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Abstract

The aim of the study was to green synthesis and evaluate the antiepileptic activity of herbal
nanoparticles of Mimusops elengi (ME) on electrochemical convulsion models in mice. ME herbal
nanoparticles (MEHNPs) were synthesized and characterized. The particles size and zeta potential of
MEHNPs were found to be 24 nm and 29.5 mV respectively. FTIR study revealed that minor shifts of
peaks may be due to capping, reduction and stabilization of MEHNPs. Electro convulsions (ECs) were
induced using electro-convulsiometer and ear-clip electrodes with alternating current of 45 mA for
0.2 s stimulation. PTZ was administered intraperitoneally to mice at a dose of 105 mg/kg, which was
the CD97 (97% convulsive dose for the clonic phase) for inducing chemo-convulsions. The ability of
methanol extract of ME bark (MEME-B) and ME herbal nanoparticles (MEHNPs) to reduce the hind
limb extension (HLE) in EC and clonic-type (CT) convulsions in the PTZ model was used to establish
antiepileptic parameters. HLE and CC was reduced significantly (P < 0.05) whereas neurochemical
analyses show a significant rise in Acetylcholinesterase (AChE) and Gamma Butyric acid (GABA)
levels. Antioxidant studies revealed that both MEME and MEHNPs significantly increased antioxidant
enzymes and scavenged free radicals (P < 0.05), whereas histological findings revealed the protective
effects. In both models, MEME-B and MEHNPs exhibited significant anti-epileptic properties, which
could be attributed to suppressing excitatory neurohumoral transmission and enhanced inhibitory
neurotransmission, as well as a significant increase in antioxidant status. MEHNPs, on the other hand,
have outperformed MEME-B in terms of reducing oxidative stress and altering neurochemicals such
as AChE and GABA.

Keywords: Green synthesis; Mimusops elengi; Herbal nanoparticles; Electro convulsions; Chemo
convulsions; Acetylcholinesterase; Antioxidants

Introduction process. It is mainly characterized by an enduring
predisposition to generate epileptic seizures, which can

Epilepsy is one of the neuronal sicknesses of the ~ have neurobiological, cognitive, psychological, and
brain stemming from the disruption of brain signaling ~ social consequences, putting the individual at risk of
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physical harm and frequently interfering with quality
of life at any age [1, 2]. Epilepsy affects almost all age
groups and is estimated to affect 50 million people
worldwide, with 75% of patients living in economically
deprived countries with little or no access to adequate
care options, ranking it second only to stroke as one of
the most prevalent severe neurological disorders [3, 4].

The treatment strategy for people with epilepsy, on
the other hand, is the continuous and regular use of
anticonvulsants [5]. However, current medicinal agents
and treatment methods, either as monotherapy or in
combination therapy, are inadequate for approximately
one-third of sufferers worldwide, and 30% of patients
with epilepsy do not have sufficient seizure control
regardless of available drugs or treatment choices
[6-8]. Furthermore, according to the data, thousands
of fatalities occur in the United Kingdom each year.
Because of epilepsy, and most patients are associated
with seizures, 42% of deaths were potentially
avoidable [9]. Hence, improved treatment plan options
or newer antiepileptic agents as monotherapy or as
an add-on medication for epilepsy and associated co-
morbid conditions are urgently needed. By considering
the above fact, considerably more attention is now
being paid to the plant's research as an effective cure
for most of the disease. Furthermore, according to data,
more than 70% of medicines were isolated from plants
as primary and secondary metabolites, converted into
active ingredients, and used to treat various illnesses,
including cardiovascular and central nervous system
disorders.

ME is a member of the Sapotaceae family, which
is widely distributed throughout the world, especially
in Asian countries such as India, Pakistan, and
Bangladesh. This is also called Bakul with many active
components such as flavonoids, tannins, triterpenes,
saponins [10, 11]. Plant extracts of ME parts have
historically been claimed and published for antiulcer,
antibacterial, anthelmintic, and cardiotonic activities
using experimental animal models. Phytochemicals
such as beta amyrin, betulinic acid, lupeol, beta-
sitosterol, ursolic acid, and quercetin have been
isolated from the bark of ME [12, 13]. Ursolic acid is
classified as a triterpene acid with various biological
effects, including strong antioxidant properties [14].

