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Antioxidant and Cytoprotective Activity of Castor-aralia  (Kalopanax 

pictus) Leaves
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Abstract The present study was to investigate the in vitro antioxidant potential of hot water extract and its fractions from
dichloromethane (CH2Cl2), ethyl acetate (EtOAc), n-butanol (n-BuOH), and water (H2O) of castor-aralia (Kalopanax pictus)
leaves using different antioxidant tests. Among these crude extract and fractions, EtOAc fraction exhibited higher antioxidant
potency than others in 1,1-diphenyl-2-pricylhydrazyl (DPPH) free radical scavenging, reducing power assay, and reactive oxygen
species (ROS) scavenging activity. However, CH2Cl2 fraction showed higher hydroxyl radical scavenging and DNA damage
protective activity. This work demonstrates the potential of castor-aralia leaves as antioxidant functional food ingredients.
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Introduction

Free radicals and active oxygen in the form of hydroxyl
radicals (·OH), superoxide anions (O2

−), hydrogen peroxide
(H2O2), and singlet oxygen (O2) are produced continuously
in the cells of the human body (1,2). Oxidation is essential
in living organisms to obtain the energy needed for
biological processes. However, excessively high levels of
free radicals or reactive oxygen species (ROS) create
oxidative stress, which leads to a variety of biochemical
and physiological lesions and results in metabolic
impairment and cell death (3,4). Although most organisms
possess antioxidant defense and repair systems, their
functions are limited, especially under conditions of severe
oxidative stress (5). Epidemiological evidence indicates
that the consumption of foodstuffs containing antioxidant
phytochemicals is advantageous for health, since they can
inhibit the polymerization chain initiated by free radicals
and other subsequent oxidizing reactions (6). Several synthetic
antioxidants, such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and tert-butylhydroquinone
(TBHQ), are commercially available, but their applications
are restricted due to potential risks related to health (7).
Plants contain a variety of free radical scavenging molecules
such as phenolic compounds, nitrogen compounds, vitamins,
terpenoids, and other endogenous metabolites that are rich
in antioxidant activity (8). Therefore, the development of
natural antioxidant from plant species, especially edible
plant, is in progress.

Korean food has diverse plant products of its agriculture;
in addition there are many wild food plants that are
gathered from its fields and forests (9). In Korea, wild
edible plants are either eaten raw, boiled, fried in oil, or
baked to be served as dishes.

Castor-aralia (Kalopanax pictus), a deciduous tree in the

family Araliaceae is distributed mainly in Asian countries
(10). Its bark and stem possesses a variety of biological
activities, including anti-diabetic, cytotoxic, anti-fungal,
and anti-inflammatory activities (11-13). And, the leaves of
castor-aralia are being used as vegetable or a functional
food in Korean society (14).

The previous research on castor-aralia has been conducted
mainly using stem and bark samples (15,16); thus, little
information is available regarding the leaves of castor-
aralia. To date, antioxidant activity of its organic soluble
fractions, such as, dichloromethane (CH2Cl2), ethylacetate
(EtOAc), n-butanol (n-BuOH), and the water layer of
castor-aralia have not been reported. Therefore, to
investigate the potential antioxidant properties of different
fractions from castor-aralia leaves, we employed the food
values of castor-aralia leaf with a number of in vitro
measures, including the protective effect of the samples on
free radical induced damage on plasmid DNA and RAW
264.7 cells in addition to DPPH free radical scavenging,
hydroxyl radical scavenging, reducing power assay, and
total phenolic measurement. It is interesting to observe the
correlation between the phenolic content and antioxidant
activity between the plant extracts, since phenolic
compounds may contribute directly to antioxidant activity
(17). Hence, correlation coefficients between phenolic
content and antioxidant activity were analyzed.

