ok &} §:] ]

4 o 9

Kor. J. Pharmacogn.
36(3): 240 ~ 244 (2005)

5T FE29 LMESA KMol =2

oj¥a - oM - HIIEI - R0lY - AXS - 4R - 012! - AOHY? - AT’ - AAY - FAI
ssrsistelrel, WaBsi ofslel, @4 EA T, Frekw At

Inhibitory Effects of the Seed Extract of Myristica fragrans on the
Proliferation of Human Tumor Cell Lines
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Abstract — The methanol extract of the seed of Myristica fragrans (Myristicaceae) demonstrated a potent inhibition on the pro-
liferation of cultured human tumor cells such as A549 (non small cell lung), SK-OV-3 (ovary), SK-MEL-2 (melanoma), XF498
(central nerve system) and HCT-15 (colon). The MeOH extract was fractionated into three portions by serial solvent partition,
i.e., EtOAc soluble part, BuOH soluble part and remaining water layer. Among them, the EtOAc soluble part of the extract
demonstrated a potent inhibition on the proliferation of cultured human tumor cells. Bioassay-guided fractionation of the EtOAc
soluble part led to the isolation of six lignan constituents, ie., safrole (1), machilin A (2), licarin B (3), macelignan (4), meso-
dihydroguaiaretic acid (5) and myristargenol A (6) as well as a large amount of myristic acid as active ingredients. Structures
of the isolated active components (1-6) were established by chemical and spectroscopic means.
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S5 (AR, Myristica fragransy= 550l Goix]gel kg5 YeRla vz} #ste] Mg o, Asbo) ke
A A EE S5 (Myristicaceae)?] FEHEOE Fol 7l H2T ofE o, BF u) Fo 290tk FhR, A%}
= 816 m Axo|H YAX= IEY|Alo} BRI A& L A549 (AR vAAEH YT F 559 ?lxﬂ-rrﬂ]
A et 4~64, 11~ 12é7ﬂoﬂ SEA 2L ] Enj WA EFE oz afe] AFH W (in virro) A ZTAA
2 W) AE el Bl F AeMe) SR AGAS W RIS ARE 310 300 5] op FEEEC 99
% ASIGO] SR R YRl 92 RS KTF K5 AU & A5 HF My Semen))

—LI>E

(A %, Myristicae Semen)2} S}, S5l 2 MeOH F&E0| % oj& o7 u|wd ¢33l giekas)
=715 (28~34%)3 B-F(3~9%)7t A 5H %71%% FE B HAFY USE & F U ool AR S5F7
myristic acid®} trimyristin (myristic acid triglyceride).©. 2 methanol FE5-& Al wet i8S JAlste 4
T E] At HAHdE S Z = d-camphene, d-pinene Z} B3 & tigt A ZEEAS 23 T /A e 4
monoterpene §-7} 80% % &=, myristicin®) 4%, 7)€} d- S YEMH ethylacetate®™ S-S 7} chromatographyE &3t
borneol, eugenol, dipentene, /terpineol £°] 6% F%= T OE] A A3 HEHOZ 659 SAHGE-S B
Hol Akl &EA Aot helM = F2 97, gig7gol H BHAAE ol LB EY olstshA A H 7]
ZRgEkal g A o wigdXe Yuks =93l 719 7184 A5E B9 sleRe 1 3 4 sEEEY 9
Al Azl it Al W (in vitro) M ES2A3]
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AEME - B g AHEE A 85T (Myrsticae
Semeny= 20034 10:€ 0] /\]% ARGl M elste] =Rid)
Sk gt 1ol P & Adef Agsiolem REe &
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7171 & A2} — NMR2 Brucker®] AM-3003 AMX 500
& A}&f‘s}?iﬁ‘r 4= JASCO DIP-4 digital polarimeter=
AHE-8F AL, low resolution MS (70 eV)E JEOLALS] IMS-
DX 303 mass spectrometerS ARE-SI12.™, column packing
& silica gel> Kiesel gel 60 (Merck)E AH2-3+137, TLC
plate= Kiesel gel 60F,, (Mercky& AR-8-8F5t}, whay Aok
< 10% H,80,2 Al o™ UVE 254 nm, 365 nmol| A
SRS M=/ A9 sulforhodamin B(SRB) bioassay
WS Sgeto] sl Aol g d e
A549 (non small cell lung carcinoma), SK-OV-3 (ademon-
carcinoma, ovary malignant ascites), SK-MEL-2 (malignant
melanoma, metastasis to skin of thigh), XF-498 (central
nerve system tumor) % HCT-15 (colon adenocarcinoma)©]
™ %5 human origin tumor cell lineS-=H, v]=+ e+
TAR(NCDZFE ol dh=asta-roal Al &
o A& ARkt

