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과산화수소로 유도된 SH-SY5Y 신경세포 손상에 대한 인삼 열매 추출물의

보호 효과
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Neuroprotective Effects of Korean Ginseng Berry against Hydrogen Peroxide-
induced Oxidative Damage in SH-SY5Y Neuroblastoma Cells
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INTRODUCTION

Alzheimer's disease and Parkinson's disease are neurode-      

generative disorders that are characterized by the death of        

neurons in the brain. Oxidative stress in degenerative diseases        

is known as a major cause. Decreased antioxidants, mito-        

chondrial abnormalities, and increased reactive oxygen species      

(ROS)-related cell death due to oxidative stress have been        

reported in neurodegenerative diseases (Singh et al., 2019).

Organisms produce ROS with strong oxidizing power such       

as superoxide anion (O2·
-), hydrogen peroxide (H2O2), and the        

hydroxyl radical (OH·) (He et al., 2017). Oxygen free radical         

refers to oxygen that is in an unstable state, unlike the oxygen           

that we normally breathe (Monteiro e Silva et al., 2017). A          

proper of ROS is necessary for cells to grow and protect the           

body from pathogens with a strong bactericidal action, but        

excessive ROS could oxidize various compounds in the       

human body.

Oxidation causes oxidative stress by damaging or transforming       

important components such as lipids, proteins and DNA       
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Background: Studies on the efficacy of ginseng have focused on the ginseng root. Recently, 
research on ginseng berries has expanded, revealing its efficacy in liver disease, obesity, and diabe-
tes. This study aimed to examine the neuroprotective effects of Korean ginseng berry (KGB) 
extract on hydrogen peroxide (H2O2)-induced oxidative stress in human neuroblastoma SH-SY5Y 
cells.
Methods and Results: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, reac-
tive oxygen species (ROS) generation, mitochondrial membrane potential, and protein expression 
analysis were used to evaluate the cytotoxicity and inhibition of apoptosis in SH-SY5Y cells. KGB 
pretreatment reduced ROS production and mitochondrial dysfunction induced by H2O2-mediated 
apoptosis in human neuroblastoma SH-SY5Y cells, while also inhibiting Bax upregulation, Bcl-2 
downregulation, and caspase-3 activation. Moreover, KGB treatment increased the activity of anti-
oxidant enzymes including superoxide dismutase, glutathione peroxidase, and catalase and 
decreased the malondialdehyde content.
Conclusions: This study found that KGB protected human neuroblastoma SH-SY5Y cells from 
H2O2-induced oxidative stress by inhibiting the MAPK signaling pathway. Based on these find-
ings, KGB may be a potential therapeutic agent for preventing and treating neurodegenerative dis-
eases and other disorders associated with oxidative stress.
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(Singh et al., 2019). This oxidative stress induces cell death of          

neurons in the brain (Brieger et al., 2012). When ROS is          

generated excessively and oxidative stress is continuously      

accumulated in the body, it could affect and damage the gene          

of the cell and exacerbates the immune system.

 Therefore, inhibition of ROS generation may be helpful in         

preventing and treating neurodegenerative diseases such as      

Alzheimer's disease, Parkinson's disease, amyotrophic lateral     

sclerosis, and Huntington's disease. A lot of research is being         

conducted to develop effective and safe antioxidants that can        

be usefully used for the treatment or prevention of neuro-         

degenerative diseases.

The use of ginseng as herbal medicine is also attracting         

attention in modern medicine. Research on the chemical       

composition and physiological effects of ginseng continues,      

and it is known that ginsenosides, a chemical component of         

ginseng, can exhibit various physiological effects. 

Ginseng has various physiological effects such as antioxidant,       

anti-cancer, anti-inflammatory, anti-stress, and immune regulation,     

and is applied to cancer prevention and treatment, immunity        

enhancement, and fatigue recovery (Tan et al., 2015; Yuan et         

al., 2016).

