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By, F2 23, 942, 944, WE%) methanol #ZE2 hexane, chloroform (CHCly), ethylacetate

(EtOAc), butanol (BuOH)ZE. fractionationd}<] mouse leukemia L1210 cell®} Sarcoma 180 (S-180) cellel} 7%+
£4& Jehd fractiono] thd] mouse E4Y AAAFE HABAT 24T TYAHAE S1802 ICR mouse
(male, 6~773, 23g+ 3g, A 7ToFE])9] R FA} (1X10° cells/ 0.1 m/ PBS)FF 19 ¥ R-E| 10% DMSO
£33 AlE (30pg/g body weighDZ miY 0.1m/¥ 1043 FAREIE 993 a79 E7AY H3E &
Apstith. A2 fraction FoA] E@ule] EtOAc fractiono] 7F¥ 23 F¢AS Rged, FEIAFANNE
279 1729 (100%)°] Blste] 2878 2AM 167%2 AFHALH, AT F7HEE dE2FEG 23id (p<
005). Eekmle) F=1 (5, 10, 30, 60 pg/g body weight) Bt EIE 30 ugoll Al 714 B, 60 pg A )T A=
EAMo] Jvehytth Euye] EtOAc fraction®. 28] GC-MSd s ARz oz FAHE 2-methoxyphenol, 1-
(4-hydroxy-3-methoxyphenyl)-ethanone, 8-methyl-2,4(1H,3H)-pteridinedione, 25-furandicarboxylic dimethyl ester
7} mouse B4t JA o] #Ao] Qe -T2 FFEZ FAHALT1995E 78 259 F, 19953 948 132 .
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Mz H FE
AR 7 ddol X AAske BT Moutan radix),
F% (Taxus cuspidata), &= (Curcuma longa), A173%
(Artemisia capillaris), 734 Ligristri fructus), %
(Liriope platyphyllays AF 3t B-F o] ZHE LA
oA F B3I Al FF 20809] MeOHZE FH &
F32 (12ZhoursX2)3 F oj#hste] A& MeOH &
2L #4%E A9 o] 559 10g) FFHSF OmiE
7kl AEA)7|AL Fig. 10149 #o] hexane, CHCls,
EtOAc, BuOH %02 &wj&35a).
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1) EAx

2T 23 o 2 EE mouse leukemia L1210 A3
(KTCC: ATCC No. CCL 2i9)¢} S-180 A% (KTCC:
ATCC No. TIB 64 ¥ sttt L12104ZE 10%
horse serum (Gibco BRL)o] §-%¥ Fisher's medium
(Gibco, BRL) 8 x|} vl ok 3}943l, male ICR mouse (8~
12 =)o) E7JojA 7dulrt Aot S-180 MEE
10% horse serum (Gibco BRL)¢] 3-8 ¥ DMEM (Dulbe-
cco’'s Modified Eagle Medium; pH 7.4) vj=]ol|A} 8%
57 =2

@ PHE 544
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Folk medicinal plant sample
Extract twice with MeOH for 12 hours each.
Filter.

Residues MeOH _extract
Evaporate under vacuum
Suspend 10 g with 50 m water
Extract with 100 m¢ Hexane

Hexane Fraction Aqueous Layer

Extract with 100 w¢ CHCly
CHCl;_Fraction Aqueous Layer

Extract with 100 m¢ EtOAc

EtOAc Fraction  Aqucous Layer
Extract with 100 mé BuOH
BuOH Fraction Aqueous Layer
(discard)

Fig. 1. Fractionation of the MeOH extract from folk medicinal
plants by using solvents different in polarilty.

QLA E (2~3X10° cell/m)E 48117+ v (logarithmic
phase: 0.8~1.0X10°cell/m)sle} 37CE 7}eg A=
3 A (B3X10° cells/m)3tH Tt Cell culture plate (24-well
plate: Nunc, Denmark)e] 2zt welle] 3A® AXA 05
m/¢} AE (10mg/m/ DMSO)YE wix|= 10W] 3 A3k
A= (15 30 T 60 u)S JFeta AAgFo] 3miz}
= A W& 7135tk Controle A E A x@EA (05
m/)Z DMSO @A) wiAE H7tete] 3miz 23
3t Az el weke CO, incubator (5% CO., 37C) A
48Xt FEPh AE AEEHL AeE AEY 50
wel 02% trypan blue €9 (50 u)S 7}8te] GAM&ta
hemocytometer2 A&3F AE4E ZA 35S EDy (me-
dian effective dose, ug/ml) o2 FEAIFITE EDgpe
Ao 24 Frd g 4FE Y(%)=(T-Co)/(C-Co)X
100 [Cox= Wiz7] mid HoAHES, TS C= 44
Aok 2T 48Xt HFE Y FTAEFIE
NP

