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Abstract 
The objective of the current study is to elucidate subchronic toxic effect of the synthetic pyrethroid, 
flumethrin, on redox status and histopathological changes in different tissues of male albino rats, as 
well as immunohistochemical detection of Caspase 3 in brain and testis, and the potential role of the 
natural polyphenolic flavonoid quercetin to alleviate oxidative stress due to flumethrin toxicity. For-
ty male albino rats weighed 140-150 gm were allocated into four equal groups: group (1) served as 
control, group (2) was administered flumethrin (1mg/kg BW), group (3) was orally administered 
Quercetin (50mg/kg BW) 2hours prior to insecticidal exposure then administered flumethrin (1mg/
kg BW), group (4) was administered Quercetin only (50mg/kg BW).  All treatments were orally ad-
ministered 3 times/week for 4 weeks. Our results revealed a significant increase in Malondialdehyde 
(MDA), significant decrease in Catalase (CAT), Superoxide dismutase (SOD) and reduced glutathi-
one (GSH) in livers and brains of rats treated with flumethrin only. In group administered flume-
thrin, liver, kidney and testis revealed minor histopathological lesions, however prominent brain le-
sions including neuronal degeneration and gliosis were observed. These lesions were attenuated by 
quercetin as evidenced in the group administered quercetin and flumethrin. Caspase 3 was highly 
expressed in brain and testis of flumethrin treated group, while it was poorly expressed in other 
groups. In conclusion, quercetin is shown to modulate the oxidative stress and histopathological le-
sions occurred due to subchronic exposure to flumethrin.                                                                                                                   
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Introduction 
Insecticides are widely used in veterinary med-
icine for controlling ticks, mites and lice.   
These agents are either chemical or biological 
derivation which result in killing the insect or 
preventing it from its behaviours ended with its 
destruction (Ware and Whitacre 2004). The 
pyrethroids are synthetic broad-spectrum     
insecticides similar to pyrethrins which are  
active substances extracted from flower, Chry-
santhemum cinerariaefolium. Pyrethroids are 
grouped into two classes: Type I and Type II 
according to its toxicological and physical 
properties. Flumethrin; (RS)-α-Cyano-4-fluoro-

3-phenoxybenzyl 3-(β,4-dichlorostyryl)-2,2-
dimethylcyclopropanecarboxylate; is a synthet-
ic type II pyrethroids, which has cyano group 
(Thatheyus and Selvam 2013) and it is      
applied topically to cattle, goat and sheep for 
ectoparasite control. Pyrethroids toxicity to 
environment, mammals, humans and aquatic 
animals is well stated. Oxidation product is 
yielded as a result of pyrethroids reaction with 
the air. Moreover, pyrethroids type II with   
cyano group is more toxic than type I as it is 
incompletely excreted resulting in its bio-
retention in stomach and skin (Patel and Patil 
2016). At high doses, neurotoxicity and liver 

https://ipmworld.umn.edu/ware-vita
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hypertrophy are the pronounced effects of   
pyrethroids in acute and sub-acute studies.   
Also, they are irritating to the eyes and skin 
with facial skin sensitization. On the other 
hand, chronic and sub-chronic toxicity         
revealed growth rate reduction, liver enlarge-
ment and an alteration of some liver enzyme 
activities (Thatheyus and Selvam 2013).    
Also, nervous system functions and antioxidant 
enzymes disturbance due to pyrethroid com-
pounds exposure were recorded (Robea et al., 
2017). The neurotoxic effect of pyrethroid 
along its disruption of sodium channels normal 
functioning and interfering with the nervous 
impulse transmission, which lead to repetitive 
nervous influxes or depolarization was studied 
(Soderlund, 2012). Free radicals are produced 
normally as by-products along the physiologi-
cal and biochemical processes in the cell      
beside that, the pollutants exposure and pesti-
cides increase the free radicals overproduction 
that disturbs cellular redox balance leading to 
oxidative damage of cellular biomolecules 
(Halliwell 2006). Oxidative stress induces a 
cellular redox imbalance which has been found 
in various cancer cells (Valko et al., 2006). 
Cells are endowed with antioxidant enzymes: 
catalase, superoxide dismutase (SOD), gluta-
thione-S- transferase (GST) and glutathione 
peroxidase (GPx) which maintain the redox 
balance. Non-enzymatic antioxidants as gluta-
thione, vitamin E, vitamin C, polyphenols and 
natural flavonoids can scavenge these radicals 
(Mytilineou et al., 2002 and Uttara et al., 
2009). The major thiol antioxidant is the 
tripeptide glutathione (GSH); the reduced 
form. GSH is a multifunctional intracellular 
non-enzymatic antioxidant. It is considered to 
be the major thiol-sulphide redox buffer of the 
cell. GSH is highly abundant in the cytosol, 
nuclei and mitochondria. The reduced form of 
glutathione is necessary for DNA repair and 
expression. GSH scavenges hydroxy radical 
and singlet oxygen directly, detoxifying hydro-
gen peroxide and lipid peroxides. Super oxide 
dismutase (SOD) catalyses the dismutation of 
superoxide anion(O2

