obtained by the retro-orbital sinus of animals in each group (n=5 / group) after light anesthesia
(thiopentone sodium, 30mg/kg) into plain specimen bottles. The samples were allowed to coagulate and centrifuged at
3000 g for 10 min at 4 -C to obtain serum. Aliquot of the clear serum obtained was analysed, using commercially
available ELISA kits (Elabscience, Houston, USA), for interleukin-6 (11-6), interleukin-1f (11-1p), tumor necrosis factor
alpha (TFN-«c) and C-reactive protein (C-RP), respectively.

Data collection procedure
Data is presented as mean = SEM and this was analyzed using one-way analysis of variance while Tukey’s honest post-
hoc test was used to establish the statistical significance between experimental groups and control at p < 0.05.

RESULTS

Systolic and diastolic blood pressure in control and experimental groups

Systolic blood pressure (mmHg) in groups 11 (124.2+1.9) and 1V (118.2+1.5) were significantly reduced (p<0.05) while
values obtained in group Il was significantly increased compared with controls (136.8+1.5), respectively (Figure 1).
Diastolic pressure in groups Il (113.8+2.5) increased significantly (p<0.05) while values observed in group IV
(75.5%3.9) were reduced compared with control (97.2+1.8), respectively. No significant differences were observed for
diastolic pressure between the control group and animals in group Il (Figure 2).
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Figure 1. Systolic blood pressure in control and experimental animals exposed to mosquito coil fumes
Values are mean+SEM and *indicates values that are significantly increased (p<0.05) compared with controls, while # indicates
values that are significantly decreased (p<0.05) compared to controls. | — Controls i.e., animals not exposed to fumes from
mosquito coils. I = Animals that were exposed to fumes from mosquito coils daily for 30 mins. 111 = Animals that were exposed to
fumes from mosquito coils daily for 60 mins. IV = Animals that were exposed to fumes from mosquito coils daily for 90 mins.
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Figure 2. Diastolic blood pressure in control and experimental animals exposed to mosquito coil fumes
Values are mean#SEM and *indicates values that are significantly increased (p<0.05) compared with controls, while # indicates
values that are significantly decreased (p<0.05) compared to controls.
I — Controls i.e., animals not exposed to fumes from mosquito coils. 11 = Animals that were exposed to fumes from mosquito coils
daily for 30 mins. Il = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were
exposed to fumes from mosquito coils daily for 90 mins.

Pulse pressure, mean arterial pressure and heart rate in control and experimental groups

Pulse pressure (mmHg) in group Il (25.4+3.6) was reduced (p<0.05) by 35.9%, while values in groups Il (39.4%2.6)
and IV 42.0£3.5 were comparable with that seen in the control group (39.6+1.7) (Table 1). Compared to controls, mean
arterial pressure (mmHg) increased (p<0.05) in group I, reduced (p<0.05) in group IV and were comparable in group
I, respectively (Table 1). The heart rate (bpm) in groups Il and 1V were significantly reduced, while values in group I11
was comparable with control (Figure 3).

Table 1. Pulse pressure and mean arterial pressure in control and experimental groups

Groups Pulse pressure Mean arterial
(mmHg) pressure (mmHg)

I 39.6+1.7 110.4+£1.5

1l 25.4+3.6* 107.3+2.4
1 39.442.6 126.9+3.2*

\Y] 42.043.5 89.5+2.9*

Values are mean#SEM and *indicates values that are significantly different (p<0.05) compared with controls. | — Controls i.e.,
animals not exposed to fumes from mosquito coils. 11 = Animals that were exposed to fumes from mosquito coils daily for 30 mins.

Il = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were exposed to fumes from
mosquito coils daily for 90 mins.
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Figure 3. Heart rate in control and experimental animals exposed to mosquito coil fumes
Values are mean#SEM and *indicates values that are significantly decreased (p<0.05) compared with controls
I — Controls i.e., animals not exposed to fumes from mosquito coils. 11 = Animals that were exposed to fumes from mosquito coils
daily for 30 mins. 111 = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were
exposed to fumes from mosquito coils daily for 90 mins.

