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ABSTRACT

Introduction: Among synthetic pyrethroids, allethrin is widely
used as active ingredient in mosquito coils. Many experimental
studies have proved that pyrethroids cause neurotoxicity and
results into derangements of biochemical enzymes including
oxidative stress markers and antioxidant levels in brain.

Aim: To study alterations in biochemical markers (oxidative
and antioxidant enzymes) in cerebellum of male albino Wistar
rats induced by the exposure of allethrin-based mosquito coil
smoke along with protective role of withdrawal and exogenously
administered vitamin C on these markers.

Materials and Methods: This experimental study was conducted
in the Department of Anatomy, King George’s Medical University,
Lucknow, Uttar Pradesh, India, during October 2014-September
2015. Total 42 male albino Wistar rats were divided into four
groups. The first group contained 12 rats was used as control,
group Il with 12 rats was given 8 hours daily exposure of allethrin-
based mosquito coil smoke via whole body inhalation for 6 days
in a week for a total of 12 weeks. Group Ill contained eight rats
and was given exposure same as group Il and were further kept
for 8 weeks to see the withdrawal effect. Group IV with 10 rats was

An Experimental Study

given same exposure as group I, along with oral administration
of 20 mg/kg body weight vitamin C. After 12 weeks of exposure,
cerebellum was dissected and then sent for biochemical enzyme
estimation. Rats in group Il were dissected after 8 weeks post
12 weeks of exposure. Comparisons were made between groups
by using one way Analysis of Variance (ANOVA).

Results: The exposure Group Il showed significant rise (p<0.001)
in level of oxidative stress marker enzyme Malondialdehyde
(MDA) and significant (p<0.001) reduction in activities of
antioxidants Glutathione Peroxidase (GPO), reduced Glutathione
(GSH), Superoxide Dismutase (SOD) and Catalase (CAT) in
comparison to Group I, lll and IV. In vitamin C administered
group IV the above parameters were found to be less affected.
Intergroup comparison of oxidative stress markers level showed
significant intergroup difference between group |, Il, group I, IlI
and group I, IV.

Conclusion: Allethrin-based mosquito coil smoke causes oxidative
stress in cerebellum of albino Wistar rats and vitamin C has
ameliorative effect on biochemical alterations induced by sub-
chronic whole body exposure of mosquito coil smoke.

Keywords: Antioxidants, Ascorbic acid, Neurotoxicity, Oxidative stress, Pyrethroids, Subchronic

INTRODUCTION

Mosquito coils are effective against genera of mosquitoes including
Aedes, Anopheles and Mansonia [1]. Mosquito coils are burned
indoors and outdoors mostly in East Asia, uses are limited to
some extent in other parts of world. In tropical countries, the use
is widespread and the population is exposed during night hours
throughout the year along with children [2]. Synthetic derivatives
of pyrethrum are pyrethroids and are most widely used class of
insecticides worldwide. Most common active ingredient in mosquito
coil are various pyrethroids among which first discovered synthetic
pyrethroid named allethrin and esbiothrin are used most frequently
[3] . Most mosquito coils sold in India contain allethrin concentration
0.05-0.1% w/w is reported to be a weak to moderately toxic
pyrethroid with inhalation LC50 >1500 mg/m? in case of rat and
mice [4].

Synthetic pyrethroids are reported to increase lipid and protein
oxidation and induce GSH depletion in cerebellum of adult rats
[5]. Oxidative stress is initiated by formation of free radicals and
reactive oxygen species which attack glial cells and neurons leading
to damage [6]. It is well known fact, that, some organs are more
sensitive to adverse conditions than others. Incidence of pyrethroid
induced neurotoxicity has increased as brain is primary target of
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synthetic pyrethroids [7]. Pyrethroids are relatively more hydrophobic
as compared to other classes of insecticides and biological
membranes are vulnerable target for them [8,9]. Pyrethroids have
propensity to cause significant damage in rat brain, associated with
marked perturbations in oxidative defence system [10].

