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Background: Stroke is one of the leading causes of mortality and disability throughout the world.
Recently, antioxidant therapies were attempted to reduce apoptotic cell death in cerebral ischemia ani-
mal model.
Purpose: To study the neuroprotective properties of polyphenol derived from fungal endophyte analyzed
on experimental Albino rat.
Methods: Polyphenols producing endophytic fungi was initially isolated from the seeds of Moringa olei-
fera Lam. The endophytes were cultured in potato dextrose broth and the potent strain Simplicillium
sp. ED7 produced maximum phenolic content (86.42 ± 5.3 mg GAE/g) than other fungi. Polyphenols were
extracted with solvent and used for the determination of neuroprotective properties.
Results: Isoflurane was used to induce stroke in Albino rat and treated polyphenols showed reduced neu-
rological deficits and improved neuroprotective properties. The ischemic Albino rats treated with
polyphenols restored memory loss. The increased dosage of polyphenol improved the biosynthesis of
more antioxidant enzymes than lower dosages. Central artery occlusion evoked about 2.28-fold increase
in reactive oxygen species in brain tissue and the generation of reactive oxygen species was decreased in
polyphenol treated animal.
Conclusion: Albino rats treated with different doses of polyphenol had decrease ROS amount than sham
group. The elevated level of cytochrome revealed mitochondrial damage in stroke induced control Albino
rat. After 24 h of reperfusion on Albino rat, upregulation of total p65 and phospho-p65 were determined.
The present finding revealed that polyphenl has a neuroprotective property in ischemia and regulate
metabolic enzymes and restore brain injury.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ischemic heart disease is one of the leading causes of death
throughout the world; therefore many strategies have been devel-
oped to protect myocardium and haemostasis. In most of the cases,
myocardial ischemia forms when normal blood flow to the myo-
cardium is continuously reduced, either in terms of relative to
increased tissue demand or absolute flow rate. The most important
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problem of diminished blood supply to the myocardium is myocar-
dial injury and is irreversible, which mainly happens when ische-
mia continues more than 20 min in severe cases (Ferdinandy
et al., 2007). Reperfusion is the rapid restoration process at the site
of ischemic region of the myocardium, supplies metabolic products
and oxygen and remove ischemic metabolites. Myocardial ische-
mia/reperfusion injury is generally caused by myocardial ischemia
and subsequent reperfusion process. Myocardial ischemia/reperfu-
sion is characterized by development of tissue necrosis, increased
incidence of arrhythmias decreased myocardial function. The
reperfusion process is useful to the benefit of the heart; however
it is linked with myocardial injury. Reperfusion of ischemic myo-
cardium results in the development of cellular damage; moreover,
the pathogenesis is not clearly understood (Ibáñez et al., 2015).

Reactive oxygen species (ROS) are produced from the cells and
the excess amount of ROS is highly toxic to the cells and involved
in cellular damages. ROS includes hydroxyl ion, superoxide, hydro-
gen peroxide, sulfhydryl, nitric oxide, alkoxyl, etc.are generated
from the cellular components. ROS is toxic to lipids, proteins,
enzymes and nucleic acids and causes necrosis and apoptosis (Al-
Dhabi et al., 2020). Oxidative stress plays an important role in
the development of various human diseases, including, cardiovas-
cular, Alzheimer’s disease, neurodegenerative disorders, cancer,
kidney disease and diabetes etc. In cellular system, oxidative stress
results the generation of unneutralized active components within
the cells. In recent years, various antioxidant molecules have been
synthesized and these chemical antioxidants are not safe to the
cellular system. Hence, there is a need to screen novel antioxidant
compounds against ROS to balance cellular functions (Al-Ansari
et al., 2021).

Antioxidants are naturally available chemical compounds with
novel therapeutic properties against these chemical and naturally
induced oxidative damages. These antioxidants inhibit the genera-
tion of free radicals by scavenging the free radical chain reaction at
early stage or by binding to the oxidation promoter and this pro-
cess involved various molecular mechanisms (Atif et al., 2020).
Phenolic compounds, ascorbic acids, and thiols are the major
antioxidant compounds from the natural sources. Medicinal plants
are widely studied for antioxidant properties. Moreover, fungi are
gaining much more interest in recent years for the biosynthesis
of various novel metabolites. Fungal endophytes have the potential
to produce various secondary metabolites. The endophytes pro-
duce various bioactive substances and are useful in modern medi-
cine, industry and agriculture and used as anticancer, anti
thrombus, antibiotics and antioxidants (Anand et al., 2021).