Material and Methods

Chemicals and reagents 1,1-Diphenyl-2-pricylhydrazyl
(DPPH), 2-deoxy-D-ribose, 7-dichlorofluorescein-diacetate
(DCFH-DA), sodium nitroprusside (SNP), α-tocopherol,
trichloroacetic acid (TCA), and BHA were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Thiobarbituric acid
(TBA) was purchased from Alfa Aesar (Karlsruhe,
Germany). RPMI medium 1640 and fetal bovine serum
(FBS) were acquired from Gibco BRL (Grand Island, NY,
USA). The culture supplies were obtained from SPL Brand
Products (Seoul, Korea). All other chemicals were of
analytical grade.
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Preparation of the crude extract and fractionations
Leaves of castor-aralia collected from Chuncheon, South
Korea, were dried in the shade at room temperature and
then powdered. One-hundred g of the leaf powder were
extracted with hot water for 3 hr. The extract was filtered
through filter paper (100-mm; Whatman, Maidstone, UK)
and evaporated using a vacuum rotary evaporator (CCA-
1110; Eyela, Tokyo, Japan) to produce a crude extract of
15.32 g. Ten g of the crude extract was dissolved in
distilled water and partitioned with CH2Cl2, EtOAc, and n-
BuOH successively to give CH2Cl2 (0.56 g), EtOAc (1.07
g), n-BuOH (2.97 g), and H2O (5.03 g) fractions after
removal of the solvents in vacuum, respectively.

Determination of the total phenolic contents The total
phenolic content was determined using the Folin-Ciocalteu
reagent described previously (18) with a slight modification.
One mL of each sample (200 µg/mL) was mixed with 1.8
mL of Folin-Ciocalteu reagent, and the solution was
allowed to stand at 25oC for 5 min before the addition of
1.2 mL of a 15% sodium carbonate solution. Tannic acid
(Tan) was used as the standard to create a calibration curve.
The total phenolic content is expressed as mg Tan/g.

DPPH radical scavenging activity The free radical
scavenging activity of the crude extract and its fractions
from castor-aralia leaves was evaluated by the DPPH test
as previously described (19). Briefly, 0.5 mL of 0.1 mM
DPPH (in methanol) was added to a test tube containing
0.5 mL of the sample at various concentrations. The mixture
was then shaken vigorously for 1 min and kept at room
temperature for 30 min in the dark. The absorbance of each
sample solution was measured at 515 nm using a multiplate
spectrophotometer (ELx800TM; BioTek, Winooski, VT,
USA).

Hydroxyl radical scavenging activity Hydroxyl radical
scavenging activity was examined using the deoxyribose
assay (20). The reaction mixture [0.2 mL of 10 mM FeSO4,
0.2 mL of 10 mM ethylenediamide tetraacetic acid
(EDTA), 0.2 mL of 10 mM H2O2, and 0.2 mL of 10 mM 2-
deoxy-D-ribose] was mixed with or without crude extract/
fractions to produce a final volume of 1 mL, then mixed
with 1 mL of 0.1 M phosphate buffer (PB; pH 7.4). The
mixture was incubated at 37oC for 4 hr. After incubation,
1 mL each of 2.8% TCA and 1.0% TBA were added and
the mixture was heated using boiling water for 10 min.
Finally, the reaction mixture was cooled on ice and
centrifuged at 800×g for 10 min. The absorbance of the
supernatant was then measured at 532 nm.

DNA nicking assay The DNA nicking assay was
evaluated according to the method described by Qian et al.
(21) with slight modification. Briefly, 3 µL of 400 µg/mL
castor-aralia leaf crude extract/fractions and 0.5 µg of pBR
322 were mixed and incubated for 10 min at room
temperature followed by the addition of 7 µL of Fenton’s
reagent (3 µL of 30% H2O2, 2 µL of 5 mM FeSO4, and 2
µL of 50 mM PB). The resulting mixture (final volume 20
µL) was incubated for 30 min at 37oC. The DNA was
electrophoresed on 1% agarose gels and visualized using
ethidium bromide and a Mini BIS image analysis system

(DNR Bio-Imaging Systems Ltd., Jerusalem, Israel).

Reducing power assay The reducing power was determined
as described by Gupta with some modification (22).
Various concentrations (1 mL of 100, 200, 300, 400, and
500 µg/mL sample) were mixed with 2.5 mL of sodium
PB (0.2 M, pH 6.6) and 2.5 mL of 0.1% potassium
ferricyanide, and the mixture was incubated at 50oC for 20
min. After the addition of 2.5 mL of 10% TCA, the mixture
was centrifuged at 3,000×g for 10 min. The upper layer (5
mL) was mixed with 2.5 mL of distilled water and 0.5 mL
of 0.1% of ferric chloride, and the absorbance was
measured at 700 nm.