Selected serum inflammation biomarkers in control and experimental groups

Interleukin-6 values (pg/mL) observed in groups Il (0.25+0.02), 111 (0.1940.01), and IV (0.20+0.01) were elevated by
56.3%, 18.8%, and 25.0% when compared with control (group I) values (0.16+0.01), respectively (Figure 4). Compared
to controls, interleukin-1p (pg/mL) was significantly (p<0.05) increased in groups II and IV while values in group III
were comparable statistically (Figure 5). No significant difference was observed for tumour necrosis factor-cc across the
different groups (Figure 6). The values for C-reactive protein (ng/mL) observed in groups Il (0.13+0.03) and IV
(0.33£0.07) were significantly increased (p<0.05), while values in group 11 (0.05+0.01) were comparable with the values
in the control group (0.06+0.01), respectively (Figure 7).
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Figure 4. Interleukin-6 in control and animals exposed to mosquito coil fumes Values are mean#SEM and *indicates values
that are significantly increased (p<0.05) compared with controls
| — Controls i.e., animals not exposed to fumes from mosquito coils. |1 = Animals that were exposed to fumes from mosquito coils
daily for 30 mins. Il = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were
exposed to fumes from mosquito coils daily for 90 mins.
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Figure 5. Interleukin-14in control and animals exposed to mosquito coil fumes
Values are mean#SEM and *indicates values that are significantly increased (p<0.05) compared with controls | — Controls i.e.,
animals not exposed to fumes from mosquito coils. Il = Animals that were exposed to fumes from mosquito coils daily for 30 mins.
111 = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were exposed to fumes from
mosquito coils daily for 90 mins.
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Figure 6: Tumor necrosis factor-alpha (TNF-a) in control and animals exposed to mosquito coil fumes
Values are mean+SEM.
I — Controls i.e., animals not exposed to fumes from mosquito coils. 1l = Animals that were exposed to fumes from mosquito coils
daily for 30 mins. 111 = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were
exposed to fumes from mosquito coils daily for 90 mins.

Figure 7. C-reactive protein (C-RP) in control and animals exposed to mosquito coil fumes
Values are mean#SEM and *indicates values that are significantly increased (p<0.05) compared with controls
| — Controls i.e., animals not exposed to fumes from mosquito coils. Il = Animals that were exposed to fumes from mosquito coils
daily for 30 mins. 11l = Animals that were exposed to fumes from mosquito coils daily for 60 mins. IV = Animals that were
exposed to fumes from mosquito coils daily for 90 mins.
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DISCUSSION

There are several preventive measures that have been adopted as malaria preventive measure in low-income malaria
endemic regions worldwide. Some of these measures include the use aerosols, mosquito coils, liquid vaporizers and
vaporizing units which have been reported to reduce the likelihood of being bitten by mosquitos [21]. However, studies
highlighting the health risk associated with the continuous exposure to fumes from mosquito coils, has continued to
raise some public health concerns [9, 22]. In this study, systolic pressure, the driving force for movement of blood out
of the heart, was impaired in the mosquito coil exposure groups in varying degrees (Figure 1). While exposure of
experimental animals to fumes from the mosquito coil for short (30minutes) and long term (90mins) daily durations
(groups | and I1I) exerted a suppressive effect on systolic blood pressure, exposure for an intermediate duration
(60minutes) daily (group 1) exerted a stimulatory effect on the systolic pressure. Furthermore, diastolic blood pressure,
the pressure during the resting phase of the heart, was also impaired, with elevations observed in group Il and
suppression observed in group 111 (Figure 2). These observations suggest that exposure to fumes from mosquito coils
for short and long durations daily, may induce hypotensive conditions while exposure daily for intermediate durations
of one hour, may induce hypertensive conditions.

The heart, a highly active pump that has a high metabolic rate which is required to meet its high-energy demand, has
been reported to possess reduced amounts of superoxide dismutase, catalase, and glutathione peroxidase which makes
it therefore prone to oxidative injury [23, 24]. It has also been observed to be the first recipient of the lung drainage.
Hence, fumes from mosquito coils which have been reported to contain the pyrethroids, and toxic substances such
carbon monoxide, volatile organic compounds, sulphur dioxide, nitrogen dioxide and particulate matter [7], may enter
the blood stream and exert direct cardiotoxic effects on the heart.

In most common mosquito coils, pyrethroids have been have been identified as the most active ingredient as it has been
observed to be effective against many genera of mosquitoes [25]. According to the manufacturer details, the mosquito
coil used in this study contained pyrethroids (0.2%). Pyrethroids have been reported to impair the activities of voltage-
gated sodium channels [26]. It is said to act on the o subunit of the channel causing its permanent opening and preventing
the closure of the channel [27]. Within excitable cells, this has been reported to result in sustained influx of sodium ions
and hence persistent depolarization of the cell [26]. Studies have also reported that exposure to pyrethroid-based
insecticides in the early stages of life can result in cardiac hypertension, elevated calcium levels, and increased systemic
oxidative at elderly age [28]. It is therefore not unlikely that the impairment in cardiac function observed in this study
maybe due to oxidative injury to and impaired signaling of the cardiomyocytes and autorhythmic cells caused by the
inhaled pollutants from the mosquito coil (especially pyrethroids) resulting in impaired signaling and contractile activity
in these cells.

