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= AAAE ZF 600%F oS FHIZ =FAddA ‘AU ROSS
peroxynitrite 27 ICs 5 pg/ml ©)3toll A A& Jepll= #F
AAE 80T ol dEdded I F U AAAE 40F oY FEEE
335t #BAe HEES & Oz (Brassica juncea)?l phenolic acid$}
acylated flavonoids, sinapoyl glucoside, isorhamnetin 3, 7-di-0-B-D-glucoside,
kaempferol-3-0-(2-0-feruloyl-p-D—glucosyl-(1—2)-B-D-glucoside)-7-0-p-D-
glucoside,  kaempferol-3-0-B-D-glucosyl-(1—2)-0-p-D-glucoside-7-0-B-D-
glucoside, kaempferol 7-0-B-D-triglucoside, @& F(Curcuma longa)ol X
diarylheptanoids (curcumin I, I, I, @AAA(Cirsium japonicum)ol Xl
flavonoids (luteolin and its 5-O-glucoside), @&23 (Albizzia julibrissin)ol Al
flavonoid (3’4’ 7-trihydroxy flavone), sulfuretin, luteolin, ®®] 3} (Eriobotrya
japonica)*! A1 phenolic acid (caffeic acid), flavonoids, ionone glycoside,

L

chlorogenic  acid  isomer, ®Y4(Nelumbo  nucifera)elAl  flavonoids
(kaempferol, kaempferol 3-O-glucuronopyranosyl methyl ester, kaempferol
3-O-glucuronopyranoside, kaempferol 3-O-glucopyranoside, myricetin 3,5
demethylether  3-O-glucopyranoside, kaempferol 3-(O-galactopyranoside,
kaempferol 3-0O-glucopyranosyl-(16)-rhamnopyranoside), D% A (Pinus
densiflora)*) A lignan (isolarisiresinol xyloside)¥ flavonoid, &% V(Prunus
serrulata var. spontanea)®~l phenolic acid [2-O-(6-benzoyl)-glucopyranosyl
o-(Z)-coumaric acidl, flavonoids [prunetin, genistein, quercetin, prunetin
4-O-glucopyranoside, kaempferol 3--O-arabinofuranoside, prunetin
5-0O-glucopyranoside, kaempferol 3-O-xylopyranoside, genistin, kaempferol
3-O-glucopyranoside, quercetin 3-O- glucopyranosidel, triterpenoids [ursolic
acid, 2-hydroxyursolic acid, trihydroxy urs-12-en 28-oic acid glucoside ester,
tetrahydroxy-urs-12-en-28-oic  acid glucoside esterl, @& (Perilia
frutescence)| Xl flavonoids  (apigenin, chrysoeriol, luteolin), ©% =
(Scutellaria baicalensis)oll ~]  flavonoids (wogonin, 5,7,2',5' ~tetrahydroxy-
8,6'—dimethoxy flavone, baicalein, baicalin), @W4F (Salvia miltiorrhiza) ol 41
dihydroxy phenyllactic lacid methylester, dihydroxy phenyllactamide,
rosmarinic acid methylester, @315 7|(Ixeris sonchifolia)ell A1 luteolin®}
luteolin 7-O-glucoside & #&] F ATt OEAL flavonoid 4+ +ZF29
2 AHBAE FHIA

ol o} genistein F+E A, 949 kaempferol %3], ©4F2] lithospermate
=2, A4He] ginsenoside Rd7F 73 &4 & el ol AE 7HE
g4 Aba - A A L A Al NFkB €4, COX-2, iNOS F2#r &d
g Aol <) e,

Mz =3 A E E=S DNA chip, RDA 2 2D/Mass® @35t} 1B, IKK,
XOD, GATA, Ferritin, -GT, ATP synthase, HSP 70, plasminogen activator,
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SUMMARY

We discovered that 80 kinds of natural herbs have ICsy of 5 ng/ml
by screening collected more than 600 kinds of natural herbs for
reactive oxygen species (ROS) and reactive nitrogen species (RNS)
scavenging activity. From these active natural herbs, 53 active
compounds were identified.

Genistein derivatives from Prunus serrulata, kaempfeol derivatives
from Nelumbo nucifera, lithospermate derivertives from Salvia
miltiorrhiza and ginseroside Rd from genseng showed the potent
activity. These reaction mechanisms are due to ROS and RNS
scavenging, decrease of NF-kB activation and inhibition of COX-2
and iINOS gene expression.

On the other hand, 55 kinds of aging biomarkers were identified
using DNA chip, RDA and 2D/Maldi-top Mass.
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wAAT FAhR wEe) WAGHE Sl olF AHA - omA A
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nA skt
3. 924

Feutet =9 A9 20010 7.19%, 2010 9.9%, 203030 19.3%2 &
Sl B Ageln, ozl <o nYse} Pie] vy A FUE 3
Az e ABA, gzl BAE 2dstA B Aol %, 654 oo
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D5 (Prunus serrulata var. spontanea) & AT (P. yedoensis)E 19993
44 FAF A A AR (7] AL (Korea Environmental and Ecological
Technology Service)e] )3t ow, wib2 Elo]e+e] Chien Yuan Herbal
Medicinal Co. (Metigtn JAERSAT L A(FE 25 7A)olA FYstda A
T RES AUty HAEFSTAFL FEM BEsta k. o] FHAY

o AlEgH HA¥AEY MeOH FEEL2 3= APYTede AP EATA (Plant

IR

Diversity Research Center) AF3lell Q& A EFEE 2o FYsAY 4

oA, B3to] FxAFEY AFEE (g n £15 g ZA)AA AR ALE
SR, AEAL (P davidiana) £7)% F-AF BalA gl 9] (FArdietn oFsht)
st BF 3 wueRRE #A) *}*O“;P jon, A WuUR (P sargentii)s A% 1A
Ao2AF ARste] AbgEtTh 2t dEhd s o el AHsg e BES HA
et AF Lo Q%E%E’Oﬂ HaAs T &9, d4F, 89 5 H4F

of g8 BofARE BAANLoDLH TYstel g

o AleE g 717

(1) AleF
Column packing materials< Kieselgel 60 (Si gel, 70-230 mesh ASTM, Merck,
Art. 7734)3% Sephadex LH-20 (bead size 25-100um, Sigma), Sep-Pak cartridges
(C18, Waters Co., USA) 18] RP-18 (LiChroprep RP-18, 40-63 pm, Merck)<
AHgstg e, TLC plate: Kieselgel 60 Fosy (0.25 mm, precoated, Merck, Art.
5715)3 RP 18 Fosss (Merck)E AF83F10 ™, spray reagent= Z+2F 50 % H2SO,,
Mg/HCl % FeCl; &H4& Ab&3st9ch 18]l % % column chromatographyoll &=
g Al9E AFSsEch NMR A A ARE3E 1= CDOD (Merck, deuterium
degree 99.95 %), DMSO-ds (Merck, deuterium degree 99.95 %), CDCls (Merck,
deuterium degree 99.95 %) ¥} 312 pyridine-d; (Aldrich Chemicals, 99 atom % D)
olty, DPPH, L-ascorbic acid, DL-penicillamine (DL-2-amino-3—mercapto-3
ﬁmethylbutanoic acid)== Sigma Chemical Company (St. Louis, MO, USA)Z 5 ¥
A&kl i, 277 -dichlorodihydrofluorescein diacetate (DCFH-DA)®F DHR-123
(dlhydrorhodamme 123)> Molecular Probes (Eugene, OR, USA)Z4%H F3%
o1 ONOO- & Cayman Chemicals Company (Ann Arbor, MI, USA)S. 2 ¥ F
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(2) 7171

IR spectrum< Perkin-Elmer 2000 spectrophotometerS A}-8-3}o] KBr discH 2
2 FA3H Y. UV spectrophotometers Shimadzu 202 UV spectrophotometerZ
Abg3te]l S35t EIMSE JEOL JMS-700 spectrometer®, LR-, HR-FABMS
+ JEOL JMSH x 110/110 A spectrometer& AF&33tt. NMR2 JEOL JNM
ECP 400 ('H-NMR 400 MHz; “C-NMR 100 MHz) &3 Bruker AM 300
(‘"H-NMR 300 MHz; “C-NMR 755 MHz)& Ab&3tel &A3519on, 2D-NMR?)
HMQC, HMBC, COSY, NOESY+E pulsed field gradientE A}-&3te] AR
3}84 o] F (chemical shift)2 tetramethylsilane (TMS)S WR EFEEF A&-8}
o ppm SHE YEMNY. F, CD:ODE 8y 3.30% 8¢ 49.0 ppmolA el peak,
DMSO ds+= 0y 2503 8¢ 395 ppmol A9 peak, pyridine ds+= &y 7.19, 7.56, 8.70
I 8¢ 1235, 1355, 1495 ppmol A9 peakE 7]Foz2 e AT '"H-NMR ¢}
PC-NMR9 o3 % (multiplicities)= 17 s (singlet), d (doublet), dd (double
doublet), ddd (double double doublet), brd (broad doublet), dt (double triplet) =
2137 m (multiplet) 2.2 F A8t DPPH radical &3 X microplate reader
spectrophotometer VERSAmax (Molecular Devices, CA, USA)EZ Z&AH3A 1
2',7'-dichlorodihydrofluorescein  (DCF)¢} oxidized DHR 1239 &% 7%
(fluorescence intensity)= microplate fluorescence reader FL 500 (Bio-Tek
Instruments Inc.) % &7 a9 o).

W
M
-‘ (

% % 3

AP AFES 2E HAFAEY MeOH 5% 2 2z gujd 23 342 Scheme
Lol vehA I ‘iﬂL]'ITL d (18 kg9 B9+ CHXLL & 144 g, EtOAc 8+ 77
g, BUuOH &# 105 g7 3t&2 H,O & 145 g8 4k wuyfe #£3 £7], 4
EAb 1E]ar o Wy 2 ol 238 gut FUstA stk 2 @y o
4 (Salvia miltiorrhiza) 85 kg€ wF43to] methanol (9 L) & 3412+ &<t 3H§F O

24718 A8k 33 & $ oAstal, FF5e] MeOH %% 1.03 kgg Adth
AFA EAHd wel #xdo7 #3ste], CH.Cl soluble fraction (165 g)3
EtOAc soluble fraction (80 g), n~BuOH soluble fraction (80 g), H-O fraction (675
g)eE ek dx3 §8y] 182 kgl 2HE MeOH F5E (297 kg)g 9
o, dojxl MeOH FEES HO00l 54 F FAo] & &S ol &3to x4
o2 FEsto] CHCl (931.8 g), EtOAc (86.2 g), n-BuOH (6495 g) 183

(1181.8 g) &€ ddd. £ 1z 2% (85 kg)i —t'rEi MeOH F%% (2.1 kg)
S dden o] FEES FTHTE d9F v, CHLL (600 g), EtOAc (200 g),
n-BuOH (450 g) 1231 H:0 (750 g)& d&F o= —Eci_} 9. N2 Ao
< 709 (10 kg) Htod 560 g2 MeOH FE&4e At} o] FE2&5L 5

o |
Hm
A
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3lo} n-hexane ¥3% (2573 g), CHxCl, 38 365 g, EtOAc 8 104 g, BuOH +
3 821 g& AR WA H0 5L 539 1412 g9 HO #85 Ik 7%
Az % (367 kg)Z FE MeOH F&&F (400 g)& di, o] F2EE T7FFTE
HESE oS, CHCL (76 g), EtOAc (25 g), n-BuOH (31 g) 283 HO (286 g)
2 d&xog ¥ itk 27 (200 g9 UFEHE F4E MeOHEA FE3H9
MeOH FE& (21 g)& Ut ©o] FE2ES OA A7l & 540 & &uj=
F33to] CHLl 55 (144 g), EtOAc F2E (22 )3 HO0 ZHE 35 g2 4
th Axsle] BRI A5 (Nelumbo nucifera, 34 kg)Z 8 MeOH F&E&
50 g2 AASG. MeOH F£E& 75l #d=HAZl & CHLL EtOAc 181
n-BuOHZ Al&8jA E83te CHxCl (330 g), EtOAc (20 g), Z18]x n-BuOH
66 g) FIEEI H0 ZHAF (140 g)2 Lo

3
=3
TJ:‘_

Ground samples

MeOH
(90 C reflux for 3 hrs, 3 Lx3 times)

Filtration, evaporation

|
Concentrated MeOH extract

H,O : MeOH : CH.Cl (9:1:10, v/v/v)

| l
CH2Cl> fraction H>0O layer

l FEtOAc
EtOAc fraction H2O layer
n-BuOH
n-BuOH fraction H-O fraction

Scheme 1. Extraction and fractionation procedure of plant materials.

