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Antioxidative Properties of Sachil-Tang Extract

Hyo Seung Yi, Jin Young Moon*

Department of Acupoint, College of Oriental Medicine, Dongguk University

Sachil-Tang (SCT) has been traditionally used as a prescription of spasm of the esophagus by stress, pectoralgia

and oppressive feeling of the chest in Oriental medicine. This study was carried out to investigate the antioxidant

activities of the ethanol extract of SCT and its inhibitory effect on intracellular oxidation and vascular cell adhesion

molecule-1 expression in human umbilical vein endothelial cells (HUVECs) using various methods. The SCT extract

showed a strong inhibitory effect on free radical generating model systems, including DPPH radical, superoxide anions,

hydroxyl radical, peroxynirite and nitric oxide. Besides, the SCT extract exhibited a strong inhibitory effect on lipid

peroxidation in rat liver homogenate induced by FeCl2-ascorbic acid, and protected plasmid DNA against the strand

breakage in a Fenton's reaction system. The SCT extract also inhibited copper-mediated oxidation of human

low-density lipoprotein (LDL), and repressed relative electrophoretic mobility of LDL. Furthermore, the SCT extract

protected intracellular oxidation induced by various free radical generators and inhibited expression of vascular cell

adhesion molecule-1 (VCAM-1) in HUVECs. These results suggest that SCT can be an effective natural antioxidant

and a possible medicine of atherosclerosis.
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Introduction

Sachil-Tang (SCT) has been known as a prescription of

spasm of the esophagus, pectoralgia and oppressive feeling of

the chest caused by stress in Korean traditional medicine1). A

few studies have reported the effects of SCT, which include

plasma and uterus changes in rats in a state of immobilization

stress2) and treatment for vomiting during pregnancy3). In

Korean and Chinese traditional medicine, it has been thought

that emotional instability or stress have close relation to heart.

And pectoralgia and oppressive feeling of the chest are

important clinical symptoms of cardiovascular atherosclerosis
4)

.

However, no study has so far been examined about the

phytochemical and pharmacological effects of SCT with regard

to cardiovascular atherosclerosis. So, we tried to evaluate a

new possibility of SCT in the role of natural antioxidants at the

early phases of the management of atherosclerosis. Oxidative

stress caused by free radicals can raise pathogenesis in

cardiovascular diseases, including atherosclerosis, heart failure,

diabetic vascular complications, and hypertension
5,6)

. Reactive

oxygen species (ROS) such as superoxide anion (O2·),

hydrogen peroxide (H2O2), hydroxyl radical (·OH) and singlet

oxygen (1O2), as well as reactive nitrogen species (RNS) such

as peroxynitrite (ONOO-) and nitric oxide (·NO), are

concerned in modifying phospholipids, especially in

low-density lipoprotein (LDL)
7,8)

. Previously, it has been

reported that oxidized-LDL is incorporated into monocytes and

macrophages to form foam cells, which may promote the

atherosclerotic process
9,10)

. Moreover, ROS are involved in

vascular cell signaling correlated with migration and

proliferation
11-13)

. Endothelium is an important place concerned

with atherosclerosis because oxidative injury of the

endothelium accompanies acute inflammation14) and adhesion

of monocytes to endothelium initiate the development of

atherosclerosis
15)

. Interaction between monocytes and

endothelial cells is mediated by cell adhesion molecules such

as intercellular adhesion molecule-1 (ICAM-1) and vascular cell

adhesion molecule-1 (VCAM-1), which also play an important

role in leukocyte adhesion and transendotheilal migration at

sites of inflammation
16)

. On the other hand, accumulating

evidence shows that antioxidant agents protect lipid

peroxidation related to macrophage adhesion and activation, in

biological systems by scavenging free radicals
17)

and
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minimizing the risk of myocardial infarction and

atherosclerosis18-20). In this report, we investigated the

antioxidant activity of SCT extract in different types of free

radical generating systems, lipid peroxidation, DNA nicking

and human LDL oxidation. Furthermore, since oxidative injury

and expression of adhesion molecules in endothelium play key

roles in the process of atherosclerosis, this study also aimed to

ascertain whether the SCT extract can inhibit oxidation and

expression of adhesion molecules in human umbilical vein

endothelial cells (HUVECs).

