g 3 A

Pharmacogn.
206 ~ 211 (2006)

4 o
Kor. I.
37(3) :

[— % — = == 3 — = ==
S5 FEEQ AdMESAN Mol &2 *H 28)
O[&e - X|015] - RO/ - A2 - ZZHA| - 0|35 - oI - AN - APR' - FAIB*
gasear JepaaTd, Fad s Ausshys

Inhibitory Effects of the Seed Extract of Myristicae Semen on the
Proliferation of Human Tumor Cell Lines (II)

Jung Won Lee, Yeon Hee Choi, Mi Young Yoo, Sang Un Choi, Kyung-Sik Hong, Byung Hoi Lee,
Gyu Hwan Yon, Young Sup Kim, Young-Kyoon Kim', and Shi Yong Ryu*
Phyochemistry Research Lab, Kovea Research Institute of Chemical Technology, Daejeon 305-606, Korea
jCollege of Forest Science, Kookmin University, Seoul 136-702, Korea

Abstract — The methanol extract from seed of Myristica fragrans (Myristicaceae) demonstrated a potent inhibition on the pro-
liferation of cultured human tumor cells such as A549 (non small cell fung), SK-OV-3 (ovary), SK-MEL-2 (melanoma), XF498
(central nerve system) and HCT-15 (colon) in vitro. By the continuous effort to purify the active components responsible for
the anti-proliferative effect on tumor cell lines, we have isolated eleven kinds of lignan components, i.e., safrole (1), machilin
A (2), licarin B (3), macelignan (4), meso-dihydroguaiaretic acid (5), myristargenol A (6), methoxyeugenol (7), machilin F (8),
licarin A (9), nectandrin B (10), and 2-(4-allyl-2,6-dimethoxyphenoxy)-1-(4-hydroxy-3-methoxyphenyl)propan-1-ol (11)
together with a novel furan fatty acid, (£)-3-(3-methyl-5-pentylfuran-2-yl) acrylic acid (12) from seed extract of M. fragrans.
Chemical structures of the isolated components (1 - 12) were established by the aid of NMR spectroscopic analyses, i.e., COSY,
HMQC and HMBC. Each of the isolates demonstrated a potent inhibition on the proliferation of cultured human tumor cells
such as A549 (non small cell lung), SK-OV-3 (ovary), SK-MEL-2 (melanoma) and HCT-15 (colon) in vitro.
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tion MS+= JEOLAF] IMS-DX 303 mass spectrometerS
ARBEIH S| column packing® silica gel Kiesel gel 60
(Merck)E A3 37, TLC plate Kiesel gel 60F,q,
(Merckys AHE-3HITE A A1k 10% H,S0, 2 ARS8}
1L UV 254 nm, 365 nmollA A&t +2, 24 9
column chromatography& A|2F 15 AJeFS 44| §lo] AF
SR A Ak BF AJoF B 15 A RS A
gtod ARSI AMPEEA 28-S sulforhodamin B (SRB)
assay ' & 5-8-5l] faaliny) Aol Apesk dME
FTEL A549 (non small cell lung carcinoma), SK-OV-3
(ademoncarcinoma, ovary malignant ascites), SK-MEL-2
(malignant melanoma, metastasis to skin of thigh), XF-498
(central nerve system tumor) 2 HCT-15 (colon adenocar-
cinoma)°|™ X% human origin tumor cell lineS2M4, vl
o] FHUYATAINCHZEHE it} shsalstel oA
Al FA AL ARg-skc

& 9 B - AxE 857 1.8kgS 797
of ¥Ae & FE2A A AR S et
MeOH extract 300 g& DA o] & H09 &H
ethylacetate (EtOAc)2t n-butanol (BuOH)= A%
oi-85le] EtOAc 8 255 g7} BuOH #3) 6 ¢& 217}
AT

