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Abstract In this study, the anti-oxidative and neuro-pro-

tective effects of ethanolic extracts of the dried roots of

Allium hookeri were investigated. Total phenolic contents

and total flavonoid contents of A. hookeri extract depended

on the ethanol concentrations used (50, 70 and 95%). In

order to evaluate radical scavenging activity, DPPH and

ABTS radical scavenging assays and ferric reducing

powers were evaluated. The results showed the 95%

ethanol extract of A. hookeri (95AH) had higher phenolic

and flavonoid contents, and greater radical scavenging

activities than 50 or 70% ethanol extracts of A. hookeri.

The neuro-protective effects of 95AH were evaluated using

H2O2-treated PC12 neuronal cells. Treatment of 95AH

increased cell viability and superoxide dismutase and glu-

tathione peroxidase activities, reduced lactate dehydro-

genate release, reduced reactive oxygen species

production, and increased Bcl-2/Bax ratio. HPLC revealed

95AH was rich in phenolics, especially catechin. These

results demonstrate 95AH has substantial anti-oxidative

and neuro-protective effects against H2O2-induced oxida-

tive stress.

Keywords Allium hookeri � Antioxidant � Neuro-
protection � Phenolics � Flavonoids

Introduction

Research interest in the development of treatments for

neurodegenerative diseases like Parkinson’s and Alzhei-

mer’s diseases continues to increase (Kim et al., 2017).

Although the etiologies of brain neurodegenerative dis-

eases have not been clearly elucidated, it has been shown

the main cause is reactive oxygen species (ROS). There-

fore, much attention has been focused on the development

and research of antioxidants to control oxidative stress and

free radical levels which are unstable, potent oxidants that

easily react with many biomaterials, and in so doing cause

oxidative stress (Park et al., 2016).

ROS are naturally occurring and are produced during

normal metabolism (Kim et al., 2017), but when ROS

components like superoxide anion (O2•-), hydroxyl radical
(•OH), hydrogen peroxide (H2O2), singlet oxygen (1O2),

and hypochlorous acid (HOCl) accumulate, they cause

lipid peroxidation, protein oxidation, and DNA modifica-

tion,which prevent cells functioning normally, and thus,

cause cell death (Das and Roychoudhury, 2014; Park et al.,

2016). The brain is an organ that utilizes much oxygen and

contains high levels of lipid peroxides. However, antioxi-

dant enzyme systems and molecular antioxidants are less

active or present at lower levels in the brain than in other

tissues (Cobley et al., 2018). Furthermore, the brain is
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highly susceptible to oxidative damage by ROS and free

radicals, and resulting damage is believed to be closely

related to neuronal death and neurodegenerative diseases.

Awareness of the possibility of preventing age-related

diseases is increasing. Also, health functional foods from

plants resources have attracted attention, because it has less

side effects and toxicity than artificial antioxidants (Kim

et al., 2010; Song et al., 2000).

Allium hookeri is a member of the onion family (Allium

sp.) and is widely grown in China, India, Bhutan, Myan-

mar, and East Asia (Bae and Bae, 2012; Lee et al., 2014).

A. hookeri has an pungent odor like other members of this

family and generates sweet, bitter, and spicy sensations

when eaten. In China, A. hookeri has been used for

medicinal purposes for more than 3000 years, and its

leaves, sprouts, and roots are widely eaten (Ghahremani-

majd et al., 2012; Rhyu and Park, 2013). It is also used as

an alternative to onion (Allium cepta) and garlic (Allium

sativum), but has higher levels of dietary sulfur than garlic

and contains more phytosterol and total phenol than onions

(Park et al., 2016). Recently, a Korean study (Park and

Yoon, 2014) reported A. hookeri contains about six times

the level of sulfur-containing compounds than garlic. In

addition, A. hookeri has also been shown to have anti-

inflammatory, anti-cancer, antioxidant, and anti-diabetic

effects (Kim, 2017; Lee et al., 2014; Rhyu and Park, 2013).

The previous reports of bioactive compounds of A.

hookeri were limited to sulfur-containing compounds

(Rhyu and Park, 2013; Roh et al., 2016; Yang et al., 2017)

and relatively few studies have been investigated the

antioxidant and neuroprotective effects of A. hookeri and

its phenolic compound. In the Jung et al. study (2016),

essential oil from garlic or A. hookeri was administrated to

mice and evaluated the neurogenesis effects on the mice

brain. Results indicated A. hookeri essential oil reduced

novel object recognition, neuroblast differentiation and

neurogenesis proteins expression in mice brain, which was

contrary to the garlic administration. In the Jeong et al.

