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Dear Editor-in-Chief:

We submit this manuscript which entitled "Antioxidant phenolic
profile from ethyl acetate fraction of Fructus Ligustrum Lucidi with
protection against hydrogen peroxide-induced oxidative damage in
SH-SY5Y cells" for publication in the Food and Chemical Toxicology.

Fructus Ligustrum Lucidi (FLL) is commonly used for curing hepatitis
and aging-associated symptoms by traditional Chinese physicians for
centuries. This study evaluated the antioxidant properties and components of
FLL, and further demonstrated their protective effects against hydrogen
peroxide-induced oxidative damage in SH-SY5Y cells. We found FLL
partitioned with ethyl acetate has best antioxidant properties in vitro and
enriched phenolic contents. It further protects oxidative damage caused by
hydrogen peroxide in part from the upregulation of intracellular antioxidant
status and the inhibition of caspase-3 activation. Hydroxytyrosol and
salidroside are major components of ethyl acetate fraction of FLL. Six graphics
(including one supplementary graph) and three tables are presented in this
manuscript.

This paper is an original article and has not been submitted elsewhere
for publications. I hope that it will be considered for publication in the Food
and Chemical Toxicology. Thank you very much for your help and wish to

hear from you very soon.

Sincerely Yours,

Chi-Rei Wu

The School of Chinese Pharmaceutical Sciences and Chinese
Medicine Resources, China Medical University

91, Hsueh Shih Road, Taichung, 40424, Taiwan, R.O.C.

crw@mail.cmu.edu.tw
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Antioxidant phenolic profile from ethyl acetate fraction of Fructus Ligustrum Lucidi
with protection against hydrogen peroxide-induced oxidative damage in SH-SY5Y
cells

Dear editor,
Thank you for your useful comments and suggestions on the language and the
structure of our manuscript. We have modified the manuscript accordingly, and the
detailed corrections are listed below point by point:
1) Research highlights provided should be indicated by bullet points, with a maximum
of 85 characters (including spaces) pre bullet point.

We have corrected research highlights and re-upload the corrected “ Research
highlight” file.

2) Abstract and allist of keywords should be provided before the introduction section.
We have added the abstract and keywords before the “introduction” section and
re-upload the corrected “ manuscript” file.

3) Figure 5 isnot cited in the text.
We have cited Figure 5 in the corrected “ manuscript” file.

4) Please check the suggested reviewers instructions - there should be 4 reviewers of
which 2 should be from a different country to the corresponding author. E-mail
addresses containing hotmail, gmail, and yahoo accounts should not be used.

We have changed two reviewers.

Thank you very much for your help and the manuscript has been resubmitted to your
journal. We look forward to your positive response.

Sincerely Yours,

Chi-Rel Wu

The School of Chinese Pharmaceutical Sciences and Chinese
Medicine Resources

College of Pharmacy

ChinaMedical University

91, Hsueh Shih Road, Taichung, 40424, Taiwan, R.O.C.
crw@mail.cmu.edu.tw
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Abstract

In this study, we demonstrated the antioxidant and protective properties of crude
extract and fractions from Fructus Ligustri Lucidi (FLL) against hydrogen peroxide
(H,0,)-induced oxidative damage in SH-SY5Y cells. The contents of the
phytochemical profiles from FLL crude extracts and fractions were determined by
spectrophotometric methods and high performance liquid chromatography using a
photodiode array detector. FLL crude extract possessed appreciable scavenging
capacity against 1,1-diphenyl-2-picrylhydrazyl and H,O,. The ethyl acetate (EtOAc)
fraction was the most active fraction in scavenging free radicals and H,O,. Following
exposure of cells to H,O,, there was a marked decrease in cell survival and
intracellular antioxidant enzymes. Intracellular oxidative stress, the level of lipid
peroxidation, and caspase-3 activity were increased when cells was exposed to H,O».
Simultaneous treatment with the EtOAc fraction blocked these H,O,-induced cellular
events. Hydroxytyrosol and salidroside are the major components of the EtOAc
fraction. These results show that the EtOAc fraction of FLL is enriched in phenol and
contains tyrosol-related derivatives and that this fraction exerts protective effects
against H,O, toxicity via its free radical scavenging activity and ability to elevate the

levels of antioxidant enzymes.

Keywords: Fructus Ligustri Lucidi; hydroxytyrosol; salidroside; antioxidant activity;

oxidative stress; antioxidant enzymes
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Main text
1. Introduction

For centuries, Fructus Ligustri Lucidi (FLL) has been commonly used by
traditional Chinese physicians for curing hepatitis and aging-associated symptoms.
Harman (2006) suggested that the aging process is due to oxidative stress cascades,
including attack from reactive oxygen species (ROS) and deficiency in intracellular
antioxidative defense. In fact, many chronic diseases, including neurodegenerative
diseases and cardiovascular diseases, may be caused by intracellular oxidative
damage to biomolecules, such as carbohydrates, proteins, lipids and DNA, via ROS
(Butterfield and Sultana, 2008; Fearon and Faux, 2009). Minimizing the cellular
redox imbalance may be one of the most important approaches to the prevention of
these aging-associated diseases. Antioxidants scavenge free radicals, which initiate
and propagate oxidative chain reactions, and thus prevent intracellular oxidative
damage (Valko et al., 2007). Natural antioxidants, such as phenols and flavonoids,
have been revealed to possess multiple pharmacological activities, including
neuroprotective and anti-aging activities, via their antioxidant properties (Uttara et al.,
2009).

