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Anti-complement and Antioxidant Constituents

of Orostachys japonicus A. Berger

Na-Young Yoon

Department of Food and Life Science, Graduate School, Pukyong
National University

Abstaract

The Orostachys japonicus A. Berger (Crassulaceae) is perennial herb, which is fairly
distributed over Korea, China and Japan. In particular, the dried whole plants have been
used as a Chinese crude drug for the treatment of fever, hemostatic, hepatitis, arthritis,
eczema and intoxication, and used in folk medicine as an anti-cancer agent.

The study was carried out to investigate the anti-complement activity of the MeOH
extract and its various solvent soluble fractions, such as n-hexane, CH,Cl,, EtOAc, n-
BuOH and H,O, respectively, from O. japonicus. Among fractions, n-hexane soluble
fraction with 1Cs, value of 15.89 rg/ml, compared to rosmarinic acid (IC5;=64.80 ug
/ml), which used as a positive control, showed the highest activity on the anti-
complement activity. The active n-hexane soluble fraction was further purified by
repeated silica gel and sephadex [.H-20 column chromatography to yield compounds 1-

4. The structural identification of these compounds was performed by analysis of the



1D (‘H, "C-NMR), 2D (HMQC, HMBC) NMR, EIMS and FABMS spectral data and
by comparison with the published spectral data. These isolated compounds 1-4 were
characterized as P-sitosterol (1), hydroxyhopanone (2), B-sitosteryl-3-O-B-D-
glucopyranosyl-6'-O-palmitate  (3) and B-sitosteryl-3-O-B-D-glucopyranoside (4),
respectively. Compounds 2 and 3 were isolated from this plant for the first time.
Compound 1 showed good inhibitory effect on the complement system of classical
pathway with ICsy value of 59.41 pM, compared to tiliroside (IC5=76.50 uM) used as
a positive control. Among isolated compounds, compound 3 exhibited the strongest
activity on the anti-complement activity with ICsy value of 1.01 uM.

The anti-oxidative activity of the MeOH extract and its solvent soluble fractions, such
as n-hexane, CH,Cl,, EtOAc, n-BuOH and H,O from O. japonicus was also evaluated
by DPPH radical, ‘OH, ONOO™ and total ROS scavenging tests. Among these fractions,
the EtOAc soluble fraction with ICs, values of 2.70, 479 £ 1.77, 1.50 £ 0.01 and
1.02 £ 0.22 pg/ml, respectively, on the four tested model systems, compared to L-
ascorbic acid (ICs¢=1.351g/ml), trolox (ICsq=6.69 * 1.84 pyg/ml), penicillamine
(IC5¢=2.21 £ 0.21xg/ml) and trolox (IC5,=13.85 £ 0.24 xg/ml), acting as positive
controls, had the highest activity. The active EtOAc soluble fraction was further purified
by repeated silica gel, sephadex LH-20 and RP-18 column chromatography. Compounds
5-14 were isolated from the EtOAc soluble fraction of Orostachys japonicus A. Berger.
The structural identification of these compounds was performed by analysis of the 1D

('H, "C-NMR) and 2D (HMBC) NMR spectral data and by comparison with the



published spectral data. These isolated compounds 5-14 were characterized kaempferol
(5), hydroquinone (6), methyl gallate (7), quercetin (8), gallic acid (9), protocatechuic
acid (10), kaempferol 3-O-B-D-glucopyranoside (11), quercetin 3-O-B-D-
glucopyranoside (12), kaempferol 3-O-rutinoside (13) and kaempferol 3-O-o-L-
rhamnopyranosyl-7-O-B-D-glucopyranoside (14), respectively.

These compounds 5-14 were individually evaluated for scavenging activity on both
DPPH radicals and peroxynitrite. Compounds 8 and 9 exhibited strong antioxidant
activity on DPPH radical with ICs, values of 2.65 and 1.68 pM, respectively,
comparable to L-ascorbic acid (ICs=7.38 uM), as a well-known antioxidant.
Compounds 5, 7-10 were high scavenging activity on peroxynitrite with ICsy values of
1.76 * 0.56, 1.38 £ 090, 0.42 + 0.60, 1.04 £ 0.93 and 1.95 £ 093 uM,
respectively, comparable to penicillamine (2.36 £ 0.79 pM). On the structure of
tlavonols, the existence of 3-hydroxy group proved to be important in the peroxynitrite

and DPPH radical scavenging mechanism.
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% (B2, Orostachys japonicus A. Berger)<= vFel & (1Y), <48t (AfE), <
dat (Fife) 5022 B2l Y5 7 (Crassulaceae)] ThdA = A==
Ao ofd ol 8 79 Aol 4k welm vhsivke] ube} 9ol zhehof,
o T, 85 YR BRI g
Felvetol Al AR skE SE 719k AgolA Aeke oF (Orostachys
Jjaponicus A. Berger)¥} o] uke] ol ztetes T2 vEE (Orostachys
malacophyllus Fisch) S0l o™, F=oll A= Orostachys fimbriatus Berger,
Orastachys erubescens Ohwi, Orostachys spinosus C. A. Mey &= AH83tH, A&
o 3= Orastachys erubescens Ohwis AFE3I o] o] Fddo 2 ¢kg 7}
sok Aow AzEnh 9ES 20 tad 2R 10-30emE =4 A
gid o] sla drfE Pow urtEtE S0 Jden AFHE e Z
A ste] els At dxE e el gog vk AxH oF
Azxe oA g (B2, 2% GEMD, AE (km), olF (FIE), 3=
() Soll Abgslm Sejvetelxe Rizkaygon o] ovka X7

o] AL85 31 At} (Park ef al. 1991b).

O

obol ofits} A WgAe] @43 ddo] qlvk d9dle g

rir
ofN
=n

o] o] R4 (3H9. bacteria, fungi, virus & HYA T|AEZ I} T F/72
allergens) O 2 F-E] A 22l Bgshr] Y £3H WolAHAZA A

Al Aol oy grglel o)g Ao AFugel AW sl A



1992, Brent. L., 1992). |45 HH8-& viZlsts E2d e AQqH B2 27
(complement system)°l| A1 = anaphylatoxins, SFARFQIAFA]  (Hageman factor
system)°| A & kinin 5°] o™, ZAolut Ax dA43lg A= EH2A
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ol A AtshAIQl butylated hydroxyanisole (BHA), butylated hydroxytoluene
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A1 kst AA A iksAe] WHE
sk A7 BUglo]l AlLw Tt (Nagatsu er af, 1995). A A
184 7] % EZ oA tartaric acid, #EolA citric acid?} FElEE 5 HAE
gtato]l o FetA AFrE sl o] Fojz 1 lom, 1 9le] g Fitg
AEEo] A== A a Aot

ohFollM dArd Aegdd Ave el FEAMo] AW (Park er 4l
1991c), GTI-1 #A AldsbE F AEFAA FAdsdaz of7lEe=
apoptosisOll A1 9+49] BT a3} (Yoon ef al, 2000), 9440 Z HE] HIV-1 protease
S48 7 Hewd s E e BY (Park er af, 2000) 5o Qdth uwEka] 2
ATE 4E5 MeOH 55 9 THEoA FEA 24L& Hristo] &40
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b A FAdste)l BAE ZAMSar b d3dch IR, 'H-NMR, "C-NMR, HMQC,

2y

HMBC 2 EIMS, FABMS spectra 52| #3534 W& o]&3te] B-sitosterol
(1), hydroxyhopanone (2), B-sitosteryl-3-O-B-D-glucopyranosyl-6'-O-palmitate (3)

18] 3l B-sitosteryl-3-O-B-D-glucopyranoside ()& +3 FAHsF o, ol&

e

S$RES FEA FHS JUbg 29 dEA 240 YEdSE wIlth
9}5°] MeOH F=55 % #8599 43t €4S DPPH radical, hydroxyl
radical, peroxynitrite “12]3l total ROS AA Aoz Auydict &4kst
47 = EtOAc 8 S o= silica gel, sephadex LH-20 2 RP-18
column chromatography® & w8 431, +E P9 739
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Fagotd WS o]-8-38k] kaempferol (5), hydroquinone (6), methyl gallate (7),
quercetin  (8), gallic acid (9), protocatechuic acid (10), kaempferol 3-O-B-D-
glucopyranoside (11), quercetin 3-O-B-D-glucopyranoside (12), kaempferol 3-O-
rutinoside 13 Telan kaempferol 3-O-a-L-rhamnopyranosyl-7-O-B-D-
glucopyranoside (14) 8l &4 3ttt ol& 3¢ES DPPH radical 7t

peroxynitrite 271 EAE AR Ad ks @A o] HErEEE #th



Column packing material kieselgel 60 (70~230 mesh, Merck, Art. 7734)%}
sephadex LH-20 (bead size 25~100 um, Sigma), RP-18 (Lichroprep” RP-18,40~63 um,
Merck)S AF83}31T) Thin layer chromatography Kieselgel 60 F,s, plate (0.25

mm, precoated Merck, Art. 5715)2F RP-18 Fysy (Merck, Art. 5685)8 AH&3}91 0.0,

HE AL 50% H,SOs% #AFSH] hot plateo] BSIA S = g HEE)
At 3% 2 column chromatographyoll = A2k 2 HE 15 A& 73}

o AF25FTH NMR = Aol AM8-3F vl DMSO-d, (Merck, deuterium degree
99.95%), CDCl; (Merck, deuterium degree 99.95%), pyridine-ds (Aldrich Chemicals,
deuterium degree 99%) ] T}.

