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ABSTRACT

Introduction: Obesity is a worldwide health challenge, related to many cognitive and neurodegenerative disorders. The high fat
diet (HFD) is considered the main cause of obesity in humans and the standard method for its induction in laboratory animals.
Stevia Rebaudiana, a non-caloric natural sweetener, is a promising agent in the management of many medical conditions due
to its antioxidant, anti-apoptotic, anti-inflammatory, and hypolipidemic properties.

Aim of the Work: To evaluate the effect of Stevia Rebaudiana extract on the cerebral cortex of high fat diet-fed adult male
albino rats.

Materials and Methods: 40 rats were distributed into 4 equal groups; Control group, Stevia-group (daily fed a standard
balanced diet & received 400 mg/kg/day of Stevia Rebaudiana extract orally for consecutive 10 weeks), HFD-group (daily
fed a HFD for consecutive 10 weeks), and HFD & stevia-group (daily fed a HFD concomitantly with Stevia Rebaudiana
extract at similar dose and route as stevia group for consecutive 10 weeks). Specimens of the cerebral cortex were prepared for
biochemical, histological, and immunohistochemical techniques.

Results: The HFD-group exhibited a significant increment in (final body weight, weight gain percentage, serum TC, TGs &
LDLc, and tissue MDA & MPO), and a significant decrement in (serum HDL and tissue CAT, GPx & SOD). Further, HFD-
group exhibited remarkable histological alterations in the cerebral cortex and a significant increment in caspase-3, GFAP, and
iNOS immunohistochemical-expression. Co-administration of Stevia Rebaudiana extract with high fat diet prevented most of
these biochemical, histological and immunohistochemical alterations.

Conclusion: The obtained results highlighted that Stevia Rebaudiana extract had a potent ameliorative effect versus the
induced adverse effects of high fat diet on rats’ cerebral cortex.
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INTRODUCTION

Globally, obesity has become a serious health issue that
endangers millions of people. More than 30% of adults,
mainly in developed countries, are suffering from obesity!'.
Unfortunately, numerous health risks and chronic illnesses,
including diabetes mellitus, heart and liver diseases,
hypertension, metabolic disorders and even certain tumors,
are related to obesity!”. However, it is widely agreed that
obesity is preventable by maintaining healthy dietary
habits and regular physical activity®.

High-fat diet (HFD) consumption is a main cause of the
increasing prevalence of obesity in humans. Therefore, it has
been established as a standard method for obesity induction
in laboratory animals in order to study its hazardous effects
on different body organs!’. HFD not only elevates serum
levels of lipids, triglycerides, ceramides, and cholesterol™
but also induces serious changes in different brain areas
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causing regional brain atrophy and decreased neuronal
viability in both grey and white matters(®. Furthermore, it
was linked to cognitive impairments, neuroinflammation
and apoptosis in certain brain regions!”.

Stevia Rebaudiana (SR) is a plant species from the
Asteraceae family. There are several different types of
stevia plant preparations that are utilized nowadays,
including fresh and dried leaves, leaves’ powder as well
as extracts and liquid concentrates. Stevia extract, which is
200-300 times sweeter than sugar, is currently used as an
excellent substitute for artificial sweeteners!®!, as it provides
sweetness with low calories and without negative effects
on human health®). Furthermore, it has been reported that
stevia consumption could help in weight regulation without
any recognized deleterious effects on the brain tissuel'”.

Stevia Rebaudiana was also reported to have anti-
hyperglycemic, antioxidant and  antihypertensive
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properties, which make it a plausible additional medical
therapy for several diseases®!l. Moreover, stevia has
gained much interest from the scientific society owing to
its beneficial impacts on glucose balance and inflammation
which are common obesity-related consequences in
addition to, its ability to ameliorate hyperlipidemia and to
preserve liver and kidney function indices!?.

Many studies demonstrated the effect of HFD on
metabolic conditions and lipid profile in a rat model.
However, as far as we know there is no research focusing
on the protective role of stevia on the hazards caused by
either HFD or obesity on the histological architecture of
the cerebral cortex. Thus, the purpose of the current study
was to assess the effect of Stevia Rebaudiana extract on the
cerebral cortex of adult male albino rats fed a HFD.

MATERIALS AND METHODS

In the current work, 40 adult male albino rats, aged 10 to
13 weeks and weighed 180 to 200 grams each, were used.
They were supplied from the animal house of the Histology
and Cell Biology Department, Faculty of Medicine, Tanta
University, Egypt. The rats were kept in well-ventilated
plastic cages under stable environmental conditions (12
hours light /dark-cycle and 22-25°C room temperature).
The rats had unrestricted access to standard laboratory diet
and water. The safety precautions of the experiment were
implemented in compliance with the requirements of the
Research Ethics Committee of Tanta Faculty of Medicine,
Egypt (Approval-Code NO: 36264PR559/2/24).

Reagents

Pure Stevia Rebaudiana extract powder was purchased
from (Steviapura/Stevia group, KOIn-Germany) in the form
ofhighly concentrated stevia extract powder, free of additives
(100% pure nature-Item number: 5060050). It was gently
extracted from Stevia Rebaudiana plant leaves to produce
the herbal stevia extract. It was packaged in resealable tins
with tamper-evident closure, each contained 50 g.

Stevia leaves extract was administrated at a daily
dosage of 400 mg/kg™l. In order to prepare the saline
solution of stevia leaves extract, each 400 mg of the extract
was dissolved in 5 ml saline, so every 1 ml of the resulting
solution contained 80 mg of the extract.

Standard and Experimental Diets

The standard balanced diet was designed to provide
overall consumed calories (3.5 kcal/g standard diet); 20%
from protein, 67% from carbohydrate (5% sucrose &
62% starch,) and 13% from fat. However, the HFD was
designed to provide overall consumed calories (4.7 kcal/g
HFD diet); 20% from protein, 35% from carbohydrates
(7% maltodextrin, 10% starch & 18% sucrose) and 45 %
from fat!'4!,

Experimental Design

After the one-week acclimatization period, the rats
were distributed randomly into 4 groups (10 rats for every

group):

Group I (Control group): Control rats were equally
subdivided into 2 subgroups (5 rats per each):

*  Subgroup la: Rats in this subgroup were fed a
standard balanced diet for 10 consecutive weeks
while receiving no treatment.

