
Saudi Journal of Biological Sciences xxx (xxxx) xxx
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Wogonin preventive impact on hippocampal neurodegeneration,
inflammation and cognitive defects in temporal lobe epilepsy
https://doi.org/10.1016/j.sjbs.2020.05.030
1319-562X/� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: wuzhongliangsx@sina.com (Z. Wu).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

Please cite this article as: X. Guo, J. Wang, N. Wang et al., Wogonin preventive impact on hippocampal neurodegeneration, inflammation and co
defects in temporal lobe epilepsy, Saudi Journal of Biological Sciences, https://doi.org/10.1016/j.sjbs.2020.05.030
Xiangyang Guo a,b, Jieying Wang a, Nana Wang c, Anurag Mishra d, Hongyan Li a, Hong Liu a, Yingli Fan a,
Na Liu a, Zhongliang Wub,⇑
aDepartment of Pediatrics, Shaanxi Provincial People’s Hospital, The Affiliated Hospital of Xi’an Medical University, The Third Affiliated Hospital of Xi’an Jiaotong University,
The Affiliated Hospital of Northwestern Polytechnical University, No. 256 Youyi West Road, Beilin District, Xi’an, Shaanxi 710068, China
bDepartment of Neurology, The First Affiliated Hospital of Air Force Military Medical University, No.127 Changle West Road, Xincheng District, Xi’an, Shaanxi 710032, China
cCentral Laboratory, Shaanxi Provincial People’s Hospital, The Affiliated Hospital of Xi’an Medical University, The Third Affiliated Hospital of Xi’an Jiaotong University, The
Affiliated Hospital of Northwestern Polytechnical University, No. 256 Youyi West Road, Beilin District, Xi’an, Shaanxi 710068, China
d School of Pharmacy, Suresh Gyan Vihar University, Jagatpura 302017, Jaipur, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 7 April 2020
Revised 12 May 2020
Accepted 16 May 2020
Available online xxxx

Keywords:
Kainate
Temporal lobe epilepsy
Wogonin
Neurodegeneration
Antioxidant
TUNEL
Previous studies demonstrated that the pathophysiological changes after temporal lobe epilepsy (TLE)
such as oxidative stress, inflammatory reaction contribute to cognitive defect and neuronal damage.
The present study was conducted to evaluate the anticonvulsant effect of wogonin ameliorates
kainate-induced TLE, and to investigate the mechanism underlying these effects. Rats were divided into
control, wogonin, kainate, and wogonin-pretreated kainate groups. The rat model of TLE was induced by
unilateral intrahippocampal injection of 0.4 ug/ul of kainate. The results showed that the cognitive func-
tion in TLE rats was significantly impaired, and wogonin treatment improved cognitive function in the
Morris water maze (MWM). H & E staining and TUNEL staining showed obvious damage in the hippocam-
pus of TLE rats, and wogonin alleviated the damage. To evaluate the oxidative stress, the expression of
MDA and GSH in plasma were detected. Nrf-2 and HO-1 mRNA expression in the hippocampus were
detected. The levels of MDA in plasma increased in TLE rats, and the levels of GSH in plasma and Nrf-
2, HO-1 in the brain decreased. Treatment with wogonin alleviated these changes. We also detected
the mRNA expression of inflammatory mediators like IL-1b, TNF-a, and NF kB in the brain. The inflamma-
tory reaction was significantly activated in the brain of TLE rats, and wogonin alleviated neuroinflamma-
tion. We detected the mRNA expression of Bcl-2, Bax, caspase-3, in the hippocampus. The levels of Bcl-2
decreased in TLE rats, Bax and caspase-3 increased, while wogonin alleviated these changes. The present
study indicated that wogonin exerted a noticeable neuroprotective effect in kainate-induced TLE rats.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

