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The current study investigated the effects of stevia extracts on a PTZ-
induced epileptic rat model and its potential mechanism. Thirty
male Sprague-Dawley rats were equally subdivided into 3 groups; (1)
normal control (NC) group, (2) PTZ-group: received PTZ (50 mg/kg,
i.p. every other day) for 2 weeks, and (3) PTZ+ Stevia group: re-
ceived PTZ and stevia (200 mg/kg orally daily) for 4 weeks (2 weeks
before the start of PTZ treatment and 2 weeks with PTZ administra-
tion). The first jerk latency and the seizure score were assessed in
rats. Also, brain tissue samples were collected by the end of the ex-
periment, and oxidative stress markers (catalase, MDA, and total an-
tioxidant capacity (TAC)) were measured by biochemical analysis in
hippocampal brain homogenates. Also, in the hippocampus, the ex-
pression of IL6 and Bcl-2 at the mRNA level and expression of Sirt-1,
P53, caspase-3, GFAP, and NF-kB in CA3 hippocampal region by im-
munohistochemistry was investigated. PTZ substantially increased
the seizure score and decreased the seizure latency. Also, PTZ signif-
icantly increased MDA, GFAP, IL-6, NF-kB, caspase-3, and p53 and sig-
nificantly reduced Sirt-1, TAC, and Bcl-2 in hippocampal tissues com-
pared to the control group (p < 0.01). However, Stevia Rebaudiana
Bertoni (Stevia R.) significantly attenuated the PTZ-induced seizures,
improved oxidative stress markers, downregulated GFAP, IL-6, NF-
kB, caspase-3, and p53, and upregulated Sirt-1 and Bcl-2 in the CA3
hippocampal region (p < 0.01). In conclusion, Stevia R. exhibits neu-
roprotective and antiepileptic actions in PTZ-induced epilepsy due to
its antioxidant, anti-apoptotic, and anti-inflammatory effects. Addi-
tionally, the Sirt-1 pathway might be involved in the antiepileptic and
neuroprotective effects of stevia in PTZ-kindled epileptic rat model.
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1. Introduction
Epilepsy is a serious neurological disorder that impacts

about 0.5%–2% of the world’s population [1]. Intractable
forms of epilepsy trouble approximately 30% of patients [2].

Moreover, associated comorbidities such as cognitive im-
pairment burden patients with epilepsy and markedly influ-
ence the quality of life [3]. Therefore, a thorough grasp of
the mechanisms behind epileptogenesis would open new av-
enues for novel anti-epileptic agents. Previous experimental
studies have documented the role of oxidative stress, inflam-
matory cytokines, apoptosis, and autophagy in epileptogen-
esis, so therapeutic agents that target those mechanisms are
considered good antiepileptic candidates [4–6].

Silent information regulator-1 (Sirt-1) is the first gene
found in the mammalian sirtuins family genes. Normally, it
is located in the nucleus and acts as a histone deacetylase of
NAD+. It interacts with several protein substrates in many
signaling pathways (such as Wnt, NF-kB, p53, and Notch),
so it is a crucial regulator of several biological processes, e.g.,
cell proliferation, differentiation, senescence, apoptosis, and
metabolism [7, 8]. In the CNS, Sirt-1 is expressed in both
neurons and astrocytes. Inflammation-associated diseases,
including various neurodegenerative ones, exhibit a reduc-
tion in the Sirt-1 level. Also, a reduction in the Sirt-1 expres-
sion could promote microglial activation and neuroinflam-
mation via NF-kB, IL-6, and IL-1β [9]. Sirt-1 exerts neu-
roprotective effects in many models of microglial activation-
induced neurodegenerative disease [10]. Moreover, Sirt-1
mitigates glucose-induced neuronal apoptosis through p53
deacetylation [11]. In addition, it has been reported that up-
regulation of Sirt-1 is essential for neuronal survival by in-
hibiting apoptosis, inflammation and oxidative stress via the
deacetylation of p53, NF-kB, and FoxOs respectively [12].

Nowadays, herbal supplements and alternative medicine
represent a new era in the prevention and treatment of dis-
eases. Stevia Rebaudiana Bertoni (Stevia R.) is a bush of the
Asteraceae family local to South America, particularly to the
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Fig. 1. Study design of the experiment. Saline 0.5 mL or stevia extracts dissolved in 0.5 mL was given daily via gastric gavage for 4 weeks (2 weeks before
and 2 weeks after PTZ administration). But PTZ was given in 0.2 mL saline in PTZ and PTZ+ Stevia group every other day. On the day of PTZ injection,
Stevia was given one hour before PTZ injection. Also, the rat behavior was recoded for 30 min after PTZ injection (trial or record), so we have 7 trials or
records, trial 1 at day 1, trial 2 at day 3, trial 3 at day 5, trial 4 at day 7, trial 5 at day 9, trial 6 at day 11 and trial 7 at day 13.

Northeast of Paraguay. Its leaves are commonly used as a
powerful alternative to artificial sweeteners [13]. Besides
their sweetening properties, stevia extracts possess many po-
tential therapeutic effects such as hypotensive, hypoglycemic,
anti-inflammatory, anti-tumor, and immunomodulatory ef-
fects [14]. Also, stevia contains several phenolic compounds
such as flavonoids, and phenolics which possess important
antioxidant properties [15]. Few studies have investigated
the neuroprotective effects of stevia extract and its derivatives
against scopolamine-induced learning and memory deficits
[16] and fructose-induced neuronal damage in the hippocam-
pus, amygdala, and spinal cord [17]. Moreover, Rebaudio-
side A (derivative of stevia) significantly attenuated the PTZ-
induced convulsive and EEG changes [18]. Mei et al. [19]
concluded that Isosteviol sodium (a derivative of stevia) pro-
tects against oxidative stress and apoptosis in cardiomyocytes
via activation of the Sirt-1/PGC-1α pathway. However, the
role of Sirt-1 in the possible anti-epileptic action of stevia was
not investigated. Therefore, the current study was designed
to look into the possible antiepileptic and neuroprotective ef-
fects of Stevia R. extracts against PTZ-induced epilepsy and
the potential role for astrocytosis, oxidative stress, apoptotic
proteins, inflammatory cytokines, and Sirt-1 in arbitrating its
effects.

2. Materials andmethods
2.1 Experimental animals

Thirty male Sprague-Dawley rats weighing 170–190 g
were housed in standard cages at the experimental research
center, Mansoura Faculty of Medicine, Egypt. Animals were
fed on a standard diet and water ad libitum. Animal care
was done in agreement with The Care and Use of Laboratory

Animals (1996, distributed by the National Academy Press,
2101 Constitution Ave. NW,Washington, DC20055, USA).
The IRB committee has approved all experimental proce-
dures (code #R.20.11.1098).

