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Active Principles of the Methanol Extract of Korean Mistletoe Responsible
for the Inhibitory Effect on the Proliferation of Human Tumor Cell Lines

Jee Hee Seo, Yeon Hee Choi, Jung Sook Kim, Seong Kie Kim, Sang Un Choi,
Young Sup Kim, Young Kyoon Kim', Sung-Hoon Kim’, and Shi Yong Ryu*
Korea Research Institute of Chemical Technology, Daejeon 305-606, Korea
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’Graduate School of East-West Medical Science, Kyunghee Uniersity, Yongin 449-701, Korea

Abstract — A bioassay-guided fractionation of the whole extract of Viscum album var. coloratum Ohwi (Loranthaceae) led to
the isolation of two triterpenoidal components; oleanolic acid (1) and B-amyrin acetate (2), and a flavonoid, homoflavoyadorinin
B (3) as well as large quantity of free fatty acid mixtures as active ingredients of the extract responsible for the antitumoral prop-
erty. The EtOAc soluble fraction and BuOH soluble fraction of the extract demonstrated a significant 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) in vitro, whereas the remaining water soluble fraction exhibited a poor inhibition.
The intensive phytochemical investigation of the EtOAc soluble fraction and BuOH soluble fraction of the extract indicated that
the oleanolic acid (1) and large amounts of free faity acid mixtures might be attributed to the in vitro antitumoral property of

the whole extract of Viscum album var. coloratum.

Key words — Viscum album var. coloratum, Loranthaceae, oleanolic acid, fatty acid, antitumor, cytotoxicity

k=4 A-9-4Fo](Korean misletoe; Viscum album L. var.
coloratum Ohwi)e F54 FEo2 2 FhFF, vy
30, dhE Sof] o] AR= Loranthaceae (7-9-240]
el Sate FHEAERA] S5 719 doz YAE B
£ dA A B Q5L 222w BFAE 3l v
AY21E (semi-parasitic plant)ZA] SHPHO B = 7B (HFk
AR), 7B EEFE), 71 ELEFE), F71AHEE),
VA ETE) o2 B9 It 3, A Kk
s RRE (LIRS = 714 (Viscum album L. var.
coloratum Ohwi ; 74-9-2¢]) 2 23714 (Loranthus parasiticus;
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B=EAY A-2ho] (Viscum album L. var. coloratum Ohwi)
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ey No)
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el 4] 9S8 7R o]EFl A
L FE o2 il ozt T F=AS gy oo
Hel| o] glo] 2Fe] wof H&sie
oja)ale] Wolaln, gt Y, S, ol s, 7
A& 59| JlEsol HuHy Yokt 53] Aol
54 5 A LAXEE g9 848 dy et
g TG AE L NEEZAZ FHsH ARH
3 Qlow e FadEo 2= JEA (glycoprotein)
Algol &3l= lectinF o} THAA G &= viscotoxin
F7) 2 gEA Uk

£ AA=E A549 (non small cell lung), SK-OV-3 (ovary),
SK-MEL-2 (melanoma), XF498 (central nerve system) %!
HCT-15 (colon) 5 5%<] A&l LA gt Al A
3 AN EAE AKE sl 3000452] HA L] FAEA
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& AAste] 2 Z3 skt Agate] &9 MeOH F4
Eo] BE IEF tiste] 43t A2 A ads
e 3 8-S BT < At o33 A7 A 3
A Agatole] MEE MeOHS F28ul2 ARR3le] &
T AT F20) AY E7FsdaL FRASE FE0) U}
sithy slelEbs 1 oke@o] % AAdrky deRl
lectin 22 viscotoxin & A 574 2 L&A F84 w82}
FradEsde A v A4 g fadiEeo] A%
do] M2 MeOH FE& T TH= Udes A3
3ok o)9f 22 7MY Bl B AR B dhAk At
o] %2 MeOH #2225 lectinF 9 viscotoxinFoll
EolA] e EUE e B AAskiA B o