(1) 9UhY BtOAc 8% 4% e 2 P3as 54
WU (P, serrulata var. spontanea)®] MeOH F£%3 1 & E, CHLl,

_15_



EtOAc, n-BuOH & &3 HO Fof ti3le] DPPH radical 24 &4, Axy &4
AAF A A 24 283 ONOO- A7 SA4HS ALt gaksad A 43
Al A, EtOAc 29 @Xo] 714 =7 et olo] EtOAc FH<S thatoz

silica gel, Sephadex LH-20, Sep-Pak CI8 cartridge, 2#]iZ RP-18 column
chromatography & F33to] 323t &4 HEL Bt} 2 subfractlons 9 B
g- A" F3E tete CHClL : MeOH (10 : 1, 7 : 1, 5: 1, 3 : 1), EtOAc :
MeOH (20 1 1, 10 : 1, 5 : 1), 2831 EtOAc : MeOH : HO (21 : 4 : 3 =& 24 :
21D AMEMEA TLC 3t} 50 % H.SOs (TLC sprayer, Merck)2 A A7
200 T4 hot platell A &A1 Zck 283 254 nm}t 365 nm ¢ UV lamp (Model
ENF-240C, Spectroline, USA)E A}&3te] &##L us 2248 A&y, =3
Liebermann-burchard®} & A}83}9] triterpenoid 3T &L A& gk = HUYRE
%o MeOH FEEZHEH 94L& EtOAc 8% ¢ 77 g& /44 EtOAc : MeOH
8 1 — 1 : 1, gradient)®A silica gel column chromatographyste] 14719
subfractions (fr. 1-14)S A4}k Fr. 1 (1 g)< AL CH.Cl : MeOH (2 : 1
— MeOH)® Sephadex LH-20 column chromatographydlol compounds 1
(prunetin, 30 mg)¥ 2 (genistein, 15 mg)E AU} Fr. 19 o (430 mg)® fr. 2
(300 mg)E& FAA acetic anhydride-pyridine ®¥FSH O & geetylationA] 7 %,
petroleum benziniether (5 : 1 — 1 : 1, EtOAc, gradient)®A] silica gel column
chromatographyﬁ}oﬂ ursolic acid acetate (3a)$} 2a-hydroxy ursolic acid diacetate
wEstg e Z+ 31888 deacetylation?] 7 compound 3 (ursolic acid, 50
mg)-‘Jr 4 (2a-hydroxy ursolic acid, 70 mg)< 2t} Fr. 3 (753 g)& n-hexane :
EtOAc (1 @ 1 — EtOAc, MeOH)ZA] silica gel column chromatographys}to]
compound b (quercetin, 20 mg)¥} 6 (2a, 3a, 24-trihydroxy-urs—12-en-28-oic
acid, 40 mg)e &Ik Fr. 4 (6.72 g)¥ MeOH A AWl 2] compound 7
(prunetin 4" -O-B-p-glucopyranoside, 1.58 g)& BEstgon, 7 2 (514 g)&
41l EtOAc @ MeOH (10 : 1 — MeOH, gradient)®4 silica gel column
chromatography ¥t % Sephadex LH-20 (MeOH)® A A3t compounds 8
(sphingolipid, 10 mg)® 9 (kaempferol 3-O-a-L-arabinofuranoside, 15 mg)& 9&
T A}tk Fr. 5 (166 g)¥ MeOHZX4 Sephadex LH-20 column chromatography
gko] compound 10 (1B, 2a, 3a, 24-tetrahydroxy urs-12-en-28 oic acid, 40mg)<
welat At wdE SN OR fr. 6 (259 g)dl A compounds 11 (prunetin 5-O-
B-p-glucopyranoside, 40 mg)3 12 (kaempferol 3-O-B-p-xylopyranoside, 80 mg)
= 2o Fr. 72 A7)&1) EtOAc : MeOH (20 : 1 — MeOH, gradient)Z silica
gel column chromatography & 438} compound 13 (naringenin 7-O-§
~b-glucopyranoside, 10 mg)E #F3stAr}. Fr. 8% 9 (3.88 g)v= ¥HAA MeOHZ
278kl compound 14 (genistin, 200 mg)E 9o, Yoz md (35 g)
Sephadex LH-20 (MeOH)Z column chromatographydte compound 15
(kaempferol-3-O-B-p-glucopyranoside, 100 mg)< 23t} Fr. 13 (282 g)&
RP-18 column®.& HO-MeOH (0 % — 100 %, gradient)S 7| &ujs 2319
o 1 F 20 % MeOH 8%& thr] Sephadex LH-202.% A A3t compound

_16_.



16 (orobol-7-O-B-D-glucopyranoside, 10 mg)< AUt Fr. 14 476 g)&= HANE
W EtOAc @ MeOH (10 : 1 — MeOH, gradient)& A}£3 silica gel column,
H0-MeOH (0 % — 100 %, gradient)& A}&3F Sep Pak CI18 cartridge, 18 1L
Sephadex LH-202.%2 AAsto Z}Z} compounds 17 (2a, 3a, 24-trihydroxy
urs-12-en-28-oic-B-D-glucopyranoside, 24 mg)# 18 (2q, 3aq, 19a,
24-tetrahydroxy-urs-12-en-28-oic-B-D-glucopyranoside, 24 mg), 19 (2-0O-8-(6
~benzoyl)-glucopyranosyl-o-(Z)-coumaric acid, 60 mg), 20 (quercetrin 3-O-8
-D-glucopyranoside, 60 mg), Z#l31 21 (kaempferol 3-O-B-p-xylopyranosyl-(1—
2)-B-p-glucopyranoside, 7 mg)& & At

Compound 1 (prunetin) : Colorless needles ; m.p. 238-239°C ; EI-MS (m/z,
%) 1 284 (M', 100), 283 (M'-H, 48), 166 (52), 138 (22), 118 (14) ; UViax
(MeOH) : 262 (log & 3.29), 334 (sh 2.37) nm ; + NaOMe 271 (3.30), 356 (sh
2.63) ; + NaOAc 261 (3.29), 332 (sh 3.39) ; + NaOAc + H3BOs; 262 (3.29), 332
(sh 2.40) ; + AICL 274 (3.26), 312 (sh 2.54), 377 (2.36) ; + AlCls + HCl 274
(3.25), 313 (sh 247), 379 (2.34) nm ; 'H-NMR (400 MHz, DMSO-ds) § : 12.96
(1H, brs, 5-OH), 9.60 (1H, brs, 4 -OH), 841 (1H, s, H-2), 7.39 (2H, d, J = 86
Hz, H-2', 6 ), 682 (2H, d, J = 86 Hz, H-3, 5), 666 (1H, d, J = 2.1 Hz, H-8),
641 (IH, J = 21 Hz, H-6), 386 (3H, s, OCHs) ; “C-NMR (100 MHz,
DMSO-ds) 8 : 18040 (C-4), 16520 (C-7), 161.72 (C-5), 157.48 (C-4'), 157.44
(C-9), 154.37 (C-2), 130.12 (C-2', 6), 122.48 (C-3), 121.01 (C-1'), 115.04 (C-3,
5), 105.39 (C-10), 98.01 (C-6), 92.40 (C-8), 56.08 (OMe) [Farkas et al., 1969].

Compound 2 (genistein) : 'H-NMR (400 MHz, DMSO-ds) & : 12.95 (1H, brs,
5-OH), 9.99 (1H, brs, 4 -OH), 831 (1H, s, H-2), 7.37 (2H, d, J = 86, H-2', 6 ),
6.81 (2H, d, J = 86 Hz, H-3', 5), 637 (1H, d, J = 2.1 Hz, H-8), 621 (1H, J =
2.1 Hz, H-6) ; "C-NMR (100 MHz, DMSO-ds) & : 180.14 (C-4), 16452 (C-7),
16196 (C-5), 157.57 (C-9, 4'), 157.37 (C-2), 130.11 (C-2', 6'), 12222 (C-3),
121.20 (C-1"), 11502 (C-3', 5), 104.34 (C-10), 99.00 (C-6), 93.67 (C-8) [Wang
et al., 1999b].

Compound 3 (ursolic acid) : 'H-NMR (400 MHz, pyridine-ds) 8 : 548 (1H,
brs, H-12), 345 (1H, dd, J = 6.0, 41 Hz, H-3a), 262 (1H, d, J = 11.3 Hz,
H-18), 1.23 (3H, s, H-23), 1.21 (3H, s, H-27), 1.04 (3H, s, H-26), 1.01 (3H, s,
H-24), 0.99 (3H, d, J = 6.4 Hz, H-30), 093 (3H, d, J = 6.0 Hz, H-29), 0.87 (3H,
s, H-25) ; PC-NMR (100 MHz, pyridine-d5>) 8 : 179.80 (C-28), 139.20 (C-13),
12555 (C-12), 7806 (C-3), 55.77 (C-5), 5349 (C-18), 47.99 (C-9, 17), 42.45
(C-14), 39.91 (C-8), 3943 (C-19), 39.34 (C-4), 39.32 (C-1), 39.02 (C-20), 37.38
(C-10), 37.22 (C-22), 3352 (C-7), 31.01 (C-21), 2874 (C-23), 2863 (C-15), 2807
(C-2), 24.85 (C-16), 23.85 (C-27), 2357 (C-11), 21.34 (C-30), 18.73 (C-6), 17.45
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(C-29), 1740 (C-26), 1651 (C-25), 1561 (C-24) [Takeoka et al, 2000; Jung et
al., 19991.

Compound 4 (2a-hydroxy ursolic acid) : EIMS m/z 472 [CxHuO4l', 248,
203, "H-NMR (400 MHz, pyridine-ds) & : 546 (1H, brs, H-12), 411 (1H, ddd, J
= 42, 95 Hz, H-2B), 3.37 (14, d, J = 95 Hz, H-3a), 261 (1H, d, J = 11.2 Hz,
H-18), 1.26 (3H, s, H-23), 1.21 (3H, s, H-27), 1.06 (3H, s, H-26), 1.03 (3H, s,
H-24), 099 (3H, d, J = 64 Hz, H-30), 0.98 (3H, s, H-25), 096 (3H, d, J = 64
Hz, H-29) ; C-NMR (100 MHz, pyridine-ds) & : 179.77 (C-28), 139.21 (C-13),
12549 (C-12), 83.73 (C-3), 6853 (C-2), 5587 (C-8), 5347 (C-18), 48.04 (C-9),
4797 (C-17), 47.89 (C-1), 42.49 (C-14), 39.99 (C-18), 39.77 (C-4), 39.44 (C-19),
39.36 (C-20), 38.39 (C-10), 37.37 (C-22), 33.47 (C-7), 31.04 (C-21), 29.31 (C-23),
2859 (C-15), 24.84 (C-16), 23.88 (C-27), 23.69 (C-11), 21.38 (C-29), 18.79 (C-6),
1763 (C-24), 1747 (C-25), 17.41 (C-26), 1697 (C-30) [Jung et al., 1999].

Compound 5 (quercetin) : EI-MS (m/z, %) @ 302 (M, 100), 153 (7.2), 137
(10.4) [Young et al., 1991].

Compound 6 (2a, 3a, 24-trihydroxy urs-12-en—28-oic acid) : Amorphous
white powder ; EIMS m/z 487 [CyHOs-HI', 248, 203 ; LR-FABMS m/z 511.2
[C3H05+Nal” ; HR-FABMS m/z 511.3399 [CaHiOs5+Nal™ (Cale. for 511.6979) ;
IR (KBr) Vmax 3422, 1691, 1458 cm ' ; '"H-NMR (400 MHz, pyridine d5) 8 : 5.44
(s, H-12), 456 (d, J = 2.4 Hz, H-3), 441 (dt, J = 3.9, 10.0 Hz, H-2), 408 (d, J
= 109 Hz, H-24b), 3.79 (d, J = 109 Hz, H-24a), 259 (d, J = 11.2 Hz, H-18),
192 (d, J = 11.6 Hz, H-1b), 1.80 (d, J = 11.7 Hz, H-1a), 1.66 (s, H-23), 1.11 (s,
H-27), 1.01 (s, H-26), 0.98 (s, H-25), 094 (d, J = 6.4 Hz, H-30), 091 (d, J =
64 Hz, H-29) ; C-NMR data (100 MHz, pyridine-d5) 6 : 179.9 (C-28), 139.19
(C-13), 12550 (C-12), 74.17 (C-3), 66.19 (C-2), 65.16 (C-24), 53.49 (C-18), 49.42
(C-5), 4808 (C-9), 47.99 (C-17), 4513 (C-4), 43.16 (C-1), 42.46 (C-14), 40.16
(C-8), 39.42 (C-19), 39.38 (C-20), 3850 (C-10), 3850 (C-10), 37.41 (C-22), 33.95
(C-7), 31.05 (C-21), 2859 (C-15), 24.86 (C-16), 2379 (C-23, 27), 2378 (C-11),
21.35 (C-29), 1884 (C-6), 17.44 (C-30), 17.34 (C-26), 17.16 (C-25) [Chusheng et
al., 1988].

Compound 6a (methylation of compound 6 with diazomethane, methyl 2a,
3a, 24-trihydroxy urs-12-en-28-oic acid) : 'H-NMR (400 MHz, CDCls) & :
524 (t, J = 3.3 Hz, H-12), 399 (m, W,» = 224 Hz, H-2), 3.86 (brd, H-3), 3.70
(d, J = 11.2 Hz, H-24a), 345 (d, J = 11.2 Hz, H-24b), 222 (d, J = 11.2 Hz,
H-18), 1.13 (s, H-23), 1.08 (s, H-27), 0.93 (d, J = 6.3 Hz, H-30), 0.91 (s, H-25),
085 (d, J = 63 Hz, H-29), 0.70 (s, H-26) ; "C-NMR (100 MHz, CDCls) & :
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17806 (C-28), 13822 (C-13), 12522 (C-12), 7330 (C-3), 66.29 (C-2), 65.49
(C-24), 52.82 (C-18), 51.44 (OMe), 48.67 (C-5), 48.05 (C-17), 47.40 (C-9), 43.98
(C-4), 42.04 (C-14), 41.63 (C-1), 39.62 (C-8), 39.03 (C-19), 38.85 (C-20), 38.03
(C-10), 33.61 (C-22), 33.10 (C-7), 30.62 (C-21), 2796 (C-15), 24.18 (C-16), 23.72
(C-27), 23.44 (C-11), 22.23 (C-23), 21.15 (C-29), 18.19 (C-6), 17.02 (C-30), 16.86
(C-25), 1678 (C-26) [Sakakibara and Kaiya, 1983; Kojima et al., 1987, 1989].