4 HE7 (SRBO)v Felsu wivistosie dd& ¢ woern,
Areh dy e AYazERE 2 Agsielel. 22l hemolysin, gelatin, MgCls,

CaCls, Sodium barbital ¥} barbituric acidi= Sigma Chemical Co. (St. Louis, Mo,



usAyll A +d3ska k. Tiliroside$t  rosmarinic  acide  Magnolia  fargesii @}
Agastache rugosa 2581 23 &]ste] ARg-slolch
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical®} L-ascorbic acid< Sigma
Chemical Co. (St. Louis, MO, USA)o 4] -] 8191 31, 2,7-dichlorodihydrofluorescein
diacetate (DCFH-DA)®} dihydrorhodamine 123 (DHR 123)< Molecular Proves
(Eugene, OR, USA)AA], peroxynitrite (ONOO)= Cayman Chemmical Co. (Ann

Arbor, ML, USA)ol| A )8} o}

2-2. 717]

b

&0

'H-NMR3} “C-NMR& INM ECP-400 spectrometer (JEOL, Japan)Z = %
© ™ two-dimension NMR?! HMQC, HMBC+ pulsed field gradient® AF-8-3}o]
=4 5FA T EIMSE GC-MS QP-5050A (Shimadzu, Japan)©ll 41, LR-, HR-FABMS
= IMS-HXI110A / HX110A Tandem mass spectrometer (JEOL)E = 4 &} th RS
JAA)Z 2] 7§ Perkin-Elmer 2000 spectrophotometer®l] 4 KBr disc'{ 2.2 2Hz}
ZAsAT. TLCH S d3F A4S 8l 4o (365 nm) @544 (245 nm)
A4 UV lamp (Model ENF-240C, Spectroline, U.S.A)E A}-83}%1t}. DPPH radical
= 72 microplate reader spectrophotometer VERSA max (Molecular Devices, CA,
USAZ 39 1. total ROSY peroxynitrite % 813A-S microplate fluorescence

reader FL 800 (Bio-Tek instruments Inc.)oll A & A &}& o},

9
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2k e ok (Orostachys japonicus A. Berger) 4.1 kgs methanol (9 L)& Y il

Fad 30 B BE AAIE ARG 33 2% 5 o3l
i1, 7 oA E rotary vacuum evaporatorol Al E%3] MeOH F+E& 853 g2
DA dFgE FE2I2 ATH BEAY uel sxFHor 83l a-
hexane soluble fraction (114 g), CH,Cl, soluble fraction (11 g), EtOAc soluble fraction
(66 g), n-BuOH soluble fraction (366 g) L2} 31 H,O fraction (293 g)2. &2 5%

ouvj, I AL Scheme 19 YEFHIA T



Orostachys japonicus A. Berger

4.1 Kg)
MeOH (70 °C reflux for 3 hr. 9 L x 3 times)

MeOH extract

(853 g)
‘ n-hexane : H,O : MeOH (10:9:1)

| |

n-Hexane fr. H,O layer
(114 g) | e,
CH,CL fr. H,O layer
(11 g) . EtOAc
EtOAc fr. H,O layer
(66 g) l n-BuOH

n-BuOH fr. H,0 fr.

(366 g) (293 ¢)

Scheme 1. Extraction and fractionation procedure of

Orostachys japonicus A. Berger.
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g Fdo] 7+ o}F2] n-Hexane 2= (104 g)< n-hexane :
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EtOAc (100:1~1:1) &0} 2 silica gel column chromatography3}l< Scheme 29} #©|
2471 9] subfractions (F1~F24)2. 2 it} o]& 5 F-9, F-11, F-20, F-22& %
Z} column chromatography3dt<d n-hexane : EtOAc = 5:1 12]3l CH,Cl, : EtOAc :
MeOH = 15:1:19] w24 Z4zke) sietE 1-42 &8t 283tk ol&
shgE 2 747} B-sitosterol, hydroxyhopanone, p-sitosteryl-3-O-B-D-glucopyranosyl-
6'-O-palmitate “12] 3L P-sitosteryl-3-O-B-D-glucopyranoside = =384 7] 7] &4

ol olstel T2 FALH



n-Hexane fr. (104 g)

SiO; cc (n-hexane : EtOAc = 100:1—1:1)

N | -

2 3 9 ....... 11 ........ 20 ......... 22 24
l (4.54 g) (5.77 g) (9.33 g)
SiO, cc Si0, cc
Compound 1 1 ‘ ‘ ’ ’ '
(80mg) 1 2 3 4 - 6 SiOee 1 2 3 4 5

lJ NN l

1 2 3 4 5 g Compound4

Compound 2 “ 0
(1.8g)
(21mg)
Compound 3
(17.6mg)

Scheme 2. Isolation of compounds 1-4 from the n-hexane

fraction of Orostachys japonicus A. Berger.
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Compound 1 (B-Sitosterol): Amorphous white powder. 'H-NMR (400 MHz,
CDCl,) 6: 5.35 (1H, d, J=5.3 Hz, H-6), 3.54 (1H, m, 3-OH), 2.04 (1H, d, /=4.4 Hz, H-12),
2.02 (11, d, J=3.3 Hz, H-2), 1.99 (1H, m, H-12), 1.96 (1H, m, H-8), 1.88 (1H, s, H-1),
1.86 (1H, d, J=3.1 Hz, H-2), 1.67 (1H, d, J=2.0 Hz, H-25), 1.52 (1H, d, /=2.0 Hz, H-11),
1.50 (1H, s, H-7), 1.16 (1H, d, /=4.3 Hz, H-23), 1.12 (1H, s, H-17), 1.08 (1H, s, H-17),
1.02 (3H, s, CH;-19), 1.01 (1H, s, H-14), 0.98 (2H, s, H-9, 15), 0.96 (1H, d, /=5.8 Hz, H-
24), 0.82 (2H, d, J=2.0 Hz, H-27, 29), 0.79 (1H, s, H-29), 0.69 (3H, s, CH,-18), 0.65 (1H,
s, H-29); BC-NMR (100 MHz, CDCl;) 6 : 140.7 (C-5), 121.7 (C-6), 71.8 (C-3), 568 (C-
14), 56.0 (C-17), 50.1 (C-9), 45.8 (C-24), 42.3 (C-13), 42.3 (C-4), 39.8 (C-12), 37.2 (C-1),
36.5 (C-10), 36.1 (C-20), 33.9 (C-22), 31.9 (C-7, 8), 31.6 (C-2), 29.1 (C-25), 28.2 (C-16),
26.0 (C-23), 24.3 C-15), 23.1 (C-28), 21.1 (C-11), 19.8 (C-27), 19.4 (C-19), 19.0 (C-26),
18.8 (C-21), 12.0 (C-29), 11.9 (C-18).

Compound 2 (Hydroxyhopanone): Amorphous white powder. C3oHs00;, EI mass
spectrum m/z : 442 [M]”, IR v, (KBr) cm ': 3467, 1708. '"H-NMR (400 MHz, pyridine-
ds) 8: 1.41 (3H, s, H-30), 1.36 (3H, s, H-29), 1.13 (3H, s, H-23), 1.03 (3H, s, H-24), 0.95
(3H, s, H-26), 0.94 (3H, s, H-27), 0.93 (3H, s, H-25), 0.84 (3H, s, H-28). "C-NMR (100
MHz, pyridine-ds) 8: 216.4 (C-3), 72.4 (C-22), 54.8 (C-5), 51.5 (C-21), 50.2 (C-13), 49.7
(C-9), 47.3 (C-4), 44.3 (C-18), 42.1 (C-14), 41.7 (C-8), 41.7 (C-19), 39.5 (C-1), 36.8
(C-10), 34.7 (C-15), 34.3 (C-2), 32.8 (C-7), 31.4 (C-30), 29.8 (C-29), 26.9 (C-23), 26.6
(C-20), 24.3 (C-12), 22.2 (C-16), 21.7 (C-11), 21.2 (C-24), 19.9 (C-6), 17.0 (C-27), 16.5
(C-26 and 28), 15.7 (C-25).