Study (2016), however, safe dosage was considered only

for garlic. As it has been reported that high consuming of

sulfur is toxic, thus purification for A. hookeri is necessary

for diet (Lee et al., 2017).

Therefore, in the present study, we examined the

antioxidant effects of the ethanolic extracts of the dried

roots of domestic A. hookeri on hydrogen peroxide exposed

PC12 cells. In addition, major phenolic compound, which

is supposed to be attribute to antioxidative effect, was

identified.

Materials and methods

Materials

Folin-Ciocalteu reagent, DPPH, ABTS, TPTZ, gallic acid,

MTT, 2’7’-dichlorofluorescein diacetate (DCF-DA) and

catechin were purchased from Sigma-Aldrich (St. Louis,

MO, USA). RPMI 1640, fetal bovine serum and phosphate

buffered saline were purchased from Gibco (Waltham,

MA, USA). Superoxide dismutase (SOD) and glutathione

peroxidase (GSH-Px) enzyme assay kits were purchased

from Cayman Chemical (Ann Arbor, MI, USA). Primary

antibodies Bax were from Cell signaling Technology

(Danvers, MA, USA) and Bcl-2 was from Santa Cruz

Biotechnology Inc. (Santa Cruz, CA, USA). Secondary

antibodies were purchased from Bio-Rad Co. (Hercules,

CA, USA). All other chemicals were analytical grade.

Sample preparation and extraction

Roots of fresh A. hookeri were purchased in Jincheon-gun,

Chungcheongbuk-do province in March 2019, and then air

dried at 20 ± 5 �C for 2 weeks. Dried A. hookeri (20 g)

was extracted with 200 mL (w/v) of 50, 70 or 95% ethanol

for 2 h at 50 �C twice and filtered through filter paper (No.

2, Whatman, Maidstone, UK). Filtrates were evaporated to

dryness under vacuum at 50 �C using a rotary evaporator

(EYELA N-1000, Riakikiai Co., Ltd., Tokyo, Japan) and

freeze-dried (IlShin Co., Ltd., Yangju, Korea). Powdered

samples of the 50, 70, and 95% A. hookeri extracts (50AH,

Table 1 Total phenolic and flavonoid contents of the 50, 70, and 95% ethanol extracts of A. hookeri

Extract solvent Yield (%) Total phenolic contents (mg GAEa)/g) Total flavonoids contents (mg NEb)/g)

50% EtOH 16.0 0.14 ± 0.01b 0.07 ± 0.01b

70% EtOH 11.3 0.11 ± 0.02c 0.04 ± 0.01b

95% EtOH 10.7 2.21 ± 0.02a 0.27 ± 0.03a

Results are presented as means ± SDs of three independent experiments

Values in the same column with different letters are significantly different from one another (p\ 0.05)
aGAE, gallic acid equivalents on dry weight
bNE, naringin equivalents
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75AH, and 95AH, respectively) were stored at -20 �C
until required.

Total phenolic and flavonoid contents

Total phenolic contents of the three extracts were deter-

mined using the Folin-Ciocalteu method (Park et al., 2016;

Sapkota et al., 2010), with minor modifications. Samples

and Folin-Ciocalteu reagent were mixed in 96-well plate,

left for 3 min, and then 2% sodium carbonate was added

and incubated at room temperature in the dark for 2 h.

Absorbances were then measured using spectrophotometer

(SpectraMax M3; Molecular Devices, LLC, Sunny-

vale,CA, USA) at 760 nm. Gallic acid was used to produce

the calibration curve, and results were expressed as mg

gallic acid equivalents (GAE)/g of dry weight of A.

hookeri.

Total flavonoid contents of extracts were determined

using an aluminum chloride colorimetry-based method

(Chang et al., 2002) with slight modification. Samples and

2% aluminium chloride methanolic solution were mixed in

a 96-well plate and allowed to stand at room temperature

for 15 min. Absorbances were measured using a spec-

trophotometer at 430 nm. Naringin was used to produce the

calibration curve. Results are expressed as mg naringin

equivalents (NE)/g of dry weight of A. hookeri.

