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Antioxidant and Antidiabetic Activities of Aralia elata Seeds
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Aralia elata seeds were successively extracted with water, methanol, ethanol, acetone and
chloroform. The crude extracts were investigated for antioxidant and antidiabetic activities. The
antioxidant properties of various extracts were evaluated by antioxidant tests, such as DPPH free
radical-scavenging activity, hydroxyl radical-scavenging assay, metal-chelating activity, lipid
peroxidation inhibition activity and reducing power assay. The 70% methanol extract exhibited
the highest activity in the in vitro models of DPPH free radical-scavenging activity, metal-chelating
activity, and reducing power assay. Acetone extract showed good effects on lipid peroxidation
inhibition and hydroxyl radical-scavenging assay at a low concentration. In addition, the o-
glucosidase inhibition assay showed that 70% methanol extract had the highest activity. These
results indicate the high possibility of using A. elata seeds for medical application due to their

efficient antioxidant properties.
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Free radicals are known as the major cause of oxidative
damage of biological molecules in the human body,
including coronary heart disease, aging, cancer and
dementia [Cheng ef al., 2003]. Therefore, antioxidants
play an important part in the inhibition of cellular damage
by the free radicals [Brash and Havre, 2002]. Antioxidants
in biological systems have diverse functions, including
defending against oxidative damage and participating in
the major signalling pathways of cells [Wojtaszek, 1997].
One major action of antioxidants in cells is to prevent
damage caused by the action of the ROS [Schinella et al.,
2002]. Several synthetic antioxidants such as BHA, BHT,
and TBHQ are universally being used. However, their use
has been questioned because of their toxicity. Some
toxicological studies have implicated the use of these
synthetic antioxidants in promoting the development of
cancerous cells i rats [Huang and Wang, 2004]. Plants
(fruits, vegetables, medicinal herbs) contain a wide variety
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of free radical-scavenging molecules, such as phenolic
compounds, flavonoid compounds, vitamins, terpenoids,
and some other endogenous metabolites, which are rich in
antioxidant activity [Pietta, 2000]. Flavonoid compounds
may reduce the risk of cancer, cardiovascular disease and
many other diseases with high content of antioxidative
phytochemicals [McCarty, 1999].

Diabetes mellitus is a major chronic disease caused by
an improper balance of glucose homeostasis and has a
significant impact on the health, quality of life, as well as
the health care system [Hanngle, 1990]. One of the
therapeutic ways is to retard the absorption of glucose by
the inhibition of carbohydrate-hydrolysing enzymes, for
example o-amylase and a-glucosidase in the digestive
organs [Tiwari and Rao, 2002]. Diabetes can increases the
production of ROS by glucose autoxidation. Thus, many
natural resources have been investigated with respect to
the suppression of glucose production [Ye et al., 2002].

Aralia elata is one of the most popular edible vegetable
in Korea. The bark and roots of 4. elata have been used in
treating cancer, cough ulcer, diabetes, cataractogenesis
and schizophrenia [Chung and Jung, 2003]. However up
to date, only few studies have investigated the bioactivities
of A. elata seeds. The purpose of the present study was to
evalute the antioxidant and antidiabetic bioactivities of 4.
elata seeds, such as free radical-scavenging activity,
hydroxyl radical-scavenging assay, metal-chelating activity,
lipid peroxidation inhibition, and a-glucosidase inhibition
assay.
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Material and Methods

Preparation of the extracts. 4. elata seeds were
collected from Chuncheon, Korea, dried in a shade at
room temperature, and powdered. Fifty grams of the seed
powder was extracted separately with water, absolute
MeOH, 70% MeOH, absolute EtOH, 70% EtOH,
absolute acetone and chloroform at 70°C for 3 h. The
extracts were filtered through filter paper (Whatmen 70
mm) and evaporated using a vacuum rotary evaporator
(EYELA, CCA-1110). Finally, the samples were dried by
freezing in a high vacuum (EYELA, FD-5N) for 2 days
to obtain the crude extracts. Dried samples were weighed
and kept at 4°C for further analysis.