Compound 7 (prunetin 4’ —~O-B-p-glucopyranoside, prunitrin) : 'H-NMR
(300 MHz, DMSO-ds) & : 1291 (1H, brs, 5-OH), 842 (1H, s, H-2), 751 (2H, d,
J =80Hz H2,6) 711 2H, d, J = 80 Hz, H-3, 5), 667 (1H, d, J = 2.1
Hz, H-8), 642 (1H, J = 2.1 Hz, H-6), 491 (1H, d, J = 7.3 Hz, H-1"), 3.87 (3H,
s, OCHz) ; “C-NMR (755 MHz, DMSO-ds) & : 18056 (C-4), 16563 (C-7),
161.71 (C-5), 15791 (C-9), 157.62 (C-4'), 155.02 (C-2), 13046 (C-2', 6 ), 124.44
(C-1), 12260 (C-3), 116.47 (C-3, 5), 105.72 (C-10), 10057 (C-1"), 98.44 (C-6),
92.89 (C-8), 77.19 (C-5"), 7663 (C-3"), 7342 (C-2"), 69.95 (C-4"), 60.93 (C-6"),
56.46 (OMe) [Geibel, 1995; Geibel and Feucht, 1991 ; Geibel et al., 1990].

Compound 8 (sphingolipid) : Amorphous white powder; LR-FABMS m/z
866.6 [CigHisNO+Nal'; HR-FABMS m/z 866.66967, Calc. for 867.2611
[CsgHozNOp+Nal™ ; 'H-NMR (400 MHz, pyridine-ds) 6 : 859 (1H, d, J = 9.1 Hz,
amide linkage), 551 (1H, m, H-9), 542 (1H, m, H-8), 5.26 (1H, m, H-2), 493
(IH, d, J = 7.8 Hz, H-1"), 474 (1H, dd, J = 6.9, 10.0 Hz, H-1), 460 (1H, m,
H-27), 450 (1H, dd, J = 5.3, 80 Hz, H-1), 448 (1H, dd, J = 3.1, 12.6 Hz, H-6"),
432 (1H, dd, J = 5.1, 126 Hz, H-6"), 430 (1H, m, H-4"), 428 (1H, m, H-3),
417 (2H, m, H-3", 4), 4.00 (1H, t, J = 82 Hz, H-2"), 3.89 (1H, m, H-5"), 2.20,
210, 1.76 (m), 1.32, 1.24 [s, (CHy).), 0.87 (t-like, J = 7.0 Hz, CHy) ; “C-NMR
(100 MHz, pyridine-d5) 8 : 17556 (C-1'), 130.32 (C-8), 130.11 (C-9), 10551
(Glu-C-1"), 7847 (C-5"), 7837 (C-3"), 7582 (C-3), 75.08 (C-2"), 72.40 (C-2'),
72.35 (C-4), 71.39 (C-4"), 70.38 (C-1), 6256 (C-6"), 51.67 (C-2), 3549, 33.91,
32.04, 2994, 29.84, 2979, 2952, 2785 (C-10"), 2750 (C-7"), 26.72, 2578, 22.86
(C-17, all CH>), 14.20 (CHs) [Kang et al., 1999 ; Sang et al., 2002].

Compound 9 (kaempferol 3-O-a-L-arabinofuranoside, juglanin) : 'H-NMR
(400 MHz, DMSO-ds) & 1263 (1H, brs, 5-OH), 10.88(1H, brs, OH), 10.20 (1H,
brs, OH), 8.02 (2H, d, J = 80 Hz, H-2', 6'), 6.89 (2H, d, J = 80 Hz, H-3", &),
6.44 (1H, d, J = 2.0 Hz, H-8), 621 (1H, d, J = 2.0 Hz, H6), 563 (1H, brs,
H-1); C NMR (100 MHz, DMSO-ds) & 177.62 (C-4), 164.16 (C-7), 161.16
(C-5), 15991 (C-4"), 156.74 (C-9), 156.32 (C-2), 133.37 (C-3), 130.75 (C-2', 6'),
12067 (C-1"), 11537 (C-3’, 5'), 103.97 (C-10), 108.02 (C-1"), 98.63 (C-6), 93.64
(C-8), 86.30 (C-4"), 82.09 (C-2"), 77.06 (C-3"), 60.82 (C-5") [De Almeida et al.,
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1998 ; Kim et al.,, 1994].

Compound 10 (1B, 2a, 3a, 24-tetrahydroxy urs-12-en-28-oic acid)
Amorphous white powder ; EIMS m/z 504 [CxHwOsl”, 248, 203; LR-FABMS
m/z 527.1 [CyHsO0s+Nal’ ; HR-FABMS m/z 527.3349 [CsHsOs+Nal® (Calc. for
527.6996) ; 'H-NMR (400 MHz, pyridine-ds) & : 556 (s, H-12), 467 (d, J = 2.8
Hz, H-3), 429 (dd, J = 2.2, 94 Hz, H-2), 419 (d, J = 9.0 Hz, H-1), 417 (d, J =
109 Hz, H-24b), 3.80 (d, J = 11.0 Hz, H-24a), 259 (d, J = 11.2 Hz, H-18), 1.65
(s, H-23), 1.28 (s, H-25), 1.17 (s, H-27), 1.12 (s, H-26), 095 (d, J = 6.0 Hz,
H-30), 0.90 (d, J = 6.4 Hz, H-29) ; "C-NMR (100 MHz, pyridine-ds) & : 179.88
(C-28), 138.19 (C-13), 126.96 (C-12), 81.04 (C-1), 7454 (C-3), 7152 (C-2), 65.15
(C-24), 53.41 (C-18), 49.27 (C-5), 49.14 (C-9), 48.04 (C-17), 4477 (C-4), 43.70
(C-10), 4242 (C-14), 40.78 (C-8), 39.40 (C-19), 39.36 (C-20), 37.41 (C-7, 22),
31.06 (C-21), 28.66 (C-15), 27.68 (C-11), 24.91 (C-16), 23.83 (C-23), 23.81 (C-27),
21.34 (C-29), 1894 (C-6), 17.79 (C-26), 17.44 (C-30), 13.54 (C-25) [Sakakibara et
al., 1983 ; Li et al., 1998 ; Guang-Yi et al., 1989].

Compound 11 (prunetin 5-O-B-D-glucopyranoside, prunetinoside)
'H-NMR (400 MHz, DMSO-ds) & : 955 (1H, brs, 4 -OH), 826 (1H, s, H-2),
732 (2H, d, J = 86 Hz, H-2', 6 ), 6.80 (2H, d, J = 86 Hz, H-3', 5), 6.87 (1H,
d, J = 25 Hz, H-8), 6.89 (1H, J = 25 Hz, H-6), 482 (1H, d, J = 75 Hz, H-1"),
3.88 (3H, s, OCH3) ; C-NMR (100 MHz, DMSO-ds) & : 175.02 (C-4), 16350
(C-7), 15873 (C-5), 15862 (C-9), 157.20 (C-4"), 151.79 (C-2), 130.32 (C-2’, 6),
124.84 (C-1"), 12222 (C-3), 114.89 (C-3', 5), 109.73 (C-10), 10353 (C-1"),
102.60 (C-6), 93.84 (C-8), 77.60 (C-5"), 75.83 (C-3"), 7353 (C-2"), 69.91 (C-4"),
60.91 (C-6"), 56.05 (OMe) [Khalid et al., 1989].

Compound 1l1a (acid hydrolysis of compound 11 with 5 % H:SO; in
MeOH, prunetin) : 'H-NMR (400 MHz, DMSO-ds) § : 12.96 (1H, brs, 5-OH),
960 (1H, brs, 4 -OH), 841 (1H, s, H-2), 739 (2H, d, J = 86 Hz, H-2', 6 ),
682 (ZH, d, J = 86 Hz, H-3', 5), 666 (1H, s, H-8), 6.41 (1H, s, H-6), 3.87
(3H, s, OCH3) ; “C-NMR (100 MHz, DMSO-ds) & : 180.40 (C-4), 165.22 (C-7),
16174 (C-5), 15751 (C-4"), 15745 (C-9), 154.38 (C-2), 130.13 (C-2', 6'), 12251
(C-3), 121.03 (C-1"), 115.07 (C-3', 5'), 10541 (C-10), 98.03 (C-6), 92.41 (C-8),
56.09 (OMe).

Compound 12 (kaempferol 3-O-B-p—xylopyranoside) : 'H-NMR (400 MHz,
DMSO-ds) & : 1258 (1H, brs, 5-OH), 10.89(1H, brs, OH), 10.24 (1H, brs, OH),
8.02 (2H, d, J = 80 Hz, H-2', 6), 689 (2H, d, J = 80 Hz, H-3', &), 6.44 (1H,
d, J = 20 Hz, H-8), 621 (1H, d, J = 20 Hz, H-6), 533 (1H, d, J = 6.8 Hz,
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H-1") ; ®C NMR (100 MHz, DMSO-ds) 8 : 177.39 (C-4), 164.27 (C-7), 161.20
(C-5), 160.11 (C-4'), 156.34 (C-9), 156.17 (C-2), 133.11 (C-3), 130.81 (C-2’, 6'),
12070 (C-1), 11526 (C-3’, 5'), 103.91 (C-10), 101.71 (C-1"), 98.76 (C-6), 93.70
(C-8), 75.82 (C-4"), 7369 (C-2"), 69.41 (C-3"), 65.94 (C-5") [Agrawal, 1992].

Compound 13 (naringenin 7-O-B-bD-glucopyranoside, prunin) : '"H-NMR
(400 MHz, CDsOD) 8 : 731 (2H, d, J = 85 Hz, H-2', 6'), 6.80 (2H, d, J = 86
Hz, H-3', 5'), 618 (1H, t, J = 2.2 Hz, H-6), 6.20 (1H, t, J = 2.2 Hz, H-8), 536
(1H, dt, J = 19, 2.8 Hz, H-2), 496 (1H, dd, J = 4.4, 80 Hz, H-1"), 3.89 (1H, dd,
J =17, 106 Hz, H-6a"), 3.86 (1H, dd, J = 3.2, 12.0 Hz, H-6b"), 340 3.50 (4H,
m, aliphatic proton), 3.16 (1H, dd, J = 13.0, 17.8 Hz, H-3b), 2.74 (1H dd, J = 3.0,
170 Hz, H-3a) ; “C-NMR (100 MHz, CDsOD) & : 199.35 (C-4), 167.83 (C-7),
165.76 (C-5), 165.41 (C-4'), 159.92 (C-9), 131.65 (C-1"), 129.93 (C-2’, 6'), 117.14
(C-3’, 5"), 10574 (C-10), 102.06 (C-1"), 98.80 (C-6), 97.72 (C-8), 81.51 (C-2),
79.06 (C-5"), 78.61 (C-2"), 75.45 (C-3"), 71.95 (C-4"), 63.14 (C-6"), 44.96 (C-3)
[Choi et al, 1991b].

Compound 14 (genistin) : "H-NMR (300 MHz, DMSO-ds) & : 12.94 (1H, brs,
5-OH), 959 (1H, brs, 4'-OH), 843 (1H, s, H-2), 740 (2H, d, J = 86, H-2, 6'),
6.82 (2H, d, J = 86 Hz, H-3', 5'), 6.71 (1H, d, J = 2.1 Hz, H-8), 647 (1H, J =
2.1 Hz, H-6), 506 (1H, d, J = 7.3 Hz, H-1") ; BC NMR (755 MHz, DMSO-ds)
§ 1 180.79 (C-4), 163.24 (C-7), 16161 (C-5H), 157.56 (C-9, 4'), 15481 (C-2),
13055 (C-2', 6'), 12299 (C-3), 121.42 (C-1'), 11541 (C-3’, 5'), 106.44 (C-10),
100.16 (C-17), 99.91 (C-6), 9498 (C-8), 77.35 (C-5"), 76.37 (C-3"), 73.23 (C-2"),
69.81 (C-4"), 60.82 (C-6") [Wang et al., 1999b].

Compound 15 (kaempferol 3-O-B-p-glucopyranoside, astragalin)
'H-NMR (400 MHz, DMSO-ds) & : 12.61 (1H, brs, 5-OH), 804 (2H, d, J = 80
Hz, H-2', 6"), 689 (2H, d, J = 80 Hz, H-3', 5'), 6.44 (1H, d, J = 2.0 Hz, H-8),
622 (1H, J = 2.0 Hz, H-6), 546 (1H, d, J = 7.3 Hz, H-1") ; “C-NMR (100
MHz, DMSO-ds) 8 : 17753 (C-4), 164.18 (C-7), 161.27 (C-5), 15999 (C-4"),
156.44 (C-9), 156.34 (C-2), 133.26 (C-3), 130.94 (C-2’, 6), 120.97 (C-1'), 115.16
(C-3’, 5), 104.08 (C-10), 10095 (C-1"), 98.76 (C-6), 93.72 (C-8), 7752 (C-5"),
7648 (C-3"), 74.28 (C-2"), 69.96 (C-4"), 6091 (C-6") [Young et al, 1991 ; Park
et al., 1991].

Compound 16 (orobol 7-O-B-p-glucopyranoside, oroboside) : 'H-NMR
(400 MHz, CD;OD) & : 821 (1H, s, H-2), 703 (1H, d, J = 2.0 Hz, H-2'), 6.86
(1H, dd, J = 2.0, 82 Hz, H-6'), 6.81 (1H, d, J = 82 Hz, H-5'), 6.69 (1H, d, J =
2.3 Hz, H-8), 651 (1H, d, J = 2.3 Hz, H-6), 495 (1H, d, J = 7.4 Hz, H-1"), 391

_2‘1%



(1H, dd, J = 24, 120 Hz, H-6a"), 371 (1H, dd, J = 57, 120 Hz, H-6b"),
3.47-353 (3H, aliphatic proton) ; “C-NMR (100 MHz, CDsOD) & : 183.31 (C-4),
16557 (C-7), 164.37 (C-5), 160.03 (C-9), 156.13 (C-2), 147.73 (C-2'), 147.08
(C-6"), 125.96 (C-3), 124.39 (C-1"), 12249 (C-4'), 11822 (C-3’), 117.16 (C-5'),
10883 (C-10), 10244 (C-1"), 101.90 (C-6), 9666 (C-8), 79.19 (C-5"), 78.65
(C-3"), 7551 (C-2"), 7202 (C-4"), 63.22 (C-6") [Agrawal, 1989 ; Arora et al.,
2000].