The pulse pressure represents the force that the heart generates each time it contracts and is often evaluated clinically as
a risk factor for the development of heart disease [29]. While a narrow (reduced) pulse pressure has been reported to
suggest the likely presence of several heart diseases such as heart failure, blood loss, aortic stenosis, and decreased
cardiac filling time, a high pulse pressure is said to be indicative of valve regurgitation, disorders of heart rhythms, and
stroke [30]. This study shows a reduction in pulse pressure (Tablel) and heart rate (Figure 3) in group Il which aligns
with the reduced systolic blood pressure also observed in this group (Figure 1) and suggests the likely presence of
cardiac diseases in this group (30minutes mosquito coil-fume exposure group). The pulse pressure in groups Ill
(60minutes mosquito coil-fume exposure group) and IV (90minutes mosquito coil-fume exposure group) were not
significantly different from controls (Table 1). The authors speculate that this latter observation may be ascribed to
vascular vasodilation which might have occurred in response to elevated systolic and diastolic pressures in the case of
animals in group Il (Figure 1) and reflex vasoconstriction in some arterial vessels in an attempt to compensate for
reduced systolic pressure, diastolic pressure and heart rate (Figure 1-3) which was observed in group IV.

Furthermore, animals in group Il also exhibited an increase in mean arterial pressure which is consistent with the
previously observed increased systolic pressure in the group, while animals in group 1V showed reduced mean arterial
pressure which also aligns with the reduced blood pressures (systolic and diastolic) and heart rate which was also
observed in this group. Interestingly, animals in group Il which also exhibited reduced systolic and heart rate did not
show significant variations in mean arterial pressure compared to controls.

The blood pressure is said to be primarily a function of the pumping action of the heart. However, the regulation of
blood pressure in circulation, rests in the activities of cardiac baroreceptors, vascular resistance within the arterioles,
and renal control of blood volume [31]. The blood pressure regulatory activities may be broadly divided into short-term
mechanism, which are mediated through the baroreceptor reflex, and long-term regulatory mechanisms, which involve
the activities of the kidney in regulating the blood volume via the renin-angiotensin-aldosterone system (RAAS)
mediated mechanisms. The effects of exposure to pyrethroids, which come in two main classes- type | and Il [32], on
mammals have been reported to include changes in the conformation of sodium channels, chloride channels and GABA-
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aminergic mediated channels in excitable tissues which result in persistent depolarization and hence excitation [32, 33].
It is therefore likely, aside from impairment to the electrical and contractile functions of the myocardial cells, fumes
(which contain pyrethroids and other pollutants) from the mosquito coils may also impair the RAAS mediated control
of blood pressure and hence maybe responsible for the alterations in heart rate, pulse pressure and mean arterial pressure
observed in the fume exposed animals. Moreso that impaired renal function have also been associated with exposure to
fumes from mosquito coils [34]. The indices of cardiac function assessed in this study also appear to depict a stimulation
of cardiac function in the intermediate term daily duration (60minutes) and suppression of cardiac function in the short-
term (30minutes) and long-term (90minutes) daily exposure groups, respectively, suggesting an exposure-duration
dependent effect.

This study also shows that exposure to fumes from mosquito coils for durations ranging from 30-90 minutes per day
also exert downstream effects other than in the lungs [4] as some serum inflammation markers (11-6, 11-14, C-RP) were
observed to be elevated in varying degrees in the exposure groups. The highest levels of these serum inflammation
markers were observed in the 90miuntes per day mosquito fume exposure group suggesting that prolonged exposure
may activate systemic inflammatory processes. These observations are consistent with that of Vadhana et al. [28], who
also reported elevated levels in serum markers of oxidative stress and inflammation following exposure to pyrethroid-
based insecticides. However, TNF-o, an inflammatory cytokine produced by macrophages/monocytes during acute
inflammation and is responsible for a diverse range of cellular signaling events leading to necrosis or apoptosis, was not
different between control and experimental groups. It is likely, the systemic inflammation caused by exposure to fumes
from the pyrethroid-based mosquito coils may not be very severe as at the time samples were collected. Perhaps for if
exposure periods had been extended to 6-8 hours daily as it is mostly used in rural areas in sub-Saharan Africa, South
America and Asia, it might have resulted in the triggering of a more severe systemic inflammatory response.

CONCLUSION

This study has demonstrated that exposure to fumes from mosquito coils, especially pyrethroid based mosquito coils,
exerts deleterious downstream effects, (other than pulmonary impairment and function), on cardiac function as well as
upregulates systemic inflammatory processes. The severity of these observed dysfunctions may be exposure-duration
dependent with longer exposure periods per day exerting greater deleterious effects.
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