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The framework of the present study was mapped out to evaluate the neuroprotective efficacy of bacoside-A, asiatic
acid, and kaempferol as antioxidants in the endothelin-1 (ET-1) induced focal cerebral ischemic brain of rats. Oral
administration of bacoside-A (50 mg/kg), asiatic acid (50 mg/kg), and kaempferol (50 mg/kg) significantly reduced

the infarct volume to 31.8% =+ 1.30%, 32.3% + 1.25%, and 34.06% =+ 1.30%, respectively, compared to the vehicle—
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treated ischemic (I/R) group. The neurological deficit was significantly reduced and the neuropathological condition
of microglia and astrocytes were also improved. Significant increase of calcium levels and malondialdehyde and
reduction (p < 0.01) at the levels of antioxidative enzymes superoxide dismutase, catalase and reduced glutathione
were observed. Considering the level of efficacy, Bacoside-A was found to be the most potent neuroprotective
antioxidant among three phytochemicals.

INTRODUCTION

In the United States, cerebral ischemia is the 5" fact
of mortality. Over 800,000 people are affected by the cerebral
ischemic stroke every year (Go ef al., 2014). Cerebral ischemia
is an intense and developing neurological disorder. In cerebral
ischemia, early reperfusion of the ischemic brain is found.
The risks of reperfusion include serious edema of the brain,
hemorrhagic results in the irreversible damage of brain tissue,
and related complications leading to death. The most acceptable
treatment for the ischemic stroke is the thrombolysis therapy of
the occluded cerebral transformation, bruise of the neurovascular
system and death of neuronal cells. Neuroprotective agents act on
various neuro-pathophysiological mechanistic pathways related
to focal cerebral ischemia. This feature leads to investigation
of the therapeutic efficacy of different neuroprotective agents
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against the ischemic stroke (Durukan and Tatlisumak, 2007;
Volcho et al., 2018).

In cerebral ischemia, blood clots in cerebral artery
decrease blood supply to the brain tissue and disruption in
balance of ionic gradients across membranes. lonic imbalance
helps to accumulate calcium and sodium ions and decrease
pH in cellular environment. These events are responsible for
the change of membrane transport, mitochondrial activity and
activating enzymatic processes which is dependent on calcium
specially DNA strand separating enzymes. In ischemic brain,
excessive generation of free radicals is observed. These free
radicals trigger lipid peroxidation leading to cell apoptosis.
Principal therapeutic strategy for the treatment of cerebral
ischemia is to maintain blood flow for short period of time
to preserve neural tissue architecture. In brain ischemia,
reperfusion of ischemic brain tissue is a prerequisite to restore
its normal activity. Reperfusion makes the secondary damage
of brain tissue, called reperfusion injury. Secondary approach
is the amelioration of pathophysiological events created by free
radicals produced in the damaged ischemic brain tissue. Thus,
antioxidants show the significant neuroprotective effect against
cerebral ischemia (Lee et al., 2020).
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After cerebral ischemic attack, the pathogenesis of brain
tissue follows complex pathways towards injury. Activation of local
microglia and infiltration of neutrophil from blood to ischemic brain
parenchyma are the main causes of the neuroinflammation after
cerebral ischemic damage. This activates the transcription factors
and produces proinflammatory markers (Lakhan et a/., 2009; Muir
et al., 2007; Yi et al., 2007). Pro-inflammatory mediators damage
neurons, glial cells, axons, and capillaries and cause secondary
brain damage after cerebral ischemia (Del Zoppo, 2010).

Bacoside —A, asiatic acid and kaempferol are widely
used by ayurvedic physicians for their curative properties against
neurodegenerative disorder. Bacopa monnieri leaf contains the
bacoside-A. This phytocompound istriterpenoid saponin innature.
Bacoside-A combines the metabolites like bacopasaponin C,
jujubogenin isomer of bacopasaponin C, bacoside A3 and
bacopaside II. Bacosides-A has a neuroprotective activity
(Sekhar et al., 2019) and anti-inflammatory activity (Madhu
et al., 2019). Bacoside-A reduces oxidative stress and cancerous
property of cells (Bhardwaj er al., 2018). Asiatic acid shows
the neuroprotective activity (Krishnamurthy es al., 2009).
Centella asiatica leaf contains asiatic acid which is chemically
a pentacyclic triterpenoid. Asiatic acid is a neuroprotective agent
that prevents inflammation (Park er al., 2017). Convolvulus
pluricaulis leaf contains a flavonoid kaempferol. Kaempferol
reduces oxidative stress and inflammation of neuronal cells (Yu
et al., 2013). Anti-inflammatory activity of the kaempferol was
studied in vitro in glial cells and lipopolysaccharide induced
inflammatory animal models (Cheng et al., 2018; Park et al.,
2011; Yang et al., 2019).