The ginseng berry is red berries which can only be harvested          

in 4 years after ginseng was cultivated. Until recently, the         

efficacy of ginseng has been mainly concentrated on the        

ginseng root, and the ginseng berry was considered useless.

However, accumulated evidence suggests that ginseng berry      

has more pharmacological activities than the root (Dey et al.,         

2003; Kim et al., 2012; Lee et al., 2014; Cho et al., 2018).            

Moreover, recent studies have demonstrated that ginseng      

berries were evaluated to have higher Re, Rb2, Rc, Rd, Rg1,          

and Rg2 contents than ginseng roots. (Shao et al., 2004; Kim          

et al., 2012; Cho et al., 2013a; Jung et al., 2016).

In particular, ginseng berry extract contains a high level of         

ginsenoside Re among ginsenosides, which is almost 30 - 40         

times that of ginseng root, and this result has been confirmed          

in previous studies. (Yi et al., 2018; Byun et al., 2021). It has            

been reported that ginseng berry has antioxidant (Shao et al.,         

2004), immunostimulatory (Zhang et al., 2015), anti-cancer      

(Jung et al., 2016), and anti-hyperlipidemia effect (Mehendale       

et al., 2006; Cho et al., 2013b). It contains as much ginsenoside           

as ginseng root and has efficacy against various diseases, but         

not much research has been done on degenerative brain        

diseases.

In the present study, the protective effect of Korean ginseng         

berry extract (KGB) against H2O2 induced oxidative stress was        

investigated in human neuroblastoma SH-SY5Y cells. So, we       

evaluated the possibility of neuroprotection against degenerative      

brain diseases through whether it is effective in suppressing        

apoptosis and oxidative stress.

MATERIALS AND METHODS

1. Preparation of Korean ginseng berry extract (KGB)

The extract of KGB was provided from food ingredient &         

product company (ShinWoo, Anyang, Korea). The berry      

containing seeds of Korean ginseng (Panax ginseng C. A.        

Meyer) were harvested in 2019, and the cultivation period was         

4 years. The KGB was processed from the fruit excluding         

seeds to extract. 

The KGB was placed in 80% alcohol for 8 h. After          

removing alcohol, the KGB was extracted in extractor with        

purified water at 80℃ for 8 h. The extract was filtered with           

12 ㎛ filter paper (Hyundai Micro Co., Ltd., Seongnam,        

Korea). The filtrate was concentrated under reduced pressure       

to have a solid content of more than 65%. The final yield was            

2%. The extracted KGB contains 65 ㎎/g of Re component         

and 16 ㎎/g of Rg1 + Rb1 + Rg3 component.

2. Cell culture and treatments

The human neuroblastoma SH-SY5Y cell line was      

purchased from American Type Culture Collection (Manassas,      

VA, USA) and was maintained in a 1 : 1 mixture of Dulbecco’s            

Modified Eagle Medium and Nutrient F-12 medium (DMEM/       

F-12) (Welgene, Daegu, Korea) supplemented with 10% fetal       

bovine serum and 1% (v/v) penicillin (100 U/㎖)/streptomycin       

(100 ㎍/㎖) at 37℃ in a humidified atmosphere containing 5%         

CO2.

KGB extracts were dissolved in culture medium before use.        

To evaluate the inhibition of induction of apoptosis, the whole         

KGB extract was treated in advance for 1 h, and cell death           

was induced by exposing the cells to H2O2 at a concentration          

of 100 μM for 24 h.

3. Cell viability assay

The cell viability of SH-SY5Y cells cultured under various        

conditions was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-    

diphenyltetrazolium bromide (MTT) assay.

To this end, after the KGB extract treatment at an appropriate          

concentration was completed, the medium was removed, and       
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formazan formed in each well was dissolved in DMSO by         

treating with 0.5 ㎎/㎖ MTT (Sigma-Aldrich Co., St Louis,        

MO, USA) solution at 37℃ in the dark. After 3 h, 200 ㎕ of             

the reaction solution was transferred to a 96 well plate, and          

the change in absorbance at 540 ㎚ was measured using an          

Enzyme-Linked ImmunoSorbent Assay (ELISA) reader    

(Thermo Fisher Scientific Inc., Willington, CT, USA).

