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Abstract 

Purpose: To investigate the role and mechanism of action of breviscapine (Brp) in 1-methyl-4-
phenylpyridinium ion (MPP+)-induced cell injury in human neuroblastoma cell line, SH-SY5Y.  
Methods: The injury on SH-SY5Y cells was induced using MPP+. Cell viability and apoptotic ability 
were determined by CCK8 assay and Annexin V/PI staining, respectively. Protein expressions of 
nuclear factor E2-related factor 2 (Nrf2) and its related downstream proteins - hemeoxygenase 1(HO-1) 
and NAD(P)H-quinoneoxido reductase 1(NQO1), were determined using Western blotting.  
Results: Brp dose-dependently attenuated MPP+ induced reduction in the viability of SH SY5Y cells, 
but alleviated MPP+-induced oxidative stress (OS) and cell injury, as evidenced by the levels of reactive 
oxygen species (ROS), tyrosine hydroxylase (TH), lactic dehydrogenase (LDH), and dopamine 
transporter (DAT) (p < 0.05). Brp decreased the amount of apoptotic cells induced by MPP+, as well as 
the protein levels of Bax and cleaved-caspase 3, and also induced the activation of Nrf2 signaling 
pathway (p < 0.05).  
Conclusion: Brp alleviates MPP+-induced cellular damage and cell apoptosis in SH-SY5Y cells by 
activating Nrf2 pathway. Thus, Brp is a potential therapeutic candidate for the treatment of PD. 
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INTRODUCTION 
 
Parkinson’s disease (PD), a degenerative 
neurological disorder, displays motor symptoms 
including bradykinesia, resting tremor, and 
difficulties with gait and balance. The typical 
feature of PD is the prominent death of 
dopaminergic neurons in the Substantia nigra 
compact (SNpc) area, and the development of 
neuronal Lewy bodies [1]. 

 
Inflammation and oxidative stress (OS) are 
critically involved in the pathophysiological 
process of PD. Potential therapeutic targets for 
PD treatment include agents that can work 
against neuroinflammation, mitochondrial 
dysfunction and OS [2]. Higher levels of basal 
ganglia were found in SNpc neurons which arre 
related to elevated intracellular calcium loads. 
Nuclear factor-erythroid 2-related factor 2 (gene: 

-----------------------------------------------------------------------------------------------------------------------------------------------------
© 2022 The authors. This work is licensed under the Creative Commons Attribution 4.0 International License 
 



Li et al 

Trop J Pharm Res, March 2022; 21(3): 466 
 

NFE2L2, protein, Nrf2), a master transcription 
factor (TF), can regulate multiple genes involved 
in anti-inflammatory, antioxidant and xenobiotic 
detoxification pathways. The Nrf2 pathway has 
also proved critically to be a participant in PD 
pathogenesis [3]. For example, in PD patients, 
Nrf2 and its target effectors were highly 
expressed [3], and in PD animal models, the 
neural damages were aggravated by Nrf2 
inactivation [4]. 
 
Breviscapine (Brp) is the crude extract of several 
flavonoids of Erigeronbreviscapus (Vant.) Hand.-
Mazz, which is used in the treatment of colds, 
rheumatic pain, gastritis, bruises [5]. Brp has 
shown various biological abilities including anti-
inflammatory, antioxidant, anti-cancer and anti-
angiogenic effects [6]. 
 
Clinically, Brp and its preparations, such as 
injection, granules, tablets, drop pills, have been 
used for the treatment of hypertension, cerebral 
embolism, cerebral infarction, diabetic 
nephropathy, [7]. In addition, recent studies 
indicate that Brp is widely used in the treatment 
of neurodegenerative diseases with marked 
neurological improvements [8]. Brp can also 
improve the neurobehavioral function of mice 
with Alzheimer's disease (AD) by inhibiting the 
neuronal apoptosis via the up-regulation of Nrf2 
[9]. However, few researches have underlined 
the relevance of Brp on PD and the involved 
molecular mechanisms. The objective of this 
study was to investigate the functional roles of 
Brp on PD in vitro, and determine whether the 
underlying mechanism is related to Nrf2 
pathway. 
 