In this article, the antioxidant and neuroprotective
activity of both three compounds were investigated by evaluating
different enzyme markers related activity against reactive oxygen
species (ROS) responsible for the damage of the tissue and for
their application in synthesizing drugs toward the treatment of
focal cerebral ischemia. To evaluate the possible efficacy of
the agents different parameters like neurobehavioral functions,
infarct volume, and neuropathological changes related to glial
cells (microglia and astrocytes) have been investigated.

MATERIALS AND METHODS

Materials

Bacoside-A (90%, Sigma Aldrich), asiatic acid (97%,
Sigma aldrich), kaempferol (97%, Sigma Aldrich), ET-1 (97%
Sigma-aldrich), 2,3,5-triphenyl tetrazolium chloride (98% Sigma
Aldrich), OX-42 monoclonal antibody (Novus biologicals,
USA) (microglial marker), Glial fibrillary acidic protein (GFAP)
monoclonal antibody (Proteintech, USA) (Astrocyte marker),
HRP-conjugated Goat-antimouse IgG secondary antibody
(G-bioscience, USA), Epinephrine (Sigma aldrich, USA), triton
X-100 (Merck), DTNB (5,5'-Dithiobis-(2-nitrobenzoic acid)
(Sigma aldrich, USA), o-cresolpthalein complexone (Sigma
Aldrich, USA), thiobarbituric acid (98%, LOBA CHEMIE)

METHODS

Animal housing and maintenance

In this study, male Wistar rats (200-250 g) were used.
Animals were maintained in departmental animal house facility

having temperature (25°C + 2°C) and humidity (45%-50%) and
12 hours light and dark cycle. All the animal experimentations were
performed as per recommendation of Institutional Animal Ethics
Committee, Department of Zoology, University of Kalyani, India.

Induction of focal cerebral ischemia

Anesthesia of rats was done by intraperitoneal
injection of sodium pentobarbital (30 mg/kg body weight). The
animal’s body temperature was 37°C throughout the handling
procedure. During the time of surgery, marking of three points
along the anterior -posterior axis of the bregma on cranium was
done. Three points were drilled. 10 pg ET-1 was dissolved in
10-pl sterile normal saline (0.9%). First, ET-1 (1 pg/per site)
was delivered into cortex by intracerebral injection using
Hamilton® syringe (Sigma Aldrich, USA) (Horie et al., 2008).
ET-1 was injected into the cortex at the rate of 0.8 pl/minute
and the needle was kept in-situ for another 5 minutes before
slowly removing it. The coordinates of intracerebal injection
were measured from the rat atlas of Paxion and Watson (1998).
Measurement of intracerebral injection coordinates from
bregma and the distance from the surface of brain was

Rat (Cortex position) (Triple injection): AP 0, ML
+2.5, DV —2.3; AP +2.3, ML +2.5, DV —2.3; AP +0.7, ML
+3.8, DV —2.3 (AP: antero-posterior; ML: midlateral ; DV:
dorsoventral)

The similar surgical procedures were done in the
sham-operated group without the intracerebral delivery of ET-1.

Examination of neurological deficits

To evaluate the ischemic effect, neurobehavioral
testing was performed in each rat after 24 hours of intracerebral
injection of ET-1. The neurological deficit after focal cerebral
ischemia (indicated as neurological score) was evaluated
by a neurobehavioral experiment on 5 point scale where “0”
means no neurological deficits; “1” means failure to extend left
forepaw fully; “2” means circling to the left; “3” means failing
to the left; and “4” means inability to walk spontaneously
combined with depressed levels of consciousness (Peng et al.,
2007). Neurological scores were evaluated in the ischemic rats
after the treatment of bacoside-A, asiatic acid and kaempferol.

Drug treatment

Bacoside-A, asiatic acid, and kaempferol was formulated
in a solution of normal saline and 0.5% sodium carboxy-
methylcellulose (CMC-Na). The preparation was delivered by
oral gavage at dose 50 mg/kg body weight once in a day up to
7 days after ischemia induction. The study on dose course of three
phytochemicals showed significant positive effect at 50 mg/kg body
weight in (data not shown). A hormetic effect of phytochemicals
was observed at the dose of 75 mg/kg of body weight (within the
limit of LD50 value). Sham-operated group and focal cerebral
ischemia (I/R) group received the 0.5% CMC-Na in saline.

