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Abstract

Phytochemical constituents and biological activities of

Geranium thunbergir Sieb. et Zucc.

Liu, Qing-He
Advisor : Prof. Woo, Eun—-Rhan, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University.

Geraruium  thunbergii Sieb. et Zucc. (Geraniaceae) is a perennial
plant and 1is distributed in Korea, China, and Japan. In traditional
medicine, the whole plants are wused as an antithemorrhage,
sterilization, diarrhea, and astringent. Previous phytochemical studies
on this species afforded tannins and flavonoids, such as geraniin,
corilagin, ellagic acid, gallic acid, quercetin, kaempferol, and
kaempferol-7-rhamnoside. In an ongoing investigation into biologi—
cally active compounds from natural products, the methylene
chloride soluble fraction of methanol extract from Gerarnium
thunbergil Sieb. et Zucc. (Geraniaceae) showed significant antioxi-
dative activity on the NBT superoxide scavenging assay and
inhibitory effect on TNF-a induced hIL-6 production in the MG-63

cell. By means of the repeated column chromatography using silica



gel, Sephadex LH-20, LiChroprep RP-18, two sterols 7-oxositosterol
(1) and sterol mixture (2), three lignans (+)methyl piperitol
(kobusin) (3) 7,7'-dihydroxy bursehernin(4), 4-a-hydroxykobusin (5),
and one flavonol glycosides, kaempferol-3-O-a-L-rhamnopyra-
noside (6) were isolated. Their structures of compounds 1~6 were
determined by chemical analysis, as well as, 1D- with 2D-NMR
sepectroscopy. Among them, 4-a-hydroxykobusin (5) was isolated
for the first time in nature, and compounds 2~5 were isolated from
this plant for the first time. In vitro cell cytotoxicity was evaluated
by SRB method and compounds 2~5 showed no cytotoxic activity.
Compound 2 and 4 showed inhibitory effect on TNF-a induced
hIL-6 production in the MG-63 cell. Therefore, compounds 2 and 4
may be developed for the anti-inflammatory agents and treatment of

disease by overexpression of hIL-6.
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ol geraniin®]t}. I ¥rol pyrogallol, epicatechin, gallic acid, ellag-
tannin®] 23, flavonoidi= quercetin, kaempferol-7-rhamnoside,
kaempferole] ¢l omw HAfh K>S 2= succinic acid, protocatechuic
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2. AAgE 2R

2-1. AgE

O Wk

i 2 o RS 18k AgES (et o™, TLC® chromato-
graphyJll algE2 16k = ek sldEs i3l

@ Packing materials

Column chromatography® packing materialZ+ Kieselgel 60(63~
200 pm, Art. 7734, Merck) 9} Kieselgel 60(40-63 ym, Art. 9385, Merck),
Lipophlic Sephadex LH-20(25-100 m, Lot 81K1092, Sigma),
LiChroprep RP-18(40-63 m, L610400 138, Merck), MCI gel
CHP20P(75-150 u, Mitsubishi Chemical Corporation) %<& {li Jf 8} 4

® TLC

Thin layer chromatographyH plate= precoated silica gel 60 Fass
plate(layer thickness 0.25 mm, 20x20 cm. Art. 5715, Merck)®} precoated
RP-18 Fosus plate(layer thickness 0.25 mm, 20x20 cm. Art. 5423,
Merck)E i H 5} 99 ©}. prepartive thin layer chromatography (PTLC)&
< plate= precoated silica gel 60 Fass plate(layer thickness 0.5 mm,
20x20 cm. Art. 5744, Merck)®} precoated RP-18 Fosus plate(layer
thickness 1 mm, 20x20 cm. Art. 5434, Merck)ZS {ii Jf] 3} 4 t}.
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Hhmol e st =2 2o

MP : Fisher Scientific (Model 307N0043, Canada)

IR @ JASCO FT/IR-300E (Jasco Co., Japan)

UV : JASCO V-550 (Jasco Co., Japan)

FAB-MS : JMS 700(JEOL)

"H-NMR : Varian Unity Ilnova 500 Mz and 300 Mk

BC-NMR : Varian Unity Inova 125 M and 75 Mk

Polarimeter : AUTOPOL® IV automatic polarometer
(Rudolph Research Flangers, NJ 07836)

HPLC pump : Waters 1525 Binary HPLC pump

HPLC UV Detector : Waters 2487 Dual A Absorbance Detector

GC/Mass System : Hewlett-Packard 5985
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ol A E(Geranium thunbergii, %1% HE & @ 460 g)> MeOH 87 & i
st 2 skl 80Tl A 4WERIE et 3ulel A FEEeHA s
82.916g2] MeOH extractZ® 2 3tl. MeOH extol waterE® il ffir 2
#%ol CH2ChE fnstel Hhifhatslich féfEstol Svhel futts = 7FAA
EtOAc, 7~BuOH® H.0 7 #l o= oot & wikel s+ H2EES WK
ol A gfEste] CHxCl: (12.179g), EtOAc (20.969g), 7~-BuOH (12.432g)}
H2O (22.489g) extractE %% A tH(Scheme 1).

o] d & o] MeOH, CH-Cl,, EtOAc, »-BuOH, H:O extractol ¥fgt
antioxidative activity(Table 1)¢} HCT;59+ SK-OV-39 cell lineg FIH
g cytotoxic activity(Table 2) ik fERZFE CHoClLY Z7#lo] 717
£ S antioxidative activity®} cytotoxic activity2 YWEFW T o] 2 5
o]dZ9 CH:Clh® extract @&l 2ZXE antioxidative activity 2}
cytotoxic activity7} & WHE-S o@Est7] $1std A S Al #eES
t}.

3-2. CHCl: 73 #1225 ¥ compound®] 77

o] d Z 2] CH.Cly fraction (9g)< Silica gel 60 (63~200 mesh)g Fl
A3 open column chromatography® & ast Al A2 @A ERw
= p-Hexane'EtOAc=50:1914 1:17}# && 3, BEKES  813to]
CHCI3MeOH=1:02. 2 F-E] A]Ztato] 1L:17bA] JePivite] fmpk S 22|
A EEAFA oW AT = 100%°] MeOHZ columns 7H3e] 4le]
FAT. £ %9 HEES silica gel 60 Fasu® RP-18 Fosys TLC pattern
o= fardg & LT Ass dAA 619 & SslleE yUrdn

(Scheme 1II, II).



Geranium thunbergii (460 g)
MeOH. ext (82.916 g)

Suspended in j©
Fractionation with CECl,

| \

CH,CI, frac H,0 layer
(12.179 g)
Fractionation with EtOAc
EtOAc frac H,0 layer
(20.969 g)

Fractionation witm-BuOH

| |

n-BuOH frac H,0 layer
(12.432 g) (22.489 g)

Scheme 1. Extraction and fractionation of the MeOH extract from

Geranium nthunbergii Sieb. et Zucc.

