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Abstract

Screening of new antioxidants from oriental medicines resulted in the isolation
of a new antioxidative compound and eight known compounds from the stem bark
of Kalopanax pictus. On the basis of various spectrosopic studies, the structure of
the new compound was determined to be 4-rhamnose-3,5- dimethoxybenzoic acid
methyl ester. Other known compounds were identified as ferulic acid, 4,5,6,-
trihydroxyflavanone, 2’ 4" 4" -trihydroxychalcone, caffeic acid, coniferyl alcohol,
syringin, 1,3-di-O-caffeoylquinic acid. These compounds showed lipid peroxidation

inhibitory activity in rat liver microsomes and free radical scavenging activity.
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8 GBS 26l 2 Aast Ae D free radical 2A TS e AT
&2 g 22 sl Kalopanxin ER2 BB 3% o, 343t &4 & 2e %2 phenolic
FEE Bstd 1 3 FxE FHEEAUT

[

ME A U

AR A - JUFE GANGgA 19973 48] ARG F 1, AH3)
of AH&-3t T

717] 2 A]eF - UV spectrum2 UV-260 spectrophotometerE:, EI-MS+ Hewlett-
Packard MS Engine 5989A mass spectrometer® AF-83td 384tk 'H, "C NMR
2 823 229 NMR Z# o] & Varian Unity 300 spectrometer ® Varian Unity 500
spectrometerS AF&3l9] 2™, NMR &0 & CDCL#} CD:ODE A} &3ty o, Y5
FZ B2 2= tetramethylsilane (TMS)S A}-&3}% t}. Column chromatography & & 2
silica gel-& Kieselgel 60 (70~230mesh, Merck Art. 7734)-%, ODS resin YMC-gel (ODS-
A, 60~230mesh)<, Sephadex LH-20-2 PharmaciaA}l A & & AM&-3F3 o} Silica gel TLC
2 o A TLCo & 712} MerckAL2] pre-coating® Kieselgel 60Fs: (Merck Art. 5715, 5744)
7 ODS(Merck Art. 15389) plateE A} &8 th. 71k Al 2F2 A FA k& AHE-3HA
t}.

BHEA] 22 9 F - dUF EVERE st FHEE9] £ B
A FR L Fig. 17 2t} A8 AT QUT £7] 6kgS 80% MeOHE 7148}
o AeoA 327k 23] WE 223U MeOH 2228 74 558 e §7]
L] B AL gete] A E B35S AN ol d¥E MeOH FEARE
n-hexane2 @ WA &1 ¢ F 3 E thA| CHCL, EtOAc, n-BuOH=E £x14 o
2 Z2Z39t 4 $lFE ¥ 5 MY A AAFLE A 24 B E
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Stem of Kalopanax pictus (6 kg)

80% MeOH extraction

MeOH extract

n-Hexane
CHCl,

EtOAc extraction
EtOAc extract (3.3g)

silica-gel column chromatograhy
CHCI,:MeOH 100:1-1:1

| | |

Ka 1 Ka?2 Ka 3 Ka 4 Ka 5 Ka 6

\

sephadex LH 20
100% MeOH

sephadex LH 20

Seggojd&’ééﬁ 20 CHCl;:MeOH=1:1
? sephadex LH 20
sephadex LH 20 100% MeOH
80% MeOH
sephadex LH 20 ODS-MPLC
80% MeOH  ODS-column 40-100MeOH
chromatography
sephadex LH 20
Comp.1 silica-TLC 80% MeCH
CHCI;:MeOH HPLC
8:1 ODS 30% MeOH
Comp.2 [—‘_‘_‘ Comp.7

Comp.3 silica-TLC Comp.9

Comp.5 Comp.6 CHCl,:MeOH
Comp.4 31
Comp.8

Fig. 1. Isolation procedure of the antioxidants from the stem of Kalopanax pictus.