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

Epilepsy is a common chronic neurological disorder affecting
more than 68 million individuals worldwide. It is associated with
both physical distress and psychological stress. Up to 50% of
patients with epilepsy suffer from psychiatric or cognitive comor-
bidities. Moreover, the burden of comorbidities severely affects the
quality of life (Ali et al., 2019). Temporal lobe epilepsy (TLE) is the
most prevalent form of epilepsy, accounts for 60% of all epilepsy
cases. It is originating primarily from the hippocampus and amyg-
dala. Since the hippocampus is the main structure involved in
learning and memory, damage to this structure often results in
cognitive impairment (Ji et al., 2020; Wang et al., 2020b). Neu-
roimaging studies show that hippocampal atrophy, neuronal cell
loss in the hippocampus, and decreased neuronal density in the
dentate gyrus positively correlate with memory impairment in
patients with TLE. Inhibition of hippocampal neuronal death and
oxidative injury improves cognitive dysfunction in temporal lobe
epilepsy in rats. Although damage to the hippocampal structures
is a common cause of seizures and cognitive dysfunction, a grow-
ing body of literature suggests that the anesis of cognitive comor-
bidities of epilepsy is associated with neuroprotection but not with
gnitive
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a concomitant decrease in seizure burden. Further, there are few
targeted therapies for the management of cognitive comorbidities
of epilepsy (Y. Li et al., 2020). Besides, our understanding of the
mechanisms of the current drugs is not sufficient (Bajorat et al.,
2018).

Intrahippocampal administration of kainic acid (KA) is particu-
larly useful in studying the behavior and neuropathological charac-
teristics of TLE. Activation of the KA receptor results in the release
of excess glutamate caused neuronal death and sustained epileptic
activity in the hippocampus (Bumanglag and Sloviter, 2018). Cen-
tral KA injections result in a progressive increase in iron concentra-
tion in the rat hippocampus, leading to accumulation of a large
number of lipid peroxides, accompanied by the depletion of glu-
tathione (GSH), which could promote free radical damage in the
lesioned areas (Wang et al., 2020a).

Scutellaria baicalensis is one of the most important medicinal
herbs in traditional Chinese medicine. Wogonin, the primary
chemical constituents of this herb, is flavone derivatives containing
a phenylbenzopyrone nucleus. As part of the screening of conven-
tional herbal extracts for benzodiazepine-like activity, it was
reported that several flavonoids isolated from this herb exhibited
moderate affinities for the GABA (c-aminobutyric acid) A receptor
(Afzal et al., 2012; Gupta et al., 2017; Hong et al., 2018). There is
increasing evidence that wogonin could afford neuroprotection
against oxidative stress-induced brain insult. Wogonin protects
neurons from Ab-induced oxidative injury and preserves nigrostri-
atal dopaminergic neurons in a 6-hydroxydopamine hemiparkin-
sonian model (Zhang et al., 2018). This study was undertaken to
investigate whether wogonin could attenuate hippocampal
kainate-induced seizures, hippocampal neurodegeneration,
inflammation, and cognitive defects.
2. Material and methods

2.1. Animals

All tests on adult Wistar male rats (200–220 g; n = 48) were car-
ried out in The first affiliated hospital of Air Force Military Medical
University, Shaanxi, China. They were housed three to four per cage
in a temperature-controlled colony room under a light/dark cycle
with food and water available ad libitum. Procedures involving ani-
mals were conducted in conformity with the National Institutes of
Health guidelines for the care and use of laboratory animals. In this
study, all efforts were made to minimize the number of animals
used and their suffering.
2.2. Experimental procedure