Geranium thunbergiiSieb. et Zucc. CHCI,. ext (99)

Silica gel 60 (63~230 mesh). C.C.
1) n-Hexane:EtOAc=100 1:4 (v/V)
2) CHCI;MeOH=1:0 1:1 (viv)

3) 100% MeOH (v/v)

| | l |

C-1-1
259.5mg 29.6mg 56.6mg 55.1mg

c1 c-2 C-3 C-4 &s o2
SioagelC.C 445.3mg 406.9mg 1661.2mg 1022.1mg 791mg 1322mg
1) n-Hexane:EtOAC=50:1 1:1 (V) Silica gel. C. C
2) 100% MeOH (V) 1) n-Hexane:EtOAc=40:1 1:1 (V) Silica gel . C. C
o 2) 100% MeOH V) 1) EtOAc:Iso-PrOH:H ,0=
c-12 C-13 C1-4 \ T T T !

20:1:05 2:1:0.5 ¥A)
C-21 Cc-22 c-23 c-24 c-25 2) 100% MeOH (/v)
15.4mg 56.6mg 55.1mg 92.57mg 126.32mg [ ‘ ‘

Silica gel. c. c.

1) n-Hexane:EtOAc=50:1 1:1 (v\v)
2) n-Hexane:Acetone=5:1 1:1 (v/v)
3) 100% MeOH (v/v)

Compound 1
5.42 mg

Silica gel F5, PTLC
n-Hexane:EtOAc=5:1 (/)

Compound 2
25.77 mg

C-51 C-52 C-53 C-54
57.92mg 75.38mg 118.9mg 333.53mg

1) Sephadex LH-20. C. C.
60~100% MeOH (/)

2) Silica gel B, PTLC
CHCI;MeOH=4:1 (VA)

Compound 6
8.32mg

Scheme 1I. Isolation of compounds 1, 2 and 6 from CH:Cl; extract of

Geranium thunbergii Sieb. et Zucc.



Geranium thunbergiiSieb. et Zucc. CHCI,. ext (99)

Silica gel 60 (63~230 mesh). C.C.
1) n-Hexane:EtOAc=100 1:4 (v/v)
2) CHCI;:MeOH=1:0 1:1 (v/v)

3) 100% MeOH (v/v)

Cc-1 C-2 C-3 Cc-4 C-5 C-6
445.3mg 406.9mg 1661.2mg 1022.1mg 791mg 1322mg

Silica gel. C. C.

1) n-Hexane: EtOAc=10:1 1:1 (vv)
2) CHCI3: MeOH=20:1 6:1 (vIv)
3) 100% MeOH

C-31 C-32 C-33 C-34
73.27mg 876.1mg 106.58mg 675.57mg
Sephadex LH-20.C. C.
MeOH:H,0=3:2 1:0 (W) Sephadex LH-20. C. C.

60~100% MeOH /)

C-321 C-322 C-323 C-324 [ I [ |
74.04mg 98.09mg 101.05mg 326.71mg C-331 C-332 C-333 C-334

1) RP-18 R, PTLC 1) silicagel.c.c. 18.02mg 32.85mg 18.44mg 20.51mg
70% MeOH (V) n-Hexane:Acetone=6:1\{/)

2) silica gel. C. C. 2) Sephadex LH-20. C.C. 1) Sephadex LH-20. C. C
n-Hexane:Acetone=8:1\/v) 60% MeOH (vIv) 80-1009 MeOH ()

3) silica gel g, PTLC 3) Silica gel F254s PTLC 2) Silica gel F254S PTLC
n-Hexane:Acetone=6:1\(/V) n-Hexane:Acetone=3:2\{/v) n-Hexane:Acetone=1:1\(A)

Compound 3 Compound 4 Compound 5
26.18 mg 12.41 mg 3.59 mg

Scheme M. Isolation of compounds 3, 4 and 5 from CH:Cl; extract of

Geranium thunbergii Sieb. et Zucc.



3-2-1. Compound 19 7 &

Subfraction C-1 (445.3mg)<= Silica gel 60 (40~63 mesh)= I3}
n-Hexane:EtOAc (50:1—1:1)Q1 MRS = column chromatography
2 #Hhist ol Silica gel 60 Fusq9t RP-18 Fass TLC pattern® @ #15f
g B RIS RAE FAA AMEY &2 sEeE UFAdTh UFod &
r#l C-1-1 (259.5mg)& thA] Silica gel 60 (40~63 mesh)& Fl 3}
7~Hexane:EtOAc (50:1—1:1)9} 7-Hexane:acetone (5:1—1:1)391 (i
22 column chromatography® i#lsle] i &% compound 1
(5.42mg)S A, compound 12 UV Mk (254m)ol A 3 n gk w&

AEEE e AL, 10% SIRE A e o= g = v

White crystal

Molecular formula : Ca9Hs60-

Molecular weight : 426

MP : 162C

IR Umax (KBr) em': 3449 (OH), 1648 (C=0), 1055(C-0)

'H-NMR (300 Mz, CDCly) &
3.67(1H, m, H-3), 5.69(1H, d, ./=1.5 Hz, H-6), 0.69(3H, s, 18-
CHaz), 1.20(3H, s, 19-CHs), 0.93(3H, d, ./<6.6 Hz, 21-CHz3), 0.82
(3H, s, 26-CHz3), 0.80(3H, s, 27-CHs), 0.85(3H, s, 29-CHz).

PC-NMR (75 Mz, CDCly) &
36.35(t, C-1), 31.19(t, C-2), 70.54(d, C-3), 4381(t, C-4),
165.07(s, C-5), 126.13(d, C-6), 202.36(s, C-7), 45.42(d, C-8),
49.96(d, C-9), 3827(s, C-10), 21.22(t, C-11), 38.70(t, C-12),
41.81(s, C-13), 49.83(d, C-14), 26.31(t, C-15), 2857(t, C-16),
54.70(d, C-17), 11.93(q, C-18), 17.31(g, C-19), 39.09(d, C-20),
1893(q, C-21), 33.94(t, C-22), 26.07(t, C-23), 45.82(d, C-24),

-9 -



29.12(d, C-25), 19.81(q, C-26), 19.04(q, C-27), 23.04(t, C-28),
11.98(q, C-29)