Compound 17 (2a, 3a, 24-trihydroxy-urs—12-en-28-0-B-p-
glucopyranoside) : Amorphous white powder ; EIMS m/z 488
[C3sHssO010-H+glycoside]”, 248, 203; LR-FABMS m/z 673.4 [CyHsO10+Nal’ ; IR
(KBr) Vma 3423, 1735, 1459, 1074, 1030 cm ' ; 'H-NMR and “C-NMR data (400
MHz and 100 MHz, pyridine-ds5) see Table 16.

Compound 18 (2a, 3a, 19a, 24-tetrahydroxy-urs-12-en-28-O-B-p-
glucopyranoside) : Amorphous white powder; LR-FABMS m/z 689.3
[CaHs:0u+Nal” ; 'H-NMR and “C-NMR data (400 MHz and 100 MHz,
pyridine-ds) see Table 16 (El Lahlou et al., 1999).

Compound 19 (2-O-B-(6" -benzoyl) glucopyranosyl-o—(Z)—coumaric
acid) : Amorphous white powder ; UVipa (MeOH): 223, 264 nm; HR-FABMS
m/z 4531162 [CoH20s + Nal’ ; '"H-NMR and “C-NMR data (400 MHz and 100
MHz, CDsOD) see Table 17.

Compound 20 (quercetin 3-O-B-p-glucopyranoside, isoquercitrin)
'H-NMR (400 MHz, DMSO-ds) 8 : 12.64 (1H, brs, 5-OH), 10.88 (1H, brs, OH),
9.73 (1H, brs, OH), 9.23 (1H, brs, OH), 757 (1H, dd, J = 2.0, 90 Hz, H-6"), 7.53
(1H, d, J = 2.0 Hz, H-2'), 6.84 (1H, d, J = 9.0 Hz, H-5'), 641 (1H, d, J = 2.0
Hz, H-8), 621 (1H, d, J = 2.0 Hz, H-6), 546 (1H, d, J = 7.2 Hz, H-1") ; C
NMR (100 MHz, DMSO-ds) & : 177.44 (C-4), 164.10 (C-7), 161.24 (C-5), 156.32
(C-2), 156.19 (C-9), 14845 (C-4"), 144.80 (C-3’), 133.33 (C-3), 12160 (C-6"),
121.18 (C-17), 11621 (C-5'), 11521 (C-2"), 103.99 (C-10), 100.88 (C-1"), 98.65
(C-6), 9351 (C-8), 7756 (C-5"), 76,51 (C-3"), 7227 (C-2"), 69.94 (C-4"), 60.98
(C-6") [Young et al., 1991; Park et al., 1991).

Compound 21 (kaempferol 3-0-B-p-xylopyranosyl-(1—2)-B-p-
glucopyranoside, kaempferol 3-sambubioside) : 'H-NMR (400 MHz, CDsOD)
8 1 809 (2H, d, J = 87 Hz, H-2', 6'), 687 (2H, d, J = 89 Hz, H-3', 5'), 6.38
(1H, brs, H-8), 6.18 (1H, brs, H-6), 5.35 (1H, d, J = 7.6 Hz, H-1"), 472 (1H, d,
J =73 Hz, H-1"), 398 (1H, m, H-2"), 3.95 (1H, dd, J = 5.0, 120 Hz, H-5b""),
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381 (1H, m, H-4"), 368 (1H, m, H-3"), 360 (1H, dd, J = 56, 12.0 Hz, H-6b"),
353 (1H, dd, J = 6.3, 12.0 Hz, H-6a"), 351 (1H, m, H-4""), 343 (1H, m, H-5"),
3.38 (1H, m, H-2""), 3.37 (1H, m, H-3'"), 3.22 (1H, dd, J = 1.6, 11.6 Hz, H-5a"")
; PC-NMR (100 MHz, CD;OD) & : 18055 (C-4), 167.04 (C-7), 16393 (C-5),
162.32 (C-4"), 159.26 (C-9), 159.00 (C-2), 135.80 (C-3), 133.18 (C-2', 6'), 12354
(C-1"), 117.04 (C-3', 5'), 10644 (C-10, 1'"), 102.01 (C-1"), 100.72 (C-6), 9552
(C-8), 81.29 (C-2"), 7802 (C-3'"), 71.84 (C-5"), 76.00 (C-3"), 75.84 (C-2'"), 71.86
(C-4""), 71.03 (C-4"), 67.55 (C-5""), 62.75 (C-6") [Jung et al., 1999 ; Beninger et

al., 1998].

Prunetin (1) : Ry = H, Ry = R3 = OH, Ry = OMe

Genistein (2) : Ry = H Ry = R3 = Ry = OH,

Prunetin 4’ ~O-B-D-glucopyranoside (7) : Ri=H, R» = O-Glu, R = OH, Ry = OMe
Prunetin 5-0O-B-D-glucopyranoside (11) : Ry = H, R:=0H, R3=0-Glu, Rs=OMe
Genistin (14) : Ry = H, R» = Ry = OH, R4 = O-Glu

Orobol 7-0O-B-D-glucopyranoside (16) : Ry = R» = Ry = OH, Ry = O-Glu

Quercetin 3—
Kaempferol 3-
Glu-(1—-2)-Xyl

Ry
OH
HO o)
O-R,
OH 0]
Quercetin (5) : Ry = OH , R =
Kaempferol 3-0O-a-L- arabmofuranomde (9) =H, R = Ara
Kaempferol 3-O-B-D-xylopyranoside (12) : R1 = H , Ry = Xyl
Kaempferol 3- OB B-D-glucopyranoside (15) R =H, R = Glu
D-g
O-B-D

lucopyranoside (20) : Ry = OH , R = Glu
D-xylopyranosyl b- glucopyranOSJde 21) : R}y = H, R =
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OH OH

HO O le}
HO

OH o

Naringenin 7-0O-B-b-glucopyranoside (13)

Ursolic acid (3): Ri=H, R»=OH
2a-Hydroxyursolic acid (4): R=OH, R»=OH

2a, 3a, 24-Trihydroxy-urs-12-en-28-oic acid (6) : R1=H, Rs=H, R3=H

Methyl 2a, 3a, 24-trihydroxy-urs—-12-en—-28-oic acid (6a) : Ri=H, R:=H, Rs=Me
1B, 2a, 3a, 24-Tetrahydroxy urs-12-en—-28-oic acid (10) : Ri=OH, R.=H, R3=H
2a, 3a, 24-Trihydroxy-urs-12-en-28-0-Bp-D-glucopyranoside (17) :

Ri=H, R»=H, Rs=B-D-glucopyranoside

2a, 3a, 19a, 24-Tetrahydroxy-urs-12-en-28-0O-B-D-glucopyranoside (18) :
Ri=H, R»=0H, Rs=B-D-glucopyranoside
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OH
HQ HN 157 3 N (CHy),CH,
/ ° (o) - 3 4 z
2 £ 8 9 “N(CH,),CH;
HO HO OH 1 OH
H HO

sphingolipid (8)

2 7
1 X8
9

HO 0

2-0-B-(6" -benzoyl) glucopyranosyl o-(Z) coumaric acid (19)

Fig. 1. Chemical structures of isolated compounds from

P. serrulata var. spontanea leaves.

t
o

@Tikel MeOH F+% Fabsl @Age oln G ut glon
(Kang et al, 1997), T84 AMAEE F n-BuOH SolAl  lignan
glycoside?! compound 225 F135}%.2H, EtOAc TolA =
ek @4t MeOH 259 n-BuOH & (60 g)& IN HCIZE o]&&A|7]
Amberlite IR-120 Plus <Lo]& uwdFxZ EHGAZl F MCIl-gel column
chromatography & H»O, H:0 @ MeOH (1 : 2, 1 : 1, 2 : 1), MeOHZ & %3}
571e] B o=z YR —Cr Hr] 2¥ES CHCl - MeOH = 918 &vwi=
silica gel column chromatography® 3to] 50 % H:SOs reagentoll Al o) F&
ZrAo g WAy 3etng Bystglon, FHFAHOF Sephadex LH-202%2

(2) Saol A Held st wBsty 44
o ] B
: &

depside?] compound 23
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AA st compound 22 (275 mg)e AAut. @Al EtOAc #38S CHLClh
MeOH (15 @ D¢ €92 SiO; column chromatographydtel 127§¢] sub-fraction
(F1~F12)& ddY. 2 % F3& Az CHXCl : MeOH (20 @ 1)9 €92 Si0»

column chromatographyd} i Sephadex LH-20°2.2 AAjsle] <13 =M A

2 compound 23 (240 mg)E AT},

Compound 22 [(+)-1-hydroxypinoresinol-1-O-B-D—glucoside]
Amorphous powder [alg’ @ -9.3° (¢ 0.009, MeOH). HR-FABMS m/z : 559.1448
(Caled for CosHz012Na, m/z 559.1452, A - 0.4 mmu) ; positive-FABMS m/z 559
[M+Nal’, 536[M]" ; 'H-NMR (400 MHz, CDsOD) & : 7.11 (1H, 4, J = 1.7 Hz,

-27),703 (1H, d, J = 1.8 Hz, H-2"), 6.88 (1H, dd, J = 1.8, 79 Hz, H6"),
6.86 (1H, dd, J = 1.8, 78 Hz, H-6 "), 6.80 (1H, d, J = 81 Hz, H-5"), 6.72 (1H,
d, J = 81 Hz, H-5"), 469 (1H, s, H-2), 458 (1H, s, H-6), 449 (1H, t, J = 88
Hz, H-4), 439 (1H, d, J = 104, H-8), 433 (1H, d, J = 7.7 Hz, H-1"), 393 (1H,
d, J = 104 Hz, H-8), 3.838 (3H, s, OCHs), 3.85 (3H, s, OCHs), 3.80 (1H, dd, J =
59 & 9.1 Hz, H-4), 368 (1H, dd, J = 2.2, 12.1 Hz, H-6"), 351 (1H, dd, J =
58, 120 Hz, H-6"), 340 (1H, m, H-5), 3.14 (2H, dd, J = 25, 6.8 Hz, H-3",
47), 302 (1H, dt, J = 23, 73, 7.5 Hz, H-2"), 287 (IH, m, H5") ; “C-NMR
(100 MHz, CDsOD) & @ 150.1 (C-37), 149.2 (C-37), 1483 (C-4"), 1481
(C-47), 1339 (C-17), 1294 (C—l "), 1232 (C*G "), 1207 (C-67), 1171
(C-57), 1160 (C-57), 1149 (C-2 "), 1115 (C-27), 1009 (C-17), 100.0 (C-1),
90.8 (C-2), 876 (C-6), 79.1 (C-3” ), 788 (C- 5”’) 75.6 (C-27), 741 (C-8), 73.0
(C-4), 72.0 (C-47), 633 (C-6"), 61.1 (C-5), 57.4 (OMe), 57.2 (OMe).

Compound 23 (dimethyl lithospermate): Yellow amorphous hygroscopic
powder; [al5” : +164.3° (¢ 0.07, MeOH); positive-ion FABMS m/z 567 [M+H]"
UV (MeOH) Amex nm (log €) 2526 (4.57), 2864 (452), 3046 (4.51), 3326
(447) ; TR Vaa (KBr) em ' : 3384.6 (OH), 2954.6 (-CH), 17234 (ester), 1610.2,
1509.1 (aromatic ring), 14441 (-CH»), 12636, 11619, 1113, 9784, 866.8, 809.3;
'H-NMR (300 MHz, DMSO-ds) & : 760 (1H, d, J = 159 Hz), 7.30 (1H, d, J =
84 Hz), 6.82 (1H, d, J = 84 Hz), 6,72 (1H, dd, J = 1.8, 7.7 Hz), 6.72 (1H, d, J =
78 Hz), 6.68 (1H, d, J = 18 Hz), 6.64 (1H, d, J = 7.8 Hz), 663 (1H, d, J = 1.8
Hz), 664 (1H, d, J = 7.8 Hz), 663 (1H, d, J = 1.8 Hz), 650 (1H, dd, J = 1.8 &
7.7 Hz), 636 (1H, d, J = 159 Hz), 584 (1H, d, J = 48 Hz), 514 (1H, d, J = 4.8
Hz), 453 (1H, d, J = 45 Hz), 3.65 (3H, s, OCHa), 3.67 (3H, s, OCHs) ; “C-NMR
(75 MHz, DMSO-ds) & : 171.83, 170.03, 165.88, 147.19, 145.84, 14551, 145.12,
144.25, 142,62, 131.04, 126.69, 126.05, 122.24, 121.13, 120.15, 117.37, 117.20, 11661,
11554, 115.08, 113.05, 86.33, 72.94, 54.89, 52.50, 52.01, 40.28.
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COO—~CH—CH, OH
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OH
HO
OH
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Fig. 2. Chemical structures of isolated compounds from
the rhizome of Salvia miltiorrhiza.