.-) to oxygen and water, 
also catalyzes H2O2 . Catalase enzyme pro-
motes the conversion of hydrogen peroxide to 
water and molecular oxygen (Valko et al., 
2006). Phenolic compound can regenerate or 

resynthesise GSH after neutralization of reac-
tive oxygen species (ROS) (Lakroun et al., 
2015).  
Programmed cell death (apoptosis) is mediated 
by endoproteases known as caspases. Caspases 
are classified according to their mode of action 
into either initiator caspases (caspase-8 and -9) 
or executioner caspases (caspase-3, -6, and -7). 
Caspase-3 is the mostly activated death prote-
ase which is vital in the process of apoptotic 
chromatin condensation and DNA fragmenta-
tion in all examined cell types (Porter and Jä-
nicke 1999; McIlwain et al., 2015). 

Phenolic compound has the ability to neutral-
ize the ROS which deplete the antioxidant de-
fence (Lakroun et al., 2015). Quercetin (3, 3′, 
4′, 5, 7-pentahydroxyflavone) is a flavanol be-
longs to flavonoids under a class of polyphe-
nol; with a neuroprotective effect toward neu-
rotoxic chemicals and neurodegenerative dis-
eases, in addition to its antioxidant effect 
through its direct antioxidant effect and cellu-
lar defence stimulation (Costa et al., 2016).  
Quercetin is found in apples, onion, raspber-
ries, red grapes, citrus fruit, cherries, broccoli 
and leafy greens. It inhibits angiogenesis 
through interaction with the Cox-2, lipoxygen-
ase-5-enzymes, EGFR, HER intracellular    
signalling pathway and NF-KB nuclear tran-
scription protein. Quercetin may enhance the 
anti-cancer effects of tamoxifen through anti-
angiogenesis (Ma et al., 2004). In addition, 
quercetin able to decrease the number of vacu-
olated cells and the degree of vacuolation in 
liver tissue of diabetic rats (Sirovina et al., 
2013) and attenuates histopathology in a rat 
model of spinal cord injury (Jiang et al., 
2016). Quercetin is a natural antioxidant that 
acts by inhibiting lipid peroxidation through 
inhibition of xanthine oxidase enzyme, directly 
scavenging cytotoxic free radicals (Takizawa 
et al., 2003). It has a potent anti-inflammatory 
activity as it inhibits inducible nitric oxide syn-
thase expression (Comalada et al., 2005). 
Therefore, this study aimed to inspect the pos-
sible protective effect of Quercetin against oxi-
dative stress induced by flumethrin toxicity in 
rats.  
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4nicke%20RU%5BAuthor%5D&cauthor=true&cauthor_uid=10200555
https://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4nicke%20RU%5BAuthor%5D&cauthor=true&cauthor_uid=10200555
https://cshperspectives.cshlp.org/search?author1=David+R.+McIlwain&sortspec=date&submit=Submit
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sirovina%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23357962
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sirovina%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23357962
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Material and Methods  
Animals  
Forty male albino rats with body weight 140-
150 g were purchased from Laboratory Ani-
mals Breeding Unit, National Research Center, 
Dokki, Egypt. Rats were maintained under 
standard hygienic conditions with daily 12 h 
light/dark cycle and free access to food and 
water. The rats were accommodated to labora-
tory conditions for two weeks before beginning 
the experiment. 
 