Materials and Methods

1. Chemicals

2,2-diphenyl-1-picryl-hydrazyl (DPPH),

ethylenediaminetetraacetic acid (EDTA), (-)-epigallocatechin

gallate (EGCG), butylated hydroxytoluene (BHT), dimethyl

sulfoxide (DMSO), L-ascorbic acid, α-tocopherol, deoxyribose,

hydrogen peroxide (H2O2), nitro blue tetrazolium (NBT),

trichloroacetic acid (TCA), 2-thiobarbituric acid (TBA),

hypoxanthine, xanthine oxidase, bicinchoninic acid kit,

DL-penicillamine, diethylenetriaminepentaacetic acid (DTPA),

4,5-Diaminofluorescein (DAF-2), 3-morpholinosydnonimine

hydrochloride (SIN-1), copper(II) sulfate (CuSO4), human

low-density lipoprotein (LDL), sodium nitroprusside and gallic

acid were purchased from Sigma Chemical Co. (St. Louis,

MO). Dihydrorhodamine 123 (DHR 123) and

6-carboxy-2',7'-dichlorofluorescein diacetate (DCFH-DA) were

from Molecular Probes (Eugene, OR). Peroxynitrite was from

Cayman Chemical Co. (Ann Arbor, MI). Folin-Ciocalteu's

phenol reagent and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

-2H-tetrazolium bromide (MTT) was obtained from Merck

(Merck KGaA, Germany). Blue/Orange 6X loading dye,

agarose (LE, analytical grade) and ethidium bromide were

obtained from Promega (Madison, WI). Ferric chloride (FeCl3),

ferrous chloride (FeCl2) and 2,2'-azobios(2-amidinopropane)

dihydrochloride (AAPH) were obtained from Wako Pure

Chemical Industries LTD. (Osaka, Japan). All other chemicals

used were analytical grade.

2. Preparation of SCT Extract

The prescription of SCT was prepared with Pinellia

ternata (50 g), Poria cocos (40 g), Magnolia officinalis (30 g)

and Perilla frutescens (20 g). These plant materials were

obtained from the Dongguk Oriental Medicine Hospital

(Kyungju, Kyungbuk). Extract of SCT was prepared by

incubation of 70% ethanol (100 g/L) for 12, 24 and 48 hours

followed by each step. After filtration, the extract was

evaporated under vacuum condition and dried using a Freeze

Drier (Freezone 6. Labconco, USA). The yield of the ethanol

extract was 1.93% of the initial material.

3. Free Radical Scavenging Activities

1) DPPH Scavenging Activity

DPPH radical scavenging activity of SCT extract was

determined by the method according to Gyamfi et al.21) with a

slight modification. Briefly, different concentrations of SCT

extract (50 μl) were mixed with 1 ml of 0.1 mM DPPH

ethanol solution and 450 μl of 50 mM Tris-HCl buffer (pH 7.4).

The mixture was shaken and incubated for 30 min at room

temperature. The absorbance was measured at 517 nm and

DPPH radical scavenging activity was calculated as follows : %

inhibition=[(absorbance of control-absorbance of

sample)/absorbance of control]×100. Ascorbic acid and BHT

were used as positive control.

2) Superoxide Anions Scavenging Activity

Scavenging activity of SCT extracts on superoxide anion

radical (O2-) was estimated by the method of Gotoh and

Niki
22)

. The SCT extracts of different concentrations were

added to a reaction solution containing 100 μl of 30 mM EDTA

(pH 7.4), 10 μl of 30 mM hypoxanthine and 200 μl of 1.42 mM

NBT. After preincubation for 3 min at room temperature, l00 μ

l of 0.5 U/ml xanthine oxidase was added and then the final

volume was supplemented with 50 mM phosphate buffer (pH

7.4) up to 3 ml. After the solution was incubated for 20 min at

room temperature, the absorbance was measured at 560 nm.

3) Hydroxyl Radical Scavenging Activity

The hydroxyl radical (․OH) scavenging activity of SCT

extract was assessed by the method reported by Halliwell and

Gutteridge23). Various concentrations of extract were mixed

with 1.25 mM H2O2 and 0.2 mM FeSO4 by using 96-well

microplate. After the mixture was incubated at 37℃ for 5 min,

esterase-treated 2 μM H2DCFDA was added, and the final

volume was 250 μl/well. The changes in fluorescence were

measured using a microplate fluorescence spectrophotometer

(GENios-basic, TECAN, Austria), with excitation and emission

wavelengths of 485 and 528 nm for 30 min. Trolox was used

as a positive control.

4) Nitric Oxide Scavenging Activity

To measure nitric oxide (˙NO) scavenging ability, the

method of Nagata et al.24) was used. At first, 1 mg of DAF-2

was dissolved in 0.55 mL of DMSO, which was diluted with

50 mM phosphate buffer (1:400, v/v) to prepare DAF-2

solution. And then, different concentrations of SCT extract (10μ

l) were mixed with 130 μl of 50 mM phosphate buffer (pH

7.4), 10 μl of 40 mM SNP and 50 μl of DAF-2 solution. After
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incubation at room temperature for 10 min, the fluorescence

signal caused by the reaction of nitric oxide and DAF-2 was

measured by the fluorescence microplate reader at excitation

and emission wavelengths of 495 and 515 nm after 10 min at

room temperature.

5) Peroxynitrite Scavenging Activity

The peroxynitrite (ONOO-) scavenging activity of SCT

extract was determined by the method of Kooy et al.25) with a

slight modification. Briefly, 10 μl of the SCT extracts of

different concentrations were mixed with 175.8 μl of

rhodamine buffer (50 mM sodium phosphate dibasic, 50 mM

sodium phosphate monobasic, 90 mM sodium chloride and 5

mM potassium chloride) containing 4 μl of 5 mM DTPA and

0.2 μl of 5 mM DHR 123. The reaction was started by adding

10 μl of 10 μM peroxynitrite. After 10 min at room

temperature, fluorescent intensity of the mixture was

monitored at excitation and emission wavelengths of 480 and

530 nm, respectively. The scavenging effect of extract was

expressed as the percent inhibition of DHR 123 oxidation, and

penicillamine was used as a positive control. All experiments

were carried out in triplicate and the free radical scavenging

activities of SCT extract were expressed as IC50. The IC50 value

was defined as the final concentration (in μg/ml) of samples

that inhibits 50% of the free radical formation.