On the other hand, emerging formulations such
as polymeric herbal nanoparticles, liposomes,
proliposomes, solid lipid nanoparticles, and
nanoemulsions, have recently attracted a lot of interest
in herbal research area. Furthermore, in phyto-

formulation research, phytotherapeutics also have
various advantages such as higher solubility with
improved bioavailability, improved stability, improved
tissue macrophage distribution along with non toxic in
nature and so on. As a result, nano-sized drug delivery
systems for herbal treatments may have a promising
future in terms of improving activity and overcoming
issues connected with plant medications [15, 16]. In
drug delivery, many forms and methods for successful
delivery of medicaments to target tissues have been
identified in available reports. In the current scenario,
nanotechnology drug design provides a more promising
drug delivery solution for various treatments.
Furthermore, multiple nanostructure drug delivery
carriers have been used and published as successful
CNS delivery systems in recent days [17, 18]. In this
approach, active medicaments are usually embedded
into or coated onto nanocarriers (size from 1 to 1000
nm) to interact with the cell organelles to produce
any biological responses. Hence, nanomedicine-based
AEDs show greater attention because of their ability to
cross the BBB with improved selectivity and potential
for effective drug delivery approaches [19]. In view of
the above, the nanoparticles from ME were prepared
and evaluated for their potential antiepileptic activity
on convulsion models in mice. To our knowledge, this
is the first time that herbal nanoparticle formulation
from ME bark has been tested in mice using electro
and chemo convulsion models.

Experiment
Drugs, chemicals, and plant materials

Phenytoin, Diazepam, and Pentylenetetrazole were
procured from Yarrow Chem Products, Mumbai,
India. Silver nitrate was purchased from Hi-Media
Chemicals, Mumbai, India. Methanol with purity of
99.7%, acetonitrile with a purity of 99.8% and distilled
water was used as a mobile phase and procured from
local chemical supplier (Bros chemicals, Tirupati,
Andhra Pradesh, India). The reference compound
ursolic acid with a purity of 90% was procured
from Sigma-Aldrich, USA. All the chemicals and
solvents used in the study were of analytical grade.
ME bark was collected from Sree Vidyanikethan
College campus, identified and authenticated by Dr.
K. Madhavachetty, Professor, Faculty of Botony,
Sri Venkateswara University, Tirupati-517 502
Andhra Pradesh. A voucher specimen (Reference
No: #45 Dated 07/11/2018) was deposited for further
reference. The collected and authenticated bark was
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then washed with standard water to extract dust and
residual particles, dry, powdered, and passed through
the BSS mesh No. 85, and the resulting powder was
held in an airtight container for further assessment and
quantification.

Preparation and characterization of ME bark

ME bark was collected, chopped, shade-dried, and
coarsely powdered. The powder (100 g) was passed
through a 40-mesh sieve and extracted with methanol
using the soxhlet apparatus. The solvent was then
removed and concentrated to dryness in a rotary
vacuum evaporator at 40 °C under reduced pressure
[20].

Phytochemical studies

The phytochemical screening of ME barks extract
was carried out by using the standard methods and
procedures for terpenoids, alkaloids, flavonoids,
tannins, steroids, and saponins [21, 22].

FT-IR spectrum of extract

The FT-IR spectra were captured using Agilent Cary
630 IR systems. A weighed volume of dried methanol
extract of ME (MEME-B) was carefully and directly
loaded into the instrument’s sample holder. Data were
collected over a spectral range of 4000 to 800 cm .
Agilent-Respro software was used to evaluate all of the
collected data.

Quantification of ursolic acid in extract by
HPLC analysis

A Shimadzu LC 20AT isocratic pump was used
for HPLC analysis. As a stationary phase, a reverse-
phase Phenomenex RP-C18 (150 mmx4.60 mm, 5
mm particle size) was used. A UV detector was used
for detection. Data were collected using Spinchrom
software. The injection volume was optimized as 10
uL. The mobile process was composed of water and
acetonitrile in an 80:20 volume ratio. The wavelength
of detection was set to 210 nm [23]. Ursolic acid was
combined with water to make a stock solution with a
concentration of 1000 g/mL. Other dilutions have been
made for the preparation of regular solutions from the
stock solution. The extract of 1 g of bark in 10 mL
methanol for sample solution was filtered through a
millipore membrane filter (0.45 um).

Preparation and characterization of MEHNPs

For the biosynthesis, 100 mL of silver nitrate (1
mmol/L) was prepared. In a 250 mL erlenmeyer
flask, 10 mL ME extract was added to 90 mmol/L

of 1 mmol/L silver nitrate aqueous solution, and the
mixture was stirred for 2 h at 60— 70 °C. MEHNPs
were formed as soon as the reduction of silver ions
which change the reaction color from light yellow to
brown [24].

Particle size and zeta potential

The average particle size and zeta potential were
measured using a dynamic light scattering technique
(Horiba SZ100, Japan). The average particle size
and zeta potential were determined by diluting
dispersion 100 times with deionized water and taking
measurements at a 90° angle [25].