Antioxidants are produced either endogenously or received from
exogenous sources and are further supported by enzymes like SOD,
CAT, GPO/GPX and reduced GSH and all these act synergistically to
remove free radicals produced during oxidative stress [11]. Lamda
cyhalothrin (a synthetic pyrethroid) induced cerebellum damage in
adult rats by oxidative stress and vitamin C played a protective role
as antioxidant [5].

Inhalation of fumes of mosquito repellent like liquid vaporizers may
get entry into the brain by breaching the developing blood-brain
barrier, hence deleterious to developing nervous system and can
lead to long-term functional deficits [12]. The mosquito repellent
inhalation in rats during early prenatal/postnatal and perinatal life
have many adverse effects, leading to central nervous system
abnormalities and if a similar mechanism operates in humans they
are also vulnerable target [13]. Despite of known neurotoxic role
of allethrin, studies specifically focusing on biochemical enzymes
alteration in cerebellum, withdrawal effect and role of exogenously



Ranjana Sachan et al., Antioxidant Effect of Vitamin C on Enzymes after Exposure to Allethrin-based Coil

administered antioxidant are scarce. Most of the previous reports
are based on experiments on immature animals and other routes
of exposure and not via respiratory route, though it is the common.
With all these known facts, the present experimental study aims
to analyse the protective role of vitamin C and role of withdrawal
on the pyrethroid induced toxicity in rat cerebellum. Vitamin C is
most widely used antioxidant in general population mainly obtained
via citrus fruits. Water soluble tablets are easily available and
administrable to experimental rats.

MATERIALS AND METHODS

The present experimental study was conducted in the Department
of Anatomy, King George’s Medical University, Uttar Pradesh, India
in collaboration with Department of Biochemistry during the period
October 2014 to September 2015. Approval of Institutional Animal
Ethical Committee (Project no. 58/IAEC/2014, Ref.no.66/IAH/Pharma-
14) was taken prior to start of the present study.

Inclusion criteria: A total of 42 healthy male albino Wistar rats aged
2-3 months, weighing approximately 250 to 300 grams were used
for study and randomly divided into four groups.

Exclusion criteria: Female rats were excluded because of their
cyclic hormonal variations.

Study Procedure

Male albino Wistar rats were obtained from Industrial Toxicological
Research Centre (ITRC), Lucknow. Total 42 rats were taken for the
study and they were acclimatised for two weeks and then on the
basis of mean body weight, they were randomly divided into four
groups. No prior sample size calculation was done. It was done
on the basis of general rule of thumb for experimental study with
minimum sample size (n>5) in each group. They were kept in
polyethylene cages of size 15x12x8 inches in groups of four rats in
each cage. Animals were fed on standard pellet diet 5 gm/rat/day
and water was given ad-libitum.

Distribution in different groups: Animals were divided into four

groups:

1) Group I- contained 12 rats with no exposure. It was control
group.

2) Group IlI- contained 12 rats and were given 8 hours daily
exposure via nose and whole body inhalation for six days in a
week for total 12 weeks.

3) Group lll- contained eight rats and was given same exposure
as group Il and this group was further kept for 8 weeks without
any exposure to see the withdrawal changes.

4)  Group IV- contained 10 rats and were given exposure same as
group Il along with oral administration of vitamin C in a dose
20 mg/kg body weight once daily for 12 weeks.

For identification of individual rat common picric acid solution was
applied on different sites of body of individual rat.

The present study has followed standard criteria for realistic room
condition for exposure considering the information provided by
Achmadi UF and Jpauluhn J [14].

Mosquito coil: Mortien Power Guard was the coil brand used in our
study as it is commonly used. Length and weight of d-trans allethrin-
based coil was measured to be 15 cm and 12 grams and as per
product details each coil is supposed to burn for 8 hours continuously.
The chemical composition of mosquito coil which is mentioned on
the product in terms of w/w is as follows, 0.1% w/w d-trans allethrin
with some other major constituents like coconut shell powder 40%
w/w, wood binder, starch binder 10.0%, Genopol LO 88 emulsifier
0.1% w/w, red dye 0.1% w/w, fragrance 0.5% w/w, sodium benzoate
0.3% w/w, potassium nitrate 0.1%, and jiggat (joss) 6.0%.

