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Abstract

This study was performed in order to investigate the antioxidant properties of hot water extract from the root and
aerial part of the Syneilesis palmata in respect to its potential use as food, cosmetics material, or medicinal resource.
The results showed that the S. palmata root hot water extract (RHW) possessed a higher content of total flavonoid
compounds (4.58 mg/g) and total polyphenol compounds (59.11 mg/g). The SOD-like activities of the RHW and
APHW were 23.74% and 21.61%, respectively, at a concentration 2,000 ug/mL. In the nitrite scavenging ability
of a 2,000 pg/mL concentration, the RHW showed 63.06% (pH 1.2) and 47.16% (pH 3.0). The ICso values of
the nitrite scavenging abilities were 99.93 ng/mL (ascorbic acid), 1,150.85 png/mL (RHW), and 1,610.25 ng/mL
(APHW). The ICs) values of DPPH free radical scavenging abilities were 99.87 ng/mL (RHW) and 118.29 ng/mL
(APHW). The inhibition values (ICsp) of xanthine oxidase were 139.62 pg/mL (RHW) and 111.11 ug/mL (APHW).
In all of the experiments, the S. palmata root hot water extracts have higher activities than the aerial hot water
extract, except for the xanthine oxidase inhibitory activity. These results suggest that the S. palmata is a potentially
useful antioxidant source for the development of functional nutraceuticals, cosmetics and medicine.
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Introduction

Free radical formation is associated with the normal natural
metabolism of aerobic cells. The interaction of these species
with molecules of a lipidic nature produces new radicals:
reactive oxygen species (ROS) including free radicals such
as 0,—, OH, 'O, and H,O, (1). Oxidative damage caused
by ROS may be related to aging and disease, such as
atherosclerosis, diabetes, cancer and coronary heart disease
(2,3). Moreover, ROS end to work with reactive nitrogen
species (RNS) to damage cells. RNS such as NO also have
deleterious effects on the body due to their reactivity in cells,
playing an important role in inflammation (4). Therefore,
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regulating ROS and RNS is important to protect against
degenerative disease including aging.

Recently there has been increasing interest in using oriental
medicine and folk herbal resource for functional food,
cosmetics and medicine. Plants are rich sources of
antioxidants, such as vitamins, phenolic compounds and
flavonoids (5), which prevents free radical damage, reducing
risk of chronic diseases. Thus, the consumption of dietary
physiological matters from these sources is beneficial in
preventing many diseases (6).

Syneilesis palmata, which belongs to the family
Compositae, has been used as a Korean traditional folk
medicine in the treatment for arthritis, lumbago and bruise
(7,8). Also S palmata leaves used as food which is called
“"Usannamul” in Korea and “Tuershan” in China (9). Its

chemical constituents include sesquiterpenes (10), pyrrolizidine
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alkaloids (11), monoterpene glycosides (12) and flavonoids
(13). It contains abundant amounts of sugar, soluble proteins,
minerals and amino acid (14), beneficial effects on
antioxidation (15). Also, Lee et al. (16) was isolated
sesquiterpenes and it had cytotoxicity against human cancer
cell. Kwon et al. (17) have been reported that thrombin
inhibition of methanol extract of S palmata was higher than
aspirin.

In this study, we evaluated the total flavonoid and
polyphenol compounds contents of hot water extracts of S
palmata root and aerial part. Plus, we investigated the
superoxide dismutase-like activity, nitrite scavenging activity
and xanthine oxidase inhibitory as well as DPPH free radical
scavenging activity of S palmata root and aerial part hot
water extract.

Materials and Methods

Materials

The Syneilesis palmata were collected at Mt. Palgong,
Gyeongbuk Korea, in June to July 2009. The collecting
sample, S, palmata was separated into root and aerial part.
These were dried at 40°C for 48 hr until the moisture content
was 10£1% using heated-air dryer (DR-0160, Hankwang,
Siheung, Korea).