Transmission electron microscopy (TEM) and
EDAX studies

The morphology of the synthesized MEHNP
dispersion was determined using TEM (JEOL JEM-
2100, JAPAN) operated at an accelerating voltage of
15000 V. One drop of diluted AgNPs dispersion was
held on the copper grid, and one drop of a 0.02 g/mL
aqueous solution of phosphotungstic acid was used to
contrast the picture enhancement. EDAX (OXFORD
XMX N) was employed to study the distribution
of elemental composition of MEHNPs. The EDAX
detector was used to conduct an elemental analysis in
the scanned area [26].

Animals and experimental conditions

Adult albino mice of both sexes (45 male animals
for electrochemical convulsions and 3 female for acute
toxicity studies), weighing between 20 and 25 g were
obtained from Sree Venkateshwara Enterprises with
Reg. No. 237/2000/CPCSEA. All the animals were
kept under standard laboratory conditions, such as
(23+10) °C and a relative humidity of about 55%, with
a light-dark cycle maintained. For the whole study,
all animals had ad libitum access to food and water.
The animal experiment was approved (SVCP/IAEC/
[-006/2018-2019) and conducted in accordance with
the Institutional Animal Ethics Committee guidelines
and the animal care guidelines of the CPCSEA in New
Delhi, India. To prevent bias, the randomized form of
animal selection was used for treatments as separate
study groups [27]. The doses of Phenytoin, Diazepam,
MEME, and administration schedules were chosen
based on the previously reported studies [28, 29].

Acute toxicity study of extract
The acute toxicity studies were conceived in

accordance with OECD Directives 423. A single
oral dose (2000 mg/kg) of ME methanol extract was
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administered to three female mice [30] and observed
individually for gross behavioral, neurologic, and
autonomic toxic signs such as changes in heart rate,
respiration, salivation, lacrimation, drowsiness,
convulsions, motor control, etc [31].

In Vivo Studies
Induction of electro convulsions

For electro convulsions, 20 male animals were
divided into four groups of five animals each (n = 5).
Group [-Control (NS-0.9% p.o.) + MES (45 mA for
0.2 s); Group II-Phenytoin (25 mg/kg. i.p.) + MES
(45 mA for 0.2 s); Group III-MEME-B (200 mg/kg,
p.o.) + MES (45 mA for 0.2 s); Group IV-MEHNPs
(200 mg/kg, p.o.) + MES (45 mA for 0.2 s). The
maximum seizure pattern was induced by an electro-
convulsiometer (Techno, India), which was supplied
via ear-clip electrodes with alternating current (0.2 s
stimulation durations and 45 mA). HLE duration was
observed [32, 33] before inserting electrodes to allow
the induction of electro convulsions, and 0.9% solution
of the saline was poured in every ear. Both MEME
and MEHNPs were orally administered 45 min before
the electroshock was detected and the animals were
observed. As a criterion for anti-epileptic behavior
relative to control groups [34], the ability of MEME-B
and MEHNPs to abolish or minimize the length of the
tonic hind limb extensor process was established.

Induction of chemo convulsions

To induce chemo convulsions, 25 male animals
were divided into five groups of five animals each
(n = 5). Group I-Control (NS-0.9% p.o.); Group
II-PTZ (105 mg/kg i.p.); Group III-Diazepam (2
mg/kg i.p.) + PTZ (105 mg/kg i.p.); Group 1V-
MEME-B (200 mg/kg, p.o.) + PTZ (105 mg/kg
i.p.); Group V-MEHNPs (200 mg/kg, p.o.) + PTZ
(105 mg/kg i.p.). Mice were injected intraperitoneally
with PTZ at a dose of 105 mg/kg, which was its
CD97 (97% convulsive dose for the clonic phase) for
inducing chemo-convulsions. MEME-B and MEHNPs
were given orally 45 min before PTZ therapy, and
the animals were monitored for the next 30 min for
developing CT seizures. This CT seizure activity was
described as clonus of the entire body lasting more
than 3 s with a failure of the righting reflex [35, 36].

Morphometric analysis

To determine the effect of ME extracts on
experimental animals, the whole body weight of all

experimental animals was reported at regular intervals.
Furthermore, at the end of the procedure, the entire
brain was extracted and measured to determine any
changes in brain weight caused by administering
Phenytoin, Diazepam, or extract of ME or its
nanoformulations.

Assessment of transfer latency (TL)

The animals were placed separately in the plus-maze
apparatus, with the head facing the open arm. The
time it took each mouse to reach the closed arm for
a given set cut-off period of about 90 s was reported
as transfer latency. All the animals were exposed
to enough trails before the screening day to reduce
experimental bias. The first day’s TL was considered
acquisition (learning), while subsequent TL recording
was considered retention/consolidation memory of
experimental animals [37].