Compound 3 (B-Sitosteryl-3-O-f-D-glucopyranosyl-6'-O-palmitate):
Amorphous powder, CsHoO; Positive LR-FABMS m/z 838 [CsiHoO-+Na+H]'. 'H-
NMR (400 MHz, CDCl;) 8: 5.36 (1H, m, H-6"), 4.42 (1H, d, J=5.3 Hz, H-6"), 4.38 (1H,
d, /7.4 Hz, H-1"), 4.30 (1H, d, J/~11.0 Hz, H-6"), 3.58 (1H, s, H-3"), 3.55 (1H, d, /=7.8
Hz, H-3), 3.46 (1H, d, /=3.5 Hz, H-1), 3.40 (1H, s, H-4"), 3.37 (1H, d, J=6.5 Hz, H-5"),
2.33 (2H, t, J=7.5 Hz, H-2"), 2.27 (2H, d, H-4), 2.03 (2H, d, J=6.4 5Hz, H-11, H-12),
1.95 (1H, s, H-2), 1.85 (2H, d, /=12.9 Hz, H-1), 1.61 (2H, m, H-3"), 1.49 (2H, s, H-8, H-
11), 1.26 (2H, br s, H-28, 4", 5", 6", 7"~12", 13", 14", 15"), 1.00 (3H, s, H-19), 0.93 (1H,
s, H-24), 0.91 (1H, s, H-4", 0.88 (3H, s, H-16"), 0.85 (1H, s, H-26), 0.68 (3H, s, H-18) ;
YC-NMR (100 MHz, CDCl,) 8: 174.5 (C-1"), 140.3 (C-5), 122.1 (C-6), 101.2 (C-1"), 79.7
(C-3), 76.1 (C-3"), 73.9 (C-5"), 73.5 (C-2"), 70.2 (C-4"), 63.4 (C-6"), 56.8 (C-14), 56.1 (C-
17), 50.2 (C-9), 45.8 (C-24), 42.3 (C-13), 39.8 (C-12), 38.9 (C-4), 37.3 (C-1), 36.7 (C-10),
36.2 (C-20), 34.3 (C-2"), 33.9 (C-22), 31.9 (C-7, 8), 29.8 (C-7"~12"), 29.7 (C-6"), 29.6
(C-5"), 29.4 (C-2), 29.1 (C-25), 28.2 (C-16), 25.0(C-23), 24.3 (C-15), 23.1 (C-28), 22.7
(C-15"), 21.1 (C-11), 19.8 (C-26), 19.4 (C-19), 19.0 (C-27), 18.8 (C-21), 14.1 (C-16").

Compound 4 (B-Sitosteryl-3-O-B-D-glucopyranoside): Amorphous white

powder.



Compound 1

Compound 2

Fig. 1. Chemical structures of compounds 1 and 2.
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Compound 3

CH,OH
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Compound 4

Fig. 2. Chemical structures of compounds 3 and 4.
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4-2. EtOAc @& d& £

DPPH radical, hydroxyl radical, ONOO A4 A%, A X Z4444F A4
=
Ry

g8 (66 ) FtOAc, FtOAc : MeOH = 100:1~1:1 =2 silicagel column3}ad 167) 2]
subfractions 2. Y7 TH(Scheme 3). ©|E % F-2, F-7, F-112 ZtZ} column
chromatography??]-oi CH,Cl, : MeOH : H,O = 7:1:0.1, 5:1:0.17} CH,CI, : MeOH :
Acetic acid = 7:1:0.1, 5:1:0.12} &vizr 424 FostAl 10742 3= 5-148
2elatdict olg d¥EEL 77 kaempferol, hydroquinone, methyl gallate,
quercetin, gallic acid, protocatechuic acid, kaempferol 3-O-B-D-glucopyranoside,
quercetin 3-O-B-D-glucopyranoside, kaempferol 3-O-rutinoside 1%} 31 kaempferol 3-

O-a-L-rthampyronosyl 7-O-p-D-glucopyranosideZ w333 7] 7] &AM o|ste] F

il

=2 galaalr.

-

il
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EtOAc fr (66 g)
!

| $i0, cc (EtOAc, EtOAC: MeOH(100:1—1:1)

|

|
1 2 4 7 9 11 14 16

(26.24 g) 4.07 g) .97 g)
Si0; cc ‘ Si0O; cc ‘ Si0; cc
1 3 4 5 8 9 1 4 6 1 3 5 7
Compound 5 Compound 8 l l
(18 mg) (35.5 mg) Compound 11 Compound 13
v
35 7.3
Compound 6 (35 mg) (7.3 mg)
Compound 12 Compound 14
(3.9 mg) A /
2g) (78.8mg)
Compound 7 Compound 9
(23.3 mg) (427.9mg)
Compound 10
(6.4mg)

Scheme 3. Isolation of compounds 9-14 from the EtOAc fraction

of Orostachys japonicus A. Berger
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4-2-1. gL 5-149] FHHH 54

Compound 5 (Kaempferol): Yellow powder. mp : 276-287C.

Compound 6 (Hydroquinone): Amorphous white powder. "C-NMR (100 MHz,

DMSO-dy) 6: 160.0 (C-1, 4), 131.0 (C-2, 6), 114.4 (C-3, 35).

Compound 7 (Methyl gallate): Amorphous white powder. 'H-NMR (400 MHz,
DMSO-d;) 8: 6.94 (2H, s, H-2, 6), 3.74 (3H, s, CH;). "C-NMR (100 MHz, DMSO-dj)

&: 166.3 (C-7), 145.6 (C-3, 5), 138.5 (C-4), 119.3 (C-1), 108.5 (C-2, 6), 51.6 (7-CHs;).

Compound 8 (Quercetin): Yellow powder. mp : 313-314TC.

Compound 9 (Gallic acid): Amorphous white powder. 'H-NMR (400 MHz,
DMSO-d,) 8: 6.91 (2H, s, H-2, 6). *C-NMR (100 MHz, DMSO-d;) &: 167.5 (C-7),

145.4 (C-3, 5), 138.0 (C-4), 120.5 (C-1), 108.7 (C-2, 6).

Compound 10 (Protocatechuic acid): Amorphous white powder. 'H-NMR (400
MHz, DMSO-d,) 6: 7.33 (1H, d, J=1.9 Hz, H-2), 7.27 (1H, d, /=1.9 Hz, H-6), 6.77 (1H,
d, J=8.3 Hz, H-5). "C-NMR (100 MHz, DMSO-d,) 8: 167.4 (C-7), 150.0 (C-4), 144.9

(C-3), 121.8 (C-1, 6), 116.6 (C-2), 115.1 (C-5).
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Compound 11 (Kaempferol 3-O-B-D-glucopyranoside): Yellow powder. 'H-
NMR (400 MHz, DMSO-d;) 6: 12.62 (1H, s, 5-OH), 8.04 (2H, d, /=8.8 Hz, H-2', &),
6.88 (2H, d, /=8.9 Hz, H-3', 5", 6.43 (1H, d, J=2.0 Hz, H-8), 6.20 (1H, s, /=2.0 Hz, H-
6), 5.46 (1H, d, /=7.2 Hz, H-1"). "C-NMR (100 MHz, DMSO-dy) 5: 177.4 (C-4), 164.6
(C-7), 161.2 (C-5), 160.0 (C-4"), 156.4 (C-9), 156.2 (C-2), 133.2 (C-3), 130.9 (C-2, 6%,
120.9 (C-1", 115.1 (C-3', 5", 103.9 (C-10), 100.9 (C-1"), 98.8 (C-6), 93.7 (C-8), 77.5

(C-5"), 76.4 (C-3"), 74.2 (C-2"), 69.9 (C-4"), 60.8 (C-6").

Compound 12 (Quercetin 3-O-B-D-glucopyranoside): Yellow powder. 'H-
NMR (400 MHz, DMSO-d,) 8: 12.60 (1H, s, 5-OH), 7.59 (1H, d, J=2.0 Hz, H-2'), 7.57
(1H, dd, J=2.0, 9.0 Hz, H-6"), 6.84 (1H, d, /=1.9 Hz, H-5", 6.40 (1H, d, /=1.9 Hz, H-6),
6.20 (1H, d, J=1.9 Hz, H-8), 5.46 (1H, d, J=7.3 Hz, H-1"). "C-NMR (100 MHz,
DMSO-dy) 8: 177.4 (C-4), 164.2 (C-7), 161.2 (C-5), 1563 (C-2), 156.1 (C-9), 148.5 (C-
4, 144.8 (C-3'), 133.3 (C-3), 121.6 (C-6"), 121.2 (C-1), 116.2 (C-5, 115.2 (C-2Y),
103.9 (C-10), 100.9 (C-1"), 98.7 (C-6), 93.5 (C-8), 77.6 (C-5"), 76.5 (C-3"), 74.1 (C-2"),

69.9 (C-4"), 61.0 (C-6").