Sarcoma 180 =4 AIE

O AE &

ICR mouse (male, 65%; Daejong Co., LTD, Seoul)=
B-chipe} Z¥ polycarbonate cage (42.5cmX27.5cmX18
cm; 7 whEDollM mouse® pellet AME (Daejong Co.,
LTD, SeouDZ 15U &<t ARAMG S FFo] 25+ 1
gdl AL A AMgEATE. EF AtEE ARRO|
AF3FH L, 22 12A]7F 7HA 9] light-and-dark cycle$:
FASS ARz A FYow, gAY LEE
23+ 1C, =& 50%2 A3t

(2) S-180 mouse B4 AH

Moused] £7 ol vj¥H S-180 AFE EHAL
0.85% ammonium chloride €A £33 o Y4 E

(1,500 rpm, 5 min)3ted E-glalgeh. 22)d S-180 Aol
PBS (Phosphate Buffered Solution) &9 7}3ste] =
A gt A ERGA (1X10 cells/m)) 0.1ml (1X10°cel)S
mouse?] E7}o] FAMSY EFeS F2 AlF . Dime-
thylsulfoxide (DMSO) &< &3)¥ kAl A5 01
mE $180 A E HE 19 F 2y v 134 1043
B} FAbslgtl. Controle MXESF A|go] ARE-H
gujmto g Ay S180 YHEE HFE F A
FZ7be RS dEE A

gMdEF 22l ¥ 3

(1) Column chromatographyell 2%t *-g

Glass column (ImX5cm id)ol|l silica .gel (Merck
77690, Germany)2 70cm®] Fol2 ¢ CHCL:
MeOH (10: 1, v/v)E &83] equilibrium A] 71t} & 719
A ® 5g¥ silica gel 10g& & &33t] columne] %
ol @¢lth Mobile phaseZ4] Z+Zr 500 m/¢] CHCl;:
MeOH (10:1, v/v), CHCl;: MeOH (5:1, v/v), CHCl;:
MeOH (1:1, v/v), MeOH (100%)e wAUZ 9 5
me £%2 elutiondte] 7o w} fractionationd}
Atk

() GC-MSel o 54 53

FAARES TAH37] Y3 AHE-E GC-MS system
Finningan 4510 GC-EI automated mass spectrophotome-
ter (Sunvalle, CA, USA)E A}8-3}43th. Column Ultra-2
capillary column (25 mx<0.2 mm, 0.11 um)©.2 tempera-
ture program (50~250C, 4C/min)S 3} 2™ detector
= FIDgth Compound: Willeybns Library9] data
base9} ¥lm3le] FAHHo T FAHIYT

g2 =

tMIEo et SME T

Table 12 AokA| (B9Y, F5, &5, 4%, 34,
MEEy2 HE 28E fractiond L1210 A X 3 &
AAY AxE JeEhAch EDodt (w/m)e Hdae]
EtOAcZol A 216, FE, <1729l CHCLZAAM 42
102, 2128 YERgo®, £39 hexaned S 107ZA
28 AE 5SS BJAT 4RHFH AEF A frac-
tionoll = EDsgko] 2000 o] Ao 2 MEEAS HolX
skt

L1210 M=o A3 =4& B fractione] S-180 ¢
AE] st =L 2AF ¥t (Table 2). L12109]
AZTEAS B9 fraction oA HHOE oFg A
YEAL Hol 2uine] EtOAc fractiono] S-180¢] tf
AMe 7P B AE 54 (EDy:012)S EAoh O
fraction®] S-180] i3k MEZEAFL Q174% (CHCL),
2 (CHCL), £F (hexane)?] <=0t} L1210 A9
da) AESAe] YEPGA FH A3 49 CHCL 32
S-180 HEd tisiME MEZAo]
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Table 1. Cytotoxiciy of the fractions from folk medicinal plants
for mouseleukemia L1210 cancer cells