3-2-2. Compound 29| 77 #

Subfracton C-2 (406.9mg)ZE Silica gel 60 (40~63 mesh)< /{8 o
n-Hexane'EtOAc (40:1—1:1)¢%1 &M &= column chromatography
S st R A el 100% MeOHZ  columne 7i3to] A Ath.
Silica gel 60 Fos49t RP-18 Fosyus TLC pattern® 2 #galdh % HH{Ll 3k
As FAA 5709 & p#lew drddo wWrod & p#l C-2-2
(56.6mg)E tA] Silica gel Fosus FIH3FY] 7-Hexane:EtOAc (5:1)%1 #%
gtk FollAl PTLCE Fi#lste] MM L&Y compound 2 (25.77mg)E
Atk compound 2 UV HHE (254m)ol A &KW k7 e Aoz

WERRAL, 10% iRl A F2M o2 s T

White crystal

Molecular formula : Co9Hs00

Molecular weight : 414

MP : 133-136 C

[alp © —20° (¢ 0.18, CHCly)

IR Umax (KBr) cm 't 3410 (OH), 2950 (CH), 1640 (C=C), 1060(C-0),

840, 800 (trisubstituted double bond)

MS m/Arel. int.) © 414(M+, 91.8), 412(M+, 1.2), 400(M+, 8.9), 399(414
-CHas, 29.7), 397(412-CHs, 16.1), 396(414-H:0, 49.3), 367[400-
(H:O+CHs), 2.7], 329(414-C¢Hiz, 14.4), 303(414-C;H1;0, 18.4),
273(M-sc-CsHs, 36.4), 229(M-sc-CsHg, 17.6), 213(M-sc-CsHs
-H»0, 63.9), 43(100)

_10_



'H-NMR (500 Mgz, CDCls) § :
535 (1H, br d, /=45Hz, C-6), 352 (1H, m, C-3), 1.01 (3H, s,
C-19), 0.68 (3H, s, C-18)

BC-NMR (125 Mgz, CDCly)) & :
37.25 (t, C-1), 31.8 (t, C-2), 71.80 (d, C-3), 4231 (t, C-4),
140.0 (s, C-5), 121.71 (d, C-6), 31.65 (t, C-7), 31.87 (d, C-8),
50.15 (d, C-9), 3650 (s, C-10), 21.07 (t, C-11), 39.77 (t, C-12),
42.29 (s, C-13), 56.86 (d, C-14), 24.35 (t, C-15), 28.24 (t, C-16),
56.15 (d, C-17), 11.85 (q, C-18), 19.38 (q, C-19), 36.18 (d,
C-20), 1871 (q, C-21), 33.94 (t, C-22), 26.07 (t, C-23), 4581
(d, C-24), 29.15 (d, C-25), 1980 (q, C-26), 19.03 (q, C-27),
23.06 (t, C-28), 12.04 (q, C-29)

3-2-3. Compound 39¢] 7 #

Sufraction C-3 (1661.2mg)= 7-Hexane:EtOAc(10:1—1:1)¥ CHCls:
MeOH (20:1—6:1)9] %tk o = Silica gel 60 (40~63 mesh)S I
3l column chromatographyE st A Tt %49 »#lE2 Silica
gel 60 Fua2} RP-18 Fasys TLC patterno 2 ffEigsho] o #Eel R
el Aff ] A il ® U dvk Yol & il C-3-2 (876.1mg) S
ThAl Sephadex LH-20S FIH3ste] MeOH:HoO (3:2—1:0)0% ¥4 T
o A column chromatographyE EJistA 2 B K TLCE Rt % 4
el & pllo= Yok Yol & 70l C-3-2-2 (98.09mg)= A
&< RP-18 FuusE FIHSEA] 70% MeOH? %= PTLCE st

I, Y& Silica gel 60 (40~63 mesh)S F|H 3] »-Hexane:acetone

)

1) IR column chromatography S 4 it 8 94 12, wF %] 2ol = Slica
gel FosusZE FIMI3Fo] -Hexane:acetone (6:1)¢1 W&o 2 PTLCE
Hiidto] #Mi &Y compound 3 (26.18mg)S LAtk o] HPLCO A

- 11 -



60% MeOH iAo 2 [Rd=11.053 minol A d4 2o peak® S A
t}. compound 3& UV HikE (@54m)olA Moo=z e,
10% sk ol Al #0255 o).

White crystal

Molecular formula : C21H20s

Molecular weight : 370

MP : 74-76 C

[alp © +58.6° (¢ 3.33 CHCls)

UV Amax (MeOH) nm : 232, 284

IR max (CHCly) em ' @ 1610, 1595, 1505, 1490, 1250

'H-NMR (500MHz, CDs;0D) § :
6.97(1H, s, H-2'), 6.92(2H, s, H-2"/6'), 6.88(1H, d, /=15 Hz,
H-2"), 6.84(1H, dd, /=2.0 85 Hz, H-5'), 681(1H, d, /=80 Hz,
H-6"), 592(2H, s, -OCH.O-), 4.72(2H, dd, /=50 10.0 Hz,
H-2/6), 423(2H, dd, /=15 9.0 Hz, H-4a/8a), 3.85(2H, dd, /=4.0
90 Hz, H-4b/8b), 3.83(3H, s, -OCHa), 3.81(3H, s, -OCH>),
3.11(2H, m, H-1/5)

BC-NMR (125MHz, CDs;0D) & :
150.81(s, C-37), 150.32(s, C-4"), 149.56(s, C-3 "), 148.75(d,
C-47), 13668(s, C-1"), 13542(s, C-1"), 120.78(d, C-6"),
119.96(d, C-6"), 113.07(d, C-5"), 111.35(d, C-2"), 109.14(d,
C-57), 107.69(d, C-2"), 10254(t, -OCH:0), 87.50(d, C-2),
87.38(d, C-6), 72.86(t, C-4), 72.82(t, C-8), 56.68(q, ~OCH»),
56.65(q, ~OCH3), 55.75(d, C-5), 55.56(d, C-1).
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3-2-4. Compound 42] 7§

Sufraction C-3 (1661.2mg)S 7~Hexane:EtOAc (10:1—1:1)3 CHCls:
MeOH (20:1—6:1)9] %iEfEH o 2 Silica gel 60 (40~63 mesh)<S FIH
3}o] column chromatographyE EustAth. #%3% o dHlE-2 Silica
gel 60 Fas8t RP-18 Fosys TLC patterno = ffiidslo]l gt F2 Lol
ek Afi ] A p#lo® Ul Yol A&/l C-3-2 (876.1mg) S
t}A] Sephadex LH-202 #FIf3le] MeOH:H-O (3:2—1:0)91 Witk T
o A1 column chromatography s #tist 2 A TLCZ fEds # 4
fie] & Z#Eoz vrddo. Yrolxd & /p# C-3-2-3 (101.05mg)=
2] € Silica gel 60 (40~63 mesh)& FIH3te] »-Hexane:acetone (6:1)
ol ¥R column chromatographys ‘it sl 9 aL, 42 Sephadex
LH-202 FIH3te] 60% MeOHS! #iE=Z column chromatography® &
Must oz, mpA o= Slica gel FousE FlIJsEe]  7z-Hexaneacetone
(3:2) R E FAA PTLCE Hiistel #Mik{b&% compound 4
(1241mg)E @Atk ol= HPLCeOIA 60% MeOH Uit = [Ri=
8.354 minol Al st 9] peakZ A AW, compound 4= UV fHikE
(254mm)ell Al M @A o2 JEFWIL, 10% Aol Mo R 3
o A}

