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Abstract
Background and Objective: Pyrethroids are a group of synthetic pesticides similar to the natural pesticide pyrethrum, which is produced
by chrysanthemum flowers. Bifenthrin is one of the pyrethroids that are widely used pesticide in households and to control crop vectors.
The main goal of this work was to investigate the possible ameliorating effect of Costus Ethanolic Extract (CEE) against neurotoxicity
induced by bifenthrin in adult-male rats. Materials and Methods: Rats were arranged randomly to 4 groups (8 rats each) as next. Group
1) control rats orally received 0.5 mL water for consecutive 30 days; group 2) healthy rats orally received CEE (200 mg kg) for consecutive
thirty days; group 3) rats treated orally with 7 mg kgG1 dayG1 bifenthrin for consecutive 30 days and group 4) included rats treated with
bifenthrin for consecutive 30 days followed by administration with CEE another consecutive 30 days. Results: The results showed that
CEE succeeded to decline the neurotoxicity-induced by bifenthrin; this was evidenced by the significant reduction in TNF-", IL- 1$, MDA
and nitric oxide levels in cortex, hippocampus and striatum concomitant with marked improvement in the values of GSH, dopamine,
serotonin, AChE-ase, SOD, GPx and catalase that were diminished by bifenthrin intoxication. CEE improved also cognitive impairment and
the deficits in motor coordination induced by bifenthrin. Conclusion: CEE was found successful, to a great extent, to counteract the
bifenthrin-induced brain oxidative stress and neurochemical deteriorations and possesses a protective potential against brain-induced
neurotoxicity. Therefore, it may be a promising supplement for the amelioration of BF-neurotoxicity.
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INTRODUCTION

Bifenthrin, a non-alpha cyano-pyrethroid insecticide, that
is from the most popularly used insecticides in pest control in
the field of agriculture due to its properties, such as it has very
low vapor pressure and good stability to hydrolysis and
photolysis, in addition to that it induces irritation to eyes and
skin1. Generally, neurotoxicity is identified as detrimental stress
on the nervous system that resulted from a biological,
chemical, or physical agent2. Many environmental pollutants,
including pesticides, are described to disturb the balance of
free radical’s formation and removal thus resulting in oxidative
stress. Different cellular mechanisms are included in
modulating oxidative stress and restoring the damaged
macromolecules. The mechanism that behaved by most
pesticides includes initiation of oxidative stress that damages
membranes’ lipids, proteins and DNA1. The participation of
free radicals in neurodegenerative diseases, like Alzheimer’s
diseases and Parkinson’s disease, is well reported. Pyrethroid
compounds are considered to stimulate liberation and release
of Reactive Oxygen Species (ROS) leading to oxidative injuries
in the living organisms as a consequence of their exposure3.

Bifenthrin is one of the most commonly used pesticides.
It is a synthetic pyrethroid (type I) that is used at a large scale
for agricultural applications and public health management4.
Bifenthrin is a cyclopropane carboxylate ester of alcohol. It has
strong insecticidal properties due to the ability to alter the
functioning of insect nerves through altering the kinetics of
charge-sensitive sodium channels. It was found to alter gait
and other motor functions in rodents5.

Herbal medicines are being used throughout the world
more than 4000 years ago for the management of many
diseases as they contain beneficial chemical constituents. In
essence, medical potentials of plants belong in their
phytochemical  constituents  that  perform  exact
pharmacological actions when they are ingested into the
human body.

Extracts of costus exhibit central nervous system
depressant activities and so can be used as a smooth muscle
relaxant and to enhance antispasmodic activities6. The use of
costus in treatment exhibits a strong inhibitory efficacy
against genotoxicity alterations initiated by streptozotocin
(STZ), thus the costus extracts might behave anti-genotoxic
property, evidencing the protective ability of this compounds7.
Saussurea costus roots performed many pharmacological
effects such as anodyne, anti-bacterial, anti-spasmodic, etc.
They were used internally in the relief of pain and distension
of abdomen, pains of the chest, liver problems and jaundice,

pain of gall bladder, constipation associated with energy
stagnation and asthma8. Many plants include potent bioactive
compounds that can prevent and treat most oxidative related
stresses9 and have often been used in traditional medicine10.
Therefore, this study was conducted to investigate the
ameliorative role of Costus Ethanolic Extract (CEE) against the
adverse effect of bifenthrin-induced neurotoxicity.