4. Hoechst 33342 staining 

To perform Hoechst 33342 staining, the cell medium was        

removed and washed three times with 1 × phosphate beffered         

saline (PBS, Mediatech Inc., Manassas, VA, USA). For fixation        

after washing, fixation was performed in 4% parafor-       

maldehyde at room temperature for 30 min. And it was dyed          

using a staining reagent (Hoechst 33342) 1 ㎍/㎖ in PBS for          

20 min in a dark room.

Apoptosis and DNA damage were observed under a       

fluorescence microscope (Nikon Instruments Inc., Tokyo, Japan).      

Data were shown as a percentage of apoptotic cells with         

respect to the total cell number.

5. Detection of ROS generation and mitochondrial      

membrane potential (MMP) 

To evaluate intracellular ROS production, a fluorescent      

probe known as 2',7'-dichlorofluorescein diacetate (DCFH-DA)     

was utilized. The SH-SY5Y cell were seeded in black 96-well         

plates and allowed to adhere for 24 hours. The cells were          

washed three with PBS, and then loaded with DCFH-DA 20 μM          

(Sigma-Aldrich Co., St Louis, MO, USA) and incubated at 37℃         

for 30 min. The fluorescence was measured at an excitation         

wavelength of 480 ㎚ and an emission wavelength of 520 ㎚          

using a fluorescence microplate reader (Molecular Devices      

LLC, San Jose, CA, USA).

To assess MMP, the fluorescent dye Rhodamine 123 (Rho        

123, (Sigma-Aldrich Co., St Louis, MO, USA) was used. The         

cells were incubated with Rho 123 (10 ㎍/㎖) for 30 min at           

37℃ in the dark. The fluorescence image was captured using         

a fluorescence microscope at an emission wavelength of 529 ㎚.

6. Western blot analysis 

After treatment with KGB extract and H2O2, proteins were        

extracted from cells after 24 h.

The radioimmunoprecipitation assay (RIPA) buffer was used      

to extract proteins. RIPA buffer was added to the cells collected          

by centrifugation, mixed well, and centrifuged at 13,000 rpm        

for 20 min. After centrifugation, the supernatant was transferred        

to a new tube and the amount of protein in the extracted           

protein was measured by the Bradford method. Before       

Western blotting, the amount of protein in each sample was         

equally quantified as 20 ㎍.

The quantified proteins were subjected to electrophoresis on       

SDS-PAGE with loading dye for western blotting. Electrophoresis       

was performed at 80V for 2 h. For SDS-PAGE electro-         

phoresis, a nitrocellulose membrane (Life sciences, Pocheon,      

Korea) was used to transfer proteins to membrane. Transfer        

conditions were performed at 250 ㎷ for 3 h.

To evaluate the expression of each specific protein, the        

membrane transferred protein was incubated in 5% skim milk        

for 1 h. Each primary antibody (Cell Signaling Technology        

Inc., Danvers, MA, USA) was then added to the membrane         

after a 1 : 1000 dilution and incubated overnight at 4℃. After           

washing with TBS wash buffer, the membrane was incubated        

for 1 h at room temperature with horseradish peroxidase-        

conjugated secondary antibodies (Cell Signaling Technology     

Inc., Danvers, MA, USA) diluted 1 : 2000.

Bands corresponding to the target proteins were developed       

by Chemi-Doc (Thermo Fisher Scientific Inc., Willington, CT,       

USA) using a chemiluminescent reaction (Santa Cruz Bio-       

technology Inc., Dallas, Texas, USA). β-actin was used as an         

internal control.