Compound 13 (Kaempferol 3-0-D-rutinoside): Yellow powder. 'H-NMR (400
MHz, DMSO-d,) §: 12.56 (1H, s, 5-OH), 7.98 (2H, d, J=9.0 Hz, H-2', 6'), 6.88 (2H, d,
J=8.8 Hz, H-3", 5). 6.41 (1H, d, J=2.0 Hz, H-8), 6.20 (1H, d, J=2.0 Hz, H-6), 5.33 (1H,

d, J=7.4 Hz, H-1"), 4.40 (11, br s, H-1"), 0.98 (3H, d. J=6.1 Hz, H-6"). "C-NMR (100



MHz, DMSO-d,) &: 177.4 (C-4), 164.1 (C-7), 161.2 (C-5), 159.9 (C-4"), 156.8 (C-9),
156.5 (C-2), 133.2 (C-3), 130.9 (C-2', 6), 120.9 (C-17), 115.1 (C-3', 5), 104.0 (C-10),
101.3 (C-1"), 100.7 (C-1"), 98.7 (C-6), 93.7 (C-8), 76.3 (C-3"), 75.8 (C-5"), 74.2 (C-2"),

71.8 (C-4™), 70.6 (C-4"), 70.3 (C-3"), 69.9 (C-2"), 68.2 (C-5"), 66.9 (C-6"), 17.7 (C-6™).

Compound 14  (Kaempferol 3-0-a-L-rhamnopyranosyl-7-O-f-D-
glucopyranoside): Yellow powder. 'H-NMR (400 MHz, DMSO-d,) &: 12.61 (1H, s,
5-OH), 8.24 (1H, s, 4'-OH), 7.78 (2H, d, /=8.9 Hz, H-2', 6", 6.93 (2H, d, /=8.6 Hz, H-3',
5", 6.77 (1H, d, J/=1.6 Hz, H-8), 6.46 (1H, d, J=1.6 Hz, H-6), 5.33 (1H, s, H-1"), 5.07
(1H, d, J=7.3 Hz, H-1"), 0.80 (3H, s, H-6"). *C-NMR (100 MHz, DMSO-dy) 6: 178.0
(C-4), 162.9 (C-7), 160.0 (C-4"), 157.8 (C-9), 156.1 (C-2), 134.5 (C-3), 130.7 (C-2', 6),
120.3 (C-1"), 115.5 (C-3', 5", 105.8 (C-10), 101.8 (C-1"), 99.9 (C-1"), 99.4 (C-6), 94.7
(C-8), 77.2 (C-5"), 76.4 (C-3™), 73.1 (C-2™), 71.1 (C-4™), 70.7 (C-5"), 70.3 (C-3"), 70.1

(C-2"), 69.6 (C-4™), 60.6 (C-6"), 17.5 (C-6").
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OH

OR,

OH o

Compound 5 : R;=H, R,=H, R;=H

Compound 8 : Ri= OH, R,= H, R;=H

Compound 11 : Rj=H, R= Glu, R3= H
Compound 12 : Rj= OH, R= Glu, R:=H
Compound 13 : R;= H, R,= Glu (6—>1)Rha, R;= H

Compound 14 : R;= H, R,= Rha, R;= Glu

Fig. 3. Chemical structures of compounds 5, 8, 11-14.



OH

OH

Compound 6

HO

HO COOR,

Compound 7 : R; = OH, R; = CH;
Compound 9 : R, =OH,R;=H
Compound 10 : R;=H,R;=H

Fig. 4. Chemical structures of compounds 6, 7,9 and 10.



ZlgANA dd AAEI S dF? S v F4E miviste
g5 st AW e JHA 7leE 2HIE fHAHEOI=E Aidste Fad

o]} (Rother er al, 1985; Kimball, 1990). B.#= 22 ohild AZFH F

-{) JR PN

15%%5 ZFA 3} serum protein 2 glycoprotein 215, B Al T84 8F 5 ©dst
Ao FAH i, T E, A Faridel WAE, AGHE FolA
A AT (Kuby, 1994; Stunk er af, 1988). WA %7] @35 Wl of
gadel A8 HQ AEEG Fol 2lgh 2% (alternative pathway, ©]3} AP)<}
A 534 (Ag-Ab complex)©] 2§t 7 ¢ (classical pathway, ©]3} CP)<]
27MA R FRET APl oF KA EA4ste WAEFA Aol del #TS
Pl Eel] digh Aol 7] Wojr|FerA Fa3 Ads &, 54 I
ek FAZE A A AT cpatgoR ddstecnt 7 (A OE 1A

245 whEE AAstd dde] dAdgerger 74 AEEC] Az 2435

s

o{x

sto] HaA) &4 HE ChE FESE AA 5, membrane attack complex (MAC)
A At o gt BAe] AP A &2 MACA
ojgt &gzgolrh o] HHAM 2A GG E Csbel BA A (6, C7,
C8 2 C9)0] Az AFsle] HEHogw AFFHeo MAC (W 74:70-100A)°]
HdAasd gl HEet EE #Este] gz AFEEIES FksiH,

th -+ 2] enveloped virus (herpes virus, myxoviruses, paramyxoviruses, retroviruses)<t

G(-) bacteria T MACO °|g fEagosn A7dn g, do-golA
HAel EAg7E Fog olfve 243 AT AdEE fgEo=
(anaphylatoxins: C3a, Cd4a, CS5a)”} @5 A3E (PMNs, macrophage, monocyte,

lymphocyte, mast cel)E ZAJs}slo] AvkAQl AFwrg (drp Fipd S



ol Bkalz2b g [ opsonin 22 TUMAY =
o)A ek &7 wjEolth (Sumdsmo er «f, 1983). 12]1 MACK cAMP,
inositol phosphate intermediates, arachidonic metabolites 52| 3/l Fag 23
AT AGAEA 593 Fa3dk 98-S v}l (Nicholson et al, 1993).

HA Add =4 @A) ALge 32 W E Mayer Holth (Lee er al,
2004). 317 AR A= APHoT duk AME FF (80ul)o] 3| HE
ANgE @7etAY "rbskR ek GVBT 89 (gelatin veronal buffer ; 80u0)7}
Z3tsich Zbzhe] Al8% DMSO°] =0©]il, negative controlZ AM&%tth 1
ZTFEL 37CoAAM 3027 oH] wiFA 7], ARAEF (G AEF, 0u0)F
Hobstoh, g x2dstolA s d $, 2 EFELS 4ColA 1500pm o =2
ARt aga A5 100uUE 45mmolA FFEE S
Rosmarinic acid®} Tilirosidei= positive control 2 AF-&3FIch atH A €42 A
4% Hgosg Yehgdledn, B oFEd BIAEZFE IC, W&
LERR QLT (Oh et al, 1996, Yamada et al, 1985).
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Human serum of 808 mix with a gelatin veronal buffer of 804
Dissolve each sample in DMSO
Pre-incubation at 37 °C for 30 min

Add sensitized erythrocytes (sheep red blood cell, 4040.)

|

Incubation at 37 °C for 30 min

|

Measurement of optical density at 450 nm

Scheme 4. Measurement of anti-complement activity



5-2-1. DPPH radical 27 4]

DPPH radical A7 AEE FWMAstA 2oz hdsta He|gh Fits)
A o7 E3] phelon¥} aromatic amine SHHE 2] Fiksts Ao @wWol
AHEE T (Blois, 1958). € £l A 89l diphenylpicrylhydrazine> AHAlo] 742 =
5 AR wFo] 520 nmellAl EF A A3 FF bandE HQIY Zeu
phenolic compound®} o] 2} HA2AE AF T A FoAAH 9 w3atH
o] 2 28] HAA} hydrogen radical 2 %o} phenoxy radical2 343 sHAl €t
A FF band® AtERA T QMA S #AE dAEATt =, Fold”
A7z v7pgH oz Agsie], 1 ol & ste] zHetAe] DPPHe| Ao

Wato] (Fig 5) $9 %9 #42 Ao ZH radical 2AZ4HS
4E2g Atk

7 A8 2% HAS 4 sEE AR (1.25~320
ng/mL)E MeOHel ] 160 uL¥ #H3t 1.5 x 10°M 9] DPPH MeOH &4

4 LSt Z EFUE o W Ty QeolA jopd AT F

DPPH radical®l] ©

=
ok

| -
s wl

1
o2,
L

microplate reader spectrophotometer VERSA max® 520 nmol 4]
%434t (Scheme 5). Al8E HU7hekAl &2 &4 ¥ Bt free
radical A=71 24 MRS 2 el T, 50% A 5= (IC)E At

A DI i SRR IR oY

i
ol
B
e
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fot
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SVe AL

N NH
O,N NO; 02N NO;
+ ATOH ——————F + ArO
pH5.0-6.5
NOZ NOZ
DPPH (DPPH)H
520 nm (purple) 520 nm (yellow)

Fig. S. DPPH radical scavenging action of antioxidants [ArOH].
(Blois, 1958)

MeOH solution of sample at Methanolic solution of DPPH
various concentrations (1.5 % 10* M)
(160 uL) (40 pL)

Shaking vigorously (10~20 sec)

Standing at room temperature for 30 min

l

Measurement of optical density at 520 nm

Scheme 5. Measurement of DPPH radical scavenging activity.