2.2 Extraction and administration of Stevia R. leaves extracts

The leaves of Stevia R. plants were purchased from Ste-
via International Company from Agro-industry Product
(SICAP), Cairo, Egypt. All steps of isolation and methano-
lic extraction of S. Rebaudiana leaves were mentioned in a
previous work by our research group [20]. The methanolic
extracts of Stevia R. were dissolved in 1.0mL saline at a dose of
200 mg/kg orally via gastric gavage once daily for 4 weeks (2
weeks before PTZ injection and 2 weeks after PTZ injection)
[21].

2.3 Study design

Rats were randomly (closed sealed envelopes) subdivided
into 3 equal groups (each contains 10 rats) as follows: (a)
Control group: normal animals received 0.5 mL saline via
gastric gavage for 4 weeks with 0.2 mL saline via intraperi-
toneal injection (i.p.) for the last 2 weeks, (b) PTZ group:
as the control group but rats received PTZ (50 mg/kg in 0.2
mL saline) via i.p. injection on an alternate day for the last
2 weeks of the experiment [6] and (c) Stevia R. extract (St)+
PTZ group: as the PTZ group but rats were pretreated with
Stevia in a dose of 200 mg/kg daily for 4 weeks (2 weeks be-
fore the onset of PTZ treatment and 2 weeks with PTZ ad-
ministration) [21]. Stevia was given one hour before PTZ on
the day of PTZ administration. Fig. 1 shows the study design.
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2.4 Animal model

After each PTZ injection, each rat was placed in a trans-
parent Plexiglas cage to record its convulsive behavior for 30
min by a video camera for 7 records or trials. The latency
of seizure onset (sec) and seizure score were recorded. Scor-
ing of seizure severity was done based on Racine’s scale (0
= normal, non-epileptic activity, 1 = mouth and facial move-
ments, hyperactivity, grooming, sniffing, scratching, wet dog
shakes, 2 = head nodding, staring, tremor, 3 = forelimb
clonus, forelimb extension, 4 = rearing, salivating, tonic-
clonic activity and 5 = falling, status epilepticus) [22].

2.5 Harvesting of brain tissue samples

Once the study has ended, a high dose of Na+ thiopen-
tal (120 mg/kg) i.p. was used for rat sacrifice. Through a
cardiac catheter, the brain was perfused with 100 mL hep-
arinized saline then by 150 mL formalin (10%). Details of the
collection and storing of the brain tissue are described in our
preceding work [6].

2.6 Assay of oxidative stress markers (MDA, catalase activity, and
total antioxidants) in hippocampal brain tissue

Hippocampal regions of the brain were homogenized in
1–2 mL of cold phosphate-buffered saline (50 mM) in EDTA
(1mM) at pH 7.5 then, centrifuged at 4000 rpm at 4 ◦C for 15
min. Colorimetric assay of these markers was implemented
using commercially available kits (Bio-Diagnostics, Dokki,
Giza, Egypt) according to the manufacturer’s instructions.

2.7 Assessment of the expression of Bcl-2 and IL-6 at the mRNA
level by real-time PCR

The mRNA encoding for pro-inflammatory cytokine;
interleukin-6 (IL-6) and anti-apoptotic genes (Bcl-2) was
identified by real-time PCR in hippocampal brain tissue
samples. In agreement with the manufacturer’s guidelines,
total RNA from hippocampal brain tissue samples was
isolated, then quantified spectrophotometrically, and its
quality was determined by agarose gel electrophoresis
and ethidium bromide staining. cDNA was synthesized
from 1 µg total RNA and then buffered in a volume of
25 µL. Then, the 25 µL cDNA was diluted in a total
volume of 100 µL. PCR was used to amplify the cDNA
for IL-6 F: 5′-TCCTACCCCAACTTCCAATGCTC-
3′, R: 5′-TTGGATGGTCTTGGTCCTTAGCC-3′, and
Bcl2 F: 5′-TGTGGATGACTGACTACCTGAACC-
3′, R: 5′-CAGCCAGGAGAAATCAAACAGAGG-3′,
GAPDH, F: 5′-TATCGGACGCCTGGTTAC-3′, R: 5′-
CTGTGCCGTTGAACTTGC-3′. Amplification and
detection were performed using a thermal cycler. The
cycling parameters were as follows: initial denaturation at
95 ◦C for 10 min, followed by 40 cycles of denaturation 95
◦C for 15 s, annealing at 60 ◦C for 1 min, extension at 72 ◦C
for 1 min. The cDNA was quantified using the following
formula: 2 - Ct (2 - [(Ct of target gene - Ct of GAPDH in
treated rats) - (Ct of target gene - Ct of GAPDH in control
rats)]) [23].

2.8 Hematoxylin and eosin staining

Brain sections of 20 µm-thickness were made from for-
malin fixed brain tissues. Slides containing hippocampal re-
gions were stained with hematoxylin for 15 min and in HCl
alcohol solution for 35 sec, then, immersed with eosin for 10
min and 90% ethanol for 40 sec [6]. The hippocampal regions
mainly CA3 regionwere examined blindly by expert patholo-
gists under light microscope for loss of neurons and pyknotic
nuclei.

2.9 Immunohistochemical examination for GFAP, NF-kB, P53,
caspase-3, and Sirt-1 in the hippocampal CA3 region

Serial sagittal sections (40 µm) were obtained from brain
tissue specimens and immunohistochemical staining was im-
plemented as stated by our previous work [5]. The pri-
mary rabbit anti-glial fibrillary acidic protein (GFAP) anti-
body (1:200, Sigma, USA), primary rabbit polyclonal anti-
NFkb-p65 (Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) (with final dilution 1:500), goat polyclonal anti-Sirt-1
(Santa Cruz sc-19857, Santa Cruz, CA, USA) (with final dilu-
tion 1:200), caspase-3 primary rabbit polyclonal anti-caspase-
3 (Cell Signalling Technology® Cat. no. 9664). (diluted 1:50)
and p53 rabbit anti-ratmonoclonal antibodies anti-p53 (1:50;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) (with
final dilution 1:50) were used. Briefly, the brain areas were
brooded overnight at 4 ◦Cwith primary antibody taken after
by a 15 min wash in phosphate-buffered saline (PBS, pH 7.4).
After that the brain sections were hatched with horseradish
peroxidase conjugated IgG for 60 min at room temperature.
Afterwashing for an hour, diaminobenzidinewas utilized as a
chromogen and counterstaining was done with hematoxylin.
The negative control was performed without including the
primary antibody, and the other steps were the same between
the test sections and negative control. The hippocampus
mainly CA3 region was examined indiscriminately utilizing
Optika light microscope with Optika B-10 (OPTIKAMicro-
scopes, Italy) (camera and the average of the number of posi-
tive cells in 5 random high-power field (HPF) in serial 5 brain
slides was calculated. For the expression of Sirt-1 in CA3 re-
gion, the immunoreactivity of Sirt-1-positive cells in the re-
gion of interest (ROI) (CA3)was calculated using ImageJ soft-
ware (National Institute of Mental Health Bethesda, Mary-
land, USA) as mentioned in our previous work [5]. The ex-
pression of p53, caspase-3, and NF-kB was nuclear, whereas
the expression of Sirt-1 andGFAPwas cytoplasmic andmem-
branous in cell bodies and neurites. Previous studies by our
research group found that the CA3 hippocampal region is the
most affected region in PTZ-induced epilepsy, so we selected
this region for investigating the expression of these proteins
in this region [5, 6].