4. Preparation of Rat Liver Homogenate

Male Sprague-Dawley rats aging 4-5 weeks old were

purchased from Oriental Bio. (Seongnam, Korea). They were

kept in an air-conditioned room with needed temperature

and humidity (24±2℃, 60±5%). After one week of

adaptation, rats were sacrificed and the hepatic tissue was

homogenized in 0.15 M KCl buffer (pH 7.0) with Teflon

Plotter Elvehiem Homogenizer (Teflon Plotter Elvehiem,

Glas-Col Co., USA). The amount of protein was determined

using a bicinchoninic acid protein kit. Rat liver homogenate

was stored at -86℃ until use.

5. FeCl2-ascorbic Acid Stimulated Lipid Peroxidation in Rat

Liver Homogenate

Antioxidant activity of SCT extract on FeCl2-ascorbic acid

stimulated lipid peroxidation in rat liver homogenate was

determined by the method of Patro et al.
26)

. Different

concentrations of SCT extract were added to the reaction

mixture [0.5 ml of 7.5 mg/ml rat liver homogenate, 0.1 ml of

50 mM Tris-HCl buffer (pH 7.2), 0.05 ml of 0.1 mM ascorbic

acid and 0.05 ml of 4 mM FeCl2]. After incubation at 37℃ for

1 h, 0.9 ml of distilled water and 2 ml of 0.6% TBA were

added to the mixture, which was shaken vigorously and

heated at 100℃ for 30min. After cooling continuously, 5 ml of

n-butanol was added and the mixture was shaken vigorously

and centrifuged for 10 min at 1000×g to obtain the n-butanol

layer. Absorbance of the supernatant at 532 nm was

determined using a spectrophotometer (UltroSpec 6300 Pro,

Amersham, UK). The inhibitory effect of SCT extract on lipid

peroxidation was calculated by using the following equation:

% inhibition= [(absorbance of control－absorbance of

sample)/absorbance of control]×100. α-tocopherol was used as

positive control.

6. DNA Nicking Assay

Protective effect of SCT extract against DNA nicking was

assessed by the method described by Lee et al.27) with a slight

modification. Various concentrations of SCT extract were

mixed with 2.0 μg of supercoiled pBR322 plasmid DNA in the

presence of 50 μM ascorbic acid, 300 mM H2O2 and 80 μM

FeCl3. After the mixture was incubated for 30 min at 37℃,

Blue/Orange 6X loading dye was added and loaded onto 1%

agarose gel in 1X TAE buffer containing ethidium bromide.

The gel was run at 100 V for 1 h, and photographed under UV

illuminator.

7. Antioxidant Effect on Human Low-density Lipoprotein

(LDL)

1) Copper-Mediated LDL Oxidation

The inhibitory effect of SCT extract on the

copper-mediated human LDL oxidation was determined

spectrophotometrically by measuring the amount of TBARS28).

Briefly, 100 μg/ml of human LDL in PBS (pH 7.4) was mixed

with SCT extract and the oxidation was initiated by the

addition of 10 μM CuSO4. After incubation at 37℃ for 4h, 1 ml

of 20% TCA was added to the mixture and then centrifuged at

1500 × g for 10 min. The supernatant (1 ml) was mixed with

1 ml of 0.67% TBA in 0.05 M NaOH, and then heated at 90℃

for 45 min. After cooling, the absorbance was measured at 532

nm. The inhibition ratio (%) of the sample was calculated by

the following equation : % inhibition=[(absorbance of control-

absorbance of sample)/absorbance of control]×100. Ascorbic

acid and caffeic acid were used as positive control.

2) Relative Electrophoretic Mobility (REM) Assay

The REM of LDL was determined by agarose gel

electrophoresis according to the method of Yoon et al.29). The

LDL (120 μg/ml) in PBS (pH 7.4) was mixed with different

concentrations of SCT extract and 10 μM CuSO4, afterwards

incubated at 37℃ for 12 h. After incubation, 3 μg of LDL was

loaded using 0.7% agarose gel for 1 h at constant voltage of 85

V in TAE buffer (40 mM Tris, 40 mM acetic acid, and 1 mM
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EDTA). The gel was dried and stained with Coomassie

brilliant blue R-250. As positive controls, 20 μM EDTA and 2

μg/ml ascorbic acid were used.

8. Determination of Total Phenolics

The content of total phenolic compounds was determined

using Folin-Ciocalteus reaction30) using gallic acid as standard.

Forty microliters of SCT extract (1 mg/ml) was mixed with 200

μl of Folin-Ciocalteus reagent and 1160 μl of distilled water.

And then, 3 min later at room temperature, 600 μl of 20%

sodium carbonate was added to the mixture. After shaking for

2 h at room temperature, the absorbance was measured at 765

nm. The concentration of total phenolic compounds was

expressed as gallic acid equivalents (mg of gallic acid/g of

sample).