* Subgroup Ib: Rats in this subgroup were
fed a standard balanced diet and were orally
administered 1 ml saline daily (the diluting vehicle
for Stevia Rebaudiana extract) via gastric gavage
for 10 consecutive weeks.

Group II (Stevia group): Rats in this group were fed a
standard balanced diet and were orally administered 1 ml/
day of the previously prepared Stevia Rebaudiana extract
solution via gastric gavage for 10 consecutive weeks!!*.,

Group III (HFD-group): Rats in this group were daily
fed a HFD for 10 consecutive weeks!'.

Group IV (HFD & stevia-group): Rats in this group
were daily fed a HFD and concomitantly received Stevia
Rebaudiana extract (at the same dosage and manner as the
Stevia group) for 10 consecutive weeks.

Each rat was weighed at the experiment's beginning and
end. The percentage of weight gain (%) was determined
using the following equation!'l.

Amount of weight gain in grams

wt gain% = x 100

Initial weight

Blood samples collection

Just after the experimental 10 weeks’ period, all rats
were fasted for a whole night, and then blood was collected
under light ether anesthesia via intra-cardiac puncture,
in un-heparinized dry sterile centrifuge bottles!'”). Then
immediately under deep ether anesthesia, the sacrification
of rats was done via cervical dislocation!'®l. The collected
blood was allowed to clot at room temperature for ten
minutes, then was centrifuged at 3500 rpm / for 10 minutes.
Subsequently, the supernatant was cautiously segregated
and then preserved at -20°C for assessment of serum
levels of total cholesterol (Tc), triglycerides (TGs), low-
density lipoprotein cholesterol (LDLc), and high-density
lipoprotein cholesterol (HDLc) utilizing commercial kits,
following the manufacturer’s directions!'”).

Cerebral cortex tissue sampling and preparation of
tissue homogenates

From each rat, the skull vault was taken off and both
cerebral hemispheres were cautiously extracted. Then, the
cerebral cortex was dissected and separated out carefully.
Each cerebral cortex was then split into two portions; one
for the histopathological examination and the other for the
preparation of the brain tissue homogenate. The latter was
prepared using an ice-cold phosphate-buffered saline (with
pH equals 7.4) and a Teflon-glass homogenizer, then it
was centrifuged at 5000 rpm for 15 minutes!'”). Later, the
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supernatants were segregated and preserved at -20°C to be
utilized to detect antioxidant markers, lipid peroxidation
and inflammation.

Assessment of antioxidant status, lipid peroxidation
and inflammation

The cerebral antioxidant condition was evaluated by
measuring catalase activity (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPx) as described
by Chance & Machly®?”, Kakkar et a/.?!, and Mohandas
et alP? respectively. Furthermore, cerebral cortex
malondialdehyde (MDA) level, a lipid peroxidation marker,
was measured as formerly illustrated by Ohkawa et al.l**),
while tissue myeloperoxidase (MPO), an inflammatory
index, was assayed as illustrated by Bradley et al.*4. All
biochemical techniques were executed in the Biochemistry
Department, Faculty of Medicine, Tanta University.

Light microscopic study

The first portion of the cerebral cortex was extracted
from all groups, fixed with 10% formalin, dehydrated,
cleared, and finally embedded in paraffin to form blocks
that were sliced by the microtome at 5 pm-thickness. For
the histopathological study, staining the sections with
hematoxylin and eosin (H&E) was performed to illustrate
the normal histological cerebral cortex characteristics!?.

For immunohistochemical study, caspase-3
immunostaining, for demonstration of the apoptotic
cells?®, anti-glial fibrillary acidic protein (GFAP)
immunostaining, for illustration of the astrocytes®”, and
iNOS immunostaining, for detection of inducible nitric
oxide synthase enzyme?®! were performed. Tissue slices
were deparaffinized, rehydrated and washed in PBS. Then
to reveal the antigens’ sites, boiling in sodium citrate buffer
(10 mM, pH 6.0) was done for 10-20 minutes. After being
allowed to cool for 20 minutes at room temperature, the
activity of the endogenous tissue peroxidase was prevented
via adding 3% hydrogen peroxide/methanol for 20 minutes,
then being washed in PBS. For the next 30 minutes,
the sections were kept in 5% human serum albumin (a
blocking protein), then washed in PBS for 3 times. The
tissue slices were then kept at 4°C over a whole night with
the primary antibodies including; rabbit polyclonal anti-
caspase-3 antibody (1:500, GB11532, Servicebio, Wuhan,
China), rabbit polyclonal anti-GFAP (1:100, RP014,
Diagnostic BioSystems Pleasanton, CA, USA), and rabbit
polyclonal anti-iNOS antibody (1:200, bs-2072R, Bioss
Antibodies Inc., Woburn, Massachusetts, USA). Later, the
tissue slices were left for 30 minutes at room temperature
with the biotinylated secondary antibody (Vector Labs,
Burlingame, California, United States) and subsequently
incubated with the streptavidin-peroxidase conjugate for
further 30 minutes. 3,3'-diaminobenzidine (DAB) hydrogen
peroxide was utilized to detect the immunohistochemical
reactivity. All slides were then counterstained with
Mayer’s hematoxylin. Additionally, for preparation of the
negative control, reactions lacking the primary antibodies
were done to ensure the specificity of the staining. The

positive reactions were brownish cytoplasmic and/or
nuclear staining in the neurons for caspase-3, brownish
cytoplasmic staining in the astrocytes for GFAP, and
brownish studies' cytoplasmic staining in the neurons for
iNOSP1, All light microscopic studies techniques were
conducted in the Histology and Cell Biology Department,
Faculty of Medicine, Tanta University.

Morphometric study

Images were captured using a digital (Leica ICC50,
Switzerland) camera, linked to a light microscope (Leica
DM500, Switzerland) in the Histology and Cell Biology
Department Faculty of Medicine, Tanta University. For
image analysis, "Image]" (1.48v NIH, USA) software
was utilized. In each slide, 10 random and also non-
overlapped fields at a 400x magnification were examined
for quantitative measurement of:

1. The apoptotic index (the number of caspase-3
immunopositive cortical neurons x 100 / the
total number of cortical neurons) in caspase-3
immunostained sections®.

2. The mean number of GFAP-positive astrocytes in
GFAP immunostained sections®!.

3. The mean area percentage (%) of iNOS positive
reaction in the cytoplasm of the neurons in iNOS
immunostained sections!'¥.

