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Abstract Crude extract of young dangywja (Citrus grandis Osbeck) fruit was investigated for its antioxidant activity as
measured by 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity. Among the samples, including 4 Citrus
species and various solvent-extracted-fractions of young dangyuja fruit, the water-extracted fraction (WF) and butanol-
extracted fraction (BF) showed the greatest DPPH free radical scavenging activity. WF and BF were further examined for
their antioxidant activities by three different in vitro assays. The cell viability tests using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) reduction assay showed that both fractions significantly reduced H,O,-induced
cytotoxicity in HepG2 cells dose-dependently. Generation of the reactive oxygen species (ROS) was also reduced in cells
pretreated with both fractions. In addition, BF showed a higher level of lipid peroxidation inhibitory capacity than WF in
H,0,-treated HepG2 cells. Taken together, these results indicate that young dangyuja fruit can be used as an easily accessible

source of natural antioxidants.
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Introduction

Oxidative stress is widely recognized as one of the causes
for the development of chronic disease including alcohol-
mediated organ damage, various forms of neuro-degenerative
diseases, many types of cancers, cardiovascular diseases,
lung diseases, and UV-mediated skin diseases (1-3). It is
mediated by reactive oxygen species (ROS) that are
generated as byproducts of normal and irregular metabolic
processes that utilize molecular oxygen. ROS are known
to attack cellular biomolecules and are responsible for
increased oxidation of proteins, DNA, polyunsaturated
fatty acids, and lipids. This oxidative stress-induced
damage disrupts cellular function and membrane integrity,
thereby leading to cell death through apoptosis (4, 5).
Being a major component of ROS, H,O, has been
extensively used as an inducer of oxidative stress (6).
Antioxidant bioactive compounds have been shown to
play a major role in blocking oxidative stress induced by
free radicals (7-11). They have been reported to reduce the
incidence of chronic degenerative disease including heart
diseases and cancer (12-14). The genus Citrus, with
several species cultivated worldwide, produces a large
amount of antioxidant bioactive compounds. Many
researchers have found antioxidants in juice and edible
parts of oranges of different origin and from different
varieties (15-17). As far as the peel is concerned, extracts
from this part of the fruit were found to have a good total
radical antioxidative potential (16). Dangyuja (Citrus
grandis Osbeck) is one of native Citrus species and the
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fruits have been utilized in Jeju Island for a long time as a
folk remedy for hangover and protection against liver
damage. However, previous studies have focused mainly
on the changes of limonoid contents in different tissues
during fruit growth and on the evaluation of antioxidant
activity of the mature dangyuyja fruit tissues (flavedo,
albedo, and segment membrane) by 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radical scavenging activity and -
carotene bleach assay (18, 19). Few studies have been
conducted to evaluate the antioxidant activities of young
dangyuyja whole fruit extract in comparison with those of
mature dangyuja whole fruit extract and other Citrus
cultivars extracts. '

In the present work, the DPPH radical scavenging
activity and the antioxidant activity of young dangyuja
whole fruit extract were evaluated by a well differentiated,
transformed cell line: the human hepatoma HepG2 line.
The samples tested for DPPH free radical scavenging
activity included Citrus unshiu Marc., [(C. unshiu Marc. x
C. sinensis Osb.) x C. reticulata Bla.], C. sinensis, mature
dangyyja, and young dangyuja. Young dangywja whole
fruit extracts and residues were prepared for examination
using successive solvents of varying polarity and by
partitioning the methanol fraction with hexane,
chloroform, ethyl acetate, and n-butanol. Furthermore, the
effect of water- and butanol-extracted fractions (WF and
BF, respectively) of young dangyuja fruit on antioxidant
defense at the cellular level was investigated by a human
hepatoma HepG2 cell line, for the first time.

We report here that WF of young fruit extracts from
dangyuja protects the HepG2 cells from oxidative stress
and acts as a direct scavenging agent of ROS.
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Materials and Methods

Materials Dangyuja fruits were obtained from the
National Institute of Subtropical Agriculture Jeju Province,
Korea. Young fruits were collected on June 28, 2005 from
dangywja trees about 30 days after flowering and the
mature fruits were collected in January 2005. C. unshiu
Marc., [(C. unshiu Marc. x C. sinensis Osb.) x C. reticulata
Bla.], and C. sinensis fruits were purchased from a market
in Jeju city. All the chemicals and reagents were purchased
from Sigma Chemicals (St. Louis, MO, USA) and
Invitrogen Gibco (Grand Island, NY, USA).