F£ 9 28 - Ax" 859 1.8kgS 797} methanol
of AR W A)JFT). —}gﬁ”d 7] Hitw}oi MeOH extract
300 g2 2A0H, o] & H,00 e A7l F ethylacetate

(EA)®F n-butanol (BuOH)i Aoz
=8 255¢7} BuOH 9 6 g& 4% }
stetEel 22 - EA %3 128 g2 silica gel column
chromatography (n-hexane : EA =20:1, 10:1, 5:1, 1:1)E &
Alate] o7fe] -8 (MI~M9)C.2 WF3lon, o5 M2 (4
g)%2 2 silica gel column chromatography (n-hexane :
EAYS HbEste] wga 084 123 ¢ EIEE 1) 93
o} T M4 (36 gt silica gel column chromatography
(n-hexane : EA =20:1, 10:1, 5:1, 1:1)Z E3}d A=} 4709
25 (M41-M44)0 = LIFQITh 71 % 423 M42 (10 g)
£ RP-18 column chromatography (70, 80, 100% MeOH)
= z%zﬂﬁl- 7ﬂ;r/} U]i}xn o) )\]—CL;G (g]_zsl‘:' 2) 500 mg } &'4
A B (myristic acid) 5 g& AU B AEE M44
(17 ) RP-18 column chromatography (60~100% MecOH)
2 AAS ng §3=d @GHEE 3) 20mgS At
M7 £8 5 g~ silica gel column chromatographyE 2 A 8}
°f S4) 28 (MT1-MTS)OR L, o] F Al M72
(1.3 )& dichloromethane®l] =<1 alumina gel chromato-
graphy= AA|sle] T2 (318E 4) 1.1 gg ARt 3k
H M9 3 358 dichloromethaneo] 3591 % alumina gel
€ TIAA myristic acid 5 AL A ABL silica gel

FolEE 5] EA
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column chromatography (n-hexane : EA = 5:1)& 2AI814] 2
Tho) ARE (M9II-M92)C. & UFal, 1 & AR3 M9
(16 @»5 A=} silica gel column chromatography (n-hexane
: EA=5:1D)E A5l 300 mge] 35 49 74 243
GIEE 5) 12¢g % FHERT EE 6) 570 meS LA

2} £ 1 - slightly yellow oil ; EI-MS m/z : 162 [M]’;

H-NMR (300 MHz, CDCL) : 8 3.22 (2H, d, J=6.6 Hz,
H-7), & 5.00 (1H, m, H-9a), & 5.02 (1H, m, H-9b), § 5.85
(1H, m, H-8), & 5.83 (2H, s, -OCH,0-), & 6.58 (1H, J=
8.1 Hz, H-6), 5 6.63 (1H, m, H-2), & 6.67 (1H, d, J=8.1
Hz, H-5); "C-NMR (125 MHz, CDCL,) : 8 133.4 (C-1),
108.0 (C-2), 147.3 (C-3), 145.5 (C-4), 108.8 (C-5), 121.1
(C-6), 40.0 (C-7), 137.8 (C-8), 115.4 (C-9), 100.7 (-
OCH,0-).

88HE 2 - yellow oil ; EI-MS m/z : 326 [M]"; 'H-
NMR (300 MHz, CDCL) : & 0.75 (6H, d, J=6.7 Hz, H-9,
9, 8 1.67 (2H, m, H-8, 8), § 2.29 (2H, dd, /=134, 9.3
Hz, H-7a, 7'a), 8 2.65 (2H, dd, J=13.4, 4.8 Hz, H-7b, 7D),
8 5.82 (4H, s, -OCH,O- x2), § 6.52 (2H. dd, /=78, 1.6
Hz, H-6, 6'); "C-NMR (125 MHz, CDCL,) : & 135.6 (C-1,
1), 107.9 (C-2, 2'), 1454 (C-3, 3", 147.4 (C-4, 4", 109.3
(C-5, 5", 121.7 (C-6, 6), 39.4 (C-7, 7", 39.0 (C-8, 8",
16.1 (C-9, 9", 100.6 (-OCH,0-)