9. Cell Culture and Viability

Human umbilical vein endothelial cells (HUVECs) were

purchased from MCTT (MC1133, Seoul, Korea) and cultured

with endothelial cell basal medium-2 (EBM-2) from Cambrex

(Walkersville, MD) in a humidified atmosphere of 5% CO2 at

37℃. Cell viability was measured by using a colorimetric assay

with MTT. Briefly, HUVECs were seeded into 96-well culture

plates at a density of 10
4

cells/well and cultured for 24 h. And

then, cells were treated for 12 h with different concentrations

of SCT extract and after incubation, stock solution of MTT (1

mg/ml in phosphate buffered saline) was added to each well

for 4 h. At the end of the treatment the incubation medium

was removed and the insoluble formazan crystals were

dissolved by 150 μl solution of DMSO. The absorbance of each

well was measured on an ELISA micro-plate reader

(VERSAmax, Molecular Devices Corp., USA) at 570 nm. The

cells without sample treatment were served as controls.

10. Antioxidant Effect on Cellular Oxidative Stress

In an attempt to determine antioxidant effect of SCT

extract in a cell model, we used dichlorofluorescein (DCF)

assay31). HUVECs (104 cells/well) were seeded into 96-well

culture plates 1 day before the experiment. On the day of the

experiment, after removing the medium, SCT extract (200 μ

g/ml in serum free EGM-2) were added to wells. After

incubation for 12 h at 37℃ in 5% CO2 following the removal

of SCT extract, plates were incubated with 10 μM DCFH-DA

diluted in PBS buffer for 45 min. And then, cells were washed

twice with PBS buffer and were treated with different kinds of

free radical generators: 1 mM AAPH, 50 μM SIN-1, 10 mM

SNP and 4 mM H2O2. The fluorescent intensity was monitored

at excitation and emission wavelengths of 485 and 535 nm

using a fluorescence microplate reader. The fluorescence

reading was taken at intervals of 10 min up to 100 min. The

DCF fluorescence increase (%) was calculated every 10 min as

following equation : % increase=[(fluorescent intensity of

sample-fluorescent intensity of control)/ fluorescent intensity of

control]×100. The cells, which were incubated without free

radical generators or sample treatment, served as controls and

the % increase of sample was compared with that of group

which was only treated free radical generators.

11. Western Blot Analysis for VCAM-1 and ICAM-1 Expression

Western blot analysis was performed by using a

previously described method32). HUVECs were pretreated with

SCT extract (10, 100, 200 μg/ml) for 12 h and then incubated

with serum free medium containing TNF-α (10 ng/ml) for 6 h.

After treatment, cells were washed with ice-cold PBS (pH 7.4),

scraped with a rubber policeman and centrifuged at 4℃ for 10

min at 10000 × g. Cell lysates were extracted using PRO-PREP

(iNtRON Biotechnology, Korea) protein extract solution. The

sample was centrifuged at 12000 × g for 20 min and protein

concentration was determined by bicinchoninic acid assay with

BSA as standard. Aliquot of 20-50 μg of protein were boiled

for 5 min with a gel-loading buffer [125 mM Tris-HCl, 4%

SDS, 10% 2-mercaptoethanol (pH 6.8), 0.2% bromophenol blue].

Each sample were separated by SDS-polyacrylamide gel

electrophoresis for 1.5 h at 90 V and transferred to PVDF (Pall,

USA) membrane in Semi-dry transfer Cell (Bio-Rad Lab,

Hercules, CA). After blocking the membrane with 5% fat-free

dry milk powder dissolved in TBS (50 mM Tris, 0.5 M NaCl,

pH 7.4) containing 1% Tween 20 (TBS-T) for 2h at room

temperature, we incubated the membranes with primary

antibodies against VCAM-1 (1:1000, Santa Cruz Biotechnology)

and ICAM-1 (1:500, Santa Cruz Biotechnology), each

supplemented with anti β-actin antibody (1:1000, Cell signaling

technology) over night at 4 ℃. The membranes were washed

with TBS-T and then incubated for 1 h with secondary

antibodies (horseradish peroxidase conjugated anti-goat or

anti-rabbit, 1:10000, Santa Cruz Biotechnology). The signal was

detected by enhancer chemiluminescent assay (Amersham,

Berkshire, UK) detection system. Pre-stained protein markers

(iNtRON Biotechnology) were used for molecular weight

determinations.

12. Statistical Analysis

The experiments shown in this paper are a summary of

the data from at least three experiments. Results are expressed

as mean ± standard deviation and analyzed by SPSS (version

14.0 for Windows, SPSS Inc.). Statistical significance was
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evaluated by Student's t-test. Values of p < 0.05 were

considered statistically significant.