Rats were divided into an equal-sized group: group 1-control,
group 2-wogonin, group 3-kainite, and group 4- wogonin-treated
kainate (wogonin + kainate) groups. For intrahippocampal injec-
tions, rats were anesthetized with chloral hydrate (350 mg/kg)
and placed into the stereotaxic frame (Stoelting Co., Wood Dale,
IL) with the incisor bar set at 3.3 mm below the interaural line.
The dorsal surface of the skull was exposed, and a burr hole was
drilled in the skull using the following stereotaxic coordinates
according to the atlas of anteroposterior, 4.1 mm caudal to bregma;
4 mm lateral to the midline (right side), and 4–4.2 mm ventral to
the surface of the skull. A 5 ml microsyringe filled with normal sal-
ine containing 0.4 ug/ul of kainate was placed over the burr hole,
and kainate solution was injected at a rate of 1 ml/min to induce
the experimental model of TLE. Kainic acid (kainate; Sigma-
Aldrich, St. Louis, MO) was dissolved in normal cold saline just
before surgery. The control group received an equivalent volume
of normal saline at the same stereotaxic coordinates. The microsy-
Please cite this article as: X. Guo, J. Wang, N. Wang et al., Wogonin preventiv
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ringe was slowly withdrawn after 5 min, and the rat scalp was
sutured. The wogonin group received wogonin (Sigma-Aldrich, St.
Louis, MO) p.o. using a gavage needle at a dose of 100 mg/ kg/d
starting one week before the surgery, and the last treatment was
one h before surgery. Wogonin was dissolved in a 10% cremophor
(Sigma-Aldrich, St. Louis, MO). The dose of wogonin was chosen
according to previous reports on its antiepileptic activity (Hirsch
et al., 1992; Lees, 1992).

The progression of kainate-induced seizures was scored accord-
ing to Racine’s standard classification: stage 0, no reaction; stage 1,
stereotype mounting, eye blinking, and/or mild facial clonus; stage
2, head nodding and/ or several facial clonus; stage 3, myoclonic
jerks in the forelimbs; stage 4, clonic convulsions in the forelimbs
with rearing; and stage 5, generalized clonic seizures associated
with loss of balance. In the first 24 h post-surgery, all animals were
evaluated for status epileptics. At 21 days of post-surgery, the ani-
mals were also assessed for the behavioral progression of kainate-
induced seizures to record the chronic phases of seizures.

2.3. Assessment of cognitive function

The cognitive function of all rats was assessed by a Y-maze test.
If a rat experienced a seizure before testing, they were tested at
least one h after the seizure. If a rat experienced a seizure during
the trial, the rat data were excluded at the time of analysis. On
day 22, after intrahippocampal injection, the morris water-maze
(MWM) test was performed as previously described. A circular
water tank (diameter, 140 cm; depth, 60 cm) was fled with water
(23 ± 1 �C) and made opaque by the addition of white, non-toxic
paint (Dulux; AkzoNobel, Amsterdam, Netherlands). The rats were
placed into the tank from different quadrants for 120 sec of train-
ing. Subsequently, the rats were tested for their ability to locate the
hidden platform (10 � 10 cm) and given two trials/day. When the
rat escaped onto the platform, the trial was terminated. Each test
was started and terminated manually by the experimenter, and
the experiment duration was five days (Van Nieuwenhuyse et al.,
2015).

2.4. Measurement hippocampal lipid peroxidation and GSH

Rats were anesthetized with diethyl ether and decapitated. Hip-
pocampi were isolated and blotted dry and then weighed and pre-
pared as a 5% tissue homogenate in ice-cold 0.9% saline solution.
After centrifugation (1000 g, 4C, 10 min), the supernatant was
stored aliquots as at 70C until assayed. Concentrations of MDA,
used as a marker of lipid peroxidation, were measured with the
thiobarbituric acid (TBA) method spectrophotometric assay kit
(Nanjing Jiancheng Bioengineering Institute, China) as previously
described. Briefly, this assay was based on the spectrophotometric
measurement of the color generated during the reaction to TBA
with MDA. MDA concentrations were calculated by reading the
absorbance of TBA reactive substances in the supernatant at
532 nm. GSH was determined by a GSH assay kit (Nanjing Jian-
cheng Bioengineering Institute, China) as commercially recom-
mended by the manufacturer’s protocol. The absorbance of
samples was read at 420 nm by spectrophotometer, and the values
represented the final concentration according to the plotted stan-
dard curves (Ourdev et al., 2019).

