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Abstract. Permot (Passiflora foetida) is one type of plant that has
been used as a mosquito coil. Besides being effective at killing Aedes
aegypti mosquitoes, mosquito coils made from permot leaf extract are
also effective at killing German cockroaches and house flies. Until
now there have been no reports stating the side effects of using per-
mot leaf extract in humans. This study was designed to demonstrate
the harmful side effects of inhalation of smoked mosquito coils made
from permot leaf extract on the cerebellar cortex of adult male rats.
Thirty-five adult male rats were used in this study. Rats were divided
into 7 groups, namely group 1 as a negative control (without expo-
sure), group 2 as a positive control (transfluthrin exposure 3000 ppm),
groups 3 to 7 were treatment groups of permot leaf extract with grad-
ed doses (500 ppm, 1000 ppm, 2000 ppm, 3000 ppm, and 4000 ppm),
and was treated for 12 weeks. All rats were sacrificed in a timely man-
ner and cerebellar specimens were taken, prepared and observed us-
ing a light microscope. Previously, rats were weighed periodically to
determine the effect of toxicity. The results showed that exposure to
mosquito coil smoke made from 3000 ppm Transflutrin and 4000 ppm
permot leaf extract caused weight loss in rats. Likewise on the weight
of the rat cerebellum. The effect of decreasing the number of Purkinje
cells also occurred in the group exposed to mosquito coils made from
Transflutrin 3000 ppm and permot leaf extract 4000 ppm. Therefore,
the safe and effective dose of mosquito coils made from permot leaves
is less than 4000 ppm, because exposure to doses of more than 4000
ppm can cause degenerative changes in the cerebellar cortex.
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INTRODUCTION

Synthetic pyrethroids such as Trans-
fluthrin have been widely used in recent years
because they are considered safer and have
low toxicity in mammalian experimental ani-
mals such as mice and rats, unlike other types
of pyrethroids which still have a high level of

toxicity in mammals (Rehman et al., 2014;
Cham et al., 2016). Synthetic pyrethroid in-
secticides like transfluthrin are safer to use
than pyrethrins. Pyrethrin like transfluthrin
compound itself is obtained from flower seed
extract (Chrysanthemum spp). The advantage
of using synthetic pyrethroid insecticides is
that they are more stable in light and air than
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pyrethrins. Rodriguez et al. (2016) stated that
insecticides made from synthetic pyrethroids
were the most widely used in households and
agriculture. Insecticides made from pretroids
are neurotoxic, that is, they act on voltage-gat-
ed sodium channels in neurons, causing depo-
larization and hyperexcitation of the nervous
system. The activity of the acetylcholinester-
ase enzyme 1s another potential target for py-
rethroid action in insects (Harrill et al., 2008;
Syed et al., 2016). However, the effect of py-
rethroids on neurotransmitter release may be
either dual excitatory or inhibitory, or it may
be due to both (Rodriguez et al., 2016).
Although synthetic pyrethroids have
been considered harmless to mammals, some
severe problems have been reported. Cases of
poisoning in humans appear to be limited to
intentional or accidental overexposure. Syn-
thetic pyrethroids turn out to be highly neu-
roactive substances when the nervous system
is directly accessible (Rodriguez et al,. 2016)
One of the medicinal plants suspected of
containing active ingredients that can be used
as bioinsecticides is the permot plant (Passi-
flora foetida) (Susilowati, 2016). Permot is
part of Indonesia's plant that grows wild and
is found in abundance. Permot plants can be
easily found in fields, rice fields, gardens, or
growing vines between the main plants that
are deliberately planted, fenced, and also
propagated on the walls so that these plants
are usually cleaned, burned or simply thrown
away. Permot leaf extract has the main chem-
ical composition of alkaloids, phenols, flavo-
noids, and cyanogenic compounds, as well
as fatty acids (Patel et al., 2011). Susilowati
(2017) stated that mosquito coils made from
permot leaf extract were effective in killing
Aedes aegypti (> 90%) at a dose of 2165 ppm.
Several previous studies have been
conducted on the toxic effects of permot leaf
extract in mosquito coils in non-target ex-
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perimental animals, such as mice and carp.
The histopathological picture of exposure to
mosquito coils made from permot leaf extract
at a dose of 500 ppm to 3000 ppm did not
show damage to the liver and kidney tissues
of mice, but a dose of 4000 ppm could cause
cell necrosis (Susilowati, 2016). Susilowati's
research (2017) stated that exposure to mos-
quito coils made from permot leaf extract up
to a dose of 3000 ppm did not cause damage
to the blood cells of mice, but exposure to a
dose of 4000 ppm caused damage to the blood
cells of mice. However, there has never been
a neurotoxicity test for mosquito coils made
from permot leaf extract on the histopatholog-
ical features of the cerebellum and the number
of Purkinje cells. This study aimed to evalu-
ate the neurotoxicological effect of mosquito
coils made from permot leaf extract on his-
topathological changes in the cerebellum and
Purkinye cell number in rats.