MATERIALS AND METHODS

Study area: This study was carried out during the period from
January-May, 2019 at the Department of Medical Physiology
and Animal Colony, National Research Centre, Egypt.

Plant and extraction: Costus (Saussurea costus) roots were
obtained from a local supplier (Abdel-Rahman Harraz, Bab el-
Khalk Zone, Cairo, Egypt); then identified and authenticated
by scientific botanists and found carrying a taxonomic serial
number 780691. The ethanolic extract of dry powdered roots
was carried out according to the modified method of the
previous menthod11 in brief, roots' powder was soaked in
absolute ethanol (1:10 w/v) at room temperature for 48 h
under continuous stirring. Extraction was performed in
triplicate; finally, the mixtures were combined then filtered
through sterile filter papers (Whatman number 42, England).
The solvent was evaporated using a rotary evaporator and
then the extract was stored at -20EC until further use.

Extract yield: The whole filtrate was poured in an empty quick
fit round bottom flask with known weight (W1) and then
weighed again (W2) after solvent evaporation; finally, the yield
percentage was calculated from the following formula12:

2 1

3

W WExtract yield (g/100 g crude herb) = 100
W

 
 

 

where, W1 is the weight of empty and dry quick fit flask in
grams, W2 is the weight of the flask after rotary evaporation in
grams; W3 is the weight of the used crude powdered herb in
grams12.

Total phenolic content: The total phenolic content of the CEE
was performed by dissolving 5 mg of the extract in a 10 mL
mixture  of  acetone  and  water  (6:4  v/v). Then, a sample of
0.2  mL  was  mixed  with  1.0  mL  of Folin-Ciocalteu reagent
(10 fold diluted) and 0.8 mL of sodium carbonate solution
(7.5%). After 30 min at room temperature, the absorbance was
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measured at 765 nm using Cary 100 UV-Vis
spectrophotometer. Total phenolic content (as catechin
equivalent) was estimated by using standard curve13.

DPPH radical scavenging activity: The capacity of
antioxidants of CEE to quench DPPH radical was determined
as previously14. A 0.2 mL of extract/methanol solution (200
ppm w/v) was completed to 4 mL by methanol and then 1 mL
DPPH solution (6.09×10G5 mol LG1 in methanol) was added.
Control or reference was prepared by adding 1 mL of DPPH
solution to 4 mL methanol. After 10 min at room temperature,
the absorbance of both tested mixture and control sample
was measured at 516 nm. Triplicate measurements were made
and the percentage of radical scavenging activity was
calculated according to the equation14.

Reducing power: Reducing power of CEE was determined
according to the method described by previous method15 with
some  modifications.  From  CEE  extract  and   ascorbic  acid,
0.5  mL  of  different  concentrations  (50,  100, 200, 400 and
800  µg  mLG1)  was  mixed  with  2.5  mL  phosphate  buffer
(pH  7.4)  and 2.5 mL potassium ferricyanide (0.1 M); the
mixture  was  kept  at  50EC  in  a  water  bath   for  20 min;
then after cooling, 2.5 mL of trichloroacetic acid (10%) was
added and centrifuged at 3000 rpm for 10 min. Immediately,
2.5  mL  of the  upper  layer  of  the  solution was mixed with
2.5 mL distilled water and 0.5 mL of a freshly prepared ferric
chloride solution (40% w/v). The absorbance of the sample
and standard was measured at 700 nm. Control blank included
mixture components without sample or standard.