EtOAc FZ 5 (3.3g)= silica gel column’dol| 4] CHCl::MeOH 50:19| &) A Z}slo] 1:1
EF&u7tA S-S SEEA EE3AA 67l(Ka 1~6)9] £H o2 5t} Ka |
o] t]&ld Sephadex LH-20 column chromatography(80% MeOH)E 3] dl] 27]12] &
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HEDL 4o o2HH 3FE 13 SHE 28 AU Ka29 Ka3 &
3] & Sephadex LH-20 column chromatography (80% MeOH)E 3ty ZtZt o 2 RE| 3}
32 37} 33 E 42 AU} Ka 4 FF 2 Sephadex LH-20 column chromatography
(CHCL:MeOH=1:1), ODS column chromatography 2 HPLC(column; Phenomenex Cis, 2.5
% 25¢cm, solvent; 30% MeOH)E A X 33 E 59 6 AAsHct G RY Kas5=
HE] = Sephadex LH-20 column chromatography & A Al 3t 38 78 &8
t}. Ka 6 2382 Sephadex LH-20 column chromatography(100% MeOH)& A Al & &,
T} A] Lobar RP-18 chromatography @ preparative-TLC (CHCl:MeOH=3:1)& 4 A} &}
o 3L 8L FHstg e, 3¢E 9= McOHZ B2 o] &3 2 st o3t
A A &t ot

A shsh oA wAel 24

Microsome-& rat®] ZFe 2 ¥ Hogeboome| HHH(24)of wlel a5 fAEE|He
2 Rastgon, 2 ¥ microsomed XA YO B e Ohkawas 2] WHH(25)el wh
gt Bl Z 4 Wyl Fe/ascorbate WHE A& o] &3t A A #4te AALAE & &
A st P th. &, Fe*'/ascorbate WS- Aol o3} ¢ € iz Adbgof o3t
microsome 2} *} 2 Ak A 31 A A E malonedialdehyde(MDA)E thiobarbituric acid(TBA)
o Wb AIZl O BB R F AT ol A|R H 7o 23 MDAA
Ao A ARE A #Ais A A4 AR Z k] -tocopherolat 1 FA] S W)
astg e, 7 FAH L 23 2o} Tris-HCI &3 8- (100mM, pH 7.5) 0.5ml, ascorbic
acid(2mM) 0.1ml, FeS0..7H.0(4mM) 0.1ml & microsome & (10mg protein/ml) 50
M7t 3E T3 §A0] DMSO) 591 3P E A5 S0dE EFT 95 37¢A

2]

B oF7l ol A 3087 Wh-gA 7 F 3M TCA-2N HCl(1:1) &35 &9 0.25ml S 7}3}
o W& FAAA 500go A 1022 A #2)ste] ARG 1mlie 3
3 th& 0.67% TBARY 0.25mlIE 7}8F3 100CHA 2087 8 F Aoz
Ztsked s30nmel M o) FHEE FAH AT AR AA Hars AP A s

£

Lol RS 3,
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1. 33HE 1

1H NMR(300m#, CD:0OD) d: 6.93(1H, d, J=7.5, H-2), 6.77(1H, d, J=7.5, H-3),
7.03(1H, s, H-6), 6.25(1H, d, J=15.9, H-1"), 7.54(1H, d, J=15.9, H-2"), 3.75(3H, s,
OMe)

33 E 12 ExFo] 194011 216, 328nmol| A UV Hd F4 33 E YR AT
1H NMR spectrumoj] ] & 3.75ppmeoll A 3+ 7] 2] aromatic methoxy protone] ¥ 32HE ]
°o9,6.93,6.77, 7.03ppmdl] ABX-type®] aromatic methine proton®], 71 ] o] 6.25, 7.54ppm

COOH
_

OMe
OH

Fig. 2. Structure of compound 1.
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ol A1 proton coupling constantZ2F-E & 4 )+ ethylene signalo] #&AH o}, °C
NMR spectrumeo]] 4] = methoxy carbone] 51.9ppmol| A, carbony! carbon signal©] 169.8ppm
A &AL o, 11 29 aromatic carbon¥} ethylene carbon signale] 114.8, 115.1,
115.7, 122.7, 127.7, 146.9, 149.6, 144 9ppmoi| A # 25 At}. ¢}/ 2] NMR dataZ -
B 33E 1L ferulic acid2 &9 5 A TH(Fig. 2) (26).

