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Antioxidant Activities of Abietane Diterpenoids Isolated from
Torreya nucifera Leaves
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Investigation on antioxidant compounds from the ethanolic extracts of Torreya nucifera leaves resulted
in the isolation of abietane diterpenoids, a known 18-methylesterferruginol (1) and a new 18-
dimethoxyferruginol (2). The structures of compounds 1 and 2 were elucidated on the basis of their
spectroscopic analyses. Compounds 1 and 2 inhibited the Cu?*-mediated, 2,2'-azobis(2-amidino-
propane)hydrochloride-mediated and 3-morpholinosydnonimine-1-mediated low-density lipoprotein
(LDL) oxidation in the thiobarbituric acid-reactive substances assay as well as the macrophage-
mediated LDL oxidation. Compounds 1 and 2 exhibited the potent antioxidant activities in the
conjugated diene production, relative electrophoretic mobility, and apoB-100 fragmentation on copper-
mediated LDL oxidation. Compound 1 also suppressed nitric oxide production and inducible nitric
oxide synthase expression in lipopolysaccharide-stimulated RAW264.7 cells.
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INTRODUCTION To find out the crucial component of functional foods for
e Prevention or treatment of atherosclerosis, many polyphenols
having the LDL-antioxidant activity were isolated from various
fruits, vegetables, and beverage plargs Recently, we also
reported that diarylheptanoids, diarylbutane lignan, and neolig-
nan isolated fromAlnus japonicaand Saururus chinensis
showed the antioxidant effect on LDL oxidatiohO—12). In

the continued screening of cholesterol-lowering and antiathero-
sclerotic agents, we found that the ethanolic extracts of leaves
of Torreya nuciferaexhibited significant LDL-antioxidant
activity.

T. nuciferais a Taxaceae tree found in snowy areas near the
Sea of Jeju Island in Korea and has been used in traditional
Asian medicine as a remedy for stomachache, hemorrhoids, and
L-arginine via nitric oxide synthase (NOS) and an important 'neumatoid arthritisX3). Asakawa and Orihara groups reported
cellular second messenger, plays a dual role as both a beneficiafhat various abietane diterpenoids were_lsolated from the leaves
molecule and a detrimental molecule in the process of inflam- ©f T- nucifera(14) and from the suspension-cultured cellof
mation. The small amount of NO produced by constitutive NOS, Nucifera var. radicans (15), but the bioactivity of various
including endothelial NOS and neuronal NOS (nNOS), is an ab!etane diterpenoids was not evaluated._The abl_et_ane_ diterpe-
important regulator of physiological homeostasis, whereas the N0ids isolated from rosemary (Rosmarinus dfficinaliy,
large amount of NO produced by inducible NOS (iNOS) has carnosol, carnosic, and rosmanol showed the antioxidant activity

been closely correlated with the pathophysiology in atheroscle- PY the ferric thiocyanate and the thiobarbituric acid (TBA)
rosis (7,8). methods (16—18). In general, abietane diterpenoids have been

known to possess a variety of biological activities, such as
antibacterial {9), cardiovascularq0), and aldose reductase and

Oxidized low-density lipoproteins (ox-LDL) and reactiv
oxygen species play important roles in early stages of athero-
sclerosis (12). The ox-LDL stimulates endothelial cells and
macrophages to induce production of several kinds of cytokines
such as monocyte chemotactic protein-1 and macrophage
colony-stimulated factor (3) under pathological conditions.
Furthermore, ox-LDL stimulates monocytes to cause expression
of adhesion molecules on the cell surfade Monocyte-derived
macrophages recognize ox-LDL through the scavenger recep
tors, resulting in massive accumulation of lipids and further foam
cell formation (5).

Atherosclerosis is a complex and chronic inflammatory
disease (6). Nitric oxide (NO), a radical produced from

* To whom corresponding should be addressed. Te82-42-860-4558.