Preparation of extract

Each material (100 g) was extracted with 3L water using
high-pressure extractor (DM-701, Daechan median, Seoul,
Korea) at 105°C for 3 hr. After filtration, the filtrates were
evaporated to dryness under vacuum and used throughout
this study. The dried powders were used for preparing
solutions of various concentrations. As a control, ascorbic
acid was prepared at the same concentrations of S, pa/mata
extract, and its physiological activities were also determined
by the same experiments described below. The root and aerial
part hot water extracts of S palmata were named RHW, and
APHW, respectively.

Total flavonoid compound content

The total flavonoid compound contents were measured by
the method of Nieva Moreno et al. (18) with slight
modification. The root and aerial part hot water extracts of
S palmata were dissolved in 80% ethanol (10 mg/mL). An
aliquot of 0.5 mL was mixed with 10% aluminum nitrate
(0.1 mL), 1 M potassium acetate 0.1 mL and added 80%

ethanol (4.3 mL). The mixture was kept at 25C for 40 min,
and absorbance was measured at 415 nm. A calibration curve
was obtained using various concentrations of quercetin
(Sigma-Aldrich Co., St. Louis, MO, USA). The flavonoid
compound content of the sample was expressed as mg of
quercetin equivalents per gram of dried sample.

Total polyphenol compound content

Phenolic compound contents in the root and aerial part
hot water extracts from S palmata were based on procedures
described by Folin-Denis method (19). Briefly, the extracts
(0.2 mL) were mixed with 1.8 mL of distilled water and
0.2 mL of Folin-ciocalteu’s phenol reagent (Junsei Chemical
Co., Tokyo, Japan) and allowed to react for 3 min. Then,
0.4 mL of saturated Na,COj3 solution and 1.4 mL of distilled
water were added and the mixture was mixed well. After
incubation for 1 hr at room temperature, absorbance was
measured at 725 nm. A calibration curve was obtained using
various concentrations of tannic acid (Sigma-Aldrich Co.).
The polyphenol compound content of the sample was
expressed as mg of tannic acid equivalents per gram of dried
sample.

Superoxide dismutase (SOD)-like activity

The SOD-like activity was measured by the modified
method of Marklund and Marklund (20). The reaction mixture
contained 0.2 mL of sample, 2.6 mL of tris-buffer (pH 8.5),
and 0.2 mL of 7.2 mM pyrogallol, and incubated at 25C
for 10 min. The reaction was stopped with 0.1 mL of 1 N
HCIl, and the absorbance was measured at 420 nm. The
SOD-like activity was expressed as follows: SOD-like activity
(%)={1—(A2—A)/Ao} <100, where AO was the absorbance
of the control, A1l was the absorbance of the sample without
reagent, and A, was the absorbance of the sample with
reagent. Ascorbic acid was used as a standard control.

Nitrite scavenging activity

According to the method described by Kato et al. (21)
using Griess reagent. Sample 1 mL and 2 mL of 1 mM NaNO»
made up to 10 mL solution with pH set at pH 1.2, 3.0, and
60. The reaction mixture was incubated at 37°C water bath
for 1 hr. Subsequently, ImL of sample with 5 mL of 2%
acetic acid and 0.4 mL of Griess reagent (mixed solution
at 1: 1 ration with 1% of sulfanilic acid in 30% acetic acid
and 1% of naphthylamine in 30% acetic acid) was mixed
and kept at room temperature for 15 min. The absorbance
was measured at 520 nm for residual nitrite determination.
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The nitrite scavenging activity was expressed as follows:
nitrite scavenging activity (%)={1—(A2—A1)/Ao}*100,
where Ao was the absorbance of the control, A; was the
absorbance of the sample without Griess reagent, and A, was
the absorbance of the sample with Griess reagent. Also this
activity was expressed as the inhibition concentration at 50%
(ICs0). Ascorbic acid was used as a standard control.