(3) &89 EtOAc B2l ®ad JFES 23std A
Aol FEgEe) YU YUY 2@ A=A S8 QAG A3t olE F
3

EtOAc ¥¢9 &40l 714 =4 vebwt. 2 23 EtOAc 3+ S CH:Cl-MeOH
(gradient) &w|& o]&3d}o] silica gel column chromatography® 33t 2971
subfractions& ARt Fraction 19 (146 g)&= HO-MeOH (gradient)ZA]
Sephadex LH-203 RP-18 gel column chromatography3t®l compound 24 (12 mg)
S &4l Fraction 20 (175 g)& MeOHZA Sephadex LH-200.% A #)3}o]
compound 25 (200 mg)& Atk

Compound 24 (Sulfuretin) : Amorphous orange powder ; EIMS m/z (int.) :
270 (100), 253 (20), 242 (12), 213 (18), 92 (27) ; "H-NMR (400 MHz, CDsOD) 6 :
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759 (IH, d, J=84 Hz, H-4), 750 (1H, brs, H-2'), 721 (1H, d, J = 79 Hgz,
H-6"), 683 (1H, d, J = 82 Hz, H-5"), 669 (1H, d, J = 84 Hz, H-5), 668 (1H,
brs, H-7), 6.67 (1H, brs, H-10) ; "C-NMR (100 MHz, CDsOD) § : 185.3 (C-3),
1706 (C-6), 169.2 (C-8), 150.2 (C-4"), 1485 (C-2), 1475 (C-3'), 1276 (C-4),
1272 (C-6") , 126.3 (C-1"), 119.7 (C-2'), 1175 (C-5"), 115.7 (C-9), 1155 (C-10),
1149 (C-7), 1002 (C-5).

Compound 25 (3’,4’,7-Trihydroxyflavone) : Amorphous yellow powder ;
EIMS m/z (int.) @ 270 (100), 242 (35), 137 (81), 121 (30) ; 'H-NMR (400 MHz,
DMSO-ds) 8 @ 10.75 (1H, brs, OH), 9.80 (1H, brs, OH), 9.37 (1H, brs, OH), 7.86
(1H, d, J=86 Hz, H-5), 7.39 (1H, d, /=2.0 Hz, H-2'), 7.38 (1H, dd, /=2.0 and 86
Hz, H-6'), 660 (1H, s, H-3), 693 (1H, d, /=2.0 Hz, H-8) 6.89 (1H, d, /=86 Hz,
H-5'), 6.83 (1H, d, J=2.0, 86 Hz, H-6) ; “C-NMR (100 MHz, DMSO-ds) & :
176.2 (C-4), 162.6 (C-2), 162.5(C-7), 157.3 (C-9), 149.1 (C-4), 145.7 (C-3'), 1265
(C-5), 1221 (C-1'), 1185 (C-6'), 116.1 (C-5"), 1159 (C-10), 114.7 (C-6), 113.1
(C-2), 1045 (C-3), 102.3 (C-8).

Fig. 3. Chemical structures of two flavonoid compounds isolated
from the stem bark of Albizzia julibrissin.

(4) €9 EtOAc FoA 239 sgtEs9 B3syg JA
EtOAc #&8Ec] &4tsl A48y 2d A2 (tested model systems)oll A 73t &
A3t #4de Ho® g EtOAc 100 g€ EtOAc-MeOH (gradient)S A}-&3}hod
silica gel column chromatographystz 9712 #3& (F3E 1~9<& At
Fraction 3 (95 g)& 9] CHXCl-MeOHS 5 @ 182 £33 £d8L A} 8319 silica
gel column chromatographyE 2AJ8le] compounds 26 (kaempferol 3-O-
galactoside 6"-acetate, 40 mg)¥ 27 (solariciresinol xyloside, 74 mg) 1@
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compound 29 (5,7,84" -tetrahydroxy-3-methylflavone-8-O-B-D-glucopyranoside,
60 mg)E LA} Fraction 4 (6 g)& CHxClL-MeOHS 5 @ 22 silica gel column
chromatography & A A18t9}, compounds 28 (kaempferol 3-O-galactoside, 22 mg)
¥ 30 (kaempferol 3-O-p-D-glucoside, 12.8 mg), Z&i2 31 (6-methyl-
kaempferol 3-O-B-D-glucoside, 10.9 mg)< It}

Compound 26 (kaempferol 3-O-galactopyranoside 6”-acetate) : Yellow
powder ; UV Amax (MeOH) 258 353 nm ; FABMS m/z 513 [M + Nal" ;
'H-NMR (400 MHz, DMSO-ds) & : 1258 (OH), 10.88 (OH), 1018 (OH), 804
(2H, d, J = 87 Hz, H-2" and 6"), 685 (2H, d, J = 87 Hz, H-3’ and 5'), 6.45
(1H, d, J = 20 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 532 (I1H, d, J = 76
Hz, H-1"), 407 (1H, dd, J = 7.8, 11.3 Hz, H-6"b), 3.90 (1H, dd, J = 4.3, 11.3 Hz,
H-6"a), 362 (1H, d, J = 4.3 Hz, H-4"), 360 (1H, d, J = 4.3 Hz, H-5"), 3.56-3.51
(I1H, m, H-2"), 342-338 (1H, m, H-3"), 174 (CHs) ; "C-NMR (100 MHz,
DMSO-ds) 8 : 156.4 (C-2), 1332 (C-3), 1775 (C-4), 1612 (C-5), 98.7 (C-6),
1641 (C-7), 937 (C-8), 1564 (C-9), 103.8 (C-10), 120.8 (C-1'), 130.9 (C-2' and
6'), 1150 (C-3' and 5'), 160.0 (C-4"), 101.7 (C-17), 70.9 (C-2"), 72.8 (C-3"), 68.1
(C-4"), 72.8 (C-5"), 63.1 (C-6"b), 169.8 (COO), 20.1 (CHs).

Compound 27 [(+)-isolarisiresinol xylopyranoside] : [a]®p, +4.02. (¢
0.005, MeOH) ; HREIMS : m/z 4921995 (CysHxO0w) ; EIMS (m/z, %) @ 492
(IM]" , 27.3), 359 (M - xylose + HI" , 65.4) ; '"H-NMR (400 MHz, pyridine-ds)
6 1729 (IH, d, J = 1.6 Hz, H-2"), 717 (1H, d, J = 81 Hz, H-5'), 699 (1H, dd,
J = 16, 81 Hz, H-6"), 684 (1H, s, H-5), 681 (1H, s, H-2), 461 (1H, d, /=75
Hz, H-1"), 459 (1H, dd, J = 1.9 Hz and 104 Hz, H-9'b), 453 (1H, brd, J = 10.8
Hz, H-7'), 427 (1H, d, J = 40, 10.0 Hz, H-9b), 423 (1H, dd, J = 50, 10.0 Hz,
H-9a), 420 (1H, m, H-4"), 420 (1H, dd, J = 2.2, 120 Hz, H-5"h), 4.11 (1H, d,
J=10.7 Hz, H-3"), 403 (1H, d, J = 79 Hz, H-2"), 372 (OMe, C-3), 3.69 (OMe,
C-3"), 361 (1H, dd, J = 4.1, 104 Hz, H-9a), 357 (1H, dd, J = 6.0, 12.0 Hz,
H-5"a), 3.37 (IH, m, H-8 '), 332 (1H, dd, J = 156, 11.3 Hz, H-7b), 3.12 (1H,
dd, J = 156, 44 Hz H-7a), 247 (1H, m, H-8) ; YC-NMR (100 MHz,
pyridine-ds) & : 12805 (C-1), 11249 (C-2), 146.89 (C-3), 14598 (C-4), 117.89
(C-5), 134.03 (C-6), 33,75 (C-7), 39.16 (C-8), 64.19 (C-9), 137.81 (C-1"), 114.33
(C-2'), 14846 (C-3'), 146.36 (C-4"), 1165 (C-5'), 12253 (C-6"), 47.33 (C-7'),
4541 (C-8'), 6848 (C-9'), 106.0 (C-1"), 75.09 (C-2"), 7844 (C-3"), 71.11 (C-4"),
67.14 (C-5"), 55.84 (OMe, C-3"), 55.99 (OMe, C-3 ).

Compound 28 (kaempferol 3-O-galactopyranoside) : 'H-NMR (400 MHz,

DMSO-ds) 8 : 1262 (1H, brs, OH), 806 (2H, d, J = 805 Hz, H-2', 6'), 6.85
(2H, d, J = 805 Hz, H-3', 5'), 643 (1H, d, J = 1.8 Hz, H-8), 620 (1H, d, J =
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1.8 Hz, H-6), 539 (1H, d, J = 76 Hz, H-1") ; "C-NMR (100 MHz, DMSO-ds)
6 1 166.38 (C-2), 133.24 (C-3), 17753 (C-4), 161.30 (C-5), 98.71 (C-6), 164.17
(C-7), 9367 (C-8), 156.38 (C-9), 103.94 (C-10), 121.89 (C-1"), 130.88 (C-2', 6'),
11506 (C-3', 5), 159.95 (C-4'), 101.67 (C-1"), 71.2 (C-2"), 73.10 (C-3"), 67.88
(C-4"), 75.77 (C-5"), 60.20 (C-6").

Compound 29 (5,7,8,4'-tetrahydroxy-3-methylflavone-8-O--D~-
glucopyranoside) : Yellow powder ; UV Amax (MeOH) : 275 (loge 4.15), 296
(3.98), 338 (4.09), 368 (4.00) ; +NaOMe 280 (4.22), 333 (4.02), 405 (4.26) ; +
NaOAc 278 (4.20), 306 (4.02), 365 (3.98); + NaOAc + HsBOs 276 (4.17), 337
(4.06) ; + AlClz 278 (4.09), 312 (4.00), 360 (4.09), 412 (sh 3.85) ; + AICl3 + HCI
232 (4.10), 286 (4.09), 310 (4.03), 360 (4.12) and 412 (3.82) nm ; EI-MS m/z (rel.
int. %) : 331 [M" - CeHgOs] (24.5), 330 [M" - CeHi05](100), 315 (3.6), 312 (6.3),
287 (385), 271 (1.1), 259 (2.1), 243 (0.5), 182 (155), 181 (3.8), 121 (31.6), 118
(35) ;5 HR-FABMS [(M + H) : m/z 493.1349 for CyHo012, A +0.3 mmu] ;
'H-NMR (400 MHz, DMSO-ds) & : 203 (3H, s, 6-CHs), 3.23-3.25 (1H, m,
H-3"), 3.31 (2H, m, H-4", H-5"), 340 (1H, m, H-2"), 360 (2H, m, H-6"), 3.80
(OCH3), 460 (1H, d, J = 7.8 Hz, H-1"), 697 (2H, d, J = 80 Hz, H-3', H-5'),
825 (2H, d, J = 80 Hz, H-2', H-6"), 1024 (1H, s, OH), 1285 (1H, s, OH) ;
BC-NMR (100 MHz, DMSO-ds) & : 7.65 (CHs), 59.56 (OCHj;), 6050 (C-6"),
68.99 (C-4"), 7405 (C-2"), 7582 (C-5"), 7746 (C-3”), 10331 (C-10), 106.76
(C-6), 107.19 (C-17), 11565 (C-3’, C-5'), 12064 (C-1"), 125.21 (C-8), 130.89
(C-27, C-6'), 13747 (C-3), 144.82 (C-9), 146.12 (C-7), 154.33 (C-5), 155.44 (C-2),
160.24 (C-4"), 17794 (C-4).

Compound 30 (kaempferol 3-O-B-D-glucoside) : Yellow powder ;
'H-NMR (400 MHz, DMSO-ds) 6 : 12.59 (OH), 803 (2H, d, J = 884 Hz, H-2',
H-6"), 688 (2H, d, J = 884 Hz, H-3', H-5'), 638 (1H, d, J = 1.92 Hz, H-8),
6.16 (1H, d, J = 1.92 Hz, H-6), 544 (1H, d, J = 74 Hz, H-1"), 356 (1H, d, J =
11.28 Hz, H-6"a), 3.33 (1H, dd, J = 364, 11.3 Hz, H-6"b), 3.21 (2H, m, H-2",
H-3"), 3.08 (2H, m, H-4", 5" ; “C-NMR (100 MHz, DMSO-ds) & : 1772
(C-4), 1653 (C-7), 161.1 (C-5), 1599 (C-4"), 1565 (C-9), 156.0 (C-2), 133.1
(C-3), 1308 (C-2', C-6"), 1209 (C-1"), 1151 (C-3’, C-5'), 1035 (C-10), 1009
(C-1"), 99.0 (C-6), 93.8 (C-8), 77.4 (C-5"), 76.4 (C-3"), 742 (C-2"), 69.9 (C-4"),
60.8 (C-6").

Compound 31 (6-methylkaempferol 3—-O-B-D-glucoside) : Yellow powder
; '"H-NMR (400 MHz, DMSO-ds) 6 @ 12.86 (OH), 803 (2H, d, J = 881 Hz,
H-2', 6'), 6.88 (2H, d, J = 881 Hz, H-3', H-5'), 650 (1H, s, H-8), 546 (1H, d,
J = 747 Hez, H-1"), 199 (3H, s, 6-CHs) ; "C-NMR (100 MHz, DMSO-ds) 8 :
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1774 (C-4), 1623 (C-7), 1598 (C-4'), 1581 (C-5), 1560 (C-2), 1540 (C-9),
1331 (C-3), 1308 (C-2', C-6"), 121.0 (C-1'), 1151 (C-3', C-5'), 106.7 (C-6),
1036 (C-10), 1009 (C-1"), 92.7 (C-8), 77.4 (C-5"), 76.4 (C-3"), 741 (C-2"), 69.9
(C-4"), 60.8 (C-6"), 7.34 (CHs).
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Fig. 4. Chemical structures of isolated compounds from Pinus
densiflora.