Fax: +82-42-861-2675. E-mail: tsjeong@kribb.re.kr. o-glucosidase inhibitory activities (21).
lgogﬁa Rtﬁseamh Lﬂ%ﬂttutg of Blﬁsctlert]ﬁe andkBlotechmlOQY- In this study, we isolated two abietane diterpenoids, a known
oth authors contriputea equally to the work. . . .
$ National Institute of Subtropical Agriculture. 18-methylesterferruginollj and a new 18-dimethoxyferruginol
' Chungnam National University. (2), from T. nuciferaleaves and characterized their structures
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Table 1. NMR Data of 2 (125 MHz for 13C and 500 MHz for *H in

CDCly)
no. 13C 1H
1 38.2 1.42 d like (J = 12.5 Hz)
2.05d like (J=12.6 Hz)
19 g 2 18.3 153-1.62m
1R=CO,Me; 2 R = CH(OMe), 3 30.4 1.27-1.40m

Figure 1. Chemical structures of abietane diterpenoids 1 and 2 isolated g ig: 181dd (J=17, 12.1 Ho)
from the leaves of T. nucifera. 6 19.4 164-175m

7 29.3 2.68-2.78m
through spectroscopic methods (Figure 1). The antioxidant 8 126.9
activities of two compounds$ and2 were also evaluated using ?0 1;‘%
several methods: CGtrmediated, 2,2azobis(2-amidinopropane) 1 1109 6.5
hydrochloride (AAPH)-mediated, 3-morpholinosydnonimine 12 150.7 4.59 br
(SIN)-1-mediated, and macrophage-mediated LDL oxidation in 13 1314
the thiobarbituric acid-reactive substances (TBARS) assay; 1;‘ 1323 ggi?ﬂ
measurement of the formation of conjugated diene, relative 16 295 1:15d(J=7.2 Hz)
electrophoretic mobility (REM), and fragmentation of ApoB-100 17 22.7 1.16d (J= 7.2 Hz)
on LDL oxidation; and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) 18 1133 396s
radical scavenging activity. In addition, we determined the 18a 58.7 343s
inhibitory effect of compound. on NO production and iINOS gb i’g:g 8:3535
expression in lipopolysaccharide (LPS)-stimulated RAW264.7 20 25.2 112
cells.
MATERIALS AND METHODS 1:1-0:1, fr. 11, 230 mg) was applied to sephadex LH-20 column

chromatography eluting with CH&tMeOH (1:1, v/v) to afford six

General Experimental ProceduresMelting points were determined  fractions. The active fraction (fr. 5, 122 mg) was purified by preparative
on a Fisher-Johns melting point apparatus and are uncorrected. Optical TL.C developing with CHG—MeOH (80:1, v/v) to obtain compound
rotations were measured a DIP-370 Polarimeter (JASCO, Japan). The2 (18.0 mg) as a yellow oil.
IR spectra were taken on a Fourier transform infrared spectrometer  Compound 1.White powder; mp 156157 °C (CH,Cly) {lit. 156—
MB-100 instrument (Bomen, United States) with KBr pellets and GHCI 157 °C}: [0]p2° +75.7° (c 0.28, EtOH){lit. [0] p® +71.0° (c 1.2%,
solution. One- and two-dimensional NMRH NMR, **C NMR, and EtOH)} (22). IR (KBI): vmax 1696 (C=0), 3442 (OH) cmi. HREI-
two-dimensional NMRYH—H correlation spectroscopy, heteronuclear \Ms m/z= 330.2195 (calcd for GH3c03 [M]+, 330.2195)H NMR
multiple bond correlation (HMBC), and heteronuclear multiple quantum (CDCl;, 500 MHz): 6 1.12 (3H, s, H-20), 1.16 (3H, t like] = 7.3
coherence)] spectra were recorded on a Bruker AMX-500 FT-NMR  Hz H-16, 17), 1.19 (3H, s, H-19), 1.29 (1H, m, H-6a), 1.41 (1H, m,
spectrometer (Bruker, Germany) with CRQHigh-resolution electron H-2a), 1.55—1.77 (5H, m, H-1a, H-3, H-2b, H-6b), 2.12 (1H, d like,
impact (HREI)-MS was recorded on a JMS-700 MStation (JEOL, j =127 Hz, H-1b), 2.14 (1H, dd]l = 1.7, 12.6 Hz, H-5), 2.74 (2H,
Japan). A high-performance liquid chromatography (HPLC) apparatus m, H-7), 3.04 (1H, m, H-15), 3.59 (3H, s, GKe), 4.58 (1H, s;-OH),
was equipped with a Shimadzu model LC-10ADVP pump and SPD- 655 (1H, s, H-11), 6.74 (1H, s, H-14%C NMR (CDCk, 125 MHz):
M10AVP photodiode array detector using YMC Hydrosphetg{€.6 0 16.5 (C-19), 18.5 (C-2), 21.8 (C-6), 22.5 (C-16), 22.7 (C-17), 25.0
mm x 250 mm i.d., 5um) column. Silica gel (236400 mesh, Merck) (C-20), 26.8 (C-15), 29.2 (C-7), 36.6 (C-1), 36.9 (C-10), 38.0 (C-3),
for column chromatography and silica gel 6Qs4for thin-layer 44.8 (C-4), 47.7 (C-5), 51.9(0OMe), 110.8 (C-11), 126.7 (C-14), 127.0
chromatography (TLC) were supplied by Merck (Korea). All of the (c-g), 131.7 (C-13), 147.9 (C-9), 150.8 (C-12), 179.2 (C-18); purity
reagent grade chemicals were purchased from Sigma-Aldrich (Korea). 9595 (HPLC analysis conditions 90% aqueous MeOH, 1 mL/thiw,