2.5. Histopathological analysis

The brain tissues of rats were fixed with 4% paraformaldehyde
(Shenggong, Shanghai, China), washed, dehydrated, transparen-
tized, immersed in wax, and cut into slices. The dried sections were
immersed in a dyeing vessel containing xylene I and xylene II for
dewaxing. Parts were successively immersed in different concen-
e impact on hippocampal neurodegeneration, inflammation and cognitive
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trations of alcohol, double-distilled water to hydrate, stained in HE,
dehydrated, and sealed. The prepared tissue sections were
observed under an optical microscope and photographed using a
microimaging system (Christiaen et al., 2020).
2.6. TUNEL staining

The brain tissues of rats were fixed with 4% paraformaldehyde
(Shenggong, Shanghai, China), washed, dehydrated, transparen-
tized, immersed in wax, and cut into slices. The dried sections were
immersed in a dyeing vessel containing xylene I and xylene II for
dewaxing. The sections were hydrated, digested with trypsin, and
stained in the TUNEL mix. The sections were dehydrated, transpar-
entized, and sealed with neutral gum. The CA1 region of the hip-
pocampus was observed and analyzed using an optical
microscope to calculate the apoptosis rate (Twele et al., 2017).
2.7. Real-time polymerase chain reaction (RT-PCR)

The total RNA of hippocampal brain tissue was extracted using
the Trizol Reagent kit (Nanjing Jiancheng Bioengineering Institute,
China). All procedures were performed under the guidance of the
manufacturer’s instructions. cDNA of the mRNA of target genes
was synthesized using the PrimeScriptTM reagent kit (Nanjing
Jiancheng Bioengineering Institute, China). Primer Express soft-
ware v3.0.1 was used to design the RT-PCR primers. SYBR Premix
Ex Taq (Tli RNaseH Plus; TaKaRa) was used to perform RT-PCR in
the Applied Biosystem 7300 (Applied Biosystems, Foster City, CA,
USA), to detect the levels of b-actin and target genes. The 2-44Ct
method was used to assess the levels of relative mRNA normalized
to b-actin. The primer sequences were shown in Table 1 (Canas
et al., 2018).
2.8. Statistical analysis

The results were expressed as the mean value ± SD. All data
analyses were performed using GraphPad Prism 7. The paired t-
test was used to compare the differences between the two groups.
The escape latency of the MWM was analyzed using repeated-
measures ANOVA, with factors of strain and days. P < 0.05 was used
to indicate significant differences. All experiments were repeated
at least three times.
Table 1
Primers for RT-PCR assay, 50-30 .

Primer Sequence

Nrf2 GGCGATCCTCCTGTAAACCC
CCGAAGGATCCGTCTTCGGT

HO-1 GAGCCTGGGGTTGCTAAGTT
GTCACATTTATGCTCGGCGG

IL-1b GGCCAGTGATGGTGGGTCAG
TCAACAACGCCACCTTGTGTA

TNF-a CACAGTGAAGTGCTGGCAAC
ACATTGGGTCCCCCAGGATA

NF-kB CCGCCCGTATAGTTGTCTCC
TGGGAAGCTTGCTGTCATGT

Bcl-2 GAACTGGGGGAGGATTGTGG
CATCCCAGCCTCCGTTATCC

Bax AAGATGGCATCACACCAGGG
TTTGCTGTCTCCATGTCGCT

Caspase-3 GGGGAGCTTGGAACGCTAAG
CCGTACCAGAGCGAGATGAC

b-actin CTACAACGAGCTGAGGGTGG
TCCAGAGAGGAAGAGGAGGC
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3. Results

Control and wogonin groups exhibited no signs of seizure
behavior during the first 24 h or 21 days after the intrahippocam-
pal injection of kainic acid. But, in the kainate group, 88.33%, rats
showed the class 5 seizures (status epilepticus), and 58.33% of
them had spontaneous seizures. The pretreatment of kainite rats
with wogonin caused the scores of seizure activity to be lower as
compared to the kainite group. So, 25 and 8.33% of pretreated rats
showed signs of SE and spontaneous seizures, respectively
(Table 2).