Statistical analysis

It was conducted with the Windows IBM SPSS Statistics
program (Version 22.0. Armonk, NY: IBM Corp). The one-
way analysis of variance (ANOVA) and afterward Tukey's
post-hoc test were applied for comparing variations among
all studied groups. Results were demonstrated as mean+SD
(standard deviation). The differences were regarded as
statistically significant if the probability value (p) was
lower than 0.0502,

RESULTS

During the current study, no mortality was
reported among the rats of the different groups during
the experimental period. Moreover, no remarkable
difference was recorded between both subgroups of the
control group I (Ia & Ib), as regards the histological,
immunohistochemical and biochemical findings. So,
in order to simplify the presentation of our results, we
referred to them collectively as the control group (I) in the
text, tables, histograms and figures. Furthermore, group II
(stevia group) revealed similar histological findings and
non-statistically significant differences in both biochemical
and morphometric data, with respect to the control group.

The body weight (initial, final and percentage (%)
of weight gain)

As regards the mean values of the initial body weight
of all rats; group II (190.52+6.27), group I1I (190.04+5.67)
and group IV (191.86+7.02) revealed no statistically
significant difference (P=0.998, 0.987, 0.99 for groups II,
IIT and IV respectively) versus group I (191£6.44).
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However, rats in HFD group I1I recorded a significant
elevation (P<0.05) in their final body weights (287.85+6.62)
and in the percentage (%) of weight gain (51.56+4.9)
compared to the control group (225.77+3.49, 18.32+4.11
respectively). However, rats in group IV (HFD & stevia-
group) displayed a significant reduction (P<0.05) in their
final body weights (230.75+5.37) and in the percentage
(%) of weight gain (20.444.9) with regard to HFD
group (III), but it exhibited a non-significant difference
(P= 0.13, 0.711 respectively) versus the control group
(Table 1, Histogram 1).

Biochemical findings
Serum lipid profile

The lipid profile in HFD group III revealed a
significant elevation (P<0.05) in the mean values of TC,
TGs and LDLc serum levels (126.66+5.1, 103.85+5.87,
70.36+5.08 respectively) while revealing a significant
reduction (P<0.05) in HDLc level (22.0142.77) compared
to the control group (96.15+3.6, 52.48+3.98, 32.4+3.63,
40.3+4.86 for TC, TGs, LDLc¢ and HDLc serum levels
respectively).

Inversely, the rats of group IV (HFD & stevia-group)
depicted a significant decrement (P<0.05) in serum TC,
TGs, and LDLc mean values (100.85+£3.31, 57.32+4.76,
36.09+£3.5 respectively) and a significant increment
(P<0.05) in serum HDLc mean value (38.86+3.77)
compared to HFD group III. Meanwhile, these values
represented a non-significant difference (P= 0.056, 0.084,
0.156, 0.857 for TC, TGs, LDLc and HDLc serum levels
respectively) from group I (Table 2, Histogram 2).

Assessment of antioxidant status, lipid peroxidation
and inflammation

As regard the assessment of CAT, GPx and SOD tissue
levels, HFD group III recorded a significant decrement
(P<0.05) in their mean values (6.6£1.96, 20.71+2.99,
5.41+0.85 respectively) compared to the control group
(10.8+2.66, 40.3+2.94, 9.5440.96 respectively). However,
HFD & stevia-group IV recorded a significant increment
(P<0.05) in the mean values of CAT (9.6+£2.72), GPx
(37.49+2.78) and SOD (8.56+0.1) with regard to group III.
While a non-significant difference (P= 0.671, 0.14, 0.13
for CAT, GPx and SOD respectively) was detected between
group IV and control group (Table 3, Histogram 3).

However, group III revealed a significant elevation
(P<0.05) in the mean values of MDA and MPO levels
(3.77£0.67, 2.95+0.7 respectively), with regard to the
control group (1.6+0.27, 0.85+0.19 respectively), while
group IV depicted a significant reduction (P<0.05) in
their mean values (2.04+0.34, 1.38+0.29 respectively),
compared to group III. Meanwhile, group IV denoted a
non-significant difference (P=0.107) in MDA level and a
significant elevation in MPO level versus the control group
(Table 3, Histogram 3).

Histological Findings
Hematoxylin and eosin (H&E) stain

Group I and II (Control group and Stevia group):
H&E-stained sections of both groups I and II depicted
similar findings without remarkable differences. They
displayed the normal histological characteristics of the
cerebral cortex which was formed of well-organized
regularly arranged 6 layers, without sharp limits in between.
These layers, from outside inward, were; the molecular
layer, the outer granular layer, the outer pyramidal layer, the
inner granular layer, the inner pyramidal layer, and finally
the polymorphic layer. A regular pia mater was attached to
the outer surface of the cerebral cortex without separation
(Figure 1-A). The molecular layer contained an enormous
amount of fibers and few neuroglial cells, whereas both
outer granular and pyramidal layers contained granule
cells that displayed rounded cell bodies, open-face nuclei
and prominent nucleoli, in addition to small and medium-
sized pyramidal cells that appeared triangular with apical
dendrites. The surrounding neuropil appeared compact,
homogenous and eosinophilic (Figure 1-B). The inner
granular layer contained large, rounded granule cells
with large open-face nuclei, apparent nucleoli and scant
cytoplasm. The inner pyramidal layer contained small
rounded glial neurons and large-sized pyramidal cells that
revealed rounded vesicular nuclei, apparent nucleoli as well
as basophilic cytoplasm. The polymorphic layer contained
neurons of various sizes and shapes (Figure 1-C).