Plant Material. The leaves ofT. nuciferawere collected at Jeju 190 nm,R; = 5.3 min).
Island, Korea, in October 2003. A voucher specimen (002-049) was  Compound 2. Yellow oil; [a]p?® +75.7° (¢ 0.28, EtOH). IR
deposited in the Korea Plant Extract Bank, Korea Research Institute (CHCly): vmax 3377 (OH) cn. HREI-MS m/z= 346.2511 (calcd for

of Bioscience and Biotechnology (KRIBB). C22H3403 [M] 1, 346.2508); purity 96% (HPLC analysis conditions 90%
Extraction and Isolation. The dried leaves of. nucifera(2.3 kg) aqueous MeOH, 1 mL/mir, = 190 nm,R = 5.8 min).*H NMR (500
were ground and extracted two times with 95% EtOH (18& 12) for MHz, CDCL),*3C NMR (125 MHz, CDCY) data, seélable 1.

1 week at room temperature. The combined ethanolic extracts were Isolation of LDL. Blood was collected from normalipidemic
concentrated in vacuo, and the resulting aqueous suspension wasolunteers with permission according to the Guidelines of Blood
partitioned withn-hexane, CHG| and EtOAc, successively. The EtOAc  Donation Program for a Research of the Korea Red Cross Blood Center.
fraction (18 g) exhibited a potent LDL-antioxidant effect (850.4% Ethylenediaminetetraacetic acid (EDTA) was used as anticoagulant (1.5
inhibition at 40ug/mL) in the TBARS assay and was chromatographed mg/mL of blood). After low-speed centrifugation of the whole blood
on silica gel (236-400 mesh, 1.0 kg) eluting a step gradient of to obtain plasma and to prevent lipoprotein modification, EDTA (0.1%),
n-hexanes—EtOAc (98:2, 97:3, 95:5, 10:1, 5:1, 3:1, 1:1, and EtOAc, NaN; (0.05%), and phenylmethylsulfonyl fluoride (PMSF, 0.015%)
v/v, each of 1.5 L) to give 17 fractions at the first column. The active were added. LDL was isolated from the plasma by preparative
fraction (nhexanes-EtOAc, 5:1-3:1, fr. 8, 593 mg) was rechromato-  ultracentrifugation as described (12).

graphed on silica gel column (23@00 mesh, 40 g) by eluting with Cu?™-Induced LDL Oxidation and TBARS Assay. A LDL solution
CHCl;—MeOH solvent pairs (98:2, 95:5, 10:1, 5:1, 3:1, 1:1, 0:1, v/v, (250uL, 50—100ug of protein) in phosphate-buffered saline (PBS)
each of 100 mL) to yield 11 fractions at the second column. The one was supplemented with 1M CuSQ, as an oxidation initiator. The
active fraction (CHG—MeOH, 5:1-1:1, fr. 8-10, 149 mg) was applied oxidation was performed in a screw-capped 5 mL glass vial &1C37