(5) ¥& 7] BtOAc S¥olA 2ol sgREe 2ty 42

o B 7} &v) RFEE9 djél DPPH radical, ONOO , Z1#} 1 ROS A
A EZRE A% Ay 4o =A Jebd EtOAc ® 8o tis) chromatography
£ ato Atz g4 RS B9y EtOAc 8 (104 g2 €1 CHCl—
MeOH (gradient) A silica gel column chromatography 3t subfractiong it}
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7+ subfractionE°] Wal] CHyClz =& CHCl : MeOH = 20 : 1 n]&9] % &vj

s AME3le] compounds 32~34 (chrysoeriol, apigenin, luteolin)¥} B-sitosterol
glucoside (35)S 3 A3}

Compound 32 (chrysoeriol) : 'H-NMR (300 MHz, DMSO-ds) 8 : 3.89 (3H,
s, OCHy), 6.20 (1H, d, J = 2.0 Hz, H-6), 651 (1H, d, J = 2.0 Hz, H-8), 691 (1H,
s, H-3), 693 (1H, d, J = 90 Hz, H-5), 756 (1H, d, J = 20 Hz, H-2'), 757
(1H, dd, J = 20, 90 Hz, H6") ; "C-NMR (755 MHz, DMSO-ds) & : 1636
(C-2), 1032 (C-3), 181.8 (C-4), 161.4 (C-5), 98.8 (C-6), 164.1 (C-7), 940 (C-8),
157.3 (C-9), 103.7 (C-10), 120.3 (C-1"), 110.2 (C-2"), 156.7 (C-3'), 148.0 (C-4"),
1157 (C-5"), 1215 (C-6"), 55.2 (OCHs).

Compound 33 (apigenin) : 'H-NMR (300 MHz, DMSO-ds) & @ 620 (1H, d,
J = 20 Hz, H-6), 651 (1H, d, J = 2.0 Hz, H-8), 678 (11, s, H-3), 6.93 (2H, d,
J=9.0 Hz, H-3', H-5"), 791 (2H, dd, J = 2.0, 90 Hz, H-2', H-6'), 1296 (I1H, s,
OH) ; PC-NMR (755 MHz, DMSO-ds) & : 1641 (C-2), 102.8 (C-3), 1817
(C-4), 1614 (C-5), 98.7 (C-6), 163.6 (C-7), 93.9 (C-8), 157.2 (C-9), 1036 (C-10),
121.1 (C-17), 1284 (C-2'), 1158 (C-3"), 161.1 (C-4'), 1159 (C-5'), 1284 (C-6').

Compound 34 (luteolin) : 'H-NMR (300 MHz, DMSO-ds) 8 : 622 (1H, d, J
= 2.0 Hz, H-6), 650 (1H, d, J = 2.0 Hz, H-8), 667 (1H, s, H-3), 694 (1H, d, J
= 80 Hz, H-5"), 741 (1H, d, J = 2.0 Hz, H-2"), 744 (14, dd, J = 2.0, 80 Hz,
H-6'), 1293 (1H, s, OH) ; “C-NMR (755 MHz, DMSO-ds) & : 1644 (C-2),
102.8 (C-3), 181.8 (C-4), 1615 (C-5), 99.0 (C-6), 164.0 (C-7), 94.0 (C-8), 1574
(C-9), 103.7 (C-10), 119.1 (C-1"), 1132 (C-2"), 1458 (C-3’), 149.9 (C-4"), 116.1
(C-5), 121.6 (C-6").
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Figure 5. Structures of compounds isolated from the roasted

defatted perilla meal.

=

EtOAc ¢ BuOH %82 73 DPPH AA&A
EtOAE 3T 4 v =4 Jvewdd a282% BuOH 3 (30g)2 CHLl—
MeOH (gradient) 2] silica gel column chromatography 3t 22712] subfraction<
2o} Fraction 4 (1.2g)& EtOAc-MeOH-H:0Z Si gel columno. 2 v 23]
compound 39 (86.5mg)e AAt}t.  Fraction 16 (1.8g) EtOAc-MeOH-H:OZ Si
gel column®o & © #&3 compound 37 (24mg)¢t 38 (35mg)S AJUThH
Fraction 18 (12g)2 EtOAc-MeOH-H,O (21:4:3)2.2 Si gel column®. & © +#7
3F4] compound 36 (45mg)S L it

Compound 36 (kaempferol 7-0O-B-D—glucopyranosyl-(1—3)-[B-D-
glucopyranosyl-(1—6)]-glucopyranoside) : Yellow amorphous powder ;
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CxHyO21, FAB-MS (negative) m/z @ 771 [M - HJ], 609 [M - H, 162], 447 [M
- H, 162 x 2] ; UV M max (MeOH) 268 (log € 4.26), 348 (4.16), 371 (4.19),
399 (414) nm ; + NaOMe 246 (4.60), 270 (4.59), 302 (4.39), 390 (451) ; +
NaOAc 271 (4.23), 348 (4.11), 374 (4.11), 401 (4.04) ; + NaOAc + HsBOs 270
(4.23), 348 (4.13), 372 (413) ; + AlClz 272 (4.44), 302 (4.27), 348 (4.31), 378
(4.37), 404 (4.35) ; + AICl; + HCI 272 (4.33), 302 (4.14), 348 (4.21), 396 (4.21) ;
'H-NMR (400 MHz, DMSO-ds) 6 : 4.02 (1H, d, J = 76Hz, H-1"""), 5.07 (1H,
d, J =72 Hz, H-1""), 539 (1H, d, J = 7.2 Hz, H-1""""), 644 (1H, J = 2.1 Hz,
H-6), 6.76 (1H, d, J = 2.1 Hz, H-8), 689 (2H, d, J = 89 Hz, H-3', 5'), 805
(2H, d, J = 89 Hz, H-2’, 6'), 9.84 (1H, s, OH), 10.21 (1H, s, OH), 12.60 (1H, s,
5-OH) ; "C-NMR (100 MHz, DMSO-d6) & : 1776 (C-4), 162.99 (C-7), 160.8
(C-5), 160.1 (C-4"), 157.1 (C-9), 156.0 (C-2), 1335 (C-3), 131.0 (C-2', 6'), 120.7
(C-1"), 1151 (C-3’, 5"), 105.7 (C-10), 1032 (C-1"""), 99.8 (C-1""), 99.3 (C-6),
100.9 (C-1""""), 94.7 (C-8), 77.1 (C-3"'), 766 (C-5"", C-5'""), 764 (C-5'"""), 76.3
(C-3"""), 762 (C-3""""), 741 (C-2'"), 733 (C-2"""), 73.1 (C-2""""), 69.7 (C-4"",
4'""), 69.6 (C-4""""), 68.0 (C-6""), 60.8 (C-6'""), 60.6 (C-6"""").

Compound 37 (kaempferol-3-0-(2-0-feruloyl-B-D-glucopyranosyl-(1—
2)-B-D-glucopyranoside)-7-0-glucopyranoside) : FAB-MS (negative) m/z
9470 [M - H], 78 [M - H, 162], 771 [M - H, feruloyll, 609 [M - H,
feruloylglucosyl] , 447 [M - H feruloylsophorosyl] ; UV : Amax (MeOH) 244
(log & 4.30), 268 (4.29), 297 (4.19), 330 (4.33), 354 (4.18) nm ; + NaOMe 245
(4.39), 271 (4.34), 348 (4.39), 380 (4.55) ; + NaOAc 221 (4.28), 244 (4.10), 268
(4.09), 332 (414) ; + NaOAc + HsBO; 243 (4.15), 268 (4.16), 333 (4.19), 352
(4.08) ; + AlClz 234 (4.06), 270 (4.03), 302 (3.95), 336 (4.06), 354 (3.95); + AICl3+
HCI 234 (4.04), 277 (4.04), 299 (3.97), 335 (4.07), 399 (3.69) ; 'H-NMR (600 MHz,
DMSO-ds) & @ KP-moiety 642 (1H, d, J = 2.0 Hz, H-6), 672 (1H, d, J = 2.0
Hz, H-8), 800 (2H, d, J = 89 Hz, H-2', H-6"), 692 (2H, d, /=89 Hz, H-3',
H-5") ; Feruloyl moiety 7.16 (1H, brd, J = 2.0 Hz, H-2), 673 (1H, d, J = 80
Hz, H-5), 696 (1H, brd, / = 80 Hz, 2.0 Hz, H-6), 638 (1H, d, J = 159 Hz,
H-8), 746 (1H, d, J = 159 Hz, H-9), 3.77 (1H, s, OCHs) ; 3-O-sugar moiety
573 (1H, d, J = 76 Hz, H-1"), 353 (1H, t, J = 76 Hz, H-2"), 3.05 (1H, d, J =
5.0 Hz, H-5"), 509 (1H, d, J = 80 Hz, H-1"), 469 (1H, dd, J = 9.0 Hz, 8.6 Hz,
H-2"") ; 7-O-sugar moiety 507 (I1H, d, J = 76 Hz, H-1") ; ®C-NMR (150
MHz, DMSO-ds) : KP-moiety 155.9 (C-2), 133.1 (C-3), 1775 (C-4), 160.8 (C-bH),
99.3 (C-6), 162.7 (C-7), 94.4 (C-8), 156.2 (C-9), 105.1 (C-10), 120.8 (C-1"), 130.9
(C-2", C-6"), 1153 (C-3’, C-5'), 160.1 (C-4') ; Feruloyl moiety 1257 (C-1),
111.0 (C-2), 147.8 (C-3), 149.1 (C-4), 1154 (C-5), 1226 (C-6), 165.8 (C-7), 115.1
(C-8), 1445 (C-9), 556 (OCHsy) ; 3-O-sugar moiety 97.1 (C-17), 79.3 (C-2"),
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76.9 (C-3"), 70.2 (C-4"), 773 (C-5"), 60.9 (C-6"), 99.3 (C-1""), 73.7 (C-2""), 745
(C-3""), 702 (C-4""), 765 (C-5""), 60.6 (C-6"") ; 7-O-sugar moiety 99.8 (C-1""),
73.1 (C-2""), 76.4 (C-3""), 69.6 (C-4""), 77.2 (C-5""), 60.7 (C-6"").

Compound 38 (kaempferol-3-0-B-D-glucopyranosyl-(1—2)-p-D-
glucopyranoside-7-0-B-D-glucopyranoside) : FAB-MS (negative) m/z
71 M - HI, 609 (M - H, 162], 447 [M - H, 162 x 2] ; UV : Amax
(MeOH) 259 (log € 4.40), 341 (4.22) nm ; + NaOMe 267 (4.46), 342 (4.22), 388
(4.30) ; + NaOAc 258 (4.46), 344 (4.26) ; + NaOAc + H3BOs 257 (4.44), 345
(4.25) ; + AlClz 266 (4.37), 293 (4.11), 343 (4.13), 391 (4.03) ; + AICl3 + HCI 266
(4.30), 292 (4.04), 334 (4.06), 390 (392) ; 'H-NMR (400 MHz, DMSO-ds) 8 :
6.43 (1H, d, J = 1.8 Hz, H-6), 679 (1H, d, J = 1.8 Hz, H-8), 807 (2H, d, J =
89 Hz, H-2', H-6'), 693 (2H, d, J = 89 Hz, H-3’, H-5') ; 3-O-sugar moiety
970 (1H, d, J = 7.0 Hz, H-1"), 461 (1H, d, J = 7.8 Hz, H-1"") ; 7-O-sugar
moiety 508 (1H, d, J = 7.6 Hz, H-1"") ; ®C-NMR (100 MHz, DMSO-d; ) § :
1559 (C-2), 1331 (C-3), 1776 (C-4), 1609 (C-5), 99.2 (C-6), 162.7 (C-7), 944
(C-8), 156.2 (C-9), 1056 (C-10), 1206 (C-1"), 131.0 (C-2’ and C-6"), 1153
(C-3", C-5"), 160.3 (C-4") ; 3-O-sugar moiety 99.7 (C-1"), 825 (C-2"), 76.4
(C-3"), 69.6 (C-4"), 772 (C-5"), 605 (C-6"), 1042 (C-1"), 744 (C-2""), 765
(C-3"), 69.6 (C-4""), 770 (C-5""), 606 (C-6"") ; 7-O-sugar moiety 97.8 (C-1""),
735 (C-2""), 76.6 (C-3""), 69.6 (C-4""), 776 (C-5""), 60.8 (C-6"").

Compound 39 (1-O-sinapoy! glucopyranoside) : Amorphous white powder
; [aly™® -625. (¢ 0.016, MeOH); FAB-MS (positive) m/z : 409 [M + Nal' ;
IR (KBr) : 3449, 1701, 1025~1110 ecm ' ; UV Amax (MeOH) 226 (log & 4.28),
240 (4.29), 331 (4.39) nm ; + NaOMe 213 (5.13), 260 (4.53), 385 (4.61) ; '"H-NMR
(400 MHz, DMSO-ds) 6 : 7.05 (2H, s, H2, H6), 764 (1H, d, J = 159 Hz,
H-7), 655 (1H, d, J = 159 Hz, H-8), 3.80 (6H, s, OCHs), 546 (1H, d, J = 80
Hz, H-1') ; "C-NMR (100 MHz, DMSO-d;) 6 : 1243 (C-1), 106.4 (C-2, C-6),
1480 (C-3, C-5), 146.0 (C-4), 1386 (C-7), 114.3 (C-8), 165.3 (C-9), 56.1 (CHz),
94.2 (C-1'), 726 (C-2"), 778 (C-3"), 69.6 (C-4'), 765 (C-5"), 60.6 (C-6").
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Figure 6. Structures of compounds isolated from Brassica juncea L
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Compound 40 (curcumin I) : 'H-NMR (400 MHz, acetone-ds) & ; 3.86 (6H,
s, 2 x OCHy), 592 (1H, s, H-4), 6.65 (2H, d, J = 16.0 Hz, H-2, 7), 6.83 (2H, d,
J =83 Hz Hb5,K 5, 712 2H, d, J = 20 & 83 Hz, H-6', 6'"), 7.28 (2H, d, J
= 20, H-2, 2'"), 755 (2H, d, J = 16.0 Hz, H-1, 6) ; BC-NMR (100 MHz,
acetone—ds) ; 185.0 (C-3, 5), 1505 (C-4’, 4''), 149.2 (C-3’, 3'"), 1419 (C-1, 7),
1286 (C-1', 1'"), 1243 (C-6', 6'"), 1228 (C-2, 6), 116.7 (C-5', 5'"), 112.0 (C-2',
2'"), 102.1 (C-4), 56.8 (2 x OCHj3).