2. 33 2

'H NMR (300mz, CD:OD) &: 5.27(1H, dd, J=12.9, 3, H-2), 3.07(1H, dd, J=17.1, 12.9,
H-3a), 2.71(1H, dd, J=17.1, 3, H-3b), 7.73(1H, d, J=8.7, H-5), 6.49(1H, dd, J=8.7, 2.1,
H-6), 6.35(1H, d, J=2.1, H-8), 7.32(2H, d, J=8.4, H-2" ,6 ), 6.81(2H, d, J=8.4, H-3' ,5")

838 2= EI-MSQ] m/z 256 (M)* peak 2 HE] ExZFo] 2560 & & 4 AU th
'H NMR spectrumof] A AF4A- ¢} 4§38l methine proton©] 5.27ppmoj| A &&= o,
o]& 3.08 ¥ 2.71ppm&] ethylene proton3} A3} &S coupling constant 2 5-E
& & At 299 flavonoid 8352 51, 631, 88 protondl] 7|13t 3749
proton(7.73, 6.49, 6.35ppm) & 7.32, 6.81 ppmol| A4} 1,4-disubstituted benzeneol] 7] 3}
¥ aromatic protonE©] & &5 o} 4,5 7-trihydroxyflavanone & 2 4 % 1 th(Fig. 3) (27).

Fig. 3. Structure of compound 2
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3. 33HE 3

'H NMR(300mi, CD:OD) 8: 7.51(1H, d, J=15.3, H-2), 7.69(1H, d, J=15.3, H-3), 6.18(1H,
d, J=2.1, H-3"), 6.31(1H, dd, J=9, 2.1, H-5"), 7.87(1H, d, J=9, H-6" ), 7.52(2H, d,
1=9.3, H-2",6"), 6.75(2H, d, J=9.3, H-3" .5")

S 39 BLMSS] miz 256(M)* peak 23 E] & s1gH el $aigo] 2569 & 2
2 qlglth. a3 2 'H, "C NMR spectral dataS ZA 2 2 3FEL 24
CisHi0:2) 2 4 4" -trihydroxychalcone © & 1 & 9| t}(Fig. 4)(28). 'H NMRoJ| 4] benzene
ring® ZA%3}3 9= ethylene proton(7.51, 7.69 ppm), 1,2,4-trisubstitued benzened]|
7] ©1 8} = aromatic protonE(6.18, 6.31, 7.87ppm) % 1.4-disubstitued benzeneo]] 7] 9l
3} protons(7.52, 6.75ppm)o] #HA= 9l th. "C NMR spectrumol A & a B-unsaturated
carbonyl carbon(192.5ppm)3} AtA-9} A WeFE 45 &4 (165.3, 160.5ppm) 5]
#Z = A

OH

HO

OH O

Fig. 4. Structure of compound 3.

4. 313H& 4

'H NMR(300mz, CD:OD) 8: 7.51(1H, d, J=15.3, H-2), 7.69(1H, d, J=15.3, H-3), 6.18(1H,
d, J=2.1, H-3"), 6.31(1H, dd, J=9, 2.1, H-5"), 7.87(1H, d, J=9, H-6"), 7.52(2H, d,
J=9.3, H-2" ,67), 6.75(2H, d, J=9.3, H-3",5")

.96 -



B3 E 4= 218, 283nm F2A UVEY &4 912 E 7FA 9, 'H NMR spectrum
ol 4] 371 2] aromatic methine proton(6.94, 6.79, 7.04ppm)3} ethylene proton(6.23, 7.54ppm)
o] el =]t} 18] 31 “C NMR spectrumdi] A] = 165.8ppmoi| A 2] carbonyl carbon signal
< 8] & 970 9] aromatic signalE°] & E ] 23, NMR 3}4 A3 caffeic acid2 o
8 & A eHFig. 5) (29).

COOH
=

OH
OH

Fig. 5. Structure of compound 4.

5.3¢E S

'‘H NMR(300m#, CD:OD) 0: 6.95(1H, dd, J=8.4, 2.1, H-2), 7.10(1H, d, J=8.4, H-3),
7.07(1H. d, J=2.1, H-6), 6.54(1H, d,J=15.9, H-1" ), 6.27(1H, dt, J=15.9, 5.4, H-2' ), 4.21(2H,
d, J=5.4, H-3"), 3.20~4.0 (glucose), 3.87(3H, s, OMe)

BHFHE S& 213, 258nmell A UV Hol 58 Holv A% 3429 g2 24,
'H NMR spectrumdi] 2] 3.87ppm®] aromatic ringol] 2 &3+ 3+ 7§ 2] methoxyl signal=}
6.95, 7.10, 7.07ppm&] AMX-type&] aromatic proton, 6.54 % 6.27ppm®} aromatic
proton, 3.20~4.0ppm<] glucose proton signalE°] &% Yt} "C NMR spectrumol]
A] = methoxyl carbon signal(55.8ppm)3} aromatic carbon signal(131.1, 119.1, 115.4, 146.0,
149.1, 110.1ppm )2 ethylene carbon signal(128.5, 129ppm)3} 8}7] F 2] anomeric
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carbon signal(100.1ppm)E E &3} 60.8~77.0ppm Alo]of ol A 2] 3= signal
Eo] Ao, o] ZHE E 313 E-S coniferyl alcoholE F3 5] ¥ t}H(Fig. 6)
(30).

