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Abstract Acanthopanax senticosus has been used in East Asia as a traditional medicine. The purpose of this study is the
investigation of an extraction method for A. senticosus var. subinermis (ASvS) leaves to improve their antioxidant and anti-
inflammatory activities. Six extracts were prepared: extracted with water (W), ethanol (Eth), water or ethanol after ultra high
pressure (WP, EthP), and water or ethanol after an extrusion process (WEx, EthEx). Diphenylpicrylhydrazyl (DPPH) radical
scavenging activity and ferric reducing ability showed that all extracts had a significant antioxidant activity. In anti-inflammatory
activities, Eth and EthEx significantly inhibited the release of lipopolysaccharide (LPS)-induced nitric oxide (NO), tumor necrosis
factor (TNF)-α, and interleukin (IL)-1β independent of cell viability in RAW 264.7 macrophage cells. Inducible NO synthase
(iNOS) protein was significantly decreased by EthEx. These findings present that Eth and EthEx extracts of ASvS leaves have
anti-inflammatory activities, and EthEx extract suppresses LPS-induced NO through the down-regulation of iNOS and pro-
inflammatory cytokines.
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Introduction

Acanthopanax senticosus (AS) is an oriental herb distributed
throughout East Asia. In Korea, AS has been used as a
traditional medicine to cure rheumatoid arthritis, hepatitis,
and diabetes (1). AS has been reported to have anti-
inflammatory (2-4), antioxidant (5-7), hypoglycemic (6-8),
and anti-viral activities (9). The roots bark of AS has also
been used as a substitute for red ginseng, one of the most
popular herbal medicines in Korea. The potential active
components of AS have been classified as phenylpropane
compounds, lignans, coumarins, polysaccharides, and other
components (10,11). Eleutherosides B and E and chiisanoside
are acknowledged as major active components of this
plant. Eleutheroside E has the most pronounced anti-stress
effect and eleutheroside B has an anti-fatigue function (12).
Chiisanoside has been reported to have antihepatotoxic,
antidiabetic, and anti-inflammatory effects on the proliferation
of lymphocytes (13-15).

In some studies, AS showed an immuno-stimulating action
(2,14) and an inhibitory action on mast cell-dependent
anaphylaxis (16). The aqueous extract also has anti-
metastatic activity mediated by macrophages and natural
killer cells (17). The other studies have suggested the anti-
inflammatory effects of AS by showing their suppressive
action of lipopolysaccharide (LPS)-induced nitric oxide
(NO) synthesis in the mouse macrophage cell line, RAW
264.7 (2,18-20). Previously released processing methods
for AS include extraction using hot-water or solvent, filtration,

concentration, and drying processes (21-23). Extrusion has
been applied diversely as a manufacturing process for snacks,
crackers, and cereals to progress the series of kneading,
cooking, shaping, and sterilization in a short time. The
extrusion process, accompanying high temperature and
high shear force, has also been well documented as an
effective way to weaken the rigid cell-walls of plants and
thus increase water solubility (11). Here, the purpose in this
study is investigation of the extraction method improving
antioxidant and anti-inflammatory activities of A. senticosus
var. subinermis (ASvS) leaf by evaluating inhibitory actions
of each extract against LPS-induced inflammatory responses
in RAW 264.7 macrophage cells. In this procedure, extrusion
and ultra high-pressure were used on the extraction process
of ASvS leaves.

Materials and Methods

Materials and reagents The leaves of ASvS were
collected from a Yesanogapi farm in Yesan, Chungnam,
Korea. The pure standards, eleutheroside E and chiisanoside,
were a kind gift from Dr. YH Kim of Chungnam National
University, Daejeon, Korea. High performance liquid
chromatography (HPLC) grade methanol and acetonitrile
were purchased from J.T. Baker Co. (Phillipsburg, NJ,
USA), and HPLC grade trifluoroacetic acid (TFA) was
obtained from Sigma-Aldrich (St. Louis, MO, USA). Milli-
Q (Millipore Co., Billerica, MA, USA) water was used for
the HPLC analysis. HPLC analyses were performed by a
Gilson instrument consisting of pump (model 322) and UV
detector (model 156) (Gilson Inc., Middleton, WI, USA).
Absorbance was detected by Softmax® Pro 5 software
connected to a Versamax microplate reader (Molecular
Devices, Sunnyvale, CA, USA) Anti-inducible NOS (BD

*Corresponding author: Tel: +82-2-2123-3119; Fax: +82-2-365-3118
E-mail: snkim@yonsei.ac.kr
Received February 12, 2009; Revised June 16, 2009;
Accepted July 6, 2009



Acanthopanax senticosus var. subinermis Prepared by Ethanol and Extrusion 1125

Bioscience, San Diego, CA, USA), anti-COX-2 (Cell
Signaling Technology, Beverly, MA, USA) and anti-β-
actin (Cell Signaling Technology) primary antibodies were
used in Western blotting. HRP-conjugated goat anti-rabbit
and horse radish peroxidase (HRP)-conjugated goat anti-
mouse secondary antibodies were purchased from Cell
Signaling Technology.