EXPERIMENTAL 
 
Culture and treatment of SH-SY5Y 
 
Human neuroblastoma cell line SH-SY5Y 
(ATCC, Manassas, VA, USA) was cultured in 
DMEM/F12 medium with the supplementary of 
FBS (10%). When 80 % confluence was 
attained, the cells were collected and seeded 
onto a microtitre plate (2×105 cells/mL) for further 
treatment. To induce cellular injury, molecule 1-
methyl-4-phenylpyridinium ion (MPP+) was 
administered into SH-SY5Y cell line at a dose of 
500 μM for 24 h. For the Brp group, the cells 
were exposed to Brp (20, 50 and 80 μM) for 2 h, 
and then administered with MPP+ (500 μM) for 
further 24 h. After treatment, cell viability, 
apoptosis and protein expression were 
investigated. 
 

Evaluation of cell viability 
 
After treatment, CCK-8 solution was added to 
each test well and incubated (1 h). The 
absorbance (at 450 nm) of each test well was 
read using microplate reader. 
 
Flow cytometry 
 
A commercial kit (Annexin V-FITC/PI kit, 
ThermoFisher, V13242, Waltham, MA, USA) was 
applied to determine the cell apoptotic rate. The 
cells were briefly cultured in six-well plates, 
collected and stained (Annexin-V/PI). Flow 
cytometry (Becton Dickinson Medical Devices 
Co. Ltd. Sparks, MD, USA) was applied to 
determine apoptotic cells, and then quantified. 
The normal (Q4), necrotic (Q1), early apoptotic 
(Q3) and late apoptotic cells (Q2) were 
distinguished in a scatter plot. 
 
Lactic dehydrogenase (LDH) leakage analysis 
 
LDH leakage was performed using a commercial 
kit (Beyotime Biotechnology, Shanghai, China). 
Briefly after treatment, the cell supernatant (100 
μL) was centrifuged and collected in a 96-well 
plate, and the reaction solution (100 μL) was 
added and incubated (30 min). The absorbance 
(at 490) nm was detected. 
 
Intracellular reactive oxygen species (ROS) 
production analysis 
 
Cells were incubated with 2’,7’-dichlorofluorescin 
diacetate (DCFDA, 15 min). Fluorescence was 
captured using a fluorescence microscope 
equipped with a filter capable of measuring an 
excitation filter (485-nm) and an emission filter 
(535-nm). 
 
Dopamine (DA) analysis 
 
Evaluation of DA was performed using Dopamine 
ELISA kit (Novus Biologicals, KA1887, Littleton, 
Colorado, USA). 
 
Western blotting  
 
SH-SY5Y cells were lysed using a RIPA buffer. 
The BCA method was used to obtain the protein 
concentration. Proteins in equal amounts were 
separated using electrophoresis on SDS-PAGE 
gel (10 %v/v) and transferred to PVDF 
membranes. The membranes were blocked with 
milk (5 %, at room temperature for1 h), and with 
the incubation (overnight at 4 ˚C) of anti-Bax 
(1:1500, CST #2772), anti-cleaved caspase 3 
(1:1000, CST #9661, Cell Signaling Technology, 
Danvers, MA, USA), anti-TH (1:1000, CST 
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#2792), anti-DAT (1:1500, Sigma #AB1591P, St. 
Louis, MO, USA), and then with the incubation of 
anti-Rabbit-IgG (1:10000, CST #7233, 2 h). 
Protein expression was visualized and quantified 
using an ECL system and ImageJ software. 
 
Statistical analysis 
 
The data are expressed as mean ± SD, and were 
analyzed by SPSS software, One-way ANOVA 
and Tukey's test were applied for statistical 
analysis. P < 0.05 was considered statistically 
significant. 
 
RESULTS 
 
Brp attenuated the decreased in vitro cell 
viability induced by MPP+ 
 
In MPP+-treated SH-SY5Y cells, the functional 
role of Brp on in vitro viability was analyzed using 
CCK-8 assay. Compared to control group, MPP+ 

treatment decreased the in vitro viability by about 
50 % (Figure 1, p < 0.01). However, in MPP+-
treated SH-SY5Y cells, Brp dose-dependently 
attenuated the reduction in in vitro viability 
(Figure 1, p < 0.05 for 20 μM, p < 0.01 for 50 and 
80 μM vs.MPP+ group). In particular, Brp at a 
dose of 80-μM restored the in vitro viability of 
MPP+-treated cells to about 90 % of that in the 
control group. 
 

