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Abstract

The antioxidant activity of extracts from Caesalpinia sappan L. (CSL) was studied in vitro by evaluating the total
phenolics, measuring the antioxidant activity by TEAC, measuring the scavenging effects on reactive oxygen
species (ROS) and on reactive nitrogen species (RNS), and measuring the inhibitory effect on Cu*-induced
human low-density lipoprotein (LDL) oxidation. The CSL extracts were found to have a potent scavenging activ-
ity against all of the reactive species tested, as well as an inhibitory effect on LDL oxidation, especially in the ethyl
acetate (EA) fraction. Therefore, we isolated and identified benzylchroman derivatives sappanchalcone (1) and
3’-deoxy-4-O-methylepisappanol (2) from the EA fraction of CSL and their antioxidant activities were evaluated.
The studied CSL extracts and the compounds 1 and 2 were revealed to be very effective against the evaluated

pro-oxidant species, including ROS and RNS.
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Introduction

Oxidative stress, which is defined as an imbalance between
the production of reactive oxygen species (ROS; superoxide
anion, hydroxyl radical) or reactive nitrogen species (RNS;
nitric oxide and peroxynitrite) and antioxidant defense,
is considered to be an important pathogenic factor in
degenerative diseases such as cardiovascular dysfunction,
atherosclerosis, inflammation, carcinogenesis, drug toxicity,
reperfusion injury, and neurodegenerative diseases'. ROS
and RNS inactivate and destroy macromolecules (proteins,
lipids, deoxyribonucleic acids, carbohydrates, and polyun-
saturated fatty acids), thereby rapidly disrupting the cell
architecture, ultimately leading to death. Ongoing research
indicates that the abundance of ROS or RNS in the vascula-
ture results in an increased oxidation of proteins that induce
oxidized low-density lipoprotein (Ox-LDL), which then
initiates an inflammatory process and causes damage to
the arterial wall®. This oxidative and nitrosative damage can

be retarded by endogenous defense systems such as enzy-
matic (superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), glutathione reductase (GSH-Re), catalase, thiol
enzymes) and non-enzymatic (glutathione (GSH), ascorbic
acid (AA), tocopherols, phenolic compounds, phenylpropa-
noids, carotenoids, and flavonoids) antioxidative systems®.
The antioxidative systems evolved not only to eliminate ROS
and RNS, but also to adjust the cellular redox state and ena-
ble redox signal transduction; however, these systems are
not completely efficient. Antioxidants also inhibit the oxida-
tive modification of LDL. Ox-LDL is a primary constituent
of atherosclerotic lesions; therefore, if antioxidant nutrients
have the ability to inhibit its formation they may be useful for
the prevention and treatment of atherosclerotic cardiovas-
cular disease (CVD).

Polyphenols are present in most oriental medicines of
plant origin. They are common constituents of the human
diet that are considered to contribute to the prevention
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of various degenerative diseases. Recently, polyphenols,
including catechin and its derivatives, resveratrol, and cur-
cumin, have attracted attention as functional foods that have
various bioactivities including anticancer, antimutagenic,
antimicrobial, and antiviral activities. In addition, several
studies have shown that plant polyphenol compounds such
as flavonoids*, tannins®, catechins, proanthocyanidins, and
polyphenolic acids* exert antioxidant effects.

Caesalpinia sappan L. (CSL) is a Chinese traditional
folk medicine that has been used as an analgesic and anti-
inflammatory agent to cure emmeniopathy, sprains, and
convulsions®. It has been reported that extracts of CSL have
pharmacological activities such as antihypercholesteremic,
sedative, and depressant effects on the central nervous sys-
tem, anti-hepatitis B surface antigen (HBsAg) capability,
anti-complementary activity on the complement system,
and an antimotility effect on human sperm. In addition, CSL
is used for the treatment of diabetic complications and to
promote blood circulation®. However, no studies concerning
the antioxidant properties of CSL and its compounds have
been conducted.