51812 3 - yellow oil, [a], —45.4° (c=0.1, CHCL,); EI-
MS jm/z: 324 [M]"; 'H-NMR (300 MHz, CDCL) : & 1.31
(3H, d, J=6.8 Hz, H-9), 8 1.79 (3H, d, J=6.7 Hz, H-9'), &
3.3 (1H, m, H-8), 5 3.82 (3H, s, -OCH,), & 5.02 (IH, d,
J=9.0 Hz, H-7), & 5.88 (2H, s, -OCH,0-), & 6.03 (1H, dq,
J=15.7, 6.7 Hz, H-8"), & 6.28 (1H, d, J=15.7 Hz, H-7"), &
6.70-6.86 (SH, m, H-2, 4, 5, 2", 6"); "C-NMR (125 MHz,
CDCLy) : 8 134.3 (C-1), 106.7 (C-2), 147.8 (C-3), 147.5
(C-4), 108.1 (C-5), 121.1 (C-6), 93.3 (C-7), 45.7 (C-8),
17.8 (C-9), 132.2 (C-1'), 113.3 (C-2, 133.0 (C-3"), 146.5
(C-4"), 144.1 (C-3"), 109.4 (C-6"), 130.9 (C-7"), 123.3 (C-
8), 18.3 (C-9), 56.0 (-OCH3), 101.0 (-OCH,O-)

&}88 4 - colourless prisms, mp 70-72°C, [a],
+5.28° (c=1.8, CHCL,); EI-MS m/z (rel. int.): 328 [M]™ (11),
137 [CeH,0,1" (100) and 135 [C,H,0,] (68), 'H-NMR
(300 MHz, CDCL,) : & 6.87 (1H, d, J/=7.8 Hz, H-5), § 6.76
(1H, d, J=7.8 Hz, H-3"), & 6.66 (1H, d, J=1.8 Hz, H-2), &
6.63 (1H, d, J=1.8 Hz, H-2"), & 6.64 (1H, dd, J=7.8, 1.8
Hz, H-6), § 6.70 (1H, dd, J=7.8, 1.8 Hz, H-6"), § 5.95
(2H, s, O-CH,-0), & 5.32 (1H, s, 4-OH), & 3.87 (3H, s,
-OCHy), & 2.76 and & 2.30 (each 2H, m, H-7, 7'), & 1.78
(2H, m, H-8, 8", & 0.88 (6H, m, H-9, 9); “C-NMR (125
MHz, CDCL) : § 135.6 (C-1), 107.8 (C-2), 147.4 (C-3).
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145.5 (C-4), 109.3 (C-5), 121.7 (C-6), 39.0 (C-7), 39.3
(C-8), 16.1 (C9), 133.6 (C-1'), 111.4 (C-2"), 1462 (C-3"),
143.5 (C-4"), 114.0 (C-5"), 121.6 (C-6), 38.7 (C-T"), 39.2
(C-8), 16.0 (C-9), 55.7 (-OCH,), 100.6 (-OCH,0-)

B8 5 — colorless crystals ; mp 87-88°C; [a], 0°
(c=0.7, CHCL): IR (KBr, cm_l) 3559, 3371, 3047, 1648,
1592; EI-MS m/z (70 eV): 330[M'], 192, 183; '‘H-NMR
(300 MHz, CDCL,) : § 0.63 (6H, d, J=6.63 Iz, H-9, 9"), 5
1.54 (2H, m, H-8, 8), 5 2.07 (2H, m, H-7a, 7'a), 5 2.51
(2H, m, H-7b, 7'b), 8 3.63 (6H, s, -OCH, x 2), & 5.20
(H, s, -OH x2), § 6.42 QH, s, H-2, 2'), § 6.46 (2H, d, J
=8.0 Hz, H-6, 6"), & 6.62 (2H, d, J=8.0 Hz, H-5, 5); "C-
NMR (125 MHz, CDCl,) : 6 133.8 (C-1, 1), 111.5 (C-2,
2, 146.3 (C-3, 3, 143.5 (C-4, 4), 114.0 (C-5, 5, 121.7
(C-6, 6, 392 (C-7, T, 389 (C-8, &), 162 (C-9, 9, 56.0
(-OCH, x 2)