 
 
Figure 1: Brp attenuated the decrease in vitro viability 
induced by MPP+. The in vitro viability was analyzed 
by CCK8 assay. **P < 0.01 vs. control, &p < 0.05, &&p 
< 0.01 vs. MMP+ 

 
Brp alleviated OS and injury in MPP+-treated 
cells 
 
MPP+ induced OS and led to injury in SH-SY5Y 
cells, evidenced by ROS production (Figure 2 A) 
and release of LDH (Figure 2 B), respectively. 
However, Brp strongly inhibited the MPP+ 
induced levels of ROS and LDH. The 
accumulation of dopamine (DA) in the cytosol led 
to the formation of ROS in the culture medium. 
The results showed that DA level in the culture 

medium markedly decreased to about 60 % after 
MPP+ treatment when compared to the control 
group, which was then reversed using Brp 
(Figure 2 C). In addition, MPP+ significantly 
decreased the level of tyrosine hydroxylase (TH, 
for DA biosynthesis) and dopamine transporter 
(DAT, for DA reuptake), indicating that MPP+ 

causes cytotoxicity in SH-SY5Y cells. Brp 
treatment reduced MPP+-induced cytotoxicity, as 
evidenced by the decreased expression levels of 
TH and DAT (Figure 2 D). Therefore, Brp 
protected SH-SY5Y cells against OS and cellular 
injury caused by MPP+. 
 

 
 
Figure 2: Brp alleviated OS and injury in MPP+-treated 
cells. Levels of ROS (A), LDH (B) and DA (C) were 
analyzed using commercial kits. D. Western blotting 
assay. **P < 0.01 vs. control, &p < 0.05, &&p < 0.01 vs. 
MMP+ 
 
Brp inhibited cell apoptosis caused by MPP+ 
 
Cells that emerged in Q2 (late apoptotic cell) and 
Q3 (early apoptotic cell) were considered as part 
of the apoptotic cell numbers. In the MPP+ group, 
the apoptotic level of SH-SY5Y cells was 
markedly increased to 42.20 %, showing higher 
percent apoptotic than the control group (2.28 %, 
Figure 3 A, p < 0.01). After treatment with Brp, 
the amount of apoptotic cells dose-dependently 
decreased, especially in the group that was 
treated with MPP+ and Brp, the amount of 
apoptotic cells decreased to 10.95 % (Figure 3 
B). The activity of caspase 3 and the levels of 
Bax and cleaved-caspase 3 were further 
determined. As shown in Figure 3C, MPP+ 

significantly increased the activity of caspase 3, 
indicating the activation of apoptosis-related 
pathway. Brp dose-dependently decreased the 
MPP+-induced activity of caspase 3. The anti-
apoptotic effects of Brp were further confirmed by 
determining the expression levels of Bax and 
cleaved-caspase 3. Western blot results (Figure 
3D) indicated that MPP+ induced these protein 
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expressions, which was then inhibited by Brp 
(Figure 3 E and F). 
 

 
 
Figure 3: Brp inhibited cell apoptosis caused by 
MPP+. A. Cell apoptosis was analyzed by Annexin 
V/PI staining. B. The quantification in the rate of 
apoptotic cells. C. caspase 3 activity. D. Western 
blotting and then quantified (E - F). **p < 0.01 vs. 
control, &p < 0.05, &&p < 0.01 vs. MMP+ 
 
Brp induced activation of Nrf2 signaling 
pathway in MPP+-treated cells 
 
When cells are under OS, Nrf2 translocates to 
the nucleus and induces the transcriptional 
activation of detoxifying or antioxidant enzymes 
such as HO-1 and NQO1. Thus, their protein 
expression levels were assessed further. The 
results (Figure 4) showed that, compared with 
control group, MPP+ decreased Nrf2, HO-1 and 
NQO1 protein expression levels (p < 0.01), which 
were then reversed by Brp treatment. These 
results indicate that Brp activated the Nrf2 
pathway. 