to preparative TLC with CHGH-MeOH (49:1, v/v) to yield three in the presence or absence of test compoundsr Afteof incubation,
fractions. The active constituents (fr. 1, 36 mg) were finally purified the reaction was terminated by addition of 1 mL of 20% trichloroacetic
by sephadex LH-20 column chromatography eluting with GHCI acid. Following precipitation, 1 mL of 0.67% TBA in 0.05 N NaOH
MeOH (3:2, v/v) to obtain compount (17.5 mg) as a white powder.  was added and vortexed, and the final mixture was heated for 5 min at
Among the second column, the other active fraction (CGH®™eOH, 95 °C, cooled on ice, and centrifuged for 2 min at 190The optical
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density of the produced malondialdehyde was measured at 532 nm. Data Analysis. All values are expressed as meatisstandard

Calibration was done with a malonaldehyde bis(dimethyl acetal) (MDA)
standard prepared from tetramethoxypropane (23).

AAPH-Mediated or SIN-1-Mediated LDL Oxidation. Human
plasma LDL (12Qug protein/mL) was oxidized in 10 mM PBS buffer
(pH 7.4) with 4 mM AAPH (a free radical generator that thermally

decomposes to aqueous peroxy free radicals) or 1 mM SIN-1 (a peroxy

nitrite generator) at 37C for 4 h, and then, the reaction was stopped
by addition of 1 mM EDTA @4, 25). In this experiment, oxidation

deviations (SD) of two independent experiments performed in duplicate.
Statistical analysis was done using Studemfsst. A value ofP <
0.05 was considered statistically significant.

RESULTS AND DISCUSSION

As described in the extraction and isolation section, the
EtOAc fraction of ethanolic extracts of. nuciferaleaves

was carried out in the presence of compounds. After the incubation, showed the high LDL-antioxidant activity. Bioassay-guided frac-

the extent of LDL oxidation was measured by TBARS assay.

Another LDL Oxidation Assays. The formation of conjugated
diene, REM, and fragmentation of ApoB-100 on LDL oxidation was
measured as described previously (26).

Cell-Mediated Oxidation of LDL. Human monocytic THP-1 cells
(ATCC) were cultured in RPMI 1640 medium (Gibco/BRL) with phenol
red containing 10% fetal bovine serum (Gibco/BRL), 100 U/mL
penicillin, and 100 mg/mL streptomycin at 3T under 5% CQin

tionation using an LDL-antioxidant assay (TBARS assay) led
to the isolation of the abietane diterpenoidand?2 (Figure 1).

The structures of isolated compountisand 2 were deter-
mined by spectroscopic analysis of IR, MS, and NMR experi-
ments and comparison with values previously repor2).(To
confirm more exact structures, compouhdvas synthesized
from starting material, dehydroabietic acid, by six steps (scheme

air. Cells in RPMI 1640 medium with serum and antibiotics were plated and data not shown), according to the synthetic method of Fieser

in 12 well plates (1x 10° cell/well in 1 mL). Differentiation of THP-1

and CampbellZ9). The spectroscopic data of synthetic com-

cells to macrophages was induced with phorbol 12-myristate 13-acetatepound were identical with those of compouhdsolated from
(PMA, 150 ng/mL, Sigma) for 3 days. THP-1 macrophages were T  nucifera Therefore, the structure of compourid was
washed three times with serum-free RPMI 1640 media. To examine g|cidated to be 12-hydroxy abietic-8,11,13-trien-18-oic acid

the effect of the compounds on macrophage-mediated LDL oxidation

cells were incubated with LDL (12@g/mL) in the culture medium
with or without compounds, supplemented witi!dl CuSQ; for 24 h

at 37°C. The extent of LDL oxidation was determined directly in the
harvested medium using the TBARS assay (27).

