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Abstract

BACKGROUND

Autophagy is associated with hippocampal injury following status epilepticus
(SE) and is considered a potential therapeutic mechanism. Baicalin, an emerging
multitherapeutic drug, has shown neuroprotective effects in patients with
nervous system diseases due to its antioxidant properties.

AIM
To investigate the potential role of autophagy in LiCl-pilocarpine-induced SE.

METHODS

The drugs were administered 30 min before SE. Nissl staining showed that
Baicalin attenuated hippocampal injury and reduced neuronal death in the
hippocampus. Western blotting and terminal deoxynucleotidyl transferase dUTP
nick end labeling assay confirmed that Baicalin reversed the expression intensity
of cleaved caspase-3 and apoptosis in hippocampal CA1 following SE. Fur-
thermore, western blotting and immunofluorescence staining were used to
measure the expression of autophagy markers (p62/SQSTM1, Beclin 1, and LC3)
and apoptotic pathway markers (cleaved caspase-3 and Bcl-2).

RESULTS
Baicalin significantly upregulated autophagic activity and downregulated
mitochondrial apoptotic pathway markers. Conversely, 3-methyladenine, a
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commonly used autophagy inhibitor, was simultaneously administered to inhibit the Baicalin-induced autophagy,
abrogating the protective effect of Baicalin on the mitochondrial apoptotic level.

CONCLUSION
We illustrated that Baicalin-induced activation of autophagy alleviates apoptotic death and protects the
hippocampus of SE rats.

Key Words: Baicalin; Status epilepticus; Autophagy; Mitochondrial apoptosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study established the rat model of status epilepticus by intraperitoneally injecting LiCl-pilocarpine. Then,
Baicalin was administered to the rats for treatment. The pathological changes of hippocampal were observed. Western
blotting and terminal deoxynucleotidyl transferase dUTP nick end labeling assays were used to verify the inhibitory effect of
Baicalin on apoptosis of rat hippocampal neuronal cells. We have drawn the conclusion that Baicalin protects the
hippocampus from apoptosis.

Citation: Yang B, Wen HY, Liang RS, Lu TM, Zhu ZY, Wang CH. Hippocampus protection from apoptosis by Baicalin in a LiCl-
pilocarpine-induced rat status epilepticus model through autophagy activation. World J Psychiatry 2023; 13(9): 620-629

URL: https://www.wjgnet.com/2220-3206/full/v13/i9/620.htm

DOI: https://dx.doi.org/10.5498/wjp.v13.i19.620

INTRODUCTION

It has been reported that 1% of the global population is affected by epilepsy, which has diverse etiologies and is charac-
terized by recurrent and spontaneous seizures[1,2]. The most notable kind of epilepsy is temporal lobe epilepsy, charac-
terized by a typical seizure that originates from the hippocampus-a structure located in the mesial temporal lobe[3-5].
Hippocampal injury following status epilepticus (SE) is due to oxidant damage. The accumulation of reactive oxygen
species can harm hippocampal neurons, inducing cell death through an apoptotic or necrotic pathway, as hippocampal
cells are highly sensitive to oxidative stress[6].

Autophagy is a highly conserved intracellular process that can be categorized into three classes: Macroautophagy,
chaperone-mediated autophagy, and microautophagy. As the major type of autophagy, macroautophagy (hereinafter
referred to as “autophagy”) is crucial for eliminating cytoplasmic materials and maintaining intracellular homeostasis
under pathological conditions[7,8]. This process of degrading long-lived proteins and cytoplasmic organelles is associated
with SE, PD, and other neurodegenerative diseases[9]. Indications of autophagy variation have been observed in several
neuroprotective drugs (e.g., 17-allylamino-demethoxygeldanamycin and Tanshinone IIA), which simultaneously
confirmed their ability to ameliorate SE-induced hippocampal neuronal death by upregulating autophagy[10,11].
Baicalin, as a natural extract, undergoes a safe and established preparation process and offers several significant
advantages, including minimal side effects.