Chemicals. L-Ascorbic acid, DPPH -, 2-deoxy-D-
ribose, ferrous chloride, 2N folin-ciocalteu’s phenol
reagent, iron (II) sulfate heptahydrate, tannic acid, o-
tocopherol, TCA, BHT, and EDTA disodium dehydrate
were purchased from Sigma (Sternheim, Germany). TBA
was purchased from Alfa Aesar (A Johnson Matthey
Company, Karlsruhe, Germany). Hydrogen peroxide,
gallic acid, and sodium carbonate were purchased from
Junsei (Junsei Chemical Co., Ltd., Tokyo, Japan) Iron
(IIT) chloride hexahydrate was purchased from Cica-
reagent (Kanto Chemical Co., Ltd., Tokyo, Japan). All
other unlabelled chemicals and reagents were purchased
from Sigma Chemical Co. (St. Louis, MO).

DPPH radical-scavenging activity. The free radical-
scavenging activity was determined by DPPH test
according to the method of Kilani et al. [2005]. Briefly,
0.5mL of 0.25mM DPPH solution (in MeOH) was
added to the 1.5 mL test tubes containing 0.5 mL of
different concentration (0.01-0.4 mg/mL) of the extract
using L-ascorbic acid as the positive control. The mixture
was shaken vigorously for 1 min and kept at room
temperature for 30 min in the dark. The absorbances of
all sample solutions were measured at 517 nm. Each
measurement was carried out in triplicate. The capability
to scavenge the DPPH radical was calculated using the
following equation:

I(%)=[1 - (A= A YA]* 100%

where A, 1s the absorbance of DPPH solution without
the sample (0.5 mL DPPH solution+0.5 mL of methanol),
A, is the absorbance of the test sample mixed with DPPH
solution (0.5 mL sample+0.5 mL DPPH solution), and A,
is the absorbance of the sample without DPPH solution
(0.5 mL sample+0.5 mL methanol).

Scavenging ability on hydroxyl radical. The scavenging
abilities of the test extracts on -OH were determined using
the deoxyribose assay [Hou et al., 2003]. The reaction
mixture containing FeSO, (10 mM, 0.2 mL), EDTA (10

mM, 0.2 mL), H,O, (10 mM, 0.2 mL), 2-deoxy-D-ribose
(100mM, 0.2mL) was mixed with or without other
extracts into 1 mL of final reaction volume to make a
phosphate buffer (0.1 M NaH,PO,-Na,HPO,, pH 7.4)
solution. The mixture was incubated in the boiling water
for 10 min, followed by the addition of 1 mL each of
2.8% TCA and 1% TBA solution. Finally, the reaction
mixture was cooled and centrifuged at 800 g for 10 min.
The absorbance of the supernatant was measured at 532
nm.

Scavenging percentage (%)=[1—-(A,—A.)/A,]x100%

where A,, denotes in the presence of deoxyribose and
sample; A,, in the presence of deoxyribose but without
test compounds; and A, In the presence of test
compounds but without deoxyribose.

Metal-chelating activity. The metal-chelating activities
of different solvent extracts were estimated by the method
of Gulcin et al. [2004]. In brief, 1 mL each of 4. elata
extract at different concentrations was mixed with 3.7 mL
of absolute MeOH and 0.1 mL of 1 mM FeCl,. The
reaction was initiated by the addition of 0.2 mL of 5 mM
ferrozine, followed by vigorous shaking and the mixture
was left to react at room temperature for 10 mm. These
extracts are comparable to that of EDTA and a-tocophenol,
which were used as the positive control. Each test was
replicated three times. The absorbance was measured at
562 nm.

Lipid peroxidation inhibition activity. The inhibition
of lipid peroxidation activity was assayed by the method
of Veigas et al. [2007] with some modifications. Two
grams of the pig liver were homogenized in 10 mL of 200
mM Tris-HCI buffer (pH 7.2). The liver homogenate (0.2
mL) was incubated with the sample (0.05 mL), 4 mM
FeCl, (0.05 mL) and 0.1 mM ascorbic acid (0.05 mL) at
37°C for 1 h, followed by the addition of the TBA reagent
(2 mL of 0.6% TBA). The final solution was heated at
100°C in the boiling water for 10 min, and 5 mL of »-
butyl alcohol (n-BuOH) was added to the solution. The
mixture was then shaken vigorously, and the »-BuOH
layer was separated by centrifugation at 3,000xg for
10 min. Absorbance of the supernatant was measured at
532 nm.