Endophytes produce various novel molecules, including xan-
thones, tetralones, terpenoids, steroids, quinones, phenolic acids,
flavonoids, chinones, benzopyranones and alkaloids. Among these
chemical compounds, flavonoids and phenolic compounds are
the major bioactive compounds (Huang et al., 2018). The endo-
phytic fungus Annulohypoxylon stygium produce phenolic acids
(Cheng et al., 2014). Endophytes were isolated from various medic-
inal plants and these are novel sources for the discovery of natu-
rally available products (Huang et al., 2008). Plant endophytic
strains have rich species diversity and associated with the taxon-
omy of host plants and environmental variations (Wu et al.,
2013). The diversity of endophytic fungi influenced on the produc-
tion of diverse bioactive compounds. In optimized culture condi-
tions, endophytic fungi produce various bioactive metabolites.
Therefore, endophytic fungi are not only a novel source for the
development of cardiovascular therapeutic molecules, but also a
bioreactor for the production of novel lead molecules more eco-
nomically and easily.

Moringa oleifera Lam. is widely used for medicine and nutrient
purposes. It has various health benefits, including anti-
cholesterol, antifungal, antibacterial, antioxidant, anti-
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inflammatory, pain relief, anti-ulcer, would healing and
immunomodulatory functions (Amina et al., 2019). The antibacte-
rial, antifungal, and antioxidant properties of medicinal plant have
been studied previously using various experimental models. How-
ever, only few studies on the endophytic strain and these naturally
occurring endophytic fungi resources should be utilized for biolog-
ical functions. In this study, the bioactive molecules were analyzed
in vivo using animal model and the role of stoke preventing activ-
ity was analyzed.
2. Materials and methods

2.1. Endophytic fungi

The young seeds of M. oleifera were collected and separated
from the plant. The seed was cut into small pieces and soaked in
ethanol (70 %, v/v) for two minutes, followed by sodium hypochlo-
rite (5 %) treatment for five minutes. It was further washed with
ethanol for 60 s. The pre-treated seed was placed in potato dex-
trose agar plates which were amended with kanamycin sulphate
(5 mg/100 mL) and ampicillin (5 mg/100 mL). These plates were
incubated for 8–10 days at 28 ± 1 �C. The morphologically different
fungi were further purified using the same potatoes dextrose med-
ium and were stored at 2–8 �C in the Laboratory (Baazeem et al.,
2021).

2.2. Polyphenol-producing endophytic fungi

The isolated endophytic fungi were cultured into potato dex-
trose broth medium for 8 days at 28 ± 1 ͦC in an orbital shaker incu-
bator at 150 rpm/min. After 8 days incubation, the culture was
filtered using multilayer cheesecloth and the filtrate was obtained.
Colour reaction-method was used for the determination of
polyphenol (Yang et al., 2015). Briefly, 0.5 mL of culture super-
natant was mixed with 0.1 mL chromogenic agent. Chromogenic
agent was prepared by mixing FeCl3and K3[Fe(CN)6] in a very
glassware. It was mixed and incubated for 10 min at room temper-
ature. The development of blue colour indicated the presence of
polyphenols.

2.3. Cultural, morphological and molecular characterization of
endophyte

The morphological characters, pigmentation, hyphae, mycelium
colour, colony morphology, spore morphology, spore-arrangement,
and 18S rDNA sequencing analysis were performed. To determine
the colony morphology the selected strain ED7 was cultured on
potato dextrose agar and examined under an inverted microscope.
Genomic DNA of the endophytic strain ED7 was isolated by stan-
dard method and the ITS region was amplified using the ITS1-
forward (TCCGTAGGTGAACCTGCGG) and reverse (TCCTCCGCTTA
TTGATA TGC) primers (White et al., 1990). PCR reaction mixture
and 18S rDNA sequencing were performed as described previously
earlier. The final PCR products were sequenced and the sequences
were compared using BLAST search tool and the final sequences
were submitted in GenBank database (Ding et al., 2013).

2.4. Crude extract preparation

Endophytic strain ED7 was cultured in potato dextrose broth
medium and the cell free extract was used as the sample until
otherwise stated. The cell free broth was fractionated with petro-
leum ether, n-butanol and chloroform, individually. The crude
extract was concentrated after lyophilisation. It was separated in
Thin Layer Chromatography and the phenolic factions were col-
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lected and pooled. The solid material was dissolved in minimum
volume of water and bioactive potentials were studied.