Preparation of ASvS leaf extracts The air-dried and
coarsely powered leaves were extracted with deionized
water at 110oC for 2 hr or with ethanol at 65oC for 5 hr.
Time and temperature were determined from a preliminary
examination referring to several references (24,25). Before
the extraction step, 1 kg of leaves was pre-treated at a
3,000 atmospheric pressure for 1 min. Another 1 kg of
leaves was treated with an extrusion process at 155oC for
2 min (4-5 mm, 35% water contained, 250 rpm). Six extracts
were prepared by the mentioned processes and were
classified as hot-water extract (W), ethanol extract (Eth),
hot-water extract after ultra high pressure work (WP),
ethanol extract after ultra high pressure work (EthP), hot-
water extract after extrusion processing (WEx), and
ethanol extract after extrusion processing (EthEx). All
aqueous extracts were dried with a speed vacuum
concentrator and used for the following experiments.

Chromatographic conditions For the quantitative analyses
of eleutheroside E and chiisanoside, a YMC-Pack ODS-A
column (S-5, 120A, 250×4.6 mm; YMC Company Ltd.,
Kyoto, Japan) was employed at a flow rate of 1 mL/min.
These major components were detected by using a linear
gradient of 20-50% acetonitrile containing 0.1% TFA for 8
min, and then 50-100% for 10 min at UV 200 nm. Each
standard marker was dissolved in 50% MeOH containing
0.1% TFA and were used as internal standards by mixing
with the 6 prepared extracts.

DPPH radical scavenging effects The diphenylpicrylhydrazyl
(DPPH) radical scavenging capacity of the extracts was
analyzed using a method described by Masuda et al. (26)
and Brand-Williams et al. (27) with modifications. Briefly,
aliquots of sample (125 µL) in acetone or individual pure
compounds in water at different concentrations were added
to 3.9 mL of a 25 mg/L DPPH (Sigma-Aldrich) methanol
solution. After gentle mixing and standing at room temperature
for 30 min, absorbance of the resulting solutions was
measured at 517 nm. The percent DPPH remaining by
each sample extract was calculated using the following
equation: %DPPHrem=100×[DPPH]rem/[DPPH]T=0. IC50 values
were calculated to express the concentration of antioxidants
in the samples necessary to quench 50% of the radicals in
the reaction mixture. Butylated hydroxytoluene (BHT)
(Sigma-Aldrich) was used as a positive control.

FRAP assay The ferric reducing ability of the studied
plant materials was assessed following the method described
by Benzie and Strain (28). Briefly, ferric reducing antioxidant
power (FRAP) reagent was prepared containing 2.5 mL of
10 mM 2,4,6-tris(2-pyridyl)-1,3,5-triazine (Fluka, Buchs,
Switzerland) in 40 mM HCl; 2.5 mL of 20 mM FeCl3; and
25 mL of 0.3 M acetate buffer (pH 3.6). It was freshly
prepared and warmed prior to the analysis. The extract

samples (30 mL) were added to 270 mL of the FRAP
reagent. The final results were expressed as the concentration
of antioxidants having ferric reducing ability equivalent to
that of Trolox (Fluka).

Cell culture and sample treatment The RAW 264.7
mouse macrophage cells were obtained from the Korea
Cell Line Bank (Seoul, Korea), and were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen
Gibco®, Carlsbad, CA, USA) without phenol red, and
supplemented with 10% fatal bovine serum (FBS, Gibco®)
and 1% antibiotics (Gibco®). The cells were grown at 37oC
under 5% CO2 in fully humidified air. Additionally, they
were incubated with ASvS at increasing concentrations (5,
10, 50, 100, 250, and 500 mg/mL) and then stimulated with
200 ng/mL lipopolysaccharides (LPS, from Escherichia

coli 055:B5) (Sigma- Aldrich).

