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Abstract : In the present study, we investigated the antioxidant activity of Aucklandia lappa Decne
(AL). Cell viability was measured in an MTT assay. Antioxidant effects were evaluated based on total
polyphenol/flavonoid contents, ABTS radical scavenging activity, DPPH radical scavenging activity,
SOD activity, and ROS content. AL was found not to be toxic at concentrations of 1 zg/mL, 10 u
g/mL, and 100 pg/mL, respectively. The phenolic content was higher in AL-D than in AL-E, while
the flavonoid content was higher in AL-E than in AL-D. AL-E exhibited higher ABTS radical
scavenging activity than AL-D, and the ECsy values for BHA were 217.1 xg/mL in AL-D and 180.5
rg/mL in AL-E. AL-E also showed the highest DPPH radical scavenging activity. ECsy values for
BHA were 114.2 pg/mL in AL-D and 95.8 xg/mL in AL-E. The SOD-like activity of AL-E was
higher than that of AL-D. The ECsy values for ascorbic acid were 48.5 xg/mL in AL-D and 72.9 u
g/mL in AL-E, indicating that both AL extracts have a SOD activity higher than that of ascorbic
acid. AL-E reduced relatively more ROS than AL-D. With 100 xg/mL AL-E, the reduction level
was almost similar to that of dexamethasone. Our results demonstrate that AL have antioxidant
effects, and we believe that they could be very valuable as raw materials for anti—aging products,
based on their antioxidant activity.

Keywords . Aucklandia lappa Decne, Antioxidant, raw material, Medicinal herb, Natural products
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1. Introduction
Free radicals are fundamental to any
biochemical process and represent an essential
part of aerobic life and metabolism. Free
radicals have a effect on growth and
differentiation of cell in the processes of
respiration and metabolism. And it defenses
body from antigen. The free radicals produced
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in the body is decomposed into water and
CO;, on normal procedure to finally discharge.
However, free radicals of about 2-4% remain
harmful free radicals which have strong
reactivity[1]. Free radical such as H,O, O;,
hydroxyl radical and -‘OH cause oxidative
stress[1-3].

Oxidative stress is caused by oxidative
damage occurring from an imbalance between
pro—oxidants and antioxidants in the cell
Oxidative stress can cause impaired bio—
membrane ion—transport and protein
degradation[4], serious abnormalities of cellular
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metabolism including lipid peroxidation[5],
liver cirrhosis, fatty liver, arteriosclerosis,
cardiovascular diseases[6], cancer[7], aging[8]
and DNA damage[9]. Oxidative stress also
triggers the release of inflammatory factors[10].

To cope with oxidative stress, the body
generates antioxidants enzymes such as SOD,
catalase, glutathion peroxidase, NAD(P)H:
Quinone reductase and the thioredoxin system
which are called detoxication enzymes.
However, when excess amounts of reactive
oxygen are produced and these enzymes are
limited, supplementary antioxidants have to be
provided to prevent or remediate oxidative
stress[11-13]. Synthetic antioxidants such as
BHA and BHT have been developed as food
supplements, cosmetics, or drugs to prevent
oxidation. With regard to food additives, there
are strict regulations on the target food and
the amount of antioxidant that can be
included because of safety disputes[14-16].
Synthetic antioxidants that act directly on the
skin can cause a variety of side effects such as
cancer, chromosomal abnomality, up—regulation
of cholesterol and symptom of calcium-
scarcity[17-18]. Thus, the quality and safety
of this natural antioxidant is very important
[17-18]. The various functional cosmetics are
developed  on  natural  materials  with
antioxidant effects[8,10,14,17-18].

Aucklandia lappa Decne (AL) is included in
the  “National  Standard of  Traditional
Medicinal (Herbal and Botanical) Materials” as
it is used to treat various diseases including
indigestion, abdominal inflation, diarrhea and
dysentery[19].  Morphologically, =~ AL  is
characterized by its conical shape, with a
length of 10~30 ¢cm and a diameter of 1~3
cm. It is dark brown/brown in color, has
many wrinkles, and has soft/tough texture[20].

AL grows abundantly in Yunnan and
Gamsuk of China. AL contain sesquiterpene
and sesquiterpene lacton. In addition to
polyene alcohols, triterpene, lignams, amino
acid—sesquiterpene, alkaloids, tannins and other

componants have also been reported[21].
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Costunolide and dehydrocostus lactone are best
known for therapeutic components of AL.
These compounds are effective

gastrointestinal  hyperkinesis[22]

against
and  have
antiulcer and cholagogue activities[23]. In
oriental medicine, AL are used for pain relief,
to treat weakened spleens, to aid in food
digestion, to treat acute diarrhea, or to help
loss of appetite[24]. A number of studies
investigated the component/pattern analysis of
AL[25], their toxicity on A549 cells[26], lipid
induction[27], activities[28],
prostate cancer cell growth inhibition[29],

anti—cancer

resistance[24]  and  hepatocellular
protection[30]. In this study, we investigated
the effect of AL on antioxidant activities to

insulin

evaluate its possible use in the care of skin.