ShetEe] B2l - FtOAc 3 (60 gy silica column chro-
matography (n-hexane:EtOAc=10:1~0:1, MeOH)E A3}
o 71 F8 (Fr.l~Fr.5)e2 Wit ] & Frl (7.9 g)
< silica column chromatography (n-hexane : EtOAc=100:
D= A A5 e A48 @9E 1) G292 ¢
Rew 18 BEsha W B8 (4.0 g9 RP-18 column
chromatography (80% MeOH)E A A]sle] 37f¢] A%
(Fr.11~Fr13)22 Y5tk 2 F Fr.13-2 RP-18 column
chromatography (90% MeOH)Z ZA|3t] v 92
GHE 2) 930 mgS AUOH, Fr.i2 (60 mg)=HEl= 3F
£ 12 923 in MeOH) 12 mgS A30TF. Fr2 (19.0
g)E RP-18 column chromatography (60% MeOH)E A1 4]
stod Al 234 nig 48 @RHE 3) 40mgE &
At $HH Fr3 (13.6 g)< silica column chromatography
(n-hexane:EtOAc=5:1)y AAl8to] 270 283 (Fr31~
Fr32)0 2 1202 Fr.31 (8.0 gy n-hexane:EtOAc=5:
Lol whAsl A3 AdAA GEE 4) 3.9 g2 AU Fr32
(5.0 g)= silica column chromatography (n-hexane: EtOAc
=5:1)E AAste] 34 A4 @FE 5) 12g 2 FEE &
# (s 6) 570mgs 7H7 AAUTH Fré (6.7 g silica
column chromatography (n-hexane:EtOAc=5:1)& 2 Al &}
o} AEE Fr4l~Fr4dz 500 Fra2 (300 mg)S RP-
18 column chromatography (80% MeOH)E. A s}ed v]gt
A JAAEE BIE 7) 20 mge B0 280 Frdl
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(670 mg)-& RP-18 column chromatography (80% MeOH)
& AAsle] M F4EE GEE 8) 150mg 2 74
& B (3EE 9) 60mgE FUTh EF Fr5 (11498
preparative HPLC (60~100% MeOH : 250 x 40 mm i.d.
Merck, 40-63 umyE ©]-§-31¢] Fr.51~Fr.552 e &, Fr.51
<& 7} 2} MCI column chromatography (70% MeOH)Z 7
Aste] mEA G4Ed (BFHE 10) 820 mgS 2|5k
o7, Fr.532 RP-18 column chromatography (75% MeOH)
2 Fr531~Fr5358 Ui 5, Fr.532 (90 mg)e- silica column
chromatography (#-hexane :EtOAc=2:1)= A 2}F % A 5} o]
A gEE (35S 11) 8.5 mge £k

BIEE 7 - colorless oil; EIMS m/z:194 [M]'; '"H-NMR
(CDCl,, 300 MHz) @ & 3.31 (2H, d, /6.7, H-7), 3.87 (6H,
s, -OCH,x2), 5.08 (2H, m, H-9), 539 (1H, s, -OH), 5.90-
6.00 (10, m, H-8), 6.41 (2H, s, H-2, 6); "C-NMR (CDCL,,
125 MHz) : & 133.1 (C-1), 105.31 (C-2, 6), 147.1 (C-3, 5),
131.2 (C-4), 40.5 (C-7), 137.7 (C-8), 56.4 (OCH,x2).

8l8r2 8 - colorless oil, [a],: 0° (c=0.1, CHCL);
EIMS m/z : 342.15 [M]"; '"H-NMR (CDCL,, 300 MHz) : §
1.00 (6H, d, J=6.6 Hz, Me-3, 4), 2.26 (2H, m, H-3, 4),
3.88 (3H, s, CH,0-3"), 4.45 (2H, d, J=5.1 Hz, H-2, 5),
5.66 (1H, s, HO-4"), 5.95 (2H, s, -OCH,0-), 6.77-6.97
(6H, m, H-Ar); "C-NMR (CDCl,, 125 MHz) : 136.2 (C-
1), 106.8 (C-2), 147.8 (C-3"), 146.9 (C-4"), 109.0 (C-5"),
119.6 (C-6"), 87.3 (C-2), 44.5 (C-3), 44.6 (C-4), 87.4 (C-
5), 134.0 (C-1"), 108.0 (C-2"), 146.5 (C-3"), 145.0 (C-4"),
114.2 (C-5"), 119.9 (C-6"), 12.8 (Me-3, 4), 55.9 (-OCH,),
100.9 (-OCH,0).

