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ABSTRACT

Objective: To isolate and investigate antioxidant and a-glucosidase inhibitor compounds
in the leaves of Quercus gilva Blume (Q. gilva).
Methods: Dry leaves of Q. gilva were extracted with methanol and the methanolic
extract was further separated by silica gel column chromatography using several solvents
with increasing polarity. The antioxidant activities of the isolated compounds were
evaluated using various in vitro assays: 1,1-diphenyl-2-picrylhydrazyl radical scavenging
activity, hydrogen peroxide radical scavenging activity, b-carotene bleaching assay, and
reducing power assay. The a-glucosidase inhibitory assay was conducted against a-
glucosidase from Saccharomyces cerevisiae.
Results: Three compounds were isolated and their structures were identified as catechin
(1), epicatechin (2), and tiliroside (3) using an instrumental analysis. Compound 2 had
higher antioxidant activity with inhibitory concentrations (IC50) of (22.55 ± 2.23) mmol/L
than that of quercetin, which was used as the standard, with an IC50 of (28.08 ± 2.39)
mmol/L, followed by compound 1 with IC50 of (40.86 ± 3.45) mmol/L. On the other hand,
compound 3 had the lowest antioxidant activity with an IC50 of (160.24 ± 8.15) mmol/L.
However, compound 3 had the highest a-glucosidase inhibitory activity with an IC50 of
(28.36 ± 0.11) mmol/L, followed by compounds 1 and 2 with (168.60 ± 5.15) and
(920.60 ± 10.10) mmol/L, respectively.
Conclusions: The results obtained for the antioxidant activities and a-glucosidase
inhibitory activities in a methanolic extract from the leaves of Q. gilva confirmed the
potential of this plant as a source of natural antioxidants and antidiabetic medicine.
1. Introduction

The long-term over-production of free radicals may cause
oxidative damage in the human body, eventually leading to
chronic diseases such as cancer and neurodegenerative disease
[1]. Although free radicals typically come from the surrounding
environment, some physiological and biochemical processes in
the human body also produce reactive oxygen species, such as
the superoxide radical, hydroxyl radicals, and peroxyl radicals,
as by-products [2]. Therefore, antioxidants are considered
important because of their many health benefits. Plants such as
vegetables, fruits, herbs, and spices contain a wide variety of
free radical scavenging molecules, such as phenolic
compounds, nitrogen compounds, vitamins, and terpenoids,
which have high antioxidant activities [3,4]. In view of these
potential health benefits, intensive research has been
conducted on natural antioxidants derived from plants.
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On the other hand, free radicals may also cause diabetes
mellitus (DM) [5]. DM is a serious, chronic metabolic disorder
that is characterized by high blood glucose levels. One
therapeutic approach for diabetes is to postpone the absorption
of glucose by inhibiting carbohydrate-hydrolyzing enzymes,
e.g., a-glucosidase in the digestive organs. A previous study
examined established a-glucosidase inhibitors from plants and
their effects on blood glucose levels after food uptake [6]. The
inhibition of a-glucosidase was shown to delay the digestion
of carbohydrates [7]. Thus, a-glucosidase inhibitors have
potential as therapeutic agents for the treatment of type 2 DM
and hyperglycemia [8]. Acarbose is the most widely used a-
glucosidase inhibitor, but has gastrointestinal side effects [9].
Plants are potential sources of drugs and many of the currently
available drugs have been derived from plants. Therefore, a-
glucosidase inhibitors screened from plants have attracted
increasing attention in recent years [10].

Quercus gilva Blume (Q. gilva) of the family Fagaceae is a
tall evergreen tree distributed in the lowland mountain regions of
Jeju Island in Korea [11]. Moreover, Q. gilva as an oak species in
warm temperate regions also grows in Japan, in which it is
mainly distributed in the southern part of the country [12]. The
wood of this evergreen oak was selected to make various tools
for agriculture and processing in Japan such as hoes, spades,
mallets, and axe handles. Previous phytochemical studies on
Q. gilva led to the identification of terpenes from the fruit of
this plant [13]. A recent study identified antioxidative
constituents in the branches of Q. gilva using free radical
scavenging activities [14]; however, the other bioactivities of
Q. gilva have not yet been examined in detail. To the best of
our knowledge, this study is the first to isolate active
compounds from the leaves of Q. gilva and evaluate
antioxidant and a-glucosidase inhibitory activities.