Recent pharmacological studies have indicated that FLL possesses
hepatoprotective and antidiabetic activities (Gao et al., 2009; Yim et al., 2001), and
some reports have indicated that FLL possesses antioxidant activities (He et al., 2001;
Li et al., 2007). Therefore, its hepatoprotective and antidiabetic activities may be due
to improvements intracellular antioxidative status, including glutathione regeneration
and upregulation of antioxidant enzymes (Gao et al., 2009; Yim et al., 2001). Its
active components have been recognized as triterpenoids, secoiridoids and the

glycosides of these compounds (Gao et al., 2009; Li et al., 2007; Yim et al., 2001).
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In this paper, we evaluated the antioxidant and radical scavenging activities of FLL
crude extract and fractions by several different in vitro antioxidant test systems, such
as the 1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging assay, the trolox
equivalent antioxidant capacity (TEAC) assay, the reducing power assay and the
iron-chelating activity (ICA) assay. Because ROS play an important role in
intracellular oxidative damage, we also evaluated the effects of FLL crude extract and
fractions on scavenging hydrogen peroxide (H,0,) and hydroxyl radical and
inhibiting lipid peroxidation by the Fenton reaction. We further attempted to
demonstrate the possible protective effects of FLL crude extract and fractions against
H,0,-induced oxidative damage in SH-SYSY cells. Based on earlier reports on the
bioactive components of FLL (Gao et al., 2009; He et al., 2001; Li et al., 2007; Yim et
al., 2001), the contents of all phytochemical profiles, including phenols, flavonoids,
phenylpropanoids, iridoids and triterpenoids, from FLL crude extract and fractions
were determined by spectrophotometry and high performance liquid

chromatography-photodiode array detector (HPLC-DAD).

2. Materials and methods
2.1. Preparation of herb extract and fractionation

FLL was purchased from an herb supplier in Taiwan. FLL (6 kg) was extracted
five times with 50% ethanol. The resultant extract was combined and concentrated
under reduced pressure to obtain 1,330 g of residue (22.7%). The crude extract was
suspended in water and then partitioned successively with four-times-volume amounts
of chloroform, ethyl acetate and n-butanol. Each fraction was evaporated in a vacuum
to obtain the chloroform (CHCl3, 31.3 g, 2.35%), ethyl acetate (EtOAc, 61.3 g,

4.61%), n-butanol (BuOH, 206 g, 15.49%) and water fractions (852.3 g, 64.08%).
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2.2. Chemicals

2-deoxyribose, 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS), 2°,
7’-dichlorofluorescein diacetate (DCFH-DA), 2-vinylpyridine (2-VP),
3-(2-pyridyl)-5,6-diphenyl-1,2 4-triazine-4’,4”-disulfonic acid (ferrozine),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT),
5,5’-dithio-bis(2-nitrobenzoic) acid (DTNB),
6-hydroxy-2,5,7,8-tetramethy-chroman-2-carboxylic acid (trolox), acridine orange
(AO), aluminum nitrate, ascorbic acid, betulin, (+)-catechin, DPPH, ferric chloride,
ferrous sulfate heptahydrate, Folin-Ciocalteu’s reagent, reduced glutathione (GSH),
glutathione peroxidase (GPx), glutathione reductase (GR), homovanillic acid (HVA),
horseradish peroxidase (HRPase), p-hydroxybenzoic acid (HBA), malodialdehyde
(MDA), nitroblue tetrazolium chloride (NBT), oxidized glutathione (GSSG),
potassium acetate, potassium ferricyanide, potassium persulfate, quercetin, sodium
carbonate, superoxide dismutase (SOD), thiobarbituric acid (TBA), triethanolamine
and trichloroacetic acid (TCA) were purchased from Sigma-Aldrich Chem. Corp. (St.
Louis, MO, USA). Aucubin, betulinic acid, hydroxytyrosol, nuhenzide, oleanolic acid,
oleuropein, protocatechuic acid (PCA), quercitrin, salidroside, tyrosol, ursolic acid
and verbascoside standards were purchased from Extrasynthese (Lyon Nord,
GENAY, France). H,O, and o-phosphoric acid were purchased from Merck
(Darmstadt, Germany). All solvents were HPLC grade and also purchased from

Merck.

2.3. Determination of antioxidant and radical scavenging activities

2.3.1. Radical scavenging activity assay
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The DPPH radical scavenging capacity assay was performed as described
previously (Wu et al., 2011b). Briefly, 25 pL of sample solution or catechin standard
was pipetted into each well, and then 175 puL of 300 uM DPPH solution was added.
The absorbance of the mixture was read at 517 nm with a spectrophotometric
microplate reader (Bio-Tek, PowerwaveX340, Winooski, VT) after a 30-min
incubation at 25 °C. The results were expressed as mmol of (+)-catechin equivalents

per gram of sample.

2.3.2. TEAC assay

TEAC was measured by the ABTS radical scavenging assay (Wu et al., 2011b).
First, ABTS radical was prepared by reaction of 8 mM ABTS solution and 8.4 mM
potassium persulfate solution at a ratio of 2:1, respectively. After storage in the dark
at RT for 12-16 h, the radical solution was further diluted with ethanol until an initial
absorbance value of 0.70 £+ 0.05 at 734 nm was reached. One hundred seventy-five uLL
of diluted ABTS solution was mixed with 25 pL of sample solution or trolox

standard. The results were expressed as TEAC values.

2.3.3. Reducing power assay

Reducing power was determined spectrophotometrically by the formation of Perl’s
Prussian blue colored complex (Wu et al., 2011b). First, 25 pL of sample solution was
loaded into each well. Then 100 pL of 50 uM phosphate buffer (pH 6.6) and 0.1%
(w/v) potassium ferricyanide was added. After incubation at 50 °C for 20 min, 100 pL.
of 1% (w/v) TCA was added. Finally, 200 uL of the mixture solution was transferred

into a new 96-well plate and mixed with 25 puLL of 5 mM ferric chloride. Absorbance
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of the reaction mixture was read spectrophotometrically at 700 nm. The results were

expressed as relative reducing equivalents of ascorbate.

2.3.4. H,O;, scavenging activity assay

H,0, scavenging activity was performed as described previously (Wu et al.,
2011b). The reaction mixture contained 25 mM phosphate buffer (pH 7.4), 0.5 mM
H,0, and sample solution or Trolox standard in a total volume of 150 pL. After
incubation for 5 min at RT, 50 uL of 5 mM HVA and 8 U/mL HRPase were added,
mixed and incubated for 25 min at RT. The fluorescence intensity was measured at an
excitation of 315 nm and an emission of 425 nm using a fluorescence microplate
reader (Bio-Tek, FLX800, Winooski, VT). The results were expressed as pmol of

trolox equivalents per gram of sample.