The antioxidant activity of a plant is significantly influ-
enced by its qualitative and quantitative composition, which
can be reversible depending on the method of evaluation,
and whether the results reveal a positive or a negative cor-
relation. In recent years, different methods have been pro-
posed for evaluation of the antioxidant capacity of plants.
The chemical principles of the methods used are based
either on biological oxidants (peroxyl radical, superoxide
anion, hydrogen peroxide, hydroxyl radical, hypochlorous
acid, singlet oxygen, nitric oxide radical, and peroxynitrite)
or on non-biological oxidants (scavenging of 2,2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonate) radical cation (Trolox
equivalent antioxidant capacity or TEAC assay), scavenging
of2,2-diphenyl-1-picrylhydrazyl radical (DPPH assay), ferric
reducing antioxidant power (FRAP assay), Folin-Ciocalteu
reducing capacity (FC assay), electrochemical total reducing
capacity). Each method has advantages and shortcomings
within the scope of application’. Therefore, this study was
conducted to evaluate the in vitro scavenging activity and
inhibitory effect of LDL oxidation of pro-oxidant reactive
species in response to treatment with CSL and identified
compounds from CSL using various screening methods,
including biological and non-biological oxidants.

Materials and methods

Chemicals

Dihydrorhodamine 123 (DHR 123) and 6-carboxy-2,
7’-dichlorofluorescein diacetate (DCFH-DA) were obtained
from Molecular Probes (Eugene, OR, USA). Agarose
and Coomassie brilliant blue R-250 were purchase from
Promega (Madison, WI, USA). Peroxynitrite was obtained
from Cayman Chemical Co. (Ann Arbor, MI, USA). Trolox,
2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS),
sodium carbonate (Na,CO,), sodium chloride (NaCl), potas-
sium chloride (KCl), Folin-Ciocalteu phenol reagent, human
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low-density lipoprotein (LDL), ethanol (E), hexane (H),
dichloromethane (DCM), ethyl acetate (EA), and butanol
(B) were purchased from Merck (Merck KGaA, Darmstadt,
Germany). All other chemicals were purchased from Sigma
Chemical Co. as analytical grade (St. Louis, MO, USA). Thin
layer chromatography (TLC) was performed on precoated
silica gel G and GP uniplates from Analtech (IL, USA) and
visualized with 254-nm ultraviolet (UV) light. Vacuum liquid
chromatography was carried out on silica gel 60 (Scientific
Adsorbents Incorporated, MO, USA).

Instruments for compound structural analysis

'H-nuclear magnetic resonance (NMR) and *C-NMR spectra
were recorded on a Bruker DPX 400 at 400 MHz and 100 MHz
(Germany). The chemical shifts are reported in parts per
million (ppm) downfield from tetramethylsilane, and
Jvalues are in Hz. Mass spectra were recorded with a Waters
Micromass ZQ LC-mass system, and high resolution mass
spectra (HRMS) were measured with a Bruker BioApex
FTMS system by direct injection using an electrospray inter-
face (ESI) (Germany).

Total and organic solvent fractionation for bioassay

The heartwood of CSL (500g, purchased from Dongguk
University Gyeongju Oriental Hospital, Gyeongju,
Gyeongbuk) was ground (maximum particle size 0.4 mm)
and refluxed three times (12h, 6h, 3h) with 70% ethanol
(ethanol/water, 70:30, E) solution (20-fold) and then fil-
tered through a glass filter funnel (G4). The extract was then
gathered and the ethanol was evaporated under reduced
pressure at 45°C in a rotary vacuum evaporator (Buchi RII,
Switzerland), followed by lyophilization. The dried extract
was then suspended in 50 mL of distilled water and the
aqueous suspension was partitioned sequentially with hex-
ane (H), dichloromethane (DCM), ethyl acetate (EA), n-bu-
tanol (B), and water (aqueous, A) in a 1:1 ratio (v/v) at room
temperature. The resulting extracts were then evaporated in
arotary vacuum evaporator to dryness to give H, DCM, EA,
and B fractions. They were then quantitatively re-dissolved
in 30% ethanol solution. The stock solutions were kept at
4°C in the dark until further analysis. Prior to analysis, solu-
tions were filtered through a 1.0 pm syringe filter.