SI&IE 9 — colorless crystals, mp. 102-104°, [a],, +52.0"
(c=0.79, MeOH); EIMS m/z:326 [M]; '"H-NMR (CDCl,,
300 MHz) : & 1.37 (3H, d, J=6.8 Hz, CH,-8), 1.86 (3H,
d, J=6.5 Hz, CH,-9), 3.44 (1H, m, H-8), 3.88 (6H, s, -
OCH,x2), 5.09 (1H, d, J=9.4 Hz, H-7), 5.65 (1H, s, OH),
6.06-6.16 (1H, m, H-8"), 633 (1H, br-d, J=15.7 Hz, H-T),
6.76-7.00 (5H, m, H-aromatic); “C-NMR (CDCl,, 125
MHz) : & 108.9 (C-2), 146.7 (C-3), 145.7 (C-4), 114.1
(C-5), 119.9 (C-6), 93.8 (C-7), 45.6 (C-8), 132.2 (C-1"),
113.3 (C-2)), 133.3 (C-3"), 146.6 (C-4"), 1442 (C-5), 109.2
(C-6), 130.9 (C-7", 123.5 (C-8"), 184 (C-9), 17.6 (-CH,),
55.9 (OCH,), 56.0 (OCH,).

3}8H8 10 — colorless oil, [aly: 07 (¢=0.4, CHCly);
EIMS m/z:344.2 [M]"; '"H-NMR (CDCl,, 300 MHz): &
1.03 (6H, d, J=6.6 Hz, CH,-3, 4), 2.32 (2H, m, H-3, 4),
3.88 (6H, s, OCH,-3', 3"), 4.49 (2H, d, J=6.4 Hz, H-2,
5), 5.57 (2H, s, HO-4', 4"), 6.80-6.95 (6H, m, H-2, 5", 6,
2" 5" 6"; PC-NMR (CDCl,, 125 MHz) : & 87.5 (C-2,
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5), 44.5 (C-3, 4), 1343 (C-1', 1"), 109.2 (C-2, 2"), 146.6
(C-3', 3"), 145.2 (C-4', 4™, 114.1 (C-5', 5"), 119.2 (C-6,,
6", 13.1 (CH,-3, 4), 55.8 (OCH,).

B8 11 — colorless oil; EIMS m/z : 374 [M]'; [a]y:
0° (¢=0.4, CHCJ,) '"H-NMR (CDCl,, 300 MHz) : 5 1.12
(3H, d, J=6.6 Hz, H-9), 3.36 (2H, d, J=6.6 Hz, H-7",
3.86 (3, s, -OCH,), 3.88 (6H, s, -OCH,x2), 4.09 (1H, s,
OH), 4.33 (1H, dq, J=2.5, 6.4 Hz, H-8), 4.79 (1H, d,
J=2.5 Hz, H-7), 5.00-5.20 (2H, m, H-9"), 5.54 (1H, s,
OH), 5.90-6.00 (1H, m, H-8"), 6.47 (2H, s, H-3', 5'), 6.66-
7.00 (3H, m, aromatic H-2, 5, 6); "C-NMR (CDCl,, 125
MHz) : & 133.1 (C-1), 108.7 (C-2), 146.6 (C-3), 144.6
(C-4), 114.0 (C-5), 118.9 (C-6), 82.5 (C-7), 72.9 (C-8),
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12.9 (C-9), 1363 (C-17, 153.6 (C-2', 6), 105.6 (C-3', 5",
40.8 (C-7'), 137.2 (C-8"), 116.4 (C-9), 55.9 (OCH,x2),
56.1 (OCHs).