Assessment of neurotoxicity

Rotarod and locomotor tests were used to assess ME
neurotoxicity. The latency of the animals falling from
the spinning bar running at 25 r/min is automatically
recorded in the rotarod test. The animals were
subjected to a rotating bar before being selected for
suitability and ability to hold a rotating bar within a
given time limit (90 s off period), while the locomotor
score was recorded using the actphotometer (INCO,
India) as a standard procedure for 180 s [38].

Estimation of acetylcholinesterase

AChE was estimated according to standard
procedures [39]. In brief, 0.4 mL of brain hippocampal
homogenate was added to a test tube containing 2.6
mL of phosphate buffer (0.1 mol/L, pH = 8). To this
100 pL of DTNB reagent was added followed by the
addition of 20 pL of acetylthiocholine iodide solution.
The change in absorbance was then noted at 412 nm
for 5 min by using the calorimeter and results are
expressed as pmol/mg protein using the following
equation:

R=5.74x10"A4/C, (1)

where, R is the rate in moles of substrate hydrolyzed
per min per gram of tissue, A4 is Change in
absorbance per min, and C;is Original concentration
of tissue (mg/mL).

Estimation of gamma-aminobutyric acid
(GABA)

The content of gamma-aminobutyric acid (GABA)
was calculated using the Lowe et al.'s method [40].
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Isolated brain tissue was immersed in 5 mL of ice-cold
trichloroacetic acid (0.1 g/mL). Homogenization was
accompanied by centrifugation at 10000 r/min for 10
m at 0 °C to obtain a sample of brain tissue extract.
0.2 mL of 0.14 mol/L ninhydrin solution was applied
to 0.1 mL of brain tissue extract along with 0.5 mol/L
bicarbonate buffer (pH = 9.95) and held in a water bath
at 60 °C for 30 min. After cooling enough, the mixture
was treated with 5 mL of copper tartrate reagent,
which contain 0.16% disodium carbonate, 0.03%
copper sulfate, and 0.0329% tartaric acid. After 10 min
intervals, fluorescence was recorded at 377/455 nm by
using a spectrofluorimeter.

In vivo antioxidant activity

The antioxidant status was performed in brain tissue
homogenates. Lipid peroxidation was characterized by
measuring the MDA levels [41] whereas superoxide
dismutase (SOD) [42] and catalase (CAT) [43] were
measured according to the standard protocols.

Histopathological studies

After the experimental period, animals were
sacrificed using a cervical dislocation procedure and
vital organs; for example, the entire brain was isolated
for histopathological examinations. Half of each
animal's brain was fixed in 10% formalin for twenty-
four hours followed by washing and subjected to
paraffin embedding. The coronal slices of 10 um across
the hippocampus were sliced, mounted, and stained
with hematoxylin and eosin (H&E) before being
examined under microscopes at various magnifications
[44]. Degenerative changes in neuron-like cytoplasmic
vacuolation, nuclear chromatin clumping, and
fragmentation, among other things, were observed and
recorded during the assessment.

Statistical analysis

Statistical analysis was conducted by one-way
analysis of variance (ANOVA) followed by Dunnett’s
test for multiple comparisons using Graph Pad Prism
5.00" software (GraphPad Software, Inc., San Diego,
CA, USA). Values are shown as mean + SEM. P <0.05
was treated as significant.

Results
Phytochemical studies
Preliminary phytochemical studies of ME bark

extract reveal the presence of various phytochemicals
such as terpenoids, flavonoids, tannins, steroids, and

saponins.
FT-IR study

FTIR study was performed for both MEME-B (Fig.
1(a)) and MEHNPs (Fig. 1(b)). The results revealed
that minor shifts in peaks could be due to the capping,
reduction, and stabilization of MEHNPs. The presence
of functional groups capping the MEHNPs was
confirmed by the FTIR study. Peaks at 3394.2 cm™ in
the bark extract spectrum indicate bonded hydroxyl
groups. The — CH stretching vibration of CH, groups
is visible in the peaks at 2920 cm™' and 2852 cm™.
Furthermore, the C=C stretching vibration is reflected
by the peaks at 1603 cm ' and 2922cm . The aromatic
ring system’s C—H deformation vibration is reflected
by the peaks at 1247 cm ™' and 1027 cm .

(2)

T (%)

R (b)

3600 3200 2800 2400 2000 1600 1200 800.
Wavenumber (cm™!)