Baicalin-a traditional Chinese medicine-is among the main flavonoid compounds isolated from Scutellaria baicalensis
Georgi and possesses multiple pharmacological properties, including neuroprotective[12], anti-inflammatory[13], antiap-
optotic[14], and antioxidant[15] effects. Baicalin can freely cross the blood-brain barrier[14,16]; thus, it has been used to
treat many nervous system diseases. Several studies have explored the relationship between autophagy and Baicalin. For
example, Baicalin has been found to induce autophagy in tubercle bacillus-infected macrophages through the PI3K/Akt/
mTOR signaling pathway, indicating its potential to alter disease progression by regulating autophagy activity[17].
Baicalin has also been shown to exert anticancer and anti-inflammatory effects by activating autophagy in pathogenic
cells, such as human bladder cancer T24 cells, human hepatocellular carcinoma SMMC-7721 cells[18], and Mycobacterium
tuberculosis-infected macrophages. A much-debated issue is whether Baicalin exerts neuroprotective effects while
regulating autophagy. However, the mechanism by which Baicalin activates autophagy in the hippocampus following SE
remains unclear. Thus, we aim to investigate the emerging role of autophagy in the hippocampus during SE and
elucidate the precise mechanism underlying the neuroprotective effects of Baicalin.

MATERIALS AND METHODS

Animal preparation

Ninety-six pathogen-free Wistar rats (male, 180-220 g) were purchased from Shanghai Laboratory Animal Center. The
rats were raised under controlled conditions with a 24 °C +1 °C temperature and a 12-h light/dark cycle. All rats had free
access to water and food.
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Rat model of SE and experimental groups
The rat model of SE was induced by intraperitoneally injecting adult Wistar rats with LiCl-pilocarpine[19]. The rats were
lightly anesthetized through isoflurane inhalation and then intraperitoneally injected with 0.2 mL (127 mg/kg) of lithium
chloride; Pilocarpine (30 mg/kg) was injected 16 h after LiCl administration. Rats that did not develop SE after the
injection were excluded. The rats were randomly divided into four groups: Control, SE, SE + B100, and SE + B200
Figure 1).
( l?or th)e SE group, pilocarpine (25 mg/kg) was injected intraperitoneally 30 min after intraperitoneal injection of
atropine methyl nitrate (2 mg/kg) to ameliorate peripheral cholinergic signs. The control group received a physiological
salt solution instead of pilocarpine. The SE + B100 and SE + B200 groups were intraperitoneally injected with 100 mg/kg
and 200 mg/kg of Baicalin, respectively, after the pilocarpine injection. The drug dosages used in this study were based
on previous reports[20].

3-Methyladenine (3-MA) was used to inhibit autophagy. Subsequently, the rats were randomly divided into the
following groups: Control, SE, SE + Baicalin, and SE + Baicalin + 3-MA. In the SE + Baicalin + 3-MA group, rats were
injected with 400 nmoL 3-MA (2 pL) through an intracerebroventricular injection to the right lateral ventricle 1 h before
SE induction, according to a previous study[21]. The SE + Baicalin and SE + Baicalin + 3-MA received a dose of 200 mg/
kg of Baicalin. Isoflurane inhalation was used for anesthesia after SE induction. All rat brains were harvested for
subsequent histological and biochemical studies.

Nissl staining

Twenty-four rats were executed 24 h after the onset of SE. HE staining was performed to detect damaged neurons in the
hippocampus (six per group) based on a previous study[22]. Damaged neurons were characterized by an abnormal
neuronal morphology, a dried-up cytoplasm with vacuoles, and a shrunken- hyperchromatic nucleus, as reported in a
previous study[23].

Transferase dUTP nick end labeling staining

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining was conducted using an in situ cell
death detection kit (Promega) to detect the cell apoptosis index. Briefly, rats were executed 24 h after the onset of SE, and
4-pm-thick coronal slices of the brain tissue were prepared using a paraffin slicer. Proteinase K (Nanjing Jianchen Co.,
Ltd.) was used to digest the coronal sections for 15 min. After deparaffinization, rehydration, and washing (with PBS), the
sections were cultivated with a TdT reaction mix (Promega) containing TUNEL reaction fluid for 50 min at 37 °C
(avoiding exposure to light from hereon). To stop the reaction, plastic coverslips were removed, and coronal slides were
immersed in 2XSSC (Nanjing Jianchen Co., Ltd.) for 15 min. After three washes with 0.02 M TBS (5 min/wash), the liquid
around the sections was dried, and the tablets were sealed with a seal containing DAPI fluorescent dye. Under a
fluorescence microscope, localized apoptotic cells appeared green, and DAPI-stained nuclei appeared blue. Five slides
per rat and five random fields per slide (scale bar = 50 pm) were selected to calculate the final average percentage and
apoptosis index.