7. Caspase-3 activity and measurement of superoxide      

dismutase (SOD), catalase (CAT), glutathione peroxidase     

(GSH-Px) activities and malondialdehyde (MDA) level

In brief, cell lysis and subsequent centrifugation were       

conducted to obtain the supernatant. The obtained supernatant       

was then mixed with the reaction buffer (including DTT) and         

caspase-3 substrate (Ac-DEVD-pNA) (R&D Systems Inc.,     

Minneapolis, MN, USA) to evaluate caspase-3 activity.

Additionally, assays were carried out to determine the levels        

of SOD, CAT, GSH-Px activities, and MDA levels (Cayman        

Chemical, Ann Arbor, Michigan, USA). The absorbance of       

the reactions was measured using a microplate reader following        

the manufacturer's protocols.

8. Statistical analysis

Statistical differences between groups were analyzed using      

the SPSS 26.0 software program (IBM Co., Armonk, NY, USA).

The results of each experiment were expressed as mean and         

standard error of the mean (S.E.M.) values of the data obtained          
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from three independent experiments performed in two or three        

wells. Significance was confirmed by the Tukey’s test after        

one way analysis of variance (ANOVA). After statistical       

processing, if the p value was less than 0.05, it was considered           

as significant difference between groups.

RESULTS

1. Effects of Korean ginseng berry extract (KGB) on H2O2-         

treated cytotoxicity in SH-SY5Y cells

To assess effects of KGB on H2O2-induced cell death, the         

MTT assay was performed. When KGB was treated with        

concentrations of 10, 50, 100, and 500 ㎍/㎖, it was found          

that there was no toxicity to the cells (Fig. 1A).

In a previous study, we confirmed that when the cells were          

exposed with various concentrations of H2O2 (10 μM - 200         

μM) for 24 h, cell viability was decreased in a dose-dependent          

manner (Kim et al., 2015). In this study, 100 μM H2O2 was           

used to assess effect of KGB on H2O2-induced cell death         

based on previous experimental result. The cell viability of        

cells exposed to 100 μM H2O2 was 69.35 ± 7.22% of control           

value.

Pretreatment of KGB significantly showed inhibitory effects      

on H2O2-induced decrease of cell viability in dose-dependent       

Fig. 1. Cell viability evaluation in SH-SY5Y cells treated with 
H2O2. (A) Cell viability evaluation of Korean ginseng 
berry extract on H2O2-induced cell death in SH-SY5Y 
cells using MTT. (B) Results of apoptotic cells by Hoechst 
33342 staining. Values were shown as means ± standard 
error (S.E.M.) by the Tukey’s test after One-way analysis 
of variance (ANOVA). Symbol indicates a statistically 
significant value compared to the control (##

p < 0.01). 
*
p < 0.05 and **p < 0.01 compared with H2O2 treated 

cells. C; control, KGB; Korean ginseng berry extract.

Fig. 2. Effects of Korean ginseng berry extract (KGB) on the 
H2O2-induced ROS generation. Values were shown as 
mean ± S.E.M. by the Tukey’s test after One-way analysis 
of variance (ANOVA). Symbol indicates a statistically 
significant value compared to the control (##

p < 0.01). 
*
p < 0.05 and **p < 0.01 compared with H2O2 treated 

cells. C; control, KGB; Korean ginseng berry extract, 
ROS; reactive oxygen species.

Fig. 3. Effects of Korean ginseng berry extract (KGB) on the 
H2O2-induced MMP loss. Rhodamine 123 (Rho 123), a 
fluorescent dye, was used for the quantitative expression 
of MMP. Values are presented as mean ± S.E.M. by the 
Tukey’s test after One-way analysis of variance (ANOVA). 
Symbol indicates a statistically significant value compared 
to the control (#p < 0.05). *p < 0.05 and **p < 0.01 
compared with H2O2 treated cells. MMP; mitochondrial 
membrane potential, C; control, KGB; Korean ginseng 
berry extract.
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manners. The viability of SH-SY5Y cells was 82.00 ± 1.70%,         

91.61 ± 2.73%, 100.00 ± 8.87%, and 118.16 ± 6.83% at          

concentration of 10, 50, 100, and 500 ㎍/㎖ of KGB,         

respectively.