Nitrite measurement Cells were seeded in 96-well plates
(105 cells/well), cultured for 24 hr, and then incubated with
various concentrations of extracts at 37oC for 1 hr. After
that, the cells were incubated with 200 ng/mL LPS at 37oC
for 24 hr. The nitrite concentration in the medium was
measured with Griess reagent (Sigma-Aldrich). The optical
density at 540 nm was measured using Softmax® Pro 5
software connected to a Versamax microplate reader and
calculated against a sodium nitrite standard curve. To
determine that the observed NO inhibition was not due to
cell loss by cell viability, the cells were treated with media
containing 20 µL CellTiter 96® Aqueous One solution
reagent (Promega, Madison, WI, USA) for 1 hr. Tetrazolium
was then concerted in to formazan and absorbance was
read at 490 nm using the microplate reader. Each
experiment was performed using 8 replicate wells for each
group, and was independently carried out in duplicate.
Concentration-response curves were plotted and percent
inhibition was calculated as: sample absorbance×100/
control absorbance.

Western blotting analysis The cells were collected by
centrifugation and washed once with phosphate buffered
saline (PBS). The washed cell pellets were re-suspended in
PRO-PREP Protein Extraction Solution (iNtRON
Biotechnology, Gyeonggi, Korea) and then incubated for
20 min at 4oC. Protein concentration was measured by
Bradford method (Bio Rad Laboratories, Melvile, NY,
USA). Thirty µg of cellular proteins obtained from the
treated and untreated cell extracts were separated on 8%
sodium dodecyl sulfate (SDS)-polyacrylamide gels, and then
transferred to nitrocellulose membranes. The membranes
were blocked by 5% skim milk and then incubated with
iNOS (1:4,000), COX-2 (1:3,000), and β-actin (1:1,000)
antibodies overnight at 4oC. The blots were washed 3 times
with Tween 20/Tris-buffered saline (TTBS) and incubated
with a 1:2,000 dilution of HRP-conjugated goat-anti rabbit
or goat-anti mouse antibodies for 1 hr at room temperature.
The blots were again washed 3 times with TTBS and then
developed by Amersham ECLTM PLUS solution (Amersham
Bioscience, Uppsala, Sweden).

Interleukin (IL)-1β and tumor necrosis factor (TNF)-α
IL-1β and TNF-α levels were measured by an enzyme-
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linked immunosorbent assay (ELISA) with mouse IL-1β
and TNF-α monoclonal antibodies (R&D Systems,
Minneapolis, MN, USA). The media broth was collected
and added to the wells of the ELISA plates, which were
coated with monoclonal antibody against IL-1β and TNF-
α IgG. After 3 washings with PBS, peroxidase-conjugated
avidin, biotinylated antibodies against IL-1β and TNF-α,
and chromogenic substrates were added to each well. The
absorbance was read at 450 nm using Softmax® Pro 5
software connected to a Versamax microplate reader.

Statistical analysis All results are represented as mean±
standard deviation (SD). Statistical analyses between 2
groups were performed by the independent sample t-test
using SPSS 12.0. The data were considered significant at
p<0.05.

Results and Discussion

Antioxidant activity of ASvS leaf extracts ASvS leaf
possessed antioxidant effects as shown by the DPPH radical
scavenging activity and FRAP assay. Figure 1A presents that
all groups treated by the plant extracts showed a significant
value in DPPH radical scavenging activity compared to the
vehicle group. The radical scavenging activity of 6 extracts
was similar to that of a chemical antioxidant, BHT. In FRAP
assay, a Trolox equivalent level also was significantly higher

in 6 extracts compared to the vehicle group (Fig. 1B). The
protective effect of AS from oxidants has been reported in
other studies (5,21,29). In our previous reports, AS was
found to exert remarkable antioxidant power possessing a
high amount of phenoics (21). The antioxidant capacity of
AS leaves could be attributable to the phenolic compounds
containing eleutheroside E2, chiisanoside, chiisanogenin,
hyperin, protocatechuic acid, syringin, caffeic acid, iridoid
glycosides, and isofraxidin (30-34). Jung et al. (14)
demonstrated that oral treatment of chiisanoside and
chiisanagenin, an aglycone of chiisanagenin, inhibits
carrageenan-induced lipid peroxidation, hydroxyl radical,
xanthine oxidase activity, and increased superoxide
dismutase, glutathione peroxidase, and catalase in serum.
These results suggest that ASvS leaf had a considerable
antioxidant activity and this is independent of extracting
tools such as water, ethanol, ultra high pressure work, and
extrusion processing.