Cell line and cell culture RAW 264.7 cell line was
purchased from the Korean Cell Line Bank (Seoul, Korea).
RAW 264.7 cells were grown in RPMI 1640 medium
supplemented with 10% FBS, 100 U/mL penicillin, and
100 µg/mL streptomycin. Cells were incubated at 37°C in
a humidified atmosphere of 95% air and 5% CO2.

Determination of intracellular ROS Intracellular ROS
induced by SNP was measured using fluorescent DCFH-
DA probe. In brief, RAW 264.7 cells (100,000/well) were
pre-treated with the 400 mg/mL crude/fractions for 1 hr
prior to DCFH-DA (50 µM) for 30 min. SNP (250 µM)
was added and incubated at 37oC for 25 min. The ROS
generation was measured by flow cytometry (Becton-
Dickinson, Franklin Lakes, NJ, USA) at an excitation
wavelength of 485 nm and an emission of 530 nm. For
each sample, 10,000 cells were analyzed using 3 replicates.

Data analysis All tests were carried out independently in
triplicate (n=3). The data are expressed as the mean±
standard derivation (SD). All analyses were performed
using SPSS 7.5 (SPSS Institute, Cary, NC, USA);
individual comparisons were made using Tukey’s multiple
range test, which was used to determine the differences
between the means. p<0.01 was considered significant.

Result and Discussion

Total phenolic contents The total phenolic content in
crude extract/fractions of castor-aralia leaves were
determined and presented in Table 1. The total phenolic
content of crude extract, H2O fraction, n-BuOH fraction,
EtOAc fraction, and CH2Cl2 fraction were 107.70, 47.87,
85.73, 170.97, and 93.26 mg Tan equivalent/g, respectively.
It was noted that the EtOAc fraction had higher total
phenolic content than other samples. Except H2O fraction,
which had a low phenolics content, all the other fractions
showed a significantly higher phenolics content, indicating
that the phenolic compounds in castor-aralia leaves were
mainly soluble in organic solvents, especially ethyl acetate.
This is in accordance with finding of Lo and Cheung (23).
Jeong (24) had previously reported that the stem bark of
castor-aralia had a 98.34 mg% dry matter of phenolics.

DPPH free radical scavenging activity Free radicals
are known as the major cause of oxidative damage of
biological molecules in human body, including coronary
heart disease, aging, cancer, and dementia (25). DPPH has
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been widely used to evaluate the free radical scavenging
capacity of antioxidants. The DPPH radical scavenging
activity of the bioactive compounds has been attributed to
its ability to pair with the odd electron in the DPPH radical
(26). The radical scavenging activity of crude extract/
fractions was shown in Table 1 and calculated as half-
inhibition concentrations (EC50

DPPH) values. The order of
activity was as follows: BHA (5.15 µg/mL)>L-ascorbic
acid (6.78 µg/mL)>EtOAc fraction (26.62 µg/mL)>crude
extract (46.72 µg/mL)>CH2Cl2 fraction (106.28 µg/mL)
>n-BuOH fraction (112.52 µg/mL)>H2O fraction (176.82
µg/mL). In this study, BHA and L-ascorbic acid were used
as the positive controls, showing the EC50 values of 5.15
and 6.78 µg/mL, respectively. The results suggested that
the compounds within the EtOAc fraction were significantly
strong radical scavengers. In previous studies, the bark of
castor-aralia showed 57.0 µg/mL of EC50 in ethanol extract
(27). However, comparing to bark of castor-aralia, the leaves
of castor-aralia showed higher free radical scavenging
activity.