2.10 Statistical analysis

Statistical analysis was done by GraphPad Prism version
5.0 (GraphPad Software, Inc., California Corporation, USA).
The statistical significance within groups for behavioral pa-
rameters was calculated using two-way ANOVA with Bon-

Volume 21, Number 1, 2022 3



Fig. 2. Effect of Stevia R. on behavioral effects in PTZ-induced seizures. (A) Seizure score and (B) seizure latency (Sec). Data were expressed as mean±
SEM (standard error of means) Two-way ANOVA test. *** significant vs PTZ group p < 0.0001, ** significant vs PTZ group p < 0.01 and *significant vs
PTZ group p < 0.05. Trial 1 = record with the first PTZ dose, Trial 2 = record with the second PTZ dose, etc. and Trial 7 = record with the last or 7th dose
of PTZ.

Table 1. Oxidative stress markers in hippocampal brain tissues from control, PTZ and Stevia groups.
MDA (nmol/g tissues) CAT (U/g tissues) TAC (mmol/g tissues)

Control group 50.76± 1.77 67.67± 9.97 4.647± 0.41
PTZ group 81.788± 1.84∗∗∗ 52.08± 9.36∗ 1.907± 0.40∗

Stevia group 42.68± 4.617### 95.25± 11.21∗∗∗,### 6.300± 0.83###

p (One-Way ANOVA) F = 45.90 F = 27.49 F = 14.55
p< 0.0001 p< 0.0001 p< 0.0001

All data are expressed as mean± SEM, One-way Anova with Tukey’s post hoc test. p < 0.05 was considered
significant. ∗∗∗significant vs control group, p < 0.0001,∗∗significant vs control group, p < 0.01,∗significant
vs control group, p < 0.05, ###significant vs PTZ group, p < 0.0001,##significant vs PTZ group, p < 0.01
and∗significant vs PTZ group, p < 0.05. MDA, malondialdehyde; CAT, catalase enzyme activity; TAC, total
antioxidant capacity.

ferroni post-hoc test, while in other parameters we used one-
way ANOVA with Tukey’s post-hoc test to find the statisti-
cal significance. Also, Pearson correlations between Sirt-1
expression and other study parameters were calculated. p ≤
0.05 is considered statistically significant.

3. Results
3.1 Stevia effect on seizure score and latency in PTZ-induced
epilepsy

The PTZ group showed an increase in the score of PTZ-
induced seizures starting from the 2nd trial compared to the
1st trial. Also, in comparison to the PTZ group, the ste-
via group showed a significant reduction in the PTZ-induced
seizure score in trials 4 (day 7) and 5 (day 9) (p < 0.001) and
trials 6 (day 11) and 7 (day 13) (p < 0.0001) (Fig. 2A). Also,
the latency of epileptic seizures showed significantly longer
values in the stevia group compared to the PTZ group in tri-
als (5, 6 and 7) (p< 0.001) (Fig. 2B).

3.2 Stevia effect on MDA, catalase activity, and TAC in
hippocampal brain tissue

The concentration of MDA was significantly higher in
hippocampal tissues of the PTZ group than in the control

group (p < 0.0001). However, the stevia group displayed a
significantly lower MDA concentration than the PTZ group
(p< 0.01). The TAC level was significantly lower in the PTZ
group compared to the control group (p < 0.0001). On the
other hand, the stevia group showed a significant increase
in the TAC compared to the PTZ group (p < 0.0001). The
catalase enzyme activity showed a significant reduction in the
PTZ group contrasted with the control group (p < 0.0001).
However, the stevia group showed a significant increase in
the CAT activity contrasted with the PTZ group (Table 1).

3.3 Stevia effect on Bcl-2 and IL-6 expression at the mRNA level in
rat hippocampus

The expression of Bcl-2 at the mRNA level in the hip-
pocampal tissue showed a significant decrease in the PTZ
group compared to the control group (p < 0.0001). In con-
trast, stevia group showed a significant increase in its expres-
sion compared to the PTZ group (p < 0.05). Regarding the
expression of IL-6 in the hippocampus, it increased signifi-
cantly in the PTZ group in contrast to the control group (p
< 0.0001). However, the stevia group displayed a significant
drop in the IL-6 expression in comparison to the PTZ group
(p< 0.0001) (Table 2).
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Fig. 3. Effect of Stevia R. on themorphology of the CA3 hippocampal region from different groups. The brain specimens from normal control group
show (A) normal structure and thickness of hippocampal regions (CA3, 2, 1) (H&E, 100×) and (B) normal shape and distributions of neurons with round
nuclei and prominent nucleoli (red arrows) in CA3 region (H&E, 400×), (C) while the brain specimens from PTZ group show atrophy and thinning of layers
of CA3 region of hippocampus (black arrow) (H&E, 100×), (D) and low number of round normal cells (red arrows) with dense pyknotic nuclei in died neurons
in CA3 region (black arrows) in PTZ group (H&E, 400×). (E) On the other hand, brain specimens from stevia group show normal structure and thickness
of CA3 hippocampal region (red arrow) (H&E, 100×) and (F) high number of normal neurons with round nuclei and prominent nucleoli (red arrows) with
few dead neurons (black arrows) in CA3 region (H&E, 400×). Also, the thickness of the CA3 region in figures with high power (400×) is represented by the
blacklines.
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Fig. 4. Effect of Stevia on GFAP (marker of astrocytes and astrocytosis) expression in the CA3 hippocampal region. Graph (A) represents the
mean of GFAP-positive cells per high power field (HPF) in the CA3 region in different groups. Brain specimens from the (B) normal control group show
normal expression of GFAP in CA3 region of hippocampus (red arrows indicate cell bodies, while blue arrows indicate cell processes) (400×), (C) PTZ group
show marked GFAP expression in CA3 hippocampal region (astrocytosis) (excess number and cell processes of astrocytes) (400×) and (D) stevia group show
decreased GFAP expression in CA3 hippocampal region. One-way ANOVAwith Tukey posthoc test. ***significant vs control group p< 0.0001, **significant
vs control group p< 0.01 and ###significant vs PTZ group p< 0.0001.