5-2-2. Hydroxy radical 427 24

g a2l T E 5 superoxide radical, hydroxy radical, hydrogen peroxide %
singlet oxygens©°| At I FollA] hydroxy radical< fenton Hh-5-o|A] Fe, 2}
T Hol F%0 EAFE v H0,ZFE AAF Y YA OS2 hydroxy
radical & & W77 (<107 sec)E 7FA 7] Wil o]% wkEAJo] =rh 7t

59 A8 (AEF%E 0.5 mgmb)ol ImM H,0, 2813 0.2 mM FeSO, &

zh
AoAA 37 CTelA 53 &b widstdeh wiFAI F 2 uM o 2, 7-
dichlorodihydrofluorescein diacetate (DCF-DAYE H7FA1Z1 § Atsld DCF9
&% 7} =E microplate reader® AF-&3}] excitation wavelength 460nm, emission
wavelength 530nmollA] 307t &3 WS ZAHSIATH (Lebel er al, 1990)
(Scheme 6).
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Sample (final 0.5 mg/ml)
1 mM H,O; + 0.2 mM FeSO4

Incubation at 37 C for Smin

l

2 uM 2', 7'-dichlorodihydrofluorescein diacetate (DCF-DA)

l

Measurement of fluorescence intensity
Excitation wavelength 460nm

Emission wavelength 530nm

Scheme 6. Measurement of the hydroxy radical scavenging effect

(LeBel ef al, 1990)
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5-2-3. Peroxynitrite 4 A 2d

Peroxynitrite (ONOO )+ NO - N
NO- ¢ #AHsE AEFEE 7HAH, 78 A #AjowsE 9@
Axe] o), daw 3 A3 2 guanyl cyclase®] ZF=, tyrosine nitration
2] lysine, protein®] methionine t71¢] 4k3t B A A A4S fFEol] g
ME 54 Gl gt w3 vEZ=golo] g &5 A, membrane
pump %A, GSHe| 1%, ADP ribose synthase®] Z/J3 2 U3 DNA &4 &

N
iy
rli
olo
Ol
Ol
4
0%
o
A

Ir
pos
KU

IL

A E oY 312, mitochondrial ATP synthase, aconitase < AMXZA {49
Asfet o] v Age] WRI fgyEge] Basol vh (Althaus er al,
1994; Haenen et al., 1997; Lin et al., 1997). ONOO = T}2 free radical®l B3l
Foidog <A EAT, AelH pHolA HA protonst F]o] wkEAde] wi
¥ 2 peroxynitrous acid (ONOOH)ZE H#& =], o] &2 wzt7] (1.9 sy7t
v g #ar, o] ME 54 Z 49 nitrogen dioxide, nitronium ion % hydroxy
radical®] W7 # & 283} oxidation, nitration, hydroxylation ¥+-8-& F'&3tr}
(Nonoyama e al., 1999). L&t} A XUl A ONOO A7 @Ao] wois)=

aaA7F glor®g, O AgdEE S #e o]l 02 Fa8t (Choi er df,
2002). w7k ®ad d9 Es FHel ONOO 2755 Ze 2EEE
flavonoid (Choi et al., 2002), catechin, polyphenol (Van Dyke et al., 2000, Chung et al.,

1998), ergothioneine (Auroma ef al., 1999), defroxamine, urate, glutathinoe (Menconi et

al., 1998), melatonin (Cuzzocrea ez al., 1999) 12| 1 D-(-)-penicillamine (Fici ef al.,
1997) ©} Atk
ONOO™ A7 5L Kooy ef al. (1994)2] WS oF7h H&E3le] DHR 1239]
2bslE =5} (Scheme 7). Dimethylformamide® %1 DHR 123 (5 mM)<
A2 FHske] 80 °C oAl stock solution®Z A 3 TH 90 mM sodium
chloride, 50 mM sodium phosphate, 5 mM potassium chloride & Z=#| 8+ buffer (pH
7.4)% diethylenetriaminepentaacetic acid (DTPA) 100 pM 2} 43 ¢], DHR 1232] # &



gkr} ©] working solution®l] A] 5.9} authentic ONOO™ &
12305

w7k 5 uMel Vs
dorsb s &, wl@dAdel DHR 123¢] 44 el rhodamine
A A "ok (Fig. 6). ©] % E 2 & microplate fluorescence reader FL 500 (Bio-
Tek Instruments Inc.)Z excitation, emission wavelength ZF7Z} 480 nm<®} 530
nmol A A& vt 23= DHR 123 4tst #3] #EE& 2 A mean + standard

error (n=3)2 YEFN T},



H,N o NH,

o Dihydrorhodamine 123

é’ (DHR 123)
\OCH3
* Oxidation
H,N o NH,"

/0 Rhodamine 123

Fig. 6. ONOO -mediated oxidatin of DHR 123.
(Crow, 1997)

Diethylenetriaminepentaacetic acid (DTPA) 100 uM

}

Dihydrorhodamine 123 (DHR 123) 5 uM

Incubation at 37 °C for 5 min

.

Sample at various concentrations

|

Authentic ONOO™ 5 pM

'

Measurement of fluorescence intensity
Excitation wavelength at 480 nm

Emission wavelength at 530 nm

Scheme 7. Measurement of the ONOO' scavenging activity.



54 BAMLE A4 oA B4
Bt e o oolde] mEs AAE AU ERdom ¥ & A

SHES el7l (free radical)dtil 3tH, ol FAFHEd MHEI Ee
olF A Al e o] 23t ALE T AddETh EA
o Ze dA FEAEC] o FEVIEH F7F ¥kEEd 3 AAlo]
radical®] ¥ =H| ©]E & reactive oxygen species (ROS)2} sk},
Ay Akstoll ojgt AETA Ao EAARE FAHSH] HAs, Ax
AN BEF probe?l DCFH-DAE o] &3dla] HE AXxeo &4
MaFe AFHLE F SAste WHE olisted, ole ’E}ﬂx—i
Efze s 2ARE 7] AEd AERkEES A£53 =4 g
Hempel et al., 1999; Wang and Joseph, 1999). DCFH-DAE <A
AFd AR MExvel fA wap Astet MEU A esteraseol
©l8l] deacetylation¥] o] H| P4 BUEHQ  2,7-dichlorodihydrofluorescein

(DCFH)E dErh DCFHe AXd @4 A7 EAstd §438] 4Fsls]of

off

ot
)
JIN
mT,

8

]

-?4

FaAd AkstE A 2 7'-dichlorofluorescein (DCF)7}F A =22 (Fig. 7), ©l
dde] WIE FAFeRM Axd 24 HAE 53, o8l %
AAdeEs Hekd = A Bk (LeBel ef al, 1990). 1211} DCFH-DAYE +84
2 Fel el s Seldel glv] wiZel o Apgel kA AlRE s
A7) ATk (Delia et al., 1997).

Scheme 89 WEFUHAXol, F7 Wistar rats (AlZF 150-200 g) o] 413
kidney homogenateE TH|3}3l, ©] 3L extracttt compound?] e FE ]
F el =gate] 125 4M DCFH-DA2] 50 mM phosphate buffer (pH 7.4)
solutiont §7A 37 °CAlA 307 AFTE A H reactive oxygen species
(ROS)= microplate fluorescence spectrophotometer (Bio-Tek Instruments Inc.,

Winooski, VT) oA excitation wavelength 460 nm<®} emission wavelength 530

nmol A ZHZE 3087 SRS (LeBel er al, 1990). &3} W w7t ZF71EHA

30



ted, DCFH7F 4FahE] 7]

78

A
At

SN
o=

A A
PULnE s

(o]

%J,H

s 5o

AR
N g

AR

/
AN

ol O
i

1T

To vz

Slo
5 A



H3C ~ O N 0 0\C _CHy
|l I
(o] O . . . .
Cl ZN Cl 2',7-Dichlorodichydrofluorescein diacetate

e
H ! /o (DCFH-DA)
= N c/
..
\ 0

* Deacetylation by esterase or OH
O

NN

a” NN N N

H ) 2',7-Dichlorodihydrofluorescein

/\__C// (DCFH, non fluorescent)
X /Y

*/_\Reactive oxygen species
"0\|ﬁ/ O\|/\I&O
o NFNFNF N

o)
/ C// 2'.7'-Dichlorofluorescein
I \ (DCF, fluorescent)
XN ol

Fig. 7. Assay of the inhibitory activity on the ROS generation,
(Crow, 1997)



Preparation of rat kidney homogenates

from freshly killed male Wistar rats
Addition of 12.5 pM of DCFH-DA
Addition of samples at various concentrations

Incubation at 37 °C for 30 min.

|

Measurement of fluorescence intensity
Excitation wavelength at 460 nm

Emission wavelength at 530 nm

Scheme 8. Measurement of the inhibition on the ROS generation by

DCF method.



