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This focus of our research is to investigate the protec-
tive effect of Baicalin on apoptosis and mTOR/AKT/GSK-
3β pathway in substantia nigra neurons in a rat model
for Parkinson's disease, induced by 6-Hydroxydopamine.
Thirty healthy female Sprague-Dawley rats were randomly
divided into control group, model group, and Baicalin
group. The Parkinson model was established by inject-
ing 6-Hydroxydopamine into the right substantia nigra of
rats in model and Baicalin group. The rats in Baicalin
group were intragastrically administered with Baicalin (25
mg/kg/day) for four weeks. At the same time, the rats in
control and model groups were intragastrically adminis-
tered with equivalent solvents. We observed the rat turns,
rotation speed and left forelimb usage. The protein ex-
pression levels of α -SYN, mTOR, AKT, and GSK-3β in sub-
stantia nigra were detected by immunohistochemistry and
Western blotting. Compared with model group, Baicalin
significantly reduced the number of rotation speeds and
neuron apoptosis (P < 0.001, respectively). However, the
left forelimb use rate was notably increased after treatment
with Baicalin (P < 0.001, respectively). Also, Baicalin de-
creased the expression levels of α -SYN, mTOR, AKT, and
GSK-3β in rats when compared with those in model group
(P < 0.001, respectively).
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1. Introduction
Parkinson's disease (PD) is most commonly detected in el-

derly populations. It is characterized by a decrease in nigrostri-
atal dopaminergic (DA) neurons, presenting as its main clinical
symptoms- tremors, myotonia, and movement disorders(Lazzarini
et al., 2013). As such, there is a great need for experimental mod-
els to enhance our understanding of the etiology of PD and ex-
pand the currently limited set of treatment options. A range of an-
imal models of PD is currently in use, including neurotoxin-based
approaches (e.g. exposure of rodents or non-human primates to
6-OHDA, MPTP, or agrochemicals) and gene-based approaches
(e.g., transgenic or viral vector-mediated models) (Konnova et al.,

2018). The 6-OHDA-induced rat model is known to be stable, reli-
able, reproducible, and consistent with the pathogenesis and clin-
ical characteristics of PD (Deng et al., 2017; Thiele et al., 2012).

Previous studies have reported the central role of the
mTOR/AKT pathway in cell apoptosis (Heras-Sandoval et al.,
2014; Prusiner et al., 2015; Sadowski et al., 2015). Several nervous
system diseases result from dysregulated AKT expression (Chung
et al., 2011). Specifically, AKT phosphorylation was found to be
significantly reduced in substantia nigra of PD patients (Heras-
Sandoval et al., 2014). GSK-3β , an important gene target down-
stream of AKT, is a crucial regulator of cell proliferation and apop-
tosis (Khwanraj et al., 2016). p-GSK-3β expression was also sig-
nificantly reduced in PD mouse models, suggesting a key role of
AKT and GSK-3β in the development of PD (Morales-García et
al., 2013).

Dopamine replacement drugs are commonly used in clini-
cal practice to ameliorate the symptoms of PD (Radder et al.,
2017). However, after long-term use, patients are prone to vari-
ous adverse reactions, such as switch phenomenon, mental symp-
toms, and dyskinesia. Baicalin (BAI) is a polyphenol hydroxyl
flavone monomer extracted from Scutellaria baicalensis. BAI dis-
plays various biological effects, including bacteriostasis, antitu-
mor functions, and inhibition of cell apoptosis (Jiang et al., 2018;
Shou et al., 2017; Tan et al., 2012; Yang et al., 2014). We hypothe-
size that BAIwill also improve nerve cell apoptosis induced by PD.
This study evaluates the effect of BAI on PD-induced nerve injury,
to explore its potential use as a therapeutic intervention against PD.