Table 2. The relative expression of Bcl2 and IL6 (atmRNA) in
hippocampal regions from control, PTZ and Stevia groups.

Bcl2 IL6

Control group 0.963± 0.043 0.96± 0.1042
PTZ group 0.052± 0.0067∗∗∗ 1.28± 0.093∗∗

Stevia group 0.896± 0.16### 0.56± 0.037∗∗∗,###

p (One-Way ANOVA) F = 27.95 F = 33.64
p< 0.0001 p< 0.0001

All data are expressed as mean ± SEM, One-way Anova with Tukey’s
post hoc test. p < 0.05 was considered significant. ∗∗∗significant
vs control group, p < 0.0001,∗∗significant vs control group, p <

0.01,∗significant vs control group, p< 0.05, ###significant vs PTZ group,
p< 0.0001,##significant vs PTZ group, p< 0.01 and∗significant vs PTZ
group, p< 0.05. IL6, interleukin-6.

3.4 Stevia effect on the hippocampus histopathology
The control group exhibited normal neuronal shape and

number in the hippocampal CA3 region on histopatholog-
ical examination (Fig. 3A–B). However, PTZ disrupted the
neuronal regular arrangement, reduced their number and re-
sulted in pyknotic changes (darkly stained nucleus and cy-
toplasm) in the CA3 hippocampal region (Fig. 3C–D). Con-
versely, stevia displayed a significant reduction in the num-
ber of abnormal neurons in the in CA3 hippocampal region
(Fig. 3E–F).Moreover, the thickness, which is represented by
black lines in high power figures (400×) was roughly wide in
control and decreased in the PTZ group and increased in the
stevia group.

3.5 Stevia effect on GFAP and Sirt-1 expression by
immunohistochemistry in the hippocampal CA3 region

Fig. 4A displayed a marked rise in the number of GFAP-
positive cells (a marker of astrocytosis) in the hippocampal
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Fig. 5. Effect of Stevia on Sirt-1 expression in theCA3hippocampal regionby immunohistochemistry. Graph (A) represents themean area of interest
(ROI) of Sirt-1 expression per high power field (HPF) in different groups. Brain specimens from the (B) normal control group show moderate membranous
expression of Sirt-1 (red arrows) in the CA3 region of the hippocampus (400×), (C) PTZ group show mild to moderate membranous (red arrows) Sirt-1
expression in the CA3 hippocampal region (400×) and (D) Stevia group show marked membranous (red arrows) Sirt-1 expression in the CA3 hippocampal
region. One-way ANOVA with Tukey posthoc test. ***significant vs control group p< 0.0001 and ###significant vs PTZ group p< 0.0001.

CA3 region in the PTZ group in contrast to the control group
(p< 0.0001). On the other hand, the number of positive cells
was significantly reduced in the stevia group compared to
the PTZ group (p < 0.001). The control group showed mild
GFAP expression (Fig. 4B), the PTZ group showed a marked
GFAP expression (Fig. 4C) suggesting astrocytosis, and the
stevia group showed mild GFAP expression (Fig. 4D).

Moreover, PTZ markedly lowered the mean ROI of Sirt-
1 positivity in the hippocampal CA3 region in contrast to
the control group (p < 0.001). However, stevia significantly
enhanced the Sirt-1 expression contrasted with the control
group (p < 0.01) (Fig. 5A). Brain specimens showed mod-
erate membranous expression of Sirt-1 in the control group
(Fig. 5B),mild expression in the PTZ group (Fig. 5C),marked
membranous expression in the stevia group (Fig. 5D).

3.6 Stevia effect on caspase-3, p53, and NF-kB expression by
immunohistochemistry in the hippocampal CA3 region

PTZ substantially increased the number of caspase-3 and
p53-positive cells (markers of apoptosis) in the hippocam-
pal CA3 region in contrast to the control group (p < 0.001).
In contrast, stevia significantly reduced the expression of
caspase-3 and p53 compared to the PTZ group (p < 0.001)
(Figs. 6A,7A). The control group exhibited a mild nuclear
expression of caspase-3 in the hippocampal CA3 region
(Fig. 6B), the PTZ group exhibited a high nuclear expression
(Fig. 6C), and the stevia group exhibited a mild nuclear ex-
pression (Fig. 6D). Also, brain sections from different groups
showed mild cytoplasmic expression of p53 in the CA3 re-
gion of the hippocampus in the control group (Fig. 7B), high
cytoplasmic expression in the PTZ group (Fig. 7C), and mild
cytoplasmic expression in the stevia group (Fig. 7D).
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Fig. 6. Effect of Stevia on apoptotic marker (caspase-3) in the CA3 hippocampal region by immunohistochemistry. Graph (A) represents the mean
of caspase-3-positive cells per high power field (HPF) in different groups. Brain specimens from the (B) normal control group showminimal nuclear expression
of caspase-3 in the different parts of the hippocampus (red arrows) (400×), (C) PTZ group showmarked nuclear caspase-3 expression in the CA3 hippocampal
region (400×) and (D) Stevia group showminimal nuclear caspase-3 expression in the CA3 hippocampal region. One-way ANOVAwith Tukey posthoc test.
***significant vs control group p < 0.0001, **significant vs control group p < 0.01, *significant vs control group p < 0.05 and ###significant vs PTZ group p

< 0.0001.

Furthermore, the number of NF-kB-positive cells
markedly increased in the PTZ group compared to the
control group in the CA3 hippocampal region (p < 0.001).
Alternatively, stevia significantly lowered the expression of
NF-kB in the CA3 hippocampal region in comparison with
the PTZ group (p < 0.001) (Fig. 8A). Brain sections showed
minimal expression of NF-kB in the CA3 hippocampal
region of the control group (Fig. 8B), high expression in the
PTZ group (Fig. 8C), and minimal expression of NF-kB in
the stevia group (Fig. 8D).

3.7 Correlations between Sirt-1 and other study parameters

The expression of sirt-1 showed a negative correlation
with the PTZ-induced epileptic seizure score (Fig. 9A), a pos-
itive correlation with its latency (Fig. 9B), and a negative
correlation with GFAP expression (Fig. 9C). Also, oxidative
stress markers showed a negative correlation between Sirt-1
andMDA, and positive correlations between Sirt-1 and CAT

and TAC correlations (Fig. 9D–F, respectively). Regarding,
the apoptotic markers, the Sirt-1 showed a positive corre-
lation with Bcl-2 and negative correlations with caspase-3
and p53 (Fig. 9G–I). Finally, the inflammatorymarkers, there
were negative correlations between Sirt-1 and IL-6, and NF-
kB (Fig. 9J–K).