Fig. 1 FT-IR spectra of (a) MEME-B and (b) MEHNPs

HPLC analysis

The prepared MEME-B was qualitatively analyzed
by comparing the normal HPLC spectra of ursolic acid
(Fig. 2). The retention times for standard ursolic acid

10 (2) Rt=7.91
ol
= 6
(9]
24
S
0 Il Il Il Il I Il
0 2 4 6 8 10
Time (min)

S

g

(9]

& Rt=7.82

=
| ~ 1
6 8 10

Time (min)

Fig. 2 HPLC chromatogram: (a) standard ursolic acid (Rt =
7.91); (b) MEME-B containing ursolic acid (Rt = 7.82)
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(Fig. 2(a)) and ME bark extracts (Fig. 2(b)) were 7.91
and 7.82 min, respectively, in HPLC chromatograms.
By comparing the retention time of reference ursolic
acid, the identity of the extract's peak was discovered.
The presence of ursolic acid was verified by the bark
extract.

Acute toxicity study

Acute toxicity tests revealed that both extract
and nonoformulation-treated animals tolerated a
maximum dose of 2000 mg/kg body weight with no
toxic effects such as changes in heart rate, respiration,
salivation, lacrimation, drowsiness, convulsions, and
motor coordination. Furthermore, the behavior of ME
treated animals appeared normal. Hence, 1/10 of the
maximum-tolerated dose (200 mg/kg body weight) was
chosen for the study.

Characterization of nanoparticles

According to the results, MEHNPs were found to
have a particle size of 24 nm. Figure 3(a) depicts the
size distribution histogram of complex light scattering
of nanoparticles. The surface charge, as well as the
stability of the prepared compounds, is normally
reflected in the zeta potential. Nanoparticles with zeta
potentials greater than 30 mV is normally more stable

100
(a)
5_
-180

S 4r S
g g
2l 1° %
g ‘@
=) 140 3
22+ 5
=~

1L -120

0 : : 0

0.1 1 10 100 1000 10000

Diameter (nm)

in suspension and have a higher surface charge, which
prevents particle aggregation. The zeta potential of
MEHNPs was found to be —29.5 mV (Fig. 3(b)) in this
analysis.

The size and shape of the silver nanoparticles
synthesized in the study (Fig. 4(a)) were confirmed
using TEM (Fig. 4(b)). The results show that the
synthesized nanoparticles are nanosize and spherical,
and that they are ideal in the size range. Figure 4(c)
depicts the energy dispersion X-ray spectra (EDAX) of
MEHNPs. Ag, C, and O were discovered in the EDAX
of MEHNPs. However, no N signal was detected from
MEHNPs, and C and O signals are emitted by organic
compounds in ME bark extract, implying that some of
the extract is encasing the herbal nanoparticles.

In Vivo Study

Morphometric assessment

To assess the toxicity of ME, the body weights of
all experimental animals were measured at regular
intervals throughout the study. According to the
findings, there was a substantial difference in weight
between the control and experimental classes.
MEME-B and MEHNP-treated groups also displayed
a substantial increase in body weight (‘"P < 0.05).

1.0

(b

< o I
~ N 0
T T T

Intensity (a.u.)

S
)
T

0
-200 —-150 —100 —50 0 50 100 150 200
Zeta potential (mV)

Fig. 3 Particle size analysis of (a) MEHNPs and (b) zeta potential of MEHNPs

Fig. 4 (a) Synthesized nanoparticles of Mimusops elengi; (b) TEM analysis of MEHNPs using different magnifications; (¢) EDAX

analysis of MEHNPs
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Similarly, at the end of the experimental study, brain
weight was measured; results showed that there was
no difference in brain weight between extract and
nanoformulation-treated groups in both electro and
chemo convulsion models in mice (Table 1).

MES induced convulsions

The results of the MES model show a significant
differential reduction of hind limb extension ('P < 0.05)
phase in both the MEME-B and MEHNPs groups,
as shown in Fig. 5(a). Similarly, the same pattern of
convulsion threshold reduction (" P < 0.001) was
observed in the standard drug PHT (25 mg/kg. i.p.)
treated animals. The study's findings also show that
MEHNP-treated groups had the highest percentage
of mortality reduction (20%) compared with control
groups (80%), while MEME-B-treated groups had
40% mortality (data not shown) in the study.

PTZ induced convulsions

its duration
was recorded in all experimental animals in the PTZ
model. As shown, pretreatment with MEME-B had a
protective effect (P < 0.05) on duration of CT seizures
(Fig. 5(b)) in mice, as well as a delay in the occurrence
of CT convulsions (Fig. 5(c)).