Suppressive effect of ASvS leaf extracts on LPS-
induced NO release NO is an important intra- and
intercellular regulatory molecule of multiple physiological
functions and correlates with oxidative stress, inflammation,
tumor, and coronary heart disease. Mouse macrophage
RAW 264.7 cells were used to investigate whether ASvS
leaf has a suppressive action on NO release, and determine
the extraction method improving the anti-inflammatory

Fig. 1. DPPH radical scavenging activity (A) and FRAP value (B) in 6 extracts of A. senticosus var. subinermis leaves. BHT,
positive control; A, water; B, ethanol; C, water+ultra high pressure; D, ethanol+ultra high pressure; E, water+extrusion; and F,
ethanol+extrusion. Values are mean±SD. *Significantly different compared with a blank group at p<0.05.
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activity. As shown in Fig. 2, among the 6 extracts, Eth,
EthP, and EthEx significantly decreased LPS-stimulated
NO release in a concentration dependent manner from a
starting point of 100 or 250 mg/mL. However, W, WP, and
WEx did not influence on the production of NO.
Subsequently, cell viability was assessed to determine
whether this inhibitory effect against NO release is induced
from a cell loss. As shown in Fig. 3, Eth and EthEx had no
influence on cell viability but EthP induced cell toxicity
significantly. These result presents that the ethanol extracts,
in particular, Eth and EthEx have a potential effect on the
suppression of LPS-induced NO-mediated inflammatory
response in macrophage cells.

Quantitative analysis of HPLC chromatography
Typical chromatograms of ASvS leaf extracts are shown in
Fig. 4. The retention time of eleutheroside E and chiisanoside

was 21.53 and 24.40 min, respectively. According to
HPLC chromatography data, the amounts of eleutheroside
E and chiisoanoside were higher in the Eth extract than in
the W extract. The amounts of eleutheroside E and
chiisanoside were 2.2 and 2.4 folds higher respectively in
the Eth extract than in the W extract. Tohda et al. (22) also
previously mentioned that contents of the active
components in AS, eleuthrosides B and E and isoflaxidin,
were greater in the methanol extract than in the water
extract. Pre-treatment with the extrusion process
contributed to a significant increase of 2-10 folds in
elutheroside E and chiisanoside in the WEx and EthEx
extracts. The concentrations of eleutheroside E and
chiisanoside in EthEx extracts were 0.461±0.025 and
11.744±0.075 mg/g respectively. Recently, several studies
reported that extrusion is a potential tool to increase yields
of the effective components, such as total saponins,

Fig. 2. Inhibitory effects of A. senticosus var. subinermis leaf extracts on the production of LPS-induced nitric oxide (NO). Values
are mean±SD. *Significantly different compared to LPS treated group at p<0.05. A, water (W); B, ethanol (Eth); C, water+ultra high
pressure (WP); D, ethanol+ultra high pressure (EthP); E, water+extrusion (WEx); and F, ethanol+extrusion (EthEx).
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ginsenosides, maltol (35), and pectin polysaccharides (36)
in red ginseng. The extrusion process may greatly affect on
the extraction of active components and this fact may be
resulted from an augmentation of the water solubility.
These results present that ethanol extraction with or
without extrusion processing could be a potential method
for ASvS leaf to alleviate the suppressive effect of NO
release in inflammatory regions. In addition, it is not clear
whether NO-scavenging activity of the extracts is related to
eleutheroside E or chiisanoside although the extrusion
processing may help to augment the active components.

Fig. 3. Cell viability assay of A. senticosus var. subinermis
leaves in Raw 264.7 cells. Values are mean±SD. * Significantly
different compared to the control group at p<0.05. A, ethanol
(Eth); B, ethanol+ultra high pressure (EthP); and C, ethanol+
extrusion (EthEx).

Fig. 4. Chromatogram of the Acanthopanax senticosus var.
subinermis leaf extracts. Chromatograms were recorded at
200 nm. E, elutheroside E; C, chiisanoside.