B}8E 6 — colorless needles ; mp 133°C; [a], +9.9°
(c=0.8, EtOH): EI-MS m/z (70 eV): 344[M'], 'H-NMR
(300 MHz, acetone-dg) : 6 0.62 (3H, d, J=7.0 Hz, H-9),
0.85 (I, d, /7.0 Hz, -9, & 1.80 (1L, m, H-8), & 2.38
(1H, m, H-8"), & 2.13 (1H, dd, J=12.9, 2.0 Hz, H-7a), &
2.95 (1H, dd, /=129, 3.4 Hz, H-7b"), 6 4.45 (1H, dd,
J=92, 1.0 Hz, H-7), § 6.68 (1H, dd, J=9.0, 1.3 Hz, H-6"),
& 6.80 (1H, dd, J=8.1, 2.0 Hz, H-6), & 6.73 (1H, d, /=9.0
Hz, H-5", & 6.76 (1H, d, /=8.1 Hz, H-5),  6.70 (1H, br.
s, H-2'), § 7.01 (1H, d, J=1.3 Hz, H-2), § 3.84 (3H, s, -
OCH,), § 5.94 (2H, s, O-CH,-0) & 5.62 (s, Ar-OH); "C-
NMR (125 MHz, acetone-dy) : 8 138.6 (C-1), 111.5 (C-2),

el
O [

safrole (1)

macelignan (4)

meso-dihydroguaiaretic acid (5)
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148.6 (C-3), 148.5 (C-4), 115.6 (C-5), 121.0 (C-6), 77.4
(C-7), 46.4 (C-8), 12.3 (C-9), 137.8 (C-1)), 109.0 (C-2),
1489 (C-3), 146.8 (C-4), 110.6 (C-5"), 1232 (C-6"), 38.2
(C-7), 36.6 (C-8"), 18.4 (C-9), 56.7 (-OCH,), 102.0 (O-
CH,-0)

A5 o og

B3E 12 U3 oilE MS, 'H-NMR spectrum 2 °C-
NMR spectrum A ES Y £F3 U2 27 safole®
EQa9rh” 3R 2= Vg oitd BA2A EIMS M,
326), 'TH-NMR# "C-NMR data® 53] ©] 3589 £
22 C,H,0,2 48 4 Ut 3 "C-NMR spectrum
oAl 5% 10709 carbon signal¥te] YERGIL lo] 515
B 2v B dATRE 7K meso SIHER FAT
A9om 'H-NMR# “C-NMR dataZ F3°7} vl w8 g
Z 7} machilin A [(2RS,3SR)-2,3-dimethyl-1,4-dipiperonyl-
butane]l= 57 E ATt

I35 3 9 HFA oi} BZEZA ELMS (M, 324),
'H-NMR# PCNMR dataZ 53} o] 3FE9 £x}4]
CyoH, 0,2 489t '"H-NMR spectrumol| A 3}1}<]
methoxy?] (5 3.82)2} methylenedioxy”1(5 5.88)2F HH2=A
om 2 9] 570¢] aromatic proton®] § 6.70-6.860 4] 2k
=9t} PC-NMR spectrumelXie & 20702] carbon signal
o] A oM 7}k signatd F31Y X9} nlwsle] &
At 3¢5 3 licarin BZ 53 4= AUt

SEE 45 YA 2RO M7Y mz 328(Cyl,,0,)014
VeRdor 'H-NMRZ PC-NMR data’} 313HE 2¢] A4S

myristargenol A (6)
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I frAterlont sigtE 29] 739 § 5.829041 27 2] methy-
lenedioxy 717} 2= 1 JE 9 313HE 4¢] ZA9oll= 3
W] methylenedioxy”1(8 5.95)2F methoxy”1(5 3.87)} W&
g VERGAL o] SIEHE 29 5 712] methylene- dioxy
7] & szt NEE 729s 9T 4 glgien 71et 'H-
NMR "CNMR dataZ F§ato} E@=]9} wjwale] &
At RHE 4= 2 A EEFE ¥ vb & macelignan
e o=

ghE E 5= MS, 'HNMRZ "CNMR dateZ 53l
o] gfHEe] ¥A44e C,H,0,2 F4T 5 Utk Pe-
NMR spectrum®l 4] 25 107§} carbon signalito] W}
AL 9o eHE 5 9 SEHE 29 mp IR E B o)
A7%E 71 meso SHEE 248 4 20201 'H-NMR
3 PCNMR daa® 58'""7713) v)mate] 2 A3} meso-
dihydroguaiaretic acide} JAgHS & < )3t