Table 1o YERHRATE 952 MeOH FE=E3 B EE9 ICs %<2 n-hexane

8= (ICy 15.89 xg/ml) > CH,Cl, ¥ 2E (ICs, 15.89 xg/ml) > MeOH F&E&

M

(ICso 41.27 pg/ml) > EtOAc 3 E (ICs, 130.70 ug/ml) > n-BuOH & & ( >
200 ) > H,O & ( > 20009] oz vERyTh 9bF 2] MeO

25 H &%
2ol gpH A AFNA  p-hexane, CH,ClL, FIEL JERToZE

A} 5] = rosmarinic acid (ICs, 64.80 pg/mhet VW3R S uf, oS F B Eo
3] ol el & Aoz yElurh olg F FHA E4c] ME w3

228 o] 2O phexane BHEZEE @HA B4 2R Bolsua o)



Table 1. The anti-complement activity of MeOH extract and its

various fractions from O. japonicus

Fractions IC 50 (48/ml)
MeOH extract 41.27
n-Hexane 15.89
CH,Cl, 16.25
EtOAc 130.70
n-BuOH > 200
H,O > 200
Rosmarinic acid® 64.80

* rosmarinic acid used as positive control



ek

1-2. gkl 24

1-2-1. DPPH radical A~ H 24

N

st A2

i
Ol

949 MeOH FE& 53 &0

52 E 52| DPPH radical 24 84E 54359 50% DPPH radical &~ 4%
eI = ICs, & (reg/mhe 2 Yellglon, I AIE Table 29 YERU ST}

MeOH #%5 3 R 2 &9 DPPH radical 274 L EtOAc 85 (IC5=2.70
ug/ml) > CH,Cl, # 88 (IC5=10.45 ug/ml) > MeOH FEE (IC5=31.70 ug/ml) >

H
n-BuOH F8E (IC5=45.10 pg/ml) > n-hexane &2 (IC5=47.00 xg/ml) > H,0
25 (>100)2] +£o% YEludth MeOH #2531 BE2E FolA EtOAc

8 &o] DPPH radical 274 &40l 7HY %ot tf xS L-ascorbic acid
(IC5=1.35 sg/ml) 2.t} DPPH radical 22720} sHA| LFEFSITH MeOH F+2& &,
n-hexane, CH,Cl, 28] 17 »-BuOH 2 E5E°S DPPH radical A7 &Ao] vt
ofstA veEbwom, H,0 #EES 100 pgml o] FelA = DPPH radical

=

ABA 0] YERA gkotr)

1-2-2. Hydroxy radical 2> A &4

o] MOH F287 McOH #2582 454 47 £ose] 22 4
22 hydroxy radical £~A€4ds Z43+ 50% hydroxy radical 427

235 WERIE 10 3 (umDo 2 vEbidion). T ATHE Table 20
LFERUISITE MeOH 58 2 # 2 E 9] hydroxy radical 227 €4& H3sd



MeOH FZE3 n-Hexane #38&ES s giyr7p vhepupzr] okolony,
CH,CL¥ H,O0 FEEL 100 pg/ml ooz F3E YepllA E3ioh
EtOAC EZ 5L ICsako] HETC! trolox (ICs, =6.69 = 1.84 pg/m)E.TF S

479 + 1.77 pg/mlZ hydroxy radical ~A €4o] HA YElto®, n-BuOH

BG5S IC,, #t°] 3503 + 278 ug/mlE ThA °F8F hydroxy radical 4~ A
gAo] YeEbth. webA hydroxy radical 2 A EE-2 EtOAc &8 &9
TATTE AAEE ¢ 7 Aden, 1 AR o] 242 A FAHE 7R
2448 /5% AT

1-2-3. Peroxynitrite 2 7 &4

952l MeOH FEEI 4 RFE9  peroxynitrite AAEAZ  50%
peroxynitrite A EAES YEIE 10, @ (rem)eZ2 YERH SN,

A3 = Table 20 #| AT MeOH F=E3 252 ICs, at (ug/ml)
EtOAc £8E (1.02 £ 022 pg/ml) > CH,Cl, 2% (9.66 + 0.84 1g/ml) > MeOH
FEE (14.57+1.38 ug/ml)>n-BuOH 2 E (16.07+0.91 xg/ml)>H,0 ¥+ &
>100) =22 YENEOS ™, phexane 2852 37 @3 ey ekotkoh
EtOAc 85L& 272 penicillamine HUF $He A&l FL (IC5=1.02 £ 0.22
pgmhE YERNSITEH MeOH %5, CHCL £ 8&F Zel1 #-BuOH # &2

tf ol v]a] tha ks peroxynitrite 412 LFERUSITEH



N

o}

i

ol

/% (reactive oxygen species; ROS) A <A
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24

9

]

5] 2
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pld

o}

A= Table 2 o] YEFHRATE n-hexane

9, p-BuOH} H,0 # &5 A= 100 pg/ml o] o)M=

2o

A3 e

T4

2AGA o] YGERGRA] @kttt MeOH F&E 3 CH,CL

2AEAol YEbth EtOAc B8 E (IC5=1.50 £ 0.01 xg/ml)<

HZF¢ trolox (ICs=13.85 + 0.24 pg/mhE.Tth 8vf o]

EtOAc
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Table 2. The scavenging activity of MeOH extract and its various

fractions from O. japonicus on DPPH radical, -OH,

ONOO and total ROS.

IC5() (ﬂg/ln])

Fractions
DPPH' -OH’ ONOO* Total ROS*
MeOH extract 31.70 NS¢ 14574138 3225%1.77
n-hexane 47.00 NS NS NS
CH,(l, 10.45 > 100 9.66 +£0.84 36.45+0.31
EtOAc 2.70 479+ 1.77 1.02£0.22 1.50 £0.01
n-BuOH 45.10 353+278 16.07 £ 0.91 > 100
H,O > 400 > 100 > 100 > 100
L-Ascorbic acid 1.35
Trolox 6.69+1.84 13.85+0.24
Penicillamine 2212021

"DPPH is free radial scavenging acivity (1Cs,: zg/ml), ®.OH is the inhibitory activity of hydroxy] radical

generation in 1.0mM H-O» and 0.2mM FeSOy, at the test concentration of 40ug/ml (ICsq: #g/ml). “ONOQO' is

the inhibition activity of aurthetic peroxynitrite (JCs,: #g/ml). ‘ROS is the inhibitory activity of total radical

gencration in kidney postmicrosomal fraction at the concentration of 40 ug/ml (1Csy: £8/ml).
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2-1. n-Hexane & &4 2eld g3E9 7+ AA
3

Aoz Eeslon, &0

Compound 1 (B-sitosterol)= 2 o] F3

CDCLE 'H-NMR (Fig. 8)7} “C-NMR (Fig. 9) spectrum= ZFA43l9 1 datat:

4l

=3 vl TLC

[N
afy

@ 29} vt B-sitosterol 2 A A 8} S, B-sitosterol I

11

O

Fod B-sitosterol A& 18T (Greca et al, 1990).

Compound 2 (Hydroxhopanone)> &4e] A5 Aoz Fe = on,

Fod

ol

4ol pyridine-ds2 'H-NMR (Fig. 12)3} "C-NMR (Fig. 13) spectrum2 %
71 datacw ¥ A 9F v]EFSith (Poehland er «f, 1987). EI-MS spectrum (Fig.
1A mz 442 [M]° (100), 409 [M-CH;-H,O]', 205 (65)2] =¥ peakE
el o™ IR spectrum (Fig. 10)9] 4= hydroxy group (3467 cm™)¥} carbonyl
group (1708 em™)2 eEblE S7F LFERRETE 'H-NMR spectrum © A1 & &y
0.84, 0.93, 0.94, 0.95, 1.03, 1.13, 136, 1.41°14 87019] tertiary methyl (CH;)2
e = singlet®] proton signals©] WEFSETE ©] signals®] 38 o] F A&
& %] (Meselhy er al, 1997)9} vt UA T ZA] hopane &24E& 7Hz]