8lgtE 12 — colorless crystals; high resolution EIMS
245.1134 (calculated 245.1148); EIMS m/z : 222 M]";
UV, : 310 mm; "H-NMR (CDCL,, 600 MHz) : & 0.92
(H, m, H-12), 1.35 (4H, m, H-10, 11), 1.66 (2H, m, H-
9), 2.14 (3H, s, H-13), 2.61 (2H, 1, J=7.5 Hz, H-8), 5.90
(1H, s, H-6), 6.16 (1H, d, J=15.4 Hz, H-2), 7.53(1H, d,
J=15.4 Hz, H-3); "C-NMR (CDCl,, 150 MHz) : 8 173.5
(C-1), 110.9 (C-2), 131.3 (C-3), 145.7 (C-4), 128.9 (C-5),
111.0 (C-6), 1602 (C-7), 28.4 (C-8), 27.6 (C-9), 31.5 (C-
10), 22.5(C-11), 14.2 (C-12), 10.6 (C-13).
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SIEHE 162 AR 23t ule} o] MS, 'H-NMR 2

PC-NMR spectrum data® Z33ste] 717k safrole (1),
machilin A (2), licarin B (3), macelignan (4), dihydrogu-
aiaretic acid (5) ¥ myristargenol A (6)= £33t} 3}
e 7 WA oitd EFEA MS, 'H-NMR 2 PC-NMR
spectrum data® AESFT FH Vi3t A3} methoxyeu-
genolZ &7 O}oﬂ‘ﬂr Y B1E 82 njEkAl oikd ERZA FL-
MS (M, 342), '"H-NMRZ} "C-NMR dataZ F-3}0] 2714
& CyH, 0.2 481928 '"HINMR spectrumol A 7174
ste] methoxyl group (8 3.88), methylenedioxyl group (8
5.95) B 8 5.66°1 4] hydroxyl (D,O exchangeable) peak -

FEF 4 ek 9 PC-NMR spectrumell A= & 207
o] carbon signale] PEE e 27t signats F§x)oh

Hlmsle] 2 23 382 3& machilin F [7R, 7'S, 8R, 8'S]
25T F U0

FAY B2 dojxl 352 9= 'H-NMR spectrum®l]
A1 27H2] methoxyl group (8 3.88)3%F &F+e] hydroxyl group
(6 5.650] BHH o= A=A or PC-NMR data 5 &
gHat A licarin AZ T3k 0E™

A B 102 V| FA FAEAR EIMS mz 344
(CyoH,, 05)7F HZ = om 315 33 /AT pattern®]
spectral data® 2|5tk 2 'H-NMR spectrumol] 4 &=
methylenedioxyl group®] AFe+A] 2L 4] hydroxyl (5 5.66),
methoxyl group (5 3.88)°] #F=90m PC-NMR spectrum
ol A= 2071 9] carbon peak’} 1070 2] peak® x4 vye}
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v EA A 2E 7HAL 3IE mesost e R A
4 2o 718 'H-NMR 2 "C-NMR spectrum dataZ
wE Aot v A ES A3 31§ 102 nectandrin B [7R,
7S, SR, 882 A=

3R 118 54 S EZ =4 EIMS spectra®llA] mole-
cular fon peak/} IM]" m/z 374 (Cy H, 00904 LHEREoH
'HNMR 2 “C-NMR spectrum data® 3129} vlwZE
3} A7) eugenolt methoxyeugenolo] AEE 2-(4-allyl-2,6-
dimetho xyphenoxy)-1-(4-hydroxy-3-methoxyphenyl)-
propan-1-ol& 831 F4s¢ie),

THA 3RIE 12 Z2|S el 24 S 24 high resolution
EIMS, '"H-NMR 2 “C-NMR spectrum data® ¥-2}2] o]
C SHLORE & A9 UV spectrumellA] A, 310 nm
= B 9le] 37 olde] double bond7} conjugation™
o] UL 52 4~ It DEPT spectrumel X methine
group 37§, methylene group 471, methyl groupe] 27§ % 4
7Ne] quaternary carbon©] #ZHE]Q] 0 HMBCAIA § 2.14
ppme| methyl signal®] & 111.0 (C-6), 128.9 (C-3) & 145.7
(C-4)2] carbon signal¥}, § 5.90 ppm<] proton signal©] &
1457 (C-4), 1289 (C-5), 160.2 (C-7)¢] carbon} 2}7} 4
HHAE W53} 718 HMQC, HMBC spectrag 4 E
sloj 2 A3 3FgHE 12+ furan fatty acid®] €& (E)-3-

