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Sesquiterpene Lactones from Saussurea lappa and Their Cell Proliferation Effects
on Human Breast Cell Lines

Hyun-Sun Park, Eun Jeong Choi, Yong Soo Lee and Gun-Hee Kim”*
Plant Resources Research Institute, Duksung Women’s University 419 Ssangmun-Dong, Dobong-Gu, Seoul 132-714, Korea

Abstract — Saussurea Radix, the dried roots of Saussurea lappa Clark (Compositae), has been used in oriental traditional
medicine for aromatic stomachic. Present study was carried out for the anticancer effect of Saussurea Radix. Bioassay-
directed fractionation of Saussurea Radix led to the isolation of two sesquiterpenes, dehydrocostuslactone (1) and cos-
tunolide (2). The structures of 1 and 2 were elucidated by spectral methods (MS, IR, 'H and 13C NMR). These compounds
showed a potent cell proliferation activity against human breast cancer cell MCF-7 and MDA-MB-453.

Keywords [ Saussurea lappa, Compositae, sesquiterpene lactone, guaianolide, germacrane, cell proliferation activity

E3kKSaussureae Radix)S =3HCompositae) 215 Saussurea & Sh= vk, 2= ) A, 954 AEe 3= 2919]
lappa Clarke®] ¥2)E 7AZAZ] Z10F, AZHE 73704 2 g g1 9o, dere] aAelw Hojsl= ZAoR dulA ok

|

5 FOF oo gtk md, ok, 7, g A= W 2 A7 I ’“U"ﬂ/ﬂ e FEgEe] s 5X
Y HAARE o]gxo] gkorn, FE, ashEPe] Ant Al R slo], 53] o) B9 Yol BE SAEH] Bas 57
B Aoz deiA okl EFelE 13 ciPHER inuline] ©F 02 fryek Azl MCF 77 MDA-MB-453¢] thgt A7} A
ZF E Adet olsh FE tdFF S Holdhie HEEE, 45 A BE E3ko] EtOH 2ol tist AR Bels A
O] FEE £ 50 Bt e Aoz duA Ik £ AlEich

3t Eako] 3l E-0 2 A-7-d%-(o-ionone, B-ionone 2! costol

5, 1~3% )7} alkaloid “3%-2] saussurine 5¢] RrE o] 3l Ay ay

on, olgl & 1 FLARCZA guaiane® 7} germacraned

sesquiterpene 313FE0] T $-d Zlo07 U7 I3V & =z xE A ol

el Bdogs et sl a, $RT AAEAMY )& 7t Aol A3 FH(Saussurea lappa)e- 200613 58 dE%
Aol A7 =Y o] F sesquiterpene 33HE de-  AolM AFHE, YE TAY ) E-DY] Koyama 9%

hydrocostuslactone(1)¥} costunolide(2y= £3] E8ko] t)x 2 o] 2Jslod AL A & L5 o] L3ldn). 1 BE L vl
3IRMEEA] NOAAYe] tet Ax|dAdo] A= 21 =3 B aE o] w2 E-o)| BASIrHES W35 MBG-1708212).
ATH'Y Q1R ool PAatEE 79)2] NOE A wejo) st

Aletk gl 717]
™ Silica gel column chromatography®)+= Wakosil-200(64~210
ol T 29w ARelAR ul : - o AL@Eled o Hlo
(5l 029018496 (512%) 02-901.8661 mm) % Wakosil-300(40~64 mm)& ARE3Igion, 1 vhe] &+
(E-mail) ghkim@duksung.ac.kr = 55 AloRS ARSI
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AMEE 71712, IR Spectrophotometer FT-IR 300E(Jasco,
Tokyo, Japanys: AMgslo] 5745191 2H, Fast Atom Bombardment-
Mass Spectrometry(FAB-MS)<> VG Autospec spectrometer
(Micromass, Manchester, UK), ~722] 1 Electrospray ionization-
mass spectrometry(ESI-MS)2 LCT(Micromass, Manchester,
UK)2- A183le] =331, Nuclear Magnetic Resonance(NMR)
< DPX-300 % DRX-500(Brucker, Rheinstetten, Germany)=-
A3l on] UREEEA 2= CDCL(H : 726 ppm, C NMR :
77.0 ppm)E ©]-8-5kiTt.