Reducing power assay. The reducing power was
determined according to the method of Nandita and
Rajini [2004]. Various concentrations of the extracts
(1 mL) were mixed with 2.5 mL sodium phosphate buffer
(NaH,PO,-Na,HPO, 0.2 M, pH 6.6) and 2.5 mL of 0.1%
potassium ferricyanide. The mixture was incubated at 50
for 20 min. After adding 2.5 mL of 10% TCA, the
mixture was centrifuged at 3000 x g for 10 min. The upper
layer (2.5 mL) was mixed with 2.5 mL of distilled water
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and 0.5 mL of 0.1% of ferric chloride, and the absorbance
was measured at 700 nm. a-Tocopherol was used as a
positive control.

Rat intestinal o-glucosidase inhibitory activity. The
inhibitory activity A. elata seed extracts against the rat
intestinal oa-glucosidase was determined by measuring
the formation of 4-nitrophenol by a-glucosidase after the
reaction with pNPG as described by Kim er al. [2004].
The inhibitory activities of various concentrations (100,
500 and 1000 ng/mL) were measured in the 96-well
plates. Fifty microliters of a-Glucosidase (0.0075 unit)
was mixed with 50 pL. extract in phosphate buffer (0.2 M
KH,PO,-K,HPO,, pH 6.8). After pre-incubation at 37°C
for 15mm, 50 uL. pNPG (3 mM) was added to the
mixture as a substrate and incubated at 37°C for 10 min;
acarbose was used as a positive control. Fifty microliters
of the sodium carbonate (0.1 M) was added to stop the
reaction. Absorbances of the reactants were measured at
405 nm.

Determination of total phenolic and flavonoid
contents. Total phenolic content was determined using
the Folin-Denis reagent [Yin and Wang, 2007]. The
results were expressed as tannic acid equivalents. One
milliliter sample was mixed with 2 mL Folin-Denis
reagent and 2 mL 35% Na,CO;. The mixture volume was
made up to 10 mL and shaken vigorously. After incubation
at room temperature for 30 min, the absorbance was
measured at 765 nm. The results were expressed as mg of
tannic acid per gram of the extract.

Total flavonoid content was estimated according to the
method of Ordonez et al. [2006]. To 0.5 mL of each
sample, 0.5 mL of 2% AICI; ethanol solution was added.
After standing for 1 h at room temperature, the absorbance
was measured at 420 nm. Total flavonoid content was
calculated as quercetin from a standard curve.

Statistical analysis. All experimental data were
expressed as meanztstandard derivation. Data analyses
were performed using the SPSS 7.5 (Window Version 7.5

Software Inc., New York, NY) and p<0.05 was considered
as significant.

Result and Discussion

Effect of different solvent types on yields of A. elata
seeds. Yields of 4. elata seeds obtained from wvarious
solvents were as follows: MeOH gave the highest yield
(13.43%), followed by water (13.09%), 70% MeOH
(11.08%), 70% EtOH (9.54%), EtOH (8.77%), acetone
(4.31%) and chloroform (3.75%).

DPPH radical-scavenging activity. DPPH is a stable
free radical compound, which has been widely used as a
substrate to evaluate the antioxidative action of the

Table 1. Effect of different solvent types on yield and
DPPH free radical- scavenging activity of extracts
obtained from different solvents of A. elata seeds

DPPH radical activity

Samples Yield (%) (IC,: pg/mL)
70% MeOH 11.08 49.8
70% EtOH 9.54 57.7
Water 13.09 95.3
Acetone 431 239.1
MeOH 13.43 249.2
EtOH 8.77 348.6
Chloroform 3.75 516.2
L-Ascorbic acid 3.7

IC.,: The effective concentration at which DPPH radicals
were scavenged by 50%. L-Ascorbic acid was used as a
positive control.

antioxidants [Molyneux, 2004]. The DPPH radical-
scavenging activity of the extract has been attributed to
the ability of these extracts in pairing with the odd
electron of the DPPH radical [Jorge ef al., 2007]. The
radical-scavenging activities of 4. elata seeds are shown
in Table 1 expressed in 50% inhibition concentration
(ICs). The 70% MeOH extract exhibited the highest
radical-scavenging activity (ICs, 49.8 ug/mL), followed
by 70% EtOH (ICs,57.7 pg/mL) and water (1Cs,95.3 pg/
mL) when compared with a positive control, L-ascorbic
acid (ICs, 3.7 yg/mL). In comparison, other extracts
showed weak free radical-scavenging activities. It has
been found that compounds such as cystine, glutathione,
ascorbic acid, tocopherol, flavonoids, and tannins can
scavenge DPPH by their hydrogen-donating ability [Jung
et al., 2008]. Although the DPPH radical-scavenging
activities of different extracts of the 4. elata seeds were
significantly lower than that of L-ascorbic acid, it was
evident that the 70% MeOH extract have hydrogen-
donating ability and could serve as free radical inhibitors
or scavengers, possibly acting as the primary antioxidants.