Chemicals  
Flumethrin1% pour-on solution was obtained 
as Bayticol from KVP Pharma, GmbH. 
Quercetin powder was received as Quercetin 
hydrate 95% through ACROS Company 
(Morris, New Jersey, USA) and dissolved in 
saline in a concentration of 50mg/kg BW ac-
cording to (Zaafan et al., 2013). 
Experimental design 
Rats were randomly grouped to four groups 
each with ten rats. Group (1) kept as control 
and administered saline orally by stomach 
tube, group (2) received field oral dose of 
flumethrin (1mg/kg BW), group (3) (flum.+ 
Quer.) received Quercetin (50mg/kg BW) then 
flumethrin (1mg/kg BW) with 2 hours apart, 
group (4) was given Quercetin (50mg/kg BW). 
All treatments were continued for 28 days and 
administered 3 times/week orally by stomach 
tube.  
Sampling 
All rats were euthanized the day after the end 
of experiment. Livers and brains were immedi-
ately removed and divided into two parts; one 
part kept at -4 0C for the biochemical analysis. 
The other part from brain, liver in addition to 
kidney, and testis were preserved in 10% neu-
tral formalin buffer for histopathological and/
or immunohistochemical examination. 
Biochemical analysis  
Brain and liver tissues were perfused with 
phosphate buffer saline solution pH 7.4 con-
taining 0.16 mg/ml heparin to remove any 
blood cells and clots. The tissue was then ho-
mogenized in 5-10 ml cold buffer per gram 
tissue and centrifuged at 4000 r.p.m for 15 
minutes. After that the supernatant was collect-
ed for estimation of catalase according to 
method described by Aebi, (1984), superoxide 

dismutase (SOD) activities according to Nishi-
kimi et al., (1972), reduced glutathione (GSH) 
according to Beutler et al., (1963) and 
malondialdehyde (MDA) concentrations ac-
cording to Satoh (1987), All tests were per-
formed using commercial kits obtained through 
Bio diagnostic company.  
 
Immunohistochemical study 
Caspase-3 was immunohistochemically stained 
in the brain and testis to detect apoptotic cells 
in different groups using paraffin-embedded 
tissue sections. All procedures were carried out 
according to the manufacturer protocol. Depar-
affinization and antigen retrieval using enzy-
matic method were performed followed by the 
application of the primary antibodies against 
caspase-3 prepared in rabbits (Abbexa, UK). 
To detect primary antibody, Horse Raddish 
Peroxidase (HRP) conjugated anti-rabbit anti-
bodies were used. Diaminobenzidine (DAB) 
was used as a substrate for colour develop-
ment. Harris Hematoxylin was used as a    
counter stain (Ramos-Vara, 2005). Neurons 
and glia cells and spermatogonia in testis stain-
ing brown were considered positive for     
caspase 3. Using image J software, the area 
percent of caspase-3 positive cells was meas-
ured in three images/rat in all groups.  
 
Histopathological examination 
Tissue samples were collected from brain, liv-
er, kidney, and testis of examined rats after PM 
examination and fixed in 10% neutral formalin 
buffer. Samples were then processed by paraf-
fin embedding technique (Suvarna et al., 
2012). Tissue sections about 3 microns thick 
were made using microtome (leica 2135, Ger-
many) and stained by haematoxylin and eosin 
stain. Tissue sections were examined using 
light microscope and photographs of histo-
pathological lesions were captured using digi-
tal camera (Olympus XC30, Tokyo, Japan). 
 
Statistical analysis 
Obtained data were interpreted by one –way 
ANOVA using the SPSS statistical package 
program, and difference among the individual 
means were compared using LSD range test 
(SPSS, 2007). 
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Results 
Biochemical analysis 
The obtained data hereunder in table (1) and 
(2) revealed a significant difference between 
different groups and the flumethrin was able to 
harm redox status of brain and liver tissues as 
it induced an elevation of MDA with decre-

ment of catalase, SOD and GSH. On the other 
hand, Quercetin administration with Flume-
thrin was able to repair the redox status. Also, 
a non-significant change between quercetin 
group and control one was clear.      