2. Materials and Methods

2.1. Aucklandia lappa Decne extract
Aucklandia lappa Decne was purchased from
an Omniherb (Hallym Farm, Daegu, Korea).
Aucklandia lappa Decne was used in manner
of the reflux extraction in 80% ethanol
(C,HsOH) and DW at 80C for 3 hours,
followed by filteration over paper (No. 2,
Whatman, USA). The filtrate was evaporated
by rotary vacuum evaporator. After the
remains was freeze—dried in freeze dryer. Dried
dissolved in DW at a
concentration of 20 mg/mL and then stored at

extract was

=70°C until use. The dried extract yields are
each 16.80% in AL-E (80% ethanol
extraction) and 16.40% in AL-D (AL water
extraction).

2.2. HPLC pattern analysis

We carried out HPLC (Shimadzu, Japan)
pattern analysis on the AL formulation to
evaluate consistency. The AL extracts were
analyzed by HPLC under the conditions listed
in Table 1.
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Table 1. HPLC conditions

Effect of Aucklandia lappa Decne Extract on Antioxidant 3

Column @ Agilent Eclipse C18 (250%x4.6) mm, 5 gm | UV : 215 nm
Flow * 1.0 mL/min Inj. Vol. 30 uL
Temp. 2 40° C Eluent A (DW), B (Acetonitrile)
Time (min) 0 20 25 40 50
A (%) 80 10 10 0 0
B (%) 20 90 90 100 100

2.3. Cell culture

Mouse origin Raw 264.7 cells (Korea Cell
Line Bank, Seoul, Korea) were grown at 37°C
in a humidified 5% CO, incubator (Forma
scientific, USA) in Dulbecco’s modified eagle's
medium (DMEM; Gibco BRL Co., USA),
containing 10% FBS (Gibco BRL Co., USA)
and 1% antibiotic—antimycotic (A/A; Gibco
BRL Co., USA) until 85% confluence.

2.4, MTT Assay

Raw 264.7 cell viability was assessed in an
MTT assay. Cells were seeded in a 96 well
plate (2x10* cells/well) and grown at 37C in
a humidified 5% CO; incubator in DMEM
containing 10% FBS and 1% A/A for 24h.
Cells were incubated with AL at 1 xg/mL, 10
ug/mL, or 100 pg/mL. After 1 day, 10 uxL
of MTT solution (Daeil Lab service, Korea)
was added to each well. After incubating for
30 min, absorbance was measured at 450 nm
using a microplate reader (Molecular Devices,
USA).

2.5, Total polyphenol content analysis
Total phenolics were determined using FCR
as described by Velioglu er al (1998)[31] with
slight modifications.  Briefly, AL extracts
dissolved in DW (10 mg/mL) was mixed with
500 gL of Foiln—Ciocalteu's phenol reagent,
ethanol (FCR; Sigma Co., USA) and allowed
to sit at room temperature for 3 min. Then, 1
mL of Na,COs; solution and 7.5 mL of DW
were added to the mixture. After 40 min,
absorbance was measured at 760 nm. Results
were expressed as gallic acid (GAE; Sigma

Co., USA) per gram.

2.6. Total flavonoid content analysis

The flavonoid content was determined
according to the method described by
Kumaran and Karunakaran (2006)[32] with
slight modifications. Briefly, 500 xL of extract
(10 mg/mL) in ethanol (diluted 10-fold) was
mixed with 100 gL of 10% aluminum nitrate
(Sigma Co., USA), 100 u#L of 1 M potassium
acetate (Sigma Co., USA) and 4.3 mL of 80%
ethanol. Absorbance was measured at 415 nm
after 40 min. The amount of flavonoids in the
extract in AL was expressed in terms of
quercetin (Sigma Co., USA) (pg/mL).