Scavenging ability of hydroxyl radicals. The hydroxyl
radicals-scavenging abilities of the extracts are shown in
Fig. 1. Except those from water and 70% MeOH, all
extracts exhibited inhibitory effects higher than 80% at
1 mg/mL. The positive control, BHA and BHT elimmated
86.59% and 88.41% of the hydroxyl radicals at 500 pg/
mlL, respectively.

Hydroxyl radical is the most reactive free radical and
can be formed from superoxide anion and hydrogen
peroxidate, in the presence of metal ions, such as iron.
Hydroxyl radicals react with lipid, polypeptides, proteins,
and DNA [Girrotti, 1998]. The hydroxyl radicals-
scavenging ability may be related with the inhibition of
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Inhibition Rate (%)

Samples

Fig. 1. Hydroxyl radical-scavenging activity of A. elata
seeds according to the types of extracting solvent.
Concentration of the extracts was 1,000 pg/mL. BHA
(500 pg/mL) and BHT (500 ug/mL) were used as the
positive controls. Each value represents the mean+SD
(n=3).

Table 2. Metal chelation effect of extracts obtained
from A. elata seeds in different solvents

Extracts Metal chelating (ICs,: pg/mL)
70% MeOH 128.2
Water 172.7
70% EtOH 2474
MeOH 398.5
EtOH 1369.2
Acetone 1375.1
Chloroform 2009.5
EDTA 39.9
a-Tocopherol 458.6

EDTA and a-Tocopherol were used as positive controls.

lipid peroxidation observed in the present study:.

Metal-chelating activity. The metal-chelating activity
is based on the chelating of Fe’" ions by the reagent
ferrozine, which is a quantitative formation of a complex
with Fe*" ions [Lindley, 1998]. Table 2 shows the results
of metal-chelating activity of A. elata seeds. Here, 70%
MeOH extract (ICy, 128.2 pg/mL), water extract (ICs,
172.7 pg/mL), 70% EtOH extract (ICs, 247.4 ng/mL),
and MeOH extract (ICs, 398.5 ug/mL) showed high
chelating activities as demonstrated by their efficacity in
inhibiting the formation of ferrous and ferrozine
complexes. These activities are comparable to those of
EDTA (ICs, 39.9 ug/mL) and a-tocopherol (ICs, 458.6
ug/mL), which were used as a positive controls.

Lipid peroxidant assay. In present study, the inhibition
of lipid peroxidation in pig liver homogenate, which was
induced by FeCl,-ascorbic system, was studied. Lipid
peroxidation is an oxidation of the unsaturated fatty acid

160 ¢
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Fig. 2. Effect of A. elata seed extracts and o-tocopherol
on Fe*/L-ascorbic acid- induced lipid peroxidation in
pig liver homogenate. Concentration of the extracts was
500 pg/mL. a-Tocopherol (500 pg/mL) was used as the
positive control. Each value represents the mean+SD

(n=3).
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Fig. 3. Reducing power of the A. elata seeds extracts at
different concentrations. Concentrations of the extracts

were 100 (0J), 500 pg/mL (), and 1,000 pg/mL ({),
with a-tocopherol used as a positive control. Values are

means of three determinations+standard deviation (n=3).

in the cell membranes that produce numerous degradation
products [Spiteller, 1996]. MDA has been studied widely
as an index of lipid peroxidation and a marker of
oxidative stress. The lipid peroxidation inhibition activity
of the extract was measured and compared with that of a-
tocopherol (Fig. 2). The data indicated that acetone
extract (70.85%) was the most effective against liver lipid
peroxidation at 500 pg/mL. The control substance, o.-
tocopherol showed 77.06% inhibition at the same
concentration. It has been reported that the lipid
peroxidation inhibition could be caused by the
scavenging of the hydroxyl radicals [Spiteller, 1996].
Reducing power assay. The reducing powers of
different extracts of 4. elata increased with increasing
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Table 3. Effect of A. elata seed extracts on rat intestinal
o-glucosidase inhibition assay

Table 4. Total phenolic and flavonoid contents of A.
elata seeds extracts obtained from different solvents