DPPH radical scavenging activity

DPPH radical scavenging activity was measured as previ-

ously described by Mensor et al. (2001). Three hundred

microliters of DPPH solution was mixed with 50AH,

70AH, or 95AH samples in a 96-well plate and incubated

in the dark for 30 min. Absorbances were measured at

515 nm using a spectrophotometer. Percentage scavenging

activities of DPPH radicals were calculated using the fol-

lowing formula.

DPPH radical scavenging activity %ð Þ
¼ 1� ABSsample=ABScontrol

� �
� 100

where ABScontrol is the absorbance of DPPH solution with

distilled water and ABSsample is extract absorbance in

DPPH solution.

ABTS radical scavenging activity

ABTS radical scavenging activity was measured as

described previously by Re et al. (1999). A stock solution

of 7.4 mM ABTS and 2.45 mM potassium persulfate

solution (1:1) was prepared and kept in 12–16 h at room

temperature in the dark in produce ABTS radicals. This

solution was then adjusted to an absorbance of 0.7 ± 0.02

at 732 nm using 50 mM phosphate buffer saline (pH 7.4)

and mixed with 50AH, 70AH, or 95AH samples in a

96-well plate. The plate was then incubated in the dark for

30 min and absorbances were measured at 732 nm. Radical

scavenging activities were expressed as percentage (%) of

that of controls using distilled water.

ABTS radical scavenging activity %ð Þ
¼ 1� ABSsample=ABScontrol

� �
� 100

where ABScontrol is the absorbance of ABTS solution with

distilled water and ABSsample is the absorbance of extract in

ABTS solution.

Ferric reducing antioxidant power (FRAP)

FRAP was measured using the Benzie & Strain method

(1996) with slight modification. FRAP reagent was pre-

pared by dissolving 300 mM acetate buffer (pH 3.6),

10 mM TPTZ containing 40 mM HCl and 20 mM ferric

chloride in distilled water and heating the mixture at 37 �C
for 10–15 min. 50AH, 70AH, or 95AH and FRAP reagent

were mixed thoroughly and kept at 37 �C for 4 min, and

absorbances were measured at 593 nm. Reducing powers

were expressed as lM ascorbic acid equivalents (AAE)/g

of dry weight.

Cell culture

PC12 cells (a rat adrenal pheochromocytoma cell-line)

were purchased from the Korean Cell Line Bank (Seoul,

Korea). Cells were cultured in RPMI supplemented with

10% fetal bovine serum, 5% horse serum, 50 unit/mL of

penicillin and 100 mg/mL of streptomycin and were

incubated at 37 �C in a 5% CO2 -95% air incubator.

MTT assay

PC12 viability after exposure to H2O2 (200 lM) was

determined using an MTT assay. Cells were seeded at

3 9 104cells/well in 96-well plates and pretreated with

95AH (50–200 lg/mL) for 24 h. After exposure to H2O2

(200 lM) for 2 h, cells were stained with MTT solution

(5 mg/mL in PBS) for 4 h, and after removing super-

natants, formazan was dissolved using DMSO. Absor-

bances were measured using a spectrophotometer at

570 nm. Cell viabilities were expressed as percentages of

the non-treated control.

Lactate dehydrogenase (LDH) release

LDH release was measured using an LDH detection kit

(TaKaRa, Ohtsu, Japan). Briefly, cells were seeded at

3 9 104cells/well in 96-well plates and then treated in the

same way as in MTT assays as described above. After cells
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have been exposed to H2O2 (200 lM) for 2 h, culture

supernatants were placed in a 96-well plate and LDH

reagent was added and allowed to react for 20 min. The

reaction was stopped by adding 1 N HCl and LDH release

was determined by measuring absorbance at 450 nm using

spectrophotometer. LDH release from cells was expressed

as percentage of the non-treated control.

ROS measurement

In order to measure intracellular ROS contents, we used the

oxidation sensitive fluorescence probe DCF-DA. Briefly,

PC12 cells (3 9 104 cells/well) were incubated in 96-well

plate and treated as MTT assay above. After being exposed

to H2O2 (200 lM) for 2 h, cells were stained with 50 lM
DCF-DA dye solution at 37 �C for 50 min. Cellular fluo-

rescence was measured using a fluorescence microplate

reader (BioTek, Winooski, VT, USA) at excitation and

emission wavelengths of 485 and 528 nm, respectively.