Radical DPPH Scavenging Activity.The radical DPPH scavenging

' methyl ester{). The'H NMR spectrum of compoun@revealed

the presence of two aromatic protons (1H, s, H486,55 and
1H, s, H-14,0 6.75), a dimethoxymethyl group (C18a-OMge,
3.43, C18b-OMey 3.45, and 1H, s, H-18) 3.96), an isopropyl
methine group (1H, m, H-15 3.04), a benzylic methylene

activity was measured according to the procedure described by HatanodroUP (2H, m, H-7 2.68—2.78), two tertiary methyl groups

et al. (28). In brief, freshly made radical DPPH solution (2 mL; final
concentration, 10&M) was added to 1 mL of test compound (final
concentration, 10@M) in methanol. The absorbance of DPPH radical

(3H, s, H-19,0 0.90 and 3H, s, H-2Q) 1.12), and an isopropyl
group (3H, d,\]16'15= 7.2 Hz, H-16,($ 1.15 and 3H, dJ17,15=
7.2 Hz, H-17,6 1.16), respectively. In the HMBC spectrum,

remaining was measured at 517 nm against a blank of pure methanollong-range couplings were observed from the methine proton

including only DPPH radical for 35 min using the UWisible

(6 3.96) of dimethoxymethyl to the methylene carbon (C-3,

spectrophotometer at room temperature. The radical DPPH scavengings 30.4), the two methoxy carbons (C-18a58.7 and C-18b
capacity was calculated from the difference in the absorbance with tested § g 0)’ and tertiary methyl carbon (C-1916.7). The HMBC’

compounds and expressed as percent DPPH radical remaining.

Culture of RAW264.7 Cells.RAW264.7 cells (murine macrophage
cell line) obtained from American Type Culture Collection (Manassas,
VA) were cultured in Dulbecco’s modified Eagle’s medium (Gibco-
BRL, Grand Island, NY) containing 2 mM-glutamine, 100 U/mL
penicillin, 100ug/mL streptomiycin, and 10% fetal bovine serum in a
humidified incubator with 5% C@in air at 37°C.

Measurement of NO.Nitrite production, as an assay of NO release,
was measured in culture medium. RAW264.7 cells were platedat 1
1 cells/mL and pretreated with-550 uM compoundl for 2 h,
followed by incubation with 1ug/mL LPS for 18 h. The isolated

correlations of H-20 (dL.12) with C-1 (638.2), C-5 (642.8),

C-9 (6 148.7), and C-10437.3) and of H-5¢ 1.81) with C-4

(6 42.6), C-6 6 19.4), C-9 6 148.7), C-10 § 37.3), C-19

(0 16.7), and C-18  113.3) were shown. These results
supported the position and presence of dimethoxymethyl group
at C-18 ¢ 113.3) and two tertiary methyl groups at C-19
(6 16.7) and C-20( 25.2) (Table 1). The relative stereochem-
istry between C-19 and C-20 of compouBdvas established

by nuclear Overhauser effect (NOE) experiments, namely, a
NOE of 1.95% for the H-20 was observed upon irradiation of

supernatants were mixed with an equal volume of Griess reagent [1% H-19. Therefore, NOE correlation signals between H-19 and
sulfanilamide and 0.1% N-(1-naphthyl)ethylenediamine in 2% phos- H.20 indicated the 1,3-diaxial configurations. Similarly, the 12-
phoric acid] and incubated for 10 min at room temperature. Sodium /H-11 and 12-OH/H-15 correlations indicated that 12-OH
gggts\l;"s""zgfgiitr?e%egerr?]tsai j:;”dt"’;]rg gu{i\gl Zr;(:];?e g'tt;“jocggqcex;tt;}ai/vas in an ortho position with each H-11 and H-15. The structure
Y g P vy of compound2 was elucidated to be a new compound,

the model 680 Microplate reader (Bio-Rad, Hercules, CA). 12-hydroxy abietic-8,11,13-trien-18-dimethyl acetal (2)

Western Blot Analysis. RAW 264.7 cells were incubated with . -
various concentrations of compouténd 1ug/mL LPS for 18 h. The Although compound was synthesized from dehydroabietic