Phenolic content Flavonoid content

Extracts

(Tan® mg/g) (Que’ mg/g)
Water 28.04+1.28 11.76+2.31
MeOH 16.87+2.52 13.12+0.17
70% MeOH 42.38+4.73 15.11£1.52
EtOH 14.37+1.15 20.81+£0.62
70% EtOH 39.07+0.43 27.56+0.00
Acetone 19.19+0.98 6.68+0.16
Chloroform 6.41+1.14 10.30+3.31

Extracts Concentration (ug/mL) Inhibition (%)
100 -
Water 500 8.80+1.44
1000 15.56+2.48
100 11.95+2.66
MeOH 500 38.96+2.97
1000 52.09+4.77
100 18.92+0.49
70% MeOH 500 61.24+1.37
1000 73.86+1.76
100 10.88+2.79
EtOH 500 29.70+1.01
1000 48.58+5.19
100 13.94+1.80
70% EtOH 500 61.24+2.78
1000 72.02+1.57
100 9.31+4.30
Acetone 500 15.36+£2.57
1000 34.44+4.54
100 -
Chloroform 500 -
1000 16.73+1.67
0.01 58.85+£2.14
Acarbose 0.1 89.88+0.32

Acarbose at 0.01 and 0.1 ug/mL was used as the control.
Values represent the means+SD (n=3).

concentration (Fig. 3). The reducing powers of the
different extracts and standard compounds followed the
order of a-tocopherol (0.233-0.887)>70% MeOH extract
(0.123-0.606)>70% EtOH extract (0.098-0.499)>MeOH
extract (0.052-0.395)>water extract (0.079-0.379)> EtOH
extract (0.074-0.323)>acetone extract (0.028-0.169)>
chloroform extract (0.022-0.142). The reducing powers
of various extracts arise from the hydrogen-donating
ability, as described by Lee e al. [2007].

Rat intestinal a-glucosidase inhibitory activity. In
the intestinal a-glucosidase inhibitory activity assay of
the rat, 70% MeOH extract at 1 mg/mL revealed high
inhibiton on a-glucosidase by 73.86% (Table 3). The rat
intestinal a-glucosidase inhibitory activity order was as
follows: 70% MeOH extract>70% EtOH extract>MeOH
extract>EtOH extract>acetone extract>chloroform extract
>water extract. Acarbose, an anti-diabetic drug used to
treat type 2 diabetes mellitus and, in some countries,
prediabetes, was used as a positive control. It is sold in
Europe under the brand name Glucobay® (Bayer AG), in

*Tannic acid (Tan) was used as a standard for measuring
the total phenolic content. "Quercetin (Que) was used as a
standard for measuring the total flavonoid content. Values
are means of three determinations£standard deviation (n=3).

North America as Precose® (Bayer Pharmaceuticals), and
in Canada as Prandase® (Bayer AG). It is an inhibitor of
o-glucosidase, an enteric enzyme that releases glucose
from carbohydrates.

a-Glucosidase, located in the bush-border surface
membrane of the intestinal cells, 1s the key enzyme
stimulating the final step in the digestive process of
carbohydrates. Hence, a-glucosidase inhibitors can retard
the liberation of D-glucose from the complex dietary
carbohydrates and delay glucose absorption [Schmidt et
al., 1977].

Determination of total phenolic and flavoneid
contents. Table 4 shows the total phenolic and flavonoid
contents of the 4. elata seeds. The total phenolic contents
of water, MeOH, 70% MeOH, EtOH, 70% EtOH,
acetone and chloroform extracts were 28.04, 16.87,
42.38, 14.37, 39.07, 19.19 and 6.4]1 mg/g tannic acid
equivalent, respectively. The contents of total flavonoids
were 70% EtOH extract (27.56 mg/g quercetin equivalent)
>EtOH extract (20.81 mg/g quercetin equivalent)>70%
MeOH extract (15.11 mg/g quercetin equivalent)>MeOH
extract (13.12 mg/g quercetin equivalent)>water extract
(11.76 mg/g quercetin equivalent)>chloroform extract
(10.30 mg/g quercetin equivalent)>acetone extract (6.68
mg/g quercetin equivalent).

In conclusion, 4. elata seeds can be utilized as a source
of natural antioxidant and antidiabetic agent. In the
present study, 70% MeOH had good effect on DPPH free
radical-scavenging, metal-chelating, and reducing power
activities. The use of natural components in the seeds
with antioxidant and antidiabetic activities to present
various radical injuries in pathological condition in vivo is
underway.
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