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ARTICLE INFO ABSTRACT

Article History Background: Fipronil (FPN) is a widely indoor and agricultural used
Received:2/4/2023 insecticide that is used by farmers all over the world. However, its
Accepted:9/5/2023 jncorrect use leads to the contamination of water and soil, so it became

Available:16/5/2023  toyic to animals and humans. Vitamin E (VIT. E) is a fat-soluble vitamin

in which its main role is to act as an antioxidant, removing free radicals

K_eywo_rds: .. that can destroy cells. So it is recommended for pregnant and lactating
Fipronil- Vitamin  yomen, old age people and atherosclerotic patients. Aim of the work:
E -Insecticide- studying the neurotoxic influence of Fipronil and the possible protective
caspase. role of Vitamin E. Material and methods: this study was done on 30

adult rats divided equally into 3 groups: control group; with no
intervention, 2nd group Fipronil; they were treated with Fipronil (20
mg/kg) daily orally for 5 days only, 3rd group (Fipronil + VIT.E); where
the rats treated with VIT.E (1000 mg/kg) daily orally for 2weeks +Fipronil
in the last 5days.the rats were anesthetized 24 hrs after the last dose and
then sacrificed, and sections from the cerebellum were taken for the
histological and immunohistochemical study. Results: Fipronil group
showed destruction in the cells of the cortex with wide spaces in between.
The positive reaction appears with caspase in this group, while less B-cell
lymphoma-2 (Bcl-2) expression was noticed in this group, the 3rd group
showed less destruction with Vitamin E intake. Conclusion: Fipronil is
a toxic reagent and should be used with limitations; Vitamin E is a good
antioxidant that should be used.
INTRODUCTION

Fipronil (5-amino-1-(2, 6-dichloro-a, a, o-trifluoro-p-tolyl) - trifluoromethyl
sulfinyl pyrazole-3-carbonitrile) is a widespread insecticide which is a part of the family
of phenylpyrazoles that acts well in the control of either indoor or agricultural pesticides
(Tingle et al.,2003; Bonneau et al.,2015; Mossaa et al.,2015). It affects Gamma amino
butyric acid (GABA) chloride receptors in insects which leads to neurogenic alteration
and death (Gupta and Anaddn,2018). In World Health Organization (WHO) it is
classified as Class Il toxicity (Saleh et al.,2020).

Their popularity is largely due to their easy application and their high toxicity
to invertebrates, their spread to all organs needed, and their long persistence. However,
they have the disadvantage of the probability of environmental contamination and
exposure to other non-wanted organisms (Bonmatin et al.,2015). FPN is known to be
less toxic in humans than insects, (Zhao et al.,2003) but it has a toxic effect on rats in
doses of 40 to 100 mg/kg body weight according to US Environmental Protection
Agency (2002).
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Therefore, it may be more
dangerous to humans than we expect
(Rose et al.,1999). Oxidative stress and
mitochondrial damage are the main
causes of neurotoxicity induced by FPN
(Seydi et al.,2021). Neuronal cell death
and even apoptosis arbitrated by FPN are
due to the production toxic substances as
reactive oxygen species (ROS) and also
triggering of mitogen-activated protein
kinase (MAPK) members (Ki et
al.,2014). These ROS disturb the
mitochondrial membrane permeability
and so hinder the expression of some
genes like (BCL-2) as an example, also it
activates the Caspase cascade which
leads to cellular apoptosis (Orrenius et
al.,2007). Vitamin E considered as one
of the common lipid-soluble
antioxidants, it exists in eight chemical
forms that have multiple biological
activity; a-tocopherol is the most active
form of VIT. E: The antioxidant
mechanism of action of it is by protecting
the cell membranes from free radicals
that generate from polyunsaturated fatty
acids and by scavenging the superoxide
and hydroxyl radicals (Lee and
Ulatowski, 2019; Traber and
Bruno,2020; Atkinson et al., 2008).

The mechanism of entry of
VIT.E into the central nervous system is
due to VIT.E receptor class B type 1
(SRB1) levels (Goti et al.,2001). It is
noticed that VIT.E concentration in the
membrane of the cerebellum and
striatum was more than any other region
in the brain so it affects especially their
function  (Mohn et al.,2017).In
Alzheimer's Diseased Patients, long-term
therapy with VIT.D and E either
separately or both caused decreased
morphological alteration of neurons and
ameliorate learning and memory
disorders, VIT. E is also said to prevent
the memory of affection associated with
post-traumatic stress disorder (PTSD)
(Mehrabadi and Sadr,2020; Ahmed et

al.,2020). SO foods with high
concentrations of VIT.E are
recommended as Nuts, seeds, and
vegetable oils, also green leafy

vegetables have good amounts of it (U.S.

Department of Agriculture, 2019).