5 23k 1.5kgS EtOH 33 71 2Zslo] dojzl &%
23t 5610 A2 228 ¢S P 01 H00 HEBlY,
hexane, CHCl;, 1-BuOHS: o]-§3}o] ap2 o2 43l 242t
9] fraction2 ARt} ©15-2 fractionl] Tl cell proliferation
g/de) S MTT assayE HAIS A5 vE 23 hexane
fractionol] thgt zpA|SE 22 ARSI

2, hexane fraction(27 2)2] MeOH E&E& A7 3k &,
MeOH 7FH-(HM) oF 24 g& AUtk 7 5 4 Y5300 mg)
Z 33} silica gel column chromatographyol] 213 228 4
A&kt ©]F & (mobile phase)©E hexane : CHCI4(30 : 70,
V) o]-g8to] oA 719 fraction(HM1~HM6) 2 )8k
t}. 7 A3 HM4(78 mg)= TLCY @Hahil-3-of 23] sesqui-

N
5

Fig. 1 - Structures of compound 1 and 2.

terpene®] -7} o F=Sith. HM4 thslod preparative TLCE
Ar]Ele] sesquiterpene®] HA H-$E UV 254 nmellr @53}
o FHsllh. o]} 2 o R Aoy zHzte] R85 CHCL,
S o]R3te] 8EA)7], HM41~HM439 A A9 fractionS
o, 7 % HM42= 75 NMR 29123 2 MS¢} IR =
o] 2l5lo] dehydrocostuslactone(1)2. 2 F=AA 31t} =
&, $19] HMS v =] 532 oF 23 gofl ti3te] hexane : CHC,
(25: 75, v/v)= ©]-&3t silica gel column chromatographyS 4
Al, & 14719 fractions DAt LR fraction F sesquiter-
pene®] 47} o’d¥ HM11(4.5 /& hexane : EtOAc(85 : 15~
6:4~4:6)2] gradient 2vl] Z7A3}elA silica gel column chro-
matography®]l 2|3t &el5 HAlste] F 7719 fractions ATt

Table I-'H NMR (300MHz) and *C NMR (75MHz) spectral data for compounds 1 and 2 in CDCl,

1 2
position 8 8¢ DEPT position 3 8¢ DEPT

1 2.84~2.90(1H, m) 45.0 d 1 4.86(1H, m) 1272 d
2a 1.90(1H, m) 32.5 t 2a 2.35(1H, m) 26.1 t
b 1.85(1H, m) b 2.14(1H, m)

3a 251(1H, m) 36.2 t 3a 2.58(1H, m) 279 t
b 2.47(1H, m) b 2.05(1H, m)

4 - 149.1 s 4 - 1414 S
5 2.84~2.90(1H, m) 519 d 5 4.75(1H, d, 9.9) 127.0 d
6 395(1H, t, 9.1) 85.2 d 6 4.58(1H, d, 9.9) 81.8 d
7 2.84-2.90(1H, m) 475 d 7 2.79(1H, m) 50.3 d
8a 2.24(1H, m) 30.8 t 8a 231(1H, m) 40.9 t
b 1.41(1H, m) b 2.08(1H, m)

9a 2.44(1H, m) 30.2 t 9a 2.10(1H, m) 394 t
b 2.14(1H, m) b 2.25(1H, m)

10 - 139.7 s 10 - 136.9 s

11 - 151.2 s 11 - 140.0 s

12 - 170.2 s 12 - 1704 S

13a 6.20(1H, d, 3.5) 120.1 t 13a 5.53(1H, d, 3.6) 119.6 t
b 5.48(1H, d, 3.5) b 6.27(1H, d, 3.6)

14a 4.88(1H, br s) 109.5 t e 1.43(3H, s) 17.3 q
b 4.80(1H, br s)

15a 5.25(1H, dd, 0.2, 2.0) 1125 t 15 1.71(3H, s) 16.0 q
b 5.05(1H, dd, 0.2, 2.0)

“Number of hydrogens, multiplicity, and J values in Hz are given in parentheses.
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o714 oI fraction HM112%= TLCY 2J8A] sesquiterpene®]
et Elen], 1 A% (CHCLPY 2J8led costunolide(2)
2 Agth, 7 72E 2 NMR A9EY 2 MSs} IRe] 2J3}
o] Z7gsiich.

