
KEY TAKEAWAY: Naringenin protects α-synuclein-overexpressing SH-SY5Y cells against rotenone-induced neurotoxicity by 

reducing oxidative stress, suppressing stress kinase activation, and decreasing α-synuclein aggregation, highlighting its potential as 

a therapeutic candidate for Parkinson's disease. 
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Parkinson's disease (PD) is 
characterized by progressive 
dopaminergic neurodegeneration 
associated with oxidative stress, 
mitochondrial dysfunction, 
neuroinflammation, and abnormal 
aggregation of α-synuclein.  

Excessive α-synuclein 
phosphorylation and aggregation 
contribute to neuronal dysfunction 
and disease progression. 
Although current therapies 
alleviate symptoms, they do not 
prevent neurodegeneration.  

Naringenin, a citrus-derived 
flavonoid, possesses antioxidant, 
anti-inflammatory, and 
neuroprotective properties. This 
study evaluated whether 
naringenin protects SH-SY5Y 
cells overexpressing α-synuclein 
against rotenone-induced toxicity. 

1. Braithwaite, S. P., Stock, J. B., & Mouradian, M. M. 

(2012). α-Synuclein phosphorylation as a therapeutic 

target in Parkinson’s disease. In Reviews in the 

Neurosciences. https://doi.org/10.1515/revneuro-

2011-0067 

2. Caruana, M., Neuner, J., Högen, T., Schmidt, F., 

Kamp, F., Scerri, C., Giese, A., & Vassallo, N. (2012). 

Polyphenolic compounds are novel protective agents 

against lipid membrane damage by α-synuclein 

aggregates in vitro. Biochimica et Biophysica Acta - 

Biomembranes. 

https://doi.org/10.1016/j.bbamem.2012.05.019 

3. Heo, H. J., Kim, D. O., Shin, S. C., Kim, M. J., Kim, 

B. G., & Shin, D. H. (2004). Effect of Antioxidant 

Flavanone, Naringenin, from Citrus junos on 

Neuroprotection. Journal of Agricultural and Food 

Chemistry. https://doi.org/10.1021/jf035079g 

Olayemi Philemon Aro 

Centro de Estudos em 
Estresse Oxidativo 
Universidade Federal do Rio 
Grande do Sul (UFRGS) 

Email: olayemi.aro@ufrgs.br; 
aroolayemi@gmail.com  

Naringenin Mitigates α-synuclein Pathology And Stress 

Signaling In SH (SNCA) Cells Via Redox Modulation. 

1 Universidade Federal do Rio Grande do Sul, Centro de Estudos em Estresse Oxidativo, Departamento de Bioquimica, 

ICBS, Porto Alegre, Brazil. 

2 Universidade Federal do Rio Grande do Sul, Departamento de Bioquimica, ICBS, Porto Alegre, Brazil . 

METHODS 

• To evaluate the effect of naringenin on cell 

viability and survival in rotenone-exposed 

SH-SNCA cells using MTT and SRB assays. 

• To determine whether naringenin modulates 

α-synuclein expression, phosphorylation, and 

RAGE-mediated inflammatory signaling. 

• To elucidate the molecular mechanisms 

underlying its neuroprotection by examining 

changes in oxidative stress markers (SIRT-3, 

Nrf2) and apoptotic/stress kinases (p-JNK, p-

p38, ERK). 

Fig. 1: The protective effect of Naringenin revealed by MTT 

assay in RA-differentiated SH-SNCA cells exposed to 

Rotenone for 24 hours.* mean values are significantly 

different from the control group at p < 0.05. **** mean values 

are significantly different from the control group at p < 0.0001. 

α mean values are significantly different from the NAR alone 

group at p < 0.05. β mean values are significantly different 

from the treated groups at p < 0.05. 

Fig. 2: Western blots and densitometry analysis of total and 

phosphorylated forms of alpha-synuclein, as well as of 

phosphorylated forms of ERK, and JNK in SH-SY5Y cells 

stably expressing alpha-synuclein. β-actin was used as a 

loading control. Note: values represent mean + SD.  

* mean values are significantly different from the control group 

at p < 0.05. 

α mean values are significantly different the rotenone exposed 

groups at p < 0.05. 

β mean values are significantly different the naringenin plus 

rotenone groups at p < 0.05. 
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Fig. 3: Representative immunofluorescence images of differentiated (-DOX and +DOX) SH-SY5Y SNCA 

cells co-immunostained for total α-synuclein, RAGE and NRF-II (green); p-α-synuclein, SIRT-3, and 

TNFαR-II (red); and DAPI (blue). The cells were exposed to rotenone (100 nM) and treated with naringenin 

(80 µM). The immunofluorescence was performed 24 hours after rotenone exposure. The microscopy 

images were taken with 200x magnification. 
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Fig. 4: Representative immunofluorescence images of undifferentiated (-DOX and +DOX) SH-SY5Y SNCA 

cells co-immunostained for total α-synuclein, RAGE and NRF-II (green); p-α-synuclein, SIRT-3, and 

TNFαR-II (red); and DAPI (blue). The cells were exposed to rotenone (100 nM) and treated with naringenin 

(80 µM). The immunofluorescence was performed 24 hours after rotenone exposure. The microscopy 

images were taken with 200x magnification. 

• Naringenin significantly protected SH-SY5Y cells 

overexpressing α-synuclein from rotenone-induced 

toxicity by enhancing cell viability and reducing α-

synuclein aggregation. 

• It modulated key oxidative, inflammatory, and apoptotic 

pathways through the activation of Nrf2 and inhibition of 

RAGE. 

• These findings suggest naringenin as a promising 

neuroprotective compound for managing Parkinson’s 

disease. 
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RESULTS CONTD. 
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