The evaluation of antioxidant and a-glucosidase inhibitory
activities may be used for preliminary observations on phar-
macological activities because natural compounds from plants
that are considered to be safe have therapeutic effects and fewer
health side effects than synthetic medicines [15]. In the present
study, the antioxidant and a-glucosidase inhibitor activities of
isolated compounds from the leaves of Q. gilva were tested.
An in vitro assay of a-glucosidase inhibitory activity was
conducted using a-glucosidase enzyme from Saccharomyces
cerevisiae (S. cerevisiae) yeast while an in vitro antioxidant
activity assay was conducted using several methods including
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging,
b-carotene bleaching assay, hydrogen peroxide radical scav-
enging assay, and reducing power assay. These assays may be
used for preliminary observations on the evaluation of phar-
macological activities. The results of these assays may then be
used to verify the medicinal effects of these active compounds
isolated from plants.

2. Materials and methods

2.1. General instrumentation and reagents

The UV-vis absorption spectra of the isolated compounds
were recorded on a Hitachi U-1600 spectrophotometer (Hitachi,
Japan) and l max was expressed in nanometers. All melting
points were determined on a Yanaco micro melting point
apparatus (Yanaco Co., Ltd., Kyoto, Japan) and uncorrected.
Optical rotation was determined using a Jasco P-2100
polarimeter. Electron ionization mass spectra (EI-MS) were
recorded on a gas chromatograph-mass spectrometer (Shimadzu,
Japan) and fast atomic bombardment mass spectrometer (Shi-
madzu, Japan). Nuclear magnetic resonance (NMR) spectra
were recorded at 500 MHz for 1H and 125 MHz for 13C on a
JEOL JNM-AL 500 spectrometer using tetramethylsilane as the
internal standard [chemical shift values (d) in parts per million
(mg/mL) and coupling constant (J) in Hz]. The symbols s, d, dd,
and ddd stand for singlet, doublet, double doublet, and double
double doublet. Thin-layer chromatography (TLC) was run on
silica gel 60 F254 pre-coated plates (Merck 5554) and spots
were detected using UV light.

DPPH, b-carotene, a-glucosidase [(EC 3.2.1.20)] type I from
S. cerevisiae, p-nitrophenyl a-D-glucopyranoside (p-NPG), po-
tassium ferricyanide [K3Fe(CN)6], trichloroacetic acid, ferric
chloride (FeCl3), and hydrogen peroxide were purchased from
Wako Pure Chemicals, Ltd. (Osaka, Japan). Tween 40, gallic
acid, and quercetin were purchased from Sigma–Aldrich Co. Ltd.
(Tokyo, Japan). All solvents used in this study (methanol,
ethanol, toluene, ethyl acetate, chloroform, hexane, and acetone)
were purchased from Wako Pure Chemicals, Ltd. (Osaka, Japan).

2.2. Plant material

The leaves of Q. gilva were collected from a site in Ehime
University, Matsuyama, Japan, in October 2013. Voucher
specimens have been deposited in the Department of Plant
Chemistry, Faculty of Agriculture, Ehime University, Japan. The
leaves were naturally dried.

2.3. Extraction and isolation procedures

The dried leaves of Q. gilva were powdered and extracted
twice with methanol (1:8 w/w) at room temperature for 3 days.
The methanol filtrate was concentrated under reduced pressure.
The methanolic extract was partitioned successively using sol-
vents with increasing polarity from hexane, chloroform, ethyl
acetate, and methanol to obtain hexane soluble, chloroform sol-
uble, ethyl acetate soluble, and methanol soluble. All extracts
were screened for antioxidant activity using the DPPH test and,
as a result, methanol soluble showed stronger activity than the
others. Active methanol soluble (70 g) was separated by column
chromatography over silica gel (100 mesh). The column was
eluted with solvents of increasing polarities and a stepwise
gradient from hexane (100%), ethyl acetate (50%) in hexane,
ethyl acetate (100%), and ethyl acetate-methanol mixture with
increasing polarity to 100% methanol to obtain eight fractions
(F1–F8). Fraction F5 (6.25 g), which exhibited the highest
antioxidant activity among the fractions, was further separated by
silica gel column chromatography with a gradient solvent using
hexane, ethyl acetate, and methanol repeatedly to obtain four
fractions (F51–F54). Compounds 1 (190 mg) and 2 (270 mg)
were isolated as a white yellowish solid compound from fraction
F52 by preparative reversed-phase TLC (RP-TLC) eluted with
methanol-water (4:5) followed by the recrystallization of com-
pound 1 from hot water and recrystallization of compound 2 from
ethyl acetate. With further silica gel column chromatography of
fraction F53, compound 3 was isolated as a yellow amorphous
powder (280 mg) after recrystallization from methanol.