Group III (HFD group): The HFD-group exhibited
obvious histological alterations compared to the control
group, as it showed marked depletion of the cellular
elements and loss of the regular lamellar pattern of the
cerebral cortex, in addition to neuropil infiltration with
small dark glial cells (Figure 2-A). The pia mater appeared
discontinued and disrupted with congested blood vessels
underneath. The molecular layer showed interstitial
hemorrhage, congested blood vessels, vacuolated neuropil,
and neuroglial cells with pericellular halos (Figure 2-B).
The outer granular layer exhibited lysis in the neuropil and
deeply stained granule cells with pericellular halos, while
the outer pyramidal layer showed cells with shrunken
condensed nuclei. Dilated congested blood vessels lined
by vacuolated endothelial cells and red neurons with
cosinophilic cytoplasm were also noticed in both outer
granular and pyramidal layers (Figure 2-C). Furthermore,
the inner granular layer showed congested blood vessels
surrounded by a wide perivascular space, and the inner
pyramidal layer showed bizarre, deformed, irregularly
shaped, darkly stained pyramidal cells surrounded with
pericellular halos, in addition to damaged pyramidal cells
with karyolitic pale nuclei, and remnants of degenerated
pyramidal cells. Additionally, the polymorphic layer
exhibited neuroglial cells with darkly stained nuclei
and pericellular halos surrounding them. Moreover, the
surrounding neuropil appeared vacuolated and lost its
normal homogeneity (Figures 2-D,2-E).
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Group IV (HFD & stevia-group): H&E-stained
sections of HFD & stevia-group exhibited an obvious
preservation of most cerebral cortex layers in comparison
to group III, and the overlying meninges were intact,
regular, and continuous (Figure 3-A). The molecular
layer consisted mainly of fibers with relatively few
normal glial cells. The outer granular layer contained
normal small pyramidal cells and rounded granule cells
with open-face nuclei, except for few granule cells that
showed darkly stained nuclei with surrounding pericellular
haloes. Furthermore, few red neurons exhibiting pyknotic
nuclei as well as eosinophilic cytoplasm were observed.
The surrounding neuropil was compact and homogenous
(Figure 3-B). The outer pyramidal layer exhibited mostly
normal medium-sized pyramidal cells, however, few
pyramidal cells were dark, shrunken and surrounded by
pericellular halos. The inner granular layer contained
rounded granule cells displaying open-face nuclei and the
neuropil was intact and compact (Figure 3-C). Furthermore,
the inner pyramidal layer contained mostly normal large
pyramidal cells, but occasionally few shrunken pyramidal
cells with dark stained nuclei and pericellular haloes were
detected. Few vacuoles were still noticed in the neuropil.
The polymorphic layer contained neurons of various sizes
and shapes (Figure 3-D).

Immunohistochemical stains
Caspase-3 immunostaining

Both groups I and II showed few neurons, with weak
caspase-3-positive nuclear immunoreaction, scattered
occasionally in the cerebral cortex layers, except for the
outer pyramidal and polymorphic layers, where none
could be detected (Figures 4-A,4-B). In group III (HFD
group), there were many caspase-3-positive neurons with
a strong nuclear immunoreaction in the whole six layers
(Figures 4-C,4-D). However, group IV (HFD & stevia-
group) depicted few caspase-3-positive neurons with a
moderate nuclear immunoreaction dispersed in different
layers of the cerebral cortex, except for the inner granular
layer and polymorphic layer, where none was detected
(Figures 4-E,4-F).

GFAP immunostaining

GFAP immunostained sections in both group I and
group II exhibited few dispersed astrocytes with few thin
processes, displaying a weak positive cytoplasmic reaction
for GFAP, in the six layers of the cerebral cortex (Figures
5-A,5-B). Whereas HFD group showed many astrocytes
with numerous thick processes, exhibiting a strong
positive cytoplasmic reaction for GFAP, in all cortical
layers (Figures 5-C,5-D). Conversely, HFD & stevia
group showed some scattered astrocytes with apparent thin
processes, displaying a moderate cytoplasmic reaction for
GFAP in each of the six layers (Figures 5-E,5-F).

iNOS immunostaining

The iNOS-immunostained sections from group I and
group Il showed few iNOS-positive neurons with a weak
cytoplasmic immunoreaction in the molecular, outer
granular, and inner pyramidal layers, while none could
be detected in the outer pyramidal, inner granular and
polymorphic layers (Figures 6-A,6-B). However, HFD
group III showed many neurons with a strongly positive
cytoplasmic reaction for iNOS in each of the six cerebral
cortex layers (Figures 6-C,6-D). Meanwhile, HFD & stevia
group IV exhibited a moderately positive cytoplasmic
iNOS immunoreaction in some neurons, mainly in
both outer and inner granular layers as well as the inner
pyramidal layer, but could not be detected in the molecular,
outer pyramidal, or polymorphic layers (Figures 6-E,6-F).

The statistical analysis of the morphometric results
Assessment of the apoptotic index

Regarding the percentage of the apoptotic neurons
“the apoptotic index”, group III revealed a significant
increment(P<0.05) in the apoptotic index (13.13+2.76)
compared to the control group (5.51£1.18), while group IV
revealed a significant decrement (P<0.05) in the apoptotic
index (6.13+1.32) in comparison to group III. Yet, group
IV presented non-significant difference (P=0.076) versus
the control group I (Table 4,Histogram 4 a).

Assessment of the mean number of GFAP-positive
astrocytes

Group III displayed a significant increment (P<0.05)
in the mean number of astrocytes with positive reaction
for GFAP (48.39+7.85) with regard to the control group
(20.5+4.2). Whereas, group IV displayed a significant
decrement (P<0.05) in GFAP positive astrocytes’
mean number (22.48+4.28) with respect to group III.
Meanwhile, a non-significant statistical difference
(P=0.052) was detected between group IV and group I
(Table 4, Histogram 4 b).

Assessment of the mean area percentage (%) of
iNOS

As regards the mean iNOS area percentage, there was
a significant increment (P<0.05) in group III (16.46+2.91)
with respect to the control group (3.71+0.68), while in
group IV there was a significant decrement (P<0.05)
in iNOS area % (4.29+1.33) in comparison with group
III. Moreover, group IV represented a non-significant
difference in iNOS mean area % versus the control group
(Table 4, Histogram 4c).