g% 6> 'HNMR} PC-NMR data’} 3H9HE 49] 2
A& v o oxygenated carbon (§ 77.4)° 2% F
proton peak (8 4.45)9} hydroxy peak (5 4.04)7} AEA 1+
et A AlQstae AAA 2 fALEE patternS UER]
aglenz 7 e 7 A9 carbonoll hydroxy”] 7t
A gE o] 9lg-S F5T 4 ek g COSY, HMBC,
HMQC 5 spectral data® %513l - 23} hydroxy peak
(6 4.04)9} A3 )+ carbon (8 77.4)S- H-6, H-7, H-8
9 H-99} 77} correlationS H.oJ5F0] hydroxy?]7}F 7 21
off Agt=lo] Ql&E AT 4 AUNSW speciral dataE T
AxeF A wlawAEled 2 s} 35 62 myristargenol
AR AF Fag 5 ek

g, el gAE 7 S3HEQ0-6)8 212t SRB o R
AS549 (F)2H 2 9, SK-OV-3 (F4295), SK-MEL-2
(FFELT), XF-498 (FFAEASTEF) 2 HCT-15 (3%
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) 5 559 human tumor cellsol] Tk A& A2
ZAA aHE DAste] B Aa B E sigtEEo] 4

= 1
o] epEFo thate] FEEHOE S AEFHA

s 532 nalFgon 59 SPE 269 Aol 27}
o) 9hA| ol Uk EDy, (50% AEZH A LS vhe}

U= B%) X|7F B 5.0 ug/m! ©)8ke) F=AE JER 9l
o] -9gk gRAlRLe] e 7Fs/dE AAtslal it (Table 1.

A olE 659 lignan Al SFEE (1-6) o]l = ¥ 2
EFZEE5E vF EiE A4t myristic acid (C14 : 0)
o] 79 A Aol AR 7] Al =Sl ik ED,,
217} Z+z} 13pg/ml (A549), 10pg/m/ (SK-OV-3), l4ug/m/
(SK-MEL-2), 10pg/m/ (XF498) 2 15 (HCT15) pg/mlO=
Yeht o e GAESAAE 83E BolFlon
oleigt ArAF= ofn] Az} o] Muel Wikt A
43 2 sk Aok

2 B

AR S5(ATE, Myristicae Semen)2] MeOH =
22 A549 QA A ZST) B SEY IAGE &
AT Hete] Bk EHO0R ot M EF AsA
5 eRIRITE. S5 (AE K, Myristicae Semen)] MeOH
FE£ES TS Y4 (Bioactivity-directed fractionation)
o] w}g} chromatography® 441 A3 safrole (1) ¥ 5
o) lignan 3HE-S YRR Fa) AASIT #eE
sstEEe 77 Bestely ATt 717] B4 ('HNMR,
BCNMR) 272 £33k 27}, machilin A (2), licarin B
(3), macelignan (4), meso-dihydroguaiaretic acid (5),
myristargenol A (6)%= &1 8=t g FelH et
B (1-6) 55 247 A549 ()M ZH ), SK-0V-3 (i

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

EDsg, (ug - m/)*

Compound
A549 SK-OV-3 SK-MEL-2 XF498 HCT15
Total ex. 20.0 20.0 25.0 28.0 20.0
EtOAc fr. 10.0 23.0 10.5 33.8 23.8
BuOH ft. 50.0 28.0 30.0 40.0 28.0
1 >100 93.2 90.4 >100 99.8
2 10.6 9.7 12.0 14.1 11.2
3 5.4 9.0 8.8 7.5 57
4 42 8.6 53 8.4 5.1
5 32 3.9 34 3.5 3.1
6 3.7 4.8 4.2 5.5 3.7
Doxorubicin 0.1 0.2 0.1 0.2 1.8

*EC,, value of compound against each cancer cell line, which was defined as a concentration(ug * ml) that caused 50% inhibition

of cell proliferation in vitro.
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295), SK-MEL-2 (F5-5%5), XF-498 (38 ASS
) 9 HCT-15 (B45Y%F) 5 559 human tumor cells
of gk A AN MESA A BAE Hdst] 2 Hx
oA 2 ALE-3l doxorubicin of] B]E7RE 433 9=
HER AT

A A

o] ATE WINF Frheh| AT A5 7%
73 29713 YEATAY T2y 2 $ENY
01977 21 AFAIAS] A7HALA) QLS ol S
QTN olo] FAEYUTH
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- -
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