HPLC analysis of phenolic constituents: The HPLC analysis
was carried out using an Agilent 1260 series. The separation
was carried out using a Kromasil C18 column (4.6×250 mm
i.d., 5 :m). The mobile phase consisted of water (A) and 0.05%
trifluoroacetic   acid    in    acetonitrile    (B)   at   a   flow   rate  
of 1 mL minG1. The mobile phase was programmed
consecutively in a linear gradient as follows:  0  min  (82% A);
0-5 min (80% A); 5-8 min (60% A); 8-12 min (60% A); 12-15 min
(85% A) and 15-16 min (82% A). The multi-wavelength
detector was monitored at 280 nm. The injection volume was
10 :L for each of the sample solutions. The column
temperature was maintained at 35EC16,17.

Animals and experimental design: Total 32 adult male albino
rats (150-200 g) were obtained from the animal colony,
National Research Centre where the animals were  maintained

under temperature (25±1EC) and light (12/12 hrs light/dark
cycle) controlled conditions on free access to food and water
for  a  week  before  starting the experiment for
acclimatization. The rats received human care in compliance
with the standard institution’s criteria for the care and use of
experimental animals according to the procedures approved
by the Ethics Committee of the National Research Centre (FWA
00014747) that follows the recommendations of the National
Institutes of Health Guide for Care and Use of Laboratory
Animals.

After the animals were being acclimatized with
experimental room conditions, they were divided randomly
into 4 groups (8 animals each): group 1) healthy control rats
orally received 0.5 mL water for consecutive 30 days, group 2)
healthy rats orally received CEE (200 mg kgG1, dissolved in
water) for consecutive 30 days, group 3) rats were treated
orally with 7mg kgG1 dayG1 of bifenthrin (purity>98%, Sigma,
USA)  dissolved  in olive oil for consecutive 30 days16 and
group 4)  rats  were treated with bifenthrin for 30 days
followed  by  administration  with  CEE  another  consecutive
30 days.

At the end of the treatment period, all animals were
subjected to rotarod performance and spatial memory test
(Morris water maze) for behavioral studies, then fasted
overnight,   anesthetized     with     sodium     pentobarbital
(200 mg kgG1 diluted 1:3 with phosphate-buffered saline, IP)18

and rapidly sacrificed by decapitation. On ice-cooled glass
plate, their brain areas (cortex, striatum and hippocampus)
were immediately anatomized and dissected out, washed in
ice-cold saline, then stored at -80EC till assessments. The
specific weight of each brain area was homogenized
(Ultrasonically) in Tris-HCl buffer (pH 7.4) to give 10% w/v
homogenate. The homogenate was centrifuged at 5000 rpm
at 4EC for 10 min and the supernatant was stored at -20EC
until  analysis.  This supernatant was used for the
determination of oxidative stress markers, cytokines and
acetylcholinesterase.

Rotarod performance: The motor coordination and balance
of animals were studied using a rotarod (IMCORP, Ambala,
India) as previously described procedure19. A set of animals
from each group was trained to stay on the rotating rod until
it achieved the criterion of staying on the rod for 60 sec. Final
observations were conducted by placing the rats on the
rotating rod (25 rpm) with 180 sec as the cut-off time. The time
of fall from the rotating rod was determined as a measure of
motor coordination and scoring was carried out  by  a  person

114



Pak. J. Biol. Sci., 24 (1): 112-121, 2021

blind to the treatment condition. Each rat was subjected to
three consecutive trials after a gap of 5 min.

Spatial memory test (Morris water maze): The Morris Water
Maze (MWM) test was used to assess  spatial  learning  in  rats
following the procedure described20. The spatial memory of
animals was manifested by the time spent in the quadrant
where the platform was placed.

Determination of acetylcholinesterase activity:
Acetylcholinesterase (AchE) activity was determined by the
modified method21. The hydrolysis of acetylthiocholine iodide
by acetylcholinesterase yields thiocholine, which reacted with
5, 5’-dithiobis-(2-nitrobenzoic acid), reducing it to
thionitrobenzoic acid, whose yellow color was read at 412 nm.