Isolation of active compounds from CSL

The air-dried and chipped CSL (5 kg) was extracted with 70%
ethanol by refluxing for 4h (three timesx5L) on a sonica-
tion bath at 35°C. The extract was filtered through a Buchner
funnel using Whatman No. 1 filter paper. The combined
70% ethanol extract was evaporated under reduced pres-
sure to yield a red residue. Vacuum liquid chromatography
(150g, 6x30cm) of the 70% ethanol extract (50g), using
n-hexane/CH,CI, (1:0-0:1) and CH,Cl,/MeOH (1:0-0:1) step
gradients, produced 19 fractions, with the exception of the
red colored fraction. These were pooled by TLC profile into
four fractions (SL1-SL4), from which fraction SL3 (4.3g)
was eluted with petroleum ether-acetone (1:0 (500mL),
2:1 (500mL), 1:1 (500mL), 1:2 (500mL), 1:5 (500mL), and
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0:1 (500 mL)). The major compound was purified by prepar-
ative high-performance liquid chromatography (Econosil
C-18, 10x250mm; 1.0mL/min) with MeCN/MeOH
(1:1) to afford compounds 1 (8.8mg) and 2 (7.3mg). The
compounds were then quantitatively re-dissolved in 1%
dimethylsulfoxide (DMSO) as stock solution.

Compound 1 (sappanchalcone) Yellowneedles; EI-MSm/z
(%) 286 (M*, 100); '"H-NMR (CD,0D, 400 MHz) 8 7.46 (1H,
d, J=8.5 Hz, H-6'), 7.40 (1H, d, J=15.8 Hz, H-B), 7.25 (1H, d,
J=15.9 Hz, H-t), 7.00 (1 H, d, J=2.0 Hz, H-2), 6.88 (1H, dd,
J=2.0, 8.3 Hz, H-6), 6.70 (1H, d, J=8.3 Hz, H-5), 6.42 (1H, d,
J=2.2 Hz, H-3), 6.33 (1 H, dd, J=2.3, 8.5 Hz, H-5'), 3.79 (3H,
s, -OCH,). *C-NMR (CD,0D, 100 MHz) & 193.10 (ketone),
164.4 (C-4’), 162.42 (C-2’), 149.46 (C-4), 146.68 (C-3), 144.59
(C-p), 133.71 (C-a), 128.63 (C-1), 125.07 (C-6"), 123.35 (C-6),
121.71(C-1"), 116.56 (C-5), 115.25 (C-2), 108.92 (C-5"), 100.13
(C-3"),56.12 (-OCH,).

Compound 2 (3’-deoxy-4-O-methylepisappanol) Colorless
powder; mp 98-99°C, [a]* =-21.0 (¢ 0.15, MeOH), EI-MS
m/z (rel. int.): [M]* 302 (3), 272 (4), 153 (100), 123 (40),
107 (47), 77 (18); HR-EI-MS m/z: 302.1147 [M]* (calcd for
C,H,,0,,302.1149); 'H-NMR (CD,0D, 400 MHz) 5 7.15 (1H,
d, 7=8.5 Hz, H-2,6), 6.96 (1H, d, J=8.0 Hz, H-5), 6.76 (2H,
d, J=8.5 Hz, H-3,5’), 6.33 (1 H, dd, /=8.0, 2.0 Hz, H-6), 6.28
(1 H, dd, J=2.0 Hz, H-8), 4.10 (1H, d, J=11.0 Hz, H-2), 3.81
(1H, d, J=11.0 Hz, H-2), 3.62 (1H, s, H-4), 3.31(3H, s, -OCH,),
2.90 (1H, d, J=13.5 Hz, H-9), 2.70 (1H, d, J=13.5 Hz, H-9).
5C-NMR (CD,0D, 100 MHz) & 160.7 (C-7), 158.1 (C-4'),
157.2 (C-8a), 134.3 (C-5), 133.8 (C-26"), 128.8 (C-1’), 116.7
(C-3)5"), 113.6 (C-4a), 108.9 (C-6), 104.5 (C-8), 78.8 (C-4),
71.7 (C-3), 71.1 (C-2), 56.8 (-OCH,), 40.4 (C-9).