2. Materials and methods
2.1 Chemicals and antibodies

BAIwas obtained from Shandong Sanjing Pharmaceutical Co.,
Ltd (Shandong, China). 6-OHDA and apomorphine were pur-
chased from Sigma Chemical Co. (St.Louis, MO, USA). Chlo-
ral hydrate solution was obtained from Shanghai JINSUI Bio-
Technology Co., Ltd (Shanghai, China). Penicillin was purchased
from Harbin Pharmaceutical group holding Co., Ltd (Harbin,
China). The following antibodies were purchased from Abcam
Technology (Cambridge, UK) and applied at the concentrations
described: anti-p-mTOR (S2448) (1 µg/mL), anti-mTOR (1 :
2000), anti-α-SYN, anti-p-AKT (T308) (1 : 1000), anti-AKT
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(EPR16798) (1 : 10,000), anti-GAPDH (reduced glyceraldehyde-
phosphate dehydrogenase) (1 : 10,000), anti-p-GSK-3β (Y216) (1
: 1000), and anti-GSK-3β (1 : 2000). Secondary goat anti-rabbit
and -mouse IgG, and mouse anti-goat antibodies were purchased
from ZSGB Biotech Co., Ltd. (Beijing, China). Unless speci-
fied, all other reagents are obtained from Sigma Chemical Co. (St.
Louis, MO, USA).

2.2 Animal protocols and PD rat model
All experimental procedures were conducted in accordance

with Chinese legislation and US National Institutes of Health
(NIH) guidelines for the use and care of experimental animals.
Animal experiments were approved by the institutional ethics
committee of Henan University of Science and Technology (No.
EDCH2015011201). Thirty adult female SD (Sprague-Dawley)
rats (180± 20 g) were purchased from the First Affiliated Hospital
and College of Clinical Medicine of Henan University of Science
and Technology. Rats were housed in a standard laboratory ani-
mal room, maintained at 20-25 ◦C and 60% relative humidity with
standard management conditions of 12 h light/dark cycle. Rats
were fed adaptively for one week.

The PD model was established as previously described, with
minor modifications (Schwarting et al., 1991). The rats were anes-
thetized by intraperitoneal injection of 10% chloral hydrate solu-
tion (5 mL/kg, chloral hydrate 0.5 g/kg), and top hair was removed.
The rats were fixed in SN-2 type brain stereotaxis. Following dis-
infection, the skin and fascia were opened, and the skull exposed.
The raphe nucleus was located based on the rat brain atlas. Co-
ordinates selected on the right substantia nigra were as follows:
incisor line below the level of the line -3.3mm, A/P (before 4.8
mm, L/R halogen Center) (from the center around 1.6 mm, O/V
halogen) (from the meningeal surface depth) 8.2 mm. After locat-
ing the right side of the substantia nigra, the right skull was drilled.
Six µL of freshly prepared 6-OHDA (2 µg/L) was slowly admin-
istered with a microinjector at a rate of 1 µL/min for 3 minutes.
The needle was slowly retracted at a rate of 1 mm/min. After the
injection, the skin was sutured and disinfected with iodine. Rats
were intraperitoneally injected with penicillin (1×105 U/kg) every
day, and local wounds were disinfected with iodine. Sutures were
removed under anesthesia after seven days. Two weeks after the
operation, rats were intraperitoneally injected with 1 mL 0.01%
apomorphine.

Following surgery, rats were monitored for the number of rota-
tions to the healthy side every 5 min and the total number of rota-
tions within 40 min. Measurements were performed and recorded
once a week. A rotation time of ≥ 7 circles/min was scored as a
positive result. Rats that scored positive for four weeks were clas-
sified as successful PD model rats. The 20 successful PD model
rats were randomly divided into two groups: model and BAI. The
ten rats left untreated were classified as the normal control (NC)
group.

Rats in the NC and model groups were gavaged with 0.9% nor-
mal saline, while BAI group rats were gavaged with BAI solution
(25mg/kg). Bodyweight wasmeasured once per week. After feed-
ing for four weeks, rats were sacrificed by cervical dislocation after
terminal anesthesia via intraperitoneal injection of 50 mg/kg pen-
tobarbital. When the rats stopped breathing, the thoracic cavity
was opened, and the heart was exposed. Blood was removed from

the left ventricular intubation by PBS perfusion. The brain tissue
was removed and fixed in 10% paraformaldehyde for 4-6 hours
until use.

2.3 Behavioral test
After feeding for four weeks, rat rotation behavior was mea-

sured as previously described (Tang et al., 2017). The left fore-
limb use rate was measured using the cylinder test (Schallert et
al., 2000). Briefly, the number of times that the rats' left and/or
right forelimbs touched the wall within 5 min was observed and
recorded. Left forelimb use rate = (Left time + 0.5 × bilateral
times) / (Right time + Left times + Bilateral times) × 100%.