Compound 41 (curcumin II) : 'H-NMR (400 MHz, acetone-ds) & ; 3.86
(3H, s, OCHz3), 592 (1H, s, H-4), 6.60 (1H, d, J = 16.0 Hz, H-7), 6.66 (1H, d, J
= 160 Hz , H-2), 683 (1H, d, J = 85 Hz, H-5'), 6.8 (Z2H, d, J = 85 Hz,
H-3'", 5'), 711 (1H, d, J = 1.7, 85 Hz, H- 6'), 728 (1H, d, J = 1.7 Hz, H-2"),
751 (2H, d, J = 85 Hz, H-2"', 6'’), 755 (1H, d, J = 16.0 Hz, H-6), 7.56 (1H, d,
J = 160 Hz H-1) ; BC-NMR (100 MHz, acetone-ds) & ; 185.0 (C-3), 1849
(C-5), 161.0 (C-4""), 1505 (C-4'), 149.2 (C-3"), 1419 (C-1), 1415 (C-7), 1314
(C-2"", 6'"), 1286 (C-1"), 1282 (C-1""), 1243 (C-6"), 122.7 (C-2), 1225 (C-6),
117.3 (C-3'', 5’"), 116.7 (C-5"), 112.0 (C-2"), 102.2 (C-4), 56.8 (OCH3).

Compound 42 (curcumin M) : 'H-NMR (400 MHz, acetone-ds) 8 ; 592
(1H, s, H-4), 661 (2H, d, J = 16.0 Hz, H-2, 6), 6.85 (2H, d, J = 85 Hz , H-3',
4", 685 (2H, d, J = 85, H-3"", 5""), 751 (2H, d, J = 85 Hz , H-2', 6), 751
(2H, d, J = 85 Hz, H-2", 6"), 756(2H, d, J = 160 Hz, H-1, 7) ; “C-NMR
(100 MHz, acetone-ds) & ; 1850 (C-3, 5), 161.0 (C-4’, 4'"), 1415 (C-1, 7),
1314 (C-2', 6/, 27, 6'"), 1282 (C-1',1""), 1225 (C-2, 6), 1172 (C-3', 5, 3",
5'"), 102.2 (C-4).

o SO

R1 \'// Ro

OH OH
40: R;=R»=0OCH3
41: R;=0OCHs3, R>=H
42: Ri=R2=H

Figure 7. Structures of compounds isolated from C. longa.
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(8) A9 EtOAc A &dA 23 JFEE ¥Fsta A
gido] Hojd EtOAc 3 E (20 g)2 silica gel?} Sephadex LH-20 column
chromatography S W& AFE3lo]  kaempferol (43), kaempferol 3-O-p-D-
glucuronopyranosyl methylester (44), kaempferol 3-O-B-D-glucopyranoside (45),
kaempferol 3-O-B-D-galactopyranoside (46), myricetin 3’5’ -dimethylether
3-0O-B-D-glucopyranoside  (47), kaempferol 3-O-a-L-rhamno- pyranosyl-

(1—6)-B-D-glucopyranoside (48) % kaempferol 3-O-B-D-glucuronopyranoside
49 e E2stg}.

Compound 43 (kaempferol) : 'H-NMR (400 MHz, DMSO-ds) & : 6.19 (1H,
d, J = 20 Hz, H-6), 644 (1H, d, J = 2.0 Hz, H-8), 692 (2H, d, J = 80 Hz,
H-3', 5"), 806 (2H, d, J = 80 Hz, H-2/, 6'), 1247 (1H, brs, 5OH) ; "C-NMR
(100 MHz, DMSO-ds) 8 : 1759 (C-4), 1639 (C-7), 160.7 (C-5), 159.2 (C-4"),
156.2 (C-9), 146.8 (C-2), 135.7 (C-3), 1295 (C-2’, 6"), 121.7 (C-1"), 1154 (C-3',
5), 103.0 (C-10), 98.2 (C-6), 93.5 (C-8).

Compound 44 (kaempferol 3-O-B-D-glucuronopyranosyl methyl ester)
*H-NMR (400 MHz, DMSO-ds) 8 : 357 (1H, s, OMe), 547 (11, d, J = 7.4 Hz,
H-1'), 621 (1H, d, J = 2.0 Hz, H-6), 643 (1H, d, J = 2.0 Hz, H-8), 6.89 (2H, d,
J =80 Hz, H-3", 5'), 802 (2H, d, J = 80 Hz, H-2, 6'), 1251 (1H, brs, 5-OH)
; PC-NMR (100 MHz, DMSO-ds) 8 : 177.2 (C-4), 169.0 (C-6'"), 164.3 (C-7),
161.2 (C-5), 160.2 (C-4"), 156.6 (C-9), 156.4 (C-2), 133.0 (C-3), 1309 (C-2’, 6),
1206 (C-17), 1151 (C-3’, 5'), 104.0 (C-10), 101.4 (C-1'), 98.9 (C-6), 93.8 (C-8),
75.6 (C-5""), 755 (C-3'"), 739 (C-2""), 715 (C-4""), 51.9 (OMe).

Compound 45 (kaempferol 3-O-B-D-glucopyranoside) : 'H-NMR (400
MHz, DMSO-ds) 8: 547 (1H, d, J = 7.3 Hz, H-1'), 6.21 (1H, J = 2.0 Hz, H-6),
6.44 (1H, d, J = 2.0 Hz, H-8), 6.83 (2H, d, J = 80 Hz, H-3", 5"), 805 (2H, d, J
= 80 Hz, H-2, 6"), 1262 (1H, brs, 5-OH) ; "C-NMR (100 MHz, DMSO-ds) §
1776 (C-4), 1642 (C-7), 1613 (C-5), 160.0 (C-4"), 1565 (C-9), 156.4 (C-2),
133.3 (C-3), 131.0 (C-2’, 6'), 121.0 (C-1"), 1152 (C-3’, 5), 104.1 (C-10), 100.9
(C-177), 988 (C-6), 937 (C-8), 776 (C-5'"), 765 (C-3'"), 743 (C-2'"), 70.0
(C-4""), 60.9 (C-6'").

Compound 46 (kaempferol 3—-0-B-D-galactopyranoside) : 'H-NMR (400
MHz, DMSO-des) 6: 541 (1H, d, J = 7.7 Hz, H-1"), 6.21 (1H, J = 2.0 Hz, H-6),
6.43 (1H, d, J = 2.0 Hz, H-8), 6.86 (2H, d, J = 8.0 Hz, H-3’, 5'), 808 (2H, d, J
= 8.0 Hz, H-2’, 6’), 12.63 (1H, brs, 5-OH) ; BC-NMR (100 MHz, DMSO-dg) 6
1776 (C-4), 164.2 (C-7), 161.2 (C-5), 160.0 (C-4'), 1564 (C-9), 1564 (C-2),
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1332 (C-3), 131.0 (C-2’, 6"), 1209 (C-1"), 1151 (C-3', &), 1040 (C-10), 101.7
(C-1""), 98.7 (C-6), 93.7 (C-8), 76.8 (C-5'"), 73.1 (C-3"), 71.2 (C-2""), 679
(C-4'"), 60.2 (C-6"").

Compound 47 (myricetin 3’,5"-dimethylether 3-0-8-D-
glucopyranoside) : 'H-NMR (400 MHz, DMSO-ds) & : 384 (6H, s, OCHjy),
559 (1H, d, J = 7.3 Hz, H-1"), 622 (1H, J = 2.1 Hz, H-6), 650 (1H, d, J = 2.1
Hz, H-8), 749 (2H, s, H-2', 6'), 9.17 (1H, brs, OH), 10.87 (1H, brs, OH), 12.60
(1H, brs, 5-OH) ; “C-NMR (100 MHz, DMSO-ds) 8 : 177.4 (C-4), 164.1 (C-7),
161.2 (C-5), 156.3 (C-9), 156.3 (C-2), 1474 (C-3', 5'), 1386 (C-4'), 133.1 (C-3),
1198 (C-1"), 1069 (C-2’, 6'), 104.0 (C-10), 100.7 (C-1'"), 98.7 (C-6), 93.8 (C-8),
774 (C-5'"), 76.4 (C-3'"), 74.3 (C-2'"), 69.8 (C-4'"), 605 (C-6""), 56.2 (OCH3).

Compound 48 (kaempferol 3-O-a-L-rhamnopyranosyl-(1—6)-p-D-
glucopyranoside) : 'H-NMR (400 MHz, DMSO-ds) 6 : 097 (3H, s, J = 62
Hz, CHa), 438 (IH, s, H-~1'""), 530 (1H, d, J = 7.4 Hz, H-1""), 623 (1H, J = 2.1
Hz, H-6), 645 (1H, d, J = 2.1 Hz, H-8), 6.89 (2H, d, J = 88 Hz, H-3", 5'), 7.97
(2H, d, J = 88 Hz, H-2', 6'), 1022 (1H, brs, OH), 11.01 (1H, brs, OH), 12555
(1H, brs, 5~OH) ; C-NMR (100 MHz, DMSO-ds) § : 177.4 (C-4), 164.2 (C-7),
161.1 (C-5), 160.0 (C-4"), 156.8 (C-9), 1564 (C-2), 133.2 (C-3), 130.8 (C-2', 6),
1208 (C-17), 1151 (C-3’, 5), 1039 (C-10), 101.3 (C-1'"), 100.7 (C-1"""), 98.7
(C-6), 93.7 (C-8), 751 (C-5'"), 764 (C-3'"), 741 (C-2'"), 718 (C-4''"), 706
(C-2"""), 703 (C-3"""), 69.9 (C-4""), 682 (C-5'""), 66.9 (C-6""), 17.7 (C-3""").

Compound 49 (kaempferol 3-O-B-D-glucuronopyranoside) : 'H-NMR
(400 MHz, DMSO-ds) 8 : 543 (1H, d, J = 7.2 Hz, H-1'"), 6.15 (1H, d, J = 2.0
Hz, H-6), 636 (1H, d, J = 2.0 Hz, H-8), 6.86 (2H, d, J = 80 Hz, H-3', 5'), 8.02
(2H, d, J = 80 Hz, H-2', 6'), 1248 (1H, brs, 5-OH) ; “C-NMR (100 MHz,
DMSO-ds) & : 1774 (C-4), 171.4 (C-6'"), 1645 (C-7), 161.1 (C-5), 160.1 (C-4'),
1564 (C-9), 156.4 (C-2), 133.2 (C-3), 131.0 (C-2’, 6"), 120.7 (C-1"), 1151 (C-3',
57), 103.8 (C-10), 101.3 (C-1'"), 98.8 (C-6), 93.8 (C-8), 76.1 (C-5'"), 752 (C-3""),
739 (C-2'"), 71.8 (C-4"").
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Kaempferol (43): R;=H, R»=H, Rs=H

Ilga(i_lmpferol 3-0-B-D- glucuronopyranosyl methyl ester (44). Ri=Gl-Me, Ro=
5=

Kaempferol 3—-O-B-D-glucopyranoside (45): Ri=Glu, R:=Rs=H

Kaempferol 3-0O-B-D-galactopyranoside (46): Ri=Gal, Re= Rs=H

Myricetin 3’,5’'-dimethylether 3-O-B-D-glucopyranoside (47): Ri;=Glu,

R2=R3=0OCHS3

kaempferol 3—-O-a-L-rhamnopyranosyl-(1—6)--D-glucopyranoside (48):

Ri=Rha-(1—6)-Glu, R:=Rs;=H

Kaempferol 3—-O-P-D-glucuronopyranoside (49): Ri=Gln, R»=Rs=H

Fig. 8. Chemical structures of compounds from the stamens of N.
nucifera.

(9) &+ EtOAc #3224 H 35t ¥ 2 54
59 98 BIFEE FT EtOAc (17 g) FEFEE
chromatography 3}l 33 7§ subfractions® 2t = 5 3 W fraction®l A
compound 50 (wogonin)& Z#stgom 8~12e & o YA silica gel
column chromatography @&}l compounds 51 (baicalein)® 52 (5, 7, 2,
5'-tetrahydroxy -8, 6’-dimethoxyflavone)S vt 28l 30~33H S fractions
sty ThA] silica gel column chromatographyste] compound 53 (baicalin)g <

At

silica gel column

Compound 50 (wogonin) : '‘H-NMR (400 MHz, DMSO-ds) & : 3.85 (3H, s,
OMe), 631 (1H, s, H-6), 698 (I1H, s, H-3), 757-762 (3H, m, H-3', 4', 57,
8.05-8.07 (2H, m, H-2’, 6), 10.81 (1H, brs, 7-OH), 1250 (1H, brs, 5-OH) ;
PC-NMR (100 MHz, DMSO-ds) & : 61.0 (OMe), 99.1 (C-6), 103.7 (C-10),
105.0(C-3), 126.2 (C-2', 6'), 127.7 (C-8), 1292 (C-2', 5'), 130.8 (C-1"), 1320
(C-4"), 1496 (C-9), 1562 (C-5), 157.3 (C-7), 163.0 (C-2), 182.0 (C-4).