Fig. 5. Protein expression of iNOS and COX-2. Cell lysate was
used for Western blotting for iNOS, COX-2, and β-actin. (A)
iNOS expression after incubation with Eth or EthEx extract. (B)
iNOS expression at 250 and 500 µM of Eth or EthEx extract. (C)
iNOS and COX-2 expressions after incubation with EthEx extract
having various concentrations. (D) Relative density of iNOS
expression of EthEx. Values are mean±SD. *Significantly
different compared with ‘0 (+LSP)’ group at p<0.05.
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Influences of ASvS leaf extracts on iNOS and COX-2
expressions stimulated by LPS NO is enzymatically
synthesized via the oxidation of the terminal guanidine
nitrogen atom of L-arginine by a family of NOS, which are
either constitutive (eNOS) or inducible (iNOS) (37). iNOS
is expressed in various cell types including smooth muscle
cells, macrophages, and hepatocytes, only after exposure to
specific stimulants such as cytokines (38,39). The damage
from NO during the inflammation or carcinogenic process
might be decreased by the NO scavengers and NOS enzyme
inhibitors. The Eth and EthEx extracts, which showed the
suppressive effect on NO release, were selected for the
following experiment. As presented in Fig. 5, iNOS and
COX-2 were not detectable in the unstimulated cells and
up-regulated in response to LPS. EthEx extract markedly
inhibited LPS-induced iNOS at the concentration over
about 100 mg/mL showing the suppressive effect on NO
release (Fig. 5A). However there is no change in iNOS
expression of cells treated by Eth extract. The difference of
iNOS expression between Eth and EthEx, was clarified
again in 2 effective concentrations, 250 and 500 mg/mL
(Fig. 5B). COX-2 expression was not influenced by the Eth
or EthEx (Fig. 5C). Figure 5D is the representative relative
density of iNOS derived from repeated experiments with
EthEx-treated cell (n=4). The anti-inflammatory activity of
AS has been presented by traditional medicine as well as
recently published references; however, the mechanism is
not yet clear. Several studies reported that AS suppressed
NO production and iNOS gene expression (18) through the
inhibition of intracellular peroxide production in LPS-

induced macrophage cells (19). Recently, Lin et al. (20)
reported that AS suppressed iNOS gene expression through
the inhibition of intracellular peroxide production, which
has been implicated in the activation of NF-kB in LPS plus
IFN-γ stimulated RAW 264.7 macrophages.

Effect of ASvS leaf extracts on the LPS-induced release
of IL-1β and TNF-α Proinflammatory cytokines such as
TNF-α, IL-1β, and IL-6 are part of a larger network of
inflammatory regulation (40) and thought to be interlinked
in a cascade, being produced serially by macrophages during
inflammatory response. These cytokines play critical roles
in inflammatory diseases, such as arthritis and multiple
sclerosis (41). As shown in Fig. 6, TNF-α and IL-1β were
produced by LPS-activated macrophages. Eth decreased
significantly TNF-α at 250 and 500 µg/mL, but showed a
large variation of IL-1β values in all concentrations except
a significant decrease at 500µg/mL. EthEx extract suppressed
significantly TNF-α release at 250 and 500 µg/mL. IL-1β
decreased significantly by EthEx with a stable feature.
TNF-α causes many clinical problems associated with
autoimmune disorders, such as rheumatoid arthritis, Crohn’s
disease, psoriasis, and asthma (42,43). IL-1β is associated
with hyperalgesia and fever (44). These results demonstrate
that the Eth and EthEx extracts suppress the release of
LPS-induced TNF-α, and EthEx inhibits IL-1β synthesis
stimulated by LPS in mouse macrophage cells.

Several studies have shown that increased dietary intake
of polyphenol and flavonoids correlates with reduced
oxidative stress, inflammation, tumor, and coronary heart

Fig. 6. TNF-α and IL-1β. Each media soup was collected and used for ELISA assay of TNF-α (A, B) and IL-1β (C, D). Significantly
different compared with ‘−LPS’ group (†) and ‘+LPS’ group (*) at p<0.05.
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disease (45-47). Our recent study also presented that AS

supplementation exerts a beneficial effect against oxidative
stress and improves serum lipid profiles in postmenopausal
women (48). Chiisanoside, a main active component of
ASvS, has been reported to have a modest therapeutic effect
on inflammation-related diseases such as rheumatoid
arthritis. Chiisanoside significantly reduced rheumatoid
arthritis and C-reactive protein factors in the rat induced by
Freund’s complete adjuvant reagent (14). Chiisanoside
prevented the oxidative damage due to ROS overproduction
from rheumatoid arthritis response (14). In the other studies,
chiisanoside inhibited pancreatic lipase activity in vitro and
high-fat diet containing saponin-rich faction suppressed the
body weight gain of mice (49). Chiisanogenin, an aglycone
of chiisanoside, showed about 10-50 folds higher potency
than U46619, epinephrine- and arachidonic acid-induced
platelet aggregation (50).

It is valuable to have identified the physiological activity
of the ASvS leaf, because those are discarded at the selecting
step of raw materials. In conclusion, we suggested that
both the water extract and ethanol extract of ASvS leaf
were shown to have a potential antioxidant activity. NO-
scavenging activity was exerted by the ethanol extract
rather than the water extract in RAW 264.7 mouse
macrophage cells. In particular, the ethanol extract pre-
treated by extrusion process suppressed LPS-induced NO
production through the down-regulation of iNOS, and
decreased the release of pro-inflammatory cytokines. Our
findings provide useful scientific information on the
manufacturing procedure of ASvS leaf for the purpose of
preventing from oxidative damage or inflammation-related
diseases.
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