cells were washed twice in ice-cold PBS. The cell lysates were prepared@cid (29) and isolated from the woody verdure of the Scotch
by suspending & 1C° cells in 100uL of lysis buffer [140 mM NaCl, pine (30), its potential as an antioxidant against LDL oxidation
15 mM ethylene glycol-bis(2-aminoethyl ethé)N,N’,N'-tetraacetic =~ was not evaluated. In this study, compouddmd?2 were first
acid (EGTA), 0.1 mM sodium orthovanadate, 15 mM Mg@.1% evaluated for their potential to inhibit the &uinduced, AAPH-
Triton X-100, 10uM PMSF, and 2Q:M leupeptin, pH 7.5], disrupted  mediated, and SIN-1-mediated human LDL-oxidation on the
by sonication, and extracted for 30 min a@. The extracts were  TBARS assay. Compoundsand2 showed potent Gii-induced
centrifuged at 150a9for 10 min. Samples of equal amounts of proteins LDL-antioxidant activities with 1G, values of 1.1+ 0.2 and
were separated through 10% sodium dodecy! suifptdyacrylamide 1.8+ 0.1uM, respectively (probucol, 1§ = 3.1 + 0.1 uM).

gel electrophoresis (SDPAGE). After electrophoresis, proteins were - N

transferred to an Immobilon-P membrane (Millipore Co., Bedford, MA). Under AAPH-mediated oxidation, compountiand? ShO,Wed

The membrane was incubated h atroom temperature with iNOS ~ 1Cso values of 2.4+ 0.1 and 4.8+ 0.3 uM, respectively

antibody (BD Transduction Laboratories, Lexington, KY). Immunore- (Probucol, 1Go = 2.8 & 0.3 uM). Subsequently, under SIN-1-
mediated oxidation, 5.0M compoundsl and2 inhibited 68.2

active proteins were detected with the ECL Western blotting kit
(Amersham). + 1.2 and 61.5+ 3.1% of LDL oxidation, respectively (5.0
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Figure 2. Effects of compounds 1 and 2 on the generation of conjugated
diene. Conjugated diene formation was measured by determining the
absorbance at 234 nm every 10 min for 4 h. Probucol was used as a
reference antioxidant. Values shown are a representative experiment.

1 2 3 a4 5 6 Tl

Figure 3. Effects of compounds 1 and 2 on changes in electrophoretic
mobility of LDL. Lane 1, native LDL (absence of CuSQy); lane 2, ox-LDL,;
lane 3, probucol (5.0 «M); lane 4, probucol (2.0 uM); lane 5, compound
1 (5.0 uM); lane 6, compound 1 (2.0 «M); lane 7, compound 2 (5.0 uM);
and lane 8, compound 2 (2.0 uM).

uM probucol, 58.1+ 5.3% inhibition). Probucol, a known
antioxidant having antiatherogenic activityl( 32), is used as
a positive control in a series of experiments.

Oxidation of LDL was determined by measuring the conju-
gated diene formation at 234 nn83). The lag time of
conjugated diene production, indicating of the resistance of LDL
to oxidation, was prolonged when LDL was incubated with the
compoundsl and2. As shown inFigure 2, the LDL (100ug/
mL) was incubated with 5.@M CuSQ, alone to have a lag
time of 70 min. In the presence of each of L@ compounds
1 and 2, the lag time was extended to 186 and 157 min,
respectively, whereas the addition of )@ probucol extended
the lag time to 84 min. Thus, compountiand2 delayed LDL
oxidation much greater than that of probucol.

To evaluate another parameter that is affected by LDL
oxidation, compound& and2 were applied to REM assay. As
shown inFigure 3, native LDL (lane 1) and the ox-LDL with
5.0uM CuSQ, alone (lane 2) were subjected to electrophoresis.
The mobility of ox-LDL in the addition of compoundsand2

Lee et al.

ApoB-100

~—

200 kDa | .y

1 2 3 4 5 6
Figure 4. Antioxidant effects of compounds 1 and 2 on the apoB-100
fragmentation. Lane 1, molecular weight marker; lane 2, native LDL
(absence of CuSQy); lane 3, ox-LDL; lane 4, probucol (5.0 «M); lane 5,
compound 1 (10 «M); and lane 6, compound 2 (10 xM).