Results

1. Free Radical Scavenging Activity

At first, we evaluated the antioxidant activity of SCT

extract through various free radical generating systems. Table 1

shows the scavenging activities of SCT extract against DPPH

radical, superoxide anions and hydroxyl radical compared to

those for reference antioxidants. In the DPPH radical

scavenging assay, ascorbic acid exhibited the highest activity

(IC50=6.14±1.01 μg/ml). On the other hand, SCT extract

showed better scavenging activity (IC50=14.00±0.85 μg/ml) than

that of BHT (IC50=18.33±0.88 μg/ml). In the superoxide anions

scavenging test, SCT extract showed much stronger activity

(IC50=6.02±0.11 μg/ml) than epigallocatechin gallate

(IC50=14.28±0.97 μg/ml) and caffeic acid (IC50=16.96±1.49 μ

g/ml), which were used as reference compounds. In the

hydroxyl radical scavenging test, SCT extract showed a bit

lower activity (IC50=34.78±0.24 μg/ml) than that of trolox

((IC50=14.45 ±0.33 μg/ml). Table 2 shows the scavenging

activities of SCT extract on RNS including nitric oxide and

peroxynitrite. The SCT extract effectively scavenged nitric

oxide (IC50=2.25±0.09 μg/ml) and peroxynitrite (IC50=0.92±0.20

μg/ml). In nitric oxide scavenging activity case, SCT extract is

comparable to well known nitric oxide scavenger, resveratrol

(IC50=1.76±0.10 μg/ml). And, in the peroxynitrite scavenging

activity case, SCT showed better scavenging activity than that

of penicillamine (IC50=1.37±0.23 μg/ml).

Table 1. Scavenging activity of SCT extract on free radical.

IC50 values ± SD(㎍/㎖)
a)

DPPH Superoxide Hydroxyl radical

SCT extract 14.00 ± 0.85 6.02 ± 0.11 34.78 ± 0.24

Vit. C
b)

6.14 ± 1.01 - -

BHTb) 18.33 ± 0.88 - -

Caffeic acidb) - 16.96 ± 1.49 -

EGCGb) - 14.28 ± 0.97 -

Troloxb) - - 14.45 ± 0.33

a) The results are expressed as IC50 values, and each value represents the mean of
three separate experiments. b) Used as a positive control.

Table 2. Scavenging activity of SCT extract on reactive nitrogen

species.

IC50 values ± SD(㎍/㎖)a)

Nitric Oxide Peroxynitrite

SCT extract 2.25 ± 0.09 0.92 ± 0.20

Resveratrolb) 1.76 ± 0.10 -

Penicillamineb) - 1.37 ± 0.23

a) The results are expressed as IC50 values, and each value represents the mean of
three separate experiments. b) Used as a positive control.

2. Inhibitory Effect of SCT extract on Lipid Peroxidation in Rat

Liver Homogenate

Fig. 1 shows the antioxidant effect of SCT extract

compared with α-tocopherol, used as a control antioxidant. In

the FeCl2-ascorbic system, SCT extract and α-tocopherol

showed a dose-dependent inhibition of lipid peroxidation. At

the 500 μg/ml concentration, the percentage inhibition of SCT

extract and α-tocopherol on lipid peroxidation was 83.70±2.01%

and 71.13±2.63%, respectively. Moreover, in terms of IC50

value, SCT extract (IC50=51.76±1.14 μg/ml) was lower than that

of α-tocopherol (IC50=81.12±7.24 μg/ml).

Fig. 1. Inhibitory effects of SCT extract and α-tocopherol on MDA

production in rat liver homogenate induced by FeCl2-ascorbic acid in

vitro. The concentration of SCT extract and α-tocopherol test ranged from 1 to

500 μg/ml. The results are the means of three separate experiments (* : p <0.05

compared with reference sample, vit. D).

3. Effect of SCT Extract on DNA Nicking.

The protective effect of SCT extract on hydroxyl radical

induced DNA nicking was investigated by incubating

supercoiled pBR322 plasmid DNA in presence of H2O2 and

FeCl3 for 30 min at 37℃. As shown in Fig. 2, the addition of

Fenton's reagents to the pBR322 plasmid increased the

conversion of DNA from supercoiled (SC) form to an open

circular (OC) form, indicating increased DNA nicking by

hydroxyl radicals (lane 2). However, SCT extract (10, 25, and

50 μg) revealed a constant inhibition of DNA nicking (lanes 5,

6, and 7), and this inhibitory effect was similar to that of 5 U

of catalase (lane 3) and 100 mM EDTA (lane 4). This result

indicates that SCT extracts protect DNA damage in Fenton

reaction system.

4. Inhibitory effect of SCT Extract on LDL Oxidation.

Fig. 3 shows the inhibitory effect of SCT extract and

commercial reference antioxidants on copper-mediated human

LDL oxidation. At the 2-20 μg/ml concentrations, the

percentage inhibition of SCT extract was the highest among

test samples. And, in terms of IC50 value, SCT extract

(IC50=1.56±0.08 μg/ml) was comparable to ascorbic acid

(IC50=1.54±0.20 μg/ml) and caffeic acid (IC50=0.53± 0.09 μ
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g/ml). Fig. 4 shows the inhibitory effect of SCT extract on

REM of LDL. Incubation with 10 μM CuSO4 alone enhanced

REM of LDL (lane 2), compared to that of native LDL (lane 1).

In contrast, SCT extract (2, 5, 10 μg/ml) revealed

dose-dependent inhibition of LDL oxidation (lanes 3, 4, 5).