4. Discussion
The main findings of the current study included that: (a)

administration of PTZ every alternate day for two weeks
caused a significant increase in PTZ-induced seizures, which
was associatedwith evident neuronal loss, astrocytosis, wors-
ened oxidative stress, and a significant decrease in Sirt-1
and Bcl-2 and a significant increase in inflammatory medi-
ators (NF-kB and IL-6) and apoptosis-related proteins (p53
and caspase-3) expressions in the hippocampal CA3 region
and (b) pretreatment with stevia has neuroprotective and
anti-epileptic effects accompanied by significant attenuation
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Fig. 7. Effect of Stevia on apoptoticmarker (p53) in the CA3hippocampal region by immunohistochemistry. Graph (A) represents the mean of p53-
positive cells per high power field (HPF) in different groups. Brain specimens from the (B) normal control group showminimal cytoplasmic expression of p53
(red arrows) in the CA3 hippocampal region (400×), (C) PTZ group show marked cytoplasmic p53 expression (red arrows) in the CA3 hippocampal region
(400×) and (D) Stevia group show low cytoplasmic p53 expression (red arrows) in the CA3 hippocampal region. One-way ANOVA with Tukey posthoc test.
***significant vs control group p< 0.0001 and ###significant vs PTZ group p< 0.0001.

in PTZ-induced neuronal loss, astrocytosis, oxidative stress,
and inflammatory cytokine IL-6 and apoptotic markers (p53
and caspase-3) with the upregulation of Sirt-1 and anti-
apoptotic protein (Bcl-2) in the CA3 hippocampal region.

The study at hand demonstrated, with alternate day PTZ
injections for two weeks, typical epileptic seizures with a
significantly shortened latency. Additionally, PTZ exhibited
evident hippocampal neuronal loss and escalation in astro-
cytes population, which is supported by an increase in GFAP.
Also, the current study demonstrates the alleged neuro-
protection of stevia rebaudiana in the PTZ-induced epilepsy
model through decreased neuronal loss and reactive astrocy-
tosis with a low GFAP expression. Stevia R. ameliorated the
high Racine’s convulsion score and prolonged the latency of
epileptic seizures. These findings conform to the neuropro-
tective actions of stevia extract and its derivatives displayed
in previous studies such as scopolamine-induced memory
loss [16], fructose-induced plurimetabolic changes in the hip-

pocampus and amygdala [17] and the anti-convulsive effects
for Rebaudioside A (derivative of stevia) on convulsions in-
duced by a single high dose of PTZ (70 mg/kg) [18]. How-
ever, in the current study, we demonstrated the role of Stevia
R. during epileptogenesis induced by repeated administration
of subconvulsive doses of PTZ suggesting not only anticon-
vulsive but also anti-epileptic effect for Stevia extracts.

Glial cells have been considered just a brain glue for neu-
rons, however, a crucial role has been reported for glial cells
especially astrocytes in the development of neurodegenera-
tive diseases, including epilepsy. Upon brain insult, astro-
cytes become reactive and participate in hyper-excitation,
neurotoxicity, and seizure spreading. After activation, astro-
cytes secrete pro-inflammatory mediators to initially protect,
adapt, and return the central nervous system to its regular
function. However, if the insult is maintained, persistent ac-
tivation of inflammatory pathways contributes to the gener-
ation of seizures, activation of neuronal death pathways, and
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Fig. 8. Effect of Stevia on NF-kB in the CA3 hippocampal region by immunohistochemistry. Graph (A) represents the mean of NF-kB-positive cells
per high power field (HPF) in different groups. Brain specimens from the (B) normal control group show minimal nuclear expression (red arrows) of NF-kB
in the CA3 hippocampal region (400×), (C) PTZ group showmarked NF-kB nuclear expression (red arrows) in the CA3 hippocampal region (400×) and (D)
Stevia group show low NF-kB nuclear expression (red arrows) in the CA3 hippocampal region. One-way ANOVA with Tukey posthoc test. ***significant vs
control group p< 0.0001, **significant vs control group p< 0.01 and ###significant vs PTZ group p< 0.0001.

compromising the oxidative state [24]. GFAP is an interme-
diate filament found specifically in astrocytes, and its accumu-
lation indicates astrocyte activation, which is termed astrocy-
tosis. The current study displays GFAP up-regulation with
PTZ indicating astrocytosis alongside its ensuing detrimen-
tal effects, which is consistent with previous studies [25–27].
Moreover, the current work demonstrated down-regulation
of GFAP with stevia rebaudiana treatment indicating regres-
sion of astrocytosis with a potential decline in its repercus-
sions, inflammation, apoptosis, and oxidative stress. To the
best of our knowledge, our study is the first study to demon-
strate the effect of Stevia R. on astrocytosis in drug-induced
epileptogenesis.

Inflammation stands as one of the three pillars of epilep-
togenesis along with apoptosis and oxidative stress. Various
studies have tied hippocampal neuronal damage with an on-
going process of inflammation. IL-6, a pro-inflammatory cy-

tokine, is normally concentrated in low quantities within the
brain and is up-regulated with seizures. IL-6 up-regulation
with PTZ decreases hippocampal neurogenesis and increases
neuro-degeneration and astrocytosis [28]. The activation of
nuclear transcription factor NF-kB can efficiently induce ex-
tensive gene expression and regulate the transcription of cy-
tokine target genes, playing a regulatory role in inflammation
and immune responses. According to Bertogliat et al. [29]
high hippocampal expression of NF-kB was reported to in-
duce neuronal death and activation of glial cells, which pro-
motes the pathological changes with PTZ-induced seizures.
Consistent with these studies, in this study, we found an in-
crease in IL-6 expression and NF-kB in hippocampal neu-
rons from the PTZ group. On the other hand, Stevia R.
down-regulated the hippocampal expression of both NF-kB
and IL-6, implying an anti-inflammatory role for stevia in
epilepsy. In consistence with these findings, Latha et al. [30]
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Fig. 9. Correlations of Sirt-1 expression with different studied parameters including; seizure score (A), seizure latency (B), GFAP expression (C),
MDA concentration (D), catalase enzyme activity (E), total antioxidant capacity (F), Bcl-2 expression (G), caspase-3 expression (H), p53 expression (I), IL-6
expression (J), and NF-kB expression (K). Pearson correlations, r = correlation coefficient and p = probability significance.

demonstrated that hydro-alcoholic extract of stevia leaves
(500 mg/kg) attenuates the inflammatory process and oxida-
tive stress in the lipopolysaccharides-induced acute liver in-
jury mainly via the reduction of pro-inflammatory cytokines,
e.g., TNF-α, IL-1β, and IL-6. Also, Jiao and Gong [9]
demonstrated that stevioside attenuated lipopolysaccharide
(LPS)-induced inflammation in RAW264.7 cells via down-
regulation of mitogen-activated protein kinase (MAPK) and
NF-kB signaling pathways.