White crystal

Molecular formula : C»H220s

Molecular weight : 402

'H-NMR (500MHz, CD3;0D) & :
6.96(2H, m, H-5/5"), 6.93(1H, dd, /=15 85 Hz, H-6"),
6.88(1H, t, /=35 Hz, H-2), 6.79(1H, d, /<75 Hz, H-6), 6.79(1H,
d, /=75 Hz, H-2 "), 593(2H, s, ~-OCH:0-), 541(1H, d, /=4 Hz,

-7"), 521(1H, d, /=35 Hz, H-7), 4.29(1H, dd, /=7.0 9.5 Hz,
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H-9), 4.02(1H, dd, /=45 95Hz, H-9), 3.84(3H, s, -OCHB3),
3.82(3H, s, ~OCH3), 3.60(1H, dd, /=4.0 95 Hz, H-8'), 3.38(1H,
m, H-8 )
BC-NMR (125MHz, CDs;0D) & :

179.49(s, CO-9 "), 151.05(s, C-3 " /4 "), 149.62(s, C-3), 148.91(s,
C-4), 136.00(s, C-1), 133.87(s, C-1"), 120.42(d, C-6), 119.67(d,
C-6"), 11318(d, C-5), 11096(d, C-5"), 109.23(d, C-2),
107.38(d, C-2"), 102.66(t, -OCH»0-), 86.79(d, C-7 "), 85.05(d,
C-7), 74.00(t, C-9), 56.73(q, ~OCH3), 56.66(q, ~OCH3), 54.68(d,
-8 "), 51.10(d, C-8)

3-2-5. Compound 59 7 #t

Subfraction C-3 (1661.2mg)< 7-Hexane:EtOAc (10:1—1:1)3 CHCls:
MeOH(20:1—6:1)¢] #EfEMF o2 Silica gel 60 (40~63 mesh)S FIH
3l column chromatography S st A Tt %49 »#lE2 Silica
gel 60 Fosu®t RP-18 Fams TLC pattern® 2 ffEsZsted /sl Fej ol
el 4ol A gdle R yrAdv ol & 3l C-3-3 (106.58mg)

= TAl Sephadex LH-20= FIHI3te] MeOH:H:0 (3:2—1:0)91 WEAEMRE
= Foll A column chromatography S E st 2 TLCZ RS % 44
9 A H#EloE YAk 1 F C-3-3-2 (32.85mg) S A& & Sephadex
LH-202 FIH3te] 80% MeOHS! /it =Z column chromatography® &
st i mlx] o= Silica gel FouZ FIMH 3ol #-Hexane:acetone
(1D BiE=E PTLCE #Hiastel MM LS compound 5 (3.59mg)E
A ATt o= HPLCAA 60% MeOH it 2 [R=6.839 min®l A
b o] peak® MER T A TF. compound 5 UV £ E (254mm)ol A # @
gotow UebWlaL, 10% wawel Al A8 o2 s At
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White crystal

Molecular formula @ CoiH207

EI-Mass (In CHCl3) 727z : 386[M (100)], 339(20), 267(12), 177(60)

HR-Mass (In CHCl3) 72z : 386.1363 (calcd for Co1H2007 386.1366)

MP @ 43~45TC

lalp @ —42° (¢ 0.63 MeOH )

'H-NMR (500MHz, CDs;0D) § :
7.21(1H, d, /=2.0 Hz, H-2"), 6.98(1H, dd, /=2.0, 80 Hz, H-6"),
6.90(1H, d, /<85 Hz, H-5"), 6.83(1H, d, /=2.0 Hz, H-2'),
6.85(1H, dd, ./~2.0, 80 Hz, H-6"), 6.79(1H, d, ,/~<75Hz, H-5"),
594(2H, s, ~-OCH.0-), 550(1H, d, ./=2.0 Hz, H-4), 490(1H, d,
/=70 Hz H-2), 482(1H, , H-6), 421(1H, dd, /~=6.0, 9.0 Hz,
H-8a), 4.02(1H, dd, /=25, 9.0 Hz, H-8b), 3.85(3H, s, ~OCHa),
3.82(3H, s, -OCHas), 3.14(1H, d, /=75 Hz, H-1), 2.84(1H, t,
/=75 Hz, H-5)

PC-NMR (125MHz, CD;OD) § :
150.80(s, C-37), 150.19(s, C-47), 149.65(s, C-3 "), 148.83(d,
C-47), 13725(s, C-1"), 137.04(s, C-17), 120.55(d, C-6"),
120.12(d, C-67), 112.81(d, C-5"), 111.55(d, C-2"), 109.22(d,
C-57), 107.34(d, C-2"), 102.97(d, C-4), 102.58(t, ~OCH20),
88.70(d, C-2), 8&5.07(d, C-6), 73.24(t, C-8), 63.79(d, C-5),
56.69(q, ~OCH3), 56.57(q, ~OCH3), 55.09(d, C-1)

3-2-6. Compound 6] 77 H

Subfraction C-5 (791mg)= EtOAc:Iso-PrOH:H:O (20:1:0.5—2:1:0.5)
B F 2 = Silica gel 60 (40~63 mesh) FII3te] column chroma-
tography & HEH st At %49 2EES silica gel 60 Fauet RP-18
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Fosus TLC pattern© = ffiigsto]l gk Fjgol el 4 A& o
2 UFdog. vyFod & H5# C-5-2 (75.38mg)S Al Sephadex
LH-202 FfIste] MeOH:H.O (3:2—1:0)9 MM ME Fol Al column
chromatography & sl #iEste] Silica gel FausEs  FIH A
CHCIzMeOH  (4:1)%1 &2 PTLCE #Hlustol #MHALGY
compound 6 (8.32mg)E LATt. o]= HPLCAA 60% MeOH -&whf5E
0 2 [Rd=5502 mino| A 9] peak® % 2}, compound 6 UV
MR (254m)oll A =@ Ao R YEbWl i, 10% #mEel A =