When treated with 10 μg/ml of SCT extract (lane 5), the

protective effect of LDL oxidation was better than that of

reference antioxidant compounds including EDTA and ascorbic

acid (lanes 6, 7).

Fig. 2. Inhibitory effect of SCT extract on DNA nicking caused by

hydroxyl radicals. The DNA nicking reaction was initiated by adding 500 ng of
supercoiled pBR 322 plasmid DNA to Fenton's reaction solution in the presence

of SCT extract for 30 min at 37℃. Lanes 1 and 2 show native plasmid DNA and

Fenton's reaction alone, respectively. Lanes 3 and 4 show the result for reaction

mixture containing 5 U of catalase and 100 mM EDTA, respectively. Lanes 5-7,

supercoiled DNA with reaction mixture containing SCT extract (10, 25, and 50 μ

g/ml).

Fig. 3. Values of antioxidant effects of SCT extract, vit. C and

caffeic acid on Cu+-mediated LDL oxidation. The level of LDL oxidation
was measured by TBARS assay and results expressed as mean±SD of three

separate experiments. a) Significantly different from vit. C. b) Significantly different

from caffeic acid (* : p <0.05).

Fig. 4. Effect of SCT extracts on the relative electrophoretic mobility

of LDL. Human LDL (120 μg protein/mL) was added to SCT extracts and

reference antioxidants. The LDL oxidation was initiated by adding 10 μM CuSO4.

After incubation for 12 h at 37 ℃, about 3 μg of LDL protein was loaded on 0.7%

agarose gel for 1 h, and the gel was stained with Coomassie brilliant blue R-250.

Lane 1, native LDL; lane 2, oxidized LDL; lanes 3-5, SCT extract (2, 5, 10 μg/ml);

lanes 6, EDTA (20 μM); lane 7, ascorbic acid (2 μg/ml).

5. Content of Total Phenolics

Content of total phenolics of SCT ethanol extract was

determined by the method of Folin-Ciocalteu reaction using

gallic acid as standard, and compared it with that of the SCT

water extract. As shown in Table 3, the amount of total

phenolic compounds of SCT ethanol extract was 147.47±9.00

mg/g, which was about 2.3-fold higher than that of the SCT

water extract (65.13±3.29 mg/g).

Table 3. Total phenolic contents of the water and ethanol extract

from SCT.

Samples Total Phenolics (mg/g)a)

Water extract of SCTb) 65.13 ± 3.29

Ethanol extract of SCT 147.47 ± 9.00

Content of total phenolics was determined according to the method of Folin-Ciocalteu
reaction, using gallic acid standard. a) Total phenolic amount was expressed as gallic
acid equivalents(GAE) in milligrams per gram sample. b) For preparation of the water
extract, the grounded SCT was mixed with boiling water for 3h. After filtration, the
filtrate was evaporated and then frozen. Each experiment was performed in triplicate
and results are the mean ± SD.

6. Effect of SCT Extract on Cell Viability in HUVECs

The effect of SCT extract on cell survival was examined

by MTT assay. Fig. 5 shows the percentage of viability after 12

h incubation with different concentrations (10-400 μg/ml) of

SCT extract. SCT extract at 1-200 μg/ml had nearly no

significant effect on cell viability (over 95%). However, 400 μ

g/ml of SCT extract revealed over 15% of cell cytotoxicity.

Fig. 5. Effects of SCT extract on cell viability in HUVECs. Cells were
treated for 12 h with indicated concentrations of SCT extract, and cell viability was

measured by MTT assay, as described in Materials and Methods section (* : p

<0.05, ** : p < 0.01, *** : p < 0.005 compared with untreated cells).

7. Antioxidant Effect on Cellular Oxidative Stress in HUVECs

Fig. 6 shows the effect of SCT extract on cellular

oxidative stress of HUVECs. HUVECs were preincubated with

200 μg/ml of SCT extract for 12 h. After removal of SCT,

plates were incubated with DCFH-DA for 45 min and various

radical generators were added. The percentage increase of DCF

fluorescence was measured for 100 min at 10 min intervals.

When AAPH, a noted peroxyl radical generator was added, a

definite time-dependent percentage increase of DCF

fluorescence was observed. The DCF fluorescence was
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increased over 600% for 100 min. However, cells that were

preincubated with SCT extract showed only about 460%

increase for 100 min (Fig. 6a). In case of SIN-1, a well known

peroxynitrite generator, cells that were not pre-treated SCT

extract showed over 700% increase of DCF fluorescence for 100

min, whereas cells that were pre-treated SCT extract showed

about 500% increase (Fig. 6b). In case of SNP, a nitric oxide

generator, time-dependent DCF fluorescence increase of SCT

pre-treated cells was also lower than that of not treated cells

(Fig. 6c). For the last time, cells that were not pre-treated SCT

extract showed over 250% increase of DCF fluorescence for 100

min, whereas cells that were pre-treated SCT extract showed

about 70% increase, when H2O2 was added(Fig. 6d).