The onset of clonus convulsion and

Similarly, MEHNP-treated animals had a
significantly shorter length of CC ("P < 0.01) and
a significantly longer onset of CC ("P < 0.01) than
control animals, as shown in Figs. 5(b) and 5(c). From
the results, pretreatment with both MEME-B and
MEHNPs (200 mg/kg p.o.) showed a protective effect
("P < 0.05) upon the duration of the CT type of seizure
along with the delay of onset of CT convulsions.
MEHNP treated group showed better responses to
the reduction in the duration of CC ("P < 0.01) and

Table 1 Effect of MEME-B and MEHNPs on morphometric analysis in electro convulsions

Treatments Bodyweight (g) Brain weight (g)
Control (NS-0.9% p.o.) + MES (45 mA for 0.2 s) 26.8 +1.03 0.36 +0.05
Phenytoin (25 mg/kg. i.p.) + MES (45 mA for 0.2 s) 32.3+0.85" 0.35+0.03
MEME-B (200 mg/kg, p.o.) + MES (45 mA for 0.2 s) 31.2+1.04" 0.36 +0.04
MEHNPs (200 mg/kg, p.o.) + MES (45 mA for 0.2 s) 31.5+£091 0.35+£0.04

whk

Note: Number of animals (n = 5); Values are mean = SEM: P < 0.05, "P < 0.01 and ~"P < 0.001 when compared with control groups; ns: non

significant.
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Fig. 5 Effect of MEME-B and MEHNPs on MES and PTZ induced convulsions (Number of animals (n = 5): Values are mean +

ey

SEM; ‘P <0.05, “"P<0.01 and

P <0.001 when compared with control and PTZ treated groups; ns: non significant)

http://www.nanobe.org



302

Nano Biomed. Eng., 2022,Vol. 14, Iss. 4

significantly longer onset of CC (7P < 0.01) when
compared with control and MEME-B treated groups (P
<0.05).

Assessment of neurotoxicity

In the rota rod experiment, there were significant
changes in the fall of time; whereas in the case of an
actophotometer study, changes in locomotion scores
were considered as criteria to check the neurotoxicity.
From the results, no significant changes were observed
in both fall of time (Fig. 6(a)) and locomotion score
(Fig. 6(b)) among the experimental groups throughout
the study, which indicates and confirms the lack of
neurotoxic property of both MEME-B and MEHNPs at
the dose of 200 mg/kg, p.o.

Transfer latency

As depicted in Table 2, both in PTZ and MES
models, animals showed a significant increase in
transfer latency, whereas both MEME-B (200 mg/kg
p.o.) and MEHNPs significantly reduced (*P < 0.05)
these impairments on mice with a significant increase
in open arm entry and time spent in the open arm,
indicating the anti-anxiety potential of ME.

Neurochemical estimations

In this study, neurochemical estimates were made to

15—(3)
I s i
) ] ns
Z 10k s
£ ann
3 ann
g 5T ann
HEENR
HEENR
HEENR
HEENR
0 1118
& &
5 3 =
& W &
& &

determine whether there were any changes in the levels
of most important inhibitory neurotransmitters like
GABA and enzymes like acetylcholinesterase (AChE),
which is a key enzyme responsible for the breakdown
of one of the important excitatory neurotransmitter, i.e,
acetylcholine (ACh). Obtained results confirm that a
significant rise in AChE, GABA activity in MEME-B
("P < 0.05) and MEHNP groups (" P < 0.01) groups
are shown in Table 3. Therefore, the antiepileptic
activity of both MEME-B and MEHNP could be
attributed to inhibition of excitatory neurotransmission
by increasing the level of AChE and enhancement of
inhibitory neurotransmission by increasing the level of
GABA.

Antioxidant Activity

According to the findings of the antioxidant
analysis, PTZ administration lowered brain antioxidant
status by lowering SOD and CAT levels but increasing
LPO levels. The administration of MEME-B and
MEHNPs, on the other hand, substantially increased
antioxidant enzyme levels (‘P < 0.05) and scavenged
the free radicals that caused the impairments (Table
4). Compared with MEME-B treated groups, MEHNP
treated groups showed significantly better results in
terms of antioxidant enzyme levels and LPO reduction.

190 (b)

180
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160

No. of counts

150

<2)>< QCJX

3

g
& 0§

Fig. 6 Assessment of neurotoxicity in MES induced electro convulsion in mice: (a) Fall of time in rotarod test; (b) Locomotion score
(No. of counts) in actophotometer test (Number of animals (n = 5): Values are mean + SEM: P < 0.05, "P < 0.01 and ""P < 0.001

when compared with control groups; ns: non significant)

Table 2 Effect of MEME-B and MEHNPs on transfer latency in elevated plus maze test in mice

Treatments

Transfer latency (s)

Time spent (s)

Control (NS-0.9% p.o.) + MES (45 mA for 0.2 s)
Phenytoin (25 mg/kg. i.p.) + MES (45 mA for 0.2 s)
MEME-B (200 mg/kg, p.o.) + MES (45 mA for 0.2 s)
MEHNPs (200 mg/kg, p.o.) + MES (45 mA for 0.2 s)