Table (1). The effect of Quercetin against oxidative status in brain tissue induced by Flumethrin  

        Parameters 
Group Catalase (Unit/g) SOD (Unit/g) GSH (Unit/g) MDA (n.mol/g) 

Control 2.31± 0.03b 80.40±3.06bc 1.76±0.04b 13.73±0.82a 

Flumethrin 1.84± 0.11a 60.57±3.69a 1.57±0.03a 18.87±1.14b 

Flum. + Quer. 2.21±0.04b 74.20±3.16  1.70±0.04b 15.40±0.77a 

Quercetin 2.36±0.06b 91.73±3.96c 1.82±0.04b 12.68±0.67a 

Values are expressed as mean ± SE with different alphabetical superscript along column are significantly different at (p 
< 0.05) 

Table (2). The effect of Quercetin against oxidative status in liver tissue induced by Flumethrin  

Values are expressed as mean ± SE with different alphabetical superscript along column are significantly different at (p 
< 0.05) 

Histopathological findings  
The livers in the control group were of normal 
histological structure (Fig. 1a) whereas in the 
group treated with flumethrin there was multi-
focal areas of necrotic hepatocytes which were 
infiltrated with mononuclear cells (Fig. 1b). In 
the group treated with flumethrin and quercetin 
(Fig. 1c) and the group treated with quercetin 
alone (Fig. 1d), there were no histopathological 
lesions detected.  
The kidneys in the control group demonstrated 
a normal histological structure (Fig. 1e) where-
as it exhibited hypertrophy of glomerular tuft 
and swelling of the renal tubular epithelium in 
the group treated with flumethrin (Fig. 1f). The 
group treated with flumethrin and quercetin 
(Fig. 1g) was almost comparable to control and 
group treated with quercetin alone (Fig, 1h). 
Histopathological examination of the testis re-
vealed minor changes such as vacuolation of 
sertoli cells in the group treated with flume-

thrin compared to control (Fig. 2a, b). In the 
group treated with flumethrin and quercetin, 
the vacuolation of Sertoli cells was less promi-
nent (Fig. 2c) compared to the group treated 
with flumethrin alone. The quercetin treated 
group exhibited normal histological structure 
of seminephrous tubules (Fig. 2d). 
The brain was the most affected organ in 
which there was multi focal gliosis in the cere-
brum in addition to neuronal degeneration and 
neurophagia in the group treated with flume-
thrin compared to control (Fig. 3a, b). The 
group treated with flumethrin and quercetin 
exhibited less lesions (Fig. 3c) compared to 
group treated with flumethrin alone. There 
were less areas of gliosis and degenerated neu-
rons in this group. The quercetin treated group 
exhibited normal histological structure of brain 
(Fig. 3d). 

        Parameters 
Group Catalase (Unit/g) SOD (Unit/g) GSH (Unit/g) MDA (n.mol/g) 

Control 2.61± 0.15bc 93.27±5.87b 3.20±0.05bc 9.68±0.66ab 

Flumethrin 1.84± 0.06a 65.98±5.71a 2.61±0.07a 15.88±0.95c 

Flum. + Quer. 2.32±0.07b 85.97±4.65b 3.06±0.09b 12.23±0.88b 

Quercetin 2.80±0.12c 95.10±3.16b 3.40±0.06c 7.99±0.59a 
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Figure (1). Histopathology of liver and kidney of rats. Liver: (a) Normal histological structure of liver in control group. 
(b) Focal area of necrosis with mononuclear cell infiltration (arrow) in group treated with flumethrin. (c, d) normal histo-
logical structure of liver in both groups treated with quercetin with or without flumethrin. Kidney: (e) Normal histologi-
cal structure of kidney in control group. (f) hypertrophy of glomerular tuft (arrow) and swelling of renal tubular epitheli-
um in the group treated with flumethrin (g) which was less severe in the group treated with flumethrin and quercetin. (h) 
Normal histological structure in the group treated with quercetin.  Haematoxylin and Eosin stain X 200. 
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Figure (2). Histopathology of testis of rats (a) normal histological structure of seminepherous tubules in control group. 
(b) Sertoli cell vacuolation (arrow) in the group treated with flumethrin which (c) was less severe in the group receiving 
both flumethrin and quercetin. (d) Normal histological structure of seminepherous tubules in the group treated with quer-
cetin only. Haematoxylin and Eosin stain X 200)   