Western blotting

Hippocampal tissues were isolated, and hippocampus protein was extracted. The protein content was calculated using
the BCA assay. Each quantity of protein per lane (30 ng) was separated on a 12% SDS-PAGE gel. The proteins were then
electrotransferred onto a PVDF membrane (Millipore, United States). The membrane was blocked with 5% skim-fat milk
prepared with TBST for 3 h. Primary antibody incubation was conducted with the following antibodies: LC3B (1:1000,
Cell Signaling Technology), Beclin 1 (1:2000, Cell Signaling Technology), p62/SQSTM1 (1:500, Cell Signaling Technology),
cleaved caspase-3 (1:500 dilution, Cell Signaling Technology), Bcl-2 (1:500 dilution, Cell Signaling Technology), and B-
actin (1:2000, Bioworld Technology). Subsequently, secondary antibody incubation was conducted for 3 h at room
temperature. The signals were visualized using an ECL reagent (Millipore), and band density was quantitatively
analyzed using Quantity One software. The expression intensity was normalized to the loading control (B-actin).

Immunofiuorescent labeling
Immunofluorescence staining was performed to localize LC3 in the hippocampal cells. Brain sections from 24 rats (six per
group) were prepared as described for the TUNEL staining procedure.

The slides were blocked with 5% normal donkey serum containing 0.01% Triton X-100 for 2 h. Primary antibody
incubation was conducted with antibodies against LC3B (1:1000, Cell Signaling Technology) for 12 h at 4 °C. After
washing three times with PBST, the sections were incubated with the secondary antibody (1:200, Alexa Fluor 594) for 2 h.
DAPI treatment was applied for 1 min, and the sections were analyzed under a fluorescence microscope. We counted the
cells with LC3 puncta, which appear as a result of LC3-II aggregation around the nucleus, and positive cells in the same
field of view were quantified. In each coronal section, six fields (scale bar = 50 pm) around the hippocampus were
randomly chosen to determine the average.

Statistical analysis

All results were represented as mean * SD. The GraphPad Prism 6 software was used to analyze the data. Analysis of
variance was used to compare data among multiple groups. Inspection level a = 0.05 and P < 0.05 was considered a
statistical difference.
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Figure 1 Baicalin ameliorated status epilepticus-induced neuronal apoptosis. A: Transferase dUTP nick end labeling staining was performed; B:
Neuronal apoptosis was analyzed; C: Western blotting was performed; D: Semi-quantitative analysis of cleaved caspase-3 (n = 6). °P < 0.01 compared to the control
group; °P < 0.05 and P < 0.01 compared to the status epilepticus group. Scale bar = 50 um. SE: Status epilepticus; TUNEL: Transferase dUTP nick end labeling.

RESULTS

Baicalin exerted neuroprotective effects on the hippocampus following SE

Because the neurons in hippocampal CA1 are sensitive to SE stress, toluidine blue staining was performed to detect
neuronal loss. The number of surviving neurons was significantly lower in the SE group than in the control group.
However, Baicalin significantly increased the number of surviving neurons after SE (Table 1). To further confirm whether
Baicalin provides neuroprotection to the hippocampus in SE rats, we monitored the latency of seizures following
pilocarpine administration. The latent period (the time from pilocarpine administration to the onset of a seizure above the
grade of Racine IV) was 29.60 *+ 6.603 min in the SE group, whereas it was 41.70 + 10.93 min and 63.80 £ 11.73 min in the
Baicalin intervention groups (SE + B100 and SE + B200 groups, respectively). Treatment with different doses of Baicalin
significantly prolonged the latency, and these differences were statistically significant (P < 0.01). The seizure latency in
the SE + B200 group exceeded that in the SE + B100 group (Table 2). These results indicate that both concentrations of
Baicalin exerted neuroprotective effects on the hippocampus dose-dependently. Therefore, the dosage of Baicalin (200
mg/kg) that produced superior effects was selected and employed for the subsequent experiments.

Baicalin reduced neuronal apoptosis in the hippocampus of SE rats
SE induced significant apoptosis of neurons in hippocampal CA1 (P < 0.01; Figure 1A and B). However, after 24 h, the
apoptosis percentage was considerably lower in the SE + B100 and SE + B200 groups than in the SE group, with the SE +
B200 group showing a more significant decrease (Figure 1B).

The level of pro-apoptotic cleaved caspase-3 in the SE + B200 group was significantly lower than in the SE group (P <
0.01; Figure 1C and D). These findings confirmed that Baicalin has neuroprotective effects against SE-induced apoptosis
in an SE rat (Figure 2).