Preparation of fruit extracts Air-dried Citrus whole fruits
were pulverized using a milling machine and extracted
with 80% methanol by stirring for 3 days at room
temperature (RT). The extract was filtered, concentrated
with a vacuum rotary evaporator under reduced pressure,
and lyophilized. The resulting methanol extract (ME) was
suspended in water (1 L) and further fractionated by
additional extraction with n-hexane, chloroform, ethyl
acetate, and n-butanol in a stepwise manner. Each solvent
was extracted three times at RT and solvent fractions from
each step were removed by rotary evaporation and freeze-
dried (Fig. 1). The extract powder(s) was dissolved in
dimethyl sulfoxide (DMSO) and diluted with phosphate
buffered saline (PBS, pH 7.4) to give the final concentra-
tions.

Determination of antioxidant activity using DPPH The
free radical scavenging activity of the fruit extracts was
measured by the DPPH radical assay described by Blois
(21). Total extracts of citrus fruit at a final concentration of
0.5 mg/mL and solvent fractions obtained from young
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Fig. 1. Flow diagram of fractionation of dangyuja extract.
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dangyuja fruit extracts at final concentrations of 1, 0.5,
0.25, and 0.125 mg/mL were tested individually by
addition to 150 uM solution of DPPH in ethanol. The
mixtures were vigorously mixed and allowed to stand in
the dark at RT for 30 min. The absorbance of the
remaining DPPH was measured at 520 nm using a
spectrophotometer. These experiments were run in
triplicate. The radical scavenging activity was calculated
according to following equation:

Radical scavenging activity (%) = [(As-A)/A,]x100,

where, A, is the Asy of DPPH without sample (control),
A is the Aspy of DPPH with sample.

Cell culture The human hepatoma HepG2 (KCLB No.
58065) cells were purchased from the Korea Cell Line
Bank (Seoul, Korea). They were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with
10%(v/v) heat-inactivated fetal bovine serum (FBS), 100
units/mL of penicillin, and 100 pg/mL of streptomycin.
Cells were maintained in a humidified incubator at 37°C in
a 5% CO, atmosphere. The culture medium was changed
twice a week, and the cells were subcultured at a 1: 4 ratio
once a week.

Determination of cell viability The cell viability was
estimated by the conventional 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide (MTT) reduction
assay, which is based on cleavage of a tetrazolium salt by
mitochondria dehydrogenases in viable cells (22). HepG2
cells were cultured at a density of 1x10° cells/mL on 96-
well microplates for 16 hr, washed twice using PBS, and
pretreated with different concentrations of dangyuja fruit
extracts. After 30 min incubation, H,O, solution was
added to the wells, and the cells were re-incubated for 24
hr. MTT reagent (5 mg/mL) was added to each well, and
the plate was incubated at 37°C for an additional 4 hr. The
media were then removed, and the intracellular formazan
product was dissolved in DMSO. The absorbance of each
well was then measured at 570 nm, and the cell viability
was expressed as a percentage of counts relative to the
untreated control cells.

Determination of reactive oxygen species Cellular ROS
were quantified by dichlorofluorescein (DCFH) assay (23), in
which the esterified from of 2’,7’-dichorofluoresceindiacetate
(DCFH-DA) diffuses through the cell membrane and is
enzymatically deacetylated by intracellular esterase. The
resulting compound, dichlorofluorescein (DCFH), is reactive
with ROS to give an oxidized fluorescent compound,
dichlorofluorescein (DCF). HepG2 cultures were pretreated
with either WF or BF of young dangywja fruit extracts for
30 min, then the cultures were washed twice and incubated
with 1 mM H,0, for 10, 30, 60, and 90 min. DCFH-
diacetate was added to the culture plates at a final
concentration of 25 uM and DCF fluorescence was
detected over a period of 90 min at 37°C at an excitation
wavelength of 485 nm and an mission wavelength of 530
nm using Genios multiwell, fluorescence plate reader
(Genios, Tecan, Salzburg, Austria).
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Lipid peroxidation inhibitory capacity Lipid peroxida-
tion was assayed by measuring malondialdehyde (MDA)
according to the method of Ohkawa er al. (24). Lipid
peroxides react with thiobarbituric acid (TBA) and
develop a pink color due to the formation of TBARS
(TBA reactive substances). In this method cells were
exposed to WF or BF of young dangyuja fruit extract at
various concentrations in the incubation medium for 60
min, followed by 1 mM H,0, for 60 min. Oxidation of
phospholipids and evaluation of TBARS formation was
achieved in a single 96-well microplate and the amount of
MDA formed as a breakdown product was measured
spectrophotometrically at 530 nm.