MATERIALS AND METHODS

This research was conducted at the Bi-
ology laboratory of the Faculty of Medicine
and Health, Krida Wacana Christian Universi-
ty, Jakarta, from July 2021 - September 2021.

Permot Leaf Extraction

Permot leaves (Fig. 1) were cleaned
of impurities, dried at room temperature to
avoid the damage of secondary metabolites
by direct sunlight. Permot leaves were cut into
small pieces with a knife, then crushed with
a blender until forming powder. The powder
was macerated with 70% ethanol for 3-4 days
at room temperature to remove all the com-
pounds contained in the powder. After 3-4
days of filtering, the resulting maserate was
accommodated in an erlenmeyer. The filtering
was repeated several times until the maserate
became clear. The maserate was concentrated
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using a rotary evaporator so that the solvent
evaporates, and separate the compound from
the solvent (Patel et al., 2011).

Making Mosquito Coils

Based on Susilowati (2013) and pre-
liminary research to determine the effective
dose, a graded dose of mosquito coils made
from permot leaf extract was produced. The
ingredients for the mosquito coils consist-
ed of coconut shell and permot leaf pulp as
a filler. The dough was made by mixing all
ingredients with tapioca flour as adhesive
(5% of the total weight) to become a thick
dough. The weight of the particles used for
one test sample of mosquito repellent was
52.24 g and the weight of the adhesive was
2.6 g. The dough was then put into a circular
worm-shaped mold and dried in the sun for a
while. The mosquito coil was then separated
from the mold and was forged by a pressure of
25 kgThe resulting product was dried until a
moisture content of about 12%.

Research Stages

Before the treatment, the rats were accli-
matized for 2 weeks by being given food and
drink ad libitum. Total of 35 male rats Balb B
strain weighing 150-165 g were grouped into
7: negative control group (without exposure),
positive control group (3000 ppm Transflutrin
exposure), permot leaf extract treatment group
with graded doses (500 ppm, 1000 ppm, 2000
ppm, 3000 ppm, and 4000 ppm). Exposure
to mosquito coils was given for 12 weeks, 8
hours per day (Armalina et al., 2021). After 12
weeks of treatment, all rats were weighed and
then anesthetized using pentobarbital. Head
surgery of rats for all groups were conduct-
ed using brain forceps to bulge the head, the
brain was carefully removed, the cerebellum
was cut and weighed. The cerebellum was
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put into the fixative solution and histological
preparations were made using the standard
method and stained using Hematoxylin and
Eosin (Ramaswamy & Dayasagar, 2017).
Cerebellum histological preparations were
used to see the histopathological changes that
occurred and the number of Purkinje cells.

Statistical Analysis

The research data obtained was ana-
lyzed using one way Anova (SPSS series 25
program). If the results of the one way Anova
test were significant (p < 0.01), the test was
continued with LSD. In addition, the data dis-
played in the form of mean + standard devia-
tion.