Antioxidant enzymatic activity

In order to determine cellular antioxidant enzyme activi-

ties, PC12 cells were plated at 3 9 105 cells/mL in 6-well

plates for 24 h, treated with 50, 100 or 200 lg/mL of 95AH

for 24 h, and then exposed to 200 lM H2O2 for 2 h. Cells

were then washed twice with ice-cold PBS and lysed in

RIPA buffer (Sigma Aldrich). Lysates were centrifuged at

12,000 9 g for 20 min at 4 �C, and protein concentrations

in lysates were determined using the Bradford assay (Bio-

Rad, Hercules, CA, USA). SOD activity was measured as

Xu et al. (2011) described. GSH-Px activity was measured

as Kang et al. (2012) described. Enzyme activities in 95AH

treated samples were expressed as percentages of non-

treated control values.

Western blot analysis

PC12 cells were plated at 3 9 105 cells/mL in 6-well plates

for 24 h, treated with 50 or 100 lg/mL of 95AH for 24 h,

and exposed to 200 lM H2O2 for 2 h. They were then

washed twice with ice-cold PBS, and lysed in RIPA, and

centrifuged at 12,000 9 g for 20 min at 4 �C. Protein

concentrations in lysates were determined using the Brad-

ford assay. Western blotting was conducted by loading

15 lg/mL of total proteins into 10 and 12% SDS poly-

acrylamide gels. After separation, proteins were transferred

to nitrocellulose membranes, which were blocked for 1 h at

room temperature in Tween-Tris-buffered saline containing

5% skim milk, washed three times with PBS, incubated

with primary antibodies (rabbit polyclonal to Bax and

polyclonal to actin, 1:1000 dilution, and mouse monoclonal

to Bcl-2, 1:1000 dilution) overnight at 4 �C with gentle

agitation, washed three times with PBS, and blotted for 1 h

at room temperature with secondary antibodies (1:4000

dilution). Finally, immunoblotted protein bands were

detected using ECL solution (Amersham Corp., Tokyo,

Japan).

HPLC analysis

Major phenols in 95AH were analyzed as previously

described by Park et al. (2016) with minor modification

using HPLC equipped with a diode array detector (HPLC–

DAD, Dionex, Sunnylvale, CA, USA) and a C18 column

(4.6 mm 9 250 mm; GL Sciences Co., Ltd., Tokyo,

Japan). The mobile phase consisted of (A): methanol and

(B): 0.1% formic acid, and elution was conducted using

linear gradients, as follows: 0–10% A (0–1 min), 10–50%

A (1–30 min). The injection volume was 10 lL, flow rate

was 0.34 mL/min, and UV detection was performed at

270 nm. Peaks were identified by comparing retention

times and UV–Vis spectra with those of commercial

standards. Quantification was determined using standard

curve of the compound of a range of 0.25–1 mg/mL.

Statistical analysis

Intergroup comparisons were performed using analysis of

variance followed by Duncan’s multiple range test in

PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).

Results are presented as the means ± standard deviations

(SDs) of at least three independent experiments. Statistical

significance was accepted for p values\ 0.05.

Results and discussion

Total phenolic and flavonoid contents

The yields of A. hookeri 50AH, 70AH, or 95AH extracts

were 16.0, 11.3 and 10.7%, respectively (data not shown)

Phenolics are secondary metabolites with various

structures and are widely distributed in the plant kingdom.

It has been reported plant-derived phenolics have numer-

ous bioactivities such as antidiabetic, anticholesterol,

anticancer, and antioxidant effects (Jeong et al., 2007), and

in particular, polyphenols are known to protect against free

radical attack in vivo. Free radicals are molecules con-

taining unpair electrons. They remove electrons from

neighboring molecules to stabilize themselves in the initial

stage of oxidation molecules (Sakihama et al., 2002). This

molecular oxidation by electron transfer accelerates body

aging and many diseases (Valko et al., 2007). The hydroxyl

groups of phenolics act as hydrogen donors, and thus,

stabilize the unpaired electrons and scavenge ROS (Kwon
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et al., 2011; Sakamoto and Imai, 2017). Total phenolic and

flavonoid contents of A. hookeri depended on the ethanol

concentration used for extraction (Table 1). Total phenolic

contents of 50AH, 70AH, and 95AH were 0.14, 0.11, and

2.21 mg GAE/g of dry weight, respectively, and total fla-

vonoid contents were 0.07, 0.04 and 0.27 mg NE/g of dry

weight, respectively. 95AH had higher total phenolic and

flavonoids than the other two extracts.