2.7. ABTS radical scavenging assay

The scavenging activity of the extract on
ABTS (Sigma Co., USA) free radicals was
assessed according to the method reported by
(2001)[33]  with  slight
modifications. Briefly, a 5 L solution of the

Arnao er al

extract at different concentrations (1 xg/mlL,
10 g#g/mL, or 100 pxg/ml) was mixed with
95 uL of 7.4 mM ABTS in PBS. The mixture
was shaken vigorously and allowed to stand at
room temperature in the dark for 10 min.
Blank solutions were prepared for each test
sample solution (5 xL) and 95 uxL of PBS
while the negative control was 95 uL of 7.4
mM ABTS solution plus 5 gL of DW. BHA
(Sigma Co., USA) was used as the positive
control. The absorbance (optical density, or
OD) of the assay mixtures was measured at
732 nm. ABTS radical inhibition was
calculated using the equation: ABTS radical
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scavenging activity (%) = (Blank OD-Sample
OD)/Blank ODx 100

2.8. DPPH radical scavenging assay

The scavenging activity of the extract on
DPPH (Sigma Co., USA) free radicals was
assessed according to the method reported by
Gyamfi er al (1999)[34] with slight
modifications. Briefly, a 100 xL solution of
the extract at different concentrations (1
g/mL, 10 pg/mL, or 100 gg/mlL) was mixed
with 150 #L of 0.5 mM DPPH in ethanol.
The mixture was shaken vigorously and
allowed to stand at 37°C in the dark for 30
min. Blank solutions were prepared with each
test sample solution (100 x#L) and 150 gL of
ethanol while the negative control was 150 x
L of 0.5 mM DPPH solution plus 100 #L of
DW. BHA was used as the positive control.
The absorbance of the assay mixture was
measured at 517 nm. DPPH radical inhibition
was calculated using the equation: DPPH
radical scavenging activity (%) = (Blank

OD-Sample OD)/Blank OD X100

2.9. SOD-like activity assay

The SOD (Sigma Co., USA) activity of the
extract was assessed according to the method
reported by Martin et al (1987)[35] with
slight modifications. Briefly, a 200 L solution
of the extract at different concentrations (1 x
g/mL, 10 pg/mL, or 100 xg/mL) was mixed
with 2.6 mL of 50 mM Tris=HCIl buffer
(Sigma Co., USA) and 0.2 mL of pyrogallol
(Sigma Co., USA). The mixture was shaken
vigorously and allowed to stand at 37C in the
dark for 10 min. Subsequently, 100 xL of 1
N HCl was added to the mixture and the
absorbance of the assay mixture was measured
at 420 nm. L-ascorbic acid (vitamin C)
(Sigma Co., USA) was used as the positive
control. SOD activity was calculated using the
equation: SOD activity (%) = (Blank OD-
Sample OD)/Blank OD X100
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2.10. ROS assay

ROS reduction by the extract was assessed
according to the method reported by Lee et al
(2014)[10] with slight modifications. Raw
264.7 cells were seeded in a 12 well plate
(2x10° cells/well) and grown at 37C in a
humidified 5% CO; incubator in DMEM
containing 10% FBS and 1% antibiotic—
antimycotic for 24 h. Cells were incubated
with extract at a concentration of 1 xg/mL,
10 pg/mL, or 100 pg/mL and LPS (Sigma
Co., USA) at a concentration of 1 gg/mL.
After 1 day, 100 gL of 10 xM DCF-DA
(Sigma Co., USA) was added to the pellet and
the mixture was incubated at 37°C in the dark
for 15 min. ROS levels were measured by
flow cytometery (Becton Dickinson, USA).
ROS inhibition was calculated using the
equation: ROS inhibition (%) = Sample FI/
Control FIx100

2.11. Analysis

Results are expressed as meanzstandard
deviation. Statistical significance was evaluated
with a one-way analysis of variance using
SPSS ver. 18.0 (Chicago, IL, USA).

3. Results and Discussion

3.1. HPLC pattern analysis of AL extracts

Analysis result of AL extract were able to
identify that costunolide was eluted at 22.62
min. Dehydrocotus lactone was eluted at 21.11
min (Fig. 1-A, B). Also, pattern of AL
extracts shows a difference in the content of
the two representative compounds (costunolide
and dehydrocostus lactone) according to the
solvent (Fig. 1-C, D). The content of
costunolide and dehydrocostus lactone was
each 28.256 mg/L or 21.169 mg/L in AL-E
(Fig. 1-C). AL-D was each 1.449 mg/L or
3.009 mg/L (Fig. 1-D). The result was higher
in AL-E than in AL-D (Fig. 1-C, D).
Costunolide and dehydrocostus lactone are the
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Costunoide.
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Fig. 1. HPLC pattern analysis of AL extracts. Costunolide (A), dehydrocostus lactone (B). AL
80% ethanol extraction (C) and AL water extraction (D).