= T

off M

e U we

AleF & 217] — 2 Aol AREE Aok BF 55 (GR)
2 15 (EP) A°FS AME3I o™ velutin B AWM EE
< AldrichA 258 743t} §74-2 Haakebuchler V)&
8 F4718 o83l 24 on 2=z 1Ay
&4 ol s th AF = [a]DE JASCO DIP-4 digital
polarimeterZ, Low resolution MS (70 eV)<= JEOLA}2]
JMS-DX 303 mass spectrometer, 1% proton % carbon
NMR spectrat™ Bruker®] AM-300 ¥ AMX-500% ©]&3}
of FAgsith 53] 7|AEA %2 g AHE-S S
peakE 715 peak® AME-3t] chemical shiftx| & 785132
1 §(ppm) 22 H A S TE Column chromatography+
silica gel (70 —230 mesh, Merck), Lichroprep RP-18 (40 —
63 um, Merck)s ARE3HATE

StM|Z SA| Xali&M(in vitro cytotoxicity)e]l E& — 413
off ARE-GH LAZ E-2 A-549 (non small cell lungcarcinoma),
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)©|™ ©] $tA|EZE-2 EF human origin
tumor cell lineg =X, P52] YA (NCDEF-E] &+
afatol gh=alsked Aol A Aldulg T AL AHEEIA
of Wi FH-2 5% fetal bovine serum . E ¥ 7} RPMI
1640 mediume AHE-3F2.H, 37°C 32 35 5% CO,
incubatorol| A1 Wl FEFATE Al ] AldlE 3 -4l 13
staom, AlthA] NEE 87] FHe s R gEA)7)7]
¢18}e] phosphate buffered saline (PBS)-&<49l 0.25%
trypsin®} 3 mM trans-1,2-di-amino- -cyclohexane-n,n,n,n,-
tetraacetic acid (CDTAYE =91 £-9& AL8-315t).
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(NCDONA 2FE-9] in vito FLEAAE 1A o2 A3
95ted 7R sulforhodamine B (SRB) assay HPH°& &
3ttt 2 AE A TES AP AR 95k
4 trypsin-CDTA S0 2 §7|5-2 0 25 E gein)7)
1, 96 well flat bottom microplate (Falcon)®ll 2+ well &
A E57F 5% 10° (A 549, HCT 15), 1 x 10" (SK-MEL-2,
XF 498), 2% 10* (SK-OV-3) ©] H=Z BFart. #5545
AIZE-L CO, incubator Wollx] 2417+ wjesie] niete]] 5
ZtA)1Z] F- aspirator® mediaE A ASIL 65%2] log dose
Z mediumC 2 343} test material SN A7} Eof
A= welloll 2t 100 k¥ 384 (triplicate)2 H o153, 48
A ZHESH B kst AAE AL Ao DMSO
(dimethylsulfoxide)oll %<1 3 vjA|-§ 02 3543} O
F vke-dl 5 DMSOQ & 05% ©I3t HEE 59
o} AAgNe A Eo) 7}8}7] Hol| miliphore filter2. <33}
slo] Age] TaJHE FABIATH AEE o} 48K7F
iokst & ZF well®] mediume AASH 10% trichloroacetic
acid (TCAYE 100 ul 7Faked 4°Coll A 1A17HE<E W] 8)
o] MFEEL plated] vlEAd IAZAFHTE AlEe] 377 0]
i F plateE SFTE 5638 A3 YolRlE TCA
b 3] AASL A2oA F& BV fleS 7

RS

obi| E Z2 X842 1989 0] njFe] FYPAAFLA
A

ZAZT HAE] H2E plate= welld 100 wie] 1% acetic
acid 8910 04% SRBE =<2 LA 7hsto] 3027F
MEE G THA] 1% acetic acid FH O 2 5-63] A
Hoto] Ao AjtalA] &2 e SRBS Al AT
olgA FGMH cell plateES ThA] H2ol|A] ARAIZ &

”

Sle] titer plate shakerZ 107t shakingdtel g &

ZA17] % microplate readerS A&t 520 nmolA &%
T2 2gslsivt. GAIEE 3 o=l BAE At

f

5l oHE-S JlsHE AR 9] MES(Tz, zero time)S}t
oFE T4l T3] mMiAIREE Thato] 48A17F vl 4ES o o
M ESC, control) 2 ZHEE o] o2 A 48417 H| %k
P& wio] ME (T, esn Z7F S48k T3] 20
we} gUEAAS AT § Tz> Tl 250l [(T-
Tz)/(C - Tz)] x 10022 A4S R AL, Tz< T A--ol=
[(T = Tz)/Tz] x 1002] =208 ALt o]|&A At
ZHER HE LOTUS program®] data regresion tools ©}-§-
slof oFEo] QMY F4E 50% A dke FE2 50%
effective dose (IC5)& A4HHATE.
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oA sl ARidiglw g W] S AR &
Ago) AME-3192H voucher specimens 3F=3}8M 7Y
2 SRlgha A28 gkl 22 BaEe] Qo).