RESULTS AND DISCUSSION

The results on rats expose to mosquito
coils made from Transflutrin 3000 ppm and
multidose permot leaf extract were divided
into changes in body weight, changes in cere-
bellum weight, and Purkinje cell number (Ta-
ble 1).

Body Weight

The study showed significant results
(p<0.05) on body weight changes in the pos-
itive control group (3000 ppm transfluthrin)
and the treatment group for mosquito coils
made from permot leaf extract 4000 ppm. (Ta-
ble 1). These could be due to the active chem-
icals contained in the mosquito coil causing
a lack of food intake by mice, so weight gain
was not as good as the control group and the
less concentrated treatment group. The low
weight gain in this study was similar to the
previous studies conducted by Yadav et al
(2021), the assessment suggested that inha-
lation of pyrethroid-based mosquito vaporis-
ers fumes have toxic effects, reflected as low
weight gain following subchronic exposure.
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Singh et al. (2009) stated that subchronic ex-
posure to pyrethroid-based mosquito vaporis-
er fumes adversely affected the body weight
of exposed group rats. The body weight of an
organism reflects its overall state of metabo-
lism and the capability to maintain its normal
growth and development. The tentative hy-
pothesis for weight gain reduction that hap-
pened in this study may be due to decreased
absorption or utilisation of food and gastroin-
testinal disturbances caused by altered func-
tion of hydrolytic enzymes of small intestine

by pyrethroid exposure. Another study report-
ed that the oral administration of single dose
of pyrethroid-based pesticide resulted in sig-
nificant changes of intestinal enzymes activity
that may result in serious disturbances in the
intestinal food uptake (Khamrakulova, 2012).
The study conducted by Sangha et al. (2011)
helped explain decreased absorption of food
in pyrethroid exposed rats as they observed
that there was hypertrophy of goblet cells, ne-
crotic changes, infiltration, and congestion in
the duodenum

Table 1. Changes in body weight, cerebellum weight and the number of Purkinje cells in rat after 12 weeks of treat-

ment
Group Initial Weight l?inal B.ody Weight Cer?bellum Number of Purkinje
(2 Weight (g) Difference (g) Weight (g) Cell (x103 cell)
1 159.8 197.6 19.09 +2.54 0.5060 + 0.008 387.40 + 1.140
2 160.4 184.6 13.07 + 1.87* 0.4854 + 0.009* 370.80 + 1.924*
3 160.6 194.2 16.76 £ 2.58 0.5050 + 0.007 389.40 + 1.517
4 163.4 197.4 17.20 +1.89 0.5058 + 0.008 387.00 + 1.225
5 161.8 196.8 17.76 + 1.50 0.5038 £ 0.007 386.40 + 1.949
6 161.4 193.8 16.72 + 1.40 0.5032 £+ 0.004 382.20 + 1.789
7 162.6 187.4 13.21 £ 1.87* 0.5022 + 0.009 380.20 + 3.033*

Note: (1) control group (without exposure), (2) Transflutrin 3000 ppm, (3) Permot 500 ppm, (4) Permot 1000 ppm,
(5) Permot 2000 ppm, (6) Permot 3000 ppm), (7) Permot 4000 ppm, *) significant at P<0.05

Cerebellum Weight

In addition to a low weight gain of
mice, the cerebellum weight of mice in ex-
posed groups was also reduce in a dose-de-
pendent manner. Mice exposed to mosquito
coil smoke made from 3000 ppm Transflutrin
had the lowest cerebellum weight (Table 1).
Research conducted by Sayim et al. (2005)
stated a significant decrease in relative brain
weights of the animals treated with cyperme-
thrin in all doses was determined (p < 0.05).
Changes in the cerebellar weight of mice in
the 3000 ppm transflutrin-based mosquito coil
exposure group were associated with changes
in the histopathology of the mice's cerebel-
lum.