Division of rats was into five groups which have six
animals in each group according to neuro-behavioral testing—
(i) Sham-operated group (ii) Cerebral ischemia (I/R) group
(iii) Cerebral ischemia (I/R) group + Bacoside-A (iv) Cerebral
ischemia (I/R) group + Asiatic acid (v) Cerebral ischemia (I/R)
+ Kaempferol.
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Determination of infarct volume

After neurological assessments, the rats of
sham, I/R, I/R + bacoside-A, I/R + asiatic acid, and I/R +
kaempferol group were decapitated. Dissection of brain
tissue was followed coronally into 2-mm slices with the help
of a razor blade. The sections were stained by 0.05% 2, 3,
5-tripenyltetrazolium chloride in phosphate buffer saline
(PBS) at 37°C for 45 minutes in water bath. After staining,
the slices were washed in PBS three times (1 minutes each).
Then the slices were kept in 4% formaldehyde at 25°C at
24 hours before the image was captured. In the sections, the
red area indicates the normal architecture and the white or
pale area identified as the infarct region. The image J/Fiji
processing system was applied to estimate the infarct area in
every section (Schindelin ef al., 2012). Infarct volume ratio =
(total of infract area/the total of sections area) * 100%.

Immunohistochemical staining

After anesthesia, perfusion of rat through the
heart was done by phosphate buffer saline and then 4%
paraformaldehyde. After the collection of brain, the coronal
sections of the bregma region in the ipsilateral ischemic
hemisphere were wused in the immunohistochemistry.
Endogenous peroxide activity was blocked by the washing of
the sections with 3% hydrogen peroxide. Antigen retrieval was
done by sodium citrate buffer (pH 6.0). In the blocking step,
incubation of sections was done by using 5% bovine serum
albumin. Then the incubation of the sections were done at
4°C overnight with the OX-42 and GFAP primary antibodies.
Primary antibodies were recognized by goat-anti mouse
IgG secondary antibody. Then the 3,3'-diaminobenzidine
tetrahydrochloride was applied and the counterstain of nuclei
was done by hematoxylin. Observation of brain sections were
done under light microscope.

For the semiquantitative analysis of the
immunohistochemical result, three sections from each brain
sample each having three microscopic fields from the ischemic
boundary zone in cerebral cortex, were digitalized under
40xobjective (Chu et al., 2006). Expressions of proteins were
quantified by measuring the integrated optical density (IOD)
of immuno-positive cells with the help of an image analysis
system (Image J/Fijji).

Biochemical estimation

After the killing of animals by cervical dislocation,
brains were decapitated. Homogenization of the infarcted area
of the cerebral ischemic group and treated groups was done in
the solution of phosphate buffer saline (pH 7.0) and ethylene
diamine tetraacidic acid (EDTA). The centrifugation of the
homogenate was done at 0°C at 1,000 rpm in a cold centrifuge.
In the different biochemical experiments, the supernatant of the
homogenate was taken.

Superoxide dismutase (SOD)

Measurement of the level of SOD was done according
to the principle of Misra and Fridovich (1979) at 25°C. After
mixing of supernatant with the carbonate buffer, the solution

was kept at 10 minutes. After the addition of epinephrine in this
mixture, the measurement of optical density was done at 480
nm on UV-SPECTROSCOPY.

Catalase (CAT)

According to the slightly modified version of Aebi
(1984), the level of CAT was quantified. After mixing of
supernatant with 100% ethanol, the mixture was kept in a cold
condition for 25 minutes. After the addition of triton X-100,
tubes were placed at room temperature. In a cuvette, the
phosphate buffer saline, the above mixture (supernatant, 100%
ethanol, and triton X-100), and hydrogen peroxide in PBS were
mixed. UV-spectroscopy was applied to estimate the optical
density at 240 nm.

Reduced glutathione (GSH)

The level of GSH was quantified according to the
principle of Ellman (1959). The supernatant was mixed with 4%
sulphosalisalisylic acid and then centrifugation of the mixture
was done at 4°C for 5 minutes at 1,200 rpm. The supernatant
was added with DTNB (5, 5'-Dithiobis-(2-nitrobenzoic acid)
and estimation of optical density was done at 412 nm with the
help of a UV-Visible spectrophotometer.