CH,OH
o N\

oH CH,OH

(o) MeO
OH

Fig. 6. Structure of compound 5.

6. 3+3= 6
'H NMR (300, CD:OD) 0: 6.74(2H, s, H-2,6), 6.54(1H, dd, J=15.0, 6.0, H-1" ), 6.32(1H,

dt, J=15.0, 6.0, H-2"), 4.21(2H, dd, J=6.0, 1.5, H-3"), 3.2~3.8(glucose), 3.85(6H, s,
OMe X 2)

3} 35 62] 'H NMR spectrum-2 aromatic ring®l] 2 3+& o] & 2] methoxy signal(3.85ppm),
% 702} aromatic proton(6.74ppm) % glucose®] proton signal(3.2~3.8ppm)S LEM
2. Coupling constant & chemical shift®2 €] aromatic ringel] A2 ¥ trans
ethyleneo] A& & 4 AAT}H “C NMR spectrumdl] A = 56.6ppmol| A methoxy
carbon, 128.7, 130.3ppmol] 4] ethylene carbon, 102.8ppmol| A &2] anomeric carbon3}

SH CH,OH

O MeO
OH

Fig. 7. Structure of compound 6.
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61.6~77.3ppm Alo]o] A 2] methine carbono] TR EHJ o, 1 9 o 132.9,
104.6, 152.8, 134.0ppmoi| A aromatic ring2] carbonE-©] F &= Ut} o] = NMR data
E ZA R 33E 6% syringine & g A HFig. 7) 31).

7. 848 7

'H NMR(300m:, CD-OD) 6: 2.66(1H, dd, J=12.9, 3.9, H-2.,), 2.02 (1H, dd, J=12.9,
10.5, H-2.), 5.39(1H, td, J=10.5, 10.2, 3.9, H-3), 3.82(1H, dd, J=10.2, 3.3, H-4),
4.33(1H, m, H-5), 2.66(1H, dd, J=15.3, 3.3, H-6.), 2.23(1H, dd, J=15.3, 3.3, H-6.), 7.15(1H,
d, J=1.8,H-2" ), 6.89(1H, d, J=8.4, H-5"), 7.06(1H, dd, J=8.4, 1.8, H-6' ), 7.61(1H, d, J=15.9,
H-7"), 6.38(1H, d, J=15.9, H-8), 7.17(1H, d, J=1.8, H-2"), 6.89(1H, d, J=8.4, H-5"),
7.08(1H, dd, J=8.4, 1.8, H-6"), 7.62(1H, d, J=15.9, H-7"), 6.44(1H, d, J=15.9, H-8')

3 79 EL-MSE m/z 48604 (M)* peakE UEI o] £x}&0] 4860 & &
2J 21t} 'H NMR spectrumol| A 5 7]} €] caffeic acid moietyE #2& 4 3 th. £, trans
olefinic protonsol] 3] B3}t 15.9H22] coupling constantE Zt& Ul 7§ 9] doublet
methine signalo] TAE A 11, 3k 27§ 2] ABX spin system®] benzene ring] Z ] 7}
# 2= Q). Quinic acid moiety®] H-3, H-4, H-59)] t 3} signalo] o] & A& 71e]
spin-spin coupling constantsl] 2] 6]—0% %}l 5] ) 31, quinic acid moiety®]] caffeoyl substitution
9] YA & free quinic acid protons2] 'H NMR chemical shifts¢} Bl £33t o 2 4
& F ARt 1H NMR spectrum & 2 B2 E 5 7] 2] caffeoyl 7] 7} quinic acid®] C-
17 C-3 S1A]e 2ol UsE & F A=, o] = free quinic acid9} Bl w3 -&
ol C-3 $] %] 2] proton signale] 2F 1.42ppm % & downfieldZ shiftdl A o 8 Mo} 3}
9] caffeic acid Z+7]17F C-39] hydroxyl 71o] Aj= o] 1, ©F& shvtrt C-1d] 4
gt o] 2122 vEA T BC NMR spectrum®l] A quinic acid2] quaternary C-12] chemical
shift7} 5-O-caffeoylquinic acid®] C-13} v] w3l & o downfield shift § R o2 Ho}
2le] 'H NMR 3| A & Hubala) &} o] AHe] NMR data2 2¥] FE 72 1,3-di-O-
caffeoylquinic acid2 Z 7 9 ] thFig. 8) (32).