DISCUSSION

Obesity is a serious worldwide health problem, related
to both cognitive and neurodegenerative disorders. High
fat diet intake is a common animal model, used to study
obesity, insulin resistance and metabolic diseases?®**4.,
So, in the current work, the HFD was used as a method
to induce obesity in rats in order to assess its effect on
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Fig. 1: H&E-stained sections from the control group show [A] Normal cerebral cortex displaying well organized regularly arranged six layers; molecular layer
(1), outer granular layer (2), outer pyramidal layer (3), inner granular layer (4), inner pyramidal layer (5), and polymorphic layer (6). Notice intact regular pia
mater (striped arrow); [B] The molecular layer (1) with normal few neuroglial cells (thin arrow), the outer granular layer (2) and the outer pyramidal layer (3)
with normal rounded granule cells having open-face nuclei (arrowheads) and small & medium-sized pyramidal cells appearing triangular in shape with apical
dendrites (bifid arrows); [C] The inner granular layer (4) contains large rounded granule cells displaying open-face nuclei and prominent nucleoli, as well as
scanty cytoplasm (arrowheads). The inner pyramidal layer (5) contains large-sized pyramidal cells displaying rounded vesicular nuclei, apparent nucleoli, as
well as basophilic cytoplasm (bifid arrows), and small rounded glial neurons (curved arrows). The polymorphic layer (6) contains neurons of various sizes and
shapes (H&E Ax100 - B, C x400, scale bar= 50 um).
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Fig. 2: H&E-stained sections from the HFD group show [A] Marked depletion of the cellular elements and loss of the regular lamellar appearance of the cerebral
cortex (asterisk) and infiltration with small dark glial cells (arrowheads); [B] Discontinued pia mater (striped arrow), interstitial hemorrhage (H), vacuolated
neuropil (dotted arrows), and neuroglial cells surrounded by pericellular halos (thin arrows) in the molecular layer (1). Notice dilated congested blood vessels
(double arrows); [C] The outer granular layer (2) exhibits lysis in the neuropil (star) and deeply stained granule cells with pericellular halos (arrowheads). The
outer pyramidal layer (3) shows neurons with shrunken condensed nuclei (bifid arrows). A dilated congested blood vessel lined by vacuolated endothelial
cells (double arrows) and red neurons with eosinophilic cytoplasm (curved arrows) are seen in both layers (2&3); [D] The inner granular layer (4) contains a
congested blood vessel surrounded by wide perivascular space (double arrows). The inner pyramidal layer (5) shows a bizarre-shaped pyramidal cell (thick
arrow), a darkly stained pyramidal cell surrounded by haloes (bifid arrow), and some degenerated pyramidal cells with pale karyolitic nuclei (wavy arrows).
Notice pericellular halos around the neuroglial cells (curved arrows); [E] The inner pyramidal layer (5) contains irregular deformed pyramidal cells with darkly
stained nuclei and pericellular haloes (bifid arrows), remnants of damaged pyramidal cells (thick arrows) and some pyramidal cells with pale karyolitic nuclei
(wavy arrows). The polymorphic layer (6) shows neuroglial cells with darkly stained nuclei and pericellular halos surrounding them (curved arrows). Notice
the surrounding neuropil appears vacuolated in the inner pyramidal (5) and the polymorphic (6) layers (dotted arrows). (H&E Ax100; inset x400 - B, C, D, E
%400, scale bar= 50 pm).
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Fig. 3: H&E-stained sections from the HFD & stevia-group show [A] The cerebral cortex with its well-arranged six layers; molecular layer (1), outer granular
layer (2), outer pyramidal layer (3), inner granular layer (4), inner pyramidal layer (5), and polymorphic layer (6). Notice intact regular pia mater (stripped
arrow); [B] An intact molecular layer (1) with normal glial cells (thin arrow). The outer granular layer (2) shows normal small pyramidal cells (bifid arrow)
and rounded granule cells with open-face nuclei (arrowhead) except for few granule cells that have dark nuclei and pericellular haloes (thick arrows). Few red
neurons display pyknotic nuclei and eosinophilic cytoplasm (curved arrows). Notice the compact neuropil (star); [C] Mostly normal medium-sized pyramidal
cells (bifid arrows) in the outer pyramidal layer (3). Few pyramidal cells appear dark, shrunken, and surrounded by pericellular halos (thick arrows). The inner
granular layer (4) contains normal granule cells appearing rounded with open-face nuclei (arrowheads). Notice the compact neuropil (star); [D] The inner
pyramidal layer (5) contains mostly normal large-sized pyramidal cells (bifid arrows). A pyramidal cell appears shrunken with deeply stained nuclei surrounded
by a pericellular halo (thick arrow). The polymorphic layer (6) contains neurons of various sizes and shapes. Notice few vacuoles in the neuropil (dotted arrows)
(H&E Ax100 - B, C, D, %400, scale bar= 50 um).
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Fig. 4: Caspase-3-immunostained sections from all studied groups. The control group shows [A] Few caspase-3 +ve neurons with a weak nuclear reaction
(arrows) in the molecular (1) and the outer granular (2) layers, while none can be detected in the outer pyramidal layer (3); [B] Few caspase-3 +ve neurons with
a weak nuclear reaction (arrows) in both inner granular (4) and pyramidal layers (5), whereas none can be detected in the polymorphic layer (6). The HFD group
shows [C] Many caspase-3 +ve neurons with a strong nuclear reaction (arrows) in the molecular layer (1), the outer granular layer (2), and the outer pyramidal
layer (3); [D] Many caspase-3 +ve neurons with a strong nuclear reaction (arrows) in the inner granular (4), the inner pyramidal (5), and the polymorphic (6)
layers. The HFD & stevia-group shows [E] Few caspase-3 +ve neurons with a moderate nuclear reaction (arrows) in the molecular (1), the outer granular (2),
and the outer pyramidal (3) layers; [F] Few caspase-3 +ve neurons with a moderate nuclear immunoreaction (arrows) mainly in the inner pyramidal layer (5)
and none can be detected in the inner granular (4) and the polymorphic (6) layers. (Caspase-3 x 400, scale bar= 50 um).
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Fig. 5: GFAP-immunostained sections from all studied groups. The control group shows [A] Few dispersed GFAP +ve astrocytes with few thin processes and
a weak cytoplasmic reaction (arrows) in the molecular (1), the outer granular (2), and the outer pyramidal (3) layers; [B] Few dispersed GFAP +ve astrocytes
with few thin processes and a weak cytoplasmic reaction (arrows) in the inner granular (4), the inner pyramidal (5), and the polymorphic (6) layers. The HFD
group shows [C] Numerous GFAP +ve astrocytes with abundant thick processes and a strong cytoplasmic reaction (arrows) in the molecular (1), the outer
granular (2), and the outer pyramidal (3) layers; [D] Numerous GFAP +ve astrocytes with multiple thick processes and a strong cytoplasmic reaction (arrows)
in the inner granular (4), the inner pyramidal (5), and the polymorphic (6) layers. The HFD & stevia-group shows [E] Some scattered GFAP +ve astrocytes with
apparent thin processes and a moderate cytoplasmic reaction in the molecular (1), the outer granular (2), and the outer pyramidal (3) layers; [F] Some scattered
GFAP +ve astrocytes with apparent thin processes and a moderate cytoplasmic reaction in the inner granular (4), the inner pyramidal (5), and the polymorphic
(6) layers. (GFAP x400, scale bar= 50 pm).
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Fig. 6: iNOS-immunostained sections from all studied groups. The control group shows [A] Few iNOS +ve nerve cells displaying a weak cytoplasmic reaction
(arrows) in the molecular (1) and the outer granular (2) layers, while none can be detected in the outer pyramidal layer (3); [B] Few iNOS +ve cells with a
weak cytoplasmic reaction (arrows) in the inner pyramidal layer (5), while none can be detected in the inner granular (4) or the polymorphic (6) layers. The
HFD group shows [C] Many iNOS +ve cells with a strong cytoplasmic reaction (arrows) in the molecular (1), the outer granular (2) and the outer pyramidal
(3) layers; [D] Many iNOS +ve cells with a strong cytoplasmic reaction (arrows) in both inner granular (4) and pyramidal (5) layers as well as the polymorphic
layer (6). The HFD & stevia-group shows [E] Some iNOS +ve cells with a moderate cytoplasmic reaction (arrows) in the outer granular layer (2), while none
can be detected in the molecular layer (1) or the outer pyramidal layer (3); [F] Some iNOS +ve cells with a moderate cytoplasmic immunoreaction (arrows) in
both inner granular (4) and pyramidal (5) layers but cannot be detected in the polymorphic layer (6). (iNOS %400, scale bar= 50 pm).
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Table 1: Statistical analysis of the mean values of the initial body weight (g), final body weight (g) and the percentage of weight gain (%) of
rats in all studied groups.