Estimation of total calcium

Samples were added to the deprotonation buffer in the
glass centrifuge tubes. The tubes were kept in water bath for 3
minutes. Centrifugation of tubes was done at 10,000 rpm in hot
conditions. The supernatant was kept in autoclaved test tubes, and
o-cresolphthalein complexone was poured into every test tube,
shaken well, and measured at 570 nm. Calcium chloride solution
was used for the preparation of the standard plot (Lorentz, 1982).

Estimation of lipid peroxidation by measuring malondialdehyde
(MDA)

Supernatant was added with 8.1% sodium dodecyl
sulfate, vortexed, and incubated at 25°C for 10 minutes. After
the addition of thiobarbituric acid (0.6%), the solution was kept
in a water bath at 100°C for 60 minutes. The samples were kept
at 25°C for cooling. After the addition of the mixture of butanol
and pyridine (1.5:1), samples were shaken well. The solution was
centrifuged at 1,000 rpm for 5 minutes. UV-spectrophotometer
was used to measure the optical density of the colored solution
at 532 nm against a reference blank (Ohkawa ef al., 1979).

Histopathology

Coronal brain sections from the sham group, focal
cerebral ischemia (I/R) group and drug administered groups
were kept in a fixing solution composed of glacial acetic acid,
formaldehyde (4%), and methanol (1:1:8). After sectioning, the
paraffin block of brain tissues was prepared. Staining of brain
sections was done with eosin and hematoxylin.

Statistical analysis

One-way analysis of variance was used for analyzing
the data obtained from the above experiments. Expressing of
data was in the form of mean = SD. The statistical analysis was
performed with the help of the origin software (version Pro 8.0).
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RESULTS

Effect of bacoside-A, asiatic acid, and kaempferol on
neurological deficit

Generally, impaired motor activities were associated
with higher neurological deficits. The sham-operated group
did not show any signs of neurobehavioral disorder. Therefore
the neurological score of the sham-operated group was zero.
Considering a five-point scale, the neurological scores in the
cerebral ischemic group increased to 4.2 + (.23 after 24 hours
of ischemia which was caused by ischemic brain injury whereas
oral administration of bacoside-A (50 mg/kg), asiatic acid (50
mg/kg), and kaempferol (50 mg/kg) significantly decreased the
neurological scores to 2.2 £ 0.16, 2.65 + 0.17, and 3.01 = 0.15,
respectively, compared with focal cerebral ischemic (I/R) group
(Fig. 1). Bacoside-A reduced the neurological deficit most
among these three phytochemicals.

Effect of bacoside-A, asiatic acid and kaempferol on
infarct volume

Figure 2A depicts the infarct region of the brain
in each group after 24 hours of brain ischemia induction.
Similar surgical procedures without the intracerebral delivery
of ET-1 were followed in sham-operated rats and this group
showed no infarct area. In the focal cerebral ischemic rats
(I/R), a definite pale stained or white area in the cortex and
striatum of the brain was identified as the ischemic area.
Figure 2B shows infarct volume of the ischemic group was
37.8% + 1.75% of the total brain volume. Oral administration
of bacoside-A (50 mg/kg), asiatic acid (50 mg/kg), and
kaempferol (50 mg/kg) significantly reduced the infarct
volume to 31.8% + 1.30%, 32.3% + 1.25% and 34.06% +
1.30%, respectively compared to the focal cerebral ischemic
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Figure 1. Effect of bacoside-A, asiatic acid and kaempferol on neurological
deficit in endothelin-1 induced focal cerebral ischemia of rat. The data were
expressed as mean £ SD (n = 6 each group). *p < 0.05, **p < 0.01 compared
with the focal cerebral ischemic control (I/R) group, ++p < 0.01 compared with
the sham-operated group.

(I/R) group. Bacoside-A is the most effective phytochemical
in reduction of the brain infarct volume.

