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Abstract Accumulated evidence has shown that exces-

sive reactive oxygen species (ROS) have been implicated

in neuronal cell death related with various chronic neuro-

degenerative disorders. This study was designed to explore

neuroprotective effects of ethyl acetate extract of Arctium

lappa L. roots (EAL) on hydrogen peroxide (H2O2)-

induced cell injury in human SH-SY5Y neuroblastoma

cells. The cell viability was significantly decreased after

exposure to 200 lM H2O2, whereas pretreatment with

different concentrations of EAL attenuated the H2O2-

induced cytotoxicity. Hoechst 33342 staining indicated that

EAL reversed nuclear condensation in H2O2-treated cells.

Meanwhile, TUNEL assay with DAPI staining showed that

EAL attenuated apoptosis was induced by H2O2. Pretreat-

ment with EAL also markedly elevated activities of anti-

oxidant enzyme (GSH-Px and SOD), reduced lipid

peroxidation (MDA) production, prevented ROS forma-

tion, and the decrease of mitochondrial membrane poten-

tial. In addition, EAL showed strong radical scavenging

ability in 2,20-azino-bis(3-ethylbenzthiazoline-6-sulfonic

acid) assays. Furthermore, EAL inhibited H2O2-induced

apoptosis by increases in the Bcl-2/Bax ratio, decreases in

cytochrome c release, and attenuation of caspase-3, cas-

pase-9 activities, and expressions. These findings suggest

that EAL may be regarded as a potential antioxidant agent

and possess potent neuroprotective activity against H2O2-

induced injury.
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Introduction

Reactive oxygen species (ROS) are essential signaling

molecules in aerobic respiration process, since they regu-

late many metabolic reactions (Jomova and Valko 2011).

However, excessively high levels of ROS may induce

severe cell damage. ROS can oxidize essential biological

macromolecules, such as membrane lipids, DNAs, and

proteins, thereby activating several signaling pathways that

lead to cellular damage and death (Choi et al. 2014; Park

et al. 2010). In addition, accumulated evidences have

shown that excessive ROS have been implicated in neu-

ronal cell death related with various chronic neurodegen-

erative disorders, such as multiple sclerosis, Alzheimer’s

disease, and Parkinson’s disease (Yan et al. 2013). There-

fore, the inhibition of ROS generation could prove bene-

ficial in the prevention and treatment of these diseases.

Hydrogen peroxide (H2O2) is a major contributor to

ROS. H2O2 is generated as a by-product of enzymatic

action during the processes of dopamine oxidation, amy-

loid aggregation, and brain ischemia reperfusion (Nelson

et al. 2005). Then, H2O2 is readily converted into highly

reactive hydroxyl radicals by the Fenton reaction and can

attack biological molecules. Further, this oxidative damage

could lead to decreases in antioxidant enzyme activities,

mitochondrial dysfunction, and apoptosis in neuronal cells.

However, these effects can be blocked by the addition of

antioxidants (Ghaffari et al. 2014). Many synthetic
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chemicals have the strong ability to scavenge radicals, but

are usually accompanied by many adverse effects.

Recently, great attentions have been given to natural pro-

ducts with neuroprotective potential. These natural sub-

stances act as radical scavengers to protect cells from

oxidative damage (Ju et al. 2012; Si et al. 2013).

The root of Arctium lappa Linne, known as burdock or

bardana, is a very popular cultivated edible vegetable in

many countries. Recently, various studies have demon-

strated the biological properties of this species, including

antiallergic (Sohn et al. 2011), antibacterial against gram-

positive and gram-negative bacteria (Gentil et al. 2006),

and antiulcerogenic (de Almeida et al. 2012) activities.

Further, lignans from A. lappa and their ability to inhibit

lipopolysaccharide (LPS)-stimulated nitric oxide produc-

tion and pro-inflammatory cytokines secretion were

described (Hyam et al. 2013; Park et al. 2007). In addition,

our group recently reported that the neuroprotective effects

of the ethyl acetate extract of A. lappa roots (EAL) against

glutamate-mediated cytotoxicity in PC12 cells (Tian et al.