2.3.5. Hydroxyl radical scavenging activity assay

Hydroxyl radical scavenging activity was monitored using the 2-deoxyribose
method (Halliwell et al., 1987). Briefly, the ferrous iron solution and EDTA were
premixed, and then added to the assay mixture solution. The assay mixture solution
contained 2.8 mM 2-deoxyribose, 20 uM ferrous ion solution, 100 uM EDTA and
sample in a total volume of 1 mL of potassium phosphate buffer (10 mM, pH 7.4).
The reaction was initiated by the addition of 1.42 uM H,0; and 100 uM ascorbate,
and then incubated at 37°C for 30 min. At the end of the incubation period, 1% (w/v)
TBA and 2.8% (w/v) TCA were added. This solution was heated for 30 min in a
boiling water bath, cooled and measured at an absorbance of 532 nm, which is a
maker for deoxyribose damage (Wu et al., 2011b). The reciprocal absorption values

obtained for different concentrations were plotted against the concentrations of the

6
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sample solution, and, from the graph, the second order rate constants were calculated

with a rate constant of 3 x10° M S™! (Halliwell et al., 1987).

2.4. ICA assay

This method is based on the formation of the ferrozine-Fe™ colored complex
which has a strong absorbance at 562 nm. The reaction mixture solution contained
sample, 50 uM ferrous sulfate and 300 uM ferrozine. After incubation at 25 °C for 10
min, the absorbance was recorded. The percentage of inhibition of the ferronize-Fe ™

complex formation was calculated in the same way as in our previous report (Wu et

al., 2011b).

2.5. Lipid peroxidation inhibition assay

Rat brain homogenate was used as a source of polyunsaturated fatty acids for
determining the extent of lipid peroxidation. Whole brain was homogenized (100
mg/mL) in ice-cold 0.1 M phosphate buffer (pH 7.4), and then brain homogenate was
centrifuged at 10,000 rpm for 15 min at 4 °C. The reaction mixture consisted of brain
homogenate, 1 mM ferrous sulfate, 5 mM ascorbic acid and sample solution. The
reaction solution was incubated in a shaking water bath in an open tube. After
incubating at 37 °C for 30 min, the thiobarbituric acid reactive substance (TBARS)
test was performed by rapidly adding 1.2% (w/v) TBA and 10% TCA. Then, the tubes
were incubated at 90 °C for 60 min. After cooling, the system was centrifuged at
3,000 rpm for 10 min and the absorbance of the supernatant was determined at 532
nm (Wu et al., 2011b). The absorbance was recorded against blanks prepared in the

same way as the experimental samples but without homogenate.
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2.6. Determination of the amount of antioxidant compounds
2.6.1. Determination of total phenol content

The total phenol content was assayed as described in our previous paper (Wu et al.,
2011b). This method is based on the formation of blue-colored products by redox
reaction with Folin-Ciocalteu’s reagent. The absorbance of the colored solution at 725
nm is proportional to the total phenol concentration. The total phenol concentration of

the samples was expressed as mg of catechin equivalents per gram of sample.

2.6.2. Determination of flavonoid content

The flavonoid content was also assayed by a 96-well microtiter spectrophotometric
method at 415 nm (Wu et al., 2011b). This method is based on the formation of
colored products by flavonoids with aluminum salt. The absorbance of the colored
solution is proportional to the total flavonoid concentration. The total flavonoid
concentration of the samples was expressed as mg of quercetin equivalents per gram

of sample.

2.6.3. Determination of phenylpropanoid content

The total phenylpropanoid content was determined by a 96-well microtiter
spectrophotometric method at 525 nm (Wu et al., 2011b). Briefly, 150 uL of sample
solution was pipetted into each well, and then 50 pL of 0.5 N HCl, 50 puL of Arnow
reagent (containing 5% (w/v) sodium nitrate and 5% sodium molybdate) and 50 uL of
2N NaOH were added. After incubation at 25 °C for 10 min, the absorbance was read.
The absorbance of the colored solution is proportional to the total phenylpropanoid
concentration. The total phenylpropanoid concentration of the samples was expressed

as mg of verbascoside equivalents per g of sample.

8
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2.6.4. Determination of total iridoid content

The total iridoid concentration was determined by a 96-well microtiter
spectrophotometric method at 609 nm (Wu et al., 2011b). Twenty-five ul of sample
solution was pipetted into each well, and then 250 puL of Trim-Hill reagent (acetic
acid:0.2% CuSO4:HCI at a ratio of 10:1:0.5, respectively) was added. After heating at
100 °C for 5 min, the absorbance was read. The absorbance of the colored solution is
proportional to total iridoid concentration. The total iridoid concentration of the

samples was expressed as mg of aucubin equivalents per g of sample.

2.6.5. Determination of triterpenoids and phenolic compounds by HPLC-DAD

FLL crude extract and fractions were dissolved in methanol and then filtered with a
0.22 um filter. Stock solutions of the standards were prepared in methanol to final
concentrations of 1 mg/mL. All standard and sample solutions were injected into 10
uL in triplicate. The Shimadzu VP series HPLC system and Shimadzu Class-VP™
chromatography data system were used. All chromatographic operations were carried
out at 25 °C. The chromatographic peaks of triterpenoids and phenolic compounds
were confirmed by comparing their retention times and UV spectra.