Determination of total phenolics

The total content of phenolic compounds was determined
by the Folin-Ciocalteu reaction?, using gallic acid (GA) as
standard.

Antioxidant activity as determined by ABTS-* and DPPH
assays

The total antioxidant activity of CSL extracts and compounds
was measured by the ABTS radical cation (ABTS-*) decolori-
zation assay’. The DPPH radical scavenging activity of CSL
extracts and compounds was determined by the method
according to Gyamfi et al*.

Superoxide anion and hydroxyl radical scavenging
activity

In this assay, when O, is generated, nitroblue tetrazolium
(NBT) is reduced, which produces a blue formazan color that
is associated with an increase in the absorbance at 560 nm.
When a scavenger compound is added, it competes with the
NBT for oxidation of the generated superoxide anions, which
leads to a decrease in the rate of NBT reduction and therefore
areduction in absorbance. More effective compounds, there-
fore, require lower concentrations to inhibit the NBT reduction
by 50% (IC,). The conditions of the NBT assay were adapted

from Gotoh and Niki". The hydroxyl radical (-OH) scavenging
activity of CSL extracts and compounds was assessed using
the method described by Halliwell and Gutteridge'?.

Nitric oxide radical and peroxynitrite scavenging activity

The 4,5-diaminofluorescein (DAF-2) assay** was used to
measure the nitric oxide radical (NO) scavenging ability. The
peroxynitrite (ONOO-) scavenging activity of the CSL extracts
and compounds was determined using the method described
by Kooy et al."*, with a slight modification. Briefly, 10 uL of CSL
extracts of different concentrations was mixed with 175.8 uL of
rhodamine buffer (50 mM sodium phosphate dibasic, 50 mM
sodium phosphate monobasic, 90 mM sodium chloride, and
5mM potassium chloride) containing 4 uL of 5mM diethylen-
etriamine pentaacetic acid (DTPA) and 0.2 uL. of 5mM DHR
123. The reaction was then initiated by adding 10 uL of 10 uM
peroxynitrite. After 10min at room temperature, the fluo-
rescent intensity of the mixture was monitored at excitation
and emission wavelengths of 480 and 530nm, respectively,
using a fluorescence microplate reader (Molecular Devices,
Sunnyvale, CA, USA). The scavenging effect of the extract is
expressed as the percent inhibition of DHR 123 oxidation. AA
and BHT were used as positive controls.

Relative electrophoretic mobility assay

The relative electrophoretic mobility (REM) of human LDL
was determined by agarose gel electrophoresis according to
the method described by Yoon et al.*®.

Inhibitory effects of CuSO,-induced human LDL
oxidation

The inhibitory effects of CSL extracts and compounds on
CuSO,-induced human LDL oxidation were determined
spectrophotometrically by measuring the amount of thio-
barbituric acid reactive substances (TBARS) generated'®.

Statistical analysis

All experiments were performed at least three times by con-
ducting each assay in triplicate. Data were analyzed using
SPSS software (SPSS, Chicago, IL, USA) and are expressed
as the mean tstandard deviation. Statistical analyses were
conducted using analysis of variance (ANOVA-Tukey test)
and a p level of 0.05 or less was considered significant.

Results and discussion

Yield of fractions, total phenolics content, and active
compounds

The extract yields ranged from 0.23 g/500 g CSL (H extract) to
20g/500g CSL (E extract) (Table 1). The total phenolics con-
tent of the extracts, as estimated by the Folin-Ciocalteu rea-
gent method, ranged from 18.08 pg GA eq/mg (H fraction)
to 759.82+11.15 pg GA eq/mg (EA fraction) (Table 1). Two
compounds, sappanchalcone (1) and 3’-deoxy-4-O-methyl-
episappanol (2), were isolated from the CSL (Figure 1). All
spectral data for these compounds were in good agreement
with those previously reported in the literature®!”. Previous
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pharmacological studies on sappanchalcone have demon-
strated anticonvulsant® and anti-allergic activities'®.