2014). The total phenolic content (mg gallic acid/g extract)

was determined as 88.90 ± 1.63 mg/g in the EAL. How-

ever, whether EAL displayed antioxidant activities and

protective effects on another neuronal injury model, H2O2-

induced cell injury were unknown.

In continuation, the present study aimed to investigate

the antioxidant activities and neuroprotective potential of

EAL on H2O2-induced cell injury and explored its potential

mechanisms in SH-SY5Y cells.

Materials and Methods

Materials

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT), 0.25 % trypsin–EDTA, and dimethyl sulfoxide

(DMSO) were purchased from Amresco (Solon, OH, USA).

The kit for lactate dehydrogenase (LDH) assay was obtained

from Nanjing Jiancheng (Nanjing, China). The 2,70-dichlo-

rofluorescin diacetate (DCF-DA), the terminal deoxynu-

cleotidyl transferase-mediated dUTP nick end labeling

(TUNEL) apoptosis assay kit, 2-(4-amidinophenyl)-6-in-

dolecarbamidine dihydrochloride (DAPI), caspase-3 and

caspase-9 activity kits, superoxide dismutase (SOD), mal-

ondialdehyde (MDA), glutathione peroxidase (GSH-Px),

and total antioxidant capacity assay kits were all acquired

from Beyotime (Haimen, China). Rhodamine 123, Hoechst

33342, and H2O2 were obtained from Sigma-Chemical (St.

Louis, MO, USA). We purchased fetal bovine serum (FBS),

Dulbecco’s modified Eagle’s medium (DMEM), and F12

medium from Hyclone (Logan, UT, USA). The following

antibodies were purchased from Santa Cruz Biotechnology

(Santa Cruz, CA, USA): rabbit anti-Bax, rabbit anti-Bcl-2,

rabbit anti-caspase-3, rabbit anti-caspase-9, mouse anti-

cytochrome c, and goat secondary antibodies. All other

reagents and chemicals were of analytical grade.

Preparation of EAL

The preparation of EAL was performed as described in our

previous study (Tian et al. 2014). Briefly, a voucher

specimen (TX2012NBG) of A. lappa roots was deposited

at the Department of Pharmacy, General Hospital of

Shenyang Military Area Command, Shenyang, China. 20 g

of powder was extracted two times with 55 % ethanol. The

crude extract (5.34 g, 26.70 %) was then partitioned with

two times volume amounts of ethyl acetate for three times

to obtain EAL (0.2380 g, 4.46 %).

Cell Culture

Human neuroblastoma SH-SY5Y cells were cultured in

DMEM-F12 (1:1) medium supplemented with 10 % FBS.

Cells were incubated at 37 �C in a humidified atmosphere

incubator of 5 % CO2. The culture medium was changed

every other day, and the cells were subcultured once they

reached 70–80 % confluence.

Cell Viability Assay

Cytoprotective activity of EAL on H2O2-induced cell

injury was assessed by MTT assay. Briefly, SH-SY5Y cells

were seeded into 96-well plates at a density of 1 9 104

cells/well and grown in the incubator for 24 h. H2O2 was

prepared prior to each experiment. Cells pretreated for 12 h

with different concentrations of EAL (20, 40, and 80 lg/

mL) were exposed to 200 lM H2O2 for 3 h. Then 20 lL of

the MTT solution (5 mg/mL) was added into each well.

After incubation for 4 h at 37 �C, the medium was slowly

removed, and 150 lL of DMSO was added. The absor-

bance was measured at 490 nm with a microplate reader

(ELX 800, Bio-tek, USA). The value for cell viability was

expressed as the percentage of the control value.

LDH Assay

SH-SY5Y cells were seeded into 96-well culture plates at a

density of 1 9 104 cells/well. The cells were incubated

with 200 lM H2O2 for 3 h with or without the pretreatment

of EAL. Then, the supernatant was used in the LDH assay

according to the manufacturer’s instructions. The LDH

activity was measured by monitoring the reduction of

pyruvic acid. The absorbance of each sample was deter-

mined at 450 nm with a microplate reader. LDH leakage

was calculated as the percentage of the control group.
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Hoechst 33342 Staining

SH-SY5Y cells were seeded into 6-well plates at a density

of 2 9 105 cells/well. The cells were exposed to 200 lM

H2O2 for 3 h with or without EAL pretreatment. After the

treatment, the cells were washed with PBS solution and

loaded with 10 lg/mL Hoechst 33342 dye for 15 min (Tan

et al. 2013). Then, the cells were visualized under a fluo-

rescence microscope (IX71, Olympus, Japan), and cell

images were recorded.