536+0.16 20.5 +2.04
16.44+0.23™ 42.0+1.57"
8.04+0.13" 33.6+1.077
7.90+0.36"" 29.5+1.35"

ok

Note: Number of animals (n = 5); Values are mean = SEM; P < 0.05, P < 0.01 and ""P < 0.001 when compared with control groups; ns: non

significant.
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Table 3 Effect of MEME-B and MEHNPs on neurochemicals in chemo convulsions in mice

Treatments

Acetylcholinestrase (AChE) (nmol/mg protein)

GABA (ng/g of brain tissue)

Control (NS-0.9% p.o.) + PTZ (105 mg/kg i.p.)
PTZ (105 mg/kg i.p.)
Diazepam (2 mg/kg i.p.) + PTZ
MEME-B (200 mg/kg, p.o.) + PTZ
MEHNPs (200 mg/kg, p.o.) + PTZ

1.09+0.11 39.8 +4.01
0.67+0.19 24.0+2.80
1.79+0.19" 60.5 +4.98”
1.68 +0.07" 54.4+3.82
1.80 +0.08"™ 58.8+1.48"

Note: Number of animals (n = 5); Values are mean + SEM; P <0.05, "P<0.01 and

significant.

ke

P < 0.001 when compared with control groups; ns: non

Table 4 Effect of MEME-B and MEHNPs on invivo antioxidant activity in chemo convulsions model in mice

Treatments LPO (nmol of MDA/mg of protein) SOD (p/mg of protein) ~ CAT (U/mg of protein)
Control (NS-0.9% p.o.) + PTZ (105 mg/kg i.p.) 0.06 +0.01 39.87 £ 6.80 2.31+0.15
PTZ (105 mg/kg i.p.) 0.40 + 0.09 33.6+4.18 0.75+0.15
Diazepam (2 mg/kg i.p.) + PTZ 0.13 +0.04 41.7+737 3.80+0.22"
MEME-B (200 mg/kg, p.o.) + PTZ 0.36+0.01" 50.9 £8.25" 3.47+031
MEHNPs (200 mg/kg, p.o.) + PTZ 0.21+0.04" 62.7 +8.05" 3.93+0.317

wkk

Note: Number of animals (n = 5); Values are mean + SEM; "P < 0.05, "P < 0.01 and ""P < 0.001 when compared with PTZ groups; ns: non

significant.

Histopathological studies

Histopathological examination of brain tissue
(Hand E, 100 X: Stained mice brain — Hippocampus
slice) demonstrating the protective effect of ME
extracts and its nanoparticles (MEHNPs) on PTZ-
induced degeneration and tissue necrosis (Fig. 7). The
cellular level changes in the brain tissue were shown

by the black arrow compared with control (Fig. 7(a)).
Compared with PTZ-treated animals (Fig. 7(b)),
MEME (Fig. 7(d)) and MEHNPs (Fig. 7(e)) showed
the least gliosis and lack of neurodegeneration with
mild injury, implying and supporting its protective
function. Injecting PTZ caused seizures that increased
the density of dark neurons in the hippocampus area

Fig. 7 Histopathological examination of the brain tissues of PTZ induced chemo convulsion in mice: (a) Control; (b) PTZ; (c)
Diazepam; (d) MEME-B; (e) MEHNPs; (C: Congestion; SDC: Structural Degenerative Changes; GL: Granular Layer; ML:
Molecular Layer; PC: Purkinje Cells; PL: Purkinje Layer; V: Vacuolization, WM: White Matter)
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of the brain, which is the characteristic of black arrow.
Pretreatment with MEME and MEHNPs, on the
other hand, shielded hippocampus cells from neuron
degeneration and tissue necrosis. A few hippocampus
cells were found to have degenerated, while the
diazepam-treated (Fig. 7(c)) community showed
normal hippocampus cells.

Discussion

The most important characteristics of nanoparticle
systems are particle size and size distribution. The
nanoparticle systems in in-vivo distribution, biological
fate, and toxicity can be determined by the size of
the particle. They may also affect drug loading, drug
release, and nanoparticle stability [45]. TEM results
of the present study indicate the particle size of ME
bark was about 24 nm which was found to be the
optimal range for better delivery of particles. In the
present investigation, MEME-B and MEHNPs were
prepared and characterized using standard methods.
The presence of alkane, alkene, aldehyde, ether ester,
and aromatic phytoconstituents was verified using FT-
IR spectroscopy. Ursolic acid is discovered in the bark
extract after further HPLC analysis. Hence, results
of this study may provide important information for
further ethno pharmacological investigations.