To evaluate the potential inhibitory effects of KGB on        

H2O2-induced apoptotic cell death in SH-SY5Y cells, an       

additional experiment was performed utilizing Hoechst 33342      

staining. In cells treated with H2O2, DNA condensation and        

nuclear fragmentation were observed, while control cells      

displayed round blue nuclei characteristic of viable cells.

However, pretreatment with KGB inhibited these apoptotic      

characteristics. The proportion of apoptotic cells was calculated       

and presented in Fig. 1B. The rate of apoptosis in cells treated           

with H2O2 was 34.09 ± 2.15%, whereas untreated cells exhibited         

a lower rate of 17.57 ± 0.95%. Nevertheless, treatment with         

KGB at doses of 10, 50, 100, and 500 ㎍/㎖ resulted in significant            

dose-dependent reductions in H2O2-induced apoptotic cell     

death, with values of 20.79 ± 1.93%, 17.06 ± 0.4%, 12.37 ±           

1.65%, and 5.85 ± 1.91%, respectively.

2. Inhibitory effects of Korean ginseng berry extract (KGB)        

on H2O2-induced ROS production

To measure the levels of intracellular ROS, the fluorescent        

dye DCFH-DA was used, which is oxidized to fluorescent        

DCF by ROS.

As shown in Fig. 2, the ROS production was increased to          

up of 260.13 ± 6.50% of control in the cells treated with 100            

μM H2O2. However, pretreatment with KGB (10, 50, 100, and         

Fig. 4. Effects of Korean ginseng berry extract (KGB) on the 
expression of Bcl-2 family proteins. (A) The expressions 
of Bcl-2 and Bax proteins. (B) The quantitative analysis of 
Bcl-2/Bax ratio. The data were showed as a ratio 
compared to control cells. Values are shown as mean ± 
S.E.M. by the Tukey’s test after One-way analysis of 
variance (ANOVA). Symbol indicates a statistically 
significant value compared to the control (##

p < 0.01). 
**
p < 0.01 compared with H2O2-treated cells. C; 

control, KGB; Korean ginseng berry extract.

Fig. 5. Effects of Korean ginseng berry extract (KGB) on the 
expression and activation of caspase-3. (A) The 
expression of caspase-3 protein and â-actin. (B) The 
activity of caspase-3. The data was showed as a ratio 
compared to control cells. Values are shown as mean ± 
S.E.M. by the Tukey’s test after One-way analysis of 
variance (ANOVA). Symbol indicates a statistically 
significant value compared to the control (##

p < 0.01). 
*
p < 0.05 and **p < 0.01 compared with H2O2 treated 

cells. C; control, KGB; Korean ginseng berry extract.
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500 ㎍/㎖) significantly reduced the ROS production to 199.73 ±         

8.30%, 185.48 ± 6.18%, 157.96 ± 6.48%, and 113.76 ±         

4.22%, respectively. 

3. Effects of Korean ginseng berry extract (KGB) on H2O2-         

induced mitochondrial membrane potential (MMP) loss

To measure mitochondrial membrane potential (MMP), the      

the fluorescent Rhodamine 123 dye was utilized. Decreased       

fluorescence intensity of Rho123 indicates mitochondrial     

membrane depolarization.

In Fig. 3, when SH-SY5 cells were exposed to 100 μM          

H2O2, the Rho123 fluorescence intensity was significantly      

reduced to 72.99 ± 3.23% of the control group. However,         

pretreatment with KGB at concentrations of 10, 50, 100, and         

500 ㎍/㎖ increased the fluorescence intensity of Rho123 to        

87.68 ± 1.21%, 93.71 ± 2.63%, 98.64 ± 3.00%, and 106.45 ±           

3.29%, respectively. These findings suggest that KGB can       

protect against H2O2-induced mitochondrial damage.

4. Effects of Korean ginseng berry extract (KGB) on the         

expression of Bcl-2 family

The western blot analysis was conducted to explore the        

potentialmechanisms of KGB on cell injury and assessed the        

expression of Bcl-2 family members, including Bcl-2 and Bax.