DPPH free radical scavenging activity

Free radical scavenging activity was determined by using
a stable free radical, 1,1-diphenyl-2-picryl-hydrazil (DPPH),
according to a slightly modified method of Blois (22). Sample
2 mL was mixed with 1 mL of 2x10™* DPPH solution and
incubated at a room temperature for 30 min. The absorbance
was measured at 517 nm. The DPPH free radical scavenging
activity was expressed as follows: DPPH scavenging activity
(%)={1—(A2—A1/Ao} <100, where Ao is the DPPH without
sample (control), A; is the sample without DPPH (blank),
and A, is the sample with DPPH. Also this activity was
expressed as the inhibition concentration at 50% (ICso).
Ascorbic acid was used as a standard control.

Xanthine oxidase inhibitory activity

Xanthine oxidase inhibitory (XIO) activity was measured
by the method of Stirpe and Corte (23) with some mod-
ification. The assay mixture consisted of 0.1 mL of each
extract and 0.6 mL of 2 mM xanthine solution dissolved into
0.6 mL of 0.1 M potassium phosphate buffer (pH 7.5), and
0.1 mL of enzyme solution 0.2 units/mL xanthine oxidase
(XO) in phosphate buffer, pH 7.5). After incubation at 37°C
for 5 min, the reaction was stopped by the addition of 1
mL of 1 N HCI, and the absorbance was measured at 292
nm using a spectrophotometer. XIO activity was expressed
as follows: xanthine oxidase inhibition (%)=[(A-B)-
(C-D)/(A-B)]*100, where A is the activity of the enzyme
without sample, B the control of A without sample and
enzyme, C and D are the activities of the sample with and
without XO, respectively. Also this activity was expressed
as the inhibition concentration at 50% (ICsg). Ascorbic acid
was used as a standard control.

Statistical analysis

Data are expressed as meanstSD of three replicated
determinations and were analyzed by SPSS version 19.0 for
windows (SPSS Inc., Chicago, IL, USA). A one-way analysis
of variance (ANOVA), and Duncan’s multiple range tests
were used to compare differences among mean values. A

p value <0.05 denoted the presence of statistically significant
difference.

Results and Discussion

Extract yields, total flavonoid and polyphenol compound
contents

S palmata were divided into two different parts: root and
aerial part and extract yield, total flavonoid and polyphenol
compound contents in two parts were determined. As shown
in Table 1, the extract yield of root (RHW) was 33.42% %
and aerial part (APHW) was 24.39%. The total flavonoid
compound contents of RHW and APHW were 4.58 mg/g
and 2.79 mg/g, respectively. The total polyphenol compound
contents of RHW were 59.11 mg/g and 48.01 mg/g in APHW.
The extract yield, flavonoid and polyphenol content of root
had a higher than aerial part. Especially total flavonoid of
root was more 1.6 times than aerial part. This is agreement
with Lee et al. (15) reported that the roots water and ethanol
extracts were consistently higher than the level of the aerial
part extracts. The phenolic compounds have been shown to
possess strong antioxidant activity, and flavonoids are one
of the most diverse and widespread group of natural phenolic
compounds (24). It had been reported that the antioxidant
activity of plant materials is well correlated with the content
of phenolic compounds (25-27). Thus polyphenol compound
content including flavonoid compound content could be used
as an important indicator of antioxidant capacity (28,29). This
suggests that the water extract of 7. nuciféra needles, which
contained a higher level of polyphenol and flavonoids than
the ethanol extract of 7 nucifera, might have high antioxidant
properties. The higher content of total flavonoid and
polyphenol compounds in the RHW might account for the
better results found in their SOD-like activity, nitrite
scavenging and DPPH radical scavenging activity.