S99



HO OH

OH

OH
Fig. 8. Structure of compound 7.

8. 3}3H= 8
'H NMR(300Mz, CD:OD) 0: 7.34(2H, s, H-2,6), 5.34(1H, d, J=1.5, H-1"), 4.13(1H,
dd, J=1.5,3.3,H-2"), 3.88(1H, dd, J=3.3, 9.6, H-3" ), 3.43(1H, dd, J=9.6, 9.6, H-4' ), 4.24(1H,

m, J=9.6, 6.3, H-5"), 1.20(3H, d, J=6.3, H-6" ), 3.90(6H, s, 2 X OMe), 3.88(3H, s,
OMe)

3t5tE 82 FAB-MS Z 3} m/z 3599 A4] (M+H)" peakE YElo] £ 335 2
2 ZFo] 3589 & & 4 AUtk 'H NMR spectrum< 3413k A7} 7.34 ppmol] 2H &
9] symmetric aromatic methine protone] #& %] 31, 37§ 2] methoxy signalo]
3.88(3H, s), 3.90(6H, s)ppmoil 4] &A=t} o] A& benzene ringol] F 7§ 2] methoxy
717 A #dH S& AAFSFE Y. 38 rthamnose 25 712 H 1.20ppm2] methyl
proton®] 2 E ¢ A, o] 2]l 3.43~534ppm Alo] ol anomeric protong E3}dle] F

£ FA 3= signalEo] JEFHATE *C NMR spectrumdl] A &= methoxyl carbonol] 3f
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238} signale] 52.7 2 56.6ppmol] A, rhamnose2} methyl carbon®] 17.8ppmoi| A, anomeric
carbono] 103.4ppmoll A}, 18] 3L carbonyl carbonol] 3} F3}+ signale] 168ppmol] A
#2591tk HMBC spectrumol] 4] 3.88ppm2] methoxyl proton©] 168ppme] carbonyl
carbon® 18] 31 rhamnose?| anomeric proton(5.34ppm)2. 2 H- ¥ 126.9ppm 2]
aromatic carbonol] long-range couplingS UYelHd o 24, B 3352 4-rhamnose-3,5-
dimethoxybenzoic acid methyl ester 2 %2 ¥ 1 t}H(33).

MeQO

o OO CO—OMe

Me
MeO
OHOH

Fig. 9. Structure of compound 8.

9. B3FE 9

33 9= 224, 261nme] UV AW F533E 2= 31§E2A HREI-MS 7%
A3 (ZH A 668.0984, AlAFA] 668.0994) 2 "C-NMR Z 3 2 2 g #2142 0]
CyiHoO0s o2 AAHAT IR A EZEA A3} hydroxyl?] (3360cm), ester?)
(1710, 1690cm.1), 2 aromatic carbon(1550, 1450cm')e] &) 7} Al A 5ot B 813}
29 33 F 2 CD3ODE £uvl2 =43 IH NMR(Fig. 10), 13C NMR
spectrum(Fig. 12) = HMBC spectrum(Fig. 13)2] sjA oz 2 g AA s HY}t. 2+
proton¥} carbon NMR dataE Table 1o Ve LT}

IH NMR spectrumol| A benzene ringell A3 o] )&= Al 7§ 2] methoxy signalo]
ZAE R, 2 F F ANe A= AUt T & aromatic proton signalE £ 7.27ppm
o] protone M2 A F 7N €] protone] ] 1L, 6.57, 6.99, 7.03ppm2] aromatic
proton& AMX-type2] protonE©| 1 th. 18] 3 aromatic ringol] ZA3}HE trans ethylene
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] Wh_J L

— —r T T — B A
- .