A LiChrospher® RP-18e (250 x 4 mm, 5 um) column (Merck KGaA, Darmstadt,
Germany) was used. Chromatographic separation of phenolic compounds, including
HBA, hydroxytyrosol, oleuropein, PCA, salidroside, tyrosol, quercitrin and
verbascoside, was carried out using a two-solvent system. Solvent A is 100%
methanol, and solvent B is 0.2% acetic acid at pH=3.23. The analyses were performed
by a gradient program. The conditions were as follows: initial condition of 90%

solvent B, 0-10 min changed to 75% solvent B, 10-16 min changed to 72% solvent B,
9
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16-22 min changed to 60% solvent B, 22-30 min changed to 57% solvent B, 30-40
min changed to 60% solvent B and 40-42 min changed to 65% solvent B. Signals
were detected at 280 nm. The concentrations used for the calibration of reference
phenolic compounds were between 10 and 200 pg/mL.

A Supelco Discovery® C18 (150 x 4.6 mm, 5 um) column (Sigma-Aldrich Co.,
USA) was used for triterpenoids, including betulin, betulinic acid, oleanolic acid and
ursolic acid. The HPLC-DAD conditions were the same as in our previous report (Wu
et al., 2011a). The concentrations used for the calibration of reference triterpenoid

compounds were between 10 and 250 pg/mL.

2.7. Protective effects of H,Os-induced neuronal damage in SH-SY5Y cells
2.7.1. Cell culture and treatment

Human neuroblastoma SH-SYS5Y cells were cultured in DMEM supplemented
with 10% fetal bovine serum, 100 units/mL penicillin and 100 pg/mL streptomycin in
a water-saturated atmosphere of 5% CO; at 37 °C. Experiments were carried out 24 h
after cells were seeded in 96-well sterile clear-bottom plates, 60 mm or 90 mm dish.
Cells were plated at an appropriate density according to the scale of each experiment.
H,0, (1 mM) or vehicle, as control, was used in the study, described below, after a
16-h exposure. All samples were simultaneously treated with H,O,. The stock
solutions of FLL crude extract, EtOAc fraction and trolox were prepared using
DMSO, filtered with a 0.22 uM sterile filter and then diluted with DMEM without

phenol red.

2.7.2. MTT assay

10
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The MTT assay was performed to study cell survival. This assay is based on the
ability of living cells to reduce MTT to insoluble formazan. The amount of formazan
produced reflects cell viability. Briefly, 16 h after treatment with H,O,, the medium
was replaced and MTT was added to each well. The cells were incubated for 2 h at
37°C under a 5% CO, atmosphere. The cells were washed with PBS, and DMSO was
added. After 30 min of stirring, the absorbance was measured at 570 nm using a
microplate reader. The inhibition of MTT reduction indicates the degree of
H,0,-induced toxicity to cells. Experiments were performed in triplicate in five
independent experiments. Cell viability was expressed as percentage relative to
H,0,-untreated cells, which served as the control group (designated as 100% viable).

In other world, the results were expressed as percentage of the control.

2.7.3. Observation of morphologic changes and AO staining

SH-SY5Y cells were seeded at appropriate densities in a 60-mm dish and
incubated overnight in a water-saturated atmosphere of 5% CO, at 37°C. All samples
were treated simultaneously with H,O,. Cellular morphology was observed 16 h after
H,0, exposure using a phase-contrast microscope (Nikon, Tokyo). AO staining was
observed by fluorescence microscopy (Nikon, Tokyo). Viable cells have a bright
green nucleus with an intact structure, while apoptotic cells exhibit a bright green

nucleus showing chromatin condensation as dense green areas.

2.7.4. Measurement of caspase-3 activity
The activity of caspase-3 was determined using a caspase-3 fluorometric assay Kkit,
and all measurements were carried out in triplicate in 96-well clear-bottom plates.

Cells, at a density of 2 % 10° cells per 90 mm dish, treated with or without H,O, for 16

11
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h were collected and centrifuged at 800 rpm for 5 min at 4 °C. The pellet was
collected, washed with ice-cold PBS and lysed with 100 uL of lysis buffer. The lysate
was collected, sonicated and centrifuged at 12,000 rpm for 10 min at 4 °C. Cell lysate

(50 ug protein) was added to each well. The peptide substrate for caspase-3
(Ac-DEVD-AMC) and assay buffer (20 mM HEPES, pH 7.5, 10% glycerol and 2 mM
dithiothreitol) were added to start the reaction. Fluorescence was measured and
recorded at 360 nm excitation and 460 nm emission. Caspase activity was calculated
as follows: caspase activity = [(mean AMC fluorescence from triplicate wells) —

(background fluorescence)]/ pg of protein.

2.7.5. Measurement of intracellular ROS levels

The intracellular ROS level was estimated using the fluorescent probe DCFH-DA.
DCFH-DA readily diffuses through the cell membrane and is enzymatically
hydrolyzed by intracellular esterases to form non-fluorescent 2,
7’-dichlorofluorescein (DCFH), which is then rapidly oxidized to form highly
fluorescent 2’ ,7’-dichlorofluorescin (DCF) in the presence of intracellular ROS,
especially H,0,. On the day of the experiment, SH-SY5Y cells, at a density of 2 x 10*
cells/well, were washed 3 times with Krebs-Ringer-HEPES (KRH) buffer (120 mM
NaCl, 4.7 mM KCI, 2.2 mM CaCl,, 10 mM HEPES, 1.2 mM KH,PO,4 and 1.2 mM
MgSOy, pH 7.4) after removal of the medium, and then were incubated with
DCFH-DA in serum-free medium for 30 min at 37°C under a 5% atmosphere. After
DCFH-DA was removed, the cells were washed 3 times with KRH buffer again and
incubated with DMEM without phenol red containing H,O,, FLL crude extract (300

ug/mL), EtOAc fraction (50 ug/mL) and trolox (200 uM). The fluorescence of the
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cells in each well was measured and recorded at 485 nm excitation and 530 nm

emission (Tsai et al., 2009). Data points were taken every 30 min for 2 h.