Mode of exposure of mosquito coil smoke: The dimensions of
the room used for exposure were 9.5x9.0x9.0 feet. The room was
properly ventilated. Group I, Il and group IV were kept in this room
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and were given 8 hours daily whole body inhalation of mosquito coil
smoke for 6 days in a week for a total of 12 weeks. The mosquito
coils were burnt from 9 am to 5 pm to mimic the human exposure
of 8 hours daily.

Vitamin C: A 500 mg vitamin C chewable tablet Limcee with ascorbic
acid IP 100 mg and Sodium Ascorbate- IP 450 mg (equivalent to
400 mg of ascorbic acid) were used.

Dose calculation and administration of vitamin C: Prior to
administration of recommended dose of vitamin C, weight of each rat
of group IV was recorded on electronic weighing machine. A freshly
prepared aqueous solution of vitamin C was orally administered in a
dose of 20 mg/kg body weight (Recommended dose for human is
10 mg/kg body weight). For dose calculation, agqueous solution of
500 mg vitamin C tablet was prepared, in 10 mL of water, so 1 mL
of this solution contained 50 mg of vitamin C. A rat approximately
weighing 250-300 mg required 5-6 mg of vitamin C which was present
in approximately 0.1-0.12 mL of solution [15]. Required solution was
repeatedly filled in 1 mL syringe and was orally administered to each
rat of group IV with help of rat feeding cannula attached to syringe.

Sample procurement for biochemical assay: After completion of
12 weeks control group and exposure group Il and group IV were
euthanized by cervical dislocation as per Committee for the Purpose
of Control and Supervision of Experiments on Animals (CPCSEA)
guidelines [16]. Group Il rats were dissected after 8 weeks of
withdrawal. After giving midline incision in head and neck, the skull
cap was removed with the help of bone nibbler, toothed forceps,
scissors and cerebellum was separated from brainstem and quickly
removed then taken to Biochemistry Department in pre-cooled
normal saline containing glass bottle where it was kept in deep
freezer at -80°C for further biochemical enzymes assay.

Biochemical enzyme assessment: About 10% (w/v) homogenate
of cerebellum was prepared with the aid of York’s homogeniser
fitted with Teflon plunger in 0.1 M Phosphate buffer (pH 7.1) as
per requirement. The whole homogenate was first centrifuged at
2500 rpm for 10 minutes, nuclear and cellular debris at bottom were
discarded and the supernatant was centrifuged at 11,000 rpm for
15 minutes, the obtained clear supernatant was further centrifuged
at 105,000 rpm for 90 minutes, the final resultant supernatant was
used for enzyme estimation. Lipid Peroxidase (LPO) level estimation
(N mol MDA/mg of protein) was done by method given by Ohkawa H
etal., [17]. The CAT estimation (unit/mg protein) was done according
to Aebi method [18]. SOD estimation was done according to the
process defined by McCord JM and Fridovich |. For estimation of
reduced GSH and GPO, Ellman GC, Paglia and Valentine methods
were used, respectively [19-21].

STATISTICAL ANALYSIS

The statistical analysis was done by using Statistical Package of
Social Sciences (SPSS) version 16.0. For comparison between
groups, ANOVA and Turkey HSD tests were employed. Turkey
Honest Significant Test is post HOC test that ensure low type 2 error
and the sample size was small, hence we required a comparative
test that could show only Honestly Significant Difference (HSD).
The values were represented in frequency and percentage and
Mean+SD. p-value <0.05 was considered statistically significant.