Figure (3). Histopathology of brain of rats. (a) Normal histological structure in the cerebrum of control group. (b) Mul-
tifocal areas of gliosis (arrow) in the cerebrum of flumethrin treated group. (c) Minute area of gliosis in the group treated 
with flumethrin and quercetin. (d) Normal histological structure of brain in the group treated with quercetin.     
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Immunohistochemical findings 
Caspase-3 was found to be expressed in neu-
rons and even more in glia cells. Neurons in 
the hippocampus region demonstrated a promi-
nent and significant difference between groups 
in which the caspase-3 was poorly expressed in 
the control group and group treated with quer-
cetin alone. It was moderately expressed in the 

group treated with flumethrin whereas it was 
poorly expressed in the group treated with 
flumethrin and quercetin (Fig. 4). In the testis, 
caspase-3 was also expressed in few spermato-
gonia in the group treated with flumethrin 
however it recorded no significant difference 
with the control and other groups (Fig.5, 6).  

Figure (4). Immunohistochemical staining of caspase-3 in hippocampus region of brain of rats. (a) Negative staining of 
neurons in brain of control group. (b) Multiple positive brown staining of neurons and glia cells. (c) Few positively 
stained neurons in group treated with flumethrin and quarecetin. (d) Negative staining of neurons in brain of group treat-
ed with quercetin. Immunoperoxidase stain and Haematoxylin counterstain X 400.  
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Figure (5). Immunohistochemical staining of caspase-3 in testis of rats. (a) Poorly stained caspase-3 in spermatogonia in 
control group. (b) Few positively stained cells in seminepherous tubule in group treated with flumethrin. (c) negatively 
stained cells in flumethrin and quercetin treated group and (d) in quercetin treated group. Immunoperoxidase stain and 
Haematoxylin counterstain X 200. 

Figure (6). Area percent of caspase-3 positive cells in brain and testis. 
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Discussion 
The present study examined the protective ef-
fect of querectin against the toxicity of flume-
thrin. Here the study assessed that flumethrin 
disturbs the oxidative status of liver and brain 
tissues with nerve cell death. Either little or 
much apoptosis is considered a factor in many 
conditions including ischemic damage, neuro-
degenerative diseases, autoimmune disorders 
and some types of cancer (Elmore, 2007). The 
disrubtion of oxidative stress occurs as a result 
of imbalance between the free radical          
production and the cell scavenger process, 
which lead to unsteadiness in apoptosis and 
cell death (Sun, 1990). Oxidative stress causes 
autoimmune or neurodegenerative diseases 
along with altered cell growth, chronic infec-
tions leading to neoplasia, metastatic cancer 
and angiogenesis (Valko et al., 2006). Oxida-
tive stress acts as precancerous state, leading to 
the initiation of genetic mutations, genetic er-
rors, epigenetic abnormalities, wrongly coded 
genome and impaired gene expression 
(Babbar and Gerner 2011). Halliwell, (2006) 
reported that pollutants exposure and pesticides 
increase the free radical production. Pyre-
throids have adverse effects on nervous sys-
tem, respiratory and haematological systems. 
Pyrethroids inhibit microsomal enzymes and 
inhibit Na, K-ATPases. In the present study, 
significant elevation of MDA with significant 
decrease of catalase, SOD and GSH in brain 
and liver tissues with flumethrin group support 
that its toxicity includes free radical generation 
then oxidative damage. This result came in ac-
cordance with Mishra et al., (2012), who rec-
orded that flumethrin has hepato-toxic effect 
and oxidative stress in animal. They reported a 
significant increase of AST, ALT and MDA; 
which is second toxic messenger increases ini-
tial free radical actions and act as signalling 
mediators, involved in cell signal transduction 
(Este-rbauer et al., 1991). Moreover, MDA 
induces an increase in 47 key proinflammatory 
molecules, its effect can be induced via 
p38MAPK and protein kinase C pathways 
(Raghavan et al., 2012). MDA can react with 
DNA bases guanine (G), adenine (A) and cyto-
sine (C) to form adducts M1G, M1A and M1C 
respectively (Valko et al., 2006). Flumethrin 
decreases catalase and SOD of rats liver after 