£ # 22

ZAZE #A$A0] 3kg& MeOHol 597 WA & &
B Y FE38l MeOH extract 132 g2 LAt} o]
MeOH extractZ ethylacetate (EtOAc)®t 5752 partition
gt & EtOAcE S 753319l EtOAc soluble fraction
230 g% Ak A5 E2L butanol (BuOH)E A3} 22
st BuOH soluble fraction 32.7 g2 A1t} EtOAc
soluble fraction 23.0 g& hexane/EtOAc T3S 858
vl 2 AR8-3l stepwise gradient elution W22 silica gel
(70 — 230 mesh, 750 g) column (J=5.0 x 100 cm) chro-
A A8t Fr-1 (176 mg), Fr-2 (6.4 g), Fr-3
Z 57fle] B ﬁ o7
silica gel column (J=2.0 x 40 cm)
chromatography (hexane/EtOAc=20:1)5 4 A]&}o] Fr-21
(4.3¢), Fr22 (1.0g) 2 Fr-23 (1.0g)& AUt Fr21&
EtOAc/hexane®ll <] ¥ alumina column (J=1.0 x 20 cm)
< SHAA Fr211 (2.0 g), Fr-212 (50 mg) ¥ Fr-213
(24 mgyS AU Fr-211% EtOAc/MeOH EF-gajoll %=
g A3 7 22344 (compound 1) 200 mgS AT
5, Fr-3& hexane/EtOAc §7fofl W|ste] FA A4
(compound 2) 1.3 g& AU}

BuOHZ 32.7 g& MeOH/H,0 E34mjE =82 3}
o stepwise gradient elution 2] © 2 RP column (Lichro-
prep RP-18) chromatographyE A Al81e] Fr-Bl, Fr-B2, Fr-
B3 5 & 09 fraction®E Wit} o] 3 Fr-B3 (12.1g)
< silica column chromatography (MC:MeOH=10:1, 8:1,
5:1)F A A3t Fr-B31 (2.8 g), Fr-B32 (220 mg), Fr-B33
(10g) E Fr-B34 (1.7 g)& 43t} Fr-B33 (1.0 gy EtOAc/
MeOH -&-<4ollA w3437 (compound 3) 430 mg2 A4
3k, -

Compound 1 mp. 241°C, C;,H;,0,, [o, +68.9° (¢ 0.5,
CHCL,), 'H-NMR (300 MHz, CDCL,) : 8 5.12 (1H, t, J=
3.5 Hz, H-12), 445 (1H, dd, J=11.0, 6.0 Hz, H-3), 1.98
(3H, s, COCH,), 1.78 (3H, s, H-27), 0.98 (6H, s, H-26,
25), 0.89 (12H, s, H-30, 29, 24, 23), 0.80 (3H, s, H-28)
BC-NMR (125 MHz, CDCL,) : & 171.0 (COCH}), 145.2
(C-13), 121.6 (C-12), 80.9 (C-3), 55.2 (C-5), 47.5 (C-9),
47.2 (C-18), 46.7 (C-19), 38.2 (C-1), 37.1 (C-22), 34.6
(C-21), 33.3 (C-29), 32.5 (C-7), 31.1 (C-20), 28.3 (C-15),
28.0 (C-23), 26.9 (C-28), 26.1 (C-16), 25.9 (C-27), 23.6

matography &
(5.0g), Fr4 (642 2 Fr-5 509 5
Rl o] F Fr2E
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(C-30), 23.5 (C-11), 21.3 (COCH3-3), 18.2(C-6), 16.7 (C-
4), 15.7 (C-25).