In a study by Lee et al. (2014) total phenolic contents of

an 80% ethanol extract were greater than in a water extract

of A. hookeri root part. In the present study, 95AH contains

the highest amount of flavonoid contents among three

extracts, which also agrees with the findings of Lee et al.

(2014) who reported A. hookeri is polyphenol rich and

flavonoid poor.

Radical scavenging activity

Plant phenols and flavonoids have strong antioxidative

activities, and their bioactivities are largely dependent on

their phenol and flavonoid contents (You et al., 2018). The

various compounds in plants show different antioxidative

effects (Park et al., 2016), and in the present study, we used

DPPH and ABTS radical scavenging assays to evaluate

these effects and we also measured ferric reducing powers.

The DPPH radical scavenging assay is widely used to

evaluate the free radical scavenging activities of antioxi-

dants from natural sources. DPPH accept electrons or

hydrogen from bioactive substances such as ascorbic acid,

tocopherol, and polyhydroxy and aromatic compounds, and

forms stable species and is decolorized when reduced

(Kwon et al., 2011). Figure 1A shows 50AH, 70AH, or

95AH dose-dependently increased radical scavenging

activities. At a concentration of 1000 lg/mL the radical

Fig. 1 Effects of ethanol concentration during extraction on the

antioxidative activities of A. hookeri extracts. (A) DPPH radical

scavenging activities. (B) ATBS radical scavenging activities.

(C) Ferric reducing antioxidant powers. Results are presented as

means ± SDs of three independent experiments. Data with different

letters represent statistical differences from one another (p\0.05).
1)AAE, ascorbic acid equivalent

Antioxidative & neuroprotective A. hookeri 1523
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scavenging effects of 50AH, 70AH, and 95AH were 5.38,

29.89, and 37.14%, respectively.

ABTS radicals are generated by ABTS salt and potas-

sium persulfate (a strong oxidizing agent). When the ABTS

radicals encounter the antioxidant scavengers, its dark

green color fade rapidly (Hwang et al., 2016). As shown in

Fig. 1B, 50AH, 70AH, or 95AH dose-dependently scav-

enged radicals, and at 1000 lg/mL, their radical scaveng-

ing activities of 50AH, 70AH and 95AH were 5.47, 10.43,

and 47.89%, respectively.

The ferric reducing power assay evaluates the reduction

of the ferric to ferrous ion by antioxidants (Benzie and

Strain, 1996). As shown in Fig. 1C, 50AH, 70AH, and

95AH at 1000 lg/mL had FRAP values of 1.41, 1.57, and

33.76 lM AAE, respectively. These results showed 95AH

had the highest antioxidative activity, which matched

phenolic and flavonoid contents. There are reports that the

phenolic contents of plants are positively related to

antioxidative effects, and the phenolic contents of Allium

sp. plants were well correlated with DPPH and ABTS

radical scavenging activity and FRAP results (Ghahremani-

majd et al., 2012; Hong et al., 2011; Jeong et al., 2007).

Jeong et al. (2007) also demonstrated that the bioactivities

of phenolics are due to reactions between phenolic

hydroxyls and large molecules such as proteins and

enzymes (Kim et al., 2007).

Protective effect of A. Hookeri extract on H2O2

treated PC12 cells

H2O2 is an ROS produced under stressful conditions, and

high concentrations of intracellular H2O2 are believed to

mediate oxidative stress-induced cytotoxicity (Benzie and

Strain, 1996). In PC12 cells, oxidative stress was produced

by treating them with H2O2 (200 lM) for 2 h. This expo-

sure to H2O2 reduced cells viability to 42.46% versus non-

treated controls (Fig. 2A). However, 95AH pretreatment at

50, 100, and 200 lg/mL increased cells viability to 50.65,

58.64, and 70.27%, respectively (p\ 0.05).