Biogenic amines determination: A certain weight of each
brain region was homogenized in 0.1 M perchloric acid
(containing 3, 4-dihydroxybenzylamine) at a final
concentration of 25 ng  mLG1  then  centrifuged  10  min  at
3600 rpm  gG1. The obtained supernatant was then filtered
through 0.25 mm nylon filters, Millipore, USA (specific for
biogenic amines determination). Dopamine and serotonin
levels were determined in the concerned brain areas using
HPLC (Waters, Melford, USA) by injection of 20 :L sample
supernatant into the injector port and using an
electrochemical detector22. with a high-pressure isocratic
pump, a sample injector valve, a C-18 reverse phase column
(250×4 mm, particle size 5 :m) and an electrochemical
detector (464 Pulsed electrochemical detector).

Estimation of oxidative stress markers: Superoxide
dismutase (SOD), glutathione peroxidase (GPx) and catalase
(CAT) activities and also the levels of reduced glutathione
(GSH) and nitric oxide (NO) were determined using reagent
kits obtained from Biodiagnostic Co., Giza, Egypt. Lipid
peroxidation level was estimated chemically according to the
method described by the previous method23. On the base of
MDA reaction with thiobarbituric acid (TBA) which forms a
pink complex that can be measured photometrically. In this
method, 0.5 mL cortex, striatum and hippocampus
homogenate supernatant were added to 4.5 mL working
reagent [0.8 g TBA was dissolved in 100 mL perchloric acid
10% and mixed with 20% trichloroacetic acid in volume ratio
1-3, respectively]. In boiling and shaking water bath, the
sample-reagent mixture was left for 20 min, then carried out
to  cool  at  room temperature and centrifuged for 5 min at
3000 rpm. The absorbance of the clear pink  supernatant  was

measured photometrically at 535 nm against a reagent blank
(0.5 mL distilled water +4.5 mL working reagent). The MDA
level was calculated in nmol MDA gG1 tissue according to the
following formula23:

MDA (nmol gG1) = A535×0.156

Cytokines determination: Using the ELISA technique
(Dynatech Microplate Reader Model MR 5000), tumor necrosis
alpha (TNF-") and interleukin-1 beta (IL-1$) concentrations in
brain areas were measured using rats' reagent ELISA kits
purchased from Sino Gene Clon Biotech Co, Hang Zhou, China.

Statistical analysis: Comparisons between means were
carried out using one-way Analysis of Variance (ANOVA)
followed by post hock (Tukey) multiple comparisons test at
p<0.05 according to the previous study24. This was carried out
using Statistical Analysis System (SAS) program software;
copyright (c) 1998 by SAS Institute Inc., Cary, NC, USA.

RESULTS

The yield, total phenolic content (TPC) and radical-
scavenging activity (RSA) and reducing the power of Costus
(Saussurea  costus ) ethanolic extract (CEE) are shown in Fig. 1
and 2. Findings show that the yield has a moderate amount of
total phenolic content that reveals high radical scavenging
activity and reducing power. As shown in Fig. 3 total of 16
phenolic  compounds  were   identified   in   CEE   using  HPLC 

Fig. 1: Values of the yield, Total Phenolic Content (TPC) and
Radical Scavenging Activity (RSA) of the ethanolic
extract of dry the powdered roots of Saussurea costus;
data presented as mean of triple replicates
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analysis. The compounds identified were found to include
high contents of naringenin, chlorogenic acid, ferulic acid,
taxifolin, gallic acid, caffeic acid (Fig. 3).

Comparing with the control group, the administration of
bifenthrin  (BF)  resulted  in  a significant retardation in the
rat's behavioral  tests {rotarod performance (Fig. 4a) and
spatial  memory  (Fig.  4b)}.   Interestingly,   the  treatment of
BF-intoxicated rats with CEE markedly improved the
mentioned  behavioral  tests  towards   the   normal  values
(Fig. 4a-b).

Unfortunately, the intoxication of rats with BF led to a
marked drop in dopamine and serotonin levels and
acetylcholinesterase (AChE-ase) activity in the three brain
regions. Contrarily in a favorable manner, the administration
of rats with CEE post-BF-intoxication significantly improved
the two biogenic amines levels and AChE-ase activity in the
concerned  brain  areas  close  to  that  of a normal group
(Table 1).