TUNEL Assay

The cells treated as indicated were washed with PBS twice

and subsequently fixed with 4 % paraformaldehyde for

30 min. After washing with PBS once again, the cells were

permeabilized with 0.1 % Triton X-100 for 5 min on ice

and rinsed with PBS twice. Then they were incubated with

TUNEL staining solution for 1 h at 37 �C. After washing

with PBS twice, the cells were stained with DAPI for

15 min. Subsequently, the cells were observed by a fluo-

rescence microscope (IX71, Olympus, Japan). Fifteen

random fields were selected for each experimental

condition.

Measurement of Cellular Antioxidant Enzymes

Following the treatment as described above, SH-SY5Y

cells were washed twice with ice-cold PBS and collected.

The solution was centrifuged at 2,000 rpm for 10 min.

Then cell pellets were lysed by the cell lysis buffer. After

centrifugation at 12,0009g for 10 min at 4 �C, the super-

natant was used in the activity assays of GSH-Px and SOD

according to the manufacturer’s instructions. The activities

of GSH-Px and SOD were measured at 340 and 450 nm,

respectively.

Lipid Peroxidation Assay

Lipid peroxidation was determined by the thiobarbituric

acid (TBA) assay. Briefly, the 100 lL lysates and 200 lL

MDA working solution were pipetted into 0.5 mL tubes

and incubated for 15 min. After centrifugation at

1,0009g for 10 min, the absorbance of the supernatant was

measured at 532 nm (Qian et al. 2010). The levels of MDA

were expressed as nmol/mg of protein.

Total Antioxidant Capacity Assay

The total antioxidant capacity was measured by a rapid 2,20-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)

assay kit according to the manufacturer’s instructions. The

absorbance of each sample was determined by the ability to

inhibit the formation of ABTS at 414 nm. ABTS radical

scavenging rate was calculated as follows: ABTS scaveng-

ing rate = (Acontrol - Asample)/Acontrol 9 100 %. The IC50

value that the concentration of EAL required to scavenge

50 % of ABTS radical was also calculated.

Measurement of Intracellular ROS Levels

The intracellular ROS level was assessed by using the

DCFH-DA fluorescent probe. SH-SY5Y cells (2 9 105

cells/well) were incubated in 6-well plates for 24 h, and

then treated with H2O2 for 3 h in the presence or absence

of EAL. The cells were washed twice with PBS and loaded

with DCFH-DA (final concentration 5 lM/L) in serum-free

medium (Menazza et al. 2010). After incubation for 30 min

at 37 �C, the cells were observed at 525 nm with a fluo-

rescence microscope (IX71, Olympus, Japan).

Determination of Mitochondrial Membrane Potential

(MMP)

The fluorescent Rhodamine 123 dye was used for mea-

suring MMP (Luo et al. 2011). A decrease in fluorescence

intensity represents mitochondrial membrane depolariza-

tion. Following the treatment as described above, the cells

were rinsed twice with PBS and then incubated with

Rhodamine 123 (final concentration 1 mM/L) for 30 min at

room temperature. After these treatments, the images of the

stained cells were observed using a fluorescence micro-

scope (IX71, Olympus, Japan).

Caspase-3 and Caspase-9 Activities Assay

Caspase-3 and caspase-9 activities were measured by

commercial assay kits following the manufacturer’s pro-

tocols. Briefly, after H2O2 exposure, the collected cells

were washed with ice-cold PBS, and incubated with the

cell lysis buffer on ice for 30 min. Then the cell lysates

were centrifuged at 12,0009g for 10 min at 4 �C to obtain

the supernatants. A reaction mixture containing 70 lL of

reaction buffer, 20 lL of the supernatant, and 10 lL of

caspase-3 (Ac-DEVD-pNA) or caspase-9 substrate (Ac-

LEHD-pNA) was added into 96-well plates, respectively.

After incubation at 37 �C for 1 h, the absorbance of yellow

pNA was determined at 405 nm. The enzyme activities

were standardized to milligram protein.