2.4 TUNEL assay
Apoptosis of rat nerve cells was detected by Terminal De-

oxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL)
assay (Huang et al., 2019). Briefly, brain tissues were dehydrated,
embedded in paraffin, and sliced into five µm sections. TUNEL
assaywas performed on sections using a TUNEL kit (Roche, USA)
in accordance with manufacturer's instructions. Staining was ob-
served under the Olympus Bx41 inverted microscope. TUNEL-
stained dark brown cell number was quantified as described.

2.5 Immunohistochemistry (IHC) assay
The expression level of mTOR, p-mTOR, AKT, p-AKT, GSK-

3β and p-GSK-3β proteins in rat brain tissue was measured by
IHC (Saxena et al., 2016; Sun et al., 2019). Briefly, sections of
brain tissue were dewaxed and rehydrated. Endogenous peroxi-
dase activity was eliminated by incubating sections in 3% H2O2.
Subsequently, sections were incubated in 1% goat serum (diluted
with PBS) for 60min, following which primary antibodies were
applied overnight at 4 ◦C. Horseradish peroxidase (HRP) sec-
ondary antibody was applied at room temperature for one h, and
the signal was developedwith DAB (3,3'-Diaminobenzidine) chro-
mogen according to the manufacturer's specifications. The speci-
ficity of staining was confirmed using matched isotype control
antibodies. All sections were counterstained with hematoxylin.
Staining was examined and imaged using a light microscope and
Image-Pro Plus 6.0 Image analysis software.

2.6 Western blotting assay
Proteins were extracted by homogenizingwhole brain tissues in

cold RIPA buffer (Beyotime Institute of Biotechnology, Shanghai,
China). The total proteinwas centrifuged at 13,000× g for 4min at
4 ◦C. The supernatants were collected, and protein concentration
measured using a modified BCA (bicinchoninic acid) protein con-
centration assay kit (Beyotime Institute of Biotechnology, Shang-
hai, China) in accordance with the manufacturer's protocol. After
protein denaturation by boiling for 5 min, a 50 µg protein sam-
ple was loaded for separation on SDS-PAGE gel (BIO-RAD Co.,
California, USA). Proteins were transferred to PVDF membrane
by wet-transfer process. The membrane was blocked in 5% non-
fat milk powder or bovine serum albumin (BSA) (Sangon Biotech
Inc., Shanghai, China) at room temperature for two h, and then in-
cubated with primary antibodies at 4 ◦C overnight. After washing
in TBST buffer (15 min× 3), the secondary antibody was applied
at room temperature for one h. Antibodies bound to protein bands
were detected by enhanced chemiluminescence (ECL) detection
system. Band intensities were quantified using Image J software.
GAPDH was used as the internal housekeeping control.
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2.7 Statistical analysis
All data are shown as mean ± SEM (standard error of the

mean). SPSS 22.0 software was used to analyze the correlation
between groups by one-way ANOVA with the Tukey test. P <

0.05 was used as the threshold of statistical significance.

3. Results
3.1 Revolving rings number and left forelimb usage

significantly declined after BAI treatment
As described previously, 6-OHDA-induced unilateral lesions

to the substantia nigra cause asymmetric motor impairments, in-
cluding reduced use of the contralateral forelimb and aberrant
turning behavior, which can bemonitored using rotation tests. Two
weeks after modeling, the rats in NC group showed no turn behav-
ior, while rats in the model group were observed to turn at more
than seven cycles per minute. This finding indicated the success-
ful establishment of the PD model. Compared with NC group,
the number of the revolving ring was significantly increased in
model group rats tested at 2 and 4 weeks (P < 0.001, respectively,
Fig. 1). Remarkably, the revolving rings number was significantly
reduced following 2 and 4 weeks of treatment in BAI-treated rats
(P < 0.001, Fig. 1).

Figure 1. Number of revolving rings per treatment group. Data are
expressed as mean ± SEM (n = 3). NC = normal control group;
Model = model group; Treatment = BAI group. ***: P < 0.001,
compared with NC group; #: P < 0.001, compared with model
group (one-way ANOVA).