Mo ® FEn s ol

White crystal
Molecular formula : Co1H20010
FAB-MS (positive) : 727 433 [M + HI
M. P. : 172~174 C
[alp”™ : -735°(¢ 0.5 MeOH)
IR Vmax (KBr) cn' @ 3747, 3370, 2361, 1651, 1607, 1176
UV Amax nm : 342, 265 (MeOH), 390, 325, 272 (NaOMe), 393 345 303
273 (AICL), 397, 343, 301, 274 (AICL+HCD), 343, 265
(NaOAc), 342, 264 (NaOAC +H3BO3)
'H-NMR (500MHz, CDs;0D) & :
771(2H, d, /=85 Hz, H-2'/6'), 6.88(2H, d, /-85 Hz, H-3'/5"),
6.10(1H, d, /=15 Hz, H-8), 6.00(1H, d, /1.5 Hz, H-6), 5.32(1H,
d, /15 Hz, Rha-17), 421(1H, dd, /=15 3.0 Hz, Rha-2"),
3.73(1H, dd, /= 35 9.0 Hz, Rha-3"), 3.30(2H, m, Rha-4"/5"),
0.92(3H. d, /=6.0 Hz, Rha-6")
P“C-NMR (125MHz, CD;OD) & :
178.63(s, C-4), 163.09(s, C-7), 162.75(s, C-5), 159.48(s, C-2/4"),
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158.29(s, C-9), 13553(s, C-3), 131.84(d, C-2'/6"), 122.39(s,
C-1"), 117.13(d, C-3'/5'), 103.62(s, C-10), 103.35(d, Rha-1"),
103.19(d, C-6), 97.32(d, C-8), 73.46(d, Rha-4"), 72.32(d, Rha-3"),
72.12(d, Rha-5"), 72.08(d, C-2"), 17.80(q, Rha-6")

4. HEPRREE

4-1. NBT superoxide scavenging assay

NBT superoxide scavenging assayt 2% WS I #H3HA
o g3 Zr. 15 mM Na:EDTA (50 mM KH.POy,/KOH, pH 74
in dw.) % 20 w, 0.6 mM NBT®%# 50 w, 50 mM KOH®l =<1 3
mM hydroxanthine 30 W& 3 o —EEEZ 52 sample 100 @0
= Hmstd k. o 7]l xanthine oxidase (1 unit in 10 ml buffer)# ¥
50 E ¥ # 25T incubator ¢tellA 304 F°oF k37t dojuyr =
KIES A7l T2 microplate reader® E& 570mm WO ES WESHY
KBS 599 5% DMSO (dimethylsulfoxide) in buffer ¥## S control

2 3o o FEUEY T == allopurinolS {# 1 5 9 tp %Y

-

rate of control reaction - rate of sample reaction
Anti-oxidative activity (%) = x 100
rate of control reaction

4-2. Cytotoxic activity

A HEANA @3 s HCTs (colon adenocarcinoma—TE 15
F)¢ SK-OV-3 (adenocarcinoma, ovary malighant ascites—JF 55
ol v AN 144 S iEES sulforhodamine B (SRB) assay J7:°V<
mHstAT. & #IRFA MiRsS il sty st A

trypsin-CDTA B o= ResMia o= fiEErl 7131, 96 well flat
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bottom microplate (Falcon)ol % well % #ili#7} 5x10° (HCTis),
2x10" (SK-OV-3)o] H== ®Fegivh. 58 MES 5% CO»
incubatorNoll Al 24K5MH Bea%3dte]  mbebol KAl Zl #% aspirator®
medias RESFZ 6EEY log dose® mediuml = FiEEE  test
material WRES MIE7t = Ae wellol #£4% 100002 3£58K
(triplicate) 2 Yol 531 48A17F& o o K3 vh. miSHKS LY
DMSOe°l =21 # A& Aoz FMEEsdom # KIE o 5 DMSO9
BEs 1% DUb7F H2s o dvh. sk fiigel nskzl o fiell
miliphore filter®2 Jdsto] Fhael MEINEES MEFFsIA T MBS W
I 4BAIZE RifES % well?] mediumE BRZAESH 10%  formalin
solution= 1002 maled 4TAA 1A 59 JikiEste] fifiiE S plate
o wvbe mioll EEAIZIT fillge] [EEe] B # plateE HEEKE 56
3] vkkstel doldle formalinik & ¢ 4% FrEstal HiolA o
717 §les wmEA AT Eas g plates welld 10009 1%
acetic acid #¥#Zol 0.4% SRBE %9 Qs 71ste 303t fEE
Yetnshar ThAl 1% acetic acid ¥ O 2 5-6[11 Heikste] Mol # &S
Al e wF el SRBE BrAstAth ol HA Hfrd cell plateES THA

B ANA HIEAZ #% well T 100x£2] 10mM trisma base (unbuffered)

ol

WS ndto] titer plate shaker® 10% 7} shakingdlo] #aS |=
Z1 % microplate readerg fHT3Fe] 540 mmol Al BOLEE WE A

JEAi S ol gk 4] YRS ARtetr] ekl WS sk kel
A ¥ (Tz, zero time)et #¥ Al FFo]  HIARS Jnsko] 484
RS Wl M #(C, control) 2 % JJES) gyt SA 484
FENS W] #ifi BT, test) & £4& WiEste] ohso F2d o
2b uEiErE S AHSS Tk B Tz>Te A S-ols [(T-Tz)/(C-Tz)1x100
o2 Gthstdar, Tz<TA Agole [(T-Tz)/Tz]1x1009] #HXo= G157

>

N

e

sttt olZ A tEE FEZFEH LOTUS program®l data regression
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tool= FIIske] #EWyol JEiiiel A& 50% Asish= #ESD 50%

effective dose (ICs0)E Zl8 sk T},

4-3. MG-63° 4 hIL-69] ¥Fft ffid &k

M= 10% FBS (fetal bovine serum)’t ¥  DMEM
(eulbecco’s modified eagle medium) ®IA & fHiH3ste] 37C, 5% CO:
incubatorol A culture dishol] HHEAIZ] MG-63 fliEE 24-well plate©l
HIERE) fMiEGx1008 500 w4 #EfEE #% SHF 9 incubationd} i
Wl X & ettt o 7)o TNF(tumor necrosis factor)-a2} SRB
assay S T A& MiAfimrel v B sampleS EHIS #% 37C
incubatoroll A k573 6 24X 7F3} 4841 7§ 2z 70 A M A S BRHL
sty o A S TE. 96-well plateoll 1X anti-body 100 uf(anti-human
IL-6 2 pg/m in 0.1 M NaHCO3)E Y2 # 4ColA overnightste] 1X
anti-body”} 96 well plated] MEHZS 9. #HHA &2 1K
anti-bodyS A oJW7] ¥Ys] washing solution [0.05% Tween 20 in
(PBS) phosphate buffered saline] 100 @2 3¥H Ao]Wll #% blocking
solution (3% bovine serum albumin (BSA) in PBS) 200 w= JRF s}
I FwEel A 2A17F FoF HrE et £ washing solution 200 w2 29 A
otk $lolA 24A17F ok 48AIXF ol FRHwE K&K 50 wl o
blocking solution 50 wW= Yol ZifolA 4A17F & 4Tl A overnight
sted 1K anti-body @l #i53tES s th 100 w4 washing solution®
240 kS % 100 e 2% anti-body (biotin conjugated rat
anti—-human IL-6 1 pg/ml in blocking solution)E ¥ 3sFo] 458 &<t
HwaeEA7 51 HewEA &L 24k anti-bodyE 100 x09  washing
solution® 2 6% kiEste] Aol Ack 100 w2l Streptavidin HRP (0.1%
BSA, 0.05% Tween20 in tris buffered saline, pH 7.3)E ¥snste] 204