Data in Table 2 showed the effect of different treatments
on oxidant-antioxidant markers in the cortex, hippocampus
and striatum tissue. In comparison to the control group, BF
intake markedly increased the values of cortex, hippocampus
and striatum MDA and NO and significantly lowered their
values of GSH, SOD, CAT and GPx. However, the administration

of CEE only had no unfavorable effect on these parameters.
The BF-intoxicated animals that received CEE showed
significant decreases in the cortex, hippocampus and striatum 
MDA and NO levels cabled with significant increases in the
values of GSH, SOD, CAT and GPx as compared to the BF
group.

In comparison to the control group, the obtained data
recorded a significant rise in levels of TNF-" and IL1$ in cortex,

Fig. 2: Reducing power of the ethanolic extract of Saussurea
costus data presented as mean of triple replicates

Fig. 3: HPLC imprint profile of ethanolic extract of Saussurea costus. 16 phenolic compounds were identified, other peaks not
identified
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Fig. 4: Behavioral values of BF-intoxicated rats and/or CEE-treated rats

Table 1: Level of the biogenic amines and activity of AChE-ase in brain regions (cortex, hippocampus and striatum) of BF-intoxicated and/or CEE-treated rats
Area Parameters Control CEE BF BF then CEE
Cortex Dopamine (pg gG1) 1222±74 1272±71 634±68* 1157±57#

Serotonin (pg gG1) 1062±53 1110±55 684±53* 1024±41#

AChE-ase (µmoL minG1 gG1) 9800±111 9680±121 7650±88* 8912±62#

Hippocampus Dopamine (pg gG1) 565±15 554±16 371±34* 471±31#

Serotonin (pg gG1) 429±17 442±14 254±19* 340±16#

AChE-ase (µmoL minG1 gG1) 11300±168 10985±122 8053±117* 91802±98#

Striatum Dopamine (pg gG1) 5505±99 5621±68 3522±133* 3979±114#

Serotonin (pg gG1) 1098±66 1133±48 663±25* 928±20#

AChE-ase (µmoL minG1 gG1) 9235±154 9307±111 8220±132* 9370±96#

Data are presented as mean ±SEM. Within the same row, * is significantly different from the control group, and # is significantly different from BF-group. BF: Bifenthrin;
CEE: Costus ethanolic extract.

Table 2: Oxidative stress status of cortex, hippocampus and striatum of control, BF-intoxicated and/or CEE- treated male albino rats
Area Parameter Control CEE BF BF then CEE
Cortex GSH (µmol gG1) 5240±57 5344±61 4654±47* 5057±34#

SOD (U gG1) 3010±62 3122±58 1825±38* 2465±25#

GPx (µmoL minG1 gG1) 17.86±0.68 18.34±0.77 13.22±0.54* 16.54±0.57#

CAT (µmoL minG1 gG1) 6200±65 6184±54 4700±57* 5884±42#

NO (nmoL gG1) 78.1±1.2 82.3±1.1 97.2±2.4* 86.4±1.4#

MDA (nmoL gG1) 485±11.3 479±9.8 653±15.3* 532±11.2#

Hippocampus GSH (µmoL gG1) 13240±74 13305±66 10231±61* 12174±53#

SOD (U gG1) 3464±71 3511±45 2357±49* 3229±37#

GPx (µmoL minG1 gG1) 23.56±0.74 24.06±0.64 18.87±0.83* 22.26±0.78#

CAT (µmoL minG1 gG1) 6895±75 6912±53 4955±64* 5995±61#

NO (nmoL gG1) 23±3.4 22.2±1.8 33.3±4.0* 27.9±2.5#

MDA (nmoL gG1) 463±8.7 442±7.8 725±17.4* 551±12.3#

Striatum GSH (µmoL gG1) 11420±97 11574±75 9245±66* 10261±61#

SOD (U gG1) 2959±52 3115±61 2133±38* 3028±29#

GPx (µmoL minG1 gG1) 19.85±0.94 20.24±0.87 16.91±0.72* 21.47±0.97#

CAT (µmoL minG1 gG1) 6675±71 6722±66 4895±55* 832±64#

NO (nmoL gG1) 93±3.1 89±2.7 112.4±2.4* 96±3.9#

MDA (nmoL gG1) 556±9.2 549±8.7 735±8.6* 632±6.8#

Data  are  presented  as Mean±SEM, Within the same row, *Significantly different from the control group and #Significantly different from BF-group, BF: Bifenthrin,
CEE: Costus ethanolic extract