A solution of compound 3 (10 mg) in 5% ethanolic H2SO4

was refluxed and resulted in kaempferol on cooling [16]. The
residue was partitioned between ethyl acetate and water to
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obtain D-glucose and p-coumaric acid, respectively, as
hydrolysis products. The results were confirmed by high
performance liquid chromatography and TLC with an
available standard.

2.4. DPPH free radical scavenging activity

The antioxidant activities of compounds 1–3 were deter-
mined by a DPPH radical scavenging assay as conducted ac-
cording to Sahu et al. [17] with slight modifications. Samples
were dissolved in methanol at various concentrations, treated
with DPPH (1 mmol/L in methanol), and left to stand for
30 min at room temperature in the dark. Absorbance was
measured at 517 nm using a UV-vis spectrophotometer. The
ability of the samples to scavenge the DPPH radical was
calculated using the Equation (1):

DPPH scavenging activity ð%Þ=A0 −A1

A0
× 100 (1)

where A0 is the absorbance of the control and A1 is absorbance
in the presence of the sample. The inhibitory concentration
(IC50) of the samples was calculated using a regression analysis
from the graph plotting scavenging activity against concentra-
tion. Assays were carried out in triplicate.

2.5. Hydrogen peroxide radical scavenging activity

The abilities of compounds 1–3 to scavenge hydrogen
peroxide were determined according to the method of Khan
et al. [18]. A solution of hydrogen peroxide (40 mmol/L) was
prepared in phosphate buffer saline (pH 7.4). Samples at
various concentrations in 4 mL distilled water were added to
hydrogen peroxide solution (0.6 mL). The solution was left to
stand for 10 min and absorbance was measured at 230 nm.
The ability of the samples to scavenge the hydrogen peroxide
radical was calculated using Equation (1). All experiments
were carried out in triplicate and the results were expressed as
the mean ± SD of three determinations.

2.6. Reducing power assay

The reducing power assay was performed according to a
previously described method by Jayanthi and Lalitha [19] with
minor modifications. A test sample solution (1 mL, 20 g/mL)
was mixed with phosphate buffer (2.5 mL) and potassium
ferricyanide (2.5 mL). The mixture was incubated at 50 �C for
20 min. Trichloroacetic acid (2.5 mL) were added to the
mixture, which was then centrifuged at 3000 r/min for
10 min. The upper layer of the solution (2.5 mL) was mixed
with distilled water (2.5 mL) and a freshly prepared ferric
chloride solution (0.5 mL). Absorbance was measured at
700 nm. Antioxidant activity was calculated using Equation
(1). All experiments were carried out in triplicate and results
were expressed as the mean ± SD of three determinations.

2.7. b-Carotene-linoleate model assay

The antioxidant activities of compounds 1–3 in the b-caro-
tene-linoleate model system were assessed as reported by
Ramazan et al. [20]. A solution of b-carotene was prepared by
dissolving 2 mg of b-carotene in 10 mL of chloroform. Two
milliliters of the solution was then transferred into a boiling
flask containing 20 mg linoleic acid and 200 mg Tween 40.
Chloroform was removed using a rotary evaporator and 50 mL
of distilled water was slowly added. Aliquots of the emulsion
(4.8 mL) were transferred into different test tubes containing
0.2 mL of samples in methanol. These tubes were incubated at
50 �C in a water bath. As soon as the emulsion was added to
each tube, the zero time absorbance was measured at 470 nm
using a spectrophotometer. Absorbance readings were then
recorded at 20 min intervals. Antioxidant activity was
calculated using Equation (1). All experiments were carried
out in triplicate and the results were expressed as the
mean ± SD of three determinations.

2.8. a-Glucosidase inhibitory activity

The inhibitory activity of a-glucosidase was evaluated as
reported by Moradi-Afrapoli et al. [21]. Samples were dissolved
in dimethyl sulfoxide at various concentrations (10 mL) and then
treated with p-NPG (250 mL, 3 mmol/L) in phosphate buffer
solution (490 mL, 100 mmol/L, pH 7). The solution was pre-
incubated at 37 �C for 5 min. Two hundred and fifty microli-
ters of a-glucosidase enzyme (0.065 IU/mL) was then added and
the reaction continued for 15 min. The reaction was stopped by
the addition of 1 mL of 0.2 mol/L Na2CO3. The mixtures were
measured at 400 nm using a UV-vis spectrophotometer. The
percentage inhibition of a-glucosidase inhibitory activity was
calculated using Equation (1). All experiments were carried out
in triplicate and results were expressed as the mean ± SD of
three determinations.