Fig. 11. '"H NMR spectrum of compound 9

T T v N S B S S S S —

175 150 125 100 75 50 25
Fig. 12. *C NMR spectrum of compound 9

9] Zx)| & proton coupling constant®} chemical shift 2 F€] &3tt}. 2 2] anomeric proton
signal (4.98. 5.22ppm)& £ A 3.2~4.22ppm Alo] o A oxygenated methine
proton S G| Al &2 3 signalEo] #AF 1, rhamnose] methyl signal =
1.07ppmoll Al #2591t} 0]/ 2] 'H NMR data 58] F 71 9] F(glucose 2} rhamnose)
7} % 7§ 9] benzene ringo] A TS & F AA Y. 18] 32 HMBC spectrum(Fig.3)9]
&) A o 2 B-¥] symmetric aromatic methineQ! 7.03(2H, H-2" 6 )ppm&] proton & 2 Y-E]

carbon C-1" (125.3), C-3" .5 (153.0), C-4' (138.5). C-7" (165.2)°}| long-range couplingo] &

- 102 -



il

L

i
3

e . -
[ o [ 3
() I - f— T 3 60
| ] ' ‘ 4
. ,, : ; ) ] ' 3
gt " | , i
" ) [] . | i
i - + ; + 80
1 i I E
! | |
‘ | ]
| | | | |
. ‘F 1 }  F100
¢ | ‘ ? y:
0d ! ]
H ) :
. Y : 3 . {F120
[} I i :
{ i |
I ' ° |
i e — | E140
T ‘ ( | ' '
g : T | |
o]
T 1 %’:2-160
3! } } ) ik
R Voot lppm
T T T R Aaanan e i T v
ppm 5} g 4 3 2

Fig. 13. HMBC Spectrum of Compound 9

25} @il T3 trans-configuration (J=15.8)% 7} = ethylene proton 6.43(H-7)ppm-&
carbon C-9(61.6), C-8(128.2), C-2(109.9), C-6(118.5)} A &2 correlationS Y ERHE R
t}. 4.98 ppm<] anomeric protone] C-4(145.7)9}, 5.22 ppm€] anomeric proton-& C-4’
(138.5)2} A1 & cross correlations o] F& Z 22 Hol 498(glucose)= C-49} 2 §s}
3 9l3, 5.22(thamnose)E C-4' 9 A¥3tn US& & F UAAH. o] Ax=57
B] 332 9% 4-0-[6"-0-(4" -O-a-L-rhamnopyranosyl)-syringyl]-f-D-glucopyranosyl-

coniferyl alcohol & W ] ov, A7+ & 2 A] Kalopanaxin EZ ™ = it}
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Table 1. 'H and C NMR data of Compound 9 (CD30OD, 600 MHz)

Position 'H NMR “C NMR
1 131.1
2 7.03(1H, d, J=1.8) 109.9
3 149.0
4 145.7
5 6.99(1H, d, J=8.5) 114.9
6 6.57(1H, dd, J=1.8, 8.5) 118.5
7 6.43(1H, d, J=15.8) 129.1
8 6.17(1H, dt, J=15.8, 5.1) 128.2
9 4.09(2H, t, J=5.1) 61.6

OMe 3.76(3H, s) 55.6
17 4.98(1H, d, J=7.38) 102.1
2”7 73.1
3”7 76.4
4” 70.2
57 73.8
6” 64.5
| 125.3
2’ 7.24 (1H, s) 106.6
3’ 153.0
4’ 138.5
5’ 153.0
6 7.24(1H, s) 106.6
7’ 165.2

2 X OMe 3.78(6H, s) 56.2

17 5.22(1H, d, J=1.2) 99.6

27 4.14(1H, dd, J=1.2, 3.2) 70.2
37 3.89(1H, dd, J=3.2, 9.5) 70.2
4" 3.26(1H, dd, J=9.5, 9.5) 71.6
57 4.24(1H, m, J=9.5, 6.2) 70.5
6" 1.07(3H, d, J=6.2) 17.8
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JUF2HE 223 97 3FEE sl rat liver microsome 2 o] &3 2] 2
atst A &4 Z% % 3 DPPH radical 2484 SH 4 & o] &30 4t}
& SHsAT dxT 2 Ad A A < Vitamin E<} 4 gatbsiA 9
tert- butylhydroxyanisol(BHA)S A} &311th 8812 S o) g3} B4-e =) HAks}
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Table 2. Lipid peroxidation inhibitory activity and free radical scavenging activity
(1Cso, wg/ml) of the compounds isolated from Kalopanax pictus

Compounds Rat liver microsome DPPH
1 0.6 0.5
2 0.5 0.5
3 09 4.0
4 0.4 2.1
5 23 29
6 6.1 9.0
7 0.5 1.6
8 5.0 2.0
9 9.8 6.7
BHA 238 0.6
Vitamin E 0.6 0.6

