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Inhibitory Effects of the Stem Bark Extract of Eucommia ulmoides
on the Proliferation of Human Tumor Cell Lines
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Young Sup Kim, Young-Kyoon Kim', and Shi Yong Ryu*
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Abstract — A bioassay-guided fractionation of the stem bark extract of Fucommia ulmoides Oliver (Eucommiaceae) led to the
isolation of three iridoid constituents, genipin (1), geniposide (3), geniposidic acid (4) as well as (+)-guaiacylglycerol (2) and
fatty acid mixtures as active ingredients of the extract responsible for the antitumoral property. The EtOAc soluble part and
BuOH soluble part of the extract 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), XF498 (central nerve system) and HCT-15 (colon) in
vitro, whereas the remaining water soluble part exhibited a poor inhibition. The intensive investigation of the EtOAc soluble
part and BuOH soluble part of the extract yielded genipin, guaiacylglycerol, geniposide, geniposidic acid and large amounts

of fatty acid mixtures as active components

Key words — Genipin, geniposide, geniposidic acid, Eucommia ulmoides

TS (HH) Eucommia ulmoides Oliver< 353}
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2 A7l AR A9k BF 57(GR) B I(EPHE) A
kS ARESIR o AIEEELS AldrichA 2 HE Y8t
St} 832 Haakebuchler PI8-4 $4715 o183l &
Aataon SAHA= w2 BAG3HA o) AFE
[o],= JASCO DIP-4 digital polarimeterE, low resolution
MS(70 eV)+= JEOLA}2] JMS-DX 303 mass spectrometer,
7} proton ¥ carbon NMR spectrat Bruker®] AM-300
2 AMX-5005 ©l8-sle] Z7gsisict. 5183] 7IAfskA] ok
gk, AFS-3F &7 9] peakE 7]F peakZ AME-8}ed chemical
shiftx] & B3t92™ S(ppm)SE FE A3t} Column
chromatography+ silica gel (70—230 mesh, Merck), Lichro-
prep RP-18 (40-63 um, Merck)S AM-31599 ™ preparative
TLCE= Kiesel gel 60 F plate(0.5 mm, Merck)S AF&-3193t}.
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©1 voucher specimens =318 2 HTlo sk A
s glel] Batgo) 9o},

A2 7% 1kgs MeOHol| 547F WA & 709t &
% 8} methanol (MeOH) extract 105 g2 LA} o]
MeOH extractE: ethylacetate (EtOAc)$} 5572 partition
3 ¥ BtOAcES 75538 A3 EtOAc soluble part 27
gS AL ZF 252 butanol (BuOH)E FE31] BuOH
soluble part 10 g& ¥ EtOAc soluble part 27 g&
hexane/EtOAc EH-E| & §& 8|2 AL&3}e] stepwise
gradient elution 2] © =2 silica gel (70-230 mesh, 750 g)
column (J=5.0x100 cm) chromatographyS A&} EC-1
(660 mg), EC-2 (162 g), EC-3 (136 8), EC-4 (3.24 g), EC-
5 (54¢), EC-6 (4.66g), EC-7(52¢) 5 & 719 fraction®
2 U5k ©] 5 EC-58 EtOAc®] 9% alumina
column (J=1.0x20 cm)yS A7 2L §50-& 553y
thA] silica gel column (D=2.0x40 cm) chromatography
(MC:MeOH=200:1-20:1)& A3l EC-51 (600 mg), EC-
52 (760 mg), EC-53 (2300 mg), EC-54 (490 mgy& AUt}
EC-54 (490 mg)e= 70% MeOHZ 8= 02 Alg-3l] RP-
18 column chromatography S A1 $+ 25} compound 1
(120 mg)y= FE81Th

EC-53 (2.3 g)& RP-18 column chromatography 2 silica
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gel column chromatographyS 21| WHE&laL #HEH o2
preparative silica gel TLC (MC:MeOH=20:1)& 4 A| 3}
compound 2 (59 mg)ys 23T}

BuOHZ 10 g& MC/MeOH &30S S3-8n2 AM&
8lo] stepwise gradient elution WS 2 silica gel (70—230
mesh, 750 g) column (J=5.0x100 cm) chromatography &
2A)E1] BC-1 (221 g), BC-2 (750 mg), BC-3 (2.55 g), BC-4
(1.5g), BC-5(2.74 g)& VAT BC-3(2.55 g)S MeOH/
H,0 (step gradient)Z RP-18 C.C.Z A&} 47)|¢} 28
< 9o 1 F 2HA E¥<l BC-32E silica C.C.
(MC:MeOH=20:1, 10:1, 1:1)E AEFAA 5 compound 3
(232 mg) S Ao™ BC-4(1.5g)E RP-18 C.C. (30%,
100% MeOH)3}d compound 4 (250 mg)E ]33}