The results indicated that exposure to 100 μM H2O2 decreased         

the ratio of Bcl-2/Bax to 84.56 ± 0.89% of the control group.           

However, treatment with KGB at concentrations of 10, 50,        

100, and 500 ㎍/㎖ rescued the decreasing ratio, resulting in         

values of 130.08 ± 0.79%, 153.98 ± 2.43%, 161.70 ± 3.18%,          

and 168.36 ± 3.63%, respectively, as shown in Fig. 4.

5. Effects of Korean ginseng berry extract (KGB) on the         

expression and activation of caspase-3

The results presented in Fig. 5A and 5B indicate that         

treatment with H2O2 (100 µM) significantly increased caspase-3       

expression by 149.79 ± 6.22% compared to the control        

group, whereas pretreatment with KGB (at 10, 50, 100, and         

500 ㎍/㎖) dose-dependently reduced caspase-3 expression to      

144.97 ± 6.26%, 120.71 ± 4.64%, 101.46 ± 3.30%, and         

73.73 ± 2.43%, respectively.

 Additionally, the alteration of caspase-3 activity in SH-        

SY5Y cells treated with H2O2 plus KGB was shown in Fig.          

5C. Exposure to 100 μM H2O2 significantly increased caspase-3        

activity to 128.54 ± 2.44% compared to the control group,         

Fig. 6. The activity of SOD, CAT, and GSH-Px, and the MDA level. (A) The SOD activity. (B) The CAT activity. (C) The GSH-Px activity. 
(D) The MDA level. Values were presented as mean ± S.E.M. by the Tukey’s test after One-way analysis of variance (ANOVA). 
Symbol indicates a statistically significant value compared to the control (#p < 0.05 and ##

p < 0.01). *p < 0.05 and **p < 0.01 
compared with H2O2 treated cells. SOD; superoxide dismutase, CAT; catalase, GSH-Px; glutathione peroxidase, MDA; 
malondialdehyde, C; control, KGB; Korean ginseng berry extract.
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while pretreatment with KGB (at 10, 50, 100, and 500 ㎍/㎖)          

dose-dependently inhibited caspase-3 activity to 117.86 ± 1.51%,       

114.34 ± 0.39%, 108.54 ± 2.00%, and 99.98 ± 1.59%, respectively.

6. Effects of Korean ginseng berry extract (KGB) on the         

activity of superoxide dismutase (SOD), catalase (CAT),      

glutathione peroxidase (GSH-Px), and the malondialdehyde     

(MDA) level

The exposure of cells to 100 μM H2O2 reduced the         

activities of SOD, CAT, and GSH-Px to 39.1 ± 2.64%, 60.45          

± 3.42%, and 64.77 ± 0.92% of the control group, respectively          

(Fig. 6A - Fig. 6C). However, pretreatment with KGB (10,         

50, 100, and 500 ㎍/㎖) significantly increased the activity of         

SOD (44.00 ± 3.77%, 52.71 ± 2.36%, 71.50 ± 3.14%, and          

76.84 ± 2.06%, respectively), CAT (80.25 ± 7.91%, 84.17 ±         

6.70%, 107.15 ± 4.47%, and 117.29 ± 4.35%, respectively),        

and GSH-Px (85.25 ± 7.14, 92.63 ± 7.77, 103.43 ± 7.35, and           

128.32 ± 7.97%, respectively).

Further, after the exposure of cells to 100 μM H2O2, the          

MDA level was markedly increased to 305.56 ± 1.72% of the          

control, whereas KGB reduced the MDA production to 183.35        

± 1.41%, 126.25 ± 1.17%, and 114.45 ± 1.11% at the concentration           

of 50, 100, and 500 ㎍/㎖, respectively (Fig. 6D).