2.5. Total phenolic content

Total phenolic content of the sample was determined from the
extract using Folin–Ciocalteu method. Briefly, 0.2 mL of solvent
extract was mixed with 0.8 mL double distilled water in a clean
test tube. To this 0.6 mL of diluted Folin–Ciocalteu reagent (1:1
dilution) was added and incubated for 5 min. To the reaction mix-
ture 0.5 M sodium carbonate (1 mL) was added and the colour
development was observed at 730 nm against reagent blank. Gallic
acid was prepared at various concentrations and the amount of
phenolic content was expressed in mg equivalent in gallic acid.
Experiments were performed in triplicates and an average value
was considered for data processing (Srivastava et al., 2012).

2.6. Experimental animal

Adult Albino rat, 15 weeks old with weight 100 – 110 g were
applied in our study. The experimental animals (n = 24) were
maintained at 12/12 h dark/light photo period, with 60 % humidity
at 30 ± 1 ͦ C. All experimental and control animal were allowed free
access to food and water. All standard protocols were followed and
ethical approval was obtained from the institutional ethical com-
mittee for animals (Ethical Approval Number: 2021/STR/Alb/108-
C).

2.7. Induction of ischemic stroke in experimental animal

In this study, ischemia was induced in an experimental animal.
The male Albino rats were anesthetized by standard method using
isoflurane. The healthy animals were randomly selected and
divided into five different groups. The experimental groups were
sham group, ischemic stroke group treated with vehicle, stroke
group treated with 100, 150 and 200 mg/kg polyphenol. The phe-
nolic compounds were administered once daily and reconstituted
with saline. Stroke was induced after two weeks of experimental
procedure. Albino rat was anesthetized using chloral hydrate
(500 mg/kg) using intraperitoneal injection. An external carotid
artery was exposed and a nylon suture was introduced into the
lumen of external carotid artery. After 60 min of treatment, blood
flow was restored and the suture was withdrawn. The experimen-
tal animal retains stability after two weeks of stroke development.
Phenolic compound was administered at a single dose/per day for
21 days. In the sham group, all experimental procedures were
same except the administration of phenolic compounds.

2.8. Analysis of neuroprotective effect

The neuroprotective effect of polyphenol after stroke was eval-
uated for Albino rat after 24 h ischemia. Neuroprotective effect was
evaluated using various parameters, including symmetry of move-
ments, spontaneous activity and climbing movement of Albino rat.
Each test consists of three points and score was analyzed. The max-
imum allotted scores were 15 (3 � 5).

2.9. Brain tissue for in vitro bio-assays

Cortical tissues were used for the determination of enzyme
activity and lipid peroxidation analysis. Cortical tissues were dis-
sected from the experimental and control animal and immediately
placed in ice cold condition. It was homogenized with 0.5 mL saline
(0.9 %) and centrifuged at 4000 rpm for 10 min. The insoluble mat-
ters were removed and the clear supernatant was stored at �20 �C.
3

2.10. Superoxide dismutase activity

Superoxide dismutase (SOD) was analyzed from the sample as
described earlier (Misra and Fridovich, 1972). The extract was
mixed with carbonate buffer containing 0.1 mM EDTA and the
reaction was performed with 30 mM epinephrine prepared in
0.05 % acetic acid. The rate of epinephrine autooxidation was ana-
lyzed at 480 nm for three minutes using UV–Visible spectropho-
tometer. One SOD unit is defined as the amount of sample
required to inhibit the autoxidation of epinephrine about 50 %.
2.11. Total glutathione peroxidase (GPx) activity

The amount of glutathione peroxidase (GPx) activity was evalu-
ated as described earlier (Somani and Husain, 1997). Briefly, the
reaction mixture was prepared by adding 200 ll of 1.5 mM
NADPH, 200 ll of 0.01 M GSH, 50 mM phosphate buffer and
200 ll of 0.24 units GR. To this reaction mixture, 0.1 mL tissue
extract was added and incubated for 10 min at 37 �C. Then,
200 ll 12 mM t-butyl hydroperoxide was added and the absor-
bance was read at 340 nm for three min and NADPH oxidation
was determined. One GPx activity was expressed as the amount
of enzyme required to oxidize 1 mM NADPH/min under standard
assay condition.
2.12. Lipid peroxidation analysis