2.9. Enzyme kinetics

All isolated compounds were evaluated for their kinetics in
inhibiting a-glucosidase activity. The type of inhibition of the
active compounds against a-glucosidase was determined using
increasing concentrations of p-NPG as a substrate in the absence
or presence of active compounds as inhibitors at different con-
centrations. The type of inhibition was determined using a
Lineweaver–Burk plot analysis.

2.10. Statistical analysis

All assays were conducted in triplicate. Statistical analyses
were performed with SPSS 16.0 for an analysis of variance
(ANOVA) followed by Duncan's test. Differences at P < 0.05
were considered to be significant.

3. Results

3.1. Isolation and structure identification

The activity-guided isolation procedures for active com-
pounds in the leaves of Q. gilva are shown in Figure 1.

The methanol soluble fraction in the methanolic extract of
Q. gilva was fractionated using silica gel chromatography and
followed by recrystallization to give compounds 1, 2, and 3.
The 1H NMR and 13C NMR spectral data of all isolated
compounds were compared with reported data, and their
structures were identified as catechin (1), epicatechin (2), and
tiliroside (3).



Figure 1. Extraction and separation processes of active compounds from
Q. gilva leaves. *: Active fractions; EtOAc: Ethyl acetate; MeOH:
Methanol.

Table 1

Antioxidant activities of isolated compounds using DPPH and hydrogen

peroxide radical scavenging activities.

Compound DPPH radical
scavenging activity
(IC50, mmol/L)

Hydrogen peroxide
radical scavenging activity

(IC50, mmol/L)

1 40.86 ± 3.45d 122.41 ± 9.36c

2 22.55 ± 2.23b 116.71 ± 10.06a

3 160.24 ± 8.15e 119.95 ± 9.01b

Quercetin 28.08 ± 2.39c –

Gallic acid 20.01 ± 1.08a 308.24 ± 13.42d

Different letters in the same column indicate significant differences
(P < 0.05). IC50 values are shown as the mean ± SD from three inde-
pendent experiments.
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Compound 1: A white yellowish solid; melting point 174–
175 �C. UV spectra (MeOH) l max (log ε) 280 nm (3.21).
[a]15D +16� (c: 0.1, MeOH). 1H NMR (500 MHz, CD3OD):
d 2.50 (1H, dd, J = 16.1, 8.1 Hz, H-4a), 2.84 (1H, dd, J = 16.1,
5.4 Hz, H-4b), 3.97 (1H, ddd, J = 7.8, 7.8 and 5.5 Hz, H-3), 4.56
(1H, d, J = 7.5 Hz, H-2), 5.84 (1H, d, J = 2.2 Hz, H-8), 5.92 (1H,
d, J = 2.3 Hz, H-6), 6.71 (1H, dd, J = 8.0, 1.9 Hz, H-60), 6.76
(1H, d, J = 8.0 Hz, H-50), 6.83 (1H, d, J = 1.9, H-20); 13C NMR
(125 MHz, CD3OD): d 29.3 (C-4), 69.6 (C-3), 83.6 (C-2), 96.3
(C-8), 97.1 (C-6), 101.6 (C-10), 116.0 (C-20), 116.9 (C-50),
120.8 (C-60), 133.0 (C-10), 147.0 (C-30), 147.0 (C-40), 157.7 (C-
9), 158.4 (C-7), 158.5 (C-5).

EI-MS [M]+: m/z 290 for C15H14O6

Compound 2: A white yellowish solid; melting point 240–
242 �C. UV spectra (MeOH) l max (log ε) 279.5 nm (3.43).
[a]15D −31� (c: 0.1, MeOH). 1H NMR (500 MHz, CD3OD):
d 2.73 (1H, dd, J = 16.8, 2.7 Hz, H-4a), 2.85 (1H, dd, J = 16.7,
4.6 Hz, H-4b), 4.16 (1H, ddd, J = 1.5, 2.9 and 2.8 Hz, H-3), 4.80
(1H, d, J = 1.5 Hz, H-2), 5.91 (1H, d, J = 2.2 Hz, H-6), 5.93 (1H,
d, J = 2.4 Hz, H-8), 6.75 (1H, d, J = 8.2 Hz, H-50), 6.79 (1H, dd,
J = 8.3, 1.8 Hz, H-60), 6.96 (1H, d, J = 1.8 Hz, H-20); 13C NMR
(125 MHz, CD3OD): d 30.0 (C-4), 68.2 (C-3), 80.6 (C-2), 96.7
(C-8), 97.1 (C-6), 100.8 (C-10), 116.1 (C-20), 116.7 (C-50),
120.2 (C-60), 133.0 (C-10), 146.5 (C-30), 146.7 (C-40), 158.1 (C-
9), 158.4 (C-7), 158.7 (C-5).