EDs value (ug/mi)®

Folk medicinal plant

Hexane® CHCl; EtOAc  BuOH
Moutan radic® >20.00° >20.00 2.16 13.36
Taxus cuspidata 523 102 >2000 >20.00
Curcuma longa 107 >20.00 1355  >20.00
Artemisia capillaris 1231 212 >2000 15.20
Ligristri fructus >2000 >2000 >2000 >20.00
Liriope platyphylla >2000 >2000 >2000 >2000

U Values were the average of three experimental data and standard
deviation (SD) was less than 10% of the average value. ? Solvent
fraction was obtained from Fig 1. ® Trivial mame of Moutan radix,
Taxus cuspidata, Curcuma longa, Arvtemisia capillaris, Ligristri fruc-
tus, and Liriope platyphylla is Mokdanpi, Joomog, Yoolgeum, Inkyeo-
ngssuk, Yeojeongsil and Macmoondong, respectively. ®EDs, value
is greater than 20 ug/ml.

Table 2. Cytotoxicity of fractions from folk medicinal plants for
mouse ascites S-180 cancer cells

Folk medicinal plant Fraction? EDs, Value?
Moutan radix® EtOAc 0.12
Taxus cuspidata CHCl; 5.65
Curcuma longa Hexane 6.60
Artemisia capillaris CHCl; 1.35
Ligristri fructus CHC}4 >20.00°

Y Solvent fraction was obtained from Fig 1 and exhibited a strong
cytotoxicity for L1210 cells, except Ligristri fructus, as shown at
Table 1. ? Values were the average of three experimental data and
standard deviation (SD) is less than 10% of the average value.
9 Trivial mame of Moutan radix, Taxus cuspidata, Curcuma longa,
Artemisia capillaris, and Ligristri fructus is Mokdanpi, Joomog, Yool-
geum, Inkyeongssukand Yeojeongsil, respectively. ¥ EDy value is
greater than 20 ug/ml.

et A2t

L1210 A|3E9} S-180 GA X ths] 23 SA44S K
59 ¢] EtOAcS, 1A%, F59 CHCLE, €79 he-
xaneZ 3 =4E& BolA ¥dd A4 CHCLZo
s S-180 MEZ KE3 mouse EFS JAAHE
ZAVEFE L S-180 Al E (1X10° cells)S male ICR mouse
B FASIY BE49S {37 T, AfAe 7
fraction (30 ug/0.1 m/ 10% DMSO)S wid 1314 1047t
T3t AE HEUZREH UY ¢ F¥49F a9
(Table 3, Fig. 2)¢} 18Y & EH5Y A% wE A
%57t (Fig. 3 =AMt

AEEL 599 (CHCLZ) 277} control A2}
(172990 B3] 167%= @] AYA fraction Fol|A]
7V =A JEldon &7 (hexane®), 91744 (CHCL
), FE (CHCLh®)& Z+Z; 143%, 134%, 130%= }e}d
Sk 2y AlEEAe] e 9384 (CHChZE:)S
5 dAEHE gilth (Table 3, Fig 2). Hdy

- 599

Table 3. Effect of fractions from folk medicinal plants on the
life span of mouse bearing ascites cancer induced by mouse
leukemia S-180 caner cells

Sample? Mean survival  Survival
day? rate (%)®
control 172+ 46 100
Moutan radix® (EtOAc fraction) 28.7+35 167
Curcuma longa (hexane fraction) 2414+ 29 143
Avtemisia capillaris (CHCl, fraction) 227+ 25 134
Taxus cuspidata (CHCls fraction) 221+ 50 130
Ligrstri fructus (CHCl; fraction) 187+22 109

D Solvent fraction was obtaihed from Fig 1 and exhibited a strong
cytotoxicity for S-180, except Ligristri fructus, as shown at Table
2. ? Average survival days of 7 mice counted by 34 days after
the initiation of tumor. Two mice of Moutan radix treatment group
survived for 50 days. ¥ Survival rate was represented as the percent
ratio of mean survival days of treatment group to mean survival
days of control group. ¥ Trivial mame of Moutan radix, Curcuma
longa, Artemisia capillaris, Taxus cuspidata, and Ligristri fructus is
Mokdanpi, Yoolgeum, Joomog, Inkyeongssuk and Yeojeongsil, respe-
ctively.
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Days post tumor initiation