Table 1. The extract yields, total flavonoid and polyphenol
compounds of hot water extracts from root and aerial part of S.

palmata

RHW" APHW”
Extraction yield (%) 3342 24.39
Total flavonoid compound (mg/g) 458 +045" 279+021”
Total polyphenol compound (mg/g) 59.11+2.52 48.01 +0.85

"RHW is hot water extract from root of 8 paimata.
YAPHW is hot water extract from aerial part of S palmaa.
MWalues represent the meantSD.
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Superoxide dismutase (SOD)-like activity

SOD is a primary enzyme in enzymatic antioxidant defense.
O»- can be transformed into hydrogen peroxide by superoxide
dismutase (SOD), a defense enzyme protecting cells from
cellular damage caused by reactive oxygen species (30). SOD
regulated the concentration of superoxide anionic radical, and
receives much attention because of its protective effect against
oxygen toxicity. However, SOD is inactivated by either
digestive enzyme or gastric juice when it is orally
administered, since its enzyme properties with molecular
weight exceed 30 kDa, and it cannot be absorbed into the
gastrointestinal tract (31). An alternative means of achieving
this goal is to find low-molecular weight compounds that
mimic sod behavior and can act as healthier alternatives.
Numerous natural materials having SOD-like activity have
been under investigation, because the active oxygen formed
in the organism is supposed to cause oxidative hindrance.
Therefore, SOD-like activity is regarded as a preventive
parameter of oxidative damages (32). As shown Table 2, all
extracts had dosage-dependant SOD-like activity, RHW and
APHW showed the 23.74% and 21.61% at the 2,000 pg/mL.
RHW had significantly higher SOD-like activity compared
to the APHW at all concentrations, but there was no significant
difference at concentration of 2,000 pg/mL (p<0.05). On the
other hand, ascorbic acid showed the excellent SOD-like
activity greater than 90% at concentrations of 100 pg/mL.
A previous study, Lee et al. (15), reported that the root extract
of S palmata had the higher SOD-like activity than aerial
part extract, which agrees with the present results. The hot
water extract of the root and aerial part showed higher
SOD-like activities compared to the Lee et al. (15), water
and ethanol extract of root and aerial part from S palmata.

Table 2. SOD-like activity of hot water extracts from root and
aerial part of S palmata

Concentration Extract Control
(ng/mL) RHW APHW Ascorbic acid
100 344+0.56" 276 +0.60° 90.59 £0.78'
300 7134077 5.40 + 139" 93.86 + 0.23"
500 10.58 +0.56" 8.05 + 0.80° 96.86 + 0.39"
1,000 1476 £ 037" 1299 £ 1.63" 98.56 023"
2,000 23744056 2161+ 121 99.08 +0.23"

"Values represent the meantSD and mean with different superscripts within the
row are significantly different at p<0.05 by Duncan’s multiple range test.

Nitrite scavenging activity

Nitrosamines are known to be potent carcinogens when

human consume them in the diet, or when they are produced
from endogenous biosynthesis in the body (33). Nitrosamines
are formed by the reaction of 2nd and 3rd grade amines in
protein-rich food, medicines with nitrosating agents under
acidic conditions in the stomach (34). Therefore, effective
nitrite scavenging in an acidic condition is very helpful in
inhibiting the formation of carcinogenic nitrosamines.
Nitrite scavenging activities of the prepared RHW and
APHW of S palmata were assessed at pH 1.2, 3.0 and 6.0
(Table 3). The nitrite scavenging activity of the sample was
increased as the pH decreased in a dose-dependent manner.
The estimated maximum nitrite scavenging activity was
63.06% under the pH 1.2 condition of the concentration 2.0
mg/mL from RHW, APHW was 56.31% at the same
condition. The ICsp values of RHW and APHW were 1,150.85
ng/mL and 1,610.25 ng/mL, and ascorbic acid was 99.93
ng/mL, respectively. In the pH 3.0, RHW and APHW were
47.16% and 39.26%. Ascorbic acid had the highest
scavenging ability of all the samples under the same
conditions. The RHW had a higher nitrite scavenging activity
than that of APHW at pH 1.2 and 3.0. At the pH 6.0 condition,
RHW value were not significantly different with APHW
(p<0.05). Thus, RHW is expected that nitrosation inhibition

