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Absiract

Tipoxygenase inhibitory activity of the methanolic extract of 60 different kinds of plant seeds was determined
by a spectrophotometric method using a soybean lipoxygenase (SLOY and linolenic acid. Among the extracts
examined, the methanolic extract of nutmeg (Myrisfica fragrans) seed showed the most potent SLO inhibitory
activity. To isolale S inhibitor, hence, the defatied methano! extract was further partitioned with ether, ethyl
acetate, and n-butanol, stepwise. The ether souble fraction was successively chromatographed on silica gel, Se—
phadex LH-20 and preparative TLC. Three phenolic compounds were isolated, and one of them showing a strong
SLO inhibition activity was identified as a 2 6-dihydroxy—3-(3',4’ —dihydroxyphenyl) nonylphenone (ICs0=0.33 ug/mf)

by 'H- & “C-NMR, IR, and MS spectroscopy.
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INTRODUCTION

Lipoxyeenase (linoleale: oxidoreductase, 12C 1.13.11.12) cat-
alyzes the diexygenation of polyunsaturated fatty acids pos
sessing a 1,4 -cls,cls -pentadicne molely to yield 13- cis, trans
diene 5 -hydroperoxides (1), This enzyme widely exists in
plants and mammals (2.3). In plants, sovbean lipoxygenase
(SLO) has extensively been studied in the production of
undesirable off- flavors and off- odors during processing (4).
In mammals, a B-lipoxygenase (5 10O), which is a key en
zyme involved in arachidonic acid metabolisin, catalyzes the
oxygenation of arachidonic acid to 5 hydroperoxy 68 1111
eicosatetraenoic acid (3-TIPETE) and its subscquent de
hydration to form several leukotrienes (LTs) (3). LTs play
an important roles in the pathology of many inflammatory
and aliergic diseases (8,7). Therefore, the specilic 510 in
hibitors are expected Lo be potential therapeutic drogs for
the prevention of these diseases. At present, many scientists
are widely using SLO as an in vitro assay w search [or
natural 5-LO inhikitors due to structural as well as mech -
anistic similarities between SLO and human 5 LO{(89).

Plant seeds have been reported to contain various ant
foxidative substances, such as tocopherol, v-oryzanol, ses-
amo! and several flavonoids (10,11). Recently, much attention
has been received in the use of a large amount of byproducts
obtained from the production of plant seed oils as potentially
attraclive sources of natural antioxidants., Nutmeg (Myr -
istica fragrans) has been widely used as a spice and a val -
uable remedy for strengthening the stomach and expelling
"wind-evil” in Chinese medicine (12}, There are many ve
norts on the antioxidative and pharmacological constituents
of essential oils from nuimey (13-15). In particular, eugenol
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and its derivatives were Tound to have antibacterial, antip
latelet and antiinflammatory actions (16,17), whercas myr-
isticin, safrole and isoclemecin have psychotropic and car
cinogenic actions (18,19, However, few studies on the isolation
and identification of phenolic antioxidative and antiinflum
maiory compounds oxcept essenlial oils are available. Re
cently, we have reported that the methanolic extract of
nutmeg spice show a significant whibitory activity against
SO, and especially (efraol 1s a major component for the
inhihition of lipoxygenase (20).

The ohjective of present study was to isolate and identity
novel saybean Hpoxygenase mhibitors from the sced kemnels
of nutmeg.

MATERIALS AND METHODS

Materials and rcagenis

Most of the dried plant seeds were purchascd from focal
oriental herbal store i Taegu, Korea, and the others were
collected, and dried in shade before use. Soybean lipoxy -
genase (Lype V), linolenic acid, 1,1 diphenyl-2- plervihydrazyl
(DPPH) and nordihvdroguaiaretic acid (INIXGA) were obtained
from Sigma Chemical Co. (St. Lows, MO, USA). All other
used for this study were of analytical grade.