Zo #4A71 H washing solution® & 6 #iEstt. TMB (Tetra
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Methyl Benzidine) 100 w& 2ol # A2l SA] micro plate readers
flifste] 450 nm PEAA BWOHEE WiESA T 1% DMSO9 TNF-a
(15 ng/ml)7} E°1%ks ul hIL-69 #HEEREE(%)E controlZ 3% oH
Trhg o] KHEY)H 2+ dexamethasones flifHat 9t hIL-69] #EiE, #E
< controloll ¥ MBS HAME HI (rate of sample reaction/rate of

control)x1000. & 58} ¢ o), G0

_20_



m. i 2

>1«E
dﬂ%
é{ﬁ}

1. Compound 19| K&
Compound 1(mp 162T) WAe] A Ao 2 dojxgon, 10% I
2bg o] oste] wmghAlo® WA E Yk Liebermann-Burchard reaction
of Aola 19 IR spectrum< 3449 cm ‘ol A OHel o1& F<=, 1640
em ‘ol A olefinic absorption, 1619 cm ' Ftol A C=0, 1050cm ‘ol A
C-0°l 98 &47 Jegvta 9} o] T2 'H-NMR spectrum<
B2 8§ 069 ppm 2 1.20 ppmel A 2709 angular methyl groupS 4EH

W peak’t #EHW, § 367 ppmol AAFoE  shiftsta 9l

Fl(‘

multiplet2 C-3° &A= proton (CH-OH)o = FAHEW, & 569
ppmell Ao 2 shiftdlal Q= olefin proton signal C-62] proton
o2 =Agrt =3, B“C-NMR spectrumo] 9314 B § 7054 ppm
ol 5 C-39] signale] YWESI § 20236 ppmelA C=0°] 7|3+
signale] #=5gom C=09 9FgFox § 165.079 § 126.13 ppmol I
Ao 2 shiftsteE C-59F C-69 sp2 carbon signal #&EEF oW,
Maas spectrum®l 4] molecular weight7} 722 426.6819 4 Y EFY 7]

o] #FES 7-oxositosterolz FAG oM wa FACY o xsw

g

spectral data®} vluLste]l 1 Fx2E AT = ATt
2. Compound 29| k&
Compound 2(m.p. 133C)> W Ao] A Ago=z Adojxom 10% 3+
Abg-oo] o5l HeMog wAlET Liebermann-Burchard reaction
of 9FAolxr 19 IR spectrume A& A2 sterol?] spectruma HolF
B2 sterolAd #}¢EEZ FAddT. 'H-NMR spectrumd] A & 0.68

ppm % 1.0lppmolA 247 C-18 ¥ C-19 9 methyl”] 9] signale] YE}
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§ 5.36 ppmol A olefinic proton¢] YEIY= Ao 2 Hol o]FAT7
o 59 EBio 9 Aoz FAHAGY. o] 3 E Mass spectrumoll
A BEAE peak’t m/z 414, 4122 400914 ZH7 YERUYE Ao R Ho}
[F-sitosterol®] o] w2 ¢] stigmasterol & campesterole] % sterol?]
zaez 23909 was GC/Mass spectrumdmz 243 A3 G
-sitosterol, stigmasterol 2 campesterole] ZFz} 71.5%, 18.9%, 9.5% 2]
H 2 EA8ke= sterol®] EFEUS G983 retention times 742t
155, 1377 2 129 min ©|%t}. o]8} 2L FHL o] &
spectrume S 3to] wd Ao AP vluste] FATd 4 Qo BF

Foh AgAoR txdtel o8 FAT £ dag

3. Compound 39] K&
Compound 3 viscous oil o & dojxon 10% 3F4AA o] o5}

Zl

R4

ZAaoz vt 'H-NMR spectrume § 3.83, 3.81 ppmol A

2

(o

7+ 7y 2709l methoxy groupsel] 7]%13%l+= 3H®E 9] singlete] #Z & §
5.92 ppm°l A methylenedioxy group®l 7]¢lst= 2HE 9] singleto] &2
ok, 28ar § 471~4.74 ppmol A benzylic hydrogenol 7]¢l3}+=
2HE 9] doublet (/=5.0Hz), 6§ 3.84~4.25 ppmol 4] methylene proton®l
71¢18kE AHE 9] signale] 5 22 phenyl group? configuration
diequatorial 2 F4 39t ®C-NMR spectrum< & 10254 ppmol Al
methylenedioxy groupel 71913l signale] @ %1 § 56.68 ppme}
56.65 ppmol A Z+ZF 1709 methoxy groupsol 7]%13F= signale] 2
=3 § 136.68, 135.24 ppmol Al equatorial aryl group®l] 7]¢l3slE= 271 9

signale] ##EH o2 o] 3135 (+)methyl piperitol (kobusin)® 2 &

N

o BEHETY o) 2 0% spectral data$t wlmEle] o FxZ Fgolw

.