Baicalin upregulated autophagy in hippocampal neurons

To further investigate the potential relationship between autophagy and the neuroprotective effect of Baicalin, we
measured three highly related autophagy proteins (p62/SQSTM1, Beclin 1, and LC3) as markers of autophagy using
western blotting[24]. Under normal conditions, LC3 exists in a cytosolic form (LC3-I), whereas during autophagy
activation, LC3-1 is cleaved, lipidated, and inserted into autophagosome membranes as LC3-II. Beclin 1, located in the
trans-Golgi network, contributes to autophagosome formation and localizes autophagy-related proteins in the pre-
autophagosome membrane. p62, an important factor in cytoplasmic material delivery, is also degraded by autophagy and
thus frequently serves as an autophagy marker.

As shown in Figure 3A-D, Beclin 1 and LC3-II levels were lower in the SE group than in the control group, whereas the
level of p62 was significantly higher in the SE group. These results indicate that SE insults can partially inhibit autophagy
activity. However, Baicalin treatment significantly upregulated the levels of Beclin 1 and LC3-II and downregulated the
level of SQSTM1/p62 compared with the SE group, indicating that Baicalin activates autophagy in the pilocarpine-
induced SE rat model. The results of immunofluorescence staining are consistent with those of western blotting
(Figure 3). The SE group exhibited a slight decrease in the number of cells with LC3 puncta (Figure 4A). Moreover,
Baicalin significantly enhanced the number of LC3-positive cells compared to the group SE (Figure 4B).
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Table 1 Protective effect of Baicalin against neuron death in the hippocampal CA1 area following status epilepticus

Group Neuron numbers (mean * SD)
Control 129.0 £11.0

24 h post-SE 29.60 £ 6.603"

24 h post-SE + B100 41.70 £10.93"

24 h post-SE + B200 63.80 £11.73°

4P < 0.01 compared with the control group.

PP <0.01 compared with the 24 h post-SE group.

P < 0.001 compared with the 24 h post-SE group.

Data are represented as mean = SD (1 = 6). Under a light microscope, the surviving neurons showed regular cell morphology and round nuclei. Neuron
number is expressed as the number of surviving neurons/0.5-mm-long hippocampal CA1 subfield. SE: Status epilepticus.

Table 2 Neuroprotective effect of Baicalin on seizure latency

Group Seizure latency (mean * SD), min
Control

24 h post-SE 29.60 £ 6.603

24 h post-SE + B100 41.70 £10.93°

24 h post-SE + B200 63.80 £11.73"

P < 0.01 compared with the 24 h post-status epilepticus (SE) group.
PP <0.001 compared with the 24 h post-SE group.
Data are represented as mean + SD (1 = 6). SE: Status epilepticus.

Methyladenine inhibited the autophagy activated by Baicalin and abrogated its protective effect against the apoptotic
pathway

To further explore the correlation between Baicalin-induced autophagy and apoptosis following SE, we applied 3-MA to
detect alterations in autophagy proteins through western blotting. LC3-II and Beclin 1 levels were significantly lower in
the SE + B + 3-MA group than in the SE + B group (Figure 3B and C). Conversely, the level of p62 was higher in the SE +
B + 3-MA group than in the SE + B group (Figure 3D). These results indicate that normal baseline autophagy is possibly
inhibited by SE and that Baicalin-induced autophagy is abolished by 3-MA.

Activated caspase-3 degrades the substrate, and the degradation products enhance mitochondrial permeability,
ultimately resulting in apoptosis. Bcl-2 can reportedly suppress apoptosis by inhibiting the activation of caspase-3, which
is released in the upstream and downstream apoptotic pathways. To further investigate the mechanism underlying the
neuroprotective effect of Baicalin following SE, we evaluated mitochondrial apoptosis-related proteins using western
blotting (Figure 3E-G).

The level of Bcl-2 was lower in the SE group than in the control group, whereas the level of cleaved caspase-3 was
significantly higher in the SE group than in the control group (P < 0.01; Figure 3E-G). Therefore, SE stress could induce
neuronal apoptosis in the hippocampus, possibly through the regulation of mitochondrial apoptosis-related proteins.
Furthermore, Baicalin restored Bcl-2 levels and reduced the level of cleaved caspase-3 compared with the SE group,
suggesting that Baicalin ameliorated SE-induced mitochondrial apoptosis. In addition, 3-MA significantly increased
mitochondrial apoptosis by enhancing cleaved caspase-3 and abrogating the restoration of Bcl-2 induced by Baicalin.
Overall, these results illustrate that 3-MA exacerbated mitochondrial apoptosis in SE and abrogated the neuroprotective
effect of Baicalin against the apoptotic pathway.