The induction of epilepsy using kainate significantly increased
the escape latency in status epilepticus rats compared with the
control rats. However, wogonin significantly decreased the escape
latency compared with rats with kainate-induced epilepsy
(P < 0.001; Fig. 1).

Compared to the control group, the levels of MDA in the hip-
pocampus increased significantly in the kainate group
(P < 0.001). Treatment with wogonin attenuated the increment of
MDA in the hippocampus of kainate-treated rats significantly
(P < 0.001) (Fig. 2A). While the levels of GSH in the hippocampus
decreased substantially in the kainite group (P < 0.001). Treatment
with wogonin attenuated the reduction of GSH in the hippocampus
of kainate-treated rats significantly (P < 0.001) (Fig. 2B).

We utilized H&E staining to evaluate morphological changes in
the rat hippocampus. Neurons in the hippocampus of the kainate
group (Fig. 3C) were decreased, swollen, and loosely arranged com-
pared to the control group, and karyopyknosis was observed in the
CA1 region of the hippocampus in the kainate group. These mor-
phological dysfunctions were ameliorated in the wogonin + kainite
group (Fig. 3D) compared to the kainate group (Fig. 3).

TUNEL staining showed that wogonin intervention ameliorated
kainate-induced apoptosis of hippocampal neurons, and wogonin
intervention ameliorated the apoptosis of neurons in the CA1
region of the hippocampus. As shown in Fig. 4, the apoptosis rate
of neurons in hippocampus CA1 significantly increased in the kai-
nate group compared to the control group. In contrast, wogonin
reduced the apoptosis rate.

As per Fig. 5, compared to the control group, mRNA relative
expression of antioxidant marker Nrf2, HO-1, and apoptotic marker
bcl-2 were reduced (P < 0.001) in the kainate group of the rat.
Whereas inflammatory marker IL-1b, TNF-a, and NF-kB, as well
as apoptotic marker Bax and caspase 3 mRNA relative expression,
were increased in the kainate group of animals as compared to
the control group of rats. Treatment with wogonin in the kainate
group of animals has attenuated the reduction of mRNA expression
of Nrf2, HO-1, and bcl-2 (P < 0.001) and increment of mRNA
expression of IL-1b, TNF-a, NF-kB, Bax and caspase 3 as compared
to kainate group of animals.
4. Discussion

In rodents, the early pathophysiological damage of TLE involves
severe inflammatory reactions in neurons, disturbed levels of
oxidative stress, degeneration of neurons, and brain-blood barrier,
contributing to eventual cognitive dysfunction. The longer epilepsy
lasts, the higher the risk of neurological injury and cognitive
impairment after TLE becomes. TLE’s essential clinical approach
is to terminate epileptic activity as early as possible through first
and second-line treatment. Certain researchers focused on intra-
venous doses of propofol, midazolam, and other anesthetics as
soon as possible to stop status epileptics rather than several
second-line medications if the first-line therapy does not stop
the seizure (Han et al., 2019; Sunkara et al., 2018; Tiwari et al.,
2018).
e impact on hippocampal neurodegeneration, inflammation and cognitive
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Table 2
Numbers and rates of status epilepticus (SE) and spontaneous seizures (SS) in each group

Group (n = 12) Number (SE) Rate(%) Number (SS) Rate(%)

Control 0 0 0 0
Wogonin 0 0 0 0
Kainate 10 83.33 7 58.33
Wogonin + Kainate 3 25** 1 8.33***

v2 test, ** P < 0.01 and *** P < 0.001 compared to Kainate group.

Fig. 1. Anticonvulsant effects of wogonin prevent cognitive deficit in rats with kainate–induced epilepsy. (A) Escape latency. Where ### P < 0.001, vs. the control group;
***P < 0.001, vs. the kainate group. (B) Representative navigation path recording of the behavioral test.