Table 2. Effects of 1 and 2 on Macrophage-Mediated Oxidation of
LDLa

incubation conditions MDA nmol/mg LDL protein
LDL + cell 57+08
LDL + Cu?* 66.8£2.1
LDL + cell + Cu?* (control) 4814+ 4.8
LDL +cell + Cu¥*+1.0uM 1 141.0 + 3.6*
LDL +cell + Cu?*+ 1.0 uM 2 137.6 £9.8%
LDL + cell + Cu?*+ 1.0 uM probucol 270.0 +11.2*

a*p < (.05 vs control. Data are shown as means + SD from two independent
experiments performed in duplicate.

for 12 h at 37°C, but the band completely disappeared when
the LDL was incubated with aM CuSQ,. The compound4
and2 at 10uM protected the fragmentation of apoB-100 in 75
+ 1.4 and 72t 1.7%, respectively. Thus, compountisnd?2
were more active in the protection of apoB-100 fragmentation
against copper-induced oxidation of LDL than probucol {22
0.6%).

Next, the antioxidant activities of compoundsand 2 in
macrophage-mediated oxidation of LDL were examiribable
2). The cellular oxidative modification of LDL to a form
recognized by the scavenger receptor requires the presence of
transition metal ions in the medium (3536). In the case of the
LDL incubated in the presence of THP-1 macrophages without
CuSQ, the MDA-like product formation (5.7 0.8 MDA nmol/
mg LDL protein) was much too low. The@M copper-induced
LDL oxidation in the absence of the cells slightly increased
the MDA-like product formation (66.8& 2.1 MDA nmol/mg
LDL protein). Surprisingly, the copper-induced plus macro-
phage-mediated LDL oxidation (4814 4.8 MDA nmol/mg
LDL protein) was 7-fold higher as compared with only the
copper-induced LDL oxidation. Therefore, the antioxidant
activity of the compound4 and2 was tested by macrophage-
mediated LDL oxidation with 2M CuSQ,. The content of the
MDA-like product in the presence of 1M compoundsl and
2 was reduced 70.7 and 71.4%, respectively. At the same
concentration of probucaol, it was reduced 43.9%. As a result,
the antioxidant activities of compoundsand 2 were about
2-fold higher than that of probucol on macrophage-mediated
LDL oxidation.

was reduced dose dependently. In the presence of each 5.0 and The radical DPPH scavenging activity is an important

2.0uM compoundsl and?2, the LDL oxidation was protected
in77.1+ 1.2 and 58.3t 0.8% for compound and 54.0+ 1.3
and 19.1+ 0.7% for compoun®, respectively, as compared
to that of ox-LDL. Then, probucol inhibited the oxidation of
LDL in 77.4 &+ 2.1% at 5.0uM and 22.1+ 0.5% at 2.0uM.
Radical reaction of LDL causes facial degradation of apoB-
100, which is a major component of LDI34). The inhibition
of the oxidative process by compountiand2 was evaluated
by the densitometric area of band of apoB-100 through-SDS
PAGE (Figure 4). The band of apoB-100 was observed on
native LDL, which had been incubated withoup:™M CuSQy

parameter to determine antioxidant activity. The radical scav-
enging capacities of compoundsand 2 were measured as
decolorizing activity following the trapping of the unpaired
electron of DPPHFKigure 5). After 35 min, 67+ 3.8 and 78
+ 2.1% DPPH radicals, respectively, remained at the presence
of each 10QuM compoundsl and2, whereas only 1& 1.9%
DPPH radicals remained at 10@M probucol. Therefore,
compoundsl and2 showed mild radical scavenging capacity
as compared to probucol.

We determined whether compoutdhhibited NO production
and iINOS expression in activated macrophages. Prior to our
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In conclusion,1 and a new compound® were isolated by
bioassay-guided fractionation from the ethanolic extracts of
O T. nuciferaleaves. Compoundsand?2 showed potent antioxi-
N \._ O, S O, O, O, o dant activities in the Cif-, AAPH-, and SIN-1-mediated LDL
i \ oxidation in TBARS assay as well as the macrophage-mediated
£ '\ LDL oxidation. In addition, compound$ and 2 inhibited the
g %07 e Cortral conjugated diene formation, REM of ox-LDL, and fragmentation
% \V\ 01 of apoB-100 on C#f-induced LDL oxidation and showed mild
40 ~ - ,f,mbuco] radical DPPH scavenging activity. Compouhi$ able to reduce
e T~ INOS expression in LPS-stimulated RAW264.7 cells.
20 4 “V\”\V\'-\v.\ -
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