Aim of the Work: evaluation of the

neurotoxic effect of Fipronil and the

possible protecting role of VIT.E
MATERIALS AND METHODS

Chemicals and Drugs:

Fipronil: with a trade name
(cockroach killing bait) manufactured by
jingda road jinxing industry park,
chinal00162, applied from the local
market of
pesticides.

VIT.E: tablets (400mg), manufactured
by Pharco Pharmacy, bought from a local
pharmacy
Animals:

This study was done on thirty
adult male albino rats aged 2-3 months
and has a weight of 150-200 gm. They
were all gained from the animal breeding
house of Sohag University. Then were
reared in cages under standardized
temperature and light conditions
according to the Institutional Animal
Care and Use Committee (IACUC) at
Sohag University with ethical approval
number 5-12-2022-3. They were fed the
normal rodent diet and water.
Experimental Design:

Acclimatization for 1 week
before the experiment was done for rats,
then rats were divided equally into 3
main groups: Group I: The Control
group: which was 2ry divided into 2
equal groups each group had 5 rats.
Subgroup 1A: left with the normal diet
and water without any intervention
(negative  control).  Subgroup IB:
received corn oil only once daily by oral
gavage (positive control for both Fipronil
and Vit E). Group II: received Fipronil
daily in a dose of 20 mg/kg, 1/5 the lethal
dose, once daily orally for 5 days only (
Chagnon et al.,2015). Group Il received
1ry Vit E at a dose of 1000 mg/kg once
daily for 2 weeks then Fipronil added to
them at the same dose of the previous
group once daily orally at the last 5 days
only (Selim et al.,2017). After 24 hrs
from the last dose, the rats used were
anesthetized, sacrificed, then dissected
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and samples from the cerebellum were
taken.

Histopathology and
Immunohistochemistry:

Sample preparation for light
microscopic study: 1% step was fixation
in 10% neutral buffered formalin, then
they were washed under running water,
immersed in alcohol at serial dilutions
then in paraffin, then slices of 5-7 pm
thickness were cut and examined with a
light microscope after staining with
Hematoxylin ~ and Eosin (H&E)
(AlBasher et al.,2020).

For the immunohistochemical
study with BCL-2, cerebellar sections
were dehydrated with graded ethyl
alcohol. Next, slide heating was done at
121 °C for 5 min in distilled water for
antigen retrieval. At last, the slide was
incubated with BCL-2(Banu et al.,2011).

For an immunohistochemical
study with Caspase-3 which is used as an
indicator for apoptosis, sections were
bathed in phosphate-buffered saline for
5mins, then incubated with the anti-
Caspase-3 antibody at 1:200 dilution at
4°C overnight then bathed with (1:500)
secondary antibody for 1hr in room
temperature. Samples after that were
incubated in 3,3-diaminobenzidine for 10
min, counterstaining with Mayer's
hematoxylin stain (TA060-MH) was
done lastly. A positive reaction could be
seen as brown discoloration.
Morphometric and Statistical Study:

The following measures were
taken: thickness of the Purkinje layer,
area percent of caspase and bcl-2
expression. For each section, 10 non-
overlapping fields were taken. For the
thickness of Purkinje layer we used
sections of H and E magnification of 400,
and for area percent of antigen
expression we used sections with
magnification 200. This was assisted by
using Image J software (version 1.51Kk).
The meant SD (Mean = standard
deviation of the mean) was measured by
SPSS program version 16. one-way
analysis of variance (ANOVA) test was
used, if it was statistically significant (P
value <0.05) the post-hoc test would be

used to discover the statistical difference

among them (Stenberg et al.,2012).
RESULTS

Light Microscopic Results:

A. The positive and negative control

gave no different results so they were all

considered as control group.

The cerebellar cortex of control
rats was seen formed of three layers; an
outer molecular layer; a middle Purkinje
cell layer; and an inner granular layer.
The outer molecular layer appeared as a
thick outer layer containing scattered
nuclei of different sizes & shapes, either
elongated, rounded, or satellites in shape.
The Purkinje cell layer looked as a single
row of nuclei in the deepest part of the
molecular layer and just above the
granular cell layer, Purkinje cells were
large, with a piriform "flask™ shape and
relatively large nuclei. The granular cell
layer was the deepest layer appeared, it
was crowded with cells which were
clumped in groups, with small rounded
cell bodies (Figs. 1A and B).

B- Treated group Il (fipronil):
Molecular layer appeared less scattered
with empty spaces in comparison with
the control, Purkinje cell layer showed
marked destruction with multiple empty
spaces, some Purkinje cells were
shrunken with pyknotic nuclei, the
granular cell layer still be seen as groups
of small sized darkly stained cells (Figs.
2A and B).

