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Abstract

Previously, the methanolic extract of Pageonia moutan seeds was found to potently inhibif soybean lipoxy-
genase (SLO). Hence to isolate SLO inhibitor, the defatted methanolic extract of the seeds was consecutively
partitioned with ether, ethy! acetate, n-butanol, and water. The ether souble fraction showing strong inhibitory
activity against SLO was further fractionated into a strongly acidic, a weakly acidic, and a neutral fractions.
The strongly acidic components of the ether extract were successively subjected to chromatography on a silica
gel, Sephadex LH-20, and preparative HPLC. Four phenolic compounds were isolated, and two of them showing
a strong SLO inhibition activity were identified as luteolin (ICs50=2.32 pg/ml) and 5,6,4°-trihydroxy-7,3'-
dimethoxyflavone (IC5=0.31 #g/ml) by UV, IR, 'H- & *C~NMR, and MS spectroscopy. In addition, two flavo~
noids showed significantly antioxidative activity as strong as that of a—tocopherol (p<0.05) in the autox-
idation system of linoleic acid. These results suggest that luteolin and 5,64’ -trihydroxy-7,3"-dimethoxy-
flavone may be used as a potential source of anti-inflammatory agents with antioxidative activity.
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INTRODUCTION

Lipoxygenase (linoleate: oxidoreductase, EC 1.13.11.12) cat-
alyzes the oxidation of unsaturated fatty acids containing &
cis,c1s-1,4-pentadiene group (1). This enzyme widely exists in
plants and mammals (2,3). In particular, soybean lipoxygenase
(SLO) has extensively been studied in of f-flavor and odor pro-
duction (4). Meanwhile, 5~lipoxvgenase (5-L0) is a key enzyme
which catalyzes the first step in the biosynthesis of leuko-
trienes {LTs), which are intimately involved in the pathclogy
of a variety of inflammatory and allergic diseases such as asth-
ma, pseriasis and rheumatic arthritis (5-7). Therefore, the spe-
cific 5-LO inhibitors are expected to be potential therapeutic
drug for the prevention of these diseases. At present, the
spectrophotometrical i vitro assay using SLO is widely used
to screen natural 5-1.0 inhibitors due to structural and mech-
anistic similarities between SLO and human 5-LO (89).

Recently, much attention has received on the development
of novel natural 5-LO inhibitors. Lignans, cournarins, ter—
penoids, alkaloids and phenclic compounds from natural prod-
ucts have been found to act as LO inhibitors to possess anti-
inflammatory actions (10-14). In particular, some flavonoids
proved to be potent inhibitors of 1O derived from several
plants and mammals {15-18). In the course of our search for
new SLO inhibitors, we have screened several SLO inhibitors
from plant extracts, and some lignans and flavonoids isolated
from plant seeds were found to play an especially important
role in the inhibition of SLO (19-21).

The cortex radicis parts of Paeonia moutan are widely used
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as traditional Chinese medicines having anti-inflammatory,
anti-allergy, and analgesic activity (22). Paeoniflorin, albiflorin,
and their derivatives were shown to act as the major anti-
inflammatory constituents (23). In a previous report, we found
that the methanolic extract of Paeonia moutan seeds showed
the most potent SLO inhibitory activity at low concentration,
while that of its cortex radicis exhibited less activity (24). The
different activity prompted us to investigate the active com-
ponents in the seeds of Paeonia moutan.

The purpose of this study was to isolate and identify soy-
bean lipoxygenase inhibitors from Paecnia mouten seeds, and
further to determine their antioxidative activity in a linoleic acid
model system.

MATERIALS AND METHODS

Materials and reagents

The seeds of Paeonia mouian Sims were directly collected
in Chungseng, Kyungbuk, Korea. Sovbean lipoxvgenase (fype
V), linolenic acid, trifluoroacetic acid (FFA), apigenin, quer-
cetin, kaempfercl and nordihydrogualaretic acid (NDGA) were
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
Linoleic acid, butylated hydroxyanisole (BHA) and a-tocoph-
erol were purchased from Wako Pure Chemical Industries
(Osaka, Japan). All others used for this study were of analytical
grade.

Soybean lipoxygenase (SLO) assay
SLO assay was performed by the spectrophotometrical
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method described previously (21). The reaction mixture con-
taining Tris buffer (pH 8.5}, samples and soybean lipoxygenase
was incubated, and then lipid peroxidation was started by addi-
tion of hnolenic acid. The change of absorbance at 234 nm
was recorded as a function of time on a photodiode array
spectrophotometer (52030, Scinco, Korea). The rates were
measured from the Initial slopes of the linear portions of the
curves. A sample containing all of the reagents except for the
enzyme solution was used as a blank sample. 1Csy values were
determined by regression analysis of the results at three
different concentrations of the inhibitor.