EI-MS [M]+: m/z 290 for C15H14O6

Compound 3: A yellow amorphous powder; melting point
265–267 �C. UV l max (MeOH) nm (log ε) 267 (4.30), 315
(4.37); (+NaOMe) 275 (4.35), 365 (4.34); (+AlCl3) 275 (4.31),
306 (4.34); (+AlCl3+HCl) 275 (4.33) 306 (4.35), 396 (4.00);
(+NaOAc) 274 (4.37), 311 (4.40).

1H NMR (500 MHz, DMSO-d6): d 4.03 (1H, dd, J = 11.91,
6.4 Hz, H-600a), 4.27 (1H, brd, J = 11.8 Hz, H-600b), 5.45 (1H, d,
J = 7.4 Hz, H-100), 6.11 (1H, d, J = 15.9 Hz, H-8000), 6.14 (1H, d,
J = 2.0 Hz, H-6), 6.37 (1H, d, J = 2.0 Hz, H-8), 6.78 (2H, d,
J = 8.6 Hz, H-3000, 5000), 6.85 (2H, d, J = 8.9 Hz, H-30,50), 7.34
(1H, d, J = 16.0 Hz, H-7000), 7.37 (2H, d, J = 8.9 Hz, H-2000, 6000),
7.98 (2H, d, J = 8.8 Hz, H-20, 60), 12.57 (1H, s, 5-OH). 13C
NMR (125 MHz, CD3OD): d 156.3 (C-2), 133.0 (C-3), 177.3
(C-4), 161.1 (C-5), 98.7 (C-6), 164.3 (C-7), 93.6 (C-8), 156.3
(C-9), 103.7 (C-10), 120.7 (C-10), 130.8 (C-20,60), 115.0 (C-
30,50), 159.7 (C-40), 100.9 (C-100), 74.2 (C-200), 76.2 (C-300), 69.9
(C-400), 74.1 (C-500), 62.9 (C-600), 124.9 (C-1000), 130.1 (C-
2000,6000), 115.7 (C-3000, 5000), 159.9 (C-4000), 144.5 (C-7000), 113.6
(C-8000), 166.1 (C-9000).

HRFAB-MS [M+H]+: m/z 595.5196 for C30H26O13

3.2. Antioxidant activity

The antioxidant activities of the three isolated compounds
were determined using several assays: DPPH free radical scav-
enging activity, hydrogen peroxide radical scavenging activity,
reducing power assay, and b-carotene-linoleate model assay.
The results of the DPPH and hydrogen peroxide radical scav-
enging activity assays of the isolated compounds are presented
in Table 1.
The scavenging capacity of isolated compounds in DPPH
free radical scavenging activity ranged between 22.55 and
160.24 mmol/L. Of the isolated compounds, the highest DPPH
scavenging capacity was shown by compound 2, followed by
compounds 1 and 3 with IC50 of 22.55, 40.86, and
160.24 mmol/L, respectively. Quercetin and gallic acid were
used as positive controls in this experiment and exhibited IC50

of 28.08 and 20.01 mmol/L, respectively. The values for these
isolated compounds were significantly different (Table 1) at
P < 0.05 using a statistical analysis with ANOVA followed
by Duncan's test. Based on this statistical analysis, the anti-
oxidant activity of compound 2 was higher than those of the
other compounds including quercetin as a positive standard,
but was still lower than that for gallic acid. This result showed
the potential of compound 2 as a better source of an
antioxidant.

The scavenging abilities of extracts on hydrogen peroxide are
also shown in Table 1 and compared with gallic acid as a stan-
dard. Compound 2 exhibited the highest scavenging activity of
116.71 mmol/L, while gallic acid as a standard had scavenging
activity of 308.24 mmol/L. Compounds 1 and 3 had scavenging
activities of 122.41 and 119.95 mmol/L, respectively. This result
is in accordance with the result for the DPPH scavenging test of
compound 2, which had the highest antioxidant activity.