Alteration of pathology of microglia and astrocytes of
brain tissue

Neuropathological alterations of microglia and
astrocytes of the brain were identified by immunohistochemistry
using GFAP and OX-42. Glial cells (microglia and astrocytes)
were activated and neuroinflammation was found after cerebral
ischemic damage. In our result, the cerebral cortex of the sham-
operated group showed few numbers of GFAP and OX-42-
immunopositive cells (Fig. 3A). But, the numbers of GFAP and
0X-42 immunopositive cells were increased in the ischemic
penumbra of focal cerebral ischemic (I/R) rat. The numbers
of those immunopositive cells were significantly decreased
by treatment with bacoside-A, asiatic acid and kaempferol
treatment (Fig. 3B and C).
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Figure 2. Bacoside-A, asiatic acid, and kaempferol on attenuation of cerebral
infarct volume in endothelin-1 induced brain of ischemic rat. (A) Picture
of coronal brain sections stained with 2,3,5-triphenyltetrazolium chloride.
(B) Infarct area presented with respect to the percentage of total brain area.
The data were expressed as mean = SD (n = 3 each group). *p < 0.05, **p <
0.01, compared with the focal cerebral ischemic control (I/R) group, ++p <
0.01compared with the sham-operated group.
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Effect of bacoside-A, asiatic acid, and kaempferol on the levels
of SOD, CAT, GSH, and MDA in the brain tissue

In this study, the potency of bacoside-A, asiatic acid,
and kaempferol on SOD, CAT, GSH, and MDA levels in the
brain tissue of ET-1-induced ischemia-reperfusion rats was
investigated. The content of SOD in the ischemic (I/R) rat
brain was decreased. Treatment with bacoside-A (50 mg/kg),
asiatic acid (50 mg/kg) and kaempferol (50 mg/kg) enhanced
the SOD levels significantly (Fig. 4A). Ischemic control
(I/R) group showed a significantly decreased level of CAT
in comparison with the sham-operated group. The level
of CAT was increased significantly in the group treated
with bacoside-A (50 mg/kg), asiatic acid (50 mg/kg), and
kaempferol (50 mg/kg) as compared with the ischemic control
group (Fig. 4B). The ischemic control group (I/R) showed a
significantly decreased level of GSH in the ischemic region
of brain in comparison with the sham-operated group. The
level of GSH was increased significantly in the group treated
with bacoside-A (50 mg/kg), asiatic acid (50 mg/kg) and
kaempferol (50 mg/kg.) against the focal cerebral ischemic
(I/R) rat (Fig. 4C). Focal cerebral ischemic (I/R) showed
the increased amount of brain MDA in comparison with the
sham-operated group. In the bacoside-A (50 mg/kg), asiatic
acid (50 mg/kg) and kaempferol (50 mg/kg) treated groups
had significantly decreased level of brain MDA in comparison
with the cerebral ischemia group (Fig. 4D).
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Figure 3. Alteration of pathology of microglia and astrocytes of brain tissue
after treatment with bacoside-A, asiatic acid, and kaempferol in endothelin-1
induced focal cerebral ischemic rat. (A) Images of GFAP—stained astrocytes
and OX-42 stained microglia in the pneumbra position of ischemic cortex.
(B, C) The 10D quantified the level of GFAP and OX-42 by using the amount
of the immune-stained positive cells. The data are expressed as mean + SD
(n = 3 each group). **p < 0.01, compared with the focal cerebral ischemic
control (I/R) group, ++p < 0.01 compared with the sham-operated group.
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Figure 4. Bacoside-A, asiatic acid, and kaempferol activity on levels of (A)
SOD (B) CAT (C) reduced glutathione (D) MDA in ischemic rat brain. The data
are expressed as mean + SD (n = 3 each group). *p < 0.05, **p <0.01 compared
with the focal cerebral ischemic control (I/R) group, ++p < 0.01 compared with
the sham-operated group.
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Figure 5. Changes of calcium level after treatment with bacoside-A, asiatic
acid, and kaempferol of the focal cerebral ischemic rat. The data are expressed
as mean = SD (n = 3 each group). *p <0.05, **p <0.01 compared with the focal
cerebral ischemic control (I/R) group, ++p < 0.01 compared with the sham-
operated group.

Effect of bacoside-A, asiatic acid, and kaempferol on
calcium levels

The effect of bacoside-A (50 mg/kg), asiatic acid
(50 mg/kg), and kaempferol (50 mg/kg) on brain calcium levels
in different groups has been estimated. The ischemic control
(I/R) group showed a significantly increased level of brain
total calcium in comparison with the sham-operated group.
Reversal of the increased calcium level was found in the group
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Figure 6. Histopathological structure of brain tissue after treatment with
bacoside-A, asiatic acid and kaempferol of ET-1-induced focal cerebral
ischemic rat. N: neuronal cell; HCBV: Hypo perfusion-induced marked
congestion of blood vessels; DN: excessive degeneration of neuronal cells; EV:
excessive vaculation and necrosis of neural cells; MC: mild congestion; MV:
mild vaculations. The magnification of the microscopic images is X400.

that received the bacoside-A, asiatic acid, and kaempferol in
comparison with the cerebral ischemia group (Fig. 5).