Fig. 2. Wogonin reduces a MDA level and increases in GSH level in the hippocampus of kainite treated rats. Where ### P < 0.001, vs. the control group; ***P < 0.001, vs. the
kainate group.
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Such medications have clear effects on seizure cessation but do
not significantly alter pathophysiological improvements after epi-
lepsy or prevent TLE growth. They aggravate the synaptic injury
or cognitive disability. Therefore, novel therapeutic approaches to
reduce pathophysiological threats in the post-TLE brain are criti-
cally required. We speculated that wogonin would have neuropro-
tection in rats with TLE based on anti-oxidation, anti-
Please cite this article as: X. Guo, J. Wang, N. Wang et al., Wogonin preventiv
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inflammation, and anti-apoptosis response. Long-term epileptic
seizures ultimately impair TLE patients ’executive capacity and
undermine their quality of life. Prior research indicated that kai-
nate model TLE rats displayed cognitive deficiency relative to nor-
mal rats. TLE can cause long-term spatial memory deficits due to
progressive TLE-induced hippocampal neuron loss. Our results
confirmed these predictions (Gupta et al., 2014; T. R. Li et al.,
e impact on hippocampal neurodegeneration, inflammation and cognitive
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Fig. 3. A photomicrograph of rat hippocampus cornu ammonis areas CA1, CA2, CA3 and DG: (A, a) Control; (B, b) Wogonin; (C, c) Kainate; and (D, d) Wogonin + Kainate.

Fig. 4. The apoptosis levels in the hippocampal CA1 region via TUNEL staining. (A) Control group. (B) Wogonin group. (C) Kainate group. (D) Wogonin + Kainate group. (E) The
bar chart shows an apoptosis cells in the CA1 region in the hippocampus. Where ### P < 0.001, vs. the control group; ***P < 0.001, vs. the kainate group.
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Fig. 5. Effect of wogonin on relative mRNA expression of oxidation, inflammation and apoptosis related genes in kainite induced epileptic rats. (A and B), Nrf2 and HO-1; (C, D
and E), IL-1b, TNF-a and NF-kB; (F, G and H), Bcl-2, Bax and caspase 3. Where ### P < 0.001, vs. the control group; ***P < 0.001, vs. the kainate group.
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2018). Interestingly, Wogonin therapy enhanced TLE rat learning
and memory capacity. Increasing preclinical research over the past
decade has shown wogonin’s neuroprotective role in various neu-
rological disorders.

Oxidative stress caused by prolonged free radicals is implicated
in the pathogenesis of various neurodegenerative diseases. The
association between oxidative stress and TLE was only recently
recognized. Accruing data shows that oxidative stress is not only
a result of the development of epilepsy but can also cause epilepsy.
Antioxidants that reduce oxidative stress have recently attracted
interest in epilepsy therapy (Zhu et al., 2018). Oxidative stress
injury, however, has been seen in all epilepsy seizure models.
The findings revealed an improvement in MDA levels in the pre-
sent investigation and a decrease in GSH expression levels in rats
with kainate-induced TLE. There is a close relationship between
neuroglobin (NGB) and oxidative stress in the brain in terms of
NGB ability to preserve cell survival of neuron and astrocytes,
in vitro and in vivo, in the presence of high levels of ROS.