Free radical scavenging activity

Free radical scavenging activity of the methanolic ex-
tracts of plant seeds was delermined by the method of Blois
(213

Methanolic extract of seed (2ml, final concentration 0.8
mg/ml} decolorized with cartridges (Sep Pak Ci, Waters,
USA) were added to a methanol solution (1.0 ml) of 0.2 mM
DPPH radical. The mixiure was shalken vigorously and left
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to stand for 30 min: the absorbance of the resulting solution
was meastred at 517 nm with a photodiode array UV -VIS
spectrophotometer (52030, SINCO, Korea).

The percent inhibition of DPPH radical, 100-[{absorbance
at 517 nm of sample/absorbance at 517 nm of control) X 100]
was calculated to express free radical scavenging activity of
all seeds. All tests and analvsis were run in triplicate.

Soybean lipoxygenase (SLO) assay

SLO assay was performed according to a method of Block
el al (9) with a slight modification.

0.1 M Tris buffer (2.0 mi; pH 8.2} and ichibitors in ethanol
{20 uh) were added to the cuvette at 18°C, followed by ad
dition of soybean lipoxygenase (type V, 500 units/final con-
ceniration) solution n buffer (30, After a Hmin equili-
bration period the reaction was started by addition of an
ethanolic solution of iinolenic acid (50 tg; 110 UM/ final con-
centration). The absorbance al 234 nm was recorded as a
function of time on a spectrophotometer. The rales were
measured from the initial slopes of the linear portions of the
curves. A sample containing all of the reagents except the
enzyme solution was used as a blank sample. ICs values were
determined by regression znalysis of the results at three
different concentrations of the inhibitor,

Isolation and purification of lipoxygenase inhibifor
from nulmeg seed

Nutmeg seeds (800 g} were crushed into amall picces and
extracted twice with hot n—hexane (20 1) to remove lipids.
The residue was extracted twice with MeQH (2.0 1) under
reflux. The concentrated methanolic extract was partitioned
between n-hexane and 80% agueous methanol. The 80%
aqueous methanolic layer was concentrated to a small volume
in vacuo, and then partitioned with ether, ethyl acetate, and
n-butanol, stepwise, The ether laver (158 g), which exbubited
the strongest inhibitory activity against SIQ. weas chroma -
tographed on silica gel (70-230 mesh, Merck, Germany}, using
mixtures of CHCL-MeOIT (10 1) with increasing amounts
of MeQH o give five {ractions. Among these [ractions 18o-
lated, the third active fraction was {urther subjected to
column chromatography over Sephadex LH-20 (Pharmacia
Biotech, Uppsala, Sweden) with methanol as an cluent and
then separated into three fractions (fr.l with A mu: 225 & 270
o fro 2 with A e 225, 270 & 340 nm; fr. 3 with A we 225
& 272 nm). The second fraction showing the most strong
SLO inhibition, was developed on preparative TLC (Silica
gel 60 Fus, 0.5 mm, Merck, Germany), using henzene- cthyl
acetate-acetic acid (107 10:1) as solvent, and three hands
with Rf 0.65 (compound 1, 189 mg), 0.60 (compound 2, 7.2
mg) and 0.51 (compound 3, 11.3mg) were repeatly isolated.
Among them, compound 1 was crystallized from benzene -
ethyl acetate (1:1) (o vield as a light yvellow needles,

Instrumental analysis of compound 1
UV absorbance spectrum of the purified aclive compuound
1 was recorded on a spectrophotometer with dilute soluticn

in methanol. The [R spectrum was taken on an IFS 120 HRR
infrared spectrometer Bruker, Germany) as KBR dises.
T-NMR (300 Mlz) and "C- NMR (75.5 MHz) were mea-
sured on a Unity Plus 300 spectrometer (Varian, USA) in
CD-OL) contalning tetramethvisilane (TMS) as an inlernal
standard. The electron impacl mass spectrometry (ET-MS)
was measured with a Quattro IT mass spectrometer (VG,
UK} at an lonization voltage of 70eV.

Statistical analvsis

Statistical analvsis was accomplished with Statistical
Analysis System (22) software package on replicated test
data. Significant differcnces between means were determ-
ined by Duncan’s muitiple range tests.