Fig. 2. Survival days of tumor-bearing mice induced by $-180
cancer cells and one day later, given, i.p., the fraction (30 pg/g
body weight) from Moutan radix (MD; EtOAc fraction) and Ligri-
stri fructus (YJS; CHCl; fraction). Each treatment group consisted
of 7 mice. Survival day was counted for 34 days after initiation of
tumor.

(EtOAcE) AHETolMe A" F 502 7HA 2vig7}
Ao} o}, AAlY) H4He 287YdET A 2o

Fig. 39l4E A& ¥ 18Y% moused Hi AHFE
Vel ok HFAF S control oA 18 go] ST
v, Mg A &kes B3H Y mousew oF 3g
Az EFAZ F7t sk 523 (EtOAcT) A2
FANE 10go] F7EAT, &F (hexane?), AB%
(CHCL%) 2 & (CHCL%) AgFdAM= 742t 10, 10.
5 12go 2 Z7}5 o] control 7ol 28] F7IE AF
uE foidel e HAE BAY (p<005). Tt
A F3ao] U A a3de B 4 Ao Table
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Increase in body weight (g/mouse)

Days after treatment

Fig. 3. Body weight of tumor-bearing mice incuded by S-180
and one day later, given i.p. with fractions (30 ug/g body wei-
ght), exhibited cytotoxicity against L1210 and S-180 cancer ce-
lis, from 7 folk-medicinal piants: control (open triangles); Ligrstri
fructus {(closed reverse triangles, CHCl; fraction); Taxus cuspidata
(open squares, CHCl; fraction); Curcuma longa (closed circles,
hexane fraction); Artemisia capillaris (open circles, CHCl; frac-
tion); Moutan radix (closed squares: EtOAc fraction); and untrea-
ted (open reverse triangles). Each treatment group consisted of
7 mice. Each point represents the average body weight of survived.
Body weight from treatment groups, except for Ligrstri fructus, sig-
nificantly different (p<0.05, LSD test) as compared to that of control
group.

4o Me 5oa (EtOAc3)Q] dosed mE E49F A
A7 Jehfar ok Mouse g3 A EE 5ug 15ug,
30 ug, 50 ugS A3t 308 B¢ EEE AL
HAFES control AT 1949 (100%) 21d
u}&f 30 uyg ATt A e 3L1YE control A 7o B8
160%9] AYE&S VERR AT 5 ugH 50 ug X g Tl E
105%9F 90%<] AEE&S 2Jth 60 ug e FolM= 18
d oe BT Fo] Alge o3 HAdo] VeI 30
pg 15 pgS 9% mouseES 309 B¢t z+Z 2w
29} 1nte)7} Atopdt ot control X2 oAy 20
oyl BT =t

HASH | F2l

Edy] 9] EtOAcES CHCl; : MeOH mixtureE mobile
phase= 3} silica-gel column chromatography €. 1771 ]
fraction (F1-F17)& 23 3l4t}t. o] 7} fraction 20 pge)
S-180 Al A AAE2 F4, F5 Fl1, F12, F13, F14,
F15, F16, F170\ A Z+Z} 67%, 57%, 65%, 89%, 60%, 57%,
64%, 62%, 57%R 1, THE fractiond| A+ 50% ©]3}9]
AA&o] eIt 50% ©]de] FAE YFAAEHAE
VERA 237) 97 £ 9] EDs2 Table 59419} 2o) F11,

Table 4. Effect of the EtOAc fraction of Moutan radix on the
life span of mouse bearing ascites cancer induced by mouse
leukemia S-180 cancer cells

Treatment? Mean survival days? Survival rate (%)
control 194+ 32 100
5pg 204+ 48 105
15 g 253+ 35 130
30 ug 311+ 39 160
50 ug 175+ 4.1 90

U Sample (per g mouse body weight) dissolved in 0.1 m/ of 20%
DMSO was administered, ip. male ICR mice (6 week, 23+1g)
treated with S-180 (1.3 X 10° cell/mouse). Each treatment group con-
sisted of 10 mice. ? Average survival days of 10 mice counted by
30 days after initiation of tumor. ¥ Survival rate was the percent
ratio of mean survival days of treatment group to mean survival
days of control group.