Compound 1 344874 (MeOH), mp. 120°C, C, H,,Os,
'H-NMR (300 MHz, CDCl,) : 87.41 (1H, s, H-3), 5.79
(1H, brs, H-7), 472 (1H, d, J=8.7 Hz, H-1), 423 (2H, m,
H-10), 3.66 (3H, s, -OMe), 3.12 (1H, m, H-5), 2.81 (1H,
m, H-6), 2.46 (1H, dd, J=8.1, 8.7 Hz, H-9), 2.02 (1H, m,
H-6), "C-NMR (125 MHz, CDCL,) : 836.6 (C-5), 38.9
(C-6), 47.8 (C-9), 51.3 (-OMe), 61.1 (C-10), 96.3 (C-1),
110.5 (C-4), 130.6 (C-7), 142.1 (C-3), 152.6 (C-8), 168.0
(C-11).

Compound 2 74 A4, C H,,0s, [0l,=0 (CHCI, 0.1
%), '"H-NMR (300 MHz, CDCL,) : §3.13 (1H, m, H-9),
3.88 (1H, m, H-9), 3.90 (3H, s -OMe), 4.26 (1H, m, H-
8), 4.76 (1H, d, J=4.0 Hz, H-7), 6.83 (1H, d, J=8.0 Hz,
H-3) 6.90 (1H, d, J=8.0 Hz, H-2), 6.91 (1H, d, J=2.0 Hz,
H-6), "C-NMR (125 MHz, CDCL,) : §: 53.9 (-OMe),
55.8 (C-9), 71.5 (C-7), 85.7 (C-8), 108.6 (C-6), 1142 (C-
3), 118.8 (C-2), 132.6 (C-1), 145.1 (C-4), 146.6 (C-5).

Compound 3 FAEL, mp. 160°C, C,;H,,0,, 'H-NMR
(300 MHz, DMSO-d,) : §2.65 (2H, m), 3.0-3.2 (6H, m),
3.64 (4H,s), 4.03 (1H, m), 4.11 (1H, m), 4.51 (2H, m),
473 (1H, m), 497 (2H, m), 5.08 (1H, m), 579 (1H, s,
H-7), 7.52 (1H, s, H-3). "C-NMR (125 MHz, DMSO-d)
: 8:34.5 (C-5), 38.0 (C-6), 45.9 (C-9), 51.1 (-OMe), 59.4
(C-10), 61.0 (C-6"), 70.0 (C-4), 73.3 (C-2), 76.6 (C-5",
77.3 (C-3), 95.7 (C-1), 98.6 (C-1'), 110.9 (C-4), 125.5 (C-
7), 144.1 (C-3), 151.6 (C-8), 166.9 (C-11).

Compound 4 A E2 C H,,0,, HNMR (300 MHz,
DMSO-d,) : §2.60 (2H, m), 3.00—-3.17 (6H, m), 4.12
(2H, m), 4.53 (2H, m), 472 (1H, 1), 496-5.12 (4H, m),
5.68 (1H, s, H-7), 7.41 (1H,s, H-3). "C-NMR (125 MHz,
DMSO-d,) : $34.7 (C-5), 38.1 (C-6), 45.9 (C-9), 59.5 (C-
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10), 61.0 (C-6", 70.0 (C-4"), 73.4 (C-2), 76.7 (C-5), 77.3
(C-3", 95.7 (C-1), 98.6 (C-1"), 111.6 (C-4), 125.6 (C-7),
1442 (C-3), 151.1 (C-8), 168.1 (C-11).

tMZE ZA|XHEM (in vitro cytotoxicity)2| &3

Ao ALg3 GAHEZEL A-549(non small cell lung-
carcinoma), SK-OV-3 (adenocarcinoma, ovary malignant
ascites), SK-MEL-2 (malignant melanoma, metastasis to
skin of thigh), XF-498 (central nerve system tumor), HCT-
15 (colon adenocarcinoma)®|™ ©] YHEELS EF human
origin tumor cell lineE2M, P59 FHYATFLNCDE
BE Fopdol 33l Aol Altlg F< 2AE A
2.3t th vkl e 59 fetal bovine serum 2.2 H7HE
RPMI 1640 medium$ A+-8-51%3.21, 37°C &2 &5 5%
CO, incubatorol| 4] wjF3tATE M EL] At 3-44] 1
34 stgow, At MEE &7 FERios 1 ge
A717] 918te] phosphate buffered saline (PBS) -8 <4 <]l
0.25% trypsin® 3 mM trans-1,2-di-aminocyclohexane-
n,n,n,n,-tetraacetic acid (CDTA)S =<1 8982 ARSI T