120 -

Cell viability (%)

o 1 10

AL-D

100 1 10 100

ALE ‘

Concentration (ug/m)

Fig. 2. Cell viability of Raw 264.7 cells after AL extracts treatment. Cell
viability was measured in an MTT assay. The results are expressed as
the mean + standard deviation of three independent experiments.

representative  components of AL.  The
compound analysis by HPLC corroborates
previous reports on AL[25,36]. Costunolide
and dehydrocostus lactone have been suggested
to  possess biological  activities,
including anti—tumor, anti—ulcer, antioxidant

and anti-inflammatory effects[37-39]. Their

various

levels were significantly higher in ethanol
extracts than in water extracts. In addition,
the levels of costunolide were higher than
those of dehydrocostus lactone. It is thought
that the difference of content in ALE and
ALD be able to affect the anti—oxidation.

3.2, Cell viability

Treatment  with AL
concentration of 1 xg/mL, 10 xg/mL, or 100
rg/mL caused no cytotoxicity in Raw 264.7
cells (Fig. 2). Therefore, we concluded that the
extracts can be used for cellular treatments at
the indicated

extracts at a

concentrations in our

experiments.

3.3. Total polyphenol and flavonoid contents

The total polyphenol contents of AL extracts
were measured using gallic acid as reference
material. The results are shown in Table 2.
The total flavonoid content of AL extracts
were measured using gallic acid as a reference
material. Results are shown in Table 2.
Phenolic component which reacts during the
oxidation—reduction as a substrate has the
hydroxy (-=OH) group in the structure[40-41].
Hydroxy Group has a nature that combine
with other compounds easily[42]. Phenolic
component is reported to have the antioxidant
and anti-microbial effects because of its
propensity  to with  protein[40].
Flavonoid is reported that flavonoid degrade
production of ROS[43]. Polyphenol and
flavonoid are reported effect of antivirus, anti—
inflammation and anti—cancer[43]. Especially,

combine
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flavonoid is  reported  that  antioxidant
properties of flavonoids are effected mainly via
scavenging of superoxide anions[44]. So

polyphenol and flavonoid—based materials have
been generally used to prevent or improve
chronic diseases caused by oxidative stress[10].
Our results demonstrate that the phenolic
content in AL-D was higher than in AL-E,
while the flavonoid content was higher in
AL-E than in AL-D. The difference
contents of polyphenol and flavonoid between

in

the two extracts was assumed to have an
effect on the antioxidant, effects.

3.4. ABTS and DPPH radical scavenging
activity

The ABTS radical scavenging activities of AL
extracts at a concentration of 1 upg/mL, 10
ug/mL and 100 ug/mL were measured. AL-D
extracts exhibited 0.6+1.5%, 2.1+0.8% and
38.5+£3.4% ABTS radical scavenging activity at
the respective concentrations (Fig. 3-A). For
AL-E the respective activities were 0.7+0.5%,
9.1+1.1% and 47.7£2.8% (Fig. 3-A). The
DPPH radical scavenging of AL
extracts at a concentration of 1 upg/mL, 10
ug/mL and 100 pg/mL were measured. AL-D

activities

Journal of the Korean Applied Science and Technology

extracts exhibited 0.4+1.0%, 59+1.5% and
74.0+1.1% DPPH radical scavenging activity
at the respective concentrations (Fig. 3-B). For
AL-E, these values were 6.6+1.7%, 23.0%+
1.9% and 87.5%1.0% activity, respectively
(Fig. 3-B). Both DPPH radical and ABTS
radical play a role as a stabilizer of the
unstable and harmful free radicals originated
from the internal body by supplying proton
unstability of free
specific

ion and

radicall[45].
material is used as an index that evaluate the
eliminates  the
radical

stabilizing the
Therefore, a unknown
function which
superoxide

antioxidant
hydroxyl  radical
produced by physical or antioxidant function
of the body[45]. AL-E showed a relatively
higher outcome in terms of DPPH radical
scavenging activity, and the ECs (y=
19.013In(x)+10.305, R® =0.964) values for
each BHA were 114.2 xg/mL in AL-D and
95.8 ug/mL in AL-E. In addition, the ABTS
radical scavenging activity was higher for
AL-E than for AL-D, and the ECs
(y=16.918In(x)+22.092, R* =0.9361) values for
each BHA were 225.8 pg/mL in AL-D and
188.2 pg/mL in AL-E. Specifically from the

result of the radical scavenging activity, AL-E

or

Table 2. Total phenolic or flavonoid content of AL extracts

Sample  Total phenolic contents (GAE gg/mL)  Total flavonoid contents (quercetin xg/mL)
AL-D! 342.2%9.5 78.4+3.5
AL-F? 301.3£6.1 111.6+5.0
'AL-D, AL water extraction
2AL-E, AL 80% ethanol extraction.
(A) v:e:ALD -e-ALE —4-BHA (B) v:rALD =e-AL-E —a-BHA
§100 P §100 "‘
% a0 _ ,’:/’ H'R -7
5 .- P g . A=
g 60 // ’/’. g % 60 e
= . S i ‘ g
z 40 P /,» s % 40 - ’_,:’.‘..-i
I el T
! Concentralt?on (ug/n) e ’ Concentralt:]on (ug/me) e
Fig. 3. DPPH (A) and ABTS (B) free radical scavenging activity of AL extracts. The results are