Effect of bacoside-A, asiatic acid, and kaempferol on
histopathological studies

The brain section of the sham-operated group showed
the normal brain histological structure and nerve cells (N)
containing viable nucleus (Fig. 6). Hypo perfusion-induced
marked congestion of blood vessels (HCBV), increased
degeneration of neuronal cells (DN), increased excessive
vaculation (EV) and neuronal necrosis were found in cerebral
ischemic (I/R) group. Groups treated with kaempferol (50 mg/
kg) (I/R + Kaempferol) showed mild congestion (MC) and mild
vaculations (MV). Groups treated with asiatic acid (50 mg/kg)
(I/R + Asiatic acid) showed only MV, whereas the bacoside-A
(50 mg/kg) (I/R + Bacoside-A) treated group showed neuronal
cells (N) with a normal nucleus. So, treatment with bacoside-A
totally reversed the necrosis and congestion of neurons and
congestion of blood vessels in comparison with the ischemic
control (I/R) group.

DISCUSSION

ET-1 is a potent vasoconstrictor, so it constricts the
cerebral artery and as a result the supply of blood to brain tissue
is blocked. Infarction induced by blocking of the arteries in brain
is observed in the 60% brain stroke affected people. Therefore,
ET-1 induced brain injury is considered as the equivalent
pathological condition to brain stroke which is assessed by
measuring neurological score. ET-1-induced neurological score
was four times higher in ischemic brain in comparison to the
sham-operated group.

Bacoside-A is the main component of the plant
B. monnieri. The nootropic and neuroprotective activity of

bacosides have already been reported (Anand et al., 2012;
Janani et al., 2009 and 2010; Kamkaew et al., 2011; Shahid
et al., 2016; Sharath ez al., 2010). Bacoside-A maintains ionic
balance in the cells of brain after exposing the rat model in
cigarette smoke (Anbarasi et al., 2006). Asiatic acid is the
major compound of the plant C. asiatica. Asiatic acid showed
neuroprotective activity in mice model too (Krishnamurthy
et al., 2009). Another phytochemical, kaempferol is the active
compound of C. pluricaulis and has low water solubility that
can be improved by additional sugar molecule (Yu et al.,
2013). Previous evidences have shown the attenuation of
lipopolysaccharide-induced inflammation by kaempferol in
cultured BV2 microglial cells (Park ef al., 2011). Intravenous
administration of kaempferol- 3-O rutinoside decreases brain
infarct volume and neurological deficit scores in ischemic
rats (Li et al., 2006). Our research evaluated the comparative
neuroprotective activity of bacoside-A, asiatic acid and
kaempferol in ET-1 induced ischemic brain injury. It has
been observed in our study that treatment with bacoside-A
(50 mg/kg), asiatic acid (50 mg/kg), and kaempferol (50 mg/kg)
significantly attenuated neurological deficits and infarct volume
in comparison with the cerebral ischemia group.