Western Blot Analysis

At the end of treatment, the cells were harvested, washed

twice with ice-cold PBS, and lysed with the ice-cold lysis

buffer for 30 min. Then, the lysed cells were centrifuged at
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12,0009g for 15 min. The supernatant was collected, and

the protein content was measured by a BCA Protein Assay

Kit, followed by electrophoretic separation on a 12 % SDS

polyacrylamide gel. After transferring to PVDF mem-

branes, all protein samples were incubated overnight with

primary antibodies against Bax (1:800), Bcl-2 (1:500),

cytochrome c (1:600), caspase-3 (1:500), caspase-9

(1:800), and b-actin (1:1000). Then the blots were reacted

with horseradish peroxidase-conjugated secondary anti-

bodies (1:5000) for 2 h at room temperature. Antibody-

bound proteins were detected by an enhanced chemilumi-

nescence (ECL) method. The b-actin protein served as an

internal control in western blot analysis.

Statistical Analysis

All experiments were carried out in triplicate. The data

were expressed as mean ± standard deviation (SD). Sig-

nificant differences were calculated in SPSS 16.0 with one-

way analysis of variance (ANOVA), followed by the post

hoc LSD test. p values less than 0.05 were considered to be

significant.

Results

Effects of EAL on H2O2-Induced Cytotoxicity

in SH-SY5Y Cells

In our preliminary experiments, treatment of SH-SY5Y

cells with various concentrations of EAL (20–500 lg/mL)

alone did not show any significant effects on the cells

proliferation over 24 h (data not shown). After exposure to

H2O2, dose-dependent decreases in cell viabilities were

investigated by MTT assay. The cell viability was mark-

edly decreased when SH-SY5Y cells were treated with

H2O2 for 3 h, and the IC50 value of H2O2 was

234.67 lmol/L. Therefore, 200 lM H2O2 was chosen to

induce injury for the subsequent experiments.

The cells that exposed to 200 lM H2O2 for 3 h showed

a remarkable decrease in cell viability (62.01 ± 3.50 %,

compared with the control group). However, pretreatment

with different concentrations of EAL (20, 40, and 80 lg/

mL) restored the cell viability in a dose-dependent manner.

The cell viability was significantly increased to

68.11 ± 2.16 %, 76.35 ± 1.51 %, and 85.17 ± 2.52 % as

compared with the control group, respectively (Fig. 1a).

To further investigate the protective effects provided by

EAL against H2O2-induced cytotoxicity, the amount of the

LDH released into the culture medium was measured. After

cells were exposed to 200 lM H2O2, LDH leakage was

increased to 814.46 ± 41.02 % of the control value, but

this was markedly reduced to 530.27 ± 41.65 %,

382.17 ± 27.20 %, and 265.93 ± 19.99 % by EAL pre-

treatment at 20, 40, and 80 lg/mL, respectively (Fig. 1b).

Effects of EAL on H2O2-Induced Apoptosis in SH-

SY5Y Cells

The control SH-SY5Y cells grew well and had round cell

bodies under phase-contrast microscopy (Fig. 2a). How-

ever, incubation with 200 lM H2O2 for 3 h led to

decreases in the number of viable cells, shrinkage, and

aggregation of cell bodies. In contrast, pretreatment with

EAL significantly attenuated the morphological changes of

cell damage.

Furthermore, Hoechst 33342 staining and TUNEL assay

were performed to investigate whether EAL inhibited

H2O2-induced apoptosis. As shown in Fig. 2b, nuclear

condensation was presented in cells treated with H2O2.

Meanwhile, TUNEL assay with DAPI staining indicated

that DNA fragmentation was detected after H2O2 exposure

(Fig. 3). However, pretreatment with EAL inhibited these

characteristics of apoptosis.