2.7.6. Measurement of intracellular GSH and GSSG levels

The GSH and GSSG levels were determined described previously (Tsai et al.,
2009). Briefly, the lysates (20 ng/50 pL) and GSH standards were pipetted into each
well of a 96-well plate. The reaction solution included 660 uM DTNB, 900 uM
NADPH and 4.5 U/mL GR and, after addition to each well, was recorded at 405 nm
for 5 min in a microplate reader. GSSG levels in cells were measured by the above
method, except the lysates were pretreated with 2-VP and neutralized with
triethylamine to conjugate cellular GSH. The ratio of GSH/GSSG was calculated as

follows: GSH/GSSG = [(total glutathione levels/ pug of protein)-(GSSG levels/ pug of

protein)] / (GSSG/ pg of protein)

2.7.7. Measurement of cellular antioxidant enzymes.

Following incubation for 16 h with H,O,, SH-SY5Y cells were collected from
culture dishes and sonicated on ice. The solution was centrifuged for 15 min at 4°C to
eliminate cell debris, and the supernatant was used in enzyme activity assays.
Antioxidant enzyme activities including catalase, GPx, GR and SOD were measured
as in our previous report (Tsai et al., 2009). Catalase and SOD activities were
expressed as units per mg of protein. The activities of GPx and GR were expressed as

mU/mg of protein.

2.7.8. Lipid peroxidation assay

13



©CO~NOOOTA~AWNPE

Lipid peroxidation was measured with the TBARS assay in cell cultures. Briefly
the lysates (200 pg/100 uL) and MDA standard were pipetted into 1.5 mL tubes, and
a TBA test was performed by rapidly adding 1.2% (w/v) TBA and 10% TCA. Then,
the tubes were incubated at 90 °C for 60 min. After cooling, the system was
centrifuged at 3,000 rpm for 10 min, and the absorbance of the supernatant was
determined at 532 nm (Tsai et al., 2009). The experiments were performed in

triplicate in three independent trials.

2.8. Statistical Analyses

All results were expressed as mean * standard deviation (SD). Significant

differences were calculated in SPSS software with a one-way ANOVA followed by

Scheffe’s test, and P values < 0.05 were considered to be significant.

3. Results and Discussion
3.1. Antioxidant and radical-scavenging activities

In this study, we first evaluated the free radical scavenging activity of FLL crude
extract and fractions using the DPPH and TEAC assays because these assays are
quick and common in vitro antioxidant activity assays. The ICs values for FLL crude
extract in the DPPH and TEAC assays were 126.16 and 52.32 pug/mL, respectively.
The relative radical scavenging potency of FLL crude extract and all fractions in the
DPPH method (using (+)-catechin) and TEAC assay (using trolox) is shown in Fig.

1(A) and 1 (B). The greatest scavenging capacity for both radicals was observed in

the EtOAc fraction, with the other fractions following in decreasing order: BuOH 2

water > CHCl;. Therefore, the EtOAc fraction possessed the best free radical
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scavenging properties. It is evident in the literature that the antioxidant activity of
plants is associated with their reducing power, which terminates free radical chain
reactions (Wu et al., 2011b; Zhu et al., 2009). Our results also showed that the most
reducing power among all the fractions was observed in the EtOAc fraction, which is
consistent with its free radical scavenging capacity (Fig. 1(C)). Therefore, our results
are consistent with other reports that have found that the antioxidant capacity of
natural plants is associated with their reducing power (Wu et al., 2011b; Zhu et al.,

2009).

3.2. ROS scavenging and lipid peroxidation inhibiting activities

ROS, major pathological factors, cause many serious diseases, including
neurodegenerative and cardiovascular disorders (Fearon and Faux, 2009; Uttara et al.,
2009; Valko et al., 2007). Among ROS, H,O; readily crosses cellular membranes and
gives rise to the highly reactive hydroxyl radical, which is the most reactive and
induces severe damage to adjacent biomolecules (Valko et al., 2007). Thus, H,O, and
the hydroxyl radical scavenging activity of FLL crude extract and all fractions were
investigated. The /Cs value for FLL crude extract in the H,O, scavenging activity
assay was 140.59 pg/mL. The highest H,O, scavenging activity was observed in the
EtOAc fraction, followed by the BuOH, CHCl; and water fractions (Table 1).
However, the highest second order rate constant for scavenging hydroxyl radical
generated from the Fenton reaction was observed in the CHCI; fraction (Table 1).
Because hydroxyl radicals cause lipid peroxidation by attacking polyunsaturated fatty
acids such as brain tissues, we used rat brain homogenate as the oxidizable
biomolecule target for the Fe*/ascorbate method to investigate the lipid

peroxidation-inhibiting effects of FLL crude extract and all fractions. Table 1 shows
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that the lowest /Csj value for the inhibition of Fe’'/ascorbate-induced lipid
peroxidation was also observed in the CHCI; fraction. Because the activity of some
antioxidant compounds may be correlated with iron-chelation (Moran et al., 1997)
when iron acts as a catalyst during lipid peroxidation (Valko et al., 2007), further
investigation of the ICA activity of FLL crude extract and all fractions was carried out.
FLL crude extract at the concentrations used in the hydroxyl radical scavenging and
lipid peroxidation-inhibiting assay showed a 20.9% ion-chelating capacity. Among all
the fractions, the water and CHCI; fractions exhibited the highest ion-chelating
capacities (about 49.94 and 36.84%, Fig. 1(D)). These results indicate that the EtOAc
fraction inhibited lipid peroxidation in brain homogenate systems by terminating
oxidative chain reactions through its radical scavenging capacity; however, the
inhibitory effects of the water and CHCl; fractions on lipid peroxidation may be
partially related to iron chelation. Hence, we suggest that the antioxidant mechanism
of the EtOAc fraction, a major antioxidant fraction from FLL, is possibly due to

oxidative chain termination by radical-scavenging but not iron chelation.