expressed as the mean =+ standard deviation of three independent experiments.
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showed similar scavenging activity —when
compared to the BHA with density of 100
g/mL, on the other hand, AL-D
lower radical scavenging activity. According to

showed

the research reported, the radical scavenging
activity of ABTS and DPPH is correlated to
the content of flavonoid[42], and the diffence
between the radical scavenging activities of
both AL-E and AL-D is related to the
content of flavonoid. Also, Ahn et al,
(2011)[46] compared DPPH radical scavenging
activities of five types of oriental medicinal
herbal oil and supported a point that the AL
has the highest radical scavenging activity.

3.5. SOD-like activity

The SOD activities of AL extracts at a
concentration of 1 pg/mL, 10 pg/mL and 100
ug/mL  were measured. AL-D  extracts
exhibited 11.5+4.1%, 38.7+5.0% and
89.6£5.1% SOD activity at the respective
concentrations (Fig. 4). AL-E showed activities
of 17.844.4%, 455+3.8% and 90.2+2.6%,
respectively  (Fig. 4). SOD
hydrolysis

catalyzes the
of superoxide ions to hydrogen
peroxide, which can fundamentally remove free

radicals[47]. In this respect, SOD is more

effective than other types of antioxidants.
<0 AL-D =-AL-E =& =Vitamin C
100
90
80
g 70
£ 60
% 50
= 40
§ 30
20
10

1 10 100
Concentration (ug/me)
Fig. 4. SOD-like activity of AL extracts.
Activities were determined by

absorbance measurement at 420 nm.
The results are expressed as the mean
+  standard
independent experiments.

deviation of  three
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AL-E has a higher SOD-like activity than
AL-D. The ECs (y=13.206In(x)+3.6829,
R* =0.9628) values for ascorbic acid were
485 pg/mL in AL-D and 729 pg/mL in
AL-E, showing that both AL have a higher
SOD activity than ascorbic acid.

3.6. Effect of AL extracts on ROS production

The effect of AL extracts on ROS
production was evaluated in Raw 264.7 cells.
AL-D treatment at a concentration of 1
ug/mL, 10 ug/mL and 100 pg/mL led to a
reduction in ROS, as 88.2+4.7%, 86.7+3.5%
and 75.1%4.1%, respectively (Fig. 5, black
bars). In the case of AL-E, the relative ROS
84.6+3.4%, 73.842.5% and
69.6+1.6%, respectively (Fig. 5, grey bars).
The ROS is known as direct cause of
oxidative stress and initiates inflammatory
reaction[48]. This results showed that AL-E
and AL-D reduced ROS production. Also,
AL-E was relatively better at reducing ROS,
when compared to AL-D. When cells was
treated with 100 pg/mL AL-E, the reduction
level was almost similar to that of 1 xg/mL

levels  were

dexamethasone. AL-E had superior antioxidant
efficacy when compared to AL-D. By
reviewing the overall results of anti—oxidant

WAL-D NAL-E
120

100 |
80 -
60 -

40 -

ROS production (%)

20 -

Nor Con P.Con 1 10 100
Concentration (ug/me)

Fig. 5. Effect of AL extracts on ROS
production in Raw 264.7 cells. ROS
was measured using FACS. The results
are expressed as the mean * standard
deviation of  three
experiments (p < 0.05,
p < 0.001) for control.

independent

“p < 001,
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effects, two types of AL abstracts, AL-D and
AL-E, both have high marks in the
anti—oxidant effect, and AL-E has higher
anti—oxidant activity than AL-D.

4. Conclusion

In this study, We compared the efficacies of
antioxidant activities of AL. Costunolide and
dehydrocostus lactone are the representative
components of AL. Their levels
significantly higher in ethanol extracts. AL was
not toxic in Raw 264.7 cells at the tested
concentrations. In addition, AL-E had superior
ABTS and DPPH radical scavenging activities,
SOD activity and ROS efficacy,
compared to AL-D. This result is in line with

were

reduction

the observed flavonoid contents for both types
of AL. However, more in—depth studies are
required to determine the synergistic effects
different  biological
Future studies are targeted on the underlying

between  the activities.
mechanisms and clinical applications of AL’s
biological functions. Our results demonstrate
that AL show potential as raw materials for
anti—aging products based on their antioxidant
supplements for various

activity, and as

diseases based on their antioxidant effects.