Susilowati & Hartono

Cerebellar Histopathological Changes
Histological preparation of the cere-
bellum cross-section of control group mice
showed that the cortex consisted of an outer
molecular layer, a normal inner granular layer
and a Purkinje cell layer with normal nuclei.
The granular layer is filled with dense cells,
unlike the molecular layer which is composed
of'alarge number of unmyelinated fibers. Mice
exposed to mosquito coil smoke made from
Transflutrin 3000 ppm and permot leaf extract
4000 ppm showed a significant increase in the
density of cells in the cerebellar cortex and a
decrease in the number of Purkinje cells.
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Figure 2. Cross section of the cerebellum of control group
mice (x40, HE). Note: The cerebellar layer is
composed of three layers with normal thickness
and number of cells, molecular layer (ML),
Purkinje cell layer (PL), granular cell layer
(GL)
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Figure 4. Cross section of the cerebellum of mice ex-
posed to permot leaf extract at a dose of 4000
ppm (x450, HE) showing an increase in white
matter thickness (WM) compared to the con-
trol group, a nucleus of the Purkinje cell
changes shape to become flat and even dam-
aged (PC, arrows), without typical changes in
the granular architecture of the cell layer (GL)
and molecular layer (ML)

Number of Purkinje Cell

Pyrethroid exposure has been reported
to generate reactive oxygen species and the
consequent oxidative stress in various tissues
(Dubey et al., 2012; Dubeyet al., 2013; Fetoui
et al., 2015). Observation of the cross-section
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Figure 3. Cross-section of the cerebellum of control group
mice (x450, HE). Notice: Purkinje cell nucleus
looks round and solid (PC), granule cells (GC)
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Figure 5. Cross section of mice exposed to Transflutrin
3000 ppm (x450, HE), showing a decrease in
the thickness of the granular cell layer (GL),
a decrease in the number of cell bodies in the
molecular cell layer (ML), decrease in Purkin-
je cell layer thickness (PCL), and loss of white
matter (WM)

of the cerebellum of mice in the treatment
group for mosquito coils made from Transfl-
utrin 3000 ppm showed a change in the struc-
ture characterized by the presence of black
spots on the widened and degraded parts com-
pared to the control group and the treatment
313
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group of permot leaf extract up to a dose of
4000 ppm. This is in line with Xu et al. (2015),
that rats exposed to Deltamethrin at a dose of
0.32 mg/kg/day also marked morphological
changes in the size of the cerebellum section
compared to the control group. These changes
are the result of massive cell necrosis, inflam-
mation, or apoptosis (Yuan et al., 2016) in the
cerebellum caused by Reactive Oxygen Spe-
cies (ROS) after being contaminated by syn-
thetic pyrethroid-based insect repellent.

In this study, it was found that inhal-
ing the vapors or smoke of mosquito coils
made from Transflutrin 3000 ppm and permot
leaf extract 4000 ppm could induce selective
structural changes in the Purkinje cell layer of
the cerebellar cortex, where the molecular and
granular layers appeared more, or less normal.
Some of the Purkinje cells shrank with indis-
tinct nuclei, while others did not even exist.
This finding coincides with the results of re-
search by Asari et al. (2008), who reported
that dermally applied pyrethroid-based insect
repellent induces neuronal cell death and Pur-
kinje cell loss. Sinha et al. (2004; 2006) re-
vealed that exposure to even small doses of
synthetic pyrethroids causes high concentra-
tions of these chemicals in the nervous system,
and reaches the blood-brain barrier, especially
during the early developmental period result-
ing in deleterious changes in the nervous sys-
tem and long-term functional disability.

In this experiment, it was found that
exposure to pyrethroid smoke induces accu-
mulation of neuroglial cells around the per-
ikaryon of affected Purkinje cells. This is in
accordance with Asari et al. (2008) who re-
ported an increase in glial fibrillary acid pro-
tein immuno-staining indicating astrocyte
hypertrophy in the cerebellum of adult mice
treated with synthetic pyrethroids.