Hydroxyl radical scavenging activity ·OH, the most
reactive of all free radicals, is formed from O2

− and H2O2

in the presence of metal ions (28). ·OH has the capacity to
bond with the nucleotides in DNA, causing strand breakage
that ultimately results in carcinogenesis, mutagenesis, and
cytotoxicity (29). In addition, this species is believed to
initiate the lipid peroxidation process, whereby hydrogen
atoms are extracted from unsaturated fatty acids (30). The
effect of each sample on the ·OH generated from Fe3+ ions
was measured based on the extent of deoxyribose oxidation,
which is an indicator of TBA-malonaldehyde (MDA)
adduct formation (31).

Result in Table 1 showed that CH2Cl2 fraction exhibited
stronger antioxidant activity (EC50

OH=23.47 µg/mL) against
·OH using the Fenton system than crude extract (EC50

OH=
43.62 µg/mL), H2O fraction (EC50

OH=200.64 µg/mL), n-
BuOH fraction (EC50

OH=213.52 µg/mL), and EtOAc fraction
(EC50

OH=120.32 µg/mL). Whereas, α-tocopherol used as a
positive control at 60.27 µg/mL showed 50% hydroxyl
radical scavenging activity. This implies that CH2Cl2

fraction was more effective as a hydroxyl radical scavenger
at low concentrations than the other samples or the
standard antioxidant.

DNA nicking assay DNA is another sensitive biotarget
for ROS-mediated oxidative damage. Oxidative DNA damage
has been implicated in various degenerative diseases such
as Parkinson’s and Alzheimer’s disease (32). Among the
ROS, hydroxyl radical is considered as a DNA damaging
agent of physiological significance (33). The antioxidant
effect of the extracts was evaluated based on their ability to
protect against hydroxyl radical-induced DNA damage in
the plasmid pBR 322. The pBR 322 exists in 3 forms:
supercoiled, open circular, and linear. When the plasmid
was subjected to the Fenton reaction for 30 min, the intact
supercoiled DNA was broken into an open circular form
compared to the untreated plasmid (Fig. 1A). In the result,
addition of the samples to the Fenton system resulted in a
decreased conversion of supercoiled DNA to open circular.
Whereas, the CH2Cl2 fraction showed higher DNA damage
protective activity compared to other samples used in the
experiment. These results are consistent with our hydroxyl
radical scavenging results.

Reducing power assay It has been reported that reducing
activity is generally associated with the presence of
reductones, which have been shown to exert an antioxidant
effect by donating a hydrogen atom and thereby breaking
the free radical chain (34). The reducing power of sample
was revealed in Table 1. The EC50

RPA (the effective
concentration at which the absorbance was 0.5) value of
EtOAc fraction (0.14 mg/mL) is lower than for hot water
extract (0.29 mg/mL), H2O fraction (0.54 mg/mL), n-
BuOH fraction (0.41 mg/mL), and CH2Cl2 fraction (0.32
mg/mL). However, the EC50

RPA value obtained for positive
control (BHA) was 0.17 mg/mL. This result showed that
EtOAc fraction has better reducing power than other samples
including the positive control used in the experiment. The
higher reducing ability of EtOAc fraction may be due to
the high phenolic content which may act as reductones by
donating electrons to free radicals.

Determination of intracellular ROS Accumulation of
intracellular ROS was detected with DCFH-DA, which is
freely permeable to cell membranes and deacetylated by
intracellular esterases to dichlorofluroscin. Upon exposure
to the ROS, dichlorofluroscin is oxidized to highly fluorescent
dichlorofluroscin (35). Therefore, we applied DCFH-DA

Table 1. Total phenolic contents and free radical scavenging activity of samples from castor-aralia leaf

Sample
Total phenolic content

(Tan mg/g) 

EC50 (µg/mL) 