3.3. Antioxidant components

Phenolic compounds, the main class of natural antioxidants, have been shown to be
correlated with the antioxidant activities of plants (Wu et al., 2011b; Zhu et al., 2009).
The most widespread and diverse phenolic compounds are flavonoids (Hernandez et
al., 2009). Phenylpropanoids, intermediates in the biosynthesis of flavonoids and
other phenolic compounds, also possess antioxidant activities (Korkina, 2007).
Moreover, some researchers have indicated that secoiridoids and their glycosides are
the active components of FLL that scavenge DPPH and APPH radicals (He et al.,

2001; Li et al., 2007). Thus, by spectrophotometric methods, we first measured the
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amount of total phenols, flavonoids, phenylpropanoid glycosides and iridoid
glycosides in FLL crude extract, which were equivalent to 95.16 mg of catechin, 7.52
mg of quercetin, 149.14 mg of verbascoside and 4.75 mg of aucubin, respectively.
The EtOAC fraction had the highest content of phenolic compounds, including
flavonoids and phenylpropanoid glycosides; however, the CHCI; fraction had the
highest iridoid content among all the fractions (Table 2). Some reports have indicated
that oleanolic acid may be an active component of FLL with respect to its antidiabetic
and hepatoprotective effects (Gao et al., 2009; Yim et al., 2001). We also found that
FLL crude extract contained 2.13 mg/g of betulinic acid, 3.36 mg/g of oleanolic acid
and 2.26 mg/g of ursolic acid (Table 2). There is lack of betulin in FLL crude extract,
which is inconsistent with our previous result from the leaves of Ligustrum lucidum
(Wu et al., 2011a). Thus, we suggest that the various parts of Ligustrum lucidum
contain different types of triterpenoids. The CHClI; fraction had the higher amounts of
three triterpenoids than other fractions (Table 2). The relationship between
antioxidant potency parameters and the amount of antioxidants was calculated for all
the FLL fractions by Pearson’s test. Among all the antioxidant assays, only DPPH,
TEAC and reducing power showed high correlation coefficients (=0.95, p <0.05 for
DPPH vs TEAC; =0.98, p < 0.01 for DPPH vs reducing power; 7=0.98, p < 0.01 for
reducing power vs TEAC), suggesting that the antioxidant activities of FLL are
closely related to their hydrogen-donor capacity. In agreement with other reports (Wu
et al., 2011b; Zhu et al., 2009), our assay found total phenol content among all
phytochemical profiles to be positively and highly correlated with DPPH (» = 0.96),
TEAC (r = 0.95) and reducing power ( = 0.96). However, the tendency in the FLL
fractions to contain triterpenoids and iridoids is inconsistent with their antioxidant

activities. Hence, we suggest that phenolic compounds (mainly flavonoids and
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phenylpropanoids) are major determinants of these antioxidant activities from FLL,
although some secoiridoid compounds isolated from FLL possess radical scavenging
activity (He et al., 2001; Li et al., 2007). In fact, some flavonoid and phenylpropanoid
compounds isolated from other Ligustrum plants possess antioxidant and
antimutagenic effects in vitro (Nagy et al., 2009; Zhu et al., 2009). Furthermore, our

chromatographic result from HPLC-DAD showed that the EtOAc fraction mainly

contained flavonoid derivatives, such as quercitrin (4.82+0.07 mg/g dry weight of

EtOAc fraction), and phenol derivatives, such as hydroxytyrosol, PCA, salidroside,

tyrosol, oleuropein and verbascoside (27.95%0.75, 9.031+0.24, 20.08+0.61, 12.28+0.32,

10.69£0.19, and 9.31+0.21 mg/g dry weight of EtOAc fraction, respectively) (Figure

2). Hydroxytyrosol and PCA were first identified in FLL, but all of the above
compounds identified in FLL with HPLC-DAD have been shown to possess
antioxidant activities (Di Benedetto et al., 2007; O'Dowd et al., 2004; Yu et al., 2007;
Zhu et al., 2009). Hydroxytyrosol and salidroside content was highest in the EtOAc
fraction. Therefore, the EtOAc fraction may be enriched in phenol, especially

tyrosol-related derivatives, and possess the better antioxidant activity.

3.4. Protective effects of FLL crude extract, the EtOAc and CHCI; fractions against
H,0;-induced oxidative damage in SH-SY5Y cells

From the above results, we found that the EtOAc and CHCI; fractions possessed
a higher H,O, and hydroxyl radical scavenging potency than the other fractions. H,O,
is used extensively as an inducer of oxidative stress in vitro because its cellular
actions and pathophysiological roles have been well studied. SH-SY5Y human

neuroblastoma cells are highly sensitive to oxidative stressors such as H,O,. Hence,
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we evaluated the protective effects of FLL crude extract, the EtOAc and CHCl;
fractions against H,O»-induced cell injury in SH-SYSY cells with the MTT assay. The
cell viability of SH-SY5Y cells incubated with 1 mM H,O, for 16 h decreased to
12.4% compared with the control (Fig. 3(A)). FLL crude extract, the EtOAc and
CHCI; fractions were able to increase cell viability in a concentration-dependent
manner, acting against H,O,. The EtOAc fraction had the best protective effect
against H,O,, and the potency at 25 pug/mL is equal to that of trolox at 200 uM.
Furthermore, to confirm the protective effect of FLL crude extract and the EtOAc
fraction against H,O;-induced cell injury, we observed morphological alterations by
phase-contrast microscopy. Incubation with 1 mM H,0, for 16 h induced cell
shrinkage and a decrease in cell number. AO staining showed apoptotic
morphological changes, including chromatin condensation and nuclear fragmentation.
FLL crude extract (300 pg/mL) and the EtOAc fraction (50 pg/mL) significantly
alleviated these morphological manifestations and then reversed the apoptotic
morphological changes (please see supplementary data). Because H,O,-induced
apoptosis occurs mainly through the apoptotic caspase pathway and includes
caspase-3 activation (Kim et al., 2000), we assayed the alteration of caspase-3 activity
in SH-SYSY cells treated with H,O; plus either FLL crude extract or the EtOAc
fraction. Incubation with 1 mM H,O, for 16 h increased intracellular caspase-3
activity. Only the EtOAc fraction significantly decreased intracellular capase-3
activity that was increased by H,O, (Fig. 3(B)). Therefore, we suggest that the EtOAc
fraction protects against H,O»-induced cell injury and apoptosis in SH-SYSY cells.
The active compounds within the EtOAc fraction acting against H,O,-induced
oxidative injury may be tyrosol-related compounds, mainly hydroxytyrosol,

salidroside, tyrosol and oleuropein, because there is evidence that these compounds
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can scavenge H,O, and protect against H,O,-induced oxidative cell death (O'Dowd et
al., 2004; Zhang et al., 2007; Zrelli et al., 2011b).