Bgsolat A

Hn

FA

mlO
ek,

T otk w3k “C-NMR spectrum®| A carbonyl

group (8c: 216.4)2] signal¥}, B-form2| hydroxy group (8c: 72.4)%] signal©]

v Ak

T

IR spectrum, EI-MS, 'H-NMR 28] i1 "“C-NMR spectrum®] &334 &40

F(



olaf s 2% triterpenoid?]  hopane®] =4E  7FA ™, C-3°] carbonyl
group?}  C-229]  PB-forme] hydroxy group® 7FAE  hydroxyhopanone & %
&3t} (Tanaka et al, 1992). ©] &3+E-2 Abies veichii (Tanaka et al, 1992)

TAA FeElHded gEMe Ao e Hdw

Compound 3  (B-sitosteryl-3-O-B-D-glucopyranosyl-6'-O-palmitate)< 7 o
AA ol dejaA Eerdon, & CDCLE 'H-NMR (Fig. 153 “C-NMR
(Fig. 16) spectrume =73 3}5), 1 datat= 3 x| 9} H] &SI} (Ulubelen et al,
1988; Nguyen. et al, 2004). ©] $}3E- Liebermann-Burchard (4 44 of A]
Aoz WAy g Molish #HgolA FAE HEFHJASEZ sterol glycoside E
FAd = Adrh EI IR spectrum = FolA 3400ecm™ 91 hydroxy group,
17359 1250 cm™ <1 ester, 1020, 1060 L2131l 1080 cm’ ¢! glycosidic bondol

71918 &4 band S YFERUH QI TEH 'H-NMROI A fatty acid esters WERH = 6

ol

0.88 (3H, s)°ll 4 terminal methyl group, 6;;1.26° A aliphatic long chain [(-CH,-),],
a8 & 236 (t, 1.5 Hz)llA carbonyl groupoll Z3E  methylene©]
dagozn At esters #ASIATE T8 2 o] 85HE0] acylated sterol
glycoside® F8Z 7 Ach ©] P& 'H-NMRZ "C-NMR spectrume
SHEHE 17} v LEFo] aglycone©] B-sitosterold = & 7 UMM, 8y 4.38 (1H,
d, /=73 Hz, H-1)3} 8. 63-101 (101.1, 73.5, 76.5, 70.2, 73.9, 63.4)ZFE| B-D-
glucoseE 31 th 2] 1l positive LR-FABMS spectrum (Fig. 14)& 3 74 5o

m/z R38QL [M+Nat+H] 2] ©]A}F &7} ol peak 7} ULFERLFE R A R4 ester7t

16



EHa7b 16709 palmitic acidEhs AE ¢ 7 ASdth AEAE ester®]

A HE 27 YA HMQC (Fig. 17)$ HMBC (Fig. 18) spectrum<

N

43 th. HMBC spectrum =730 2]3l B-D-glucose®l H-1' [8y 4.38 (1H, d,
J=7.3 Hz)]< B-sitosterol2] C-3 (8¢ 79.7)°ll long range correlationd}%]2.%, B-D-
glucose2] H-6' [8y 4.30 (1H, d, J=11.0 Hz)]= palmitic acid®] C-1" (8¢ 175.5)}
long range correlationdl= Z1& &  ANTH Wk o] FFEL EAF]
g140|¥, A4 o] Cs1Hop0%! B-sitosteryl-3-O-B-D-glucopyranosyl-6'-O-
palmitated & 13ttt

w3 o) 338 S Centaurea regia (Ulubelen. et a., 1988)2} Plumbago zeylanica
(Nguyen et al, 200001~ &e]s|glon], ol F¥3} duste z5FHoz

selatedth. 2els o #AEBES SAF AE Bowessh HWY ME

H~l
>.
o
N
)
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Compound 4= pB-Sitosteryl-3-O-B-D-glucopyranoside® %% 3 &7 TLC

O
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2-2. EtOAC E ol Held ggEe +2 24

2-2-1. Flavonol 3t&&°| +x2% (5, 8, 10-14)

Compound 8 (Quercetin)<> =34 224 HFHE 5oy

A TLC 3+ quercetin & 21313t}

Compound 11 (Kaempferol 3-O-B-D-glucopyranoside)> &4 F o2 12
g2tk &l DMSO-d, & 'H-NMR (Fig. 27)2} "C-NMR (Fig. 28) spectrum< 3
HEto] 1 dataE £ x| 9} vl wst ot (Park er al, 1991a). 'H-NMROI A &7 &
¢l signal¢! meta-coupling®til 21 proton signal [Sy 6.21 (1H, /=2.0 Hz, H-6)7} §
n 6.44 (1H, J=2.0 Hz, H-8)] 2] double signal ¥+ A,B, type2] B&2| protonE 2]
ZEAQE YJeERHE signal [6,6.21 (2H, d, /8.0 Hz, H-3' and 5")¥} §,,8.02 (2H, d,
J=8.0 Hz, H-2', 6")]°] & 25] o] kaempferols T4 02 3l FEUS 4T
Aitk T3k BC-NMR spectrum®l A kaempferol2] B3tell 7]<9138}= signals [6¢
130.9 (C-2', 6"), 8¢ 115.1 (C-3', 5H]°] #Z = ATh 'H-NMR7} "C-NMR spectrum

o 1 wo] 1ol 7]¢l8l proton signal &y 5.46 (1H, d, J=7.2 Hz, H-1")3} §¢

100.9 (C-1")ZF-E] B-D-glucose’t =TS Attt wepr] o SF3hs

tlo

kaempferol C-3 #1 x|l B-pD-glucose”t 233t &Y

o
Jeb

sheld 4= Sl

it



2]

ML

Compound 12 (Quercetin 3-O-B-D-glucopyranoside)< 2k &2 e =
w1 ch &0 DMSO-d, 2 'H-NMR (Fig. 29)% "“"C-NMR (Fig. 30) spectrums- =
Astod T dataZ F3 29 B EFA T (Gluchoff-fiasson et al, 1997). 'H-NMRO]|
] meta-coupling 3H= 53 2] proton signal [8y 6.40 (1H, d, /=2.0 Hz, H-6)¥} §
n 6.84 (1H, d, J=2.0 Hz, H-8)]3} ortho-dihydroxy groupe 7}7 B%e] 54 A<l
proton signal [6 6.84 (1H, d, J/=9.0 Hz, H-5")3} &, 7.59 (1H, d, J=2.0 Hz, H-2") &
i 8y 7.57 (1H, dd, J=2.0, 9.0 Hz, H-6")]°] #Z 5[0} quercetin & HFHLE &+

o)

geteeldts Ae AT 2

b

')

t} (7 5, 2000). 'H-NMR3} “C-NMR
spectrum® 4] Fe] 1¥e] 71918}= proton signal &y 5.46 (1H, d, /=7.3 Hz, H-1")
7 8¢ 1009 (C-1"ZF-E] B-D-glucose”} &= gHS skt whepa] of )35t

A
F A

e

58 quercetin®] C-3 # Aol B-p-glucose’t ZFHe IFELS &2

Aot

Compound 13 (kaempferol 3-O-rutinoside)> =ghd 22 Aej2 2] 5 3o
41 DMSO-d,Z 'H-NMR (Fig. 31) ¥} “C-NMR (Fig. 32) spectrum< Z* 3}
1 data® FF X9 HIEA T} (Lee ef al, 1992). Compound 113} H]ul3}e] o]
35tE o] kaempferol F4< 717 s d& & & At 'H-NMRT}F UC-
NMR spectrum®l] 4] 2] 19l 7]418H = proton signals [Sy 5.33 (1H, d, J=7.4 Hz)
7} 8,y 4.40 (1H, br s,)]3} carbon signals (3. 101.3, 100.7)°] #Z 5]} kaempferol©
2Rt gol Ajet 7RIS FAY 7 odden, 1 F2 B-p-glucosedt

o-l-thamnose? & & 4 Arh webAd o] &3E kaempferol 3-O-B-p-



glucopyranosyl-(6—1)a-L-thamnopyranoside <, ©| $t%E-2  kaempferol 3-

rutinosided & &g + AT

Compound 14 (Kaempferol 3-O-a-L-rhamnopyranosyl-7-O-B-D-glucopyranoside)

rlo
5C
=
A
o
ful
i
4

AC)
",

2th. &v) DMSO-4, % 'H-NMR (Fig. 33)3 “C-
NMR (Fig. 34) spectrume A8 I dataE & H A9 v 28T} (Park et af,
1991a). Compound 113} H| W3} ©] &§E 0] kaempferol =4S 7HX &3H&
le & £ A9tk 'H-NMRI} PC-NMR spectrumoll A 2] 1] 7|8t
proton signals [6y 5.33 (1H, s), &y 5.07 (1H, d, /=73 Hz)]¥} carbon signals (5 101.8,
99.99)0] ##F 0] kaempferolol] 2® A+ o] AT TxUE FAHE + A
dom, 1 9e B-D-glucose? a-L-rthamnosed S & 4 Aok Fo] 27
212 #2137 ¢sle] 2D-NMRS! HMBC spectrum (Fig. 35)% &334, a-L-
rhamnose®] H-1" [8y 5.33 (1H, s)]© keampferol2] C-3 (8¢ 134.5)7} long range
correlation 3}, B-D-glucose®] H-1" [6y 5.07 (1H, d, J/=7.3 Hz)]<> keampferol C-7
(6¢ 162.9)°] long range correlation dt=Z 22 Hol o] &3&E-S kaempferol 3-

O-a-L-thamnopyranosyl-7-O-B-D-glucopyranoside = T35 5433 th



2-2-2. Phenol 4 #3E°] +x44 (6,7,9, 10)
Compound 6 (Hyderoquinone)> F33 24 AH oz Fylon, &
DMSO-d,Z 'H-NMR (Fig. 19)3} "C-NMR (Fig. 20) spectrums =43} L data

£ F3 A9} vusted hydroquinone -2 21331 Th (Kawagishi et al, 2002).