References

1. F. Bice, H. Adrea, “Serial Review: Role of
Reactive Oxygen and Nitrogen Species
(ROS/RNS) in Lung Injury and Diseases”,
Free Radic. Biol Med., Vol.34, No.12 pp.
1507-1516, (2013).

2. W. Fiers, R. Beyaert, W. Declercq, P.
Vandenabeele, “More than One Way to

Die: Apoptosis, Necrosis and Reactive
Oxygen Damage”, Oncogene, Vol.18,
No.54 pp. 7719-7730, (1999).

3. M. J. Ryu, J. H. Mo, “Antioxidantive

Effects of Ephedra sinica Ethanol Extract
and Protective Effects on Human HaCat

\O

10.

11.

12.

- 15562 -

. M. Kastle, T. Grune,

Journal of the Korean Applied Science and Technology

Keratinacyte”, /. Kor. Soc. Cosm., Vol.20,
No.4 pp. 641-646 (2014).

“Protein  Oxidative
Modification in the Aging Organism and
the Role of the Ubiquitin Proteasomal
System”, Curr. Pharm. Des., Vol.17, No.36
pp. 4007-4022, (2011).

. L. A, Videla, V. Fermandez, “Biochemical

Aspects of Cellular Oxidative Stress”,
Arch. Biol Med. Exp. (Santiago), Vol.21,
No.1 pp. 85-92. (1998).

. T. Kondo, M. Hirose, K. Kageyama,
“Roles of Oxidative Stress and Redox
Regulation in Atherosclerosis”, /.
Atheroscler.  Thromb., Vol.16, No.5 pp.

532-538, (2009).

. I Fridovich, “Superoxide Dismutases. An

Adaptation to a Paramagnetic Gas”, J
Biol  Chem., Vol264, No.14  pp.
7761-7764, (1989).

. M. S. Shon, J. H. Song, J. S. Kim, H. D.

Jang, G. N. Kim, “Anti-oxidant Activity
of Oil Extracted Red
Ginseng and Its Moisturizing Function”,
Kor. J. Aesthet. Cosmetol., Vol.11, No.3
pp. 489-494, (2013).

from Korean

. T. H. Wakamatsu, M. Dogru, 1. Ayako,

Y. Takano, Y. Matsumoto, O. M.
Ibrahim, N. Okada, Y. Satake, K.
Fukagawa, J]. Shimazaki, K. Tsubota, H.
Fujishima, “Evaluation of Lipid Oxidative
Stress Status and Inflammation in Atopic
Ocular surface disease”, Mol Vis., Vol.16,
No.16 pp. 2465-2475, (2010).

H. J. Lee, B. Y. Sim, J. W. Bak, D. H.
Kim, “Effect of Gami-sopungsan on
Inflammation and DNCB-induced
Dermatitis in NC/Nga in Mice”, Kor. /.
Orient. Physiol. Pathol, Vol.28, No.2 pp.
146-153, (2014).

T. Kuramoto, “Development
Application of Food Materials from Plant
Extracts such as SOD”, F D. Process.,
Vol.27, No.3 pp. 22-23, (1992).

J. M. McCord, “Oxygen—derived Radicals:
a Link between Reperfusion Injury and

and



Vol. 37, No. 6 (2020)

13.

14.

15.

16.

17.

18.

19.

20.

21

Inflammation”, Fed, Proc., Vol.46, No.7
pp. 2402-2406, (1987).

T. J. Rhim, H. S. Jeong, Y. J. Kim, D. Y.
Kim, Y. J. Han, H. Y. Kwon, K. B.
Kwon, “A Study on the Comparison of
Antioxidant  Effects Among Cultivated
Ginseng, and Cultivated Wild Ginseng
Extracts”, Kor. J inst. pharm., Vol.129,
No.2 pp. 7-12, (2009).

S. C. Hong, ]. A. Jun,
“‘Comparative ~ Study  of
Abilities on Prunus Yedoensis and Betula
Platyphylla Var. Japonica”, Kor. /. Orient.
Physiol.  Pathol, Vol.27, No.4 pp.
391-399, (2013).

H. S. Yi, S. K. Heo, H. J. Yun, J. W.
Choi, J. H. Jung, S. D. Park, “Anti-
oxidative and Anti—inflammatory Effects of
Draconis Resina in Mouse Macrophage
Cells”, Kor. J. Herbology, Vol.23, No.2
pp. 179-192, (2008).

J. S. Park, “Walnut Husk Ethanol Extract
Possess Antioxidant Activity and Inhibitory
Effect of MMP-1 Expression Induced by
Tumor Necrosis Factor Alpha in Human
Keratinocyte”, Kor. J. Aesthet. Cosmetol.,
Vol.11, No.4 pp. 715-719, (2013).