RESULTS AND DISCUSSION

Tree radical scavenging activily

The radical scavenging activities of the methanolic ex-
tracts of 60 difforent kinds of plant seeds on the DPPH rad-
ical are shown In Table 1. Among seed exiracts exarnined,
the methanolic oxtracts of Vifis vinifera (91 23%) showed the
most streng radical scavenging activity at a concentration
50 mg/mi, followed by Seiosic argentea (35.90%%), Maha
verticitlata (85.3256), Prunus ishidovana (84.91%), Impotiens
balsamina (84.429), Nelumbo nucifera (82.89%4) and Trigo -
nella foenum - graecum (82.67%), in & descending order. The
next effective secds were Phisecius angudaris (80.95%6), Bra-
ssica campestris (8058%), Benincasa hispida (80.50%) and
Setaria italica (80%6). However, Allium odorum (26.15%),
Prunus ansu (25.26%), and Sesamum ndicum (28.72%) did
not show an aporeciable aclivity. These regults support a
previous report that plant extracts possessing phenolic an—
tioxidant compounds, such as flavonods and fanning, ex-
hihited higher radical scavenging activity due to hish hy-
drogen -donating ability (23}, Meanwhile, sice the Sesaruem
imdicum containing antioxidative lignans, such as sesamol
and its derivatives showed considerably lower radical scav-
enging activity (11}, an another (1 vitro assay in parallel with
this assay for preliminary screening of natural antioxidants
15 essential,

Soybean lipoxygenase (SLO} inhibitory activity

The SLC inhibitory activities of methanolic extracts of 50
plant seeds are also presented In Table 1. Among the seed
extractls tested, nutmeg (Myristica fragrans) extract showed
the most potent inhibitory activity, causing aboul 82.60%%
inhihition of SLO at a concentration of 50 mg/m!, followed
by Sorghum bicolor ($0.52%), Alpinia katsumadii (83.35%6),
Cuscuta australis (80.15%), Torrevia nucifera (23.028), Vilis
vintfern (87.62%) and Areca catechn (87.1496) exiracts, ina de-
scending order. Other seed extracts, such as Zizvphus jujubo
{(33.33%,), Perilia sikokigna (82.35%), and Psoralea corylifolia
(R1.2894), also exhibited a considerable SLO inhibitory ac-
tvity, However, Brossica junceo (17.98%), Malva verticiliota

(25.44%) and Trichosanthes kirifowii (37.43%G), which are
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Table 1.
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Free radical secavenging and sovbean lipoxygenage (SLO)Y o

whibitory activities of the methanobie extracts of 60 different plant seeds
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fl.'lmm N}mum 1 2{3_]:5
Alpinia katsumacdii Hayvata 3061
Amomum xanthoides Walich 812
Areca catechy: . G823
Benincusa Rspida (Thunb.) Cogniaus 30,50
Brassica campestris 1. HO.5
Brassicu juncee Cosgon TS
Capsiciam anraitan 1. 735
Cassia iora 1. 5731
Ciirallus mdgarts Schragd 30.4
Citrus auraningm . 0.8
Coix ma yiten Roman D
Croton Gglivm 1., 7744
Cucumis melo L ovar makuwa 4358
Cuscrdta ausiralis R, Brown G781
Diantfuis sinensis 1. 3749
Diospvros kalki Thunh. 7233
Draba NEMOrost i 512
Jiurvale ferox Salishury RERE
lagopyruwm esm/mmm Moench 153.25
Crindegroy biloba L. 68.27
FHlordewn sidlgare ). H0.51
[ivdnocarpus anthelmintica Pieree 055
Impatiens balsamina L. R A
Iris paflast var, chinensts [isch G818
Leonurys sibirices 1. FERS
Lufa cviindrica Roem 7082
Malva verticillara 1. H6.32
Myristica fragrans Doaltuvn A7 20
Nelwmbo nuclfera Gaertner var, macrorht zimata Naked 32,89
Cenathera odorata )ac. 5474
Paricum miligeem 1. ¥l
Periia fritescens var, japonica Hara 7404
Perilla stholiona Nakal 1824
Pherbitis nil Choisy H4.45
FPhaseolus anglarss Wight, 80.55
Piper nigrum 1. 3140
Plariago asiatica Decaisne 747
Prunus ansu (Maximowics) Komaroy 2526
Progwss ishideovane Naokai 8401
Pruncs rume Sieb., et Zuce. 3.12
Prunus perstea Batsch 7740
Psoratea corvivolia 1. 4306
Punica grangtum L. 7790
Ttaphunus sativus 1. 6771
fthoseolus radiotus 1. YR
icinus communis 1. 3000
Selosia argentea l.. 83.90
Sesamum indicum 1., 28.72
Setarfa flalica BERAUY 8Ll
Sorghum bicolor Moench 651.83
Spinaeia oleraceq .. 75.31
Thuja orienfalis 1 69.00
Torrevia nuuf()za Sieb. et Xuce. 7407
Trichosanthes Kirtlowii Maodmowicy P62
Trigonelia foenum- graccun 1., H2.67
Triticurn aestivion L. 4549
Vitis vinifera 1. 4123
Sea Moys 1. 67.45
/Wyphus ju,'uha .\illic