Overall, the results shown in Figure 2 indicated that com-
pound 2 had the strongest reducing power among the isolated
compounds investigated, with 61.47 mg/g (gallic acid equiva-
lent) and 98.96 mg/g (ascorbic acid equivalent). This result is in
accordance with the results of the DPPH and hydrogen peroxide
radical scavenging assays.



Figure 2. Antioxidant activities of compounds 1 to 3 from Q. gilva in the
reducing power assay. GAE: Gallic acid equivalent; AAE: Ascorbic acid
equivalent.
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The ability of isolated compounds to prevent the oxidation of
the b-carotene-linoleate system more than ascorbic acid as the
standard is shown in Figure 3.
Figure 4. Lineweaver–Burk plots of compounds 1 (a) and 2 (b) against
S. cerevisiae a-glucosidase at different concentrations of p-NPG.

Figure 3. Antioxidant activities of compounds 1 to 3 from Q. gilva at
40 mg/mL in the b-carotene-linoleate model system.
3.3. a-Glucosidase inhibitor activities and their kinetic
inhibition of a-glucosidase activity

The IC50 values of a-glucosidase inhibitory activities the iso-
lated compounds are shown in Table 2. Compound 3 had the
highest a-glucosidase inhibitory activity (IC50) of 28.36 mmol/L,
followed by compounds 1 and 2 with 168.60 and 920.60 mmol/L,
respectively.
Figure 5. Lineweaver–Burk plots of compound 3 (a) and quercetin (b)
against S. cerevisiae a-glucosidase at different concentrations of p-NPG.

Table 2

a-Glucosidase inhibitory activities, inhibition constants (Ki value), and

modes of compounds 1, 2, and 3 from Q. gilva leaves against

S. cerevisiae a-glucosidase.

Compound a-Glucosidase inhibitory
activity (IC50, mmol/L)

Inhibition mode Ki (mM)

1 168.60 ± 5.15c Uncompetitive 129.03
2 920.60 ± 10.10d Uncompetitive 215.05
3 28.36 ± 0.11b Non-competitive 91.64
Quercetin 13.90 ± 0.01a Mixed inhibition 34.26

Different letters in the same column indicate significant differences
(P < 0.05).
The inhibitory mechanisms of the isolated compounds using
Lineweaver–Burk plots were shown in Figures 4 and 5.
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4. Discussion

Compound 1 was isolated as a major component in the
fractionation of methanol soluble using gradient hexane, ethyl
acetate, and methanol as solvents. The 13C NMR spectrum
indicated the presence of 15 carbons consisting of 12 aromatic
and 3 aliphatic carbons, while signals that indicated the presence
of a 1,3,5-trisubstituted benzene ring on the 1H NMR spectrum
were observed at d 6.71 (dd, J = 8.0, 1.9 Hz, H-60), 6.76 (d,
J = 8.0 Hz, H-50), and 6.83 (d, J = 1.9, H-20). Other aromatic
signals were also observed at d 5.84 (d, J = 2.2 Hz, H-8) and
5.92 (d, J = 2.3 Hz, H-6). Based on this spectroscopic infor-
mation and search of the literature [14], compound 1 was
identified as (2R,3S)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-
chromene-3,5,7-triol or (+)–catechin.

Compound 2 was also isolated as a major component in the
fractionation of methanol soluble using gradient hexane, ethyl
acetate, and methanol as solvents. The spectra of 1H and 13C
NMR revealed that the signals of compound 2 were similar to
those of compound 1. This suggested that compounds 1 and 2
have a similar molecular skeleton. The difference observed at
d 4.80 (d, J = 1.5 Hz, H-2) indicated a cis-conformation between
H-2 and H-3 [22]. Therefore, compound 2 was identified as
(2R,3R)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-chromene-
3,5,7-triol or (−)–epicatechin, the stereoisomer of compound 1.