RESULTS

During the study, the expiry of experimental rats was observed,
in group | two rats, group Il four, group lll two and in group IV
only one rat was expired. So, the survival rate in groups ranged
from 66.7% in group Il to 90% in group IV. In [Table/Fig-1], mean
LPO/MDA levels ranged from 1.87+0.90 in vitamin C administered
(group 1V) to 4.85+1.18 in exposure (group ll), thereby showing
statistically significant intergroup differences (p<0.001). Mean LPO/
MDA ranged from 2.01+0.07 in withdrawal (group Ill). Mean GPO/
GPX levels ranged from 24.79+5.17 in exposure (group ) to
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Control (Group I) (n=10) Exposure (Group Il) (n=8) | Withdrawal (Group Ill) (n=6) | Vitamin C exposure (Group IV) (n=9) | Statistical analysis
Parameters Mean SD Mean SD Mean SD Mean SD F p-value
LPO/MDA 2.14 0.37 4.85 1.18 2.01 0.07 1.87 0.90 27.06 <0.001
GPO/GPX 43.09 3.60 24.79 517 37.90 5.14 37.52 5.90 20.97 <0.001
GSH 43.92 4.03 28.07 13.34 33.04 5.50 35.15 7.38 5.79 0.003
Catalase 2.91 0.54 1.87 0.49 2.51 0.41 2.36 0.43 7.20 0.001
SOD 2.86 0.38 1.51 0.33 2.60 0.37 2.54 0.41 18.77 <0.001

[Table/Fig-1]: Intergroup comparison of Oxidative Stress Markers and antioxidant enzyme levels between control, exposure, withdrawal and vitamin C administered groups.

For analysis, N=33, p-value <0.05 was considered statistically significant

[Table/Fig-2]: Intergroup comparison (Tukey HSD test).

lvsll lvs il lvs IV vs lvs IV llvs IV
Parameters | Mean | SE | p-value | Mean | SE | p-value | Mean | SE | p-value | Mean | SE | p-value | Mean | SE | p-value | Mean | SE | p-value
LPO 271 1037 | <0.001 | 0.13 | 0.40 | 0.988 0.26 | 0.36 | 0.880 2.84 | 0.42 | <0.001 297 | 0.38 | <0.001 | 0.13 | 0.41 | 0.988
GPO/GPX 18.30 | 2.35 | <0.001 | 5.18 | 2,56 | 0.203 557 | 228 | 0.091 | -1311 | 2.68 | <0.001 | -12.73 | 2.41 | <0.001 | 0.38 | 2.62 | 0.999
GSH 16.85 | 3.92 | 0.002 | 10.87 | 4.27 | 0.073 8.76 | 3.80 | 0.119 -4.97 | 4.46 | 0.683 -7.08 | 4.01 | 0.310 | -2.11 | 4.35 | 0.962
Catalase 1.04 | 0.23 | <0.001 | 0.40 | 0.25 | 0.380 0.556 | 0.22 | 0.079 -0.64 | 0.26 | 0.083 -0.49 | 0.23 | 0.170 0.15 | 0.25 | 0.933
SOD 125 | 0.18 | <0.001 | 0.16 | 0.19 | 0.851 0.22 | 017 | 0.591 -1.09 | 0.20 | <0.001 | -1.08 | 0.18 | <0.001 | 0.06 | 0.20 | 0.989

p-value <0.05 was considered statistically significant

43.09+3.60 units in control (group 1), thus showing statistically
significant intergroup difference (p<0.001). Mean GSH levels ranged
from 28.07+13.34 units in exposure (group Il) to 43.92+4.03 units
in control (group |). Statistically, the intergroup difference was significant
(p=0.0083). Mean CAT levels ranged from 1.87+0.49 unitin exposure
(group 1) to 2.91+0.54 units in control (group ). Statistically, the
intergroup differences were significant (p=0.001). Mean SOD level
ranged from 1.51+0.33 in exposure (group Il) to 2.86+0.38 units
in control (group ).

In [Table/Fig-2] between exposure group Il and withdrawal group |lI
a significant difference was observed only for LPO/MDA, GPO/GPX
and SOD. For LPO mean value in exposure group Il were higher
as compared to that in withdrawal group lll, for other parameters
mean value in withdrawal group Il was higher as compared to
exposure group Il (p<0.05). Between exposure group Il and vitamin
C administered group IV a statistically significant difference was
observed for all the parameters except GSH and CAT. For GPO/
GPX and SOD mean value in exposure group Il was lower as
compared to vitamin C administered group IV. For LPO mean value in
exposure group Il was higher as compared to vitamin C administered
group IV (p<0.001).