Table 5. Cytotoxicity of the subfractions from the EtOAc fraction
of Moutan radix by column chromatography for mouse ascites
S-180 cancer celis

Subfraction” Mobile phase (CHCl;:MeOH) EDs (pg/mly?
F4 5:1 448
F5 5:1 254
F11 1:1 0.97
F12 1:1 0.09
F13 1:1 391
F14 0:1? 5.37
F15 0:1 398
F16 - 0:1 445
F17 0:1 251

D'The subfraction exhibited more than 50% inhibition of S-180 cells
with 20 pg/ m/ sample was examed EDs value. Volume of each
subfraction was dependent upon the color eluted. ? Value was the
average of three experimental data and standard deviation (SD)
is less than 10% of the average value. ¥ 0: 1 means 100% methanol.

F120) A z+Z} 0.97 ug/ml, 009 yg/miE & EAlo] 1}
Bk, F4, F5, F13-179) £8oA = EDx°] 251~5.37
ug/m/ o= et

GC-MSdl| ¢9J3] Zgu]e] EtOAcEA] 147, Fl1o] 4
37, F120lA 5709 st&Es Ao Z FAsIT
(Table 6). &1 9] EtOAcZo) &A)5tE 14709 313HE
% F119 F12¢) 2502 EA3te PELS 2-methox-
yphenol ok S-180 Aol tha] s 548 H<Ql F12
ol ] &= 2-methoxyphenol®] ol benzoic acid, 1-(4-hydroxy-
3-methoxyphenyl)ethanone, 8-methyl-24(1H, 3H)pteridi-
nedione, 2,5-furan-dicarboxylic dimethyl ester7} ZH3 A
o2 FALAUG

I

]

Edve At &3t B Regd Moutan
radix)2 FEOE AgEeE Aot Hddol=
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Table 6. Tentatively identified compounds from EtOAc fraction and subfractions (F11 and F12) of Moutan radix by GC-MS

Compound from EtOAc fraction Compound from F11? Compound from F12? M%y®
2-Methyl pyridine +9 152
1-Methyl-3-(1-methylethyl)-benzene 154
3-Methoxy pyridine + 150
2-Methoxy phenol + + 150
1,2-Diazabicyclo-2,2,2-octan-3-one 126
Benzoic acid + 198
1-Phenyl ethanone 146
1,2,3-Benzentriol-5-(1,3,5)-pentatriene 128
1,2,3-Benzentriol 150
1-(2,4-dihydroxyphenyl)ethanone 220
1-(4-hydroxy-3-methoxyphenyl)ethanone + 204
4-Hydroxy benzoic acid 204
8-Methyl-2,4(1H, 3H)-pteridinedione + 278
2,5-Furan-dicarboxylic dimethyl ester + 246

PF11 and ?F12 were fractionated from the EtOAc fraction of Moutan radix by silica-gel column chromatography and their cytotoxicity
data for S$-180 cells were shown at Table 5. ® M* means molecular weight. ¥ + indicated the presence of the compound located at left

side of the symbol in F11 or F12

paeonol, paeonoside, paeonolide, oxypaeoniflorine, albiflo-
rine, benzoylpaeoniflorine, benzoyloxypaeoniflorine, paeo-
niflorigenone, tannin, catechin, procyanidin B7} £x)3%t
o] ojm] HHHTLE PaeonoldlE FFEVIF Ui
F2E, F IA, FdF, A9 2y JA Fgo]
31 benzoylpaeoniflorine, benzoyloxypaeoniflorine-2
H] A 2o 4 9] histamine 2] A 2}-g-o] A} w3t
2dve JEY0% FAstEOo] Busol o} of
AR Pl B AFARE BuHA Ysteh

£ % FER U e odade U
(Table 3, Fig. 3. @A @doln ¢3& GAue 2
ZA 2 2olH, L1210 MEEAY E7E Jehlis E-9
B-sespuiphenlandrene® 19 2}8-2 Z7}A)7)& artur-
merone$ EEF vl YA FHAME AT YA
SAZ WA taolo] FUF FHH} YT Bhe
Hed ARaAt 450} 939 FDARRE Aoks
e Wgtom, 84 AAHE BAH] o §Es} =
AgzD Bgle] B FUAe Suvnch Dotk
(Table 3).