Fig. 6. Effect of SCT extract on intracellular oxidation in HUVECs

induced by various kinds of radical generators. HUVECs were
preincubated with 200 μg/ml of SCT extract for 12 h at 37℃ in 5% CO2. The

percentage increase of DCF fluorescence was measured for 100 min at 10 min

intervals. Each data point represents the mean of data from eight wells and

experiments were performed in triplicate. *Significant difference from the not-treated

SCT extract (* : p <0.05, ** : p < 0.01, *** : p < 0.005). (a) Time-response curve

of percentage increase of DCF fluorescence in HUVECs for 100 min exposure to

1 mM AAPH. (b) Time-response curve of percentage increase of DCF fluorescence

in HUVECs for 100 min exposure to 50 μM SIN-1. (c) Time-response curve of

percentage increase of DCF fluorescence in HUVECs for 100 min exposure to 10

mM SNP. (d) Time-response curve of percentage increase of DCF fluorescence in

HUVECs for 100 min exposure to 4 mM H2O2.

8. Effects of SCT Extract on VCAM-1 and ICAM-1 Expression

in HUVECs

The effect of SCT extract on TNF-α-mediated VCAM-1

and ICAM-1 expression was analyzed by Western blot

analysis. Pre-incubation with SCT extract (10, 100 and 200 μ

g/ml) suppressed VCAM-1 expression in a

concentration-dependent manner (Fig. 7a). However, SCT

extract had no significant effect on TNF-α-mediated ICAM-1

expression under our experimental conditions(Fig. 7b).

Fig. 7. Effects of SCT extract on VCAM-1 and ICAM-1 expression

in HUVECs. Cells were preincubated for 12 h with various concentrations (10,
100, 200 μg/ml) of SCT extract, and then stimulated for 6 h with 10 ng/ml of TNF-

α. Western blotting for VCAM-1 expression (a) and ICAM-1 expression (b) were

carried out, as described in Materials and Methods section.

Discussion

Damages caused by free radical-induced oxidative stress

is the key causative agent of many disorders including cancer,

atherosclerosis, tissue injury, aging and rheumatoid

arthritis
33-35)

. Lately, antioxidants derived from natural

resources, like plant or herb, have been gradually used to

prevent oxidative damages. Natural antioxidants have some

advantages over synthetic stuffs because they can be obtained

easily and have slight side effects. There are many plants and

herbs that have been widely known to possess antioxidant

activities
36,37)

, and SCT also can be a useful natural antioxidant.

Antioxidants transform the purple colored DPPH radical

(DPPH·) into a colorless compound (DPPH-H) by donating

hydrogen. To evaluate a direct scavenging activity of SCT

extract on free radical, we used DPPH radical scavenging

assay. The SCT extract revealed a potent free radicals

scavenging activity, and this activity was better than that of

BHT and similar to that of ascorbic acid (Table 1). These

results indicate that SCT extract have an excellent hydrogen

donating action. Superoxide anion, also called the superoxide

radical, can be formed during normal matabolism, in

autoxidation of organic compounds, in phagocytosis, and in

enzymatic reactions
38)

. Moreover, superoxide anions are the

precursors of hydrogen peroxide and hydroxyl radical via

Fenton reaction39). Recently, vascular cell studies have shown

that superoxide radicals generated by NAD(P)H oxidase and
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xanthine oxidase play a critical role in the early stages of

atherosclerosis40,41). In particular, xanthine oxidase generates

superoxide anions by catalyzing hypoxanthine to uric acid
42)

,

and these superoxide radicals convert NBT to diformazan. To

test the scavenging activity of SCT extract on superoxide

anions, we used an hypoxanthine-xanthine oxidase system and

measured the level of the reduction of NBT induced by

superoxide anions (Table 1). In this assay, the SCT extract

showed a potent scavenging activity in superoxide radical

generating system, suggesting that this extract may be useful

in preventing oxidative damage by superoxide radicals. The

hydroxyl radical scavenging activity of SCT extracts was tested

using the fluorescent probe dichlorodihydrofluorescein

diacetate (DCFH-DA) after exposure to H2O2 and FeSO4, and

assessed by monitoring the fluorescent intensity of DCF (Table

1). In this assay system, H2O2 reacts with FeSO4 to produce

hydroxyl radical, and it oxidize DCFH to fluorescent product

DCF. In this test, trolox, a well-known antioxidant compound,

revealed better scavenging activity than SCT extract. However,

hydroxyl radical scavenging activity of SCT was also

significant. To confirm the scavenging property of SCT extract

on hydroxyl radical in depth, we used FeCl2-ascorbic

acid-induced lipid peroxidation system. In this assay system,

ascorbic acid can exert pro-oxidant action, leading to

generation of hydroxyl radicals. The ascorbic acid reacts with

oxygen to produce superoxide and superoxide radical

undergoes transformation into hydrogen peroxide,

subsequently. The reaction of hydrogen peroxide with ferrous

ions, namely Fenton reaction, generates hydroxyl radicals

which play a key role in initiating the lipid peroxidation. In rat

liver homogenate, lipid peroxidation was significantly inhibited

by SCT extract, and this inhibitory effect was higher than α

-tocopherol (Fig. 1). Furthermore, SCT extract showed efficient

protective effect against the DNA nicking, induced by

hydroxyl radical. It was reported that hydroxyl radical

generated by the Fenton reaction stimulated DNA nicking
43)

,

and this oxidative DNA damage was inhibited by EDTA and

catalase, which chelates iron ions and inactivates H2O2
44). In

this assay, hydroxyl radical enhanced oxidative damage of

DNA. SCT extract inhibited hydroxyl radical-induced DNA

nicking markedly, and this inhibitory activity was similar to

that of EDTA and catalase (Fig. 2). These results indicate that

SCT extract is a efficient scavenger of ROS including sueroxide

anions and hydroxyl radical, and acts as a iron chelating agent.