Me
ik

o, &

Compound 7 (Methyl gallate)> FAE S AAHo=F

DMSO-d; 2 "H-NMR (Fig. 21)2} “C-NMR (Fig. 22) spectrum< A3} 71 data

il

B 29 v 3} Th (Park ef al, 2000). "C-NMR spectrum ol 4] & 108.5 (C-

(]

, 6), 8¢ 145.6 (C-3, 5)°ll A aromatic signals®] 2532 H, oxygen-bearing
aromatic ring [6¢ 145.6 (C-3, 5), 6¢138.5 (C-4)], ketone group [S¢ 166.3 (C-7)] 18]
31 methyl group [6¢ 51.6 (7-CH3)]S WEIEE o] 3322 methyl gallate® 2

Awilom, TFEE T UL TLC 3t methyl gallate &8 2HQlsk3i T}

Compound 9 (Gallic acid)2 43 4 ZAAHdozn Fslon, &uj
DMSO-d, = 'H-NMR (Fig. 23)3 "C-NMR (Fig. 24) spectrum2 =43} 1 data
E A9 v wEATt (Lee er al, 1994). ©] 33+
C-7°l methyl group®] $1% gallic acid® 248t o™, 754 Hl2 TLC &

rorel.

of¢

o] gallic acid] & 2l

Compound 10 (Protocatechuic acid)> 733 &4

HhY

oz FeEslan,

+od

ML

of

4] DMSO-d, % 'H-NMR (Fig. 25)3} "“"C-NMR (Fig. 26) spectrums =7

1 datas B A9} vl Tt (Hur er of, 2001). 8,6.77 (1H, d, J=8.3 Hz, H-5),



&u7.27 (1H, d, /=1.9 Hz, H-6), §,7.32 (1H, d, J=1.9 Hz, H-2)2I4] ABX type®]
aromatic signals®] #2521t} “C-NMR spectrum © 4] = oxygen-bearing aromatic

ring [6¢ 150.0 (C-4), 144.9 (C-3)]3} ketone group [6¢ 167.3 (C-7)]& YER}EE o]

=3

3} E0] protocatechuic aciddS AAsL, ZFEFFH ®Hu TLC 3t

boieh.

Ol

protocatechuic acid 92 22l
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Fig. 23. '"H-NMR spectrum of compound 9 in DMSO-d,
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Fig. 24. "C-NMR spectrum of compound 9 in DMSO-d
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Fig. 27. 'H-NMR spectrum of compound 11 in DMSO-d

Fig. 28. "C-NMR spectrum of compound 11 in DMSO-d
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Fig. 29. 'H-NMR spectrum of compound 12 in DMSO-d,
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Fig. 30. "C-NMR spectrum of compound 12 in DMSO-d,,
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Fig. 31. '"H-NMR spectrum of compound 13 in DMSO-d,

Fig. 32. "C-NMR spectrum of compound 13 in DMSO-dj
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3-1. R 24

t& o] n-Hexane FROZNE 23 452 P& 1-45 HAAS 1
A2 (classical pathway)oll A2l & &35 FAsa] 11 Z3}E Table 30 Y
eluicich 2eld $§E 7bF axntrt 2 B-sitosteryl-3-0O-B-D-glucopyranosyl-6'-
O-palmitate (3)< IC5, @tol 1.01 pME T} tiliroside (IC5=76.50 pM) K.t}
708 o 73k ZAdo] vErwkth. 28 31 Bsitosterol (1) ICs, ol 59.41 yME
th 29l tliroside (IC5x=76.50 uM) Rt} & &AL Yepdch 18t
hydroxyhopanone (2)} B-sitosteryl-3-O-B-D-glucopyranoside (4)-> &7} vtER}
2] 2% Skt

SR gado] & 3FtE 19 §8 Hal a7 C-39 hydroxy group®] &
Weh ) wpEol et el #31% 4k 2ol 3 S0l glycosylation©]
s 7 ZAgo] 3435 dAHETh b w8 dRA 248 ved 3= 3
o] #xL B-sitosteryl-3-O-B-D-glucopyranoside®] C-6' ¢ =0l &} 2wk ester

b AgEo] 7] wFo] vepdtl 222 sterol2] C-32] hydroxy group®}

acylated sterol glycoside®] A ¥4k esteri= @B A 4o 7o AT st}



Table 3. Inhibition effects of compounds 1-4 on the complement

system of classical pathway

Compounds 1Csp (pM)*
B-Sitosterol (1) 59.41
Hydroxyhopanone (2) >100
B-Sitosteryl-3-O-B-D-glucopyranosyl-6'-O-palmitate (3) 1.01
B-Sitosteryl-3-O-B-D-glucopyranoside (4) >100
Tiliroside* 76.50

*1C5q value obtained from three separate experiments are shown.

"Tiliroside used as positive control.
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Fig.36. Inhibitory effects of compound 1 on complement system
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Fig.37. Inhibitory effects of compound 3 on complement system
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3-2. kst 24
9% EtOAc B¥ o 25E #83 659 flavonol 33HE 5, 8, 11-143}
4%‘9] pheno]*é §]'613' 6, 7, 9, 109} DPPH radica]]l}— peroxynitrite _/_]'\_7_1 3;;2],/\6]

=
Al s A4S 9rketg i, 2 Z3E Table 40 YERIAT. &

o

< -
219 35S 3 DPPH radical 24 &AolA 71 &377F 2 methyl gallate (7)
S ICso #°) 1.68 uME tHZFQ]  L-ascorbic acid (IC5=7.38 uM)E.T} 48] F=
gido] AatA et ke EE 87 92 DPPH radical &4 4ol A]
ICsy #kol Z+7F 2,659 1.43 pyME L-ascorbic acid (IC5=7.38 uUM)E.T} & &4
S vERHA T peroxynitrite 427 &4 ol A quercetin (8) ICsp #k°] 0.42 £ 0.60
IMZ Feld 35E T M & 248 ek x93 H3gE 5,7, 9
183l 102 1Cs, kol 242 1.76 £ 0.56, 1.04 £ 0.18, 1.38 £ 0.90 18] 1l 1.95 *
0.93 UME penicillamine (IC5=2.36 * 0.79 uM)R T} %> 244& JeRHSIH
ata @4o) 2 35E 7-99 DPPH radical} peroxynitrite A&7 F IS
aromatic ring®] F 71 ©]%2] free hydroxy group®l ortho HHZ Ag= o] A7)
uf o] Yeby, a3t = free hydroxy group?] -2+ methyl group® &
Ao} Heo]l Arh (Sroka et al, 2003). LR R C-3, 4°] o] FH]
hydroxy groups 7FZ 10 2t} C-3,4,5 #A el Al 74| hydroxy groupe 7Fz]
shete 73 99 @/t o AA YERACE (Sorka er al. 2003; Ohsugin ef al,

1999).
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ring®] C-4' YAl hydroxy group2 717 kaempferol<- T}A <F&k €4 & e}
WA R quercetin®  Z©] kaempferol®] C-4' 9 2o hydroxy group®l ortho
hydroxy group (o-dihydroxy group)©] 3 7}% W, flavonol2] A~A &Ado] F7ETh

o-dihydroxy group®] &84 & A5 C3 Al glycosylation©] =™ =1

gxe F43 Zadu (Marjeta et al, 2003).



Table 4. DPPH radical and peroxynitrite scavenging activity

of compounds 5-14

ICs0 (uM)*
Compounds
DPPH radical ONOO’
5 14.89 1.76 + 0.56
6 >100 1257 = 092
7 1.68 1.04 + 0.18
8 2.65 042 = 0.60
9 1.43 1.38 + 0.90
10 8.44 195 + 093
11 >100 466 + 051
12 24.68 381 £ 048
13 >100 289 = 054
14 >100 7.64 + 138
1-Ascorbic acid” 7.38
Penicillamine® 236 = 079

“IC5, value obtained from threc separate experiments are shown. b -ascorbic acid used as

positive control. “penicillamine used as positive control.
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