Antioxidative assay

Antioxidative activity was determined by a ferric thiocy-
anate method using linoleic acid as a substrate for autoxida-
tign in the ethanol-water system (25).

Each sample (200 1g) was added to a mixture solution con-
taining linoleic acid, 99.9% distilled ethanol and 50 mM phos-
phate buffer (pH 7.0} the total volume was adjusted to 25 mi
with distilled water. The solution was incubated at 40°C and
hydroperexide concentration was measured at intervals by the
thiocvanate method.

Isolation and purification of soybean lipoxygenase
inhibitors

Paeoria mouian seeds (300 g) were crushed into smali pleces
and extracted twice with hot n-hexane (2.0 L) to remove lipids.
The residue was extracted twice with MeOH (2.0 1) under
reflux, and then filtered. The concentrated methanolic extract
was partitioned between n—hexane and 80%6 agueous methanol.
The 8026 aqueous methanolic layer was evaporated to a low
volume in vacuo, and then partitioned with ether, ethyl acetate,
and n-butanol, stepwise. The ether, ethyvi acetate, n—hutanol,
and aqueous portion, each in a concentration of 5.0 ug/ml,
showed SLO inhibitory activity of 82.2, 635, 174, and 5.4%,
respectively. The ether soluble layer (8.34 g) was further frac -
tionated into a strongly acidic (5% NaHCOy), a weakly acidic
(5% NaQH) and a neutral fraction according to the usual
method. The strongly acidic components of the cther extract
were stbjected to chromatography on a silica gel (70230
mesh, Merck, Germany) using CHCl-MeOH (8:1) with
mcreasing amounts of MeOH to give four fractions. The first
and second achive fractions were Turther purified by
preparative HPLC (Waters Deita Prep 4000, USA) using a
Waters RCM Prep Nova-pak Cis column (25 cm > 10 cm X2
cartridge), and UV- visible detector set at 340 nm. Elution
was carvied out at 20°C using MeOH-HHO-TFA G0 40: 0.1
as a mobile phase at 5 mi/min flow rate. Four phenolic
compounds {compound 1, 5.4 mg, compound 2, 165 mg;
compound 3, 34.3 mg: compound 4, 6.5mg) were repeally
isolated (Fig. 1). Among them, compound 3 and 4 showing
potent SLO inhibitory activity were identified by UV, IR,
NMR and EI-MS spectroscopy.

Instrumental analysis
The UV specira were recorded using UV Visible spectro

25 817
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Fig. 1. HPLC chromatogram of four compounds isolated from Paeortia
moutan seeds. 1 & 2, unknown compounds; 3, luteolin; 4, 56,47~
trihydroxy—7,3" ~dimethoxyflavene. HPLC condition: column, RCM
Prep Nova-Pak Ci (25 em X 10 em 2 cartridge); solvent, MeOH-T0)-
TFA (60:40:0.5); flow rate, 5ml/ min; detection, 340 nm

photometer equipped with photodiode array and I-cm cells
in MeOH. The IR spectra were measured with an FT-IR
spectrometer (IFS 120 HR, Bruker, Germany) with KBr as the
dilutant. The NMR spectra were measured in CD30D on a
spectrometer (Unity Plas 300, Varian, USA) and chemical shifis
are given as § value with tetramethylsilane (TMS) as an inter-
nal standard. The electron impact-mass spectrometry (EI-MS)
was determined with a mass spectrometer (Quattre I, VG, UK}
at an lonization voltage of 70eV.

Stiatistical analysis

Statistical analysis was accomplished with the Statistical
Analysis System (26) software package on replicated test data.
Significant differences among the means were determined by
Duncan’s multiple range tests.

RESULTS AND DISCUSSION

SLO inhibitory activity of four isclated compounds

The SLO inhibitory activity of four isolated compounds and
their related flavonoids are given in Table 1. Compound 4
(ICs=0.31 ug/ml) showed the most potent inhibitory activity,
comparabie to that of a well known lipoxygenase inhibitor,
nordihydroguaiaretic acid {INDGA, 1C5=0.36 ug/ml). Compound
3 also cxhibited a Inhibitory activity stronger than quercetin
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on an equimolar basis, although the activity was weaker than
NDGA. However, the inhibitory effects of compound 1 and
2 on SLO were considerahly less effective than those of 3
and 4. Thus, the strong SLO inhibitory effect of the ether
souble acidic components of Paeornia moutan seeds 1s consid-
ered to he mainly attributable to compound 3 and 4.