DPPH radical
scavenging activity

Hydroxyl radical 
scavenging activity

Reducing power assay

Crude extract 107.70±3.4d1) 046.72±2.12d 043.62±1.38b 0.29±0.01c

H2O fraction 047.87±1.70a 176.82±9.20g 200.64±8.32e 0.54±0.03f

n-BuOH fraction 085.73±2.85b 112.52±0.23f 213.52±5.94f 0.41±0.02e

EtOAc fraction 170.97±1.01e 026.62±0.59c 120.32±4.32d 0.14±0.01a

CH2Cl2 fraction 093.26±3.89c 106.28±6.36e 023.47±1.57a 0.32±0.04d

L-Ascorbic acid - 006.78±0.19b ND ND

α-Tocopherol - ND 060.27±1.06c ND

BHA - 005.15±0.92a ND 0.17±0.02b

1)Each value is the mean±SD of triplicate measurements; Values with different letters differ significantly (p<0.01); ND, not detected.
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as fluorescent probe to measure the intracellular oxidative
activity in living cells. SNP was used to produce the
oxidative stress in RAW 264.7 cells. As shown in Fig. 1B,
the intracellular ROS accumulation resulting from SNP
exposure was significantly increased compared with untreated
cells. ROS level was decreased to the normal level in the
presence of 400 µg/mL EtOAc fraction. This implied that
EtOAc fraction can rapidly inhibit intracellular oxidative
stress and protect RAW 264.7 cells from oxidative damage
compared with other samples.

Assessment of correlation between total phenolic
contents and antioxidant activity A strong positive
correlation has been reported between total polyphenolic
content and antioxidant capacity in some plants and fruits,
since phenolic compounds contribute directly to antioxidant
activity (36). A direct correlation between phenolic content
and antioxidant paramenters (1/EC50

DPPH , 1/EC50

RPA, and 1/
EC50

OH) was assessed by linear regression analysis. As
shown in Table 2, the correlation coefficient (r) between
total phenolic content and antioxidant activity (1/EC50

DPPH,
1/EC50

RPA) are 0.953 and 0.970, respectively. It is indicated
that there is a significant positive relationship between the
phenolic content and antioxidant activity of DPPH free
radical scavenging and reducing power assay. On the other
hand, phenolic compounds in castor-aralia leaf seemed to
influence the hydroxyl radical scavenging activity weakly.

There are several reasons to explain the undefined
relationship between the antioxidant activity and total
phenolics: (i) total phenolic content did not incoporate all
the antioxidants, such as ascorbic acid, carotenoid, and
tocopherol; (ii) The synergism among the antioxidant in
the sample exhibited the antioxidant activity, not only rely
on the concentration of antioxidant, but also on the structure
and interaction among the antioxidants; and (iii) phenolic
compounds may act as antioxidants in various mechanisms:
via free radical scavenging, hydrogen donation, singlet or
triple oxygen quenching, metal chelating, or substrate for
attack by superoxide. Therefore, different method to
measure antioxidant activity with various mechanisms may
lead to different observations (37).

From the above experiment, it can be concluded that the
castor-aralia leaves possess strong antioxidant activity and

Fig. 1. (A) Visualization of the damage induced by hydroxyl radicals on plasmid DNA in the presence of samples from castor-
aralia leaf by agarose gel electrophoresis. Line 1, DNA incubated without Fenton’s reagent; line 2, DNA incubated with Fenton’s
reagent; line 3-7, DNA incubated with Fenton’s reagent in the presence of 400 µg/mL of crude extract, H2O fraction, n-BuOH fraction,
EtOAc fraction, and CH2Cl2 fraction from castor-aralia leaf, respectively. (B) Flow cytometric analysis of SNP-induced ROS
production in RAW 264.7 cells. (a) Cells treated without SNP and DCFH-DA; (b) cells treated without SNP; (c) cells treated with SNP;
(d) cells treated with SNP and crude extract; (e) cells treated with SNP and H2O fraction; (f) cells treated with SNP and n-BuOH fraction;
(g) cells treated with SNP and EtOAc fraction; and (h) cells treated with SNP and CH2Cl2 fraction.

Table 2. Correlations established between total polyphenol
contents and antioxidant activity

Antioxidant assays Equation r

DPPH free radical scavenging 
activity

y=3248.35x+47.223 0.953

Hydroxyl radical scavenging 
activity

y=56.982x+100.15 0.02

Reducing power assay y=20.984x+25.526 0.970
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are rich in phenolic compounds. Furthermore, this research
suggests that castor-aralia leaves are a good source of
natural antioxidants and have positive effect on health and
can be used against disease caused by oxidative stress.
However, the components responsible for the antioxidant
activities are unclear, further additional studies are currently
underway to identify the active antioxidant compounds
present in this plant.
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