7. Effects of Korean ginseng berry extract (KGB) on        

phosphorylation of mitogen-activated protein kinases    

(MAPKs)

Western blotting was performed to examine the effect of        

KGB on p38, JNK, and ERK1/2 protein phosphorylation in        

the MAPK pathway in response to hydrogen peroxide-induced       

oxidative stress. As shown in Fig. 7, treatment with H2O2         

significantly increased the expression of phosphorylated p38,      

JNK, and ERK1/2 proteins when compared to the control        

group. Conversely, pretreatment with KGB effectively     

decreased the levels of phosphorylated MAPKs in comparison       

to the H2O2-treated group.

DISCUSSION

Oxidative stress and free radical production may affect cell        

Fig. 7. Effects of Korean ginseng berry extract (KGB) on the phosphorylation of mitogen-activated protein kinases (MAPKs). (A) 
The phosphorylation of MAPKs, including p38, JNK, and ERK1/2 was investigated by Western blot analysis. (B and D) 
Expression of total form of each protein and relative expression of phosphorylated proteins in each group. Values are shown as 
mean ± S.E.M. by the Tukey’s test after One-way analysis of variance (ANOVA). Symbol indicates a statistically significant value 
compared to the control (##

p < 0.01). *p < 0.05 and **p < 0.01 compared with H2O2 treated cells. C; control, KGB; Korean 
ginseng berry extract.
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proliferation, differentiation, cell death, and survival (Hu et al.,        

2015; Park et al., 2015). Oxidative stress is a state of          

imbalance between the production of ROS and the body's        

ability to neutralize them or repair the damage caused by         

them. ROS include free radicals such as superoxide anion (O2

-)         

and hydroxyl radical (OH-), and non-radicals like H2O2. ROS        

can cause damage to important cellular components like       

proteins, lipids, and DNA, leading to cellular dysfunction and        

even cell death (Tian et al., 2015). Neurodegenerative diseases        

are known to be associated with high levels of oxidative         

stress, leading to neurotoxicity and neuronal cell death. 

The purpose of this study was to examine the impact of          

KGB on oxidative stress and cell death induced by H2O2 in          

human neuroblastoma SH-SY5Y cells. The findings of the       

study indicated that KGB was able to mitigate mitochondrial        

dysfunction and intracellular oxidative stress. Consequently, it      

reduced apoptotic cell death triggered by H2O2 in human        

neuroblastoma SH-SY5Y cells.

Regulation of biochemical changes is a critical function of        

oxidative stress (Uttara et al., 2009), and cells possess their         

own endogenous antioxidant defense system consisting primarily      

of three major enzymes: SOD, CAT, and GSH-Px. SOD        

serves to protect cells from toxicity by replacing superoxide        

ions with oxygen and hydrogen peroxide in normal condition        

(Case, 2017). It is known that almost all cells exposed to          

oxygen have antioxidant defense mechanisms. CAT is an       

enzyme that catalyzes the reaction in which hydrogen peroxide        

decomposes to form water and oxygen (Sofo et al., 2015).         

GSH-Px is an enzyme with the ability of peroxidase to protect          

cells from damage by oxygen (Xu et al., 2018). It reduces          

hydrogen peroxide to water (You and Park, 2011). Finally,        

MDA is a substance that occurs when ROS degraded poly-         

unsaturated lipids, and is used mostly as an index to measure          

the level of oxidative stress (Bai et al., 2016).

The progression of apoptosis is known to reduce the        

activities of antioxidant enzymes such as SOD, CAT, and        

GSH-Px, and increase the levels of MDA. However, in this         

study, pretreatment with KGB was found to reverse the H2O2-         

induced reduction of antioxidant enzyme activity (SOD, CAT,       

and GSH-Px) and increase of MDA levels. These results        

suggest that KGB may mitigate oxidative damage to neurons        

induced by H2O2 by enhancing the activity of antioxidant        

enzymes and reducing intracellular lipid peroxidation levels.

Abnormalities in mitochondria can play a crucial role in        

apoptosis and the excessive production of ROS resulting from        

oxidative stress. These mitochondrial dysfunctions may lead to       

a decrease in MMP and other disturbances, ultimately leading        

to impaired cellular function. (Tian et al., 2015).