Compound 1 : HRESIMS m/z 230.1327(caled for C;5H 40,
230.1307); IR(flm) v, 1780, 1706 cm™; 'H % ®C NMR
data’= Table I &%

Compound 2 : HRESIMS #/z 232.1482(caled for CisHp,0,
230.1463); IR(flm) v, 1776, 1729cm™; 'H 2 BC NMR

data= Table I &=

MTT assay

Aol mgelA dojRl Z4zte] hexane, CHClL;, 1-BuOH
fraction 2 3}3HE- dehydrocostuslactone(1)¥} costunolide(2)°]]
tato] MTT assays 2AI8HICE

olg2] HAETel st A EAAE ERIsk] Asld,
uel A Z3F MCF-73} MDA-MB-453-& KCLB(Korean Cell
Line Bank, Korea) o4} £k o] ALZSIGIT) A8 7| 7HE<t A
IF= 10%2] FBS(Gibcoy} E3F RPMI 1640(Gibco) MR E
ARg31e] 37°C, 5% CO,2] 7o) A== incubatorell A v
3k3it}. 7} fraction 57} 93 1 9 28 tikst 5=
9 (fraction FEE: 12.5~100 ug/ml, 313+ 13} 2: 12.5~50 ug/
mh)olA 24x)7F A2t ¥, MTT(methyl thiazoly] tetrazolium)
L8 712 dAJE formazan crystalr DMSOZ 591 microplate
reader (SpectraMax Plus; Molecular Devices)”]28] &%= 490

nmelA] ERIZIITH
A3 % nE

234 23KSaussureae Radix)o]4] 9o EtOH FEES
Eof deA7] F, hexane, CHCl;, 1-BuOHE: o]-8310] ¢34
02 RFujsted, ZtztY fractions AATH o]5 W3t cell
proliferation assays A8}, Fig. 22] AclA{9} #o] o]& &
gAlo] 7} 953t hexane fractiono] thate] AbM e Ha] 2
AAE =88t A3}, dehydrocostuslactone(l) 2! costunolide(2)
£ 4%k

3}eHE 12 HRESIMSO) &ty 1 £ o2 I mz
230.1327& viERe], o159] #AH)E C;H 0,2 Asirt.
T3} IR spectrumelA+ y-lactone?] 418 tEhl= 1780 cm™
o] ¥4 =g #581%ith 'H NMROME 6.20 9 5.48 ppm,
4.88 % 4.80 ppm, 7181, 525 X 505 ppm®] 32| exomethylene
proton peak’} #ZE STk TS, 3.95 ppme] methine proton?)
peake y-lactonete] AbAoll QIASE 699 proton®Z oI
t}. =3k ¥C NMR YWDEPT AHE | = 47]9] tertiary
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Fig. 2 - Cell proliferation on human breast cancer MCF-7 (2) and
MDA-MB-453 (b) cells exposed to either fraction extracts
(A) or compound 1 and 2 (B). Cells were exposed to either
fraction extracts (A) or compound 1 and 2 (B) at various
concentrations (ranging from 12.5 to 50 ug/m/) for 24 h. All
data are reported as the percentage change in comparison
with the vehicle-only group, which were arbitrarily
assigned 100% viability, *P<0.05, Significantly different
from the control group (the vehicle-only group).