Neuronal cells contain much more unsaturated fatty acid

rather than other cells. Therefore, when cells are damaged

and cell membranes are compromised, LDH (a cytoplasmic

enzyme) is released to media (You et al., 2018). As Fig. 2B

shows, 200 lM H2O2 increased LDH leakage by 33.60%

versus non-treated controls, and pretreatment with 50, 100,

and 200 lg/mL of 95AH reduced LDH leakage by

respective 7.76, 11.01, and 16.70% versus non-pretreated

controls (p\ 0.05).

At low concentrations, H2O2 regulates physiological

processes like senescence, photosynthesis, cell cycle,

growth, and development. In addition, H2O2 can easy to

penetrate cell membranes and readily reacts with intracel-

lular metal ions (Das and Roychoudhury, 2014). Further-

more, the over production of H2O2 can damage cellular

molecules such as proteins, RNA, and DNA (Ren et al.,

2010). It has been reported that Allium sp. possess

antioxidant activity because it contains vitamins and fla-

vonoids with antioxidant effects (Yin and Cheng, 1998). In

a study by Kim et al. (2017), the neuronal protective cell

viability was found to be greater for ethanol than water

extracts of A. hookeri when cells were challenged with

glutamate. We believe the protective effect of 95AH on

H2O2 treated PC12 cells observed in the present study was

due to the antioxidative effects of phenolics and flavonoids

in 95AH.

Fig. 2 Protective effects of 95AH on PC12 cells against H2O2

oxidative stress. (A) Cell viabilities. (B) LDH release. Cells were

pretreated 95AH for 24 h and then incubated with or without 200 mM

of H2O2 for 2 h. CTL, control; 95AH, 95% ethanol extract of A.

hookeri. Results are presented as the means ± SDs of three

independent experiments Data with different letters represent statis-

tical differences from one another (p\0.05)

1524 S. H. Rho et al.
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Antioxidant defense system of A. hookeri extract

on H2O2-treated PC12 cells

Elevated intracellular ROS levels are related to various

chronic diseases and many studies have shown reductions

in elevated ROS levels have cytoprotective effects (Park

et al., 2016). DCF-DA is a non-polar compound that dif-

fuses into cells and is then converted into a non-fluorescent

polar derivative (DCFH) by cellular esterases. In the pre-

sent of excessive intracellular ROS, cell membrane-im-

permeable DCFH is oxidized to the highly fluorescent

DCF-DA (Hwang et al., 2016). In the present study

(Fig. 3A), treatment of 200 lM H2O2 increased ROS levels

by 72.50% versus non-treated controls. However, pre-

treatment with 50, 100, and 200 lg/mL of 95AH reduced

ROS levels by respective 24.40, 27.76, and 27.44% versus

non-pretreated controls (p\ 0.05).

It has been reported that Allium sp. has notable antioxi-

dant effects (Yin and Cheng, 1998). In a study by Kim

et al. (2017), an A. hookeri extract effectively inhibited

ROS production in glutamate treated neuronal cells. Rho

et al. (2016) also demonstrated that the administration of A.

hookeri extract inhibited ROS levels in serum and the

pancreatic tissues of type 1 diabetic mice. These results

suggest the inhibitory effect of 95AH on ROS production

in PC12 cells was probably due to its antioxidant activity.

The body possesses various defense systems against

oxidative stress. Under normal conditions, cells maintain

ROS balance using SOD and GSH-Px. Cellular oxidative

stress can be caused by free radicals or by impaired

antioxidant enzyme activities, and the resulting oxidative

imbalance has been shown to be a cause of degenerative

diseases such as cancer, cardiovascular diseases, renal

diseases, neurological disorders, and diabetes (Hwang

et al., 2016; Jaiswal and Rizvi, 2014).

While oxygen is metabolized in aerobic organisms, O2
•-,

a precursor of ROS, is generated and initiate lipid and

protein oxidation (Sakamoto and Imai, 2017). SOD, how-

ever, is a pivotal antioxidative enzyme that converts the

O2
•- to relatively non-toxic H2O2 because H2O2 can oxi-

dized when catalyzed by metal ions (Collin, 2019). Then,

GSH-Px converts H2O2 to oxygen and water (Das and

Roychoudhury, 2014).