Cell oxidative injury is mainly due to an intracellular imbalance between the
generation and elimination of free radicals, caused by the elevation of intracellular
radical levels or a decrease in intracellular antioxidant defenses (Butterfield and
Sultana, 2008; Valko et al., 2007). GSH, a major intracellular antioxidant, is depleted
in intracellular oxidative stress caused by H,O, and other oxidants (Han et al., 2003).
To clarify the protective mechanism of FLL crude extract and the EtOAc fraction
against H,O,-induced cell injury in SH-SY5Y cells, we measured intracellular
oxidative stress by DCFH-DA and cellular antioxidant defenses such as GSH and
antioxidant enzymes. In DCFH-DA-loaded SH-SY5Y cells, fluorescence intensity
gradually increased after 1 mM H,O, treatment, suggesting an increase in the
generation of intracellular ROS. When simultaneously treating with FLL crude extract
or the EtOAc fraction, the oxidant burden of SH-SY5Y cells rapidly decreased (Fig.
3(C)). Otherwise, incubation with 1 mM H,0, for 16 h decreased intracellular GSH
levels and the ratio of GSH/GSSG in SH-SY5Y cells (Fig. 4(A)-4(C)). It also
decreased the levels of cellular antioxidant enzymes, such as catalase, SOD, GPx and
GR (Table 3), and caused an increase in the level of lipid peroxidation in SH-SY5Y
cells (Fig. 3(D)). This phenomenon is consistent with our previous report (Tsai et al.,
2009), which also identified the activation of the caspase pathway and apoptosis (Kim
et al., 2000). FLL crude extract and the EtOAc fraction restored intracellular GSH
levels, and the ratio of GSH/GSSG decreased by 1 mM H,0; in SH-SY5Y cells (Fig.
3(A)-3(C)). They also reversed the activities of catalase, SOD, GPx and GR, which
decreased by 1 mM H,0, in SH-SY5Y cells (Table 3). Only the EtOAc fraction

significantly decreased the level of lipid peroxidation increased by H,O, (Fig. 3(D)).
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It is well known that the protective effects of antioxidants in biological systems are
mainly due to their free radical-scavenging capacity, metal chelating activities and
activation of biological antioxidant enzymes (Kulkarni et al., 2004). Hence, we
suggest that FLL crude extract alleviated H,O,-induced oxidative damage via a
decrease in intracellular oxidative peroxide levels and an increase in the intracellular
GSH levels and cellular antioxidant enzymes. This protective mechanism is the same
as that of reports that demonstrate antidiabetic and hepatoprotective effects of FLL,
which may be mediated by intracellular GSH regeneration and upregulation of
antioxidant status (Gao et al., 2009). The EtOAc fraction, a major active fraction from
FLL, protected H,O,-induced oxidative damage and apoptosis in SH-SY5Y cells by
reversing the redox imbalance and blocking caspase-3 activation. Its major active
compounds, such as hydroxytyrosol and salidroside, also have been shown to protect
against H,O,-induced oxidative damage and apoptosis via the modulation of the
mitochondrial membrane, the downregulation of the pro-apoptotic gene Bax, the
upregulation of the anti-apoptotic genes Bcl-2 and Bcl-X(L) and the activation of
AKT, ERK and Nrf2 (Yu et al., 2010; Zhang et al., 2007; Zhu et al., 2011; Zrelli et al.,

2011a).

4. Conclusion

In conclusion, EtOAc fraction from FLL has the highest phenol content,
especially hydroxytyrosol and salidroside, and exhibits the highest radical scavenging
potency. Its antioxidant activity can be correlated with its reducing power but is not
due to iron chelation, and this antioxidant activity depends on the phenolic
antioxidants but not the triterpenoids or secoiridoids in the fraction, as described in

other reports (He et al., 2001; Li et al., 2007; Yim et al., 2001). The EtOAc fraction
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has a protective effect against H,O,-induced oxidative injury and apoptosis in vitro,
and this protective mechanism might be related to its ability to decrease intracellular
peroxides (via H,O, scavenging) and caspase-3 activity, and to its ability to elevate
intracellular GSH levels and antioxidant enzyme activities (Fig. 5). Tyrosol-related
compounds, including hydroxytyrosol, salidroside, tyrosol and oleuropein, are its
major active compounds. Furthermore, these compounds could further protect
neuronal damage caused by the amyloid 3 peptide and MPP(+) (Li et al., 2011;
St-Laurent-Thibault et al., 2011). Hence, we and others (Li et al., 2011;
St-Laurent-Thibault et al., 2011) have found evidence for the potential therapeutical
benefits of FLL, especially its phenol enriched fraction, in treating aging-associated

symptoms and neurodegenerative disorders.
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Legends for Figures
Figure 1. Antioxidant activity of crude extract and fractions from Fructus Ligustri
Lucidi (FLL) on (A) DPPH assay, (B) TEAC assay, (C) reducing power assay and (D)

ICA assay. Data are expressed as mean = SD (n = 4).

Figure 2. HPLC chromatograms of the ethyl acetate (EtOAc) fraction from Fructus
Ligustri Lucidi (FLL) at 280 nm. Trace: (A) Standard, (B) EtOAc fraction. 4-HC:

4-hydroxycoumarin as an internal standard.