In normal nerve cells, it was found that
the generation of an action potential by mem-
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brane depolarization involves the opening
of the cell membrane sodium channels with
a rapid increase in sodium influx. Thus, de-
layed closure of sodium channels increases
cell membrane excitability. Pyrethroids were
found to be soluble in the lipid phase of mem-
branes and modify the characteristics of sodi-
um channels in mammalian and invertebrate
neural membranes to delay their closure and
increase cell membrane excitability (Du et al.,
2015; ffrench-Constant et al., 2016; Field et
al., 2017).

Based on the results of the study using
permot leaf extract in graded doses of up to
4000 ppm, histopathological changes in the
cerebellum of mice were observed, such as
narrowing of white matter, reduced cells in
the molecular layer and damage to the nucle-
us of Purkinje cells. This can be caused by the
main chemical composition in permot leaf ex-
tract that can inhibit the activity of the acetyl-
cholinesterase enzyme. Based on Adewusi et
al. (2010), AChE inhibition used parameters
to classify the extracts analyzed were cate-
gorized into strong inhibitors (>50% inhibi-
tion), moderate inhibitors (30-50% inhibition)
and weak inhibitors (<30% inhibition). Thus
according to this study, permot leaf hexane
extract can be considered as strong inhibitor
of AChE.

Acetylcholinesterase (AChE) is re-
sponsible for degrading the neurotransmitter
acetylcholine into choline and acetic acid,
bringing the endpoint for cholinergic neuro-
transmission. This enzyme is distributed het-
erogeneously in the brain showing different
activity depending on the part of the nerve
(Khan et al., 2017). For this reason, AChE is
the main target of a broad spectrum of com-
pounds used as insecticides, neuroprotective
agents, or therapeutic drugs for neurodegen-
erative diseases (Pohanka, 2011).

Soderlund (2010) stated that the tran-
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sient permeability of nerve cell membranes
to sodium ions is responsible for nerve action
potentials which are the basic unit of informa-
tion transfer in neurons. This transient change
in permeability is mediated by voltage-gated
sodium channels that cause proteins in cell
membranes containing intrinsic sodium-se-
lective ion pores to briefly open (activate) in
response to depolarizing changes in the trans-
membrane potential and close (deactivate) by
a mechanism independent of repolarization
membrane. The simplest model for sodium
channel function postulates three different
channel states: closed or resting (available for
activation), open, and not active.

The abundance and diversity of pyre-
throid use contribute to the risk of exposure
and adverse effects in the general population.
The insecticidal action of pyrethroids depends
on their ability to bind to and disrupt the volt-
age-gated sodium channels of insect nerves.
Sodium channels are also important targets
for the neurotoxic effects of pyrethroids. Other
mammalian targets, particularly voltage-gat-
ed calcium and chloride channels, have been
implicated as alternative or secondary sites of
action for exposure to pyrethroid-based insec-
ticides (Soderlund, 2012).

Venegas et al. (2014) revealed that
when low concentrations of pyrethroids were
added to cultured rat cerebellar Purkinje neu-
rons, repeated discharges in nerve fibers and
nerve terminals occurred with severe disrup-
tion of synaptic transmission, but this effect
on cultured neurons could be reversed by
washing with solution pyrethroid free. This
implies that an alteration on the GABA recep-
tors can affect the cerebellar circuits and the
cerebellar cell population, which can induce
a decrease in the Purkinje cell population and
GABA dependent Cl- channels, as observed
in the present study. A cypermethrin effect on
GABA levels was showed in rats exposed to

Jurnal Biodjati 7(2):309-318, November 2022

the insecticide to a single dose of 145 mg/kg,
producing a significant decrease in the con-
centrations of the neurotransmitter (Manna
et al., 2006b). In contrast, Srivastava et al.
(2006) stated that there were no major side
effects in adult rats suggesting the safe use of
pyrethroid-based insect repellents.

CONCLUSION

The safe and effective dose of mosquito
coils made from permot leaves was less than
4000 ppm, because exposure to doses of more
than 4000 ppm can cause degenerative chang-
es in the cerebellar cortex of mice.
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