A SR AL 19890 mlFe] FYPLATA
(NCDeIAM 2FE9] in vitro FLEEE 1302 4517
9J5}o 7Nk sulforhodamine B (SRB) assay 8% &8
stk = AlUlEA AZES AP AHEE] Hste -
2 trypsin-CDTA £ o2 87|50 2 5E Eeir|7)
3, 96 well flat bottom microplate (Falcon)®ll Z} well &
AEZ7} 5%10° (A-549, HCT15), 1x10" (SK-MEL-2, XF
498), 2x10* (SK-OV-3)0] HE= B3}, B8 A=
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£2 (O, incubator NollA] 24A17F wjokate] wpete] 53}
A7l & aspiratorZ mediaZ A AL 6 FES] log dose=
medium©.2 3418} test material £RES ME7H 0] 9
= wellell Zk2t 100 ur¥ 3ul<(triplicate)® FOIFL, 484]
7752t o] Wit AAEA-e AFe] DMSO(dimethyl-
sulfoxide)ll =21 F wj|gH o2 S5 o F wh3
% DMSO9| =& 0.5% ©l37t H=% a3t AL
& Aol 718171 Aol miliphore filter2 &J3}3te] A H 2
EFAHE AT AZE e 48A17F v &
Z} well®] medium< A A3} 10% trichloroacetic acid
(TCAYE 100 ¥ 71381ed 4°CollA 1A17HE<E A8t Al
¥ EL plated] ulebHo] ZAA AT AE] o]
e & ZFFE 5-68 AFHE Holgle TCA €9
S &3 AASE AN T BV} I=F 1A2A
Ak ¢AF] AZRE plate & welld 100 ule] 1% acetic
acid &4l 04% SRBE =21 G484E 7iate 3087k
A EE G} TA] 1% acetic acid SHOE 5-63] Al
Hste] Ao ATsA 2& FHde] SRBE AAIHAT
o]ZA M cell plate & T HA2o0A A F
well 2 100 wl¢] 10 mM trisma base (unbufferedy&HS 7t
319 titer plate shaker2 1037} shakingdle] FA1L &
ZA)17] & microplate reader® AME-3d 520 nmolA &3
=2 245k GHEE g GEe] FHE Aty
351 SFE-L 7keHe A1RNA ) M ES(Tz, zero time)2t
oFE )4l Eo] mediumHE 71ER] 48X 7F WS )
o] AMES(C, control) @ ZMEe] FEF T 4847F vl
oF L we] ME F(T, testyS 2z SA 3 thge] 2

o
=
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off we} S AL & Tz>Tl 750l
T2AC-Tz)]x 10022 ARSI, Tz< TS 73-2-0)
Tz)/Tz]x1009] 202 AT o) &A ALk
2 H¥ LOTUS program®] data regresion tooks ©]-25}]
oFzo] L] TS 50% Aslish= FE 50% effective
dose(ICs)& ALtttk

(T-
(T-

H=

i orr

L

dn % N
AS49(F1 &M Z =), SK-OV-3(H49F), SK-MEL-2(Z
AT, XFAREFFABAUT) 2 HCT15H AT &
550 AT GFAEF N3t AGHE W (in vito) AE
SHANEHAE ABZ sl Aok 252 FABES
Z7sled 2 A3} Ao F59 MeOH &5 20 ug/ml
—-200 pg/mi2] FEF M s ojEH o 7 oM EE
o] F4& Assiar Yol HAHATE (A549 celle] Al

A A

o= &A%t £ A3 EtOAc soluble part7} $-3F 24
(A5498] AEF2E 50% A3k FE(IC, 1= <F 30 ny
mlyE HodE HbE BuOH 7hE B HE 78479
o] PuIEkAThAS499] M EFA1E 50% Hslshe
E[ICs k= 100 pg/mi o). whebA] 7H8 955k LA
2 A& &35 B EtOAc soluble partS <3l W o)
w2} silica gel column chromatography$} RP-18 column

flo

AT
o ol ot

2 Ao 2 Bgey A58 248 23 compound 12
monoterpene iridoidd]l FEE<2] genipin®E compound 2=
phenylpropanoid A€ %] (+)-guaiacylglycerolZ 57 315 2.
Y 0o]5-& BE 10 pg/mi o149 FEGGANN F5F ¢
MEZS2 A EAE BoFATH(Table 1).