Figure 3. Effect of crude extract, ethyl acetate (EtOAc) and chloroform (CHCl;)
fractions from Fructus Ligustri Lucidi (FLL) and trolox on (A) cell viability (MTT
assay), (B) the activation of caspase-3, (C) time-course changes in the formation of
reactive oxygen species (ROS) caused by H>O,. The SH-SYSY cells were treated
with 1 mM H,0O; in the presence of these above samples for 16 h at 37 °C. Data are

expressed as mean + SEM (n = 3). ** p <0.01, *** p <0.001, compared with H,O,

group.

Figure 4. Effects of crude extract, ethyl acetate (EtOAc) fraction from Fructus
Ligustri Lucidi (FLL) and trolox on (A) cellular glutathione (GSH) levels, (B)
oxidized glutathione (GSSG) levels, (C) ratio of GSH/GSSG, and (D) MDA levels.
The SH-SYSY cells were treated with 1 mM H,0O, in the presence of these above
samples for 16 h at 37 °C. Data are expressed as mean £ SEM (n = 3). * p <0.05, **

p <0.01, *** p <0.001, compared with H,O, group.

Figure 5. The biological action of Fructus Ligustri Lucidi partitioned with ethyl
acetate as a potential antioxidant and protective plant against oxidative stress caused
by hydrogen peroxide. Prohibition sign indicates that the inhibitory effect of Fructus

Ligustri Lucidi.
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Table(s)

Table 1. The H,O,, hydroxyl radical scavenging and lipid peroxidation-inhibition activities of crude

extract and fractions of Fructus Ligustrum Lucidi (FLL).

Second order rate constant

H,0, scavenging capacity ICsp in lipid
Samples in scavenging hydroxyl
(umol Trolox / g) peroxidation (mg / L)
radical (x10'%)

FLL 450.79 + 10.87 2.37+0.25 17.09 £ 0.56
CHCI; fraction 602.80 £11.78 447.68 £1.33 9.64 £0.77
EtOAc fraction 981.40 £ 8.75 124.25 +0.98 16.51 £0.28
BuOH fraction 620.69 £ 4.10 2.54+0.20 13.95+0.34
Water fraction 404.01 £ 1.06 1.10£0.15 17.40 + 0.54

Data were expressed as mean * SD (n = 3).
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Table 2. The phytochemical composition of crude extract and fractions of Fructus Ligustrum Lucidi (FLL).

Total phenolics Flavonoids Phenylpropanoids Iridoids Betulinic acid ~ Oleanolic acid Ursolic acid
Samples (mg of (+)- (mg of (mg of acteoside / (mg of (mg/g) (mg/g) (mg/g)
catechin / g) quercetin / g) g) aucubin / g)

FLL 95.16 £1.37 7.52 £0.40 149.14 £ 16.48 4.75+0.14 2.13+0.26 3.36£0.19 2.26 £0.09
CHCI; fraction 50.85+0.85 2.04+0.12 38.59 £9.37 7.97+0.00 27521+546 46324+466 297.93+16.22
EtOAc fraction 180.84 + 3.19 8.38 £ 0.77 201.05 +9.52 2.61 £0.36 nd 21.02 £0.64 nd
BuOH fraction 106.37 £3.41 391+£0.21 69.32 £1.94 1.79+£0.14 nd 1.01 £0.01 0.33 £0.002
Water fraction 77.40 £ 0.30 6.94 £ 0.87 157.45 £ 9.52 591+0.25 nd nd nd

Data were expressed as mean * SD (n = 3).
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Table 3. Effects of crude extract and ethyl acetate fraction (EtOAc) of Fructus Ligustrum Lucidi (FLL) on SOD, catalase, glutathione peroxidase

(GPx), and glutathione reductase (GR) activity in SH-SYS5Y Cells exposed to 1 mM H,0,

Samples SOD (U/mg of protein) Catalase (U/mg of protein) GPx (mU/mg of protein) GR (mU/mg of protein)
Control 87.37 £ 7.75%** 8.25 £ 0.29*** 126.57 £ 7.62** 1.24 + 0.09**

1 mM H,0, 36.01 £5.58 3.68£0.12 57.72 £12.69 0.67 £ 0.04

FLL 300 pg/ml + H,O, 84.24 + 6.28*** 6.86 £ 0.48** 124.97 + 18.09** 1.09 £ 0.11**
EtOAc 50 pg/ml + H,O, 72.18 £ 3.49** 4.57 £0.50 168.27 £ 7.21*** 1.15 £ 0.04**

SH-SYSY cells were treated with the above samples plus 1 mM H,0,. Data are expressed as mean = SEM (n = 4). ** p < 0.01, *** p < 0.001 as

compared to the H,O, group.
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*Abstract

Abstract

In this study, we demonstrated the antioxidant and protective properties of crude
extract and fractions from Fructus Ligustri Lucidi (FLL) against hydrogen peroxide
(H,0,)-induced oxidative damage in SH-SY5Y cells. The contents of the
phytochemical profiles from FLL crude extracts and fractions were determined by
spectrophotometric methods and high performance liquid chromatography using a
photodiode array detector. FLL crude extract possessed appreciable scavenging
capacity against 1,1-diphenyl-2-picrylhydrazyl and H,O,. The ethyl acetate (EtOAc)
fraction was the most active fraction in scavenging free radicals and H,O,. Following
exposure of cells to H,O,, there was a marked decrease in cell survival and
intracellular antioxidant enzymes. Intracellular oxidative stress, the level of lipid
peroxidation, and caspase-3 activity were increased when cells was exposed to H,O».
Simultaneous treatment with the EtOAc fraction blocked these H,O,-induced cellular
events. Hydroxytyrosol and salidroside are the major components of the EtOAc
fraction. These results show that the EtOAc fraction of FLL is enriched in phenol and
contains tyrosol-related derivatives and that this fraction exerts protective effects
against H,O, toxicity via its free radical scavenging activity and ability to elevate the

levels of antioxidant enzymes.

Keywords: Fructus Ligustri Lucidi; hydroxytyrosol; salidroside; antioxidant activity;

oxidative stress; antioxidant enzymes