Compound 2 white needles, mp. 196 — 198°C, C;H,505,
[o]=+64.6" (¢ 0.4, CHCL,), 'H-NMR (300 MHz, CDCl,) :
6 0.76 (3H, s), 0.78 (3H, s), 0.91 (3H, s), 0.93 (3H, s),
0.94 (3H, s), 1.00 (3H, s), 1.14 (3H, s), 2.82 (1H, dd,
J=13.6, 4.2 Hz, H-18), 3.20 (1H, dd, J=9.6, 4.8 Hz, H-3),
5.29 (1H, t, J=3.6 Hz, H-12), ’C-NMR (125 MHz,
CDCl,) : 8 384 (C-1), 27.1 (C-2), 78.7 (C-3), 38.9 (C-4),
55.2 (C-5), 18.3 (C-6), 324 (C-7), 39.8 (C-8), 47.6 (C-9),
37.1 (C-10), 22.6 (C-11), 122.6 (C-12), 143.6 (C-13), 40.9
(C-14), 27.7 (C-15), 23.4 (C-16), 46.5 (C-17), 41.6 (C-
18), 45.8 (C-19), 30.7 (C-20), 34.4 (C-21), 32.6 (C-22),
28.1 (C-23), 15.5 (C-24), 15.3 (C-25), 17.1 (C-26), 25.9
(C-27), 183.6 (C-28), 33.1 (C-29), 23.6 (C-30).

Compound 3 pale yellow needles (EtOH), mp. 208°C,
C,sH,0s, 'H-NMR (300 MHz, DMSO-d) : 6 129 (s, 5-
OH), 7.68 (1H, dd, J=8.1, 2.0 Hz, H-6"), 7.63 (1H, d, J=
2.0 Hz, H-2"), 7.22 (1H, d, J=8.1 Hz, H-5), 7.02 (1H, s,
H-3), 6.84 (1H, d, J=2.0 Hz, H-8), 6.38 (1H, d, J=2.0 Hz,
H-6), 5.44 (1H, brs, anomeric H of apiose), 5.31 (1H, d,
J=5.5 Hz, anomeric H of glucose), 3.90, 3.89 (each 3H, s,
3', 7-OCH,), "C-NMR (125 MHz, DMSO-d,) : & 163.5
(C-2), 104.8 (C-3), 182.1 (C-4), 161.1 (C-5), 104.3 (C-6),
165.2 (C-7), 92.8 (C-8), 157.3 (C-9), 104.7 (C-10), 1239
(C-1%, 110.1 (C-2", 149.7 (C-3"), 149.1 (C-4"), 114.8 (C-
51, 119.8 (C-6"), 98.0 (C-G1), 74.80 (C-G2), 77.0 (C-G3),
69.9 (C-G4), 77.1 (C-G5), 60.6 (C-G6), 108.3 (C-Al),
76.0 (C-A2), 79.4 (C-A3), 73.9 (C-A4), 64.4 (C-A5), 56.1
(7,3-OMe).

N
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Ak Agato] MeOH 558 5790 der 7 =
EtOAc, BuOH®| A2 dARE S, 7 SR Es Alg
2 3ted A549 (A EH|5), SK-OV-3 (d4:94), SK-
MEL-2 (FAFF), XF498 (5521 74AUF) 9 HCT-15
AZLT) 5 539 AR GAET g AgHE
(in vitro) M ZZ XA G35 &4 se] B 43} EOAc
solube fraction®] -5+ &4 (A5498] M ZZ21E 50% A
sk F= [ICsF= °F 30 ug/mhS 2oFE W BuOH 7}
|1 3 HE 784 82 Yool vlsiA ek
TH(ICs,] > 100 pg/mi). Wb 7Hg 958k Al E52] 4]
EHE HFE EitOAc solube fraction® A<sh Wb w}h
2} column chromatographyE W23t compound 13}
compound 25 2|3}t
Compound 13} compound 29| Z}<&