Table 3: Inflammatory cytokines (TNF" and IL-1$) concentration in brain regions (cortex, hippocampus and striatum) of BF-intoxicated and/or CEE-treated rats
Area Parameter Control CEE BF BF then CEE
Cortex TNF-" (ng gG1) 13.81±0.311 12.91±0.392 16.54±0.72* 14.27±0.58#

IL-1$ (ng gG1) 147.5±2.13 141.32±3.24 186.54±2.14* 163.37±3.91#

Hippocampus TNF-" (ng gG1) 26.87±0.214 25.71±0.12 41.32±0.44* 31.55±0.325#

IL-1$ (ng gG1) 167.54±4.41 159.87±21 336.66±3.77* 211.54±3.17#

Striatum TNF-" (ng gG1) 17.78±0.17 17.55±0.34 18.16±0.32* 18.64±0.12#

IL-1$ (ng gG1) 124.54±3.78 118.58±2.54 287.65±4.66* 168.18±71#

Data are presented as Mean±SEM, Within the same row, *Significantly different from the control group and #Significantly different from BF-group, BF: Bifenthrin; CEE:
Costus ethanolic extract
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hippocampus and striatum of the BF-intoxicated group.
Favorably, CEE post-treatment of BF-intoxicated rats markedly
restored the level of inflammatory cytokines closer to those of
normal group; it significantly reduced TNF-" and IL1$ in all the
brain regions compared to the corresponding values of BF-
intoxicated animals (Table 3).

DISCUSSION

Our results showed that bifenthrin caused significant
decreases in the concentration of dopamine and serotonin in
the frontal cortex, hippocampus and corpus striatum of rats.
Bifenthrin    is      rapidly      metabolized      in      the     liver   by
carboxylesterases resulting in the generation of Reactive
Oxygen Species (ROS)25. These findings are in agreement with
that previously established by previous studies16,26.

The present data showed also depletion in rotarod
performance and spatial memory in bifenthrin intoxicated
rats. Besides, previous study27 stated that the decrease in
dopamine levels in the hippocampus, frontal, lateral and
medial temporal cortex is accompanied by a reduction in
cognitive and motor performance. The alterations in memory
functions are also associated with a decline in hippocampal
neurogenesis28,29. As LTP and dendritic spines are important in
learning and memory, their loss is accompanied by impaired
brain plasticity which affects cognitive functions30. On the
other hand, the reduction in serotonin levels is associated with
various physiological operations such as circadian rhythm,
sleeping, eating and cognition31.

In the current study, the administration of bifenthrin to
rats inhibited AChE activity in the hippocampus, cortex and
striatum. AChE change Ach into choline plus acetate in the
synaptic cleft32,33. Bifenthrin was documented to has an
anticholinesterase effect16 which occurs by reduction of AChE
activity at synapses in the brain leading to the accumulation
of acetylcholine and more activation of its receptor at the
neuromuscular junction and in both autonomic and central
nervous system. Moreover, researches in the past have
declared that cognitive and emotional defects are managed
by AChE inhibition34,35.

The increased MDA and Nitric Oxide (NO) levels in the
hippocampus,  cortex  and  striatum  of  bifenthrin-treated
rats, recorded in the present study, agree with previously
documented  results,  demonstrating  that  bifenthrin  causes 
its   neuronal   injury  via  oxidative  stress16.  At  the  same 
time,  the  antioxidant  defense  system was negatively
affected by bifenthrin intoxication, where the activity of SOD,

GPx and CAT and the GSH content in the three brain areas,
were found to be significantly decreased by bifenthrin
intoxication.