H. W. Cho, S. Y. Jung, J. H. Kim, J. H.
Cho, J. C. Park, I. Y. Choi, “Screening of
Antioxidant ~ Activity and  Tyrosinase
Inhibitory = Effects of Eight Plants in
Liliaceae”, /. Kor. Soc. Cosm., Vol.20, pp.
384-390, (2014).

T. K. Ku, I. S. Yoo, A. N. Park,
“Antioxidant Effects of Bioactive Mango

D. H. Kim,
Antioxidant

Leavesa in This Study was to Eexamine
the Applicability of Mango (Mangi-
feraindical.) Leaf Extract”, /J Kor. Soc.
Cosm., Vol.20, pp. 847-851, (2014).

of Food and Drug Safety.
“Korean pharmacopoeia”, Korea Medical
Index, pp. 22-23, 86 (2002).
Association  of  Phytology
“Phytology”, Younglim Press., pp. 353—
354, 366-367, (2004).

. S. S. Kang, J. S. Kim, H. J. Chi, S. Y.

Ministry

Professor,

22.

23.

24,

25.

26.

217.

28.

29.

- 15563 -

Effect of Aucklandia lappa Decne Extract on Antioxidant 9

Chang, K. W. Ha, Isolation and
Quantitative Detection of Costunolide from
Saussurea Root”, Kor. J Pharmacogn.,
Vol.30, No.1 pp. 48-53, (1999).

J. Yamahara, T. Chisaka, Q. Huang, K.
Kishi, H. Kobayashi, Y. Kawahara,
“Gastrointestinal Motility Enhancing Effect
of Saussurea Radix”, Phyrotherapy Res.,
Vol.4, pp. 160-161, (1990).

J. Yamahara, M. Kobayashi, K. Miki, M.

Kozuka, T. Sawada, H. Fujimura,
“Cholagogic and  Antiulcer Effect of
Saussurea  Radix and  Its  Active
Componants”, Chem. Pharm. Bull, Vol.33,

pp. 1285-1288, (1985).

J.S. Oh, Y. H Ma, S. B. Choi, J. H.
Kim, K. K. Kim, S. Y. Jeon, “Effects of
Inula helenium on Inflammation and
Obesity—induced
Insulin Resistance Mouse by High Fat
Diet”, /. Int Korean Med., Vol.35, No.4
pp. 428-438, (2014).

H. J. Kim, K. S. Kang, G. Y. Choi, H. K.
Kim, S. L. Jeong, Y. S. Ju, “A Study on
External and Intermal Morphology and
Pattern  Analysis in 4 Kinds of
Mok-Hyaeng Radix”, Korean J. Orient.
Med., Vol.12, No.3 pp. 117-130, (2006).
J. H. Lee, S. K. Ku, S. ]. Kang,
“Saussurea Lappa Radix—induced
Cytotoxicity via ROS Generation in A549
Lung Cancer Cells”, Kor. J. Oriental
Preventive Medical Society, Vol.17, No.2
pp. 169-178, (2013).

T. S. Yoon, Y. Y. Sung, J. Y. Jang, W.
K. Yang, Y. Ji, H. K. Kim, “Anti-obesity
Activity of Extract from Saussurea lappa”,
Korean [ Medicinal Crop Sci., Vol.18,
No.3 pp. 151-156, (2010).

J. W. Song, K. J. Min, C. G. Cha,
“Antioxidative and Antitumor Activity of
Extracts from Saussurea Lappa”, J FEnv.
Hith.  Sci, Vol.34, No.l pp. 55-61,
(2008).

S. Y. Park, E. J. Kim, D. Y. Lim, ]J. S.
Kim, S. S. Lim, H. K. Shin, J. H. Yoon,

Insulin  Resistance in



10

30.

3L

32.

33.

34,

35.

36.

37.

Hea—Jin Lee - Hyun—Ji Lim - Mi-Hye Lim

“Inhibitory Effect of the Hexane Extract of
Saussurea lappa on the Growth of LNCaP
Human Prostate Cancer Cells”, /. Korean
Soc. Food Sci. Nutr., Vol.37, No.l pp.
8-15, (2008).

J. C. Park and Y. G. Yun, “Effects of
Radix Saussurea on Hepatoprotection”,
Herbal Formula Science, Vol.16, No.2 pp.
193-204, (2008).

Y. S. Velioglu, G. Mazza, L. Gao, B. D.
Oomah, “Antioxidant Activity and Total
Phenolics in Selected Fruits, Vegetables,
and Grain Products”, [ Agric. Food
Chem., Vol.46, pp. 4113-4117, (1998).

A. Kumaran, J. Karunakaran, “In Vitro
Antioxidant Activities of Methanol Extracts
of Five Phyllanthus Species from India”,
LWT-Food Sci. Technol, Vol40, pp.
344-352, (2006).