Fig. 3 Effect of 95AH on ROS inhibition and antioxidant enzyme

activity in PC12 cells against H2O2 oxidative stress. (A) Intracellular
ROS production. (B) SOD levels. (C) GSH-Px levels. Cells were

pretreated 95AH for 24 h and then incubated with or without 200 mM

of H2O2 for 2 h. CTL, control; 95AH, 95% ethanol extract of A.
hookeri. Results are presented as the means ± SDs of three

independent experiments Data with different letters represent statis-

tical differences from one another (p\0.05)

Antioxidative & neuroprotective A. hookeri 1525
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To determine the effect of 95AH on the antioxidant

potentials of neuronal cells exposed to H2O2 oxidative

stress, we measured antioxidant enzyme activities (Fig. 3B,

C). Treatment with 200 lM H2O2 reduced SOD activity to

76.78% compared to non-treated controls (p\ 0.05).

However, pretreatment with 95AH at 50, 100 and 200 lg/
mL resulted in SOD activities of 85.25, 100.6, and 116.1%,

respectively (p\ 0.05). Regarding GSH-Px activities,

200 lM H2O2 H2O2 treatment reduced GSH-Px activity to

48.04% versus non-treated controls. However, pretreatment

with 50, 100, and 200 lg/mL of 95AH increased this to

48.77, 55.68 and 67.42%, respectively (p\ 0.05).

It was demonstrated that endogenouse or exogenous

(diet or dietary supplement) antioxidants protect cellular

antioxidant systems against oxidative stress. Because they

can balance or increase the levels of antioxidant enzymes

by neutralizing free radicals or activating nuclear factor

erythroid-derived 2-related factor 2, a redox homeostasis

regulator (Kurutas, 2015). Previously, there are similar

results that pretreatment of A. hookeri extract restored

antioxidant enzyme activities. In cultured hepatocyte, 80%

ethanol A. hookeri extract upregulated antioxidant enzyme

activities such as SOD, GSH-Px and catalase against H2O2

(Park et al., 2016). Also, it was shown in an animal study

that administering A. hookeri extract for 4 weeks increased

serum contents of SOD in diabetic mice (Kim, 2017).

These results indicate that 95AH helps maintain the

enzymatic activities of SOD and GSH-Px.

Effect of A. hookeri extract on the expressions

of apoptotic proteins

Mitochondria importantly produce ROS and are particu-

larly vulnerable to oxidative stress (Hwang et al., 2016;

You et al., 2018). In particular, when mitochondria mem-

brane potentials are impaired by oxidative stress, mito-

chondrial energy production is suppressed and apoptosis

follows (Yang et al., 2013). Bcl-2 family proteins (e.g.,

Bax and Bcl-2) regulate cell death and apoptosis. Bcl-2

plays an important anti-apoptotic role, and critically

Fig. 4 Effects of 95AH on the expressions of Bcl-2 and Bax in H2O2

treated PC12 cells. Cells were pretreated with the indicated concen-

trations of 95AH for 24 h and then treated with H2O2 for 2 h. Protein

levels of Bax and Bcl-2 were analyzed by western blotting using actin

as the internal control. (A) Representative protein expressions of Bcl-

2 and Bax. (B) Expression level of Bcl-2. (C) Expression level of

Bax. (D) Bcl-2/Bax ratio. CTL, control; 95AH, 95% ethanol extract

of A. hookeri. The results shown are representative of three

independent experiments. Data with different letters represent statis-

tical differences from one another (p\0.05)
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Fig. 5 HPLC Chromatograms of 50%, 70%, and 95% ethanol A.

hookeri extract and catechin at 270 nm. Phenolic compounds were

identified by comparing retention times and spectrum (RTs) and UV–

Vis spectrum with commercial standards. (A): 50% ethanol A. hookeri
extract. (B): 70% ethanol A. hookeri extract. (C): 95% ethanol A.
hookeri extract. (D): Catechin. All samples were run in triplicate
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inhibits apoptosis when cells are exposed to different

stressors. On the other hand, Bax is pro-apoptotic protein,

and does so by forming heterodimers with and thus deac-

tivating Bcl-2 (Kim et al., 2010).

To investigated the inhibitory effect of 95AH on neu-

ronal cell death, we examined the expressions of proteins

related to apoptosis in H2O2 treated PC12 cells (Fig. 4).