Antioxidant activity as determined by ABTS-* assay

Table 2 shows the antioxidant capacities of CSL extracts and
compounds as determined by the TEAC assay. The extracts
showed generally high antioxidant capacities that ranged
from 0.023 to 1.149 mmol Trolox equivalents. In addition, the
difference in the antioxidant capacities of the various extracts
was also very large, being up to 50-fold. The ethyl acetate
fraction of CSL possessed the highest antioxidant capacity
(1.149mmol Trolox equivalent), followed by the E fraction
(0.736 mmol Trolox equivalent), B fraction (0.703 mmol
Trolox equivalent), and the DCM fraction (0.591 mmol
Trolox equivalent), with the A fraction (0.063mmol Trolox
equivalent) and the H fraction (0.023 mmol Trolox equiva-
lent) showing the lowest antioxidant capacity. The anti-
oxidant activities of 1 and 2, which were isolated from the
EA of CSL, showed a significant difference (p<0.05), their
TEAC values being 2.704 and 2.158 mmol Trolox equivalent
units, respectively. In addition, the antioxidant activities of
AA and BHT, which were used as the positive controls, were
0.985 and 0.071 mmol Trolox equivalent units, respectively.
AA is a natural antioxidant and BHT is a synthetic antioxi-
dant of common knowledge. AA is a relatively expensive
antioxidant, while BHT is toxic to humans and therefore
inappropriate for chronic human consumption. Therefore,
the screening of inexpensive, non-toxic antioxidants from
natural sources is demanded. Consequently, we evaluated

Table 1. Extraction yields and contents of total phenolics in extracts of
Caesalpinia sappan L.

Sample! Yield (%)? Total phenolics® (ng GA eq/mg)
E 4.000 723.67+0.11¢
H 0.046 18.08 +£0.39"
DCM 0.788 742.28 +£3.83"
EA 2.878 759.82+6.44*
B 0.204 356.79+4.104
A 0.084 190.28 +1.27¢

'E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer.
ZExtraction yield is expressed as the percentage dry weight of Caesalpinia
sappan L.

SEach value represents the mean + SE of triplicate measurements.
*Values with different superscripts in the same column are significantly
different at p <0.05 by Tukey test.
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the antioxidant activity of CSL objectively by comparing with
natural and synthetic antioxidants. To our knowledge, there
have been no prior reports regarding the antioxidant activ-
ity of this plant; therefore, the data generated by the present
study provide valuable preliminary data.

Free radical scavenging activity as determined by

DPPH assay

The free radical scavenging effects of CSL extracts and com-
pounds under investigation on DPPH are shown in Table 2.
Among the extracts examined, the EA and DCM fractions
exhibited the strongest efficiency and showed over 50% scav-
enging effect of DPPH at concentrations of 113.55 + 0.13 and
127.16 + 0.24 pg/mL, respectively, followed by the E extract
(IC,,=135.5+0.17 ug/mL). These values were superior to
that of the positive control, which was 144.15+3.28 (AA), and
1 and 2, which were isolated from the EA of CSL, showed
effective scavenging activities, their IC  values being
149.98+1.15 and 175.55+3.09 pg/mL, respectively. These
data imply that CSL has a high hydrogen-donating capacity.

ROS (superoxide anion and hydroxyl radical) scavenging
activity

The IC,, values for the superoxide anion scavenging activ-
ity of all of the test samples from CSL are shown in Table 3.

Table 2. Antioxidant activities of extracts and 1 and 2 from Caesalpinia
sappan L. as determined by ABTS.* assay.
TEAC?

Free radical scavenging activity?

Sample’ (mM Trolox equivalent) (IC,,=ng/mL)
E 0.736+0.024° 135.50+0.17"
H 0.023+0.0098 NA

DCM 0.591+0.035f 127.16+0.248

EA 1.149+0.042°¢ 113.55+0.13"
B 0.703+0.029° 263.50+0.35%
A 0.063+0.0188 NA

1 2.704+0.074* 149.98+1.15¢
2 2.158+0.030° 175.55+3.09°
AA 0.985+0.004¢ 144.15+3.28°
BHT 0.071+0.0158 222.60+3.91°

'E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer;
1, sappanchalcone; 2, 3’-deoxy-4-O-methylepisappanol.