The addition of shift reagents (NaOCH3, AlCl3, AlCl3+HCl)
to compound 3 indicated the presence of free hydroxyl groups at
C-5, C-7, and C-40 of the 3-hydroxyl substituted skeleton. The
13C NMR of compound 3 showed 26 signals of carbon con-
sisting of 2 carbonyl carbons, 6 oxygen-bearing aliphatic car-
bons and 18 sp2 carbons. 1H NMR also revealed that a glucose
unit was present in compound 3. 1H NMR signals at d 6.11 (d,
J = 15.9 Hz, H-8000), 6.14 (d, J = 2.0 Hz, H-6), 6.78 (d,
J = 8.6 Hz, H-3000, 5000), and 7.98 (d, J = 8.8 Hz, H-20, 60) indi-
cated a kaempferol moiety, and this was supported by the 13C
NMR signal at d 177.3 (C-4) for a carbonyl carbon, d 156.3 (C-
2) and 133.0 (C-3) for olefin carbons, and d 133.0 (C-3), 164.3
(C-7), 156.3 (C-9), and 159.7 (C-40) for oxygen-bearing aro-
matic carbons [23]. Further acid hydrolysis of compound 3 also
resulted in kaempferol, glucose, and p-coumaric acid, which
was confirmed by TLC and high performance liquid
chromatography and compared with standard samples. Based
on these results, compound 3 was identified as kaempferol-3-
O-(600-coumaroyl) glucopyranoside or tiliroside.

Overall, all compounds (1–3) exhibited significant scav-
enging activities against DPPH free radicals (Table 1), and may
have been due to the phenolic group on these compounds. The
reaction mechanism of polyphenol, which includes catechin and
epicatechin, with DPPH was affected by two factors: polarity
and the ratio of flavanol to DPPH radicals. Several mechanisms
have been reported for this reaction. The first mechanism in-
dicates that the DPPH radical-driven catechin oxidation product,
an intermediate o-quinone, attacks the electron rich-A ring of a
catechin unit and forms a hydrophilic dimer, which is further
oxidized to oligomers of higher molecular weight. The second
mechanism suggests that the A-ring of the o-quinone is further
oxidized by a DPPH radical to form the observed adduct [22].
Evaluating antioxidant activity using a free-radical scavenging
assay may provide information on the capability of an antioxi-
dant to prevent radical species from attacking proteins, fatty
acids, DNA, amino acids, and sugar in biological or food sys-
tems. DPPH is a relatively stable organic radical that has been
widely used to determine the antioxidant activity of natural
compounds in an easy, rapid, and sensitive way [24]. The DPPH
alcohol solution is deep purple with an absorption peak at
517 nm, and becomes yellow in the presence of a radical
scavenger in the system and when the odd electron of nitrogen
in DPPH is paired. The radical scavenging activity of DPPH
stems from its ability to accept an electron or hydrogen radical
and, hence, become a stable molecule.

The scavenging abilities of compounds 1–3 on hydrogen
peroxide need to be evaluated (Table 1) because even though it
is not very reactive in human cells, it sometimes may be toxic
because it gives rise to the hydroxyl radical in cells [25]. Thus,
antioxidants that remove hydrogen peroxide are important in
biological and food systems.

The reducing power assay measures the ability of antioxi-
dants to reduce ferric (Fe3+) ion to ferrous (Fe2+) ion through the
donation of an electron. The ability of an antioxidant to reduce
the ferric ion to ferrous ion is an indication of its ability to act as
a pro-oxidant in a biological or food system. In the present
study, we used gallic acid and ascorbic acid equivalents for
reducing power ability. The reducing power of isolated com-
pounds ranged between 41.60 and 61.47 mg/mL in gallic acid
equivalents and between 78.77 and 98.96 mg/mL in ascorbic
acid equivalents (Figure 2). The flavonoid group is well known
for its ability to donate electrons [26]. Furthermore, the different
substituents on the phenyl of the chalcone moiety also play an
important role in the reducing power of compounds.

The b-carotene-linoleate bleaching assay was conducted
because food generally consists of a lipid and water system with
some emulsifier. Therefore, an aqueous emulsion system of b-
carotene and linoleic acid was used to evaluate the antioxidant
activities of the isolated compounds. The free peroxy radical in
this system was formed when oxidized linoleic acid attacked
b-carotene molecules that consequently underwent rapid decol-
orization. The results obtained showed that most of the investi-
gated compounds efficiently inhibited the oxidation of
emulsified linoleic acid and, as a result, inhibited b-carotene
bleaching. The antioxidant activities of compounds 1 to 3 from
Q. gilva at 40 mg/mL in the b-carotene-linoleate model system
resulted in compound 1 having the highest ability in protecting
b-carotene bleaching followed by compound 2 and compound 3,
which still retained antioxidant activities of 14.93%, 10.44%,
and 1.49%, respectively, after 60 min of the assay. These results
were higher than that for ascorbic acid as the standard, which had
an antioxidant ability of 1.47%. Anthocyanins, flavonols, and
flavanols were previously reported to be active in the b-carotene
bleaching test, while phenolic acids were less active [27].