Table 3. Nitrite scavenging ability of hot water extracts from root
and aerial part of S. palmata

Concentration Extract Control
(ug/mL) RHW APHW Ascorbic acid
100 586+ 0.57" 295+000°  5238+021°
300 1603 +0.42" 1428+020° 9134 +051°
500 2691 + 107" 253+056  93.67+036"
PH 1.2 1,000 4768 +0.14° 40.12+031° 9740028
2,000 63.06 + 0.63° 5631+062°  98.06%0.08"
ICo  1,15085+733° 1610251527  99.93+0.16"
100 389 +045° 333£028  3052£069°
300 13.97 +0.49° 1257015 5258 +0.94°
pH30 500 2072077 1870038  65.77+065
1,000 3507 085" 3007£048° 8103 +045°
2,000 47.16+092° 3926£040°  85.26+043"
100 1824065 282087 524+ 101°
300 339+038" 39:037  1387£063
pH60 500 5514088" 584+054° 2985+ 1.44°
1,000 809 051" 850£049°  50.19£051°
2,000 1118 +0.77° 1060£036"  59.41 +0.58"

MValues represent the meantSD and mean with different superscripts within the
row are significantly different at p<0.05 by Duncan’s multiple range test. ICso values
were determined by linear regression analysis.
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might be feasible under stomach conditions (pH 1.2). This
finding is similar to that reported by Lee et al. (15) who
found that the nitrite scavenging activity in a root extract
was higher than aerial parts and low pH. Phenolic compounds
including flavonoid compounds and ascorbic acid are reported
to have high nitrite scavenging effects, and have higher
activities under conditions of low environmental pH (35).
These results showed that when compared to the APHW,
the higher antioxidant activity of the RHW is in good
accordance with its greater amount of phenolic compound.

DPPH free radical scavenging activity

DPPH is a free radical, stable at room temperature, which
produces a violet solution in ethanol, but becomes pale yellow
when it is neutralized by antioxidants (36). The use of DPPH
free radicals is a common method to evaluate antioxidant
activities in a relatively short time compared to other methods.
Removal of free radicals plays an important role in preventing
lifestyle diseases and aging of our body (37). Hence, the
DPPH radical scavenging method is used for measuring
electron donating ability, and DPPH free radical scavenging
has been widely used to evaluate the antioxidant activity of
various natural plants.

Table 4 showed concentration-dependent DPPH radical
scavenging activity of RHW and APHW. As a reference,
ascorbic acid showed an excellent scavenging ability of
greater than 84% at a concentration of 50 ng/mL. The
scavenging ability of RHW, APHW and ascorbic acid were
94.41%, 93.98% and 96.85% at 2,000 pg/mL, respectively.
RHW was higher than the activities of APHW below the
concentrations of 1,000 pg/mL. However, no significant
difference was shown between the RHW and APHW at

Table 4. DPPH free radical scavenging ability of hot water
extracts from root and aerial part of S palmata

Concentration Extract Control
(gfmL) RHW APHW Ascorbic acid
50 1595 + 174" 1183 £122° 84.32+0.63"
100 50,09 +096" 46.86 + 1.42° 86.40 £ 037"
300 67.58 + 1.20° 64.03 + 1.44° 89.46 + 0.80°
500 81.59 + 1.53" 7201 + 101° 91.43 + 062"
1,000 90.32 £ 0.69° 86.88 £ 0.71° 95.07 + 024"
2,000 94.41 +042° 9398 +0.51° 96.85 + 0.18"
ICso 99.87 £ 0.84° 11829£492°  4879+0.13"

DValues represent the meantSD and mean with different superscripts within the
tow are significantly different at p<0.05 by Duncan’s multiple range test. ICso values
were determined by linear regression analysis.

