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Schisandra chinensis protects against
dopaminergic neuronal oxidative stress,
neuroinflammation and apoptosis via the
BDNF/Nrf2/NF-κB pathway in 6-OHDA-induced
Parkinson’s disease mice

Tingxu Yan,a Qianqian Mao,b Xiaozhuo Zhang,b Bo Wu,a Kaishun Bi,c Bosai He a

and Ying Jia *a

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by a disorder of both

the motor and nonmotor systems due to a loss of dopaminergic (DA) neurons. Herein, we aimed to inves-

tigate the potential neuroprotective role of Schisandra chinensis (Sch) and to determine the mechanism

by which Sch functions to ameliorate PD in a 6-hydroxydopamin (6-OHDA)-induced PD model. The

open field test, sucrose preference test, and Y-maze test were utilized to evaluate the motor and nonmo-

tor symptoms. We found that administration of Sch improved both disorders and DA neurodegeneration

in 6-OHDA-induced mice. Additional data confirmed that Sch treatment significantly increased BDNF

expression and decreased the activity of GSK-3β in the striatum and hippocampus. Moreover, Sch was

able to alleviate the abnormal levels of ROS and increase SOD by boosting Nrf2 expression. The nuclear

translocation of NF-κB was inhibited by Sch, which subsequently led to a downregulation of proinflam-

matory cytokines. Sch effectively suppressed apoptosis by decreasing expressions of caspase 3, caspase

9, and p53 in the PD mouse model. Our findings demonstrate that Sch protects against DA neurodegen-

eration in 6-OHDA-induced PD mice by suppressing oxidative stress, neuroinflammation and apoptosis

through the involvement of the BDNF/Nrf2/NF-κB signaling pathway.

Introduction

Parkinson’s Disease (PD) is the second most common degen-
erative disease of the central nervous system. It is a neurologi-
cal disorder with evolving layers of complexity and is associ-
ated with dopaminergic (DA) neuron deficiency and both
motor and nonmotor deficits.1 PD patients classically develop
resting tremor, rigidity, bradykinesia, and stooping posture.
PD is also associated with neurobehavioral disorders (i.e.
depression and anxiety) and cognitive impairment (i.e. demen-
tia).2 PD affects approximately 0.3% of the general population,
as well as 1–3% of the population over the age of 65. The
number of patients with PD is expected to rise from 8.7 to
9.3 million by 2030.3 The general accepted incidence of PD

ranges from 100 to 200 per 100 000 people, with the annual
incidence being 15 per 100 000.4 However, in the majority of
cases, the cause of PD remains unknown.

PD is a multisystemic synucleinopathy that is caused by
poorly characterized genetic and environmental factors which
cause degeneration of selectively vulnerable neuronal popu-
lations. The main pathologic feature that correlates with signs
and symptoms of PD is loss of DA neurons and depletion of
DA neurons of the striatum,5 which leads to the development
of classical motor symptoms. Recently, more detailed research
in this area indicates that the classical view can be extended to
other nonmotor-related deficits. Previous literature has
reported evidence of oxidative stress in the brain tissues of
both familial and sporadic PD patients. Furthermore, oxidative
stress is thought to trigger mutations that make cells more vul-
nerable to dysfunction.6 Moreover, PD patients are known to
have significantly high levels of proinflammatory cytokines in
the substantia nigra and cerebrospinal fluid.7 This immune
activation may be caused by, rather than be a response to, the
observed DA neuronal loss. Further, techniques such as
nuclear TUNEL labeling and chromatin condensation of DA
neurons derived from PD brains suggest that these neurons

aSchool of Functional Food and Wine, Shenyang Pharmaceutical University, Wenhua

Road 103, Shenyang 110016, China. E-mail: jiayingsyphu@126.com;

Tel: + 86 24 2398 6933
bSchool of Traditional Chinese Materia Medica, Shenyang Pharmaceutical

University, Wenhua Road 103, Shenyang 110016, China
cSchool of Pharmacy, Shenyang Pharmaceutical University, Wenhua Road 103,

Shenyang 110016, China

This journal is © The Royal Society of Chemistry 2021 Food Funct., 2021, 12, 4079–4091 | 4079

Pu
bl

is
he

d 
on

 1
8 

M
ar

ch
 2

02
1.

 D
ow

nl
oa

de
d 

by
 R

U
T

G
E

R
S 

ST
A

T
E

 U
N

IV
E

R
SI

T
Y

 o
n 

5/
15

/2
02

1 
8:

00
:5

6 
PM

. 

View Article Online
View Journal  | View Issue

www.rsc.li/food-function
http://orcid.org/0000-0003-0956-9546
http://orcid.org/0000-0002-1289-4350
https://doi.org/10.1039/d0fo02836c
https://pubs.rsc.org/en/journals/journal/FO
https://pubs.rsc.org/en/journals/journal/FO?issueid=FO012009
Administrator
高亮

Administrator
新图章