Group I Group II Group III Group IV
Groups (Control group) (Stevia group) (HFD-group) (HFD & Stevia-group)
Parameters (n=10) (n=10) (n=10) (n=10)
Mean = SD
Initial body weight (g) 191+6.44 190.52+6.27 190.04+5.67 191.86+7.02
Final body weight (g) 225.77+3.49 221.95+3.65 287.85+6.62%° 230.75+5.37¢
Percentage of weight gain (%) 18.324+4.11 16.42+3.08 51.56+4.9%° 20.44+4.9¢

Data are shown as Mean + Standard deviation (SD), one-way ANOVA followed by Tukey’s post-hoc test was used. Statistical significance was set at
p value<0.05, significance is indicated by the superscript letters ¢ against groups I, II and III respectively (n = number of rats, g = grams).

Table 2: Statistical analysis of the mean values of TC, TGs, LDLc and HDLc serum levels of the rats in all studied groups.

Group 1 Group II Group 111 Group IV
Groups (Control group) (Stevia group) (HFD-group) (HFD & Stevia-group)
Parameters (n=10) (n=10) (n=10) (n=10)
Mean + SD

TC (mg/dL) 96.15+3.6 94.66+3.62 126.66+5.1** 100.85+3.31¢
TGs (mg/dL) 52.48+3.98 51.37+2.12 103.85+5.87*° 57.3244.76°
LDLc (mg/dL) 32.443.63 32.03+2.73 70.36+5.08° 36.09+3.5¢
HDLc (mg/dL) 40.3+4.86 39.89+4.5 22.01+£2.77%° 38.86+3.77°

Data are shown as Mean + Standard deviation (SD), one-way ANOVA followed by Tukey’s post-hoc test was used. Statistical significance was set at
p value<0.05, significance is indicated by the superscript letters ** ¢ against groups [, II and III respectively. (TC: total cholesterol, TGs: triglycerides, LDLc:
low-density lipoprotein cholesterol, HDLc: high-density lipoprotein cholesterol, n = number of rats, mg/dL: milligrams per decilitre).

Table 3: Statistical analysis of the mean values of CAT, GPx, SOD, MDA and MPO levels in the cerebral cortex homogenates of the rats in
all studied groups.

Group | Group II Group III Group IV
Groups (Control group) (Stevia group) (HFD-group) (HFD & Stevia-group)
Parameters (n=10) (n=10) (n=10) (n=10)
Mean = SD

CAT (umol/min./mg protein) 10.8+2.66 11.1£2.02 6.6+£1.96*° 9.6+2.72¢
GPx (nmol/mg protein) 40.3+2.94 40.63+2.65 20.7142.992> 37.49+2.78¢
SOD (U/mg protein) 9.544+0.96 10.1£1.07 5.41£0.85%° 8.56+0.1°
MDA (nmol/mg protein) 1.6+0.27 1.63+0.25 3.774£0.67*° 2.04+0.34¢
MPO (pmol/min./mg protein) 0.85+0.19 0.92+0.19 2.95+0.7*° 1.38+0.29¢

Data are shown as Mean + Standard deviation (SD), one-way ANOVA followed by Tukey’s post-hoc test was used. Statistical significance was set at
pvalue<0.05, significance is indicated by the superscript letters ¢ against groups L, Il and I1I respectively. (CAT:catalase activity, GPx: glutathione peroxidase,
SOD: superoxide dismutase, MDA: malondialdehyde, MPO: myeloperoxidase, n = number of rats, g =grams).

Table 4: Statistical analysis of the apoptotic index, the mean number of GFAP-positive astrocytes and the area % of iNOS in all studied
groups.

Group | Group 11 Group III Group IV
Groups (Control group) (Stevia group) (HFD-group) (HFD & Stevia-group)
Parameters (n=10) (n=10) (n=10) (n=10)
Mean + SD
The Apoptotic Index 5.51£1.18 5.46+1.3 13.13+2.76* 6.13£1.32¢
The Mean Number of GFAP-positive 20.544.2 19.96:4.62 48.39+7.85% 22.48+4.28¢
Astrocytes
Area % of iNOS 3.71£0.68 3.6£0.72 16.46+£2.91%° 4.29+1.33¢

Data are shown as Mean + standard deviation (SD), one-way ANOVA followed by Tukey’s post-hoc test was used. Statistical significance was set at
p value<0.05, significance is indicated by the superscript letters *° against groups L, I and III respectively. (iNOs: inducible nitric oxide synthase, GFAP: glial
fibrillary activating protein, n= number of rats’.
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Histogram 1: Statistical analysis of the mean values of the initial body Histogram 2: Statistical analysis of the mean values of TC, TGs, LDLc
weight (g), final body weight (g), and the percentage of weight gain (%) and HDLc serum levels in all studied groups. (TC: total cholesterol, TGs:
in all studied groups. (g = grams, *: significant vs group I, ***: significant triglycerides, LDLc: Low-density lipoprotein cholesterol, HDLc: high-
vs group III). density lipoprotein cholesterol, *: significant vs group I, ***: significant
vs group III).