Apoptotic hippocampal neuronal cell death is implicated
in the process of epileptogenesis. PTZ-induced apoptosis is

mediated by the activation of enzymes such as caspase-3, in-
creased expression of apoptotic proteins such as p53, and de-
creased levels of anti-apoptotic Bcl-2 protein. The current
study demonstrated a significant increase in caspase-3, p53
with a significant reduction in Bcl-2 in brain tissue of PTZ-
treated rats, which is in agreement with previous studies by
Hussein et al. [31] and Hamdy et al. [32]. Moreover, Stevia
R. exerted an anti-apoptotic action, as evidenced significant
decline in caspase-3 and p53 with high expression of Bcl-2
with stevia-treated rats. These findings agree with the study
of Hussein et al. [33] that reported anti-apoptotic effects for
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Stevia R. in diabetic cardiomyopathy by downregulating the
p53 and caspase-3. Oxidative stress contributes to neuronal
hyperexcitability and degeneration. Oxidative stress is inter-
twined with apoptosis in the pathogenesis of epilepsy since
it induces the loss of the mitochondrial membrane potential
and releases pro-apoptotic proteins causing downstream ac-
tivation of caspase-dependent and caspase-independent cell
death [34]. Our findings showed that PTZ worsened the ox-
idative state, increasing the MDA level marking high lipid
peroxidation along decreasing the total antioxidant capac-
ity (TAC). These findings conform to our previous studies
[6, 31, 33]. Alternatively, Stevia R. improved the oxidative
stress state by increasing the activity of the catalase enzyme
and the concentration of TAC and decreasing theMDA level,
which confirms its antioxidant effects in the PTZ-induced
epileptic rat model. The anti-oxidant effect of Stevia R. was
demonstrated by our research group in diabetic cardiomy-
opathy [33].

The main objective in the current study was to test the
role of Sirt-1 in the pathogenesis of epilepsy owing to its
presumed neuroprotective role. Sirt-1 is highly expressed in
both neuroglial and nerve cells in the brain. Kaewmool et
al. [10] demonstrated that Sirt-1 exerts neuroprotective ef-
fects in rat models of microglial activation-induced neurode-
generative disease and Romeo-Guitart et al. [34] demon-
strated that activation of Sirt-1 significantly improved mo-
tor nerve regeneration and recovery. Moreover, Dabke and
Das [35] demonstrated that ketogenic diet metabolites pro-
tect the cultured cells via upregulation of Sirt-1 expression.
In the current study, we found significant down-regulation
of the expression of Sirt-1 expression in the PTZ group. It
has been demonstrated that Sirt-1 was found in the cyto-
plasm of embryonic and adult neural precursor cells (NPCs)
which was transiently translocated within 10 min to the nu-
cleus in response to differentiation stimulus, then gradually
retranslocated to the cytoplasm after several hours (~3 hrs)
[36]. Also, Teertam et al. [37] found a significant reduction
in nuclear expression of Sirt-1 with a significant increase in
immunopositivity the cytoplasm and cell processes of neu-
rons in both young and aged experimental rats after ischemic
insults. In the current study, the rats were euthanized 16
hrs. after the last stevia and PTZ injection, which might ex-
plain the membranous and cytoplasmic not nuclear expres-
sion of Sirt-1 in CA3 neurons in the current study. Also, we
found that the expression of Sirt-1 showed negative correla-
tions with seizure score, GFAP expression, apoptotic mark-
ers (p53, caspase-3), a marker of lipid peroxidation (MDA)
and inflammatory mediators IL-6 and NF-kB, and positive
correlations with Bcl-2 and seizure latency suggesting that
the downregulation of Sirt-1 is linked to the process of the
PTZ-induced astrocytosis, apoptosis, inflammation, and ox-
idative stress. In agreement with these findings, previous
studies reported down-regulation of Sirt-1 during epilepto-
genesis [10, 11, 38]. Moreover, Zhao et al. [39] demon-
strated up-regulation of Sirt-1 in a rodent model of traumatic

brain injury (TBI), which protects against neuronal apopto-
sis in a rodent model of focal brain ischemia and Zhou et al.
[40] demonstrated that suppression of Sirt-1 expression by
sirtinol in a rat model of subarachnoid hemorrhage (SAH)
worsened neurological deficits, brain edema, disruption of
the blood-brain barrier (BBB) and endothelial cell apoptosis
suggesting a neuroprotective role for Sirt-1. Also, Chen et
al. [41] found that Sirt-1 upregulates the expression of anti-
apoptotic protein, Bcl-2 and inhibits caspase-3 and Bax.

Moreover, we found that treatment of rats with Stevia
R. upregulates the expression of Sirt-1 in CA3 hippocam-
pal region, suggesting that Sirt-1 could be a mechanism for
the neuroprotective effects of Stevia R. against PTZ-induced
epilepsy. This hypothesis was supported by the results of
Mei et al. [19], who reported that Stevia R. exhibited antiox-
idant and anti-apoptotic actions in cardiomyocytes through
up-regulation of Sirt-1. Also, in agreement with these find-
ings, Fu et al. [42] demonstrated that an enhancement of Sirt-
1 expression by alpha-lipoic acid (ALA) protects against focal
ischemia via up-regulation of the expression of PGC-1α. Al-
though, these findings are novel and not tackled by previous
studies, they are considered preliminary findings that need
further investigations to clarify the role of Sirt-1 in the neu-
roprotective effect of Stevia and open new perspectives for
understanding its role in the process of epileptogenesis. This
point is considered a limitation of the current study.

5. Conclusions
In conclusion, Stevia R. exhibited neuroprotective and

anti-epileptic effects on PTZ-induced epilepsy. This effect
might be due to the suppression of PTZ-induced astrocyto-
sis, inflammation (downregulating IL-6 andNF-kB), apopto-
sis (upregulating Bcl-2 and downregulating p53 and caspase-
3), and oxidative stress (decreasing MDA and increasing the
catalase activity and TAC). Moreover, the up-regulation of
sirt-1 takes part in the neuroprotective and anti-epileptic ef-
fects of Stevia R. in PTZ-kindled rat model.

Author contributions
EMEN, AMH andMAA,WO conceived and designed the

study. WO, SS, AY, AM and NAK performed all behavioral
experiments and conducted biochemical and molecular ex-
periments. AMH, EMEN,MAA, andWAAcollected the data
and performed statistical analysis. AMH, EMEN, WO, AY,
SS, MAA wrote the manuscript. All authors reviewed and
approved the final draft.

Ethics approval and consent to participate
The IRB-committee approved all experimental proce-

dures (code #R.20.11.1098).