Results from acute toxicity test revealed that both
extract and nonoformulation-treated animals were
healthy, with no changes in behavior with no toxic
effects noticed. In addition, morphometric parameters
such as body weights were calculated regularly and
brain weights were measured at the end of the study
to assess ME negative effects. The results showed
a substantial increase in body weight (*P < 0.05),
indicating that MEME-B and MEHNPs are both safe
and beneficial. There were no differences in brain
weight analysis between the experimental groups.
Furthermore, results from the actophotometer and
rotarod tests show that no substantial differences in
locomotion and time fall were observed among all
experimental groups, indicating that ME, both in
extract type and nanoformulations, has no neurotoxic
effects among the animals.

The results of the MES model show a significant
reduction in HLE phase in MEME-B and MEHNP
groups, as well as the highest percentage of mortality
security (80%) in MEHNP groups compared with the
control groups (20%), while MEME-B treated groups

showed 40% mortality protection throughout the study.
Pretreatment with MEME-B and MEHNPs (200 mg/kg
p.o.) had a protective effect on the duration of CT of
seizure as well as the delay of onset of CT convulsions
in the PTZ model, while MEHNP treated animals had a
better significant reduction in the duration of CC and a
significantly longer onset of CC compared with control
animals and MEME-B treated groups.

In this study, to assess cognitive parameters, all
experimental animals were subjected to multiple
cognitive assessment trials. In an elevated plus-maze
test, a large increase in TL was observed after electro
and chemo-convulsion, while MEME-B and MEHNPs
substantially reduced these impairments in mice,
demonstrating the animal possible learning capability.
There was also a significant rise in open arm entries
and time spent in the open arm, indicating that ME has
anti-anxiety properties.

An imbalanced antioxidant defense mechanism,
as well as the overproduction or introduction of free
radicals from the atmosphere into the living system,
results in serious consequences, including Alzheimer’s
disease, Parkinson’s disease, aging, and many other
neural disorders. Aside from other environmental or
genetic causes, oxidative stress (OS) resulting in free
radical assault on neural cells plays a disastrous role in
neuro-degeneration. According to studies, an imbalance
between the antioxidant system and oxidative stress
can cause various diseases, including epilepsy [46,
47]. Hence, the antioxidant activity was measured in
the current study to determine the protective nature
and effect on antioxidant systems. According to
the findings, PTZ administration decreased brain
antioxidants such as SOD and CAT, and raised the
amount of lipid peroxidation (LPO), while MEME-B
and MEHNP administration substantially increased
antioxidant enzyme levels and scavenged the free
radicals responsible for the impairments. However,
when compared with MEME classes, animals given
MEHNPs showed greater increases in antioxidant
enzyme levels and a decrease in LPO.

Furthermore, according to available data, imbalances
in excitatory and inhibitory neurotransmitters in
the CNS can trigger and provoke various forms of
convulsions [48]. Any decrease in GABA levels
commonly causes seizures because it is one of the
most powerful inhibitory neurotransmitters in the
CNS. Several anticonvulsant drugs on the market
work by increasing GABA neurotransmission through
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various mechanisms, such as blocking the enzyme
GABA transaminase or inhibiting GABA reuptake
into presynaptic nerve endings [49]. In this study,
results from neurochemical estimations confirm that a
significant rise in AChE, GABA activity in MEME-B
(*P < 0.05) and MEHNP groups (**P < 0.01) groups.
Therefore, the antiepileptic activity of both MEME-B
and MEHNP could be attributed to inhibition of
excitatory neurotransmission by increasing the
level of AChE and enhancement of inhibitory
neurotransmission by increasing the level of GABA.
The results were further confirmed by histopathological
tests, which revealed that MEHNPs had less gliosis
and a lack of neurodegeneration with mild damage
compared with PTZ-treated animals, implying that
MEHNPs may play a protective role.

Conclusion

In the present study, MEME-B and MEHNPs were
prepared and characterized using standard methods.
Both extract and nonoformulation-treated animals
were healthy, with no changes in behavior. The
results of neurochemical analyses show a significant
rise in Acetylcholinesterase (AChE) and Gamma
Butyric acid (GABA) levels. MEME and MEHNPs
increased antioxidant enzyme levels and scavenged
free radicals to significant extent. Histological findings
revealed the least gliosis and a major reversal of the
normal neuronal cell architecture. In conclusion,
both MEME-B and MEHNP have demonstrated
significant antiepileptic properties in both models,
which can be attributed to suppressing excitatory
neurohumoral transmission and increasing inhibitory
neurotransmission while significantly improving
antioxidant status. In contrast to MEME-B, MEHNPs
have demonstrated improved oxidative stress reduction
and modification of neurochemicals such as AChE and
GABA in the form of nanoformulation.
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CD97: Convulsive Dose; EC: electro convulsions; CC:
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