2t 33 E 59 4k3s B4 2 benzyl propenoic acid A FFEEQ T2 13
338 4% 27} 0.5ug/ml 2 Vitamin E & BHA Bt} %4 Yelygon, w3
flavonoid Al 83E< 3 & 29} chalcone A 33HE2Q 33 E 3% ICs gto] 1 wg/
miolstz ZsiAl vdetwth U A & X3t FFEE FFE S5, FFE 6
2 S 8EL HETE Boe Yoy 78 gata &4 Yehi At o] A
AH/ZRE duF9 Fa FistdAd A E-L benzyl propenoic acid 2 flavonoid ]
o] FUEEUS & F UUH

i

al*/

[*]

-105 -



& 1 =il

Mo

1. Fridovich, 1., Biological effects of the superoxide radical. Arch. Biochem. Biophys.
247, 1-11(1986)

2. Singh, A., Chemical and biochemical aspects of activated oxygen: singlet oxygen, superoxide
anion, and related species, Pp. 17-24. In Miquel, J., A. T. Quintanilha, H. Weber(ed.),
Handbook of free radicals and antioxidants in biomedicine, Vol. I, CRC Press, Boca Raton,
Florida.(1989)

3. Fridovich, 1., Superoxide radical: An endogenous toxicant. Ann. Rev. Pharmacol. Toxicol.
23, 239-257(1983)

4. McBride, T. J., Preston, B. D. and Loeb, L. A., Mutagenic spectrum resulting from
DNA damage by oxygen radicals. Biochemistry 30, 207-213(1991)

5. Cross, E. E., Halliwell, B., Borish, E. T., Pryor, W. A., Ames, B. N, Saul R. L. and
McCord, J. M., Oxygen radicals and human disease(clinical conference). Ann. Intern. Med.
107, 526-545(1987)

6. Lee, I. K., Kim, C. J,, Song, K. S., Kim, H. M. and Yoo, I. D., Two more benzylated
dihydroflavonols from Cudrania tricuspidata. J. Natural Products 58, 1614-
1617(1995)

7. Lee, I. K., Kim, C. J., Song, K. S. and Yoo, 1. D., Cytotoxic benzyl dihydroflavonols
from Cudrania tricuspidata. Phytochemistry 41, 213-216(1996)

8. Kim, W. G., Kim, J. P., Kim, C. J,, Lee, K. H. and Yoo, 1. D., Benzastatin A, B, C
and D: New free radical scavengers from Streptomyces nitrosforeus 30643, (1)
Taxonomy, fermentation, isolation, physico-chemical properties and biological
properties. J. Antibiotics 49, 20-25(1996)

9. Kim, W. G., Kim, J. P. and Yoo, I. D., Benzastatin A, B, C and D: New free radical

- 106 -



scavengers from Streptomyces nitrosforeus 30643. (1) Structure determination. J. Antibiotics
49, 26-30(1996)

10. Lee, I. K., Yun, B. S., Cho, S. M., Kim, W. G., Kim, J. P, L. J. Ryoo and Yoo, L.
D., Betulinans A and B, two benzoquinone compounds from Lenzites betulina. J.
Natural Products 59(11), 1090-1092(1996)

11. Kim, J. P, Kim, W. G., Koshino, H., Jung, J., and Yoo, I. D., Sesquterpene o-naphthoquinones
from the root bark of Ulmus davidiana. Phytochemistry 43(2), 425-430(1996)

12. Lee, I. K., Jeong, C. Y., Yun, B. S., Kim, Y. S., Yu, S. H., Koshino H. and Yoo, L.
D., Illudins C: and Cs, new illudin C derivatives from Coprinus atramentarium ASI 20013.
J. of Antibiotics 49(8), 821-822(1996)

13. Koshino, H., Lee, I. K., Kim, J. P., Kim, W. G., Uzawa, J. and Yoo I. D,
Agrocybenine, nevel class alkaloid from the Korean mushroom Agrocybe cylindracea.
Tetrahedron Letters 37(26), 4549-4550(1996)

14. Lee, I. K, Yun, B. S., Cho, S. M., Kim, W. G., Kim, J. P,, Ryoo, I. J. and Yoo, I.
D., Betulinans A and B, two benzoquinone compounds from Lenzites betulina. J.
Natural Products 59(11), 1090-1092(1996)

15. Yun, B. S., Ryoo, 1. J,, Kim, W. G., Kim, J. P., Koshino, H., Seto, H. and Yoo, I.
D., Structures of phenazostatins A and B, Neuronal cell rotecting substances of
microbial origin. Tetrahedron Letters 37(47), 8529-8530(1996)