Our results parallel with previous study16 who reported
that the drop in the capacity of these enzymes strengths the
radicals-production of both superoxide and hydrogen
peroxide in the brain; this in its turn results in peroxidation of
the membrane lipids leading to progressive peroxidation and
NO production; the later comes from the activated
polymorphic nuclear leukocytes in consequence to
inflammation36. The liberation of NO by the inducible nitric
oxide synthase (iNOS) represents the fundamental spark in the
cytokine-mediated cell destruction37.

In respect to this study, an elevation in the concentration
of the proinflammatory cytokines (TNF" and IL-1$) was
noticed in the hippocampus, cortex and striatum of the
bifenthrin-treated rats; this unfavorable rise could be
attributed to the stimulation of inflammatory responses of the
acute phase, directing it to release that cytokine, those
counted in the production of ROS38,39. This ROS production
accelerates the development of neurodegenerative diseases40.
Our results are similar to those observed in other previous
studies41,42 who demonstrated significantly increased NF-kB
and pro-inflammatory cytokines.

Co-administration of bifenthrin-treated rats with Costus
(Saussurea costus) ethanolic extract CEE was greatly effective
in minimizing lipid peroxidation and improving the
antioxidant status in the frontal cortex, hippocampus and
corpus striatum; this effect evidenced by decreasing the
elevated levels of MDA and NO towards the corresponding
values of normal rats and significant improvement of the
antioxidant defense system. Additionally, CEE played neuro-
protective potential that could be achieved from the sharp
increase in dopamine, serotonin and AChE-ase values that
decreased by bifenthrin intake.

The mechanism by which CEE offered its protective effect
against bifenthrin neurotoxicity, based on its antioxidant
ability that proved from the data of DPPH radical scavenging
activity and reducing power ability and further confirmed by
the increased values of GSH, SOD, CAT and GPx in the brain
areas. This, possibly by the ability of CEE to prevent GSH
exhaustion and increase the endogenous defensive capacity
of the brain to combat the free radicals and inflammation
induced by bifenthrin; this leads to improvement of neuron
integrity and prevents its destruction and consequently
enhances brain function and hence an improvement of
behavioral activity.
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The antioxidant activity of CEE may reside mainly in its
phenolic contents. These compounds possibly prevent free
radicals from reaching and attacking the large molecules like
DNA, lipids and proteins evidencing predictive participation of
an extract as a chain blocking antioxidant opposite to lipid
peroxidation; consequently, restores the membrane
permeability and repair cellular integrity of the brain tissues.
As shown in our results, 16 phenolic compounds were
identified in the CEE using HPLC analysis. The compounds
identified were found to include high contents of naringenin,
chlorogenic acid, ferulic acid, taxifolin, gallic acid, caffeic acid.
Previous reports have indicated that CEE contains other
antioxidant and bioactive phytochemicals as described by
previous stdueis43,44.

From the results of the present study, we suggest to
minimize the use of this pesticide because of its neurotoxic
effect and instead, recommend the use of the ethanolic
extract of the Saussurea costus due to its radical scavenging
activity and high phenolic content revealed from the HPLC
analysis,  more  studies  are  needed  to  determine   the  most
effective constituent responsible for its anti-neurobehavioral
effect. CEE is also recommended for use by workers using this
pesticide.

CONCLUSION

The present study concluded that Costus (Saussurea
costus) ethanolic extract attenuates the brain dysfunction
induced by bifenthrin as indicated by improving behavioral
performance through normalize lipid peroxidation mechanism
and its related biochemical changes. Costus (Saussurea costus)
ethanolic extract may be promising as a neurobehavioral
protective agent against pesticide neurotoxicity through its
antioxidant and radical scavenging activities.

SIGNIFICANCE STATEMENT

This  study  discovered  the  effect  of  ethanolic  extract 
of Saussurea costus  on neurobehavioral toxicity can be
beneficial for protection against bifenthrin neurotoxicity in
male rats. This study will help the researchers to uncover the
critical areas of using an extract of Saussurea costus that many
researchers were not able to explore.
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