Ety]e) EtOAc S04 1470, F11e14 370, F1204
5709] s}3tEo] GC-MSo 93] FHHez FAHUL
EtOAcZ oA 2alg 1471 338 F 2-methoxyphenol©]
F113} F12¢] 32 o2 EA3Gch &3k S-180 A X
olF 743 EA42 R Fl12¢]4] 2-methoxyphenol, ben-
zoic acid, 1-(4-hydroxy-3-methoxyphenyl)ethanone, 8-me-
thyl-2,4(1H,3H)-pteridinedione®  2,5-furan-dicarboxylic
dimethyl ester’} EAEACt. Wk HEd3]2] mouse
Ergd dist AL F2 Fl2o4 T4 579
3IFEH FlldA FHE 2719 stgEe] EdHe=
28-317] gEQ Ao Atk a2y, ol A7y
SgE] i A FtaIA] M= ofF #F
g A JA Fa 3l o]EY FFAEFH thF ¢ B

A77F P oo & Aol

A2 o2 BEdy ol mouse B¢ W 3t
FE 299 FAPRT A4k 7 S #9
e Hel Ewule] EtOAc fraction 2] %S mouse
body weight T 30ugo. & thZ4HY} 167%9 +H-&

ARY + Ak
LAlel 2

2 d7E AUy 42EE $5A7ae o
FRgule] ola] $9E Are] Axolw ofo) A=
Yk
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Potent Anticarcinogenic Action of Moutan radix for Mouse Ascites Cancer Induced by Mouse

Sarcoma 180 Cells

Kyeong N. Bahn!, Eun J. Lee!, Min S. Yang!, Jeong O. Kim? and Yeong L. Ha'™ (‘Department of Agricultural Chemistry,
Gyeongsang Institute of Cancer Research, and Plant Molecular Biology and Biotechnology Research Center, Gyeongsang
National University, Chinju 660-701, Korea; *Department of Chemistry, Pusan Women’s University, Pusan 606-731, Korea)

Abstract : Anticarcinogenic activity of Moutan radix for mouse ascites cancer induced by mouse Sarcoma 180 (S-180)
cells was investigated. Methanol extract of Moutan radix including other folk medicinal plants (Taxus cuspidata, Curcuma
longa, Artemisia capillaris, Ligrstri fructus, and Lirviope platyphylla) used to remedy or cure many chronic human diseases
like cancer was fractionated into hexane, chloroform (CHCly), ethylacetate (EtOAc), and butanol (BuOH) fractions.
Anticarcinogenic activity of the fractions, exhibited a strong cytotoxicity for L1210 and S-180 cells, was examined
for mouse ascites cancer induced by S-180 cells. Male ICR mice (7 mice/treatment, 5~6 weeks of age, 23+ 1g) were
injected ip. with S-180 cells (1X 107 cell/1 m/ PBS). One day later, each mouse was given 0.1m/ of 10% DMSO
containing sample (30 pg/g body weight) every day for 10 consecutive days. Control mice were only given 0.1 m/
$-180 cells and 0.1 m 10% DMSO. Mice treated with EtOAc fraction of Moutan radix showed 28.7 days of life, which
is 167% of control mice’s life. Based on the dose-dependant experiment, mice treated with 30 ug showed longer
life relative to mice treated with other doses (5, 15, 60 ug), and mice treated with 60 pg exhibited toxic symptoms.
Body weight of mice treated with Moutan radix was significantly reduced relative to that of control mice (p<0.05).
GC-MS analysis in conjunction with silica-gel column chromatography revealed that the EtOAc fraction contained
2-methoxylphenol, benzoic acid, 1-(4-hydroxy-3-methoxyphenylethanone, 8-methyl-2,4(1H 3H)pteridinedione and 2,5-fu-
ran-dicarboxylic dimethyl ester as regards to the anticarcinogenic property of the EtOAc fraction. These results suggest
that Moutan radix might be included as an anticarcinogenic medicinal plant for treatment of ascites cancer.
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