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Neuroprotective effect of juglone against 6-
OHDA-induced neurotoxicity in PC12 cells 
 

Dear Editor, 

Parkinson’s disease is one of the most common neuro-
degenerative diseases, predominantly affecting middle-
aged and elderly individuals. Existing therapies cannot 
effectively slow Parkinson's disease progression (Tolosa 
et al., 2021). Therefore, it is necessary to put further 
effort in developing new drugs that can effectively pre-
vent or treat PD.  

In modern medicine, many new drugs originate from 
the utilization of natural products (Newman et al., 2020). 
Paclitaxel, originally isolated from the bark of Pacific 
yew (Taxus brevifolia), is a key chemotherapy drug for 
treating breast and ovarian cancers. Vinblastine and 
vinorelbine are the potent anticancer drugs derived 
from Madagascar periwinkle (Catharanthus roseus) 
(Cragg et al., 2016). Galantamine is obtained from 
snowdrops (Galanthus spp.), which alleviates symptoms 
of Alzheimer's disease (Li et al., 2025).  

Juglone (5‑hydroxy‑1,4-naphthoquinone), a naturally-
occurring naphthoquinone compound, is extracted 
primarily from walnut trees, including Manchurian 
walnut (Juglans mandshurica), black walnut (J. nigra), 
walnut (J. regia) and butternut (J. cinerea). J. mandshurica 
Maxim is one of the most important medical plants 
(Figure 1A), and have reported that its juglone poss-
essed anti-cancer, antihypertensive, anti-diabetic, anti-
inflammatory and immunomodulatory activities (Tang 

et al., 2022). However, the neuroprotective effects of 
juglone have been seldomly investigated. A recent 
study demonstrated that juglone could promote spinal 
cord injury recovery (Chen et al., 2025), indicating 
juglone might possess neuroprotective activity. Notab-
ly, juglone possesses excellent blood-brain barrier per-
meability property (Osztie et al., 2024). Therefore, this 
study aims to evaluate the neuroprotective effects of 
juglone against Parkinson’s disease. 

The neuroprotective properties of juglone (Must Bio-
technology Co., Ltd., China) against Parkinson’s disease 
were investigated using a 6-OHDA-injured PC12 cell 
model. Based on the MTT assay (Figure 1B), PC12 cells 
treated with 500 μM 6-OHDA for 12 hours was estab-
lished as the model condition for subsequent studies, as 
this treatment significantly reduced cell viability by 
approximately 50%. Subsequently, the cytotoxicity of 
juglone on PC12 cells was assessed, revealing no 
significant toxicity within the 0.05–0.5 μM concentration 
range (Figure 1C). Next, the protective capacity of 
juglone to restore viability in 6-OHDA-damaged PC12 
cells was evaluated. In the experimental design, PC12 
cells were pretreated with juglone (0.05–2 μM) for 12 
hours prior to 6-OHDA exposure. Subsequently, jug-
lone was removed, and 6-OHDA was applied to induce 
neurotoxicity. Results demonstrated that pretreatment 
with juglone (0.05, 0.1, 0.2 and 0.5 μM) significantly 
reversed 6-OHDA-induced neuronal cell death (Figure 
1D), suggesting that juglone exhibited good neuropro-
tective effects to protect against 6-OHDA-induced 
neurotoxicity in PC12 cells. 
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Figure 1: Effect of juglone on cell viability in 6-OHDA-injured PC12 cells. (A) The picture of J. mandshurica; (B) The effect of 6-
OHDA on cell viability in PC12 cells. (C) The effect of juglone on cell viability in PC12 cells. (D) The neuroprotective effect of ju-
glone against 6-OHDA induced neurotoxicity in PC12 cells. PC12 cells were pretreated with juglone (0.05-2 μM) for 12 hours prior 
to 500 μM 6-OHDA exposure for another 12 hours to induce neurotoxicity. The values are expressed as mean ± SEM of 6 determi-
nations. Compared with the control group, ap<0.001, bp<0.01; compared with the 6-OHDA model group, cp<0.001   
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Oxidative stress is widely recognized as a key factor in 
the degeneration of dopaminergic neurons within the 
pathogenesis of Parkinson’s disease, characterized by 
excessive accumulation of nitric oxide and reactive 
oxygen species (ROS) (Andersen, 2004; Lin and Beal, 
2006). Therefore, to investigate the protective mecha-
nisms of juglone against 6-OHDA-induced damage in 
PC12 cells, this study employed DAF-FM DA probe 
staining to detect nitric oxide production levels and 
DCFH-DA probe staining to assess ROS generation 
levels in PC12 cells. Under fluorescence microscopy, 
green fluorescent puncta in PC12 cells represent nitric 
oxide or ROS signals. Compared with the control 
group, the 6-OHDA-treated cells displayed significantly 
enhanced green fluorescence, indicating excessive nitric 
oxide and ROS production in PC12 cells (Figure 2). 
When cells were pretreated with 0.05 and 0.1 μM 
juglone, the 6-OHDA-induced accumulation of nitric 
oxide and ROS was markedly reversed (Figure 2). 
These results indicated that juglone exerted neuropro-
tective effects by reducing excessive nitric oxide and 

ROS accumulation and alleviating cellular oxidative 
stress. 