To investigate the antioxidant ability of SCT extract on RNS,

we examined the scavenging activity using peroxynitrite and

nitric oxide generating systems, respectively. Peroxynitrite, a

reactive nitrogen species, is the product of the reaction

between superoxide and nitric oxide in vivo. According to

former studies, vascular endothelial cell produces both

superoxide and nitric oxide to generate peroxynitrite within

the vascular wall45), which can cause LDL modification and

endothelial cell damage46). This modified LDL can be

recognized and taken up by the macrophages via scavenger

receptor, leading to the formation of foam cells47,48), which may

be a critical event in the development and progression of

atherosclerosis. However, the biological system lacks

endogenous protectors against peroxynitrite despite that

peroxynitrite is much more reactive than superoxide and

hydrogen peroxide. Thus, antioxidant agents derived from

natural plant or medicinal herb could be beneficial in the

prevention of oxidative damage by peroxynitrite. In our assay,

the scavenging activity of SCT extract on peroxynitrite was

similar to that of penicillamine which is well known as a

peroxynitrite scavenger. In addition, scavenging property of

SCT extract on the nitric oxide was also distinguished (Table

2). These data indicates that SCT extract is a potent scavenger

of RNS including nitric oxide and peroxynitrite and we

assumed that SCT extract may be useful in preventing

oxidative modification of LDL which may play a key role in

atherogenesis. To ascertain the possible antioxidant activity of

SCT extract against LDL oxidation, we used copper-mediated

human LDL oxidation model system. In the experiment, the

result demonstrate that SCT extract is effective in

copper-mediated human LDL oxidation (Fig. 3). Moreover,

from the REM assay, another model of LDL oxidation, SCT

extract effectively suppressed the electrophoretic mobility

during exposure of LDL to copper-induced oxidation (Fig. 4).

Therefore, SCT extract may be effective to prevent the human

LDL oxidation via metal ions chelating and radical scavenging

actions. It has been reported that antioxidant activity of natural

plant materials is related to their total phenolic contents49). We

determined total phenolic amount in SCT extract using

Folin-Ciocalteu assay. As shown in Table 3, the amount of

total phenolic compounds of SCT ethanol extract was much

higher than that of the water extract, suggesting that the

potent antioxidative and antiradical capacity of SCT ethanol

extract was probably due to the high level of phenolic

compounds. It is known that the oxidative modifications of

LDL can potentiate the tumour necrosis factor (TNF)-α-induced

expression of adhesion molecules on endothelial cells50) and

these adhesion molecules increase interaction of monocytes

with endothelial cells which is a consequence early event in

the initiation of atherosclerosis51). The signal pathways for

these adhesion molecules include the translocation of the

transcriptional factor NF-κB
52)

and intracellularly generated
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oxidative stress, which play a key role in this process53). We

thought that SCT extract could have protective abilities on

intracellular oxidation and expression of adhesion molecules in

HUVECs because of its preventive effect on the human LDL

oxidation. 2,2'-azobios(2-amidinopropane) dihydrochloride

(AAPH; a peroxyl radical generator),

3-morpholinosydnonimine hydrochloride (SIN-1; a

peroxynitrite generator), sodium nitroprusside (SNP; a nitric

oxide generator) and hydrogen peroxide (H2O2) were reported

to induce oxidative stress in cells, and the level of oxidation

can be quantified by using DCF assay. The SCT extract

showed remarkable protective effects against all free radical

generators (AAPH, SIN-1, SNP and H2O2), especially against

H2O2 (Fig. 6a, b, c and d). Furthermore, SCT extract prevented

induction of expression of VCAM-1, one of important adhesion

molecules, in a concentration manner after stimulation with the

inflammatory cytokine, TNF-α, at the level of protein (Fig. 7a).

However, SCT extract had no significant effect on TNF-α

-mediated ICAM-1 expression under our experimental

conditions (Fig. 7b).

Conclusion

In summary, our studies provide that SCT extract is

effective in scavenging free radicals including DPPH, ROS and

RNS, preventing lipid peroxidation and protecting against

human LDL oxidation. In addition, SCT extract showed

notable protective effect on intracellular oxidation and

expression of VCAM-1 in human endothelial cells. These

results suggest that SCT, a prescription of Korean traditional

medicine, may play a beneficial role in protecting against ROS-

or RNS-involved diseases including atherosclerosis. Therefore,

further researches will be required to isolate and determine the

active components with concerning anti-oxidative or

anti-atherosclerotic activity, and finally, clinical demonstration

of SCT extract will be preceded.
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