 
 
Figure 4: Brp induced the activation of Nrf2 signaling 
pathway in MPP+-treated cells. Western blotting and 
then quantified. **P < 0.01 vs. Control, &p < 0.05, &&p < 
0.01 vs. MMP+ 
 

DISCUSSION 
 
Research on the pathogenesis of PD has 
advanced substantially. Inflammation, OS, 
excitotoxicity, and loss of neurotrophic support 
are important factors that contribute to this 
disease [2]. PD is still an incurable progressive 
disease, and therapies for PD are mainly 
symptomatic treatments and measures to 
improve quality of life. Dopamine replacement 
therapy is one of the effective methods which 
can be utilized to reduce motor handicap and PD 
associated depression, pain [10]. 
 
Earlier research suggested that SNpc neurons 
are particularly prone to higher levels of 
mitochondrial OS [11]. SH-SY5Y is a commonly 
used cell line for the construction of cell models 
of neurodegenerative diseases like PD, due to 
their specific neuroproteins, functional axonal 
vesicle, as well as transport and synaptic 
structures [12]. MPP+, the active toxic metabolite 
of neurotoxin MPTP, lead to impaired 
mitochondrial energy metabolism, thus 
enhancing the production of ROS [13]. Besides, 
MPP+ decreases mitochondrial DNA, aggravates 
OS and leads to subsequent apoptotic cell death 
[14]. In this research, MPP+ (final concentration 
of 500 μM) induced apoptosis and OS in SH-
SY5Y cells. However, the effects of MPP+ were 
inhibited by Brp. 
 
A recent study indicated that Brp showed 
obvious neuroprotective effects [9]. Jiang et al. 
have reported that Brp promoted 
neurobehavioral function following neurotrauma 
through the inhibition of the GSK3β signaling 
pathway in traumatic brain-injured rats [15]. In 
AD transgenic mouse model, Brp treatment for 
three months rescue learning deficits, relieved 
memory retention, decreased Aβ burden, and 
attenuated the function of hippocampal neurons 
[8]. In addition, some researchers have reported 
that the neuroprotective effects of Brp were partly 
dependent on its anti-oxidant properties. Li et al 
found that Brp alleviated traumatic brain injury 
(TBI)-induced neuronal cell apoptosis and further 
improved neurobehavioral functions through the 
upregulation of Nrf2 [9]. The present results are 
in accordance with previous reports. This 
research demonstrated that Brp attenuated the 
MPP+-induced ROS production and apoptosis of 
SH-SH5Y cells by increasing the levels Nrf2, HO-
1 and NQO1. Nrf2 is an essential TF that 
encodes antioxidant and phase II enzymes 
including HO-1and NQO1, which are closely 
associated with protection against OS [16]. 
 
Progressive decline in the DA of PD patients is 
responsible for both motor and non-motor 
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symptoms [17]. DA initiates OS and induce 
neuronal cell death in neurodegenerative 
disorders. Also, others reported that OS partly 
contributes to the cascade DA deficiency in PD. 
Although it remains to be studied which occurs 
first, it is certain that OS and DA deficiency are 
closely related processes [18]. The present 
results showed that MPP+ induced ROS 
production, accompanied by DA reduction. In 
SH-SY5Y cells, the effects of MPP+ were 
reversed by Brp. The efficacy of Brp on PD in in 
vivo experiments needs further investigation. 
 
CONCLUSION 
 
This research suggests that in MPP+-treated SH-
SY5Y cells, Brp alleviates damage and apoptosis 
by activating Nrf2 pathway.  Thus, Brp is a 
probable novel therapeutic candidate for PD. 
 
DECLARATIONS 
 
Conflict of Interest 
 
No conflict of interest associated with this work. 
 
Contribution of Authors 
 
We declare that this work was done by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. Dongzhu Li 
and Xianpei Tan designed the study and 
supervised the data collection; Qiang Tu and 
Mingqing Xiang analyzed and interpreted the 
data; and Yamei Wang, Ming Yu and Tao Tan 
prepared the manuscript for publication, and 
reviewed the draft of the manuscript. All authors 
read and approved the manuscript. 
 
Open Access  
 
This is an Open Access article that uses a 
funding model which does not charge readers or 
their institutions for access and distributed under 
the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Zhang Z, Wang S, Li C. Effect of n-3 polyunsaturated 

fatty acids on dopaminergic neurons in substantia nigra, 

brain inflammatory response and behavior in mice with 

Parkinson’s disease. Trop J Pharm Res 2021; 18(4): 

767-772. 