16. Kim, W. K., Ryoo, . J., Yun, B. S., Shin-ya, K., Seto, H. and Yoo, I. D., New diphenazostatins
with neuronal cell protecting activity, Phenazostatins A and B, produced by
Streptomyces sp. J. of Antibiotics 50(9), 715-721(1997)

17. Kim, W. G., Kim, J. P., Koshino, H., Shin-Ya, K., Seto, H. and Yoo, . D,
Benzastatin E, F, and G : new indoline alkaloids with neuronal cell protecting activity
from Streptomyces nitrosporeus. Tetrahedron 53(12), 4309-4316(1997)

18. Yoo, 1. D, Lee, I. K., Ryoo, L. J., Choung, D. H., Han, K. H., Yun, B. S., Three

-107 -



new naphthalenes from the root bark of Hibiscus syriacus. Phytochemistry 47(5), 799-
802(1998)

19. Yun, B. S., Ryoo, I. J., Lee, I. K., and Yoo, I. D., Hibispeptin A, an unique cyclic peptide
from Hibiscus syriacus. Tetrahedron Letters 39(9), 993-996(1998)

20. Vanky, K., The genus mundkurella(Ustilaginales). Mycological Res. 94(2), 269—273(]990)

21. Lee, E., Choi, M-Y., Park, H-J., Cha, B-C., and Cho, S-H., Chemical constituents
and biological activity of Kalopanacis cortex. Kor. J. Pharmacogn. 26(2), 122-
129(1995)

22. Shao, C-J., Kasai, R., Ohtani, K., and Kohda, H., Saponins from leaves of
Kalopanax pictus Naxa, Harigiri. structures of Kalopanax-saponins JLa and JLb.
Chem.Pharm.Bull. 38(4), 1087-1089(1990)

23. Shao, C-J., Kasai, R., Xu, J-D., and Tanaka, O., Saponins from roots of Kalopanax
septemlobus Koz, Cique. structures of Kalopanax-saponins C, D, E and F. Chem.
Pharm. Bull. 37(2), 311-314(1989)

24. Hogeboom, G. H., General methods for the isolation of liver cell compounds :
Fraction of cell compoents of animal tissue. Methods of Enzymol. 1, 16-19(1965)

25. Ohakawa, H., Ohishi N. and Yagi K., Assay for lipid peroxydes in anmal tissues by
thiobarbituric acid reaction. Anal. Biochem. 95, 351-358(1979)

26. Takeshi, D., The constituents of Eucommia ulmoides, OLIV., 1. isolation of (+)-Medioresinol
Di-O-B-D-glucopyranoside. Chem. Pharm. Bull. 31(9), 2993-2997(1983)

27. Marakham, K. R., Ternai, B., Sranley, R., and Mabry, T. J., Carbon-13 NMR
studies of flavonoids- [[, Naturally occurring flavonoid glycosides and their acylated
derivatives. Tetrahedron 34, 1389-1397(1978)

28. Majamder, P. L., Lahiri, S., and Mukhoti, N., Chalcone and dihydrochalcone
derivatives from the orchid Lusia volucris. Phytochemistry 40(1), 271-274(1995)

29. Masatake, K., Yasuhiko, 1., Woo, Y-C., and Yoshimasa, H., Two new phenylpropanoid

- 10§ -



glycosides from Wikstroemia sikokiana. Chem. Pharm. Bull. 36(3), 1158-1161(1988)
30. Masateru, O., Yasuyuki, I., Thoru, L., Junichi, K., Yasuko, Y., Yujiro, N., and
Toshihiro, N., Five new monoterpene glycosides and other compounds from Foeniculi
Sructus(Fruit of Foeniculum vulgare Miller). Chem. Pharm. Bull. 44(2), 337-342(1996)
31. Mastaka, S., Eiko, K., and Masao, K., Lignan and phenylpropanoid glycosides from
Osmanthus asiaricus. Phytochemistry 33(5), 1215-1219(1993)
32. Irmgrad, M., Caffeoylquinic acids from flowers of Arnica montana and Arnica chamissonis.
Phytochemistry 31(6), 2111-2113(1992)
33. Kazuko, S., Shuichi, S., Yoshiteru, 1., and Junzo, S., Studies on the constituents of

the bark of Kalopanax pictus Nakai. Chem. Pharm. Bull. 39(4), 865-870(1991)

-109 -