Furthermore, the mitochondria are involved in the production       

of free radicals and their accumulation in the cell body.         

(Dumont and Beal, 2011). In previous studies, oxidative stress        

induced by hydrogen peroxide reduces MMP, resulting in       

abnormal mitochondrial function. The current study revealed      

that H2O2-induced oxidative stress led to a significant increase        

in ROS production and mitochondrial dysfunction in the cells.        

However, pretreatment with KGB demonstrated a dose-      

dependent restoration of ROS levels and MMP in H2O2-        

treated SH-SY5Y cells. These findings suggest that KGB has        

the potential to protect SH-SY5Y cells against H2O2-induced       

cell death by inhibiting excessive ROS production and       

preventing mitochondrial dysfunction.

A previous study has demonstrated the association between       

mitochondria and apoptosis in H2O2-induced apoptosis in SH-       

SY5Y cells (de Oliveira et al., 2018), where the Bcl-2 protein          

family, including anti-apoptotic factor Bcl-2 and pro-apoptotic      

factor Bax, plays a crucial role in the regulation of mito-          

chondrial membrane permeability (Choi et al., 2017). The       

interplay between BAX, caspase 9, and caspase 3 is crucial         

for the regulation and execution of apoptosis. BAX acts        

upstream of caspase 9 by inducing mitochondrial damage and        

cytochrome c release, which in turn activates caspase 9.        

Activated caspase 9 then activates caspase 3, leading to the         

cleavage of key cellular components and ultimately cell death        

(Saikumar et al., 2007; Malladi et al., 2009; Watanabe et al.,          

2018).

Our study revealed that KGB treatment increased the ratio        

of Bcl-2/Bax compared to H2O2-treated cells, and suppressed       

the expression and activation of caspase-3. These results suggest        

that KGB may regulate apoptotic proteins and act on the         

mitochondria-dependent apoptotic pathway. 

Next, we examined MAP kinases (p38, JNK, and ERK1/2),        

one of the signaling pathways leading to apoptosis. The MAP         

kinase signaling pathway, which includes p38, JNK, and       

ERK1/2, has been proposed as a crucial mechanism in neurode-         

generative diseases mediated by oxidative stress (Kim and       

Choi, 2010; Oguchi et al., 2017).

Several studies have demonstrated the rapid activation of       

ERK1/2, JNK, and p38 by H2O2, all of which are strongly          

linked to ROS-induced cell death (Suzaki et al., 2002; Ruffels         

et al., 2004; Pan et al., 2013; Hu et al., 2015; Kim et al.,             
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2015).

Our findings align with previous research indicating that       

H2O2 triggers the activation of MAPKs such as ERK1/2, JNK,         

and p38. Nevertheless, our results demonstrate that pretreatment       

with KGB effectively suppresses the phosphorylation of      

MAPKs induced by H2O2. This suggests that KGB possesses        

a protective effect against H2O2-induced oxidative stress by       

inhibiting MAPKs phosphorylation.

In summary, it has been confirmed that H2O2 induces cell         

death by increasing the oxidative environment within cells,       

breaking the balance of oxidation-reduction reactions in cells,       

and damaging cellular components such as proteins, mito-       

chondria, and nucleic acids in SH-SY5Y cells. This study has         

demonstrated that KGB inhibits cell death by suppressing       

abnormal changes in cell death induced by oxidative stress.

These neuroprotective effects of KGB are mediated by its        

ability to restore antioxidant enzyme activities, decrease lipid       

peroxidation and ROS production, and improve MMP.      

Additionally, KGB exerts its protective effects by modulating       

the Bcl-2/Bax ratio, reducing caspase-3 levels, and suppressing       

MAPKs phosphorylation. These findings suggest that KGB      

may have potential as a as a therapeutic drug that can treat           

and prevent degenerative brain diseases caused by oxidative       

stress.
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