2. Raza C, Anjum R, Shakeel NUA. Parkinson's disease: 

Mechanisms, translational models and management 

strategies. Life Sci 2019; 226: 77-90. 

3. Petrillo S, Schirinzi T, Di Lazzaro G, D'Amico J, Colona 

VL, Bertini E, Pierantozzi M, Mari L, Mercuri NB, 

Piemonte F et al. Systemic activation of Nrf2 pathway in 

Parkinson's disease. Mov Disord 2020; 35(1): 180-184. 

4. Guo C, Zhu J, Wang J, Duan J, Ma S, Yin Y, Quan W, 

Zhang W, Guan Y, Ding Y et al. Neuroprotective effects 

of protocatechuic aldehyde through PLK2/p-GSK3β/Nrf2 

signaling pathway in both in vivo and in vitro models of 

Parkinson's disease. Aging (Albany NY) 2019; 11(21): 

9424-9441. 

5. Chen Z, Wang C, Liu Y, Liang X, Yang C, Zhang X, Li X. 

Protective effects of medicinal plant breviscapine on 

post-cerebral hemorrhage in rats. J Integr Neurosci 

2020; 19(1): 101-109. 

6. Ye J, Gao M, Guo X, Zhang H, Jiang F. Breviscapine 

suppresses the growth and metastasis of prostate 

cancer through regulating PAQR4-mediated PI3K/Akt 

pathway. Biomed Pharmacother 2020; 127: 110223. 

7. Wang M, Zhang WB, Song JL, Luan Y, Jin CY. Effect of 

Breviscapine on Recovery of Viable Myocardium and 

Left Ventricular Remodeling in Chronic Total Occlusion 

Patients After Revascularization: Rationale and Design 

for a Randomized Controlled Trial. Med Sci Monit 2018; 

24: 4602-4609. 

8. Mitsis A, Gragnano FJCCR. Myocardial Infarction with 

and without ST-segment Elevation: a Contemporary 

Reappraisal of Similarities and Differences. 2020. 

9. Li F, Wang X, Zhang Z, Gao P, Zhang X. Breviscapine 

provides a neuroprotective effect after traumatic brain 

injury by modulating the Nrf2 signaling pathway. J Cell 

Biochem 2019; 120(9): 14899-14907. 

10. Armstrong MJ, Okun MS. Diagnosis and Treatment of 

Parkinson Disease: A Review. Jama 2020; 323(6): 548-

560. 

11. Smeyne M, Smeyne RJ. Glutathione metabolism and 

Parkinson's disease. Free Radic Biol Med 2013; 62: 13-

25. 

12. Kovalevich J, Langford D. Considerations for the use of 

SH-SY5Y neuroblastoma cells in neurobiology. Methods 

Mol Biol 2013; 1078: 9-21. 

13. Christensen C, Þorsteinsson H, Maier VH, Karlsson K. 

Multi-parameter Behavioral Phenotyping of the MPP+ 

Model of Parkinson's Disease in Zebrafish. Front Behav 

Neurosci 2020; 14: 623924. 

14. Xie HR, Hu LS, Li GY. SH-SY5Y human neuroblastoma 

cell line: in vitro cell model of dopaminergic neurons in 

Parkinson's disease. Chin Med J (Engl) 2010; 123(8): 

1086-1092. 

15. Jiang L, Xia QJ, Dong XJ, Hu Y, Chen ZW, Chen K, 

Wang KH, Liu J, Wang TH. Neuroprotective effect of 

breviscapine on traumatic brain injury in rats associated 

with the inhibition of GSK3β signaling pathway. Brain 

Res 2017; 1660: 1-9. 



Li et al 

Trop J Pharm Res, March 2022; 21(3): 470 
 

16. Bellezza I, Giambanco I, Minelli A, Donato R. Nrf2-Keap1 

signaling in oxidative and reductive stress. Biochim 

Biophys Acta Mol Cell Res 2018; 1865(5): 721-733. 

17. Jankovic J. Parkinson's disease: clinical features and 

diagnosis. J Neurol Neurosurg Psychiatry 2008; 79(4): 

368-376. 

18. Jenner P. Oxidative stress in Parkinson's disease. Ann 

Neurol 2003; 53 Suppl 3:S26-S36; Discussion S36-28. 

 