receiving it for 14 days which indicates dam-
age of liver tissue and necrosis (Manna et al., 
2004). On the other hand, according to Floyd 
and Carney (1992) the brain tissue has large 
amounts of polyunsaturated fatty acids and 
when exposed to free radicals lead to formation 
of lipids peroxides. Lipid peroxides decompose 
to form by-product malonaldehyde (Mishra et 
al., 2012). Flumethrin is lipophilic (Costa, et 
al., 2016) and the increase of flumethrin accu-
mulation in the tissues increases free radical 
production and disturbs the antioxidant system. 
Free radicals accumulation involved in damage 
of macromolecules as lipids and proteins and 
this is suggested to be the cause of many neu-
rodegenerative diseases (Huang et al., 2007). 
In addition, the decrease of SOD indicates ina-
bility of liver tissue to get rid of toxic radicals 
leading to their accumulation and its cytotoxi-
city (Mishra et al., 2012). They added that cat-
alase level decreases during oxidative stress 
causing cytotoxicity. Moreover, GSH is a vital 
intracellular and extracellular protective anti-
oxidant, which plays important roles in the 
control of signalling processes, detoxifying 
certain xenobiotics. Also, it considered as one 
of the most important free radical scavengers 
in the cell (Zitka et al., 2012). Depletion of 
GSH evokes oxidative stress initiating cell 
death (Jaswinder and Christopher, 1997). It 
enhances neuronal degeneration (Franco et al., 
2009). Low levels of brain GSH associated 
with its oxidation to GSSG occur under oxida-
tive conditions (Zhu et al., 2006).   
Our histopathological findings revealed that 
flumethrin results in minor lesions in all organs 
except in the brain it induced neuronal degen-
eration and gliosis.  Pyrethroids, are lipophilic,   
which allow them to cross the blood-brain bar-
rier at concentrations considered to be neuro-
toxic (Nasuti et al., 2013, Nasuti et al., 2014, 
Costa, 2015). Severe gliosis with astrocytes 
and olingodendrocytes were reported previous-
ly in the cerebrum and cerebellum of rats ex-
posed to pyrethroids (Igho and Afoke, 2014). 
The extensive proliferation of glia cells may 
lead to the formation of glial scar which in turn 
would hinder the normal neuronal conduction 
in the nervous system (Nasuti et al., 1999). 
Other organs were minimally affected by 
flumethrin similar to a previous study that 
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showed that flumethrin had a minor histo-
pathological lesion in liver of goat exposed to 
flumethrin (Dewangan et al., 2012).      
Caspase 3 is one of the executioner proteases 
in the process of apoptosis. The activation of 
caspase 3 is triggered via an extrinsic pathway 
involving the activation of death receptor, in-
trinsic pathway comprising mitochondrial 
changes and perforin/granzyme pathway. Each 
pathway trigger its own initiator caspase  
which at the end will activate the executioner 
caspase-3 (Elmore, 2007). Flumethrin induced 
nerve cells death and more commonly  in the 
glia cells as evidenced by the increased ex-
pression of caspase-3 in the current study. Py-
rethroid type II family such as deltamethrin 
was reported to induce an increase in Bax, p38 
MAPK expressions, and caspase-3 activity in 
isolated splenocytes from mice in addition to 
decreasing the protein expression of Bcl-2; 
antiapoptotic gene; (Kumar et al., 2016).   
Also, It was demonstrated that deltamethrin; a 
pyrethroid type II, induces apoptotic cell death 
via its interaction with Na+ channels, causing 
calcium overload and activation of the endo-
plasmic reticulum (ER) stress pathway and by 
the activation of caspase-3 and nuclear con-
densation. (Hossain and Richardson, 2011; 
Ko et al., 2016;).  Endoplasmic reticulum and 
mitochondria are connected through  mito-
chondria-ER associated membranes with a 
characteristic set of proteins. These domains 
does not only transmit Ca2+ but also ROS-
mediated signals to the mitochondria after 
ROS-based ER stress. Therefore when the 
ROS formation is favoured by redox balance, 
mitochondrial dysfunction occurs with subse-
quent cell death (Marchi et al., 2014).  
Quercetin prevents preneoplastic lesions at 
normal cells and induce DNA damage to    
cancer cells, enhances DNA repair mechanism 
through modulation of DNA enzymes 
(Vazhappilly, 2017).  On the other hand, the 
use of quercetin; a lipid soluble antioxidant; 
was able to attenuate the histopathological 
findings of flumethrin in examined or-
gans.  Quercetin was reported to have an in-
hibitory effect on progression of oxidative 
stress and inflammation through the reduction 
of NFκB; nuclear transcription factor; and sta-
bilization HIF-1α in lungs of rats under hypox-