carbon(3 45.0, 47.5, 51.9, 85.2)%} 4712 secondary carbon(5:
30.2, 30.8, 32.5, 36.2)=} 3712 olefinic carbon(d. 109.5, 112.5,
120.1) 78132 47119] quaternary carbon(§. 139.7, 149.1, 151.2,
170.2)0] FZEUTE. 05 velEelA 170.2 ppme] A€ g-
lactone$te] carbonylZ| oA FEE e peak® AdEHNoH, =
3, 'H NMRelA <J4+¥ exomethylene® &&= 71zt ¥C
NMRS] 120.1, 109.5, 112.5 ppm®] olefin carbon A]7 1] 23}
o] glEt 4= glgich, 3t 'H NMRE 3.95 ppmi} 7 1¥C
NMR9] 852 ppm] Al 1E-& Ak4 571 A3 tertiary
carbon®l] Sj@ah= O R < F=Sict. TH-H COSYS] Azl
2)ste] H-1/H-2/H-32] Atsta}t H-7/H-8/H-92] correlation 5]
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#=5 0w, H-13/H-14/H-152] methylene proton A}e]<]
correlation 4] FFHFUTE ©l2k 22 NMRe| 2 2 HE
HE Z35}e], 318 12 dehydrocostuslactone® 2 A&}
TH(Table 1)1+

2}gE 2& HRESIMSel &jate] 1 £2F o2 33 miz
232.1482% ttERYo], o159 EAFE CjsHy 0,2 H7 33t
IR gJslo 1776 em™e] F5 =S A5 FEE 29
B3C NMR % DEPTY Az}l 2l&}od, 2712] methyl carbon(¢
16.0, 17.3)% 4719 tertiary carbon(; 50.3, 818, 127.0,
127.2), 57/1¢] secondary carbon(§; 26.1, 27.9, 39.4, 40.9,
119.6) 12131 47119] quaternary carbon(8c 136.9, 140.0, 1414,
1704r] B350k 'H NMRZHER 143, 1.71 ppme] methyl
proton®} 5.53, 6.27 ppm<] exomethylened- 2131510, 4.86
ppm3} 4.75 ppm2] olefinic protone] EA7F FRIH AT o1&
protonS C NMReIA €R1E olefinic carbon(s¢ 127.2, 127.0)
3} BEste] 1 YA7F 47 C-13 C590l YXske 2s & ¢
o1l i3t 1704 ppmel carbonyl peakell 2Jsto], IRAIMZ
glol® ule}l o] 33HE 290 ylactone®Ho] EAcHE A%
golst 5= gk w8 'H-'H COSYoll 9o 313HE 2=
macrocyclic BFEEQ 21 & F AUNoH, ol A 9l
TS F3slo] 3R 25 germacraneZZ9) costunolide®
1 TEE FEAYCK Table DM

B 2eag2 8t AZF MCF-77F MDA-MB-453°] ©f
3 g A Z7E AER o]Fo] Aok Fig. 29] Acl vekd
ule} 7o) hexane fraction®] MCF-72} MDA-MB-45 + A|X5
ol sl Ag] = 50 ug/miell AUolA 27t 83.2%3 89.9%2]
B85 Ageti on, CHCI(52.6%, 52.4%)7 1-BuOH(13.6%,
31.3%) fractioncl] H]5}o] 93k QhA|EZel] gt BS54l a3t
2 Jeh}glr}. =3} hexane fractionol 4] 8@ F 313HE
dehydrocostuslactone(1) 2 costunolide(2)ell thate] Fdst 4
S AAIEE A3, 1% 25 125 ugmie)] F=olA R E 7913
Q1 AEAEAIS veon, ojgdt Ae vk IEAU A
8 Ao s BHEATHp<0.05, Fig. 22 B). &3 1 A7
TE 50 ugmiel A BH3HE 17 28 747} 27.9% B 40.0%4)
MDA-MB-453 AIE72] A& Ao, ole e A
MCF-7 AE5ollA] Bt 85k SEE i

ojite] Aol dolR e 13 2= 53 dixz
sesquiterpene?) guaiane(azulene(C5-C7)E43} a-methylene y-
lactone® & 743)7} germacrane(C102] macrocycle®} y-lactone
o7 TAEZA2 AFFERA, o]Fe] VER AET FEA 3
B2 okl 9] 7Fs/de] Zidigtta & & 9lev, ol
A% =S P Y K29 71Tl digt ZRgRE A
Fahed 9ot ukar Abggch T, S Age] Aol
hexane fraction®ll = 33HE 13} 2 olglo| % v I E319)

47} sl vl B B tet A% el Bast
cha s,

ZHMel B

o] =EL 20053 AH@EAHAAN) AdoR Bt
AEAEE] LS ol 3E AU (KRF-2005-005-J13001).
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