Additionally, findings indicated that wogonin therapy reversed
these effects. Compared to these findings, wogonin suppresses
oxidative stress and inflammation in collagen-induced arthritis in
earlier reported studies. Some medicines have enhanced neuronal
damage after epilepsy by improving the body’s antioxidant func-
tion Nrf2/ARE pathway (Gupta et al., 2012; Kazmi et al., 2012).
The level of plasma MDA increased in the TLE group relative to
the control group in this study, the level of plasma GSH decreased,
and the expression of Nrf-2 and Ho-1 in the hippocampus
decreased. Wogonin, however, decreased these changes.
Please cite this article as: X. Guo, J. Wang, N. Wang et al., Wogonin preventiv
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The central role of the inflammatory reaction in TLE pathogen-
esis was emphasized in research studies. Promoting inflammatory
reactions develops TLE. The brain tissues of TLE patients suffering
from surgical resections display substantial inflammatory
responses including a reactive proliferation of astrocytes, invasion
of active microglia and upregulation of specific variables in pro-
inflammatory such as IL-6, IL-1b, and TNF-a (Das et al., 2017;
Dua et al., 2018; Kodam et al., 2019). Inflammatory cells, including
mononuclear and neutrophil granulocytes, are elevated in the
brain, and inflammatory cells invade the periphery and may cause
inflammatory brain reactions and exacerbate the local neural
injury (Mehta et al., 2019; Samuel et al., 2019). Different studies
with TLE also demonstrated strong, sustained forebrain neuroin-
flammatory responses, mainly caused by microglia, mononuclear
infiltrated cells, and astrocytes. Cytokines and their receptors are
the inflammatory mediators induced by epileptic seizures. Inflam-
matory factors, including IL-1b and TNF-a, are quickly triggered by
large anterior brain neurons, including granulose dentate cells and
pyramidal hippocampal cells (Singh et al., 2017; Twele et al., 2017).
Such elevated pro-inflammatory factors, which may lead to neu-
ronal death, are shown to intensify neuroglial cell proliferation,
blood–brain injury, neuronal excitation, and seized strength.

In this phase, the activation of the NF-kB pathway has demon-
strated an important role. In vitro studies and animal models are
providing an increasing amount of indications that the suppression
of the inflammatory response has a primary neuroprotective func-
tion and lowers epilepsy and mortality (Kumar Chellappan et al.,
2017; Liu et al., 2019). Expression of mRNA IL-1b, TNF-a, NF-kB
e impact on hippocampal neurodegeneration, inflammation and cognitive
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increased considerably in TLE rats in the present test, and wogonin
decreased these levels. Several studies have shown that the appli-
cation of wogonin inhibits the expression of inflammatory factors
like IL-1b and TNF-a, and wogonin can suppress inflammatory
response across many pathways. Our results show that wogonin
reduces inflammatory reaction in kainate-induced TLE through
the NF-kB pathway (Gupta et al., 2018; Hatware et al., 2018).
Reduction in a level of TNF-a and IL-1b also related to the NGB.
In earlier studies NGB protected a LPS induced inflammation in
brain through reducing a TNF-a and IL-1b mRNA expression in
brain. So our findings suggest that wogonin might be also increase
an expression of NGB protein in brain which would be involve in an
anti-inflammatory effect. Further study need to perform for finding
a exact relation between wogonin and NGB.

Our study showed that neuronal apoptosis in the hippocampal
CA1 region was evident in TLE rats using TUNEL staining, which
is consistent with previous studies. TUNEL staining directly detects
apoptotic cells, and the Bcl-2 protein family regulates apoptosis by
controlling the release of mitochondrial apoptosis factors, cyto-
chrome c, and apoptosis induction factors, which activate down-
stream executive reactions, including bax and caspase 3. Previous
studies demonstrated that bax and caspase-3 were significantly
activated in the brain of rats with epilepsy, cleaved caspase-3 sig-
nificantly increased, the pro-apoptotic protein Bax increased, and
the anti-apoptotic protein Bcl-2 decreased. Our results confirmed
these changes, and wogonin reversed these changes.

5. Conclusion

In brief, the present study demonstrated that wogonin exerted
significant neuroprotective effects on neurological damage after
kainate-induced TLE. The data highlighted that wogonin afforded
neuroprotection after a delayed post-injury intervention. Wogonin
blocked the rapid onset of oxidative stress, inflammatory pathway,
and neuronal death during TLE. Wogonin is likely to be a promising
strategy to improve treatment efficacy.
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