Fig. 1 Effects of EAL on H2O2-induced cytotoxicity in SH-SY5Y

cells. a The cell viability was measured by MTT assay. b The release

of LDH into extracellular medium was assessed by using the LDH

assay. SH-SY5Y cells were pretreated with EAL for 12 h (20, 40, and

80 lg/mL) prior to 200 lM H2O2 for 3 h. Data were shown as

mean ± SD (n = 4). ##p \ 0.01 versus the control group. *p \ 0.05

and **p \ 0.01 versus the H2O2-treated group
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Effects of EAL on the Activities of GSH-Px and SOD,

and MDA Production

Exposure of the cells to 200 lM H2O2 reduced the activ-

ities of GSH-Px and SOD to 55.03 % and 50.09 % of the

control values, respectively (Fig. 4a, b). However, these

effects were significantly reversed by pretreatment with

EAL. Further, after incubation of SH-SY5Y cells with

200 lM H2O2, the MDA level was markedly increased to

219.43 % relative to the control group, whereas EAL

reduced the MDA production in a dose-dependent manner

(Fig. 4c).

Fig. 2 Effects of EAL on cell

morphological changes induced

by H2O2 in SH-SY5Y cells.

a Morphological changes of

SH-SY5Y cells were observed

under a phase-contrast

microscopy. b Nuclear

morphological changes of the

cells were observed using a

fluorescence microscopy after

Hoechst 33342 staining. Cells

were pretreated with EAL at the

indicated concentration for 12 h

and then treated with 200 lM

H2O2 for 3 h

Fig. 3 Effects of EAL on H2O2-induced apoptosis in SH-SY5Y cells.

a Representative photographs of fluorescent staining for DAPI (blue)

and TUNEL (green). b Quantification analysis of TUNEL-positive

cells. Cells were incubated with indicated concentrations of EAL for

12 h before exposure to 200 lM H2O2 for 3 h. Data are shown as

mean ± SD (n = 3). ##p \ 0.01 versus the control group. *p \ 0.05

and **p \ 0.01 versus the H2O2-treated group (Color figure online)
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Radical Scavenging Activity of EAL

The radical scavenging activity of EAL with the ABTS

method is shown in Fig. 4d. The inhibition rates of ABTS

radical cations by EAL were 8.31 ± 1.48 %,

17.76 ± 1.55 %, 41.12 ± 1.80 %, and 80.72 ± 1.22 % at

20, 40, 80, and 160 lg/mL, respectively. In addition, the

IC50 value for EAL in the ABTS antioxidant capacity assay

was 83.48 lg/mL.

Effects of EAL on Intracellular ROS Production

As shown in Fig. 5, when the cells were exposed to 200 lM

H2O2 alone, the intracellular ROS level was 196.7 ±

14.92 % of the control group. However, pretreatment with

increasing concentrations of EAL at 20, 40, and 80 lg/mL

significantly reduced the ROS production to 173.51 ±

10.85 %, 137.45 ± 9.86 %, and 121.54 ± 8.22 %,

respectively.

Fig. 4 Effects of EAL on

(a) GSH-Px activities, (b) SOD

activities and (c) MDA levels in

H2O2-treated cells. Cells were

incubated with different

concentrations of EAL for 12 h

before exposed to 200 lM H2O2

for 3 h. Data are shown as

mean ± SD (n = 3). ##p \ 0.01

versus the control group.

*p \ 0.05 and **p \ 0.01

versus the H2O2-treated group.

d Radical scavenging activity of

EAL by ABTS assay. Inhibition

is presented as percent

inhibitions of ABTS radical

cations compared with the

control value

Fig. 5 Effects of EAL on H2O2-induced intracellular ROS produc-

tion in SH-SY5Y cells. Cells were pretreated with different concen-

trations of EAL for 12 h and then exposed to 200 lM H2O2 for 3 h.

ROS production was assessed with DCFH-DA fluorescence dye.

a Control. b 200 lM H2O2. c 200 lM H2O2 ? 20 lg/mL EAL.

d 200 lM H2O2 ? 40 lg/mL EAL. e 200 lM H2O2 ? 80 lg/mL

EAL. f The quantitative analysis of the mean DCF fluorescent

intensity. Fifteen random fields of immunostained SH-SY5Y cells

were chosen by using a 940 objective. ##p \ 0.01 versus the control

group. *p \ 0.05 and **p \ 0.01 versus the H2O2-treated group

(n = 3)

340 Cell Mol Neurobiol (2015) 35:335–344

123



Effects of EAL on MMP

As illustrated in Fig. 6, the SH-SY5Y cells that treated

with 200 lM H2O2 showed a significant decrease in MMP,

62.41 ± 4.59 % of the control group. In contrast, the

fluorescence intensity of MMP was increased to

69.80 ± 5.29 %, 76.37 ± 4.12 %, and 83.82 ± 5.16 % by

EAL at 20, 40, and 80 lg/mL, respectively.