Four weeks after modeling, the rotation speed of rats in model
group was significantly up-regulated, as compared to NC group
(P < 0.001, Fig. 2). However, BAI group rats showed a signifi-
cantly decreased rotation speed as compared with to model group
(P < 0.001, Fig. 2). Finally, as shown by results from the cylin-
der experiment, left forelimb usage declined significantly in model
group rats as compared to controls (P < 0.001, Fig. 2). However,
BAI treatment resulted in significantly higher left forelimb usage
when compared with the model group (P < 0.001, Fig. 2). To-
gether, these results indicate that BAI treatment results in a sig-
nificant recovery of functional motor impairments caused by 6-
OHDA-induced PD in rats.

3.2 BAI treatment suppressed neuronal apoptosis
To ask whether 6-OHDA-induced lesions caused neuronal loss

and if this loss was recovered by BAI treatment, TUNEL stain-

Figure 2. Measurement of rotation speed and left forelimb usage per
treatment group. Data are expressed as mean ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

ing was performed on whole brain slices of rats from the three
treatment groups. TUNEL-stained apoptotic neurons cells were
detected as dark brown cells. As expected, the proportion of apop-
totic cells was significantly enhanced in the brains of model group
rats, indicating a higher rate of cell death (P < 0.001, Fig. 3).
However, the rate of apoptotic cells was significantly suppressed
in BAI-treated rats as compared to the model group (P < 0.001,
Fig. 3). These results suggest that BAI is effective in suppressing
neuronal apoptosis induced in PD brain tissue.

Figure 3. The percentage of TUNEL-positive apoptotic cells per group
(× 200). Data are expressed as mean ± SEM (n = 3). NC = normal
control group. Model = model group. Treatment = BAI group. ***:
P < 0.001, compared with NC group; #: P < 0.001, compared
with model group (one-way ANOVA).

3.3 BAI controls α-SYN expression in the substantia nigra
We next performed immunohistochemistry (IHC) staining to

determine the expression pattern ofα-synuclein (α-SYN).α-SYN
protein was detected in neurons of the substantia nigra. Inter-
estingly, while α-SYN expression was significantly enhanced in
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model group rats as compared to the NC group (P< 0.001, Fig. 4),
its expression was significantly suppressed in BAI group rats (P<

0.001, Fig. 4). These results showed that BAI could suppress α-
SYN protein expression in PD model rats induced by 6-OHDA.

Figure 4. Percentage of α -SYN-positive cells per group detected by
IHC (× 200). Data are expressed as mean ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

Figure 5. Percentage of mTOR-positive cells per group detected by
IHC (× 200). Data are expressed as mean ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

3.4 BAI modulates mTOR/AKT/ GSK-3β signaling in PD
model brains
Given the reported link between PD and mTOR/AKT/GSK-3β

signaling and the known role of this pathway in cell apoptosis, we
next examined the expression levels of these proteins. The expres-

Figure 6. Percentage of p-mTOR-positive cells per group detected by
IHC (× 200). Data are expressed as mean ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

Figure 7. Percentage of AKT-positive cells per group detected by IHC
(× 200). Data are expressed as mean ± SEM (n = 3). NC = normal
control group. Model = model group. Treatment = BAI group. ***:
P < 0.001, compared with NC group; #: P < 0.001, compared
with model group (one-way ANOVA).

sion of mTOR, p-mTOR, AKT, p-AKT, GSK-3β , and p-GSK-3β
was visualized in rat brain sections using IHC. Intriguingly, pro-
tein expression was strongly reduced in model group rats com-
pared to NC rats (P < 0.001, respectively, Fig. 5-10). However,
BAI treatment caused a significant increase in protein expression
as compared to the model group (P < 0.001, respectively, Fig. 5-
10).

These results were further confirmed byWestern blot measure-
ments on brain tissue. Protein expression of mTOR, p-mTOR,
AKT, p-AKT, GSK-3β , and p-GSK-3β was significantly down-
regulated in the model group versus NC control rats (P < 0.001,

426 Zhai et al.



Figure 8. Percentage of p-AKT-positive cells per group detected by
IHC (× 200). Data are expressed as mean ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

Figure 9. Percentage of GSK-3β protein-positive cells in different
groups detected by IHC assay (× 200). Data were expressed as
means ± SEM (n = 3). NC was normal control group. The model
was model group. Treatment was BAI group. ***: P < 0.001,
compared with NC group; #: P < 0.001, compared with model
group (one-way ANOVA).

respectively, Fig. 11). However, the expression of all proteins was
significantly enhanced in BAI-treated versus model group rats (P
< 0.001, respectively, Fig. 11). Together, these results illustrate
that changes in mTOR/AKT/GSK-3β signaling in PD model rats
were strongly recovered by BAI treatment.