2s3slA AEE B35

A= F'Jj;:}ﬁl—?@ /\4/\]- 5%
A3} compound 13 compound 2
+ oleanane 7| € 2] pentacyclic triterpenoid®] 291 B-
amyrin acetate'”%} oleanolic acid® 7z} g E Y o]
= % compound 2= 10 pg/ml ©)ge] TR HA U
&t M EFA] A EE BejFE W compound 1 100
ng/ml ©)5ke) FPQol| M= o gk M| 20| thtoi e
TRl Al 252 AEAde HolFR] B3l TH(Table 1).
& EtOAc soluble fractionS E4-F% %‘.— ol whet
column chromatography® A k= =5 B3 GAE =
21A 8 &7 (A5490) TigE IC,=20 ug/m)E JERRTL U&=
mRle} o] T AEEAT). B8k o] AJEe] 54 alumina
geloll g7 F2 AAHEE 548 ©]8-3k] EtOAc soluble
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fraction LF-4 4] alumina gel® GA|St] & A3} o]

AJE-2 A EtOAc soluble fraction & 58<] 20% ]S
AL D2 & 5 AT FHA, o] FE-9) 'HNMR
3 PC-NMR dataZ #4131 £ A3 o5 Bxsby
Shap A RAbe] M2 HIE B SR 4] e frelA]
k] SRMES & o Agler ol /A silica gel
column chromatography £} RP-18 column chromatography &
o Mo R= Y 01*@ BA7Y Erbsste] Al AL Q)
= A IFEFES FYst A ESA AsadE v
2 A Bl Hak).

I A FARAES YA 10 ugml o] sE%
Aollx] FA S MEZAANEAE TR lauric acid
(C12:0), palmitic acid (C16:0), stearic acid (C18:0) &
FAARES] oleic acid (C18:1) 2 linoleic acid (C18:2y5
st wiste] iAo ® et A ESA] Ao

BE HolSRuk(Table 1). AWFAk(fatty acid)®] A X%
2] Al thsloire 27k a5 x19]ofite] sty
o =gho] AT 2 palmitic acid & A HAHE ]
human leukemic cell line MOLT-4¢)| th3}te] A E52] 4 &)
27 2 apoptosisE FEdhs A7} Qivke B dE

Ha glo] B dmpge & 5uglste] FagleyH

g v)ekel S EF A A S VER L 3l BuOH
&gt Wl whet silica gel column
g A3 flavonoid HlBA & dF<l
compound 3 (homoflavoyadorinin B; luteolin 3',7-dimethyl
ether 4'-O-3-D-apiofuranosyl- (1—>2)—B—D‘glucopyranoside)m)
o] ¥-2|=olt}. o] =L in vitrool A Wil 1A-H-el
UAZ] AR AHNE v R RIS Hrlee] 2

soluble fractions
chromatographyZ 4 A|

Table I. Inhibition of tumor cell proliferation by components from Viscum album var. coloratum on human tumor cells

IC,, (ug/ml)*

Compound

A549 SK-OV-3 SK-MEL-2 XF498 HCTI15
oleanolic acid (1) 16.2+0.06° 124£0.08 18.5+0.10 28.2+0.09 12.1+£0.08
[-amyrin acetate (2) >100 >100 >100 >100 >100
homoflavoyadorinin B (3) >100 >100 >100 >100 >100
3, 7-dimethylluteolin (3*) 8.510.03 8.210.03 11.2£0.06 22.7+0.09 2.1£0.08
lauric (12:0) 13.3+0.06 19.4+0.08 17.810.06 21.7+£0.12 15.9+£0.08
palmitic (16:0) 13.0+£0.07 7.8+0.06 13.8 £ 0.06 9.2+0.06 16.3 £0.06
stearic (18:0) 17.3£0.08 10.1 £0.06 18.9+0.08 16.2+0.06 20.2£0.06
oleic (18:1) 38.6+0.12 30.4+£0.09 35.810.10 29.41+0.09 39.5x£0.09
linoleic (18:2) >100 >100 >100 >100 >100
doxorubicin 0.1£0.02 0.2£0.02 0.1+£0.01 02+0.02 1.8 £0.05

“ICs, 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.
*Data are mean+SEM. of three independent experiments.
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ﬁo}_,—]_ o] = 6101- g—ﬂ o] :5]- FtOAc _,_:g:] KR §1—/\5L|9r_1,:_
-8 ¥ (Bioactivity-guided fractionation)®l] w2} chromato-
graphy H o2 A S A3 oleanolic acid (1), B-amyrin
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