Acknowledgment
The authors would also like to express their gratitude to

King Khalid University, Saudi Arabia, for providing admin-
istrative and technical support. Also, we acknowledge Dr.

12 Volume 21, Number 1, 2022



Amira Awadalla, Center of Excellence for Genome and Can-
cer Research, Mansoura Urology and Nephrology Center,
Egypt for helping us in molecular studies.

Funding
The authors would like to extend their appreciation to the

Deanship of Scientific Research at King Khalid University,
Saudi Arabia, for funding this project through the research
group program under grant number (G.R.P/100/41).

Conflict of interest
The authors declare no conflict of interest.

Data availability statement
The data will be available on reasonable request.

References
[1] Naseer MI, Shupeng L, Kim MO. Maternal epileptic seizure in-

duced by Pentylenetetrazol: Apoptotic neurodegeneration and de-
creasedGABAB1 receptor expression in prenatal rat brain.Molec-
ular Brain. 2009; 2: 1–11.

[2] Picot M, Baldy-Moulinier M, Daurs J, Dujols P, Crespel A. The
prevalence of epilepsy and pharmacoresistant epilepsy in adults: a
population-based study in aWestern European country. Epilepsia.
2008; 49: 1230–1238.

[3] Noebels J, Avoli M, Rogawski M, Olsen R, Delgado-Escueta A.
Basic Mechanisms of the Epilepsies. 4th edn. National Center for
Biotechnology Information: Bethesda. 2012.

[4] Hussein AM, Ghalwash M, Magdy K, Abulseoud OA. Beta Lac-
tams Antibiotic Ceftriaxone Modulates Seizures, Oxidative Stress
and Connexin 43 Expression in Hippocampus of Pentylenetetra-
zole Kindled Rats. Journal of Epilepsy Research. 2016; 6: 8–15.

[5] Hussein AM, Abbas KM, Abulseoud OA, El-Hussainy EMA.
Effects of ferulic acid on oxidative stress, heat shock pro-
tein 70, connexin 43, and monoamines in the hippocampus of
pentylenetetrazole-kindled rats. Canadian Journal of Physiology
and Pharmacology. 2017; 95: 732–742.

[6] Hussein AM, Adel M, El-Mesery M, Abbas KM, Ali AN,
Abulseoud OA. L-Carnitine Modulates Epileptic Seizures in
Pentylenetetrazole-KindledRats via Suppression ofApoptosis and
Autophagy and Upregulation of Hsp70. Brain Sciences. 2018; 8:
45.

[7] Chen Y, Lai Y, Lin S, Li X, Fu Y, Xu W. SIRT1 interacts
with metabolic transcriptional factors in the pancreas of insulin-
resistant and calorie-restricted rats. Molecular Biology Reports.
2013; 40: 3373–3380.

[8] Chang H, Guarente L. SIRT1 and other sirtuins in metabolism.
Trends in Endocrinology and Metabolism. 2014; 25: 138–145.

[9] Jiao F, Gong Z. The Beneficial Roles of SIRT1 in
Neuroinflammation-Related Diseases. Oxidative Medicine
and Cellular Longevity. 2020; 2020: 6782872.

[10] Kaewmool C, Kongtawelert P, Phitak T, Pothacharoen P, Udom-
ruk S. Protocatechuic acid inhibits inflammatory responses in
LPS-activated BV2 microglia via regulating SIRT1/NF-κB path-
way contributed to the suppression of microglial activation-
induced PC12 cell apoptosis. Journal of Neuroimmunology. 2020;
341: 577164.

[11] Shi X, Pi L, Zhou S, Li X, Min F, Wang S, et al. Activation of Sir-
tuin 1 Attenuates High Glucose-Induced Neuronal Apoptosis by
Deacetylating p53. Frontiers in Endocrinology. 2019; 9: 274.

[12] Zhang X, Wu Q, Wu L, Ye Z, Jiang T, Li W, et al. Sirtuin 1
activation protects against early brain injury after experimental
subarachnoid hemorrhage in rats. Cell Death & Disease. 2016; 7:
e2416.

[13] Lemus-Mondaca R, Vega-Gálvez A, Zura-Bravo L, Ah-Hen K.

Stevia rebaudianaBertoni, source of a high-potency natural sweet-
ener: a comprehensive review on the biochemical, nutritional and
functional aspects. Food Chemistry. 2012; 132: 1121–1132.

[14] Chatsudthipong V, Muanprasat C. Stevioside and related com-
pounds: therapeutic benefits beyond sweetness. Pharmacology &
Therapeutics. 2009; 121: 41–54.

[15] Ramya M, Manogaran S, Joey K, keong TW, Katherasan S. Stud-
ies on biochemical and medicinal properties of Stevia rebaudiana
grown in vitro. International Journal of Research in Ayurveda &
Pharmacy. 2014; 5: 169–174.

[16] SinghN, Jaggi A, SharmaD, PuriM, Tiwary A. Antiamnesic effect
of stevioside in scopolamine-treated rats. Indian Journal of Phar-
macology. 2010; 42: 164–167.

[17] Chavushyan VA, Simonyan KV, Simonyan RM, Isoyan AS, Si-
monyan GM, Babakhanyan MA, et al. Effects of stevia on synap-
tic plasticity and NADPH oxidase level of CNS in conditions of
metabolic disorders caused by fructose. BMCComplementary and
Alternative Medicine. 2017; 17: 1–13.

[18] Uyanikgil Y, Cavusoglu T, Balcıoglu HA, Gurgul S, Solmaz
V, Ozlece HK, et al. Rebaudioside a inhibits pentylenetetrazol-
induced convulsions in rats. The Kaohsiung Journal of Medical
Sciences. 2016; 32: 446–451.

[19] Mei Y, Liu B, Su H, Zhang H, Liu F, Ke Q, et al. Isoste-
viol sodium protects the cardiomyocyte response associated with
the SIRT1/PGC‐1α pathway. Journal of Cellular and Molecular
Medicine. 2020; 24: 10866–10875.

[20] El-MesallamyAMD,Hussein SAM,HusseinAAM,Mahmoud SA,
El-Azab KM. Reno Protective Effect of Methanolic Stevia Re-
baudiana Bertoni Leaves Extract and Its Phenolic Compounds in
Type-1- Diabetes. Egyptian Journal Chemistry. 2018; 61: 609–
615.

[21] Elsaid FH, Khalil AA, Ibrahim EM, Mansour A, Hussein AM. Ef-
fects of exercise and stevia on renal ischemia/reperfusion injury
in rats. Acta Scientiarum Polonorum Technologia Alimentaria.
2019; 18: 317–332.

[22] Racine RJ. Modification of seizure activity by electrical stimula-
tion. II. Motor seizure. Electroencephalography and Clinical Neu-
rophysiology. 1972; 32: 281–294.