A EtOAc soluble parts &35yl w} column
chromatography® A 8l= 5 BYs A543
B (A5499] HAEZAE 50% Asdhs FE(IC1 = oF
20 ug/mHE YR A= vHe] il ek =l
o} &, o] o] T4 alumina gelol] Al F& AAE=
slekz E44& o]83kod EtOAc soluble parts dH-%
4 alumina gel2 A3l £ A} o] JELS AA| EtOAc
soluble part & % 30% oS AAst A& &
F ATk §9, o] el 'H-NMR# "C-NMR dataZ
EAste] 2 A3} o5 BEXsA R L3 ute] A
2 v HER 4o e fEAibe] eS¢
T dom olE F/FH2 silica gel column chromato-
graphy?} RP-18 column chromatography 2] WHOZ=
O olde] AA Erbsdte] AHE A e AAE R
FE5 Yot GAIESH A BAE ¥ HEsK] B
b=

7 A3} FEAHAES giAE 10 pg/ml 03] =Y
Aok FASE A EF2AHN DS VERNI 31910 lauric

acid (C12:0), palmitic acid (C16:0), stearic acid (C18:0) &

Table 1. Inhibition of tumor cell proliferation by components isolated from E. ulmoides

ICs, (ug/ml)*

Compound

A549 SK-OV-3 SK-MEL-2 XF498 HCT15
Genipin 18.840.06 9.840.08 9.540.10 14.31£0.09 15.140.08
Guaiacylglycerol 31.210.22 24.81+0.25 32.240.12 29.640.21 35.310.17
Geniposide >100 >100 >100 >100 >100
Geniposidic acid >100 >100 >100 >100 >100
Fatty acid
Undecylenic (11:1) 12.7£0.06 22.310.09 18.8+0.08 22.840.10 14.110.09
Lauric (12:0) 13.310.06 19.440.08 17.8£0.06 21.740.12 15.940.08
Palmitic (16:0) 13.0£0.07 7.810.06 13.840.06 9.240.06 16.31£0.06
Stearic (18:0) 17.3£0.08 10.1£0.06 18.940.08 16.210.06 20.2+0.06
Oleic (18:1) 38.61£0.12 30.4+0.09 35.81£0.10 29.4+0.09 39.510.09
Linoleic (18:2) >100 >100 >100 >100 >100
Doxorubicin 0.110.02 0.240.02 0.1£0.01 0.240.02 1.840.05

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

E)roliferation in vitro.
Data are mean+S.E.M. of three distinct experiments.
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Z3AHPARE 0] oleic acid ¥ linoleic acid & EX3FAW4E
o) ¥sle] Ao E 53 NEFHAINEAE BAF
ATHTable I). $H8 AH9Mik(free fatty acid)e] Al E524A]
sl g}ol] thaledA= 22 palmitic acid’} human leukemic
cell line MOLT49] thale] M| EF2 A& a7 2 apoptosis
2 fxshe a3t ke Bavt glo] B drddet 2
S B L A=

39 wjoksiAUnl AAESAAHEAE YR e
BuOH soluble partS Aol ©7]gh upe} 7o) $/3]
<] silica gel column chromatography ¢} RP-18 column
chromatography 5¢] WHo 2 HA|g A3} compound 1]
v @) o) SZ3l= compound 3 (geniposide)s} compound
4 (geniposidic acid)'>"7} ZzF B2]=I3it}. 39 o) 3IF
BES H7RY @ A GHEE o4 mouse®] FTUE]
718 GYA ZAAHLH Y C6 glioma cell T
©2 3 in vitro AYolle EAHOE apoptosisE =351
2 X, mouseE ©]&F SEA YA L 12-O-tetrade-
canoylphorbol-13-acetate® -F'HA|171 FYLAE BHH o
2 A% F olE IFEES) IYEAE A7HH
Aoz AN SR Be ATE W ARH Y vk 22y i
vitrooll Al BFel QAR GAlES] AN EAE e
2 4 ansE sl B A7 49 fEY olg
SIEEL 2% 100 pg/ml ©15ke] FEggoixis A
AMEFE o3 A EFO st o)A FAA NG
A& HAFR Zant.

4 B

oA T35 MeOH FEE°] AS49( A ZRF), SK-
OV-3(F494), SK-MEL-2(EAEF), XF498(FFA 737
45 R HCT 15 3YF) 5 559 AR GAlzEsal
thte] 3k A1 Wl (in vitro) A ZFHATNIHE B
At SREEEE wet 752 MeOH &
E2RE AEZAAINERES FH5t 2 A 494
HELS F2 ethylacetate soluble partol] Bo] FE3}aL §low
o] ethylacetate soluble partE 7} column chromatography
i o 2 AAIS A} genipin(l), (X)-guaiacylglycerol & T
Fo| APAEFES MHEFAAAAARE vehlle 84
AEo R st

2 d7e $ENETAE vlel a2l ATARIY A
Aol s FRAHILT, oo A=A
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