Mitochondria are highly vulnerable to oxidative stress, 
and mitochondrial damage triggers mitochondrial-
dependent apoptosis in neurons, which serves as key 
contributor in the degeneration and death of 
dopaminergic neurons in Parkinson’s disease (Kung et 
al., 2021). Mitochondrial membrane potential depolari-
zation reflects mitochondrial damage and serve as an 
early apoptosis marker. This study employed JC-1 dye 
staining to evaluate the protective impact of juglone on 
mitochondrial membrane potential in 6-OHDA-induced 
damage in PC12 cells. JC-1 is a lipophilic cationic dye 
that is able to permeate through the mitochondrial 
membrane. In healthy cells with high mitochondrial 
membrane potential, JC-1 exists as aggregates and 
yields red fluorescence; whereas in depolarized mito-
chondria, JC-1 exists as monomers and yields green 
fluorescence. Thus, changes in mitochondrial mem-
brane potential can be determined by measuring the 
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Figure 2: Effect of juglone on oxidative stress in 6-OHDA-injured PC12 cells. (A) DAF-FM DA probe staining demonstrated the 
protective effect of juglone against 6-OHDA-induced excessive nitric oxide production. The green fluorescence represented the 
signal of nitric oxide production, while the blue fluorescence indicated the signal of cell nuclei. (B) DCFH-DA probe staining 
demonstrated the protective effect of juglone against 6-OHDA-induced excessive ROS generation. The green fluorescence repre-
sented the signal of ROS generation, while the blue fluorescence indicated the signal of cell nuclei. The merged image showed the 
overlay of dual-channel signals from green and blue fluorescence. Images acquired by fluorescence microscope (200x)  

B 

Control                                         6-OHDA                           6-OHDA + Juglone (0.05 µM)         6-OHDA + Juglone (0.1 µM) A 

M
e
rg

e
 

R
O

S
 

M
e
rg

e
 



 

green/red fluorescence ratio. As shown in Figure 3A, 
compared to the control group, 6-OHDA-treated cells 
exhibited reduced red fluorescence and enhanced green 
fluorescence, indicating a significant decrease in mito-
chondrial membrane potential in PC12 cells. Pretreat-
ment with juglone reversed the 6-OHDA-induced dec-
line in mitochondrial membrane potential (Figure 3A). 
These results indicated that juglone mitigated the mito-
chondrial damage caused by 6-OHDA to mitochondrial 
membrane potential in PC12 cells. Furthermore, the cell 
apoptosis was examined by Hoechst 33342 staining. 
Under fluorescence microscopy, stained nuclei exhibi-
ted blue fluorescence. In untreated control cells, nuclei 
appeared round or elliptical, with no observation of 
nuclear condensation or fragmentation (Figure 3B). 
Conversely, bright blue fluorescent nuclei were obser-
ved in 6-OHDA-treated PC12 cells (Figure 3B), which 
meant nuclear condensation and fragmentation were 
occurring, indicating the presence of apoptotic bodies 
(as indicated by white arrows). Pretreatment with jug-
lone significantly reduced the number of apoptotic 
bodies, demonstrating that juglone effectively inhibited 
6-OHDA-induced apoptosis in PC12 cells (Figure 3B). 
Collectively, these results suggested that juglone sup-
pressed apoptosis by mitigating the damaging effects of 
6-OHDA on the mitochondrial membrane potential of 
PC12 cells.  

In conclusion, this study demonstrated the neuro-
protective effect of juglone in 6-OHDA-induced Parkin-
son’s disease cell model. Juglone pretreatment marked-
ly inhibited 6-OHDA-induced oxidative stress, mito-
chondrial damage, and neuronal apoptosis in PC12 
cells as evidenced by reducing nitric oxide and ROS 
accumulation, enhancing mitochondrial membrane 
potential and decreasing number of apoptotic bodies.   

However, this study has limitations in further exploring 
molecular mechanisms, including elucidating the up-
stream signaling pathways through which juglone 
modulates oxidative stress and apoptosis, as well as 
investigating whether other regulatory mechanisms 
exist. 
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