Antioxidative activity of four compounds

Antioxidative activity of four isolated compounds in the
lincleic acid model systermn 1s shown I Fig. 2. Compound 4
showed the highest antiexidative activity, followed by com-
pound 3, compound 2 and compound I, in descending order.
3 and 4 exhihited especially strong antioxidative activity, com-~
parable to that of d-tocopherol (p<0.05), althcugh their ac-
tivity was significantly weaker than that of BHA, a reference
compound. Thus, 3 and 4 were found to be strong SLO inhib-
itors with antioxidative activity. The two above results suggest
that compound 3 and 4 from the defatted Paecnic moutan
seeds can be potentially useful as a SLO inhibitor with antioxi-
dative activity.

Table 1. Inhibitory effects of four compounds isolated from Paeonia
moutan seeds on a soybean lipoxygenase (SLO)

Compound SLO inhibitory activity (ICs, Hg/ml}”
Compound 1 24.21+0.12
Compound 2 2154014
Compound 3 232+ 0.08
Compound 4 0311013
Apigenin 5164015
Quercetin 394+0.11°
Kaempferol 863:2021°
NDGA 0.36:0.07*

e represent the concentration of flavonoids causing 50% reduc-
tion of enzyme activity, Values in a column with the same letters
are not significantly different (p<0.05) by Duncan’s multiple range
tests. NDGA, nordihydroguaiaretic acid; TDF, 56,4 -trihydroxy-
73" ~dimethoxyflavone. NDGA, quercetin, kaempferol and apigenin
were used asg positive references.
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—b— o -Toc
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—i—Compound 2
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Fig. 2. Antioxidative activity of four compounds isolated from Paeonia
moutan seeds, The activity was determined by a ferric thiocyanate
method.

Structural elucidation of compound 3 and 4

The structural elucidation of compound 3 and 4 with anti-
oxidative SLO inhibitors was performed by UV, IR, NMR and
MS spectroscopy. The UV { Amax at 253 & 349 nm and 279
& 343 nm) and IR spectra ( v max 3421, 2827, 2853, 1680, 1629,
1453, 1203 cm ") of 3 and 4 suggested that two compounds
were flavone or flavonol (27). The bathochromic shifts of the
UV absorption maximum of 3 at 349 nm induced by NaOAc
{ Ap=+16nm} and AICI; ( A1 =+77 nm), indicated the presence
of 5~ and 7-hydroxy group and B-ring ortho-dihydroxy sub-
stitution (Table 2). The 'H-NMR spectrum of 3 showed ar-
omatic proton signals at §6.69 (1H, s, H-3), 6.22 (1H, d, J=2.0
Hz, H-6) and 6.47 (1H, d, /=2.0 Hz, H-8), as well as ABX-
pattern proton signals at 6682 (1H, d, J=88 Hz, H-5), 7.44
(1H, dd, J-83, 20 Hz, H-6') and 759 (1H, d, J-2.0 Hz, H-2"),
which can be assigned to the B-ring with two hydroxy groups
at the C-3' and C-4’ positions. The "C-NMR of 3 was very
similar to the previously reported data (28). The electron
impact-mass spectrometry (EI-MS) gave its molecular ion
peak [M'] at 286 m/z Furthermore, the prominent fragment
ion peak at m/z 258 [286-28 (C=()], 230 [258-28 (C=0)], 153
{benzene A ring fragment, C;H:Qy), and 134 (henzene B ring
fragment, CsHeO2} was observed from high-resolution EI-MS
spectrum. Based on the above evidence, compound 3 was
readily identified as luteolin (Fig. 3). Meanwhile, the UV and
IR spectra of compound 4 were similar to those of compound
3, indicative of a flavone skeleton. The bathochromic shifts
of the UV absorption maximum of 4 with NaOMe ( A =+64
nm), AlCls { A =+15 nm), NaQAc ( A g=+1nm), and NaOAc/
HaB0s ( Ar=+1 nm) indicated the presence of 5~ & 4'-hydroxy
group and 7- & 3'-substituted group in flavone (Table 2). The
'H-NMR spectrum of 4 displayed the presence of flavone
derivatives substituted with two methoxy groups, and the two
singiet signals at & 6.67 and 6.28 which were assigned to H-3

Table 2. UV absorption spectra of two flavenocids isolated from
Paeonia moutan seeds

UV absorption spectra { A max, nm)
MeOH NaOMe AICE AICI/HCI NaQAe NaQAc/HsBOs

203 266 274 A] 269 239
Luteolin 267 328(s) 328 35 326(s) 370

349 401 426 38 384 430(s)
THE 219 2 280 285 281 270

342 410 339 30 341 346

YPDF: 564 -trihydroxy-7,3'-dimethoxyflavene

OH Ohe

= ‘ OH
HO o} . CH,Q o]