4. Discussion
Parkinson's disease (PD) is a common neurodegenerative dis-

ease in middle and old age. The pathogenesis of PD is closely re-
lated to immune inflammation, oxidative stress, excitatory neuro-
toxicity, and heredity/environment (Cramer et al., 2012). Themain

Figure 10. Percentage of p-GSK-3β -positive cells per group detected
by IHC (× 200). Data have expressed a means ± SEM (n = 3). NC
= normal control group. Model = model group. Treatment = BAI
group. ***: P < 0.001, compared with NC group; #: P < 0.001,
compared with model group (one-way ANOVA).

pathological feature of PD was nigrostriatal lesion. In present
study, we established PD rat model by intraperitoneal injection of
6-OHDA to evaluate the effect of BAI on substantia nigra neuronal
apoptosis. The results showed that the left forelimb use rate was
significantly reduced in rats induced with 6-OHDA, which was
significantly increased by BAI treatment. It suggested that the PD
rat model was successfully established.

BAI, along with its metabolite baicalein have many targets and
may have protective effects on diverse diseases. The previous
studies found that BAI had effects on neuroprotective, renovas-
cular hypertension, cancer, obesity, and liver dysfunction (Dai et
al., 2017; Sowndhararajan et al., 2018; Tang et al., 2016; Xi et al.,
2015). However, it has been unclear that the effects and mech-
anisms of BAI on PD treatment. The massive loss of dopamine
neurons in the substantia nigra is a major pathological change in
the pathogenesis of PD (Ariza et al., 2015). There were many
eosinophilic inclusion bodies (Lewy body, LBs) in neuronal cy-
toplasm, and the main component of LBs was α-synuclein (α-
SYN) (Mollenhauer et al., 2012). α-SYN over-expression could
induced dopamine neurons die by vesicle permeability-increasing
and Ca2+ internal flowing (Kalia and Kalia, 2015). These results
suggested that α-SYN expression also indirectly reflected the re-
duction of dopamine neurons. In our present study, the results
indicated that the nerve cell apoptosis rate in model group was sig-
nificantly increased when compared with that in NC group. How-
ever, the cell apoptosis rate in BAI group was significantly sup-
pressed with BAI treatment when compared with that in model
group. Those results showed that BAI had effects on improving
nerve cell apoptosis induced by PD.

There were some reports that the activation of
mTOR/AKT/GSK-3β pathway could have protective effects
on neuronal apoptosis induced by 6-OHDA (Armentero et al.,
2011; Ding et al., 2017). In our present study, we found that the
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Figure 11. Protein expressions of mTOR, p-mTOR, AKT, p-AKT, GSK-3β , and p-GSK-3β compared between treatment groups by western blot.
Band intensities were normalized to GAPDH and expressed as relative values. Data are expressed as means ± SEM (n = 3). NC = normal
control group. Model = model group. Treatment = BAI group. ***: P < 0.001, compared with NC group; #: P < 0.001, compared with
model group (one-way ANOVA).

protein expression levels of mTOR, p-mTOR, AKT, p-AKT,
GSK-3β , and p-GSK-3β were significantly decreased in rats
induced by 6-OHDA when compared with control group. The re-
sults showed that the inhibition of mTOR/AKT/GSK-3β pathway
was closely correlation with nerve cell apoptosis induced by PD.
It is reported that baicalin attenuates ketamine-induced neurotox-
icity in the developing rats via PI3K/Akt and CREB/BDNF/Bcl-2
pathways (Zuo et al., 2016). Furthermore, BAI had effects of
anti-mycobacterial and anti-inflammatory through inhibiting the
PI3K/Akt/NF-κB pathway (Zhang et al., 2017). Besides, Baicalin
ameliorates neuroinflammation-induced depressive-like behavior
through inhibition of toll-like receptor four expressions via the
PI3K/AKT/FoxO1 pathway (Guo et al., 2019). Our results showed
that BAI treatment could significantly suppress the cell apoptosis
rate in PD rats, and the mechanism might be correlation with the
activation of mTOR/ AKT/GSK-3β pathway.

In conclusion, our results suggested that BAI has a protective
effect on improving substantia nigra neurons apoptosis in PD rats
by directly regulating the mTOR/AKT/GSK-3β pathway.
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