DISCUSSION

SE is a complex pathophysiological process involving multiple mechanisms. Baicalin is a traditional herbal medicine with
multitarget protective effects against seizures[25]. A previous study in our laboratory found that Baicalin has a neuropro-
tective effect on the hippocampus following SE through the antiapoptotic pathway. However, the correlation between
autophagy and the effects of Baicalin remained unclear.

To further investigate the function of Baicalin after SE, we monitored seizure latency and apoptosis in this study. The
most significant finding (using western blotting and immunofluorescence) was that Baicalin promoted autophagy activity
and inhibited mitochondrial apoptosis following SE. Furthermore, the intervention of 3-MA inhibited Baicalin-induced
autophagy and even abolished its neuroprotective effects against mitochondrial apoptosis. These findings have
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Figure 2 Baicalin ameliorated status epilepticus-induced neuronal apoptosis. A: Transferase dUTP nick end labeling staining was performed; B:
Neuronal apoptosis was analyzed. Baicalin protects the hippocampus from apoptosis following status epilepticus (SE), and 3-Methyladenine reverses Baicalin-
induced neuroprotection in hippocampal neurons. Data are represented as mean * SD. (n = 5), °P < 0.01 vs the SE group; °P < 0.05 vs the SE + B group. Scale bar =
50 pm. SE: Status epilepticus; TUNEL: Transferase dUTP nick end labeling; 3-MA: 3-Methyladenine.
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Figure 3 The autophagy markers (p62/SQSTM1, Beclin 1, and LC3) and apoptotic pathway markers (cleaved caspase-3 and Bcl-2) were
measured using western blotting. A: The autophagy markers (p62/SQSTM1, Beclin 1, and LC3) were measured using western blotting; B: The expressions of
Beclin 1; C: The expressions of LC3; D: The expressions of p62; E: The apoptotic pathway markers (cleaved caspase-3 and Bcl-2) were measured using western
blotting; F: The expressions of Bcl-2; G: Cleaved caspase-3 were analyzed. n = 6. 2P < 0.05 and °P < 0.01. SE: Status epilepticus; 3-MA: 3-Methyladenine.

theoretical implications for the treatment of epilepsy by regulating autophagy.

In recent decades, the focus on alterations in autophagy after SE has increased due to the close relationship between
autophagy activity and hippocampal injury. Different theories regarding the role of autophagy in nervous system
diseases exist in the literature. The prevailing view is that activated autophagy has a protective role in rat models of
ischemia-reperfusion[26-29], but there is still some ambiguity. A previous study focusing on autophagy has noted that
autophagy dynamics in a rat’s hippocampus act as determinants for epileptogenesis, suggesting that applying autophagy
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Figure 4 The number of LC3-ll-positive neurons was partially decreased by SE and increased by Baicalin. 3-Methyladenine reversed the
Baicalin-induced alteration. A: Representative immunofluorescence staining; B: Positive neuronal cells were analyzed. n = 6. 2P < 0.05 and °P < 0.01 vs the

relevant group. The number of LC3-Il-positive cells/0.5-mm-long subfield of the hippocampus under a light microscope was regarded as the numerical value (scale
bar = 50 ym). SE: Status epilepticus; 3-MA: 3-Methyladenine.

inducers such as rapamycin, an mTOR inhibitor, to activate autophagy has an unambiguous effect on severe epileptic
seizures[30,31]. Similarly, several studies have supported the view that activating autophagy through specific factors
could provide neuroprotection in rat models of epilepsy[32], suggesting that autophagy induction plays a positive role in
cell survival.

One significant finding is the activation of autophagy using recombinant human erythropoietin, which has been
recently confirmed to exert neuroprotective effects and help ameliorate apoptosis in hippocampal neurons after SE[33]. In
our study, we showed that Baicalin treatment significantly upregulated autophagy activity based on alterations in
autophagy-related proteins and immunofluorescence staining of LC3-II puncta. In addition, decreased neuronal
apoptosis and prolonged seizure latency were observed in Baicalin-treated groups, consistent with the findings of
previous studies that support the neuroprotective effect of autophagy on the hippocampus in patients with seizures. A
prior report concluded that impaired autophagy possibly contributes to epileptogenesis, which may be interesting as a
potential therapeutic target for treating and preventing epilepsy[34]. Nevertheless, we could not elucidate whether
autophagy inhibition promotes the occurrence of epilepsy, which is a limitation of our study.