32

o)
pos

&
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4. Compound 49 H§i&

Compound 2+ viscous ol o2 dojxom 10% 3AFE o] o] 3o
Aoz @At 'H-NMR spectrum< § 3.84, 3.82 ppmol A 7tz 2
7] methoxy groupsol 7]¢lst= 3HE 9 singlet7} &2 EHW § 593
ppmol A methylenedioxy group®l 7]¢13}= 2HE 9] singlete] #+2F A
o gl § 4.29, 4.02 ppmoll A methylene protonse] 7]¢l3}l+= singlet
7} #AZEJAL § 6.79~6.96 ppmol A aromatic protonse] 7]¢lsEt=
singlet7} @ ¥z oA YAl trisubstituted butyrolectoe
lignan typedl %3é & #FE2 F4F Ut “C-NMR spectrumo. & ¥
B § 17949 ppmolA] carbonylel 7]2%lE= signale] #EEHAL §
107.38, 113.18, 120.42, 109.23, 110.96, 119,67 ppm®ol A aromatice] 7]¢l
3t signale] #EEHJAZL § 56.73, 56.66 ppmoll A methoxy groupsel
719038k 2709  signale] #ZFHAY., 2 § 102.66 ppmolA

methylenedioxy group®l 7]¢3&l+E signale] #E P g o] FTFEL 7,

7' ~dihydroxy bursehernin® ZAZ3 31 & o]  x71®E  spectral
datash Wlwake] 1 e ST = g9l

5. Compound 59 ik
Compound 5& ®WA1o] Ao g dojxom 10% FAt&Ho=

WAEtH Ao R AFh, 'TH-NMR spectrume § 7.21 ~6.79ppm

2

ol A F 7§l 1,3,4-trisubstituted phenyl groupsel 71¢1dl+= 1H 9 6
A singlet7} @Ak il & 3.859 3.82ppmellA ZHzF 279
methoxy groups®l] 7]¢l138}E= 3H #9 singlete] &SI § 5.94ppm
o A methylene dioxy group®l 7]¢13t& 2H 9 singlet7} #2E <A
ok, 283 § 550ppmol Al hemiacetal methineo] 7]¢13}+= 1H £ 9
singlet7} #& A1 § 4.9134.90ppmol A benzylic hydrogen®]| 7]¢13}
= 2H £ 9 doublet, § 4.213} 4.02ppmol A methylene protone] 7]¢13}
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L

= 2H®9Y singlet7b ##F 2=  phenyl groupd configuration
diequatorialZ2 #3949t “C-NMR spectrum< & 102.58ppm ol Al
methylenedioxy group®l 7]¢3}= signale] # &% § 56.693 56.57
ppmol A 2+ 271 9] methoxy groupsel 7]¢138}E signale] 2% 1
137.25, 137.04 ppmo°l A equatorial aryl group®l] 7]st= 2709 signal
o] #zE 1 § 102.97ppmol A hemiacetal methined] 7]¢13}+= signal©]
#AZ= Y. HMBColA ®HW § 149.65(C-3")3 148.83(C-4") ppm
carbon signal> § 5.98 ppm¢l YWE}Y+ methylene dioxy group®l 7191
sl proton signal¥}t FEZ#AE JEMNIL § 137.04(C-1")9F 137.25
(C-1") ppm® carbon signal & 4.90(H-2)3} 4.82(H-6)o] 7]eld=
proton signal?} AT HAE 7FAH § 150.80(C-3")¢F & 150.89(C-4")
ppm& carbon signal2 § 3.859} 3.82 ppmol YEIY+E methoxy group
o] 7]¢13}+ proton signal®d A #AES YEFAT. NOESYOlA proton
H-4°] &S F9& W proton H-12 9FS vell A &gkd. EI-
Mass spectrum©l] A m/z 3869 molecular ion peak”} }E}wETH

o] 4be] spectral data®t R S wwa S w o] FFELE lignan
Ade 3gE<  (+)methyl piperitol (kobusin)e C-4 $X ] a
~hydroxy 7|7} &= &S & F7F o] compound 59 FEE 4-
a-hydroxykobusin® 2 ¥4 3ttt compound 55 HIA o ZHE AL o

2 By, HuyEs A gE ol

6. Compound 6] #H%i&
Compound 6% Ao 2oz A Aol Hom 10% FAik8 o

8
s

A
o7 FTAECT mp. 172~174 Ceolal FeCly #8337 Mg+HCI W39 A
Aol IR Spectrumoll A 3370(0H), 1651(C=0), 1607, 1459(aromatic
C=C), 1176(Sugar C-0) cn '®] FF =S et o] flavonoidAl w3 =

&R FAT 4 vl Negative FAB-Mass spectrumol A 72/Z 433
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[M+H] 1A [M-H] ¢ molecnlarion peakE 7= 2860 A] hexose’} &
g% fragmention peaks ## T = 3lo] kaempferol =39 3}3tHE& o
glycoside’} 232 & A &S FH L = vk UV spectrumol A 342nm
oA FFi7 YEbW o] flavoneo] Ayt flavonol F=AYUES FAE
3L shift A 9F o2 NaOMeE 71stSl& wf band I ¢ =that7do] 48mm
oz C-4'$1x1o OH7} &4 3

N

Fagor olFstil FFALEI F
™ NaOAco| band I7} 50m HIAFoZ olFs=z C-7 $1x OH
7F EA8t2 AICLE 718t S Wl band I 9] 4om™WE A4S 2 shift
sbar o] Hoiuge HClE 7hel®e WelA gFormz C-5 X OH7t
Z A3l = kaempferol type?] flavonol glycoside® 373} th. '"H-NMR
spectrumol A= & 6.10% 6.00 ppmelA A ring® H-6, H-8 proton
singer®] /=15 HzZ m-couplingdt= 2= #AZT = A § 693
ppmol Al H-3’, 5’ proton singer¢] & 7.71 ppm% proton¥ /=85 Hz=
A doublet® WEFY o-coupling¥s #EI F 9ol § 7.71 ppmY
proton®] H-2', 6'dS ¥<ls 4 9lt}. Rhamnose?] anomeric proton©]
§ 552 ppmel A #==FU § 0.92 ppmol A+ Rhamnose®] CHz¢ 3H
B o] proton singere] #ZFth “C-NMR spectrumel A= C-30] &
13553 ppmo 2 Ao = shiftdhal glo] 3-OHell @o] Adsef 9l
=S FAHT £ YA 8§ 16275 ppmeol A protone] hydroxylation ¥
carbon signale] 170%F @ == o] B ring® C-4'% OH= A 3= Q&
S o & gAdrt. =3 anomeric carbon®] § 103.35 ppmol A ©3 5 o

C-39 ol 1 mole AHol U&e ¢ % UL 5 1780 ppmel A
o)l SEA /R wReA B4 A% @ g5F, gAY

Fo] v ZHE compound 62 kaemferol-3-O-a-L-rhamnopyranno-

side(afzelin)® 2 F+Z2& g = JAh
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2A AN 2 N 726
20 23 25
2B 28
21\/22%/24\/26
20 23 25

2C R w 2
21\/22\/24\/26
Compound 1 R=0, Ry=2A 2 = 2i5
Compound 2 a: R=H,, Ry=2A R 27
b: R=H,, R,=2B
C: EtHz, R2=2C