Statistical analysis Experimental data were analyzed by
Student’s #-test and expressed as mean +SD. A probability
value of p<0.05 was considered statistically significant.

Results and Discussion

Antioxidant activity The use of DPPH free radicals is a
common method to evaluate antioxidant activities in a
relatively short time compared with other methods. The

A
50

40

30

20 -

Radical scavenging activity (%)

e

YDY O] HB NO

e
MDY

80

60 -

40 -

20 -

Radical scavenging activity (%)

HF CF EF BF WF BHT TCP
Fig. 2. The effects of total extracts from Citrus fruits (A) and
various solvent-extracted fractions from YDY (B) on scavenging
DPPH free radicals. All the extracts, butylated hydroxytoluene, and
a-tocopherol were added at 0.5 mg/mL. Values are means = SD (n
=3). (A) MDY mature C. grandis Osbeck; YDY young C. grandis
Osbeck; OJ C. unshiu Marc., HB;[(C. unshiu Marc. x C. sinensis
Osb.) x C. reticulata Bla.], and NO, C. sinensis. (B) HF, hexane;
CF, chloroform-; EF, ethyl acetate-; BF: butanol-; WF, water
extracted fractions; BHT, butylated hydroxytoluene; and TCP, a-
tocopherol.
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reduction capability of DPPH radicals was determined by
the antioxidant-induced decrease in their absorbance at
520 nm. The DPPH free radical scavenging potentials of
the 5 citrus samples at concentration of 0.5 mg/mL are
present in Fig. 2. The DPPH radical scavenging activities
of ME samples were found to be in order of young
dangyuja (C. grandis Osbeck) > C. unshiu Marc. > Navel
Orange (C. sinensis) > Hallabong [(C. unshiu Marc. x C.
sinensis Osb.) x C. reticulata Bla.] > mature dangyuja (C.
grandis Osbeck) (Fig. 2A). Since the crude extracts of
young dangyuja fruit exhibited significant antioxidant
activity, various solvents extracts of young dangyyja fruit
were then prepared and the antioxidant activities of these
fractions were determined. The various solvent fractions of
young dangyuja fruit at a concentration of 0.5 mg/mL
showed the DPPH radical scavenging activity in the
decreasing order of WF (70%) > BF (41%) > ethyl acetate
fraction (34%) > chloroform fraction (14%) > hexane

~ fraction (8%) (Fig. 2B). The results strongly showed that

the radical scavenging activity of WF approached the
activity of the standard, a-tocopherol, and exhibited a
higher antioxidant activity than the standard, butylated
hydroxytoluene, did, at a concentration of 0.5 mg/mL. In
the previous study, the antioxidant activities of ethyl
acetate extracts of C. Osbeck crude extracts exhibited
strong antioxidant activities in flavedo and albedo with
slightly less antioxidant activities than the standards, o-
tocopherol, and butylated hydroxyanisole, as measured by
DPPH scavenging activity (19). However, the DPPH
radical scavenging activities of hexane and chloroform
fractions were not significantly different. These results
suggest that the antioxidant activity of ME of young
dangyuja fruit is mainly attributable to both WF and BF.
The results in Fig. 3 show that at concentrations ranging
from 0.125 to 0.5 mg/mL, these two fractions exhibited dose-
dependent, free radical scavenging activity. This concentra-
tion range of 0.125 to 0.5 mg/mL was consequently used
for all subsequent experiments.

Effect of water and butanol fractions on H,0,-induced
cell growth suppression The role of young fruit extract
in the protection of the HepG2 cells from H,O,-induced
oxidative stress was evaluated by MTT assay. The HepG2
cell line is a reliable model, well characterized, and widely
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Fig. 3. Antioxidant activity of water fraction (A) and butanol
fraction (B) at various concentrations as measured by free
radical scavenging effects. Values are means + SD (n=3).
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used for biochemical and nutritional studies where many
antioxidants and conditions can be assayed (20). When
human hepatoma HepG2 cells were pretreated with either
WF or BF for 30 min prior to being submitted to an
oxidative, the cell toxicity was greatly inhibited in a dose-
dependent manner (Fig. 4). The cells exposed 1 mM H,0,
for 24 hr without pretreatment of fruit extracts exhibited
about 49% of cell viability, whereas cell viability was
restored back to 80% by pretreatment of 0.5 mg/mL of
WEF, indicating that WF-treated cells were protected
against the oxidative insult. A similar protective effect was
observed in a dose-dependent manner when the HepG2
cells were pretreated with BF. At a dose of 0.5 mg/mL, BF
increased cell viability by 64% compared with the control.