?Each value represents the mean + SE of triplicate measurements.
*"Values with different superscripts in the same column are significantly
different at p <0.05 by Tukey test.

OCH;

“ery /”//O H

Figure 1. Structures of isolated compounds from Caesalpinia sappan L. 1, sappanchalcone; 2, 3’-deoxy-4-O-methylepisappanol.
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Table 3. ROS (superoxide anion and hydroxyl radical) scavenging
activities of extracts and 1 and 2 from Caesalpinia sappan L.

Table 4. RNS (nitric oxide radical and peroxynitrite) scavenging activities
of extracts and 1 and 2 from Caesalpinia sappan L.

Superoxide anion? Hydroxyl radical® Nitric oxide radical® Peroxynitrite?
Sample’ (IC,,=ng/mL) (IC,,=ng/mL) Sample’ (IC,,=png/mL) (IC,,=ng/mL)
E 121.72+6.13f 127.46+3.27° E 1.75%0.20° 7.32+£0.22¢
H NA NA H 669.09 +18.29° 288.76+3.93°
DCM 172.24+3.46" 106.95+4.13" DCM 1.81+0.25° 4.76+0.10°
EA 493.89+12.24° 117.62+3.56° EA 1.77+0.22°¢ 4.15+0.09°
B 173.16+5.49¢ 284.94+8.37° B 8.76+1.42° 14.03 +£0.294
A 584.64+19.87* 1027.50+15.45* A 40.65+1.59" 39.50+0.19°
1 262.01+15.67¢ 347.17+6.11° 1 0.35+0.00° 3.26+0.16°
2 424.01+17.30° 158.87+6.79¢ 2 0.67+0.01°¢ 4.82+0.42°
AA NA 62.03 +2.128 AA 9.13+£0.15°¢ 3.45+0.064°
BHT NA NA BHT NA 123.76 £2.34°

'E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer;
1, sappanchalcone; 2, 3’-deoxy-4-O-methylepisappanol.

?Each value represents the mean =+ SE of triplicate measurements.
*¢Values with different superscripts in the same column are significantly
different at p<0.05 by Tukey test. NA, not active.

CSL had a significant scavenging activity on the superoxide
anion, and this effect occurred in a dose-dependent man-
ner. In addition, the superoxide anion-scavenging activity of
CSL extracts and compounds was significantly different from
that of AA (p<0.05). The E extract exerted the strongest scav-
enging activity (IC_ =121.72+6.13 png/mL) (p<0.05), show-
ing 4.1-fold, 1.4-fold, 1.4-fold, and 4.8-fold greater activity
when compared with EA (IC, =493.89+12.24 pg/mL), DCM
(IC,,=172.24+3.46 pg/mL), B (IC,=173.16+5.49 pg/mL),
and A (IC_ =584.64+19.87 ng/mL) extracts, respectively. The
superoxide anion-scavenging activities of 1 and 2, which were
isolated from the EA of CSL, were lower than those of the E,
DCM, and B extracts, their IC_ values being 262.01+15.67
and 424.01+17.30 pg/mL, respectively. In addition, AA and
BHT exerted the lowest scavenging effect on the superoxide
anion when all of the test samples were compared. Taken
together, these results suggest that the CSL extracts exhibit a
scavenging effect on superoxide anion generation that could
help prevent or ameliorate oxidative damage.

The scavenging activities of CSL on the hydroxyl radical
are shown in Table 3. CSL showed a high enough scavenging
activity to be considered a potent hydroxyl radical-scavenger.
The IC_, values of the E, EA, and DCM fractions of CSL were
127.46+3.27, 117.62+3.56, and 106.95+4.13 pg/mL. The
hydroxyl-radical activity of 2, which was isolated from the
EA of CSL, was lower than that of the B extract, its IC,, value
being 158.87+6.79 ug/mL.