3'-methyl-5'-pentyl furan-2'-yl) acrylic acidd-& & <+ 3

Ao AA7A Bil g v gl AFstgES .
‘}}‘Biﬁ}.” o

22 AAE 7} lignanAl SFHE(1-11)E 712 SRB ¥
O A549 (H] &AM EF 9FF), SK-OV-3 (4 97), SK-

o mo
e,

Table I. Inhibition of tumor cell proliferation by components isolated from Myristicae Semen

ED, (ugin))’

Compound
A549 SK-OV-3 SK-MEL-2 XF498 HCT15
1 >100.0 93.2 90.4 >100.0 99.8
2 10.6 9.7 12.0 4.1 1.2
3 5.4 9.0 8.8 7.5 5.7
4 42 8.6 5.3 8.4 5.1
5 3.2 3.9 34 35 3.1
6 3.7 4.8 42 55 37
7 21.3 16.4 9.7 ND 36.7
8 7.1 7.1 13.2 ND 13.3
9 4.6 4.4 5.6 ND 3.8
10 124 12.2 13.1 ND 10.4
11 154 15.6 19.4 ND 14.1
12 14.2 14.0 14.7 ND 15.0
Doxorubicin 0.1 0.2 0.1 0.2 1.8

“EDs, value of compound against each cancer cell line, which was defined as a concentration (ug/m/) that caused 50%

inhibition of cell proliferation in virro.
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MEL-2 (#7-5%F), XF-498 (FF473A59F) 2 HCT-
15 (A4E9%E) 5 559 human tumor cells?l] tHg A%
DR AEZA AP EAS AN B A9 BE IEE
Eo] Z}z+e] ¢lAlfel SAEF tisle] FREH R
SFE A EZA A a3E RAFAL SFEEY] 7=
of mE MEZAA Zae] M} F e & B4
ABEA S FREA Feiet ot S9HE 59] - 77
o] A EFo Wt EDy, (50% A ZSA A &5 e

B &) A7F B 5.0 pg/ml olste] 1€ HERAL 9

A o5 659 lignanA SHEE (1-11) o9 = £ 2]
EFEEENE tgo = B9 A4t myristic acid (14
D 0)0] A A AFo) ALH Zhzbe) hA EFe) gt
ED, | 7} Z+2} 13.0 pg/ml (A549), 10.2 pg/m/ (SK-OV-3),
14.3 pg/ml (SK-MEL-2), 10.2 pg/m/ (XF498) 2 152 pg/
m/ (HCT15)2. & veht fo4 e dHESHAs] 23t
2 2oJF.omY short chained furan fatty acidol] <3l

SR 12 94 2bobe] QPEZES) thated myristic acids}
BlS piee] PAESAANEIE Hepni

a4 B

Aok &FL(AE R, Myristicae Semen)2] MeOHFZ
& A549 QA HIAMESS) F 5 AR o
N ZFo) toled T oFEH 07 kTl M2 A&
= Vel S5 R, Myristicae Semen)?] MeOH
FEES AR 83 (Bioactivity-directed fractionation)
of w}e} ZF& chromatography= FAISH A3} 11 E¢] lignan
A SIS (1~11) 2 A5F furan fatty acid®l (E)-3-(3-methyl-
5'-pentylfuran-2'-yl) acrylic acid (122 2z} SJdE o=
2] A 2E SFEES 77 =esiety A
3t 7171 4 (HNMR, "C-NMR) 27& F33 4%
safrole (1), machilin A (2), licarin B (3), macelignan (4),
dihydroguaiaretic acid (5) % myrstargenol A (6) methoxy-
eugenol (7), machilin F (8), licarin A (9), nectandrin B
(10), 2-(4-allyl-2,6-dimethoxyphenoxy)-1-(4-hydroxy-3-
methoxy-phenyl)-propan-1-ol (1DNZE &<l S =T} g4
e SR (1-12) 58 778 A549, SK-OV-3, SK-MEL-
2, XF-498 2 HCT-15 % 5%¢| human tumor cells®l] thak
NEB AZFAAs as FAete] 2 A3 sk &

2% eIl
A AL

o AL &N henlol o ATAY B FEUE

%
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