DISCUSSION

In the present study, LPO/MDA, a marker of lipid peroxidation
was found to be significantly higher in cerebellar homogenate
of exposure group Il in comparison to withdrawal group Il and
vitamin C administered group IV. The LPO is the end product of
lipid peroxidation which produces reactive oxygen species by
degrading Polyunsaturated Fatty Acid (PUFA) in brain [22]. The free
radicals produced during oxidative stress can destroy protein, lipids
and DNA by attacking on cell membrane by increasing its fluidity
[23]. Inhaling mosquito coil smoke causes significant histological
damage in rats’s lung and kidney but least effect on their heart [24].
Mammalian neurotoxicity of pyrethroids has been well-documented
and review regarding toxicity, metabolism and actions are available
[25]. The probable cause behind neurotoxicity may be presence of
high levels of PUFA in brain owing to increase sensitivity of it to toxic
insults [26].

Significantly, higher brain markers of lipid peroxidation and protein
oxidation were observed in lambda-cyhalothrin (LTC) (a synthetic
pyrethroid) intoxicated rats as compared to control rats [27].

In present study, also decreased level of antioxidative enzymes
(GPO, GSH, SOD and CAT) in exposed group Il could be due to
high utilisation of these enzymes for conjugation or its involvement
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in neutralising increased free radical species. Pyrethroids have
propensity to cause significant oxidative damage in rat brain and is
associated with marked pertubations in antioxidant defense system
[10]. The second line of antioxidant such as GPO is activated when
SOD, CAT are saturated [28]. This decrease in antioxidant enzyme
levels also reflects antioxidant mechanism failure to overcome
influx of ROS induced by toxins exposure as LTC exposure in rat
brain tissue [29]. Pyrethroid are known to increase lipid and protein
oxidation by inducing GSH depletion in cerebellum of adult rats
and these effects can be neutralised by antioxidant like vitamin
C [5]. Non enzymatic antioxidant like vitamin A, C, E, GSH and
trace elements like zinc and selenium are shown to scavenge free
radicals and reactive oxygen species [30]. The protective effect
of ascorbic acid (AA/VitC) and alpha tocopherol (E-307/Vit E) at
100 mg/kg oral doses administered daily for entire period of toxicant
exposure of 3 weeks to experimental mice of 3-4 months and
weight=30 gm ameliorated the tissue damage as observed through
histopathological examination [31]. In present study, even lower
dose (20 mg/kg body weight) of vitamin C has shown protective
effect on biochemical markers.

In present study, in comparison to exposure group I, significantly
decreased LPO/MDA levels were found in vitamin C administered
group IV. Partial recovery of antioxidant levels was seen in group Il
after withdrawal of 8 weeks, these levels were significantly increased
in vitamin C exposed group IV. Both the results indicate recovery by
exogenous administration of vitamin C and also due to withdrawal.
In the present study, the biochemical estimation revealed increased
level of LPO (a marker of oxidative stress) in exposed group I, in
comparison to control group I. In comparison to control group |, LPO
level was also increased in withdrawal group Il but this increase was
lower than exposure group Il. In vitamin C administered group IV this
increase in LPO level was less in comparison to only exposure and
withdrawal groups as well. This result clearly indicates importance
of role of vitamin C as antioxidant against oxidative stress. The levels
of different antioxidants GPO, GSH, SOD, CAT were found to be
significantly decreased in group Il in comparison to control group.
In exposure plus vitamin C administered group, levels were similar
to control group. There is defensive function of vitamin C against
biochemical changes triggered by pyrethroid-based mosquito coil
smoke on testis of albino rats [32].

Present study is different as it has also included the effect of
withdrawal from exposure and role of vitamin C on cerebellum
(to evaluate neurotoxic role) of albino rats. Withdrawal group
also showed recovery of antioxidants levels. So in present study,
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