RNS (nitric oxide radical and peroxynitrite) scavenging
activity

The CSL extracts inhibited the -NO-induced oxidation of
DAF-2 to triazolofluorescein (Table 4), indicated by IC,,
values of 1.75+0.20, 1.81+0.25, and 1.77+0.22 pg/mL for
the E, DCM, and EA fractions of CSL, respectively. These
values were similar to that of the positive control, which was
9.13+0.15 (AA), implying that CSL could act as a potent scav-
enger of -NO. The scavenging activities of 1 and 2 on nitric

'E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer;
1, sappanchalcone; 2, 3’-deoxy-4-O-methylepisappanol.

2Each value represents the mean + SE of triplicate measurements.
**Values with different superscripts in the same column are significantly
different at p <0.05 by Tukey test. NA, not active.

oxide showed predominant scavenging effects, their IC_
values being 0.35+0.00 and 0.67+0.01 pg/mL, respectively;
therefore, the above compounds may be useful as natural
scavengers of -NO. Peroxynitrite is a powerful biological oxi-
dant that is produced by a diffusion-limited reaction of the
superoxide anion with NO. Peroxynitrite induces the nitra-
tion of free L-tyrosine or tyrosine residues in protein, and
affects normal protein structure. The rate of peroxynitrite
formation depends on the concentrations of superoxide
anion and NO, and even a relatively small increase in their
concentrations may be responsible for a remarkable increase
in the generation of peroxynitrite and its cytotoxic effects'.
In addition, peroxynitrite serves as the injurious agent in cer-
ebral injury and myocardial ischemia, and it may contribute
to atherosclerosis through oxidation of LDL within the arte-
rial walls®. For these reasons, the peroxynitrite scavenging
activity of CSL was investigated, and the results compared
with those of the reference antioxidants (Table 4). The need
for a higher extract concentration to scavenge radicals indi-
cates a lower antioxidant activity. The CSL extracts inhibited
the peroxynitrite-induced oxidation of the DHR reaction
mixture, with the peroxynitrite scavenging activity being
the highest in the DCM fraction. The order of the peroxyni-
trite scavenging activity of the CSL extracts was as follows:
EA (IC,, = 4.15 £ 0.09) > DCM(IC_ = 4.76 + 0.10) > E (IC_, =
7.32+0.22) > B (IC, = 14.03 £ 0.29)> A (IC_ = 39.50 £ 0.19) > H
(IC50 = 288.76 + 3.93). In addition, the scavenging activities
of 1 and 2 on peroxynitrite exhibited excellent effects, their
IC,, values being 3.26+0.16 and 4.82+0.42ng/mL, respec-
tively. Taken together, these data imply that the CSL extracts
and compounds may be effective scavengers of RNS.

Relative electrophoretic mobility assay

The oxidative modification of LDL appears to play a criti-
cal role in the pathogenesis of atherosclerosis. LDL is a
heterogeneous molecule that is composed principally of
phospholipids, cholesterol esters, cholesterol, and the
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Figure 2. The relative electrophoretic mobility (REM) of human LDL incubated with Cu* and with or without extracts and 1 and 2 from
Caesalpinia sappan L. (CSL). LDL (120 pg/mL) was oxidized with 10 pM CuSO, at 37°C in the presence of CSL extracts for 12h. (A) Lane 1: native LDL;
lane 2: LDL and Cu?*; lanes 3, 4: LDL and Cu* and 5, 10 pg of E; lanes 5, 6: LDL and Cu?** and 5, 10 pg of H; lanes 7, 8: LDL and Cu?** and 5, 10 pg of DCM;
lanes 9, 10: LDL and Cu*" and 5, 10 pg of EA; lanes 11, 12: LDL and Cu** and 5, 10 pg of B; lanes13, 14: LDL and Cu?** and 5, 10 pg of A; lanes 15, 16: LDL
and Cu?* and 5, 10 pg of sappanchalcone (#1); lanes 17, 18: LDL and Cu?* and 5, 10 pg of 3’-deoxy-4-O-methylepisappanol (#2); lanes 19, 20: LDL and
Cu?* and 5, 10 ng of AA. (B) Protection rate (%); each value represents the mean + SE of triplicate measurements.