Lipid peroxidation was evaluated by assaying MDA levels. MDA
levels were evaluated as described previously by the thiobarbituric
acid (TBA) method with minor modifications. Sample (0.2 mL) was
incubated with 0.2 mL of 0.37 % TBA which was prepared in 50 mM
NaOH and 0.2 mL TCA was added and placed in a boiling water
bath for 20 min. The final pink chromogen was detected at
532 nm against reagent black using a UV–Visible spectrophotome-
ter. The final result was expressed as lM MDA/g of tissue (Spickett
et al., 2010).
2.13. Preparation of cortical mitochondria

Mitochondria were separated from the dissected brain tissue
using a commercial kit according to the manufactures instruction.
Briefly, the brain was dissected and homogenized using isolation
buffer. The homogenized fraction was centrifuged at 2000 rpm
for 4 min at 4 �C and the pellet consists of mitochondrial fraction.
It was further resuspended in lysis buffer and the supernatant was
again centrifuged for 10 min at 14000 rpm and cytosolic fraction
was obtained.
2.14. Reactive oxygen species analysis (ROS)

The ROS analysis was performed in cortical tissues as described
previously by Wang et al. (Zhang et al., 2010). The ROS level in
experimental group was compared with control group (sham).
2.15. Determination of Caspase-3 activity

The amount of caspase-3 activity was analyzed after ischemia
and reperfusion injury. Briefly, the cortical tissues were lyzed
and centrifuged at 10000 rpm for 4 �C. The supernatant faction
was used for the determination of caspase-3 activity. The sample
(0.1 mL) was incubated with 2 mM substrate (Ac-DEVD-pNA)
and the final absorbance was read at 405 nm using a UV–Visible
spectrophotometer.
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2.16. Western blot analysis

The processed mitochondria obtained from the cortical tissues
were used for the determination of expression of proteins. The pro-
teins were separated by sodium dodecyl sulphate–polyacrylamide
gel electrophoresis (SDS-PAGE). The discontinuous SDS-PAGE con-
sists of 11.5 % separating gel and 5.5 % stacking gel with constant
voltage (50 V) for 3 h. After electrophoresis, the SDS-PAGE was
transferred onto polyvinylidene fluoride (PVDF) membranes by
electro blotting method. The PVDF membrane was blocked with
5 % BSA prepared in Tris buffer containing tween-20 (0.1 %) for
1 h. It was washed and incubated with primary antibody at 4 ͦC.
The plate was washed three times with tris buffered saline and
incubated with secondary antibody. Then the blots were visualized
and the expression level was determined.
2.17. Statistical analysis

Data obtained in this study was expressed as mean ± SD. Anal-
ysis of variance (ANOVA) was performed to analyze the significant
variation and the p value � 0.05 was considered as significant.
Duncan and Pearson’s analysis was performed to determine the
significant level among control and experimental groups.
3. Results

3.1. Isolation of endophytic fungi for polyphenol production

A total of 13 endophytic fungal strains were isolated from the
seed of M. oleifera. The morphologically different fungal strains
were cultured in potato dextrose broth medium. Initial screening
revealed that only seven endophytic strains have the ability to pro-
duce polyphenols. The strain ED7 showed maximum colouration
(dark blue) indicated potential producer of polyphenols. The phe-
nol positive fungal strains were subjected for the determination
of total phenolic content.
3.2. Determination of phenolic content

Total phenolic content of fungal broth was determined and the
amount of phenolic content varied widely. The total phenolic con-
tent ranged from 3.592 ± 2.1 mg GAE/g to 86.42 ± 5.3 mg GAE/g.
The strain ED7 showed maximum phenolic content (86.42 ± 5.3
mg GAE/g) extracted with petroleum ether. N-butanol showed
56.35 ± 2.7 mg GAE/g, whereas, chloroform possessed reduced
amount of phenol (49.47 ± 3.7 mg GAE/g). The strain ED4 showed
38.2 ± 1.5 mg GAE/g, 69.1 ± 4.8 mg GAE/g, and 54.3 ± 2.9 mg GAE/g
in n-butanol, petroleum ether and chloroform, respectively. The
phenolic content of endophytic fungal strains was described in
Table 1.
Table 1
Phenolic content of endophytic fungi isolated from the seed of M. oleifera.