ia (Tripathi et al., 2019). Therefore, the de-
creased brain gliosis and apoptosis observed in 
brain and testis could attributed to the antioxi-
dant potential of quercetin, also, neuroprotec-
tive effects of quercetin were investigated by 
(Yao et al., 2010). In addition, Costa et al., 
(2016) clarified that the neuroprotective effect 
of quercetin on neurotoxic chemicals and neu-
rodegenerative diseases is by stimulating cel-
lular defences against oxidative stress. Two 
pathways include induction of Nrf-2-ARE and 
induction of antioxidant/anti-inflammatory 
enzyme paraoxonase 2. Quercetin activates 
sirtuins (SIRT І) to induce autophagy and act 
as phytoestrogen. All mechanisms provide its 
neuroprotection. Sun et al., (2013) showed 
that querectin reduces H2Ax and P53 phos-
phorylation in human fibrosarcoma cells. In 
addition, Yao et al., (2007) revealed that quer-
cetin protects hepatocytes from ethanol-
induced cellular damage through a pathway 
involving P38, ERK and Nrf2, with the initia-
tion of HO-1 expression. Moreover, Quercetin 
is potent free radical scavenger (Boots et al., 
2008) as it can modulates antioxidant defence 
mechanism of the cell (Fraga et al., 2010) by 
its prooxidant and antioxidant effect 
(Halliwell 2013), protects brain mitochondria 
from lipid peroxidation and consequently oxi-
dative stress (Lakroun et al., 2015). The pre-
sent study clarify quercetin effect in reducing 
the brain and the liver oxidative damage by 
maintaining the levels of Catalase, SOD, GSH 
and MDA. The result came in accordance with 
Farombi et al., (2012) who reported the abil-
ity of quercetin to inhibit cadmium adverse 
effects on the oxidative status in rats by im-
proving the antioxidant system and protecting 
its enzymes. Quercetin elevates cellular de-
fences against free radicals as glutathione 
which prevents the death of brain cell 
(Arredondo et al., 2010) also it is the most 
effective among other nutrient antioxidants 
(vitamin E, vitamin C and β-carotene) (Ferrali 
et al., 2000). In addition to its role in the incre-
ment of brain expression; protec-
tive paraoxonase2 results in scavenging the 
free radicals and protecting mitochondrial 
membranes (Costa et al., 2014). Also, querce-
tin acts as Nrf-2 activator and consequently 
improves GSH synthesis (Tripathi et al., 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hossain%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21555338
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2019), which boosts up the oxidative status.                                                            
 
Conclusion 
The current study concluded that quercetin 
with its prooxidant and antioxidant effects can 
modulate the flumethrin adverse effects. To 
prevent oxidative stress related cancer, expo-
sure to endogenous and exogenous sources of 
oxidative stress must be minimised. Daily in-
take of natural flavonoid polyphenols is recom-
mended as their effects against oxidative stress, 
beside their roles in genome stability and 
health benefits. 
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