Compound 4

Compound3 R=H
Compound5 R=OH Compound 6

Fig 1. Chemical structures of compounds 1~6 isolale
From Geranium thunbergiiSieb. et Zucc.
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7. g A
7-1. NBT superoxide scavenging assay

o] d &9 MeOH, CH:Cl,, EtOAc, 7-BuOH, H-O extractol] th3}o]
NBT superoxide scavenging assay©l <£]3% antioxidative activities&
HES AT 1 23 120pg/p?] =4 CHCly (40.5%) o] &4
o] AL, 40pug/pe?] FEANAE CHCl (23.3%), 2~BuOH (29.2%)
glo] &Aool A1, 133ug/wll sXEo A= CHLl (14.8%), 2~BuOH
(18.4%), HO (283%) &2 o] Aol gl= Ao YERH. of7]A o
dEe] CHLL £82 1g=olA Agem Weds W= ofds 3
antioxidative activitiesE® YWEWo] o] dE ] CHxClL &9l
antioxidative activities”7t = &) dv Ao AdEw 1 £
2 7~BuOH, H:0, MeOH, EtOAc # & o] &4 o] & FEo] U&=
Aoz e,

7-2. Cytotoxic activity assay

HCT 59t SK-OV-3, F+ 9 AAfFH dAEFo] Had AP
MEAGANEHRE  SRB  (sulforhodamine B)HHO = o] F 9
MeOH, CH:Cl, EtOAc, 7-BuOH, H:0 extractoll tiste] 72 sto] X
A3 CHoCLo 8 o] HCTi59 SK-OV-3 & Al 5ol thsto] 2h2t
107 (5x10° cell/me)@ 13.1 (2x10" cell/mt)?) ICs 7S viERUIO] o
AE CHLCl FEEw8 FoA 53¢ cytotoxic activityE Y EFU

= 3eEo] 9= Aow Fudr)
7-3. MG-639] 4 hIL-69 %@ &
ST E 2~50 ] MG-63 Al £ A hIL-69 FHA=(%)E A

239tk 1 A3} coumpoud 2~5% MG-63 AlEZFE hIL-69] ¢
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7} #AadtE Ao 2 yeEbdth sterol mixture (2), (+)methyl piperitol
(kobusin) (3), 7,7'-dihydroxy bursehernin(4), 4-hydroxykobusin (5) 3}
FrEol e 4z hIL-69 #2A % 100£3.56, 284+4.49, 82.946.33,
39.5+7.76, 60.7+9.74% = e}k tH(Fig 2).

120 r
100 -
2 T
© 80 | 1
: I
© 60 r l
S
5
2 40 F I
[m)]
T
il
20 r
0
Control 2 3 4 5

Compound

Fig 2. Effects of compounds 2~5 on TNF-a induced hIL-6
production from MG-63 cells. The cytokine content of the culture
media was determined by ELISA. means +S.D. #test and
significance levels were calculated on the relative values and are

compared with dexamethasone.
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V. & &

_4

= (Geraruwn tambergii Sieb. et Zucc.) S F £ 0| &I (Geraniaceae)
of &t tdAxEoRA Sy A= 24 Al AAsta dE
To e AdAM=E A=

Ao #3 AT E B tanninA €3 flavonoidAl € &3 Eo] o g
e fele 7 AR A7 vEE Aor AtRHo B AEAR
HE AR dFES FEsten A =3 A.

o] d &9 MeOH, CH:Cl, EtOAc, ~-BuOH, H.O extractell gt
antioxidative activity® cytotoxic activityoll ™a A Mo ZHE o)A =
CH:Cly extoll A 73+ antioxidative activity® cytotoxic activityS e}
Wol o]AZ9 CHoCl extolA antioxidative activity® cytotoxic
activityo] = 3gES FdstnA sto] B AAS HAAs AT

o]A &l CHxCl #3&<2S Silica gel, Sephadex LH-20, LiChroprep
RP-18% o] &3 column chromatography®} Silica gel Fosi, Sephadex
LH-20 Fous® ©]-8% PTLCE ¥HE Adste] 6719 ¢ d==

i

ottt Zed SFES BRI A SARHI et 77EA, 3

ga wd e vus EvRE do] 1 sttt xE 9, w4
F At o] FFEEL 7-Oxositosterol (1), sterol mixture (2),
(+)methyl piperitol (kobusin) (3), 7,7~ —dihydroxy bursehernin (4), 4-a
-hydroxykobusin (5), kaempferol-3-O-a-L-rhamnopyranoside (6)% Z}+

7+ el FA AT, compound 3~65L EF o|FHEZA AHSow E

i)

, Buxe 3gEo|tt.  compound (2)F  sterol  mixture® A
campesterol, stigmasterol, G-sitosterol®] T/ W] (%)= 7.7:34.0:58.3°] %A
I compound (5) 4-a-hydroxykobusin® A F7t# Hdo=zZRE £

Bl s A ke AlatseE ol
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o)A E o CH.Cl BB ozRE Redl 3ad28 AEEAo] =
wo] A TNF-aol 98 #=% hIL-69 odAzE&ES dolrux 3o
MG-63 AMEFE o]&3 hIL-69 g, A HAIAS HAAFd 23
compound 29} 4% hIL-6°] f2& JAsE Aoz gAY, mat
A compound 29} 4= 9% ¥WES H hIL-69 o wHo=Z A3 AY

= MAATIE A9 e Ao dddEy
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Table 1. Antioxidative activities of fraction extract

from Geranium thunbergii Sieb. et Zucc.

Fraction Antioxidant activity (%)

120 pg/ml 40 pg/ml 13.3 pg/ml

MeOH 86.3 83.3 59.8

CH:Cl 40.5 23.3 14.8

EtOAc 97.4 89.9 87.8

BuOH 52.2 29.2 18.4

H-0 86.1 65.8 28.3
Table 2. Cytotoxic activity of fraction extract from

Geranium thunbergii Sieb. et Zucc.

Cell line ICsy (pg/me)

Fration HCT s SK-OV-3
MeOH 22.9 <10
CH:Cl 10.7 13.1
EtOAc <10 <10
BuOH >100 79.7
H,0 >100 >100
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Fig.3. 'TH-NMR spectrum of compound 1 (300 Mz, CDCl,)
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Fig.4. '3C—-NMR spectrum of compound 1 (75 Mz, CDCl,)
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Fig.7. "H-NMR spectrum of compound 3 (500 Mz, CD,0D)



Fig.8. '8C-NMR spectrum of compound 3 (125 Miz, CD,0D)
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. 183C-NMR spectrum of compound 4 (125 Mz, CD,0D)
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Fig.11. TH-NMR spectrum of compound 5 (500 Mz, CD,0D)
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Fig.12. 3C-NMR spectrum of compound 5 (125 Mz, CD,0D)
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Fig.16. '3C—-NMR spectrum of compound 6 (125 Mz, CD,0D)
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