Strains Polyphenol (mg GAE/g)

Petroleum ether n-butanol Chloroform

ED1 14.2 ± 1.1 40.2 ± 2.4 39.5 ± 2.8
ED2 0.2 ± 0.1 4.2 ± 1.1 2.9 ± 0.1
ED3 0 ± 0 0 ± 0 0.5 ± 0
ED4 69.1 ± 4.8 38.2 ± 1.5 54.3 ± 2.9
ED5 3.592 ± 2.1 3.02 ± 0.5 2.6 ± 0.4
ED6 49.3 ± 4.9 16.2 ± 0.9 18.1 ± 1.5
ED7 86.42 ± 5.3 56.35 ± 2.7 49.47 ± 3.7
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3.3. Characterization of polyphenol (PP) producing endophyte ED7

The potent endophytic fungal strain was grown well in potato
dextrose agar and reached about 25–29 mm colony diameter
within two weeks of incubation at 28 �C. It was convex and
detected aerial mycelium, yellowish to pale brown colour and
did not produce any soluble pigment. Conidia are very small, cylin-
drical, smooth walled and octahedral crystals absent. Based on col-
ony morphology and 18S rDNA gene sequencing, the strain ED7
was identified as Simplicillium sp. ED7.

3.4. Neuroprotective role of polyphenol in Albino rat

Albino rat associated with cerebral artery occlusion showed
neurological deficits after one day of ischemia. The neurological
defect was compared with control animal (Sham-group). The
artery occlusion animals showed decreased ability to respond to
various stimuli and observed decreased motor ability. Animal trea-
ted with PP showed reduced neurological deficits and improved
neuroprotective properties. At higher concentrations of PP
increased motor activity was observed and the result was illus-
trated in Fig. 1. In sham group of animals, the score was
14.5 ± 1.3 and it was reduced in central artery occlusion (CAO)
experimental group (9.2 ± 1.2). The score increased at higher doses
of PP.

3.5. Effect of PP in locomotor activity in experimental animal

The locomotor activity was evaluated in sham group and CAO
group, CAO group treated with PP. Locomotor activity was evalu-
ated after 24 h of ischemia and observed significant changes in
locomotion. Experimental animals treated with PP at higher con-
centrations (150/kg and 200/kg) improved locomotor activity.
Likewise, rearing activity was also restored by the supplemented
PP and increased activity was observed at higher concentrations
of PP in the treated experimental group (Fig. 2A and B).

3.6. Effect of PP on memory

The experimental animal which was subjected to ischemia was
affected by memory loss. In SO group 67.2 ± 1.2 % working memory
was registered and SS + standard PP retained 65.8 ± 1.2 % working
memory. The PP administered artery occlusion animals showed
reduced deficits on working memory and the result was described
in Fig. 3.

3.7. Myeloperoxidase (MPO) level in the cortex and hippocampus of
experimental animal

Albino rat subjected to artery occlusion showed elevated level
of MPO in the cortex and hippocampus, respectively. The amount
of MPO was found to be high after 24 h. Ischemic Albino rate
showed elevated levels of MPO in hippocampus and cortex and
the PP treatment reduced MPO (Fig. 4A and B).

3.8. Analysis of antioxidant enzymes and hydrogen peroxide

Biomarker assay was performed to evaluate the oxidative stress
damage mediated by artery occlusion in the experimental animals.
Enzyme assays revealed that cortex tissue is affected by occlusion
mediated damage in experimental animal. Artery occlusion medi-
ated stroke and caused reduced GPx and SOD activities than sham
group of animals. Moreover, polyphenol significantly restored GPx
and SOD activities. The increased concentration of polyphenol
improved the biosynthesis of more antioxidant enzymes than
low concentrations. In animals, reactive oxygen species are gener-



Fig. 1. PP treatment decreases ischemia-induced nerve deficits in Albino rat. Albino rat was treated with PP (100 mg. 150 mg, and 200 mg/kg).
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ated from the mitochondria and involved in the formation apop-
totic cell death in brain injury. In our study, CAO evoked about
Fig. 2. PP treatment of artery occlusion altered motor activity. Albino rat was administer
as number of rearing (A) and number of crossing (B).
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2.28-fold increase in ROS and further ROS generation decreased
in polyphenol treated animals. Albino rats treated with different
ed with PP at 100–200 mg/kg via intraperitoneal injection. The result was expressed



Fig. 3. Polyphenolic compound (PP) treated ischemia-induced Albino rat and memory.
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doses of polyphenol had decrease ROS amount than sham group.
The present finding revealed that the neuroprotective properties
of polyphenol might be associated with its antioxidant power.
Caspase-3-activity level was analyzed in this study and the present
research revealed that the administered PP suppressed the expres-
sion of Caspase-3-activity in experimental Albino rats (Table 2).