concentrations of 2,000 pg/mL (p<0.05). The ICso of the RHW
(99.87 pg/mL) was significantly higher that of the APHW
(118.29 pg/mL), and the control (ascorbic acid) was 48.79
nug/mL. Lee et al. (15) reported that the DPPH free radical
scavenging activity of water extract from S pa/mata root
and aerial part showed 91.39% and 60.70% at 1,000 pg/mL,
respectively. APHW result were higher free radical
scavenging activity than the Lee et al. (15) report, but RHW
were similar to that reported by Lee et al. (15). Previous
studies report that free radical scavenging activity have shown
positive correlations between phenolic compound content
(34,35), and antioxidant activity for RHW were higher total
polyphenol compound contents than APHW. This suggests
that phenolic compounds constituents in the RHW may
contribute to the highest antioxidant activities in the DPPH

free radical activity.

Xanthine oxidase inhibition

Xanthine oxidase (XO) is the enzyme responsible for the
formation of uric acid from the purines, hypoxanthine and
xanthine, and its accumulation in blood and bone results in
goat and accumulation in the kidney (38). Gout is induced
by the deposition of uric acid in the joints, resulting in painful
inflammation, with XO inhibition resulting in a remission
in gout (39). XO also functions as an important biological
source of oxygen-derived free radicals, which contribute to
oxidative damage to living tissues that are involved in a
variety of pathological processes, including inflammation,
atherosclerosis, cancer, and aging (40). XO inhibitors may
potentially prove useful for the treatment of gout or other
XO-induced diseases (41). Allopurinol is the only clinically
used XO inhibitor, which also suffers from many side effects
such as hepatitis, hypersensitivity syndrome, Stevens Johnson
syndrome, nephropathy allergic reaction and renal toxicity
(42,43). Therefore, there is an urgent need to search for new
XO inhibitors. Ascorbic acid had the highest XO inhibition
activity at concentrations between 50~500 pg/mL, also
APHW were significantly higher than that of the RHW at
50~500 pg/mL (p<0.05). But XOI activity of all extract were
over 95% and there was no significant difference at
concentration of 1,000 ug/mL (Table 5). The ICso value of
APHW (111.11 pg/mL) was higher than those of RE (139.62
ng/mL), ascorbic acid was 52.17 pg/mL. These results suggest
that S| palmata may potentially be useful for treating gout,
inflammation, and other XO induced diseases.

In conclusion, the screening of antioxidant, content of total
flavonoid and polyphenol compound and XOI activities was
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Table 5. Xanthine oxidase inhibitory activity of hot water extracts
from root and aerial part of S palmata

Concentration Extract Control

(lg/mL) RHW APHW Ascorbic acid
50 17.36 £ 1.20"” 1964 £1.79° 7090 £ 243"

100 35.42 £ 0.00° 48214179 88.89 +2.75"

300 7222+ 120° 7857+ 1.79° 90.48 + 0.00°

500 84.72 120" 86.90 +2.06° 94.71£0.92°
1.000 97.92 +2.08" 95.83 + 103" 96.30 + 0.92°
1Cso 139.62 + 3.82° 11111 +556° 52.17+021°

"Values represent the meantSD and mean with different superscripts within the
tow are significantly different at p<0.05 by Duncan’s multiple range test. ICso values
were determined by linear regression analysis.

performed on hot water extracts of S palmata root and aerial
part. Total flavonoid and polyphenol compound contents of
root hot water extract (RHW) were higher than aerial part
hot water extract (APHW) and the antioxidant activity of
RHW were higher than APHW except XOI activity at
concentrations between 50~500 pg/mL. XOI activity of all
extract were over 95% and there was no significant difference
at concentration of 1,000 pg/mL. This result shows that high
content of phenolic compounds with the lowest ICsy value
from DPPH free radical activity and nitrite scavenging ability.
Thus this study suggests that the hot water extract of S
palmata root could be used as an effective antioxidant source
for functional nutraceuticals, cosmetic and medicine. Further,
more detailed work should be followed to isolate and identify
the active ingredients with strong antioxidation ability in S
palmata.
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