[23] Zahran MH, Hussein AM, Barakat N, Awadalla A, Khater S,
Harraz A, et al. Sildenafil activates antioxidant and antiapoptotic
genes and inhibits proinflammatory cytokine genes in a rat model
of renal ischemia/reperfusion injury. International Urology and
Nephrology. 2015; 47: 1907–1915.

[24] Dossi E, Vasile F, Rouach N. Human astrocytes in the diseased
brain. Brain Research Bulletin. 2018; 136: 139–156.

[25] Vezzani A, Balosso S, Ravizza T. Neuroinflammatory pathways
as treatment targets and biomarkers in epilepsy. Nature Reviews
Neurology. 2019; 15: 459–472.

[26] Bagheri S, Heydari A, Alinaghipour A, Salami M. Effect of pro-
biotic supplementation on seizure activity and cognitive perfor-
mance in PTZ-induced chemical kindling. Epilepsy & Behavior.
2019; 95: 43–50.

[27] Ueno H, Suemitsu S, Murakami S, Kitamura N, Wani K, Taka-
hashi Y, et al. Pentylenetetrazol kindling induces cortical astrocy-
tosis and increased expression of extracellular matrix molecules in
mice. Brain Research Bulletin. 2020; 163: 120–134.

[28] Rana A, Musto AE. The role of inflammation in the development
of epilepsy. Journal of Neuroinflammation. 2018; 15: 1–12.

[29] Bertogliat MJ, Morris-Blanco KC, Vemuganti R. Epigenetic
mechanisms of neurodegenerative diseases and acute brain injury.
Neurochemistry International. 2020; 133: 104642.

[30] S L, Chaudhary S, R S R. Hydroalcoholic extract of Stevia rebaudi-
ana bert. leaves and stevioside ameliorates lipopolysaccharide in-
duced acute liver injury in rats. Biomedicine & Pharmacotherapy.
2017; 95: 1040–1050.

[31] HusseinAM,EldosokyM,El-ShafeyM,El-MeseryM,Ali AN,Ab-
bas KM, et al. Effects of metformin on apoptosis and α-synuclein
in a rat model of pentylenetetrazole-induced epilepsy. Canadian
Journal of Physiology and Pharmacology. 2019; 97: 37–46.

Volume 21, Number 1, 2022 13



[32] Hamdy M, Antar A, El-Mesery M, El-Shafey M, Ali AN, Abbas
KM, et al. Curcumin offsets PTZ-induced epilepsy: involving in-
hibition of apoptosis, wnt/β-catenin, and autophagy pathways.
Egyptian Journal of Basic and Applied Sciences. 2020; 7: 240–251.

[33] Hussein AM, Eid EA, Bin-Jaliah I, Taha M, Lashin LS. Exercise
and Stevia Rebaudiana (R) Extracts Attenuate Diabetic Cardiomy-
opathy in Type 2 Diabetic Rats: Possible UnderlyingMechanisms.
Endocrine, Metabolic & Immune Disorders - Drug Targets. 2020;
20: 1117–1132.

[34] Romeo-Guitart D, Leiva-Rodriguez T, Forés J, Casas C. Im-
proved Motor Nerve Regeneration by SIRT1/Hif1a-Mediated
Autophagy. Cells. 2019; 8: 1354.

[35] Dabke P, Das AM.Mechanism of Action of Ketogenic Diet Treat-
ment: Impact of Decanoic Acid and Beta-Hydroxybutyrate on Sir-
tuins and Energy Metabolism in Hippocampal Murine Neurons.
Nutrients. 2020; 12: 2379.

[36] Hisahara S, Chiba S,MatsumotoH, TannoM, Yagi H, Shimohama
S, et al. Histone deacetylase SIRT1 modulates neuronal differen-
tiation by its nuclear translocation. Proceedings of the National
Academy of Sciences. 2008; 105: 15599–15604.

[37] Teertam SK, Prakash Babu P. Differential role of SIRT1/MAPK

pathway during cerebral ischemia in rats and humans. Scientific
Reports. 2021; 11: 6339.

[38] Mao XY, Zhou HH, Jin WL. Redox-related neuronal death and
crosstalk as drug targets: focus on epilepsy. Frontiers in neuro-
science. 2019; 13: 512.

[39] Zhao Y, Luo P, Guo Q, Li S, Zhang L, Zhao M, et al. Interactions
between SIRT1 and MAPK/ERK regulate neuronal apoptosis in-
duced by traumatic brain injury in vitro and in vivo. Experimental
Neurology. 2012; 237: 489–498.

[40] Zhou X, Zhang X, Zhang X, Zhuang Z, Li W, Sun Q, et al. SIRT1
inhibition by sirtinol aggravates brain edema after experimen-
tal subarachnoid hemorrhage. Journal of Neuroscience Research.
2014; 92: 714–722.

[41] Chen Y, Xie Y, Wang H, Chen Y. SIRT1 expression and activity
are up-regulated in the brain tissue of epileptic patients and rat
models. Journal of Southern Medical University. 2013; 33: 528–
532.

[42] Fu B, Zhang J, Zhang X, Zhang C, Li Y, Zhang Y, et al. Alpha-
lipoic acid upregulates SIRT1-dependent PGC-1α expression and
protects mouse brain against focal ischemia. Neuroscience. 2014;
281: 251–257.

14 Volume 21, Number 1, 2022


	1. Introduction
	2. Materials and methods
	2.1 Experimental animals 
	2.2 Extraction and administration of Stevia R. leaves extracts 
	2.3 Study design 
	2.4 Animal model 
	2.5 Harvesting of brain tissue samples 
	2.6 Assay of oxidative stress markers (MDA, catalase activity, and total antioxidants) in hippocampal brain tissue
	2.7 Assessment of the expression of Bcl-2 and IL-6 at the mRNA level by real-time PCR
	2.8 Hematoxylin and eosin staining 
	2.9 Immunohistochemical examination for GFAP, NF-kB, P53, caspase-3, and Sirt-1 in the hippocampal CA3 region
	2.10 Statistical analysis

	3. Results
	3.1 Stevia effect on seizure score and latency in PTZ-induced epilepsy 
	3.2 Stevia effect on MDA, catalase activity, and TAC in hippocampal brain tissue 
	3.3 Stevia effect on Bcl-2 and IL-6 expression at the mRNA level in rat hippocampus
	3.4 Stevia effect on the hippocampus histopathology 
	3.5 Stevia effect on GFAP and Sirt-1 expression by immunohistochemistry in the hippocampal CA3 region 
	3.6 Stevia effect on caspase-3, p53, and NF-kB expression by immunohistochemistry in the hippocampal CA3 region 
	3.7 Correlations between Sirt-1 and other study parameters

	4. Discussion
	5. Conclusions 
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Data availability statement
	References