Several reports informed that brain ischemia-
reperfusion injury damages all types of brain cells such as
neurons and axons and blood-brain barrier components e.g.
microglia, astrocytes and oligodendritic cells. Glial activation
after focal cerebral ischemic injury kills the brain tissue through
the inflammation of neurons (Xu et al., 2020). Therefore, the
efficacy of the bacoside-A, asiatic acid and kaempferol on
definite glial cell markers after focal cerebral ischemia was
investigated by the process of immunohistochemistry of OX-
42 and GFAP. We found that the OX-42 and GFAP levels were
decreased markedly in the ischemic region of brain after the
administration of bacoside-A, asiatic acid, and kaempferol. Our
results informed that the anti-inflammatory and neuroprotective
activity of bacoside-A, asiatic acid, and kaempferol inhibits
the glial activation. Research data showed that the oxidative
stress can be found in the ischemic area of brain (Jelinek
et al., 2021). Our research result showed that the decreased
levels of oxidative stress markers, e.g., SOD, CAT, and GSH,
and increased levels of MDA were found in the ET-1-induced
focal cerebral ischemic tissue. Hydrogen peroxide is formed
by the SOD from superoxide radicals. Hydrogen peroxide is
dissociated into oxygen and water with the help of CAT and
glutathione peroxidase and this prevents the generation of
hydroxyl free radicals (Kurutas, 2016). In the different stages
of metabolic cycle, these enzymes act in a co-operative fashion
against free radicals. When the antioxidant properties of the
tissues could not act properly, the oxidative stress of cells and
lipid peroxidation in the membrane were found (Parikh ez al.,
2003). In the ischemic region of brain, activation of inducible
nitric oxide synthase produces a high amount of nitric oxide.
This nitric oxide can react with superoxide molecules to produce
peroxynitrile. Peroxynitrile hydroxylates the aromatic residue
of amino acids and nucleotide in the cytoplasm and nucleus of
the cells (Beckman et al., 1992; Moreno and Pyror, 1992). For
this, internal mechanisms of cell deregulate and neuronal loss
is found after focal cerebral ischemic damage. In the ischemic
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region, amount of MDA increases and amounts of GSH, CAT
and SOD decrease. In this study, GSH level was depleted in
focal cerebral ischemic rat (I/R). In brain, the most important
endogenous antioxidant weapon is GSH. The scavanging of
lipid peroxide and hydrogen peroxide is done by this enzyme
(Fujii et al., 2022). After ischemic repurfusion injury, level
of GSH in brain cells is depleted by the formation of cysteine
from GSH, mixture of disulfide and decline production of GSH
(Shivakumar et al., 1995). High amount of ROS leads to the
peroxidation of membrane lipid. This event accumulates MDA
in cell (Ayala et al., 2014). Peroxidation of lipid is occurred
by damage of brain tissue associated with free radicals. The
membrane phospholipids polyunsaturated fatty acid (PUFA)
peroxidation resumes till the consumption of substrate by
antioxidants. Product of lipid peroxidation mainly the MDA
level is most important marker of focal cerebral ischemic
damage (Awooda, 2019). Many research reports revealed that
the infarct area, clinical symptoms and patient’s character are
associated with the increased level of MDA (Bolokadze et al.,
2004; Gariballa et al., 2002; Polidori et al., 2002; Re et al.,
1997; Sharpe et al., 1994). Increased MDA level in ischemic rat
indicates ROS mediated reperfusion injury. Our data showed
that the elevation of lipid peroxidation level and depletion
of antioxidant markers namely SOD, CAT and GSH in focal
cerebral ischemic groups are found which are supported by other
research reports of cerebrovascular disorders (Farbiszewski
et al., 1995; Jenner, 1994; Viglino et al., 1998). Increased
calcium level in cytosol indicates the elevation of oxidative
damage to brain tissue. In the present study, bacoside-A, asiatic
acid, and kaempferol inhibited oxidative stress in the ET-1-
induced focal cerebral ischemic tissue of rats.

Histopathological studies revealed that the sham
group contains neuronal cells (N) with normal nucleus. Cerebral
ischemic (I/R) group showed marked HCBYV, excessive DN,
excessive EV, and histopathological necrosis in brain tissue.
But bacoside — the treated group showed only neuronal cells
(N) with normal nucleus. Asiatic-acid-treated group showed
MYV and kaempferol treated group showed the MV and MC
blood vessels in the brain tissue.

CONCLUSION

Induction of focal cerebral ischemia was done in rats
by the intracerebal injection of ET-1. ET-1 produces blood clot
in middle cerebral artery and reduces the oxygen supply to
brain tissue. This results the severe damage of brain tissue. Oral
administration is the most suitable approach for the treatment
of focal cerebral ischemia. After treatment with three different
phytochemicals such as bacoside-A, asiatic acid, and kaempferol
significantly improved the damaged brain tissues. Bacosides-A
improved neurological deficit and the infarct volume better
than the other two phytochemicals. Bacoside-A repaired more
damaged astrocytes and glial cells. Bacoside-A increased the
SOD, CAT, GSH levels and decreased the MDA and calcium
levels most among all three phytochemicals. Beside this,
histopathology study revealed that the bacoside-A improved
the cytoarchitecture of damaged brain tissue mostly. But asiatic
acid and kaempferol treatment did not improve the damaged
brain tissue remarkably. From the above experiments, it can be

concluded that bacoside-A is most effective neuroprotective
antioxidant out of the three phytochemicals against ET-1-
induced focal cerebral ischemic brain injury.
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