There are possible situations where autophagy plays a dual role in epilepsy. The practical effect of autophagy depends
on the degree of its activation due to the release of various deleterious factors following SE. The possible situations are as
follows: (1) Inhibited autophagy potentially contributing to epileptogenesis, although a definitive causal relationship
between autophagy and epileptogenesis in rat models has not been established; (2) Proper activation of autophagy
benefiting the survival of hippocampal neurons by generating adenosine triphosphate; and (3) SE causing autophagic
death and apoptosis in hippocampal neurons due to excessive autophagy[35].

It has not been determined whether administering neuroprotective drugs increases or decreases autophagic flow. For
instance, we can only detect signs of decreased autophagy because the activation of autophagy promotes the clearance of
autophagosome accumulation[36]. However, the amelioration of apoptosis by autophagy activation in epilepsy is
complex and has not been fully elucidated.

Pro-apoptotic materials, such as damaged mitochondria and Bax accumulation induced by traumatic brain injury, can
be eliminated by increased autophagy flux[37].

A previous study reported another possible mechanism involving autophagy activation and sequestration of abnormal
proteins that trigger endoplasmic reticulum (ER) stress[38]. Hence, autophagy activation may inhibit ER stress in
response to external stimuli and ameliorate apoptosis[39]. However, the role of autophagy in apoptosis after SE remains
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unknown.

In this study, we discovered that Baicalin induces autophagy activation and alleviates apoptosis in hippocampal
neurons following SE. Significantly, the abolition of Baicalin-induced autophagy and its neuroprotective effects against
the mitochondrial apoptotic pathway by 3-MA administration suggest that autophagy activation may reduce neuronal
apoptosis by removing damaged mitochondria after SE.

These results further support previous studies that have linked mitophagy, apoptosis, and neuron survival[34] and
reported that mitophagy exerts anti-apoptosis effects, which promote cell survival. In this research, only male rats were
used to reduce the impact of gender differences on research results. However, further experiments need to be validated
with female animals.

CONCLUSION

In conclusion, we demonstrated that Baicalin prolongs seizure latency, ameliorates hippocampal injury, increases the
survival rate of hippocampal neurons, and reduces mitochondrial apoptosis following SE in rats through autophagy
activation. This study contributes to the pharmacological effects of traditional Chinese herbs such as Baicalin.
Furthermore, it provides a new way of regulating autophagy for treating SE.

ARTICLE HIGHLIGHTS

Research background

Autophagy is associated with hippocampal injury after status epilepticus (SE), and is considered a potential mechanism
with curative value. Baicalin, an emerging multi-therapeutic drug that has been demonstrated to exert neuroprotective
effects in patients with nervous system diseases because of its antioxidant property.

Research motivation
We investigate the influence of Baicalin on the improvement of LiCl-Pilocarpine-induced rat SE.

Research objectives
We intended to investigate the potential role of autophagy in LiCl-pilocarpine-induced SE.

Research methods

Nissl staining showed that Baicalin attenuates hippocampal injury and reduces the number of neuronal deaths in the
hippocampus. Besides, the expression intensity of cleaved caspase-3 and apoptosis in hippocampal CA1 following SE
were reversed by Baicalin, as proven by western blotting and terminal deoxynucleotidyl transferase dUTP nick end
labelling assay. Furthermore, western blotting and immunofluorescence staining were used to measure the expression of
autophagy markers (p62/SQSTM1, Beclin 1, and LC3) and apoptotic pathway markers (cleaved caspase-3 and Bcl-2).

Research results

Baicalin significantly upregulated autophagic activity and downregulated mitochondrial apoptotic pathway markers.
Conversely, 3-methyladenine, a commonly used inhibitor of autophagy, was simultaneously administered to inhibit the
autophagy induced by Baicalin, abrogating the latter’s protection on the mitochondria apoptotic level.

Research conclusions
We illustrated that Baicalin induced activation of autophagy alleviates apoptotic death and protects the hippocampus of
SE rats.

Research perspectives
The improvement of LiCl-Pilocarpine-induced rat SE by Baicalin was validated.
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