3.9. Role of PP on cytochrome C release and caspase-3 activation
in vivo trials

Polyphenols inhibited the activation of caspase-3 enzyme activ-
ity and suppressed cytochrome C release in experimental animals.
It was revealed that in ischemia induced experimental Albino rats
mitochondrial functions were affected and the release of cyto-
chrome C was increased. The elevated level of cytochrome C
revealed mitochondrial damage in stroke induced control Albino
rat. The mitochondrial samples analyzed after 24 h of stroke
increased protein expression in vehicle-treated samples than PP
treatment. PP administration prevented cytochrome C release
and observed reduced cytochrome C expression in ischemic cases.
The 200 mg pp-treated group showed reduced expression of cyto-
chrome C than 100 mg and 150 mg/kg pp concentrations, respec-
tively. The administered PP suppressed the activation of caspase-
3 enzyme after 24 h reperfusion and the result was described in
Fig. 5.

3.10. Analysis of NF-jB activation in ischemia

NF-jB activation was observed during cerebral ischemia and
determined in western blot. The administered PP showed anti-
oxidative stress and showed neuroprotective effect. The expression
level of NF-jB was studied after 24 h of ischemia. After 24 h of
reperfusion on Albino rat, upregulation of total protein sub units
(p65 and phospho-p65) were determined and this upregulation
process indicated expression of NF-jB sub units. Albino rats treated
with PP at 150 and 200 mg/kg dosages inhibited the activation of
phospho-p65 sub unit (Fig. 6).

4. Discussion

The stroke preventive properties of secondary metabolites from
natural sources have been reported for their anti-inflammatory,
antioxidant, property against b-amyloid-induced neurotoxicity
and these properties may be helpful in the prevention and treat-
ment of cerebral ischemia. There is increasing evidence that ROS
6

play critical role in the development of ischemia/reperfusion medi-
ated oxidative stress in brain of experimental animals. It has been
previously reported that reperfusion after ischemic stroke causes
increased generation of ROS in mitochondria, and largely con-
sumption of various endogenous antioxidants by these available
radicals may lead to the increase in intracellular ROS, and these
react with cellular macromolecules such as, proteins, lipids, nucleic
acids, leading to severe damage of the neurons (Rychter et al.,
2022). Hence, a search of molecules continues for the application
of ROS scavengers and the stimulation of endogenous antioxidant
molecules, for the prevention and treatment of stroke.

In recent years, an increasing interest has been shown in endo-
phytes extract because of its safety and anti-stroke properties. The
ability of phenolic compounds to cross blood–brain barrier and
neuroprotective property without any side effect was reported pre-
viously (Dantas et al., 2022). In this study, we analyzed the impact
of phenolic compounds in a rat model of cerebral ischemia injury
and we observed that pretreatment of Albino rat with phenolic
compound at 10–200 mg/kg/day improved protection against
oxidative stress. The experimental animals administered with phe-
nolic compounds improved neurological deficit. Fungal phenolic
compounds inhibited ischemic neuron damage and prevented
induced oxidative stress through inhibition of mitochondria-
mediated apoptosis pathway. The present results revealed the
therapeutic potential of fungal metabolites in ischemic stroke.

In brain, at the time of ischemic/reperfusion endogenous
antioxidant enzyme activity is very important and analysis of these
enzyme activities after reperfusion process is useful to check the
severity of the brain cells. In our study, we analyzed antioxidant
enzymes of brain muscle, and lipid peroxidation activity. Phenolic
compounds was effective in inhibiting lipid peroxidation, the
strong accumulation of generated free radicals due to scavenging
power, and stimulating the production of GPx and SOD. The pre-
sent finding is in good agreement with previous results in cerebral
ischemia rat model (Abbas et al., 2022). Mitochondria are consid-
ered as the major power centre of ROS generation during reperfu-
sion process. The elevated biosynthesis of ROS involved in the
development of necrotic and apoptotic cell death by releasing var-
ious apoptogenic factors such as, caspases, apoptosis inducing fac-
tor and cytochrome C (Sims and Muyderman, 2010). Our study
revealed increased release of cytochrome C from mitochondria to
cytosol after 24 h reperfusion and this effect was alleviated by pre-
treated phenolic compounds. In our study, caspase-3 activity was
found to be high after 24 h of reperfusion process, which showed
increased DNA and protein damage. Moreover, phenolic com-



Fig. 4. MPO activity in the cortex (A) and hippocampus (B) of mice treated with PP after artery occlusion.