Fig. 3. Chemical structures of luteolin (A} and 56,4 -trihydroxy-7,3'-
dimethoxyflavone (B) isolated from Paeonia moutan seeds.
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and H-6, respectively. The methoxy signals at § 3.97 and 3.94
were attributed to the C+7 and C-3' positions, which were de—
duced from previous UV chemical shift data. The other two
aromatic proton signals at 667 (1H, s, H-3), 66.28(1H, s,
I1-8) and ABX-pattern signals of the B-ring, 6.96 (1H. d,
S=88 Hz, H-5"), 756 (1H, d, /=20 Hz, H-2") and 7.60 (1H,
dd, J=20 & 88 Hz, H-6") indicated luteolin skeleton with a
hydroxy group at the C-6 position. As “C-NMR spectrum
of 4 was compared with that of 3, the sipnal of C-6 was
shifted downfield by 31.08 ppm, whereas the signals of C-7,
C-3, C-9 were displaced upfield by 9.38, 11.45 and 1102 ppm,
respectively. However, the signal of C-4 and C-10 remained
unaffected. This indicated that a hydroxy group was attached
to C-6 of the aglveone. The other MC-NMR signals of 4 was
likely consistent with the previous data with the literature
values (29}, The electron impact-mass spectrometry (EL-MS)
gave its molecular ion peak [M 1 at 330 7z, and several prom-
ment fragment ion peaks at 77z 312 [330-18 (H0)], 284 [312-
28 (C=(], 182 (benzene A ring fragment, CsHgOs), and 148
(benzene B ring fragment, CaHsOy) was also observed. On the
basis of the above spectral date, the structure of 4 was
deduced to be 584’ -trihydroxy 7,3 ~dimethoxyflavone (Fig.
3). The detailed assignments of compound 3 and 4 for UV,

IR, NMR and MS spectra are shown in Table 3. Luteolin and
9,6,4" -trihydroxy-7,3' ~dimethoxyflavone were first isolated and
identifled here from Paeonia moutar barks and seeds, although
Iuteolin has already been reported In other plants (20,30).
Recently, luteolin and dimethoxyflavone from natural prod-
ucts were found to be potent anti-inflammatory compounds
(30,31}, and the methanolic extract of Moutan Seed have a much
higher SLO inhibitory effect than that of Moutan Cortex (24).
Therefore, the defatted methanolic extract of Paeonia moutan
seeds containing luteolin and 5,64 -trihydroxy-7,3' ~dime-
thoxyflavone can be used as a potential source of natural anti-
inflammatory substances, Futher study on the inhibitory effects
of compounds 1-4 on 5-L0 derived from peritoneal polymor-
phonuclear leukocyvtes (PMNL) of rat are now In progress.
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Tabte 3. UV, IR, NMR and EI-MS spectral data of compound 3 and 4 1solated from Paeonia moutan seeds

nstrumental analysis

Compound 3‘ )

Compound 4

UV ) eenm (log &) 2531413}, 267 (s), 349(4.17)

278 (4.12), 342 (4.07)

Ry max (em ') 3421 (OHD, 2027, 2853, 1680 (C=0), 1629, 1562, 3423 (OH), 2929, 2876, 1632 (C=0), 1612, 1567,
1500, 1464, 1203 1453 (OMe), 1211
"H-NMR
669 (111, s, [1-3) 6.67 (11, s, H-3)
622 (115, &, J=2.0 Mz, T1-6) 528 (1H, 5, H-8)
GAT (L, &, J=2.0 Hz, H-8)
692 (1H, d. /=88 Hz 5 696 (1H. d, j=88 Iz, H-5
744 (1H, dd, J=2.0 & 88 Hz, H-6) 75 (IH, d, j=2.0 Hz, -2
759 (H, d, J=20 Tz, 1327 780 (11, dd, j=20 & 88 Hy, H-6")
~0OCH; 397 (34, s
-OCH; 394 (31, &)
HC-NMR
166,32 (C-2) 166.05 (C~2)
102.92 (C-3) 104.37 {C-3)
C=0 18392 (C-4) 184,39 (C-4)
16324 {C-5) 15180 (C-5)
100115 (C-6) 13123 (C-6)
166.02 (C-7) 156,64 (C-7)
94.94 (C-8) 9141 (C-8)
150.48 (C-9) 14846 (C-9)
10637 (C-10) 10561 (C-10)
12375 (C~1") 12263 (C~1")
114.16 (C+27) 112.42 (C~2")
147,02 (C-37) 148,22 (C-3")
150.93 (C-4") 150.24 (C-4")
116.84 (C-5) 11612 (C-5')
120,37 (C-6") 11902 (C-6")
~0CH; 56.61
~QCHy 55,77

EI-MS (m/z) 286 [M'], 258, 230

330 (M), 312, 284

Coupling constants (J in Hz) in parentheses
S, singlet; d, doublet; dd, double doublet
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