M. B. Arnao, A. Cano, M, Acosta, “The
Hydrophilic and Lipophilic Contribution to
Total Antioxidant Activity”, Food
Chemistry, Vol.73, pp. 239-244, (2001).
M. A. Gyamfi, M. Yonamine, Y. Aniya,
“Free-radical ~ Scavenging  Action  of
Medicinal Herbs from Ghana: Thonningia
Sanguine on Experimentally—induced Liver
Injuries”, Gen. Vol.32, pp.
661-667, (1999).

J. P. Martin, M. Dailey, E. Sugarman,

Pharmacol.,

“Negative and  Positive  Assays  of
Superoxide Dismutase Based on
Hematoxylin Autoxidation”, Arch.

Biochem. Biophys., Vol.255, pp. 329-336,
(1987).

J. S. Oh, S. P. Hong, H. Y. Choi, Y. K.
Park, J. H. Lee,
Costunolide from Aucklandias Radix and
Substitutive  Herbs by  Reversed—Phase
HPLC”, Kor. J. Herbology, Vol.23, No.3
pp. 6166, (2008).

E. M. Choi, G. H. Kim, Y. S. Lee,
“Protective  Effects of  Dehydrocostus
Lactone  Against Hydrogen Peroxide-
induced Dysfunction and Oxidative Stress
MC3T3-El Cells”

“Determination  of

in Osteoblastic

s

38.

39.

40.

41.

42.

43.

44,

45.

46.

- 1554 -

Journal of the Korean Applied Science and Technology

Toxicology in Vitro, Vol.23, pp. 862-867,
(2009).

J. Eliza, P. Daisya, S. Ignacimuthu,
“Antioxidant Activity of Costunolide and
Eremanthin Isolated from Costus Speciosus

(Koen ex. Retz) Sm”, Chem. Biol
Interact., Vol.188, pp. 467—-472, (2010).

P. Rungeler, V. Castro, G. Mora, N.
Goren, W. Vichnewski, H. L. Pahl, L
Merfort. T. J. Schmidt, “Inhibition of
Transcription Factor NF-jB by
Sesquiterpene  Lactones: a  Proposed

Molecular Mechanism of Action”, Bioorg.
Med.  Chem., Vol7, pp. 2343-2352,
(1999).

R. Kumar, M. Singh, “Tannins Their
Adverse Role in Ruminant Nutrition”, /.
Agric. Food Chem., Vol.32, pp. 447-453,
(1984).

V. L. Singleton, “Maturally Accurring
Food Toxicants—phenolic ~ Substance of
Plant Origin Common in Food”, Adu.

Food Res., Vol.27, pp. 149-154, (1981).

E. J. Kim, J. Y. Choi, M. R. Yu, M. Y.
Kim, S. H. Lee, B. H. Lee. “Total
Polyphenols, Total Flavonoid Contents, and
Antioxidant Activity of Korean Natural
and Medicinal Plants”, Korean /. Food Sci.
Technol, Vol.44, No.3 pp. 337-342,
(2012).

R. Tsao, “Chemistry and Biochemistry of
Dietary Polyphenols”, Nutrients, Vol.2, pp.
1231-1246, (2010).
R. Jadwiga, J.
“Flavonoids are Scavengers of Superoxide
Anions”, Biochem. Pharm., Vol.37, No.5
pp. 837841, (1988).

Lee HN, Lim DY, Lim SS, Kim JD, Yoon
JH.. “Anti-inflammatory Effect of Ethanol
Extract
Korean [ Food Sci.
No.1 pp. 65-71, (2011).
J. H. Ahn, Y. H. Mm, E. S. Lee, “Study
on Radical Scavenging Activities of
Essential Oils from Five Kinds of Korean
Herbs”, [ Appl Orient. Med., Vol.11,

Ryszard.  Gryglewski,

japonicum’,

Vol.43,

from  Eupatorium

Technol.,



Vol. 37, No. 6 (2020)

47.

No.1 pp. 1-5, (2011).

D. Klug, J. Rabani, “A  Direct
Demonstration of the Catalytic Action of
Superoxide Dismutase through the Use of
Pulse Radiolysis”, /. Biol Chem., Vol.247,
No.15 pp. 4839-4842, (2009).

- 15565 -

Effect of Aucklandia lappa Decne Extract on Antioxidant 11

48. H. H. Kim, G. H. Park, K. S. Park, J. Y.

Lee, B. J. An, “Anti-oxidant and
Anti—inflammation Activity of Fractions
from Aster glehni Fr. Schm”, Kor. J
Microbiol.  Biotechnol, Vol.38, No.4 pp.

434-441, (2010).