' ;\\cmm‘ of triplicale measurements. Hmnd.lrd dm lations lmw‘ bc( I8! mmm‘d for simplicity.

The concentration of samples vsed was Smp/ml of methanolic extracts of plant seeds.
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known to have antiinflammatory actions (12.24), did not show
appreciable inhibitory activity, and Rhaseolus radigius (22.37
%), Triticum aestivum (22.32%) and Selosia argenteg (21 .61
%) showed somewhat inhibitory activity aganst SLO. Thus,
from two above results, we found that grape (Vitis vinifera)
seed have higher radical scavenging and SLO inhibitory ac-
tivity than other plant seeds. However, their activity was
inclined to decrease slowly due to the autoxidation of several
phenolic compounds in them, and the same phenomina were
appeared in Sorghum bicolor and Perilla sikokiana {(data not
shown), Meanwhile, the extract of Alpinia. katsumadii and
Myristica fragrans showed strong SLO inhibitory activity
although their radical scavenging aclivilies are low Lo some
extent. Thus, the extract of nutmeg seed may play an im-
portant role In inhibition of lpoxygenase-mediated perox-
idation of arachidonic acid in cell membrane, therchy can
widely used as the poteniial source of antioxidants or dietary
antinflammatory spice.

SLO inhibitory activity of three compounds isolated
from preparative TLC

The SLO inhibitory activity of three compounds isolated
from prep. TLC, which is a final purification step, was given
in Table 2. Among three compounds isolated, compornd 1
showed the strongest inhibitory activity (ICs=0.39 ug/mi)
although the activity was weaker than a well known lipoxy -
genase inhibitor, nordihydroguataretic acid (NDGA, 1=
0.23 ug/ml). However, the inhibitory effects of compound 2
and 3 were weaker than that of compound 1. Thus, com-
pound 1 may he mainly responsible for the potent inhibitory
activity of nutmeg seed against SLO.

Structural elucidation of compound 1 from nutmeg
seed

The ultraviolet (UV) spectrum (A 225, 270 and 340 nm)
and IR spectrum (Vo 3421, 2927, 2853, 1680, 1629, 1453, 1203
em ') of compound 1 suggested that the presence of an
aliphatic hydroxylated phenone moiety. The H-NMR spee-
frum contained a series of methylene protons at &n 1.33
(BED), 84 1.40-1.90 {4H) and &y 2,57 (2H) & 313 (2H), and
two dihvdroxvphenyl groups at &y 6.33 & 7.19 (AB: type,
A ring), and du 647, 659, & 654 (ABX tvpe, B ring). In
a "C-NMR spectrum, Cy and Gs signals and Cr & Cy signals
of two dihydroxypheny!l groups were shifted to the lower
field, dc 163.44, and & c 146.04 & 144.08, respectively, indi-

Table 2. Inhibitory effects of three compounds isolated from
preparative TLC on soybean lipoxygenase (51.0)

SLO inhibi“tho—r}; activity 7
{(1Cs0, Mg/mi)