C- Treated group Il (Fipronil +
VIT.E):

Showed less destruction than
group (I1) in all different layers, the
molecular layer changes were near the
control group, the Purkinje layer showed
less destruction with some pyknotic cells
was founded, and the internal Granule
layer was near the control group (Figs. 3
A and B).

With Immunohistochemistry:
(Caspase-3): Highest reaction (brown
stain) was seen in the Fipronil group in
comparison with with control group
which showed a minimal reaction, and
the VIT.E group which showed a less
reaction of the antigen than the Fipronil
group (Figs. 4 A, B and C).
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(BCL-2): Less expression of the gene
BCL-2 was seen in the Fipronil group
compared with the control group which
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the VIT.E group which showed more
expression of the gene than Fipronil
group (Figs. 5 A, B and C).

showed high expression of the gene, and
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Fig. 1: Photomicrographs of a sagittal section of adult control cerebellum showing the
three cortical layers, clear molecular layer (ML), Purkinje layer (PL) differentiated from
other layers, and internal Granule layer (IGL), white matter (WM) H&E(A X200), (B

Fig. 2: Photomicrographs of a sagi
(A) less scattered cells appeared in the molecular layer (ML), Purkinje cell layer showed
marked destruction with multiple empty spaces (arrows), internal granule layer (IGL)
appeared crowded with cells, white matter (WM) H&E (X200). With high
magnification (B) scattered cells appeared in the molecular layer (ML), Purkinje cell
layer was markedly destructed (arrows), and multiple degenerated cells (DP) some
were pyknotic (PP), internal granule layer (IGL) appeared crowded with cells H&E
(X400) scale bar =50um.
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Flg 3: Photomlcrographs of a sagittal section of Flpronll and VIT.E treated cerebellum
cortex of group (111): (A) showed less destruction than group(ll) in all different layers:
the molecular layer (ML) appeared near the control group, Purkinje layer (PL) showed
less destruction with some pyknotic cells (PP), internal Granule layer (IGL) was the
near control group. H&E (X200). With high magnification (B) showed near normal
appearance in the molecular layer (ML), Purkinje cell layer (PL) was less destructed
than Fipronil treated group, some cells showed pyknosis (PP) and the internal granule
layer (IGL) was near to the control group H&E (X400) scale bar =50um.
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Fig. 4 Photomlcrographs of the sagittal section of the cerebellum of the control rat Wlth

caspase-3 showed low expression of the antigen (A). more expression of caspase-3 in

the three layers; molecular layer (ML), Purkinje cell layer (PL) and internal Granule

layer (IGL) in group (I1) (B). less expression to caspase-3 than Fipronil group (PL) in

group (I11) (C) (X200) scale bar =50um.
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Fig. Photomlcrographs of sagittal section of the cerebellum of the control rat showed
a week positive reaction to bcl-2(A). Fipronil group showed a negative reaction to bcl-
2(B). Fipronil and VIT.E group showed a positive reaction to bcl-2(C) (X200) scale bar
=50um.

Statistical Results:

1. The mean thickness of the Purkinje
layer in the control group was
87.4661+9.43775 pixels, while in group
Il (Fipronil) was 54.3331 +7.67882
pixels, there was a highly significant
decrease in group Il (Fipronil) than the
control group (p<0.000), the thickness
increased highly in group 1l (VIT.E)
65.0278 + 11.71988pixel than group Il
(p<.003), but decreased highly from the
control (p<0.000) (chart 1).

2. The mean area percent of caspase
expression was 8.7840 +.78507 in the
control group, while in Fipronil group it
was 18.7367+3.39804 with  high
significant increase than the control

(p<0.00). The mean area percent in
Fipronil +VIT.E was 12.0902 *.13545
with a highly significant decrease than
group II (Fipronil) (p<0.00), but also a
highly significant increase than the
control group p<0.00 (chart 2).

3. The mean area percent of bcl-2
expression was 8.7624 +.65449 in
the control group, while in Fipronil group
it was 4.0982+.69836 with highly
significant decreases from the control
(p<0.00). The mean area percent in
Fipronil +VIT.E was  7.5812+%
.52820with highly significant increase to
group II Fipronil (p<0.00), but also a
significant decrease than the control
group (p<0.00) (chart 3).
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DISCUSSION

Fipronil is a widespread
pesticide in agriculture, domestic, and
household environments because of its
spread, its high toxicity, and easy
application. However, it is highly toxic
not only to target organisms but its
toxicity is environmentally wide and
other non-target organisms can be
affected (Badgujar et al., 2015; Das et
al.,2006). The present study was done
on the effect of FPN on cerebellar tissue
and the possible protective effect of
VIT.E on it by histological and
immunohistochemical study. In this
study rats treated with FPN expressed
cell destruction and degeneration in cells
which was accepted by Mahmoud et al.
(2021) who studied the effect of FPN on
the cerebral cortex and showed
neurocytic degeneration with necrotic
changes as represented by pyknotic and
hyperchromatic nuclei. Also Elshony et
al. (2021) said that the FPN group
revealed shrunken Purkinje cells and loss
of dendritic arborization. This may be
due to oxidative stress which has been
approved as one of the major causes of
neuronal loss (Ogaly et al.,2015). FPN is
considered one of the most neurotoxic
insecticides used by farmers Al-Harbi,
(2016) and KMaf et al. (2019’ showed
also that FPN can cause nuclear pyknosis
and degeneration in the neurons of the
cerebral cortex, and the hippocampus.