Table 2
In vivo effect of polyphenols on antioxidant enzymes, ROS and Caspase-3-activity in experimental animals.

Experiment Antioxidant enzymes

SOD (U/mg) GPx (U/mg) ROS (% sham) Caspase-3-activity (fold)

SG 189 ± 12.5 96.4 ± 4.8 100 ± 0 1 ± 0
CAO 84.2 ± 10.5 29.1 ± 0.42 228 ± 19.2 2.1 ± 0.2
CAO + 100 141.2 ± 2.7 74.5 ± 5.8 198.2 ± 2.8 1.7 ± 0.3
CAO + 150 152.8 ± 7.4 76.3 ± 2.2 120 ± 19.4 1.4 ± 0.2
CAO + 200 162.2 ± 4.3 79.6 ± 1.1 115 ± 12.3 1.12 ± 0.12
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pounds attenuated enzyme activity and controlled neuron apopto-
sis. It is observed that phenolic compound showed inhibition of
ROS levels within 24 h after ischemia, however it showed inhibi-
tion of the release of cytochrome C and suppression of caspase-3
activation for 48 h. The present finding revealed that the adminis-
tered antioxidant molecule delayed or blocks the expression of
mitochondria-mediated aposptosis in experimental animal and
7

reduced brain damage. Recent studies revealed that various sig-
nalling pathways involved in the generation of ROS involved in cel-
lular damages and subsequent death in reperfusion and cerebral
ischemia (Liang et al., 2008).

In this study, the neuroprotective property of polyphenol on
memory deficits induced Albino rat was analyzed. The adminis-
tered polyphenol suppressed the astroglial activation and inflam-



Fig. 5. Role of PP on ischemic stroke induced Albino rat after 24 h reperfusion. Immunoblots of COXIV and cytochrome C from mitochondria sample prepared from Albino
rats.

Fig. 6. Upregulation of NF-jB subunits (p65 and phospho-p65) after 24 h reperfusion and the inhibitory activity of PP in Albino rat. Activation of p65 was observed after 24 h
reperfusion treatment.
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matory response and protected memory deficits in experimental
animal through neurogenesis induction. It has been reported that
polyphenols protect against neurodegenerative disorders induced
by cerebral ischemia (Simonyi et al., 2005). Polyphenols protected
cerebral cortex and the recovery process was associated with dose
changes. The present study revealed that polyphenols improved
recognition, working and special memory in experimental animal.
Y-maze test was used to analyze ischemia lesions in hippocampus
and striatum involved in working memory deficits in rats (Blasi
et al., 2014). In the present study, spatial memory deficits were
observed and the administered polyphenols attenuated these
memory deficits. Polyphenols protected recognition and working
memory loss in stroke induced Albino rats and improves cognitive
performances

Polyphenols have neuroprotective properties and reduce brain
damage and prevent memory loss in cerebral ischemia in Albino
rats. Polyphenols have anti-inflammatory and antioxidant effects
and reported neuroprotective properties in cerebral ischemia cases
(Janarny et al., 2022). Polyphenols involved in the suppression of
lipid peroxidation and inhibited cyclooxygenase and lipoxygenase
activity. Myeloperoxidase activity was studied to analyze the neu-
roprotective property of polyphenol on memory defects caused by
induced cerebral ischemia in experimental animal. Myeloperoxi-
dase activity was elevated in ischemia/reperfusion experimental
animal. Ischemia/reperfusion induced experimental animal
showed neuroprotective properties in Albino rats.
5. Conclusions

The present research suggests that polyphenol exhibits potent
neuroprotective properties and is useful to treat and protect cere-
bral reperfusion injury. The endophyte derived polypheol has neu-
roprotective properties in Albino rats. The ischemic Albino rats
treated with polyphenol from endophyte restored memory loss
and were dose dependent. The increased concentration of polyphe-
8

nol stimulated the production of superoxide dismutase and glu-
tathione peroxidase. Polyphenols reduced reactive oxygen species
and protects the formation apoptotic cell death in brain and
decrease levels of malondialdehyde.
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