Effect of water and butanol fraction on reactive oxygen
species (ROS) generation in HepG2 cells To investigate
whether or not the difference in viability of the HepG2
cells upon exposure to H,O, was associated with ROS
formation, the level of intracellular ROS was measured by
quantification of DCF fluorescence (23). Cells were
treated for 30 min with either WF or BF and then the
fraction was removed from the culture medium and 1 mM
H,0, was added for the 90 min of the ROS assay.

A significant increase in ROS production was observed
over time in the presence of 1 mM H,0, as compared to
the unstressed control (Fig. 5). Pretreatment of HepG2 cells
with either 0.5 mg/mL or 0.25 mg/mL. WF exhibited very
similar DCF fluorescence, implying the effect of WF on
ROS generation is dose-dependent only at lower concentra-
tions under 0.5 mg/mL (Fig. 5A). However, the DCF
fluorescence of cells pretreated with BF evoked a greater
decrease in ROS generation than WF in a dose-dependent
manner. At a concentration of 0.5 mg/mL, DCF fluorescence
dropped significantly from 10,343 to 4,578 units after 90
min reaction in cells to which BF of young dangyuja was
added (Fig. 5B).

Effect of water and butanol fraction on lipid per-
oxidation inhibitory activity in HepG2 Lipid peroxida-
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Fig. 4. Effect of young dangyuja extracts on H,O,-induced
cytotoxicity in HepG2 cells. Values are mean + SD (n=4). @ -
water fractions, O -butanol fractions.
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tion is a free radical-mediated propagation of oxidative
insult to polyunsaturated fatty acids, involving several
types of free radicals, and termination occurs through
enzymatic means or free radical scavenging activities of
antioxidants (25). To evaluate the antioxidant activity of
dangyyja, the effects of WF and BF of young dangyuja on
lipid peroxidation in H,O,-treated HepG2 cells were also
assessed. Pretreatment of HepG2 cultures with WF for 60
min increased the lipid peroxidation inhibitory activity,
although its effect was a lot less than that on DPPH radical
scavenging activity (Fig. 6). The inhibition of lipid peroxidation
was much more pronounced when cells were pretreated
with BF. Lipid peroxidation inhibitory activity increased
by 30, 60, 75, and 83% with pretreatment of BF at a concen-
tration of 62.5, 125, 250, and 500 pg/mL, respectively.
The results suggest that BF of young dangyuja fruit is
capable of amelioration of hepatocyte lipid peroxidation
caused by H,0,.

In conclusion, the results of our study show that both
WF and BF of young dangyuja fruit have strong anti-
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Fig. 5. Effect of young dangyuja fruit extracts on H,O,-
induced intracellular reactive oxygen species (ROS) genera-
tion in HepG2 cells. (A) and butanol fractions (B) and then
incubated with 1 mM H,0, for the indicated period of time.
Values are presented as means + SD (n=4). [, 1 mM H,O, only;
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mL; @ , unstressed control.
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Fig. 6. Lipid peroxidation inhibitory activity of young dangyuja
fruit extracts against HO,-induced oxidative damage in HepG2
cells. Black (I}, concentrations of water fractions; gray ( &
trations of butanol fractions.

oxidant activity as measured by DPPH radical scavenging
activity, cell viability, ROS generation, and inhibition of
lipid peroxidation. Moreover, among the five fractions
(hexane-, chloroform-, ethyl acetate-, butanol-, and water-
extracted fractions) of young dangyuja fruit, WF showed
the highest DPPH radical scavenging activity, whereas BF
showed a greater effect on ROS generation and higher
lipid inhibitory peroxidation than WF. Therefore, the
antioxidant activity found in the complete extracts of
young dangyuja fruit is attributable to both BF and WF.
These two fractions have promising potential as oxidative
preventatives in fruit juices and food products, and also as
health supplements. Full identification of the responsible
components is currently underway.
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