apolipoprotein (apo) B-100. Some amino acid constituents
of apo B-100 are susceptible to attack by reactive species,
including those generated by Cu®* in Fenton and Haber-
Weiss reactions. Oxidative modification of apo B-100 gen-
erates LDL subfractions that are defined by their degree of
electronegativity*.. Consequently, dietary antioxidants that
protect LDL from oxidation may help to reduce atherogen-
esis and prevent coronary heart disease. Numerous in vitro
studies have shown that polyphenols from red and white
wine, rapeseed, and pine bark phenols as well as raspberry,
coffee, cocoa, and tea beverages are recognized as bioactive
components with antioxidant properties. Figure 2 shows
the effect of CSL on the REM of LDL peroxidation induced
by Cu?*. If the REM of native LDL is assumed to be 1, the
REM increased to 6.8 in response to the addition of Cu?.
In addition, the data showed that LDL peroxidation can be
suppressed by the addition of extracts of CSL, as indicated
by of the REM value being reduced to 1.2, 1.2, and 1.4 in
response to treatment with a concentration of 10 pg/mL of
the E, DCM, and EA fractions, respectively; these data were

superior to those for 1 and 2. In this study, the ability of CSL
to scavenge free radicals was further confirmed by the inhi-
bition of LDL peroxidation. These results revealed that CSL
extracts could convert free radicals to more stable products
and terminate the radical chain reaction, thereby supplying
antioxidant action.

Inhibitory effects of CuSO,-induced human LDL
oxidation

In this study, the inhibition effects of CSL on LDL oxidative
modification induced by Cu?** were evaluated by means of
a TBARS assay. Although the measurement of TBARS lacks
specificity, it has been shown to be a very good indicator of
LDL oxidation*. Table 5 shows the protective effect of CSL
extracts on LDL oxidation induced by Cu?**. The peroxida-
tion of LDL was significantly inhibited in the presence of
CSL, and the protective action of CSL on LDL oxidation
occurred in a concentration-dependent manner. The IC_,
values for the inhibition of LDL oxidation were 5.02+0.25,
6.22+0.51, 5.53+0.17, 25.42+0.42, and 32.97+0.04 pg/mL
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Table 5. Inhibitory effect on Cu*-induced LDL oxidation of extracts and
1 and 2 from Caesalpinia sappan L.

Inhibitory effect on Cu**~induced LDL oxidation®

Sample’ (IC,,=ng/mL)
E 5.02+0.25°¢
H 813.96+14.10°
DCM 6.22+0.51°
EA 5.53+0.17¢
B 25.42+0.42°
A 32.97+0.04°
1 4.37+0.19¢
2 4.80+0.14¢
AA 21.67+£0.64°
BHT 26.67 £0.44°

'E, 70% ethanol extract; H, hexane fraction; DCM, dichloromethane
fraction; EA, ethyl acetate fraction; B, butanol fraction; A, aqueous layer;
1, sappanchalcone; 2, 3’-deoxy-4-O-methylepisappanol.

?Each value represents the mean =+ SE of triplicate measurements.
*“Values with different superscripts in the same column are significantly
different at p <0.05 by Tukey test.

for the E, DCM, EA, B, and A fractions, respectively, indi-
cating that these extracts prevented oxidation of LDL. The
inhibitory effects of 1 and 2 on LDL oxidation induced by
Cu** were powerful, and their IC,, values were 4.37+0.19
and 4.80+0.14ug/mL, respectively. Lipid peroxidation
resulting in Ox-LDL production is a common occurrence in
patients with systemic autoimmune diseases and in chronic
inflammatory disorders. Moreover, Ox-LDL can stimulate
endothelial cells and monocytes to produce tissue factor,
which may contribute to thrombus formation in retyped
plaques as well as enhance spontaneous fibrin deposition.
These phenomena result in the gradual thickening of arter-
ies, causing decreased elasticity, narrowing, and reduced
blood supply, ultimately leading to atherosclerosis®. Based
on the data shown in Table 5, CSL has the potential to
prevent atherosclerosis via suppression of LDL oxidation.
Collectively, these remarkable properties indicate that CSL
has significant antioxidant activity.

Conclusion

These data imply that at least part of the observed antioxi-
dant activity may be a result of the phenolic compounds of
CSL, and show that CSL can be used as an easily accessible
source of natural antioxidants.
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