0.39:£0.02

Compounds

Compound 1

Compound 2 287003
Cornpound 3 11.53 0006
rnGa! 0.23+001

"Nordihydrogualaretic acid, a positive reference,
Values within 2 column are significantly different (p<Q.05).

cating that two hydroxyl groups of each henzene ring are
attached at the Ci & Cy and Gy & Cor position, respectively,
as compeared 1o the NMR spectral data with the published
values (25). In addition, keto group of phenone molely at 8¢
20075, and aliphatic group at 8¢ 25.83-45.78 were also
found. Meanwhile, the electron impact-mass spectrometry
{EI-MS$) gave its molecular ion peakiM') at 358 m/z. Fur-
thermore, the prominent fragment jon peak at m/z 248
(358110 (diphenol core}l, 136[243-112 (CeHisl], 108(136 -28
{C=0)}, 111 {dipherol core) support that the presence of two
types of dihydroxylphenyl, and aliphatic and ketone groups.
The detailed assignments of compound 1 for UV, IR, NMR
and MS spectra are shown m Table 3. On the basis of these
spectral data, compound 1 was identified as a 26-dthydroxy-
(3’ 4" -dihydroxyphenylnonyiphenone (DDNP, Fig, 1). The
isolation and structural elucidation of DDNP is presented
here for the first time although its derivative has already
been reported in notmeg seed (26).

1t is well “known that the aliphatically dinydroxylated phe-
nollc compounds and flavonoids with a catechol structure,

Table 3. UV, IR, NMR and II-MS spectral data of compound 1
(2,6-dihydroxy -9-(3" 4" -dihydroxyphenylnonylphenone (DINP) iso-
lated from nutmeg seed

DDNP

Instrumental analysis ) ) o
225 (4.63), 270{4.34), 340 (s)

UV i nmlog e )
IRy fem') 3421 (OIT), 2627, 2853, 1680
(C=0), 1620, 1453, 1200
H-NMR
~COCHLCHy (CL)CH-
COCH.CHa,
Ph--CH CHa-
Ph-CILCH, -

1.33 (8H, brs)

15-18(4H, m)

2A41{2H. 1, J=72 Mz}
31120 1, =72 Ho
6339, d, Jo-8li H-3 &

H-3),
647 (IH, dd, =81 & 2.1Hz,
116",

8.58 (11, d, J=21Hz, 127,
664 (1H, d, =811z, -5},
7190 1, J=81Hz, -4}

N~
=3 20875
16344 (Co & Co),
146.04 (Ca),
144,08 (Cy),
13686 (Ca),
13578 (C1),
12066 (Cad,
11655 (Cq,
116.22 (Cy).
HLILBI(C)
10838 (C: & Gy}
4578, 35.33, 3268, 30,65, 30.58,
3033, 2583

=CHCHy (CH 4aCHC -

358 IMUL 248, 159, 138, 123, 111

Ei-MS (n/z)

Coupling constants {J in Hz) in parentheses.
Bre, broad singlets d, doublel dd, double doublet) 1, friple; m,
multinle
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structure of 26 dihydrosy -9 (34 -dihvdroxy-
from nutmep CMyrisiica frupransi

Chomiesd
phenylinonyhhenone sofated |
hf,‘(‘(i‘

N

rosmarinic acid, csculeting and
inteolin have potent lipoxygenase inhibilors (11,27 29 DINDP
have the similar structoral hackhone to NDGA and curcomin,
Thiz finding suggesi that the DN from nutmeg seed can
be used as potentistly dietary antiinfllammatory compounds.

Meanwhile, DIDNP and {etraol isolaled from nutroey drug

such ws NDGA, cucwrmn,

and spice, respectively, have not as vel been isolated and

ciucidated from swc‘ml nutmeg species. This fact suggesi
that evgenol and its derivatives or several evelic and acvelie

phenylprupancids in notmeg (Myristica fragrans) may be
converled inte tetraol or DDNP by alkaline treatment in the
manufacturing process of nutmeg gpice and drug (26.30),
Futher investigations on the structural elucidation of com
pounds 2 and 3, and their antiinflammaiory actions in an

ur vite system are needed.
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