Effects of EAL on Caspase-3 and Caspase-9 Activities

After exposure to 200 lM H2O2, the activity of caspase-3

was significantly increased to about 4.21-fold higher than

the control group. In contrast, EAL pretreatment inhibited

caspase-3 activity by 25.37, 49.43, and 62.27 % at 20, 40,

and 80 lg/mL, respectively. Caspase-9 activity showed the

similar trend (Fig. 7).

Effects of EAL on Protein Expressions

The Bax/Bcl-2 ratio was markedly increased to

602.94 ± 33.26 % of the control group after incubation of

SH-SY5Y cells with 200 lM H2O2. Meanwhile, the release

of cytochrome c was remarkably increased to 342.5 ±

19.03 % of the control value (Fig. 8). However, EAL sig-

nificantly suppressed these trends.

Also, treatment of SH-SY5Y cells with 200 lM H2O2

markedly induced the up-regulation of caspase-3 to

275.82 ± 22.12 % of the control group. In contrast, the up-

regulation of caspase-3 was significantly inhibited by 20, 40,

and 80 lg/mL EAL to 237.53 ± 16.75 %, 190.55 ± 13.33 %,

and 168.57 ± 11.67 % of the control value, respectively.

Similar results were observed in caspase-9 protein expression.

Discussion

Considerable efforts have been made in the search for

natural substances with neuroprotective activities (Wang

et al. 2014). Excessive H2O2 plays an important role in

neuronal damage and subsequent cell death, while antiox-

idants attenuate oxidative stress by neutralizing free radi-

cals such as ROS (Kumar and Khanum 2013). Therefore,

H2O2-induced cytotoxicity is the common model applied to

Fig. 6 Effects of EAL on H2O2-induced MMP loss in SH-SY5Y

cells. After treated with EAL for 12 h, SH-SY5Y cells were exposed

to 200 lM H2O2 for 3 h. MMP was determined by Rhodamine 123

fluorescence dye. a Control. b 200 lM H2O2. c 200 lM

H2O2 ? 20 lg/mL EAL. d 200 lM H2O2 ? 40 lg/mL EAL.

e 200 lM H2O2 ? 80 lg/mL EAL. f The quantitative analysis of

the mean rhodamine 123 fluorescent intensity. ##p \ 0.01 versus the

control group. *p \ 0.05 and **p \ 0.01 versus the H2O2-treated

group (n = 3)

Fig. 7 Effects of EAL on

enzymatic activities of

a caspase-3 and b caspase-9.

Cells were pretreated with

different concentrations of EAL

for 12 h prior to 200 lM H2O2

for 3 h. ##p \ 0.01 versus the

control group. *p \ 0.05 and

**p \ 0.01 versus the H2O2-

treated group (n = 3)
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the investigation of neuroprotective antioxidants. In the

present study, pretreatment of EAL inhibited decreases in

cell viability, LDH release, and morphological changes in

H2O2-treated cells. Considering the protective effect exer-

ted by EAL on H2O2-induced cytotoxicity, EAL may be of

value in neurodegenerative diseases and its underlying

mechanisms need further investigation.

Exposure to free radicals is usually unavoidable for

organisms in an aerobic environment. Normally, cells

possess their own antioxidant defense system, mainly

comprised of three major antioxidant enzymes, catalase

(CAT), GPx and SOD, and a number of small non-enzyme

molecules, such as oxidized and reduced glutathione(GSH)

(Valko et al. 2007). By using reduced GSH, GPx catalyzes

the reduction of peroxide to form oxidized GSH (GSSG)

and water. In addition, SOD possesses the ability to cata-

lyze the conversion of O2
- to hydrogen peroxide, while

CAT converts hydrogen peroxide to water and oxygen.

However, in H2O2-treated cells, H2O2 causes an imbalance

between antioxidants defense system and the production of

ROS, in favor of the later and leading to cellular disruption.