Histogram 3: Statistical analysis of the mean values of (a) CAT, (b) GPx, (c) SOD, (d) MDA and (¢) MPO. (CAT: catalase activity, GPx: glutathione
peroxidase, SOD: superoxide dismutase, MDA: malondialdehyde, MPO: myeloperoxidase, *: significant vs group I, ***: significant vs group III).
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Histogram 4: Statistical analysis of (a) the apoptotic index, (b) the mean number of GFAP-positive astrocytes, and (c) the area % of iNOS in all studied groups.
(iNOs: inducible nitric oxide synthase, GFAP: glial fibrillary activating protein, *: significant vs group I, ***: significant vs group III).

the histological architecture of the cerebral cortex and
to evaluate the possible ameliorative role of Stevia
Rebaudiana extract on this effect.

In this work, the rats of HFD group III displayed a
significant increment in their total body weight and weight
gain percentage versus the control group I. Similar results
were recorded by Alkan ef al.% and Suleiman et al.*°.
They attributed the weight gain to increased appetite, food
intake and fat deposition in the adipocytes secondary to
decreased expression of the brain-derived neurotrophic
factor (BDNF), that controls food intake as well as energy
metabolism, insulin sensitivity, neuronal growth and
survival in addition to, synaptic plasticity.

The lipid profile of rats in HFD group III revealed
significantly elevated serum TC, TGs, LDLc levels and
a significantly decreased serum HDLc level, with respect
to the control group. This agreed with Suleiman er al.%
and Yousef®”). HFD was reported to increase chylomicrons
production in the intestine, that are transformed in the
blood into free fatty acids. Later, the fatty acids enter the
liver where they are transformed into triglycerides then
VLDL and finally LDLPF®,

Moreover, HFD group III depicted a significant
decrement in the tissue levels of the cerebral oxidative
stress markers (CAT, SOD, GPx) together with a significant

increment in lipid peroxidation marker (MDA) and
inflammatory marker (MPO) levels. Similar results were
recorded in the hepatic, cardiac and renal tissues®, in the
cerebral cortical tissuet'**? and in the testes?® of HFD-fed
rats.

HFD, hyperlipidemia and obesity were all implicated in
inducing oxidative stress and inflammatory condition in the
nervous system especially the cerebral cortex via variable
mechanisms®®3¥. One mechanism involves increased
fatty acid oxidation in the mitochondria which stimulates
cytochrome c oxidase enzyme resulting in reactive oxygen
species (ROS) overproduction. The latter induces an
inflammatory condition via increasing production of the
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB)-dependent inflammatory molecules such
as iNOS, TNF-q, IFN-y, and iL-6 that eventually initiate
neurodegenerative and inflammatory changes in the
brain®**. Another mechanism involves increased secretion
of adipocytokines, from the adipose tissue, which induces
both peripheral and neural inflammation in addition
to oxidative damagel®!. The peripheral inflammatory
cytokines could also pass through the blood-brain barrier
and cause neurons damage!**.

These biochemical findings were confirmed by the
histopathological results. H&E-stained sections of HFD
group III demonstrated loss of the regular cerebral lamellar
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pattern with marked depletion of the cellular elements. This
came in line with Wang et al.*'! who reported a significant
decrement in the neurons’ density with the presence of few
scattered shrunken neurons. The authors explained that
HFD induces direct neuronal damage via disturbance of
the CNS fat metabolism and suppression of the membrane
proteins’ normal function. They also added that HFD
decreases BDNF expression resulting in suppression of
both synaptic plasticity and cerebral neurogenesis.

Moreover, another histological alteration in HFD
group was the infiltration of the neuropil with numerous
small dark glial cells, which is referred to as gliosis.
This finding was similarly recorded by Xu et al.**, who
stated that HFD consumption increases the susceptibility
for gliosis in both the cerebrum and cerebellum. Ito
et al ™ previously illustrated that microglia are considered
resident macrophages, scattered in the brain parenchyma,
and become activated as an early response to numerous
pathological conditions such as trauma, inflammation, and
degeneration.

Congested blood vessels, in HFD-fed rats, were
previously observed in the parotid gland™, the kidneys
and lungst™, the pancreas’, and the salivary glandst*”.
The former researchers explained the congestion as an
inflammatory response, induced by the HFD, in order to
increase the blood flow to the damaged or fibrotic tissues.
They also added that HFD disturbs the homeostasis as well
as the capillary walls and induces vascular atherosclerosis,
which may ultimately result in hemorrhage. Interstitial
hemorrhage was also recorded in between the renal
tubules in HFD-fed rats! ). The hemorrhage could be
also attributed to the disrupted tight junctions of the
endothelium, and basal lamina under the effect of released
matrix metalloproteinases (MMPs) enzymes from the
neuroglial cells at the site of neuronal injury™]. This could
also explain the vacuolated neuropil detected in group
III. However, Hashem*! considered the vacuoles in the
neuropil as swollen neurons’ processes and pre-synaptic
nerve endings.

Shrunken neurons with condensed nuclei were detected
in group III. Alkan et al.®*! detected the same finding and
described it as nuclear pyknosis and attributed it to a
shortage of cellular energy besides the degradation of the
myelin sheath. Also, bizarre, irregularly shaped, darkly
stained pyramidal cells surrounded with pericellular halos
were detected in group III. Hashem™’ considered these
alterations as degenerative changes and attributed the
pericellular halos to neurons’ shrinkage and processes’
withdrawal caused by alterations in the cytoskeleton,
which is considered evidence of neurons’ death.

Meanwhile, vacuolated endothelial cells and red
neurons were also detected in HFD group. Endothelial
cells’ malfunction in obese rats was earlier explained by
the condition of oxidative stress secondary to enhanced
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase enzyme activity®. The red neurons were described
by Kaufmann et a/.5" as dying cells within a certain region

secondary to neuronal necrotic damage.

Regarding caspase-3 immunostaining, group III
exhibited a strong nuclear reaction in many neurons with a
subsequent increase of the apoptotic index with respect to
the control group. This finding came in line with Suleiman
et al.B%, who illustrated that obesity suppresses the Bcl-2
expression meanwhile increasing the Bax expression that
causes activation of the caspase cascade. The authors added
that HFD-induced oxidative stress eventually stimulates
apoptosis. Earlier, Alkan and his colleagues®! also stated
that HFD increases the C-Fos expression, that belongs to
the immediate early genes family (IEG), that enhances the
neuronal death via the activation of certain transcription
sites.