Mahmoud et al. (2021) showed
that exposure to FPN would increase
brain redox balance. Redox balance is
vital for maintaining cellular
homeostasis (Ursini et al. 2016) and
oxidative stress results from an
imbalance between pro-oxidants and
anti-oxidants (Conti et al. 2016). In our
research; the rats treated with FPN
showed more expression of caspase-3,
which means more apoptosis of neuronal
cells, this was accepted by (Khalaf et
al.2019) who showed similar results to
this
study.

Caspase is an enzyme that is
activated in apoptosis after the release of

cytochrome ¢ caused by depolarization
of the mitochondrial membrane due to
oxidative stress (Wang and Youle,2009;
Wang et al.2013) and exposure to
Fipronil is the cause of apoptosis and
increases oxidative stress as seen by
Khan et al. (2015) reported more cell
death by FPN. Vidau et al. (2011 said
that more reduction in the mitochondrial
membrane potential in exposure to
FPN. Wang et al. (2016) reported also
that FPN can cause intrinsic damage to
brain tissue due to the generation of toxic
factors such as reactive oxygen species
(ROS) and/or reactive nitrogen species
(RNS), which are the main causes of
destruction. The BCL-2 protein family
significantly  controls  mitochondrial
integrity.  Intrinsic  apoptosis  via
mitochondrial damage causes reduced
BCL-2 expression in the mitochondria as
said by (Park et al.2016). Bcl-2 is an anti-
apoptotic protein that regulates the
apoptosis process (Liang et al.2001). It
was reported that FPN decreased BCL-2
expression as mitochondrial membrane
potential decreased with an increase in
ROS generation after treatment with FIP
(Zhang et al.2015; Lee and Koh, 2012)
and it is reported that even a high dose of
FIP (50 IM) did not increase Bcl-2
protein expression; which means that a
high dose of FPN might cause cell
damage through another route (Hu et
al.2010). In the present study adding
VIT.E gave us near-normal results either
on H and E stain, or
immunohistochemical. VIT. E is a very
important antioxidant that can prevent
the damaging effects of many toxins and
diseases (Sadeghi et al.2018). As It is
lipid-soluble so it is one of the main
components of the lipid bilayer of the cell
membrane, It also contains hydroxyl
group that acts as a non-radical product
and prevents oxidation by FPN (Niki et
al.2014). These positive results were
accepted by Sadeghi et al. (2019) who
showed that vitamin E decreased signs of
oxidative stress in the brain after
exposure to Polyvinyl Chloride. Also, it
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was approved that vitamin E
administration in  the developing
cerebellum could reduce factors that
induce cell apoptosis (Shirpoor et
al.2009).

VIT.E increased Bcl-2 reaction
while decreasing caspase expression, this
means protection against apoptosis. This
was accepted by Qin et al. (2006) who
said that VIT.E increased the Bcl2 level
in mitochondria, due to suppression of
cytochrome C releases, and as a result
caspase 9 and caspase 3 expression
decreased. Also, Kandeila et al. (2018)
who studied the effect of VIT.E and
wheat on rat Kkidneys treated with
gentamicin using bcl-2, found that bcl-2
levels increased in rats treated with
VIT.E which means more survival and
less apoptosis. The fate of cells whether
to die or live is in direct relation to the
balance between survival and apoptosis
signaling (Banu et al.2011). VIT.E hasa
clear effect on glial cells against toxic
effects of the chemical, metabolic, or
toxic agents by protecting nerve tissues
with clearance of free radicals and also
protecting the cell membranes (Baydas et
al.2003). Due to its antioxidant effect,
VIT.E is advised in the prevention of
numerous possible diseases such as
cancer, arthritis and cataracts which are
associated with reactive oxygen species
molecules (Rizvi et al.2014).
CONCLUSION

Fipronil has a neurotoxic effect
on rat cerebellum and should be used
cautiously; Vitamin E has a protective
effect on cerebellar tissue that should be
taken for protection against pesticides'
neurotoxic effects.

Limitations: Due to the limitation of the
investigations done(limited on
microscopic study only) , more research
is needed to study the toxic effect of
Fipronil on other organs, Vitamin E
needs more research to evaluate its
antioxidant effect against other toxic
pesticides or pollutants.
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