This phenomenon is consistent with previous studies (Azmi

et al. 2013; Guizani et al. 2011). In EAL treated cells,

reversal of these effects suggests that EAL attenuated

H2O2-induced oxidative damage via decreases in intracel-

lular lipid peroxidation levels and increases in the activities

of intracellular antioxidant enzymes. Moreover, earlier

studies have indicated that H2O2 also decreases protein and

mRNA levels of GSH-Px and SOD (Choi et al. 2014;

Kumar and Khanum 2013). However, whether EAL has

effects on protein and mRNA levels of these antioxidant

enzymes need further research.

Oxidative stress has been observed to be involved in the

development of mitochondrial dysfunctions, as contribut-

ing to open the mitochondrial permeability transition pore,

resulting in depolarization of the MMP (Beal 2005; Ve-

nuprasad et al. 2013). Further, decreases in the integrity of

the mitochondria could cause decreases in adenosine tri-

phosphate production and increases in ROS production

(Somayajulu et al. 2005). In addition, sustained elevated

ROS levels may in turn impair mitochondrial function, and

over-activate phospholipases and proteases, leading to

Fig. 8 Effects of EAL on protein expressions in H2O2-treated SH-

SY5Y cells. After treated with EAL for 12 h, SH-SY5Y cells were

incubated with 200 lM H2O2 for 3 h. a Bax, Bcl-2, b cytochrome c,

c caspase-3 and d caspase-9 proteins were detected by western blot

analysis. Data are shown as mean ± SD (n = 3). ##p \ 0.01 versus

the control group. *p \ 0.05 and **p \ 0.01 versus the H2O2-treated

group
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irreversible membrane, chromatin, and organelle damage

and ultimately cell death (Dumont and Beal 2011). We

found that MMP was decreased in H2O2-treated cells,

while EAL pretreatment reduced mitochondrial membrane

depolarization. Therefore, we hypothesized that the ability

of EAL to inhibit ROS formation may attribute to the

preservation of MMP.

Previous study has shown that mitochondria-dependent

apoptotic pathways are associated with H2O2-induced

cytotoxicity in SH-SY5Y cells (Kwon et al. 2011). The

antiapoptotic factor Bcl-2 that located in the outer mito-

chondrial membrane promotes cell survival. During the

initiation phase of apoptosis, the pro-apoptotic factor Bax

translocates from cytoplasm to the mitochondria and

increases mitochondrial membrane permeability. More-

over, increased mitochondrial permeability can trigger the

release of cytochrome c from the mitochondria to the

cytosol, leading to activation of caspase-9, and then acti-

vation of caspase-3. Caspases are the family of cysteine

proteases that are responsible for modulating cell death.

Among them, caspase-3 is one of the main apoptotic

executors and plays an essential role in neuronal apoptosis

(Le et al. 2002). And caspase-9 is a major activator

involved in mitochondrial-mediated apoptotic pathways

attributing to caspase-3 activation. Following exposure to

H2O2, the activated caspase-3 could stimulate DNA frag-

mentation factor, in turn activating endonucleases to cleave

chromatin and eventually leads to cell death (Han et al.

2002; Kim et al. 2011). In addition, enzymatic activities of

caspase-3 and caspase-9 were up-regulated by H2O2

treatment. However, these effects were reversed by EAL

pretreatment. Therefore, our data indicate that the inhibi-

tion of cytochrome c release and apoptosis-related proteins

activation may contribute to protection of EAL against

H2O2-induced apoptosis.

Conclusion

In conclusion, the present study suggests that EAL can

provide protection against H2O2-induced cell death by its

antioxidant and antiapoptotic activities in SH-SY5Y

cells. The protective effects of EAL may be mediated by

the recovery of antioxidant enzymes activities, the

reduction of lipid peroxidation, and ROS generation.

Moreover, neuroprotective mechanisms of EAL may be

associated with apoptosis inhibition by increases in the

Bcl-2/Bax ratio, decreases in cytochrome c release, and

attenuation of caspase-3 and caspase-9 activities and

expressions. Together, these data suggest that EAL may

be a potential neuroprotective source for treating neuro-

degenerative disorders such as Parkinson’s and Alzhei-

mer’s diseases.
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