GFAP is an intermediate filament, characteristically
expressed in the astrocytes. Its increased expression
is referred to as astrocytosis, which occurs as a result
of astrocytes’ activation in response to brain injury,
inflammatory condition and/or oxidative stress, in order to
fill the tissue defectst?. In the current work, HFD group IIT
displayed a significant increment in GFAP +ve astrocytes’
number together with strong immunoreaction in many
astrocytes, which came in agreement with the findings
of both SharmaP* and Bittencourt et al.*¥ in the brain of
HFD-fed rats.

As regards the iNOS immuno-expression, the HFD
group III showed a significant elevation in its expression in
many neurons, versus the control group. The same finding
was reported by Lu et al.”* who recorded iNOS increment
in the brains of HFD-fed mice. They clarified that iNOS
increment was a neuro-inflammatory response induced by
the HFD and mediated by the microglia activation. This
finding confirmed the biochemical results of the same
group in the current study.

Stevia, a non-caloric natural sweetener, is considered
a promising agent in the management of many medical
conditions. This is due to its antioxidant, anti-inflammatory,
anti-hypertensive and anti-hyperglycemic properties,
besides its role in ameliorating insulin resistance and
boosting memory™.

In the present work, concomitant intake of stevia with
HFD feeding in group IV significantly reduced the weight
gain percentage and the final total body weight. These
findings agreed with those recorded by AbdElwahab et
al.B® and Faruqi et al.” who explained them by decreased
food intake secondary to stevia consumption, as it regulates
both insulin and glucose blood levels. Other explanations
include decreased secretion of appetite hormones together
with enhanced secretion of anorexic hormones and
increased sense of gastric fullness due to the high content
of fibers in the stevia extractl*®.

Moreover, stevia consumption in group IV caused a
significant reduction in TC, TGs and LDLc serum levels
together with a significant elevation of HDLc serum level.
These results came in accordance with those of Ranjbar
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et al.B¥ who explained them by various mechanisms. One
mechanism involved the enhancement of fat catabolism
secondary to enhanced lipoprotein enzyme activity.
Another mechanism suggested enhanced oxidation of
the fatty acids via elevated hepatic carnitine production.
Moreover, similar TC and TGs findings were reported
in rats with polycystic ovary (PCO) treated with stevia
and were attributed to enhanced hepatic lipase enzyme
activity®”,

Stevia co-treated group IV also exhibited a significant
increment in CAT, GPx, and SOD together with a significant
decrement in MDA and MPO levels. Similarly, Ranjbar
et al.P® and El Nashar et al.’? reported an increment in
CAT and total antioxidant capacity (TAC) levels as well
as a decrement in the MDA level in stevia-treated rats,
denoting its antioxidant activity. Morsi et al.®”! also
recorded a significant increment in SOD and a significant
decrement in MDA levels in stevia-treated PCO rats. As
regards the decrement in MPO, it could be attributed to
stevia’s anti-inflammatory properties through suppressing
NF-kB inflammatory cascadel®>3.

Meanwhile, the formerly mentioned HFD-induced
histopathological findings were ameliorated in the stevia-
treated group IV, which were evidenced by the intact
compact neuropil with almost no gliosis or vacuolation,
more or less normal cortical layers, as well as the
preservation of neuronal integrity and appearance. Similar
findings were previously recorded in the hippocampus
of stevia-treated rats as most of the neuropil appeared
almost normal without signs of gliosis!'”. The authors
attributed stevia’s neuroprotective effect to its antioxidant
properties and its elevated polyphenol content compounds
and flavonoids. Another recent study, performed by
Al illustrated that stevia extract improved the neuropil
appearance and ameliorated the degeneration, vacuolation
and apoptosis of the nerve cells in the cerebral cortex of
mice treated with nalbuphine. The author attributed these
findings to the outstanding ROS scavenging capability and
the considerable protective role of stevia versus hydrogen
peroxide-induced damage in various tissues.

Moreover, other studies demonstrated similar results in
other organs, such as the liver’® and the testis!®”, in which
stevia administration ameliorated the histopathological
changes caused by HFD-induced type II diabetes.

However, few pyramidal cells were shrunken with
dark nuclei and pericellular haloes, along with occasional
neuropil vacuoles. Similar nuclear findings were recorded,
by Bassit et al.[¥], in some Purkinje cells in the cerebellar
cortex of stevia-treated rats.

In the current work, a significant reduction in the
apoptotic index with the presence of moderate reaction in
few neurons was also observed in group IV in comparison
to group III. This came in line with El Nashar et al.b%
who reported a marked reduction in the count of apoptotic
nerve cells in the hippocampus of stevia-treated epileptic

rats. Stevia was previously recorded to oppose cell death
and enhance cell maintenance via suppressing caspase-3
and Bax production while enhancing Bcl2 expressiontl,
Similarly, stevia-treated group IV depicted a significant
decrement in the GFAP +ve cells’ number with moderate
immunoreaction in only some cells. This came in agreement
with the findings of El Nashar and colleagues™?.

Furthermore, stevia-treated group IV denoted a
significant decrement in the iNOS expression versus the
HFD group III which was supported by the statistical
analysis of the iNOS mean area percentage. This finding
was previously observed by Kim et all®l and Alil®%
who reported that stevia could suppress the secretion of
nitric oxide and the pro-inflammatory cytokines. The
former illustrated that this effect might be mediated by
the suppression of both NF-kB activation and mitogen-
activated protein kinase enzyme (MAPK) phosphorylation,
which confirms the anti-inflammatory activity of stevia.

CONCLUSION AND RECOMMENDATIONS

Taken together, the results of the current work proved
that Stevia Rebaudiana extract greatly protected against
HFD-induced cerebral cortex changes. This neuroprotective
effect can be attributed to stevia’s antioxidant, anti-
inflammatory, anti-apoptotic and hypolipidemic actions
besides its regulating effect on food intake and weight gain.
Thus, this study provided a new insight into a promising
future herbal neuroprotective agent. Nevertheless, further
pre-clinical and clinical research are mandatory to verify
the safety and efficacy of chronic use of Stevia Rebaudiana
as a neuroprotective agent.
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