By comparing antioxidant activities measured with four
methods, i.e., DPPH radical scavenging, hydrogen peroxide
radical scavenging, reducing power, and b-carotene-linoleate
bleaching assays, all the isolated compounds showed almost
similar results among the four methods. Therefore, we
concluded that all these methods were consistent with each other
in evaluating the antioxidant activities of isolated compounds
from the leaves of Q. gilva.

a-Glucosidase inhibitors that inhibit enzymes in the intestine
have been shown to effectively delay glucose absorption and
prevent elevations in postprandial blood glucose levels; there-
fore, they play a significant role as chemotherapeutic agents for
non-insulin-dependent diabetes mellitus. Effective and safe a-
glucosidase inhibitors from nature have been sought in the
development of physiological functional food or compounds for
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antidiabetic therapy [28]. We investigated the inhibitory activities
of isolated compounds from the leaves of Q. gilva against a-
glucosidase from S. cerevisiae. p-NPG was used as the
substrate and the yellow color of the enzyme's degradation
product, p-nitrophenol, was produced and measured using
spectrometer. Quercetin was used as a positive control based
on a previous study in which phenolic compounds exhibited
stronger inhibitory effects on a-glucosidase than acarbose [29].

The results for a-glucosidase inhibitory activity (IC50) were
consistent with previous findings on catechin and epicatechin in
green tea [30], in which the a-glucosidase inhibitory activity of
catechin was higher than that of epicatechin. Although
compounds 1 and 2 have identical structures, their optical
rotation was differed. Therefore, we assumed that these
differences were affecting the inhibitory activity or recognition
of the active site in a-glucosidase. The a-glucosidase
inhibitory activity of compound 3 was higher than those of
compounds 1 and 2 possibly because it consisted of more
hydroxyl groups and the removal of hydroxyls in flavonoids
has been shown to decrease a-glucosidase inhibitory activity
[31]. The higher a-glucosidase inhibitory activity of compound
3 was also in accordance with tiliroside isolated from Phlomis
stewartii [32]. This result showed that Q. gilva is a potential
source for a supplement to replace pharmaceutical antidiabetic
drugs in the future because it contains active compounds that
act as a-glucosidase inhibitors.

The inhibitory mechanisms of the isolated compounds were
analyzed further using Lineweaver–Burk plots (Figures 4 and
5). A substrate (p-NPG) with increasingly higher concentra-
tions was treated with a a-glucosidase enzyme with and without
the isolated compounds as inhibitors. The results obtained
showed various mechanisms of action (Table 2). Compound 1
and compound 2 exhibited an uncompetitive type of inhibition
(Figure 4), as shown by the straight parallel lines in the plot of
1/V versus 1/[S]. The Ki (inhibition constant) values of com-
pounds 1 and 2 were determined to be 129.03 and 215.05 mmol/
L, respectively (Table 2). Compound 3 showed non-competitive
inhibition, which indicated that it bound to a site other than the
active site of the a-glucosidase enzyme (Figure 5a) with a Ki
value of 91.64 mmol/L, while quercetin had a mixed inhibition
type (Figure 5b) with a Ki value of 34.26 mmol/L. This result
indicated that the stereochemical type of the compound and
the number of hydroxyl groups may have influenced the
mechanism of inhibition. Furthermore, hydrogen bonding is a
crucial factor in the interactions between the enzyme and its
substrates and the conformation and orientations of the in-
hibitors at the active site [33]. However, further studies such as a
molecular docking approach are required to confirm the
interaction between the enzyme and the substrate. To the best
of our knowledge, this study is the first to perform the
bioassay guided isolation of active compounds from the
leaves of Q. gilva and evaluate their antioxidant and a-
glucosidase inhibitor activities.

In conclusion, three compounds were isolated from the leaves
of Q. gilva. The antioxidant and a-glucosidase inhibitory ac-
tivities of the isolated compounds were investigated. Four anti-
oxidant assays were successfully conducted to evaluate the
antioxidant activities of the plant extracts, giving similar results.
Of the isolated compounds, catechin (1) and epicatechin (2)
showed potent antioxidant activities, while tiliroside (3) and
catechin (1) showed potent a-glucosidase inhibitory activities.
These compounds may be employed as lead compounds for
potentially new antioxidant and antidiabetic medicine derived
from plants. The results of the present study showed that
Q. gilva is potentially a rich source of natural antioxidants and
antidiabetic medicine.
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