Treatment with 200 lM H2O2 for 2 h significantly

decreased Bcl-2 expression by 28.06%, whereas pretreat-

ment with 100 and 200 lg/mL of 95AH increased Bcl-2

expression by 41.84 and 53.29%, respectively compared

with H2O2 treated PC12 cells (p\ 0.05). On the other

hand, treatment with H2O2 increased Bax expression by

45.90% whereas pretreatment with 100 and 200 lg/mL of

95AH decreased Bax expression by 10.55 and 32.73% as

compared with H2O2 treated PC12 cells (p\ 0.05). The

Bcl-2/Bax protein ratio in 200 lM H2O2 treated PC12 cells

was reduced to 48.38%, but pretreatment with 95AH at 100

and 200 lg/mL increased Bcl-2/Bax ratios by 32.11 and

86.78%, respectively, compared to H2O2 treated cells (both

p\ 0.05).

Previous studies have reported plants used as spices,

such as onions and garlic, contain phenolics with excellent

antioxidant properties, and the antioxidant properties of the

plants effectively improve neuronal diseases such as Alz-

heimer’s disease (Bahaeddin et al., 2016; Lee et al., 2014).

Yang et al. (2013) evaluated the inhibitory effect of onion

ethanol extract in glutamate treated neuronal cells, and

observed it suppressed Bax but increased Bcl-2 protein

expressions, which agrees with our findings.

Identification of major phenolic compound in A.

hookeri extract

A. hookeri contains a variety of bioactive compounds

including proteins, sugars, ascorbic acid, phytochemicals,

and phenolics. In particular, the phenolics in A. hookeri are

known to have considerable antioxidant effects by scav-

enging ROS and free radicals. In addition, many reports

have concluded the redox activities of phenolics help

maintain homeostasis when cells are exposed to various

stresses (Das and Roychoudhury, 2014; Park et al., 2016;

Roh et al., 2016). In a previous study, it was demonstrated

that an ethanol extract of A. hookeri contained several

phenolics, such as gallic acid, protocatechuic acid, cate-

chin, and coumaric acid (Park et al., 2016).

In the present study, we used an HPLC spectroscophy

approach to identify major phenol in 50AH, 70AH and

95AH (Fig. 5). The largest HPLC peak was identified at an

RT of 14.4, 14.3 and 14.6 min in 50AH, 70AH and 95AH,

respectively. The maximum absorption was at 278.5, 279.5

and 278.6 nm in 50AH, 70AH and 95AH UV–Vis spec-

trum, which was similar to the catechin standard (14.4 min

at 278.8 nm). The amounts of catechin in 50AH, 70AH and

95AH were 2.2, 3.1, and 5.2 mg/g of dry weight, respec-

tively (data not shown). Park et al. (2016) demonstrated

that the amount of phenolic was catechin in 80% ethanol A.

hookeri extract and was higher than water A. hookeri

extract, which was similar pattern to the present study. On

the other hand, very small or no peak of other phenolic

compound was detected, showing different results from

Park et al. (2016).

Catechin is main component of green tea and red wine,

and has been reported to have great antioxidative effect and

prevent diseases caused by oxidative stress (Monajjemi

et al., 2011). A previous study reported that catechin from

the onion (Allium cepta L.) effectively scavenged free

radicals and inhibited serum levels of malondialdehyde and

LDL (Jaiswal and Rizvi, 2014). In addition, a strong rela-

tion was observed between the antioxidative effects of

various Allium sp. plants and its catechin content (Beretta

et al., 2017). In this study, it was identified that 95AH has

the highest amount of catechin contents, which was similar

to the effects of radical scavenging and antioxidant

enzymes. Therefore, we speculate that catechin may affect

the antioxidant and protective effects of 95AH on H2O2-

induced oxidative stress.

In the present study, we examined the antioxidant

activities and neuro-protective effects of A. hookeri

extracts obtained using different ethanol concentrations

(50, 70, and 95%). The 95AH was found to have the

highest total phenolic and flavonoid contents, and DPPH,

ABTS, and FRAP assays showed it had greater radical

scavenging activities than the other two extracts. 95AH

was also found to have neuro-protective effects, as it

inhibited oxidative damage and intracellular ROS levels

and increased the activities of SOD and GSH-Px and

increased Bcl-2/Bax ratio. Furthermore, HPLC showed that

catechin was the most abundant phenolic expecially in

95AH. Based on these results, we believe A. hookeri

extract offers a potential treatment for neuronal diseases.
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