Compound 52 (5, 7, 2’, b'-tetrahydroxy-8, 6’-dimethoxyflavone)
'H-NMR (400 MHz, DMSO-ds) 6 : 371 (3H, s, 8-OMe), 3.74 (3H, s, 2'-OMe),

_42_



627 (1H, s, H-3), 6.32 (1H, s, H-6), 657 (1H, d, J = 89Hz, H-3'), 6838 (1H, d,
J = 89, H4"), 903 (1H, brs, 5'-OH), 943 (1H, brs, 2'-OH), 10.76 (1H, brs,
7-OH), 1255 (1H, brs, 5-OH) ; “C-NMR (100 MHz, DMSO-ds) & @ 60.4
(6'-OMe), 60.8 (8-OMe), 99.0 (C-6), 1036 (C-10), 111.1 (C-3'), 1115 (C-3),
1148 (C-1"), 1198 (C-4"), 1276 (C-8), 1434 (C-5'), 1459 (C-6'), 148.2 C-9),
150.3 (C-2'), 1562 (C-5), 157.1 (C-7), 160.7 (C-2), 181.7 (C-4).

R1
OMe

HO 0
R2

R3

OH 0

wogonin (50) : Ri=Ry=Rs=H
5,7,2' 5 -tetrahydroxy-8,6’—dimethoxyflavone (562) : Ri=R:=0H, R3=OMe

RO e)

HO

OH 0

baicalein (61) : R=H
baicalin (53) : R=glucuronic acid

Figure 9. Structures of compounds isolated from S. baicalensis.

vl Fakst g4 23

(1) DPPH radical 24 &A
7zt A9 DPPH radicald] uldt 2A @4 e oS3 2o (Blois, 1958). 2+
A& (1.25-120 ug/mL)E wWgreo] ol H 160 uL® #Hato] 15<10* M

% microplate reader spectrophotometer VERSAmax &

I
= “
520 nmollA FFE=E SAAT AMeE FH7eHA 2 dEod Blaske] free
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radical 2AEAHS MEEE Yl 50 % 2AFE (ICoheE ng/ml &2 pM=E
TA)& AR SAHAE 33 w8 Agdle] A ARE JAd groR yE
Ntk [Yoshida et al., 1989 ; Yamasaki et al., 1994].

(2) SAAAEAFT A dA A

H A phosphate buffer (50 Mm, pH 74)2 A3} 125 mM DCFH-DA$ 600
units/mL esteraseE 20 Tl stock solutioneZ A&stdrt. AFA 25 uM
DCFH-DA¢®} 1.5 units/mL esterase® £33l 22 ColA 20&7F vigstel DCFH
E9E £ASAT AR H7F ARA Lol WE H#sAT AEF (ACGE)
E 617 &<F serum free mediad] ¥j%st 3 7z} w2 A8 (MeOH FEE9
A% 40 pyg/mL, 72+ & &< A 10 uyg/mbL)9 -0 & H7Fg 1A17F H, d3E
DCFe] ¥4 7%9] ¥3stE microplate fluorescence reader FL 5002 & excitation
wavelength 460 nm¢} emission wavelength 530 nmeoll A 22 3087+ A3 0
DCFe 33 Ax9 #H3rt gasdues 2L Ag, & i &40 4F
o] &7 &4 o2 DCFH7F A3E A gstvbe A8 v sttt (Chung et al., 2001
; Zou et al., 2002).

(3) ONOO- 24 A

Kooy et al. (1994)9] %o <3 34 ONOO- FH7bete) A5 420 ONOO- 4
AEARE FHB=HE o]8so] Ayugrt WA dimethylformamide® %2l
DHR 123 (6 mM)2 2 FA3e 80 TolA stock solutiono @ A 3F T,
90 mM sodium chloride, 50 mM sodium phosphate (pH 7.4), 5 mM potassium
chloride® Z A3+ buffer® diethylenetriaminepentaacetic acid (DTPA) 100 uM3}
EYHANA, HAFFE7E 5 uMe| HEZ DHR 1238 H7besth o8 A wEozl
working solution®l A &9} authentic ONOO-& H7Fstd 58 % u] ¥3A2
DHR 123¢] &34 2] rhodamine 1232 % vl A =+4), o &33E2-S microplate
fluorescence reader FL500% excitation wavelength 468 nm¥ emission
wavelength 525 nmol 4| &7 s}l t}.

(4) Hydroxyl radical A4 4
FEE (HFTFE 0 05 mg/mL)E 1 mM H:0: 9 02 mM FeSOsol ¥32 37 C
o q 57 wigstAdtt. 2™ S esterase A E 2 uM9 2’7 -dichlorodihydro-
fluorescein diacetate (DCHF-DA)E #H7istlem, d3de] W= o7 3474 485
nm, WE 973 530 nmel A 3087k = &5l
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2. 43 2 nF

7b. 7E AAAE MeOH F&E9 4itst &4

(1) % AABYE MeOH FZE 2] peroxynitrite9} total ROS 44
A
AN EZRE Fibst &4 VA E AES 27 95ty g=9 7\}"3 15 100
Zol )3} peroxynitrite®}t total ROS 2A%& AMsA} (Table 1). 71 & 250
A total ROS 4&7A%°] Yelw o™ Macleaya cordata R. Br., Salvia plebeia R.
Br., Cassia tora L., Angelica gigas Nakai’} IC50% 1.7 + 0.36, 43 = 1.08, 4.9
+ 017 283 58 + 1.01 ug/mlEA FA thxa9 trolox (761 £ 0.12 pg/mi)
2oy A 23E vEdY g8 35FL 100 ﬂg/mlﬂ oA 50 % vwke] total
ROS As|&d& vebd wbd, 2 yex FEL 238 total ROSE TAAY]=
Aoz #EHA
Peroxynitrite 227 &3 A&ojAE giBE] A B ar&Ao] el 1
% Schisandra chinensis Baill, Campsis grandiflora (Thunb.) K. Schum., Cedrela
sinensis A. Juss., Pleuropterus multiflorus Turcz. Z128|3l Veronica linariaefolia
Palle] IC5x17F 048 = 0.10, 059 = 0.15 060 + 0.10, 064 + 0.10, 1&Ja1 091
+ 023 pg/ml 22X FAPZETQ penicillamine (1.72 + 0.05 gg/mhE o Fujrd 7
s 2AS BAr)
AyHo g Ags AA AE F 25FL total ROSY ONOO2AFS UEIWL
v Salvia plebeia R. Br., Macleaya cordata R. Br., Cassia tora L. 183l
Angelica gigas Nakaix= 5 7FA 2] gic)Zol tis 243 274 F4S veEhiA

(2) ¥% AAAE MeOH 259 total ROS &A A (Table 2)
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Table 1. Scavenging effects of Korean medicinal plants on total ROS and

ONOO-
Family Scientific name Part ROS ONOO
used ICso(gg/ml) ICso(pg/ml)
Actinidiaceae Actinidia arguta Planch. LF - 7.28+0.88
Apocynaceae Trachelospermum asiaticum var. AP 38.0£6.05 2.67+0.39
intermedium Nakai
Araceae Acorus calamus L. var.angustatus Bess. LF - 8.22+0.96
Bignoniaceae Campsis grandiflora (Thunb.) K. Schum. LF >>100 0.59£0.15
Boraginaceae Symphytum dofficinale L. AP >>100 2.36£0.12
Campanulaceae Platycodon grandiflorum (Jacqg.) A. DC. AP - 4,24+0.54
Caryophyllaceae Dianthus sinensis L. AP - 29.15+5.15
Compositae Achillea sibirica Ledeb. AP - 1.83+£0.12
Artemisia capillaris Thunb. AP 525140 5.86+0.73
Aster koraiensis Nakai AP - 2.78+0.32
Aster tararicus L. AP 84142549 2.47+0.25
Atractylodes japonica Koidz. AP >>100 2.89+0.55
Chrysanthemum zawadskii var. latilobum AP - 6.29+0.85
(Max.) Kitagawa
Echinops setifer 1ljin AP >>100 5.30+0.99
Inula helenium L. AP 352+£538 4.53+0.18
Ixeris dentata (Thunb.) Nakai AP 969+1534 3.54+0.27
Ixeris dentata (Thunb.) Nakai WP >>100 1.35+0.08
Crassulaceae Sedum kamtschaticum Fisch AP >>100 6.43+0.27
Ericaceae Ithododendron mucronulatum Turcz. AP - 1.72+0.08
Geraniaceae Geranium sibiricum L. AP 41.1+£13.95 2.39+0.28
Haemodoraceae Anemarrhena asphodeloides Bunge AP - 9.20+0.46
Iridaceae Belamcanda chinensis (1..) DC. FR >>100 7.39+0.37
Iris koreana Nakai AP >>100  14.18+£2.78
Iris nertschinskia Lodd. AP  956+1818 7.82+0.34
Iris pallasii var. chinensis Fisch. LF >>100  10.61+£0.57
Lamiaceae Leonurus sibiricus L. AP - 6.45+0.49

Mentha arvensis var. piperascens Malinv. AP 18.7+4.65  2.91+0.68
Perilla frutescens Brit. var. crispa Decne AP >>100 1.47+£0.16

Salvia plebeia R. Br. AP 4.3+1.08  1.20+£0.04
Lardizabalaceae Akebia quinata (Thunb.) Decaisne. LF >>100 1.65+0.20
Leguminosae Astragalus membranaceus Bunge AP - 11.12+0.35
Caragana sinica (Buchoz) Rehder AP >>100 19.46+8.83
Cassia occidentalis L. AP 59.8+2.70 597+£1.09
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Table 1. continued

Family Scientific name Part ROS ONOO
used ICs (zg/ml) ICso (pg/ml)
Leguminosae  Cassia tora L. AP 49+0.17 7.76+0.27
Glycyrrhiza uralensis Fisch. AP >>100 12.87+0.51
Glycyrrhiza uralensis Fisch. SD - 22.97+1.62
Lotus corniculatus var. japonicus Regel. AP >>100 41.36+2.45
Liliaceae Allium thunbergii G. Don. AP >>100 12.75+0.86
Allium tuberosum Roth. AP >>100 5.41+0.51
Asparagus cochinchinensis Merr. AP = 8.67+3.84
Asparagus oligoclonos Max AP - 421+0.36
Asparagus oligoclonos Max ST - 12.75+0.93
Disporum sessile D. Don ssp. flavens AP - 14.76£1.06
Kitagawa
Hemerocallis fulva L. AP >>100 8.96+0.21
Hemerocallis fulva var. kwanso Regel AP >>100 10.33£0.79
Hemerocallis lilioasphodelus 1. AP >>100 5.93+0.80
Hosta lancifolia Engl. AP - 38.95+2.13
Liriope platyphylla Wang et Tang LF - 62.83+1.96
Liriope platyphylla Wang et Tang WP - 15.08+0.33
Polygonatum odoratum (Miller) Druce AP - 8.68+0.70
var. pluriflorum (Miqg.) Ohwi,
Rohdea japonica Roth. LF >>100 32.23+0.66
Scilla scilloides (Lindl.) Druce. AP - 14.54+0.76
Lythraceae Lythrum anceps (Koehne) Makino AP 215+0.89 1.63£0.04
Magnoliaceae  Schisandra chinensis Baill. LF - 0.48+0.10
Malvaceae Althaea rosea Cav. AP >>100 12.15x0.24
Gossypium indicum Lam. LF >>100 61.21+0.10
Hibiscus manihot L. AP - 4.16£0.60
Meliaceae Cedrela sinensis A. Juss. LF - 0.60+0.10
Moraceae Ficus carica L. AP - 11.1520.94
Ficus carica L. LF 867126 572+0.42
Oleaceae Forsythia viridissima Lindl. AP >>100 5.07+0.92
Onagraceae Oenothera odorata Jacq. AP >>100 2.24x0.05
Orchidaceae Dendrobium moniliforme (I..) Sw. AP >>100 9.02£1.58
Papaveraceae  Macleava cordata R. Br. AP 1.7+0.36 4.0620.18
Plantaginaceae Plantago asiatica L. AP  60.8£8.12 1.54+0.11
Plantago asiatica L. SD >>100 3.51+0.20
Polygonaceae Rumex acetocella L. AP 250562 6.36+0.94
Pleuropterus multiflorus Turcz. AP 12.8+0.67 0.64+0.10
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Table 1. continued

Famil ontifi Part ROS ONOO
amy Seientific name used ICso (g/ml) ICso (g/ml)
Polygonaceae  Reynoutria elliptica (Koidz.) Migo LF 10.7+1.00 1.47£0.19
Rumex crispus L. AP >>100 10.25+0.62
Primulaceae Lysimachia vulgaris var. davurica (Led.) AP >>100 10.67+1.41
R.Knuth
Lysimachia Christina Hance WP - 31.72+0.12
Preridaceas Pteridium aquilinum var. latiusculum (Desv.) AP 5100 11.80+0.46
Underw
Ranunculaceae  Aconitum carmichaeli Debx. AP - 10.81+0.08
Paeonia suffruticosa Andr. AP 11.3+0.98 1.95+0.12
Paeonia suffruticosa Andr. FL 9.4+0.53 1.56+0.17
Pulsatilla koreana Nakai AP >>100 4.14+0.42
Rosaceae Agrimonia pilosa Ledeb. AP - 7.79£1.33
Potentilla discolor Bunge AP >>100 5.68+0.22
Rubiaceae Galium verum L. var. asiaticum Nakai AP  609x5.56 4,18+0.08
Rutaceae Dictamnus dasycarpus Turcz. AP >>100 2.28+0.17
Ruta graveolens L. AP >>100 10.80+0.29
Zanthoxylum schinifolium S. et Z. LF - 3.0210.83
Zanthoxylum schinifolium S. et 7. AP - 5.68+0.34
Saururaceae Houttuynia cordata Thunb. AP  42.2£123 1.2740.01
Saururus chinensis Baill. AP - 2.92+0.16
Scrophulariceae  Veronica linariaefolia Pall AP >>100 0.91+0.23
Solanaceae Physalis alkekengi var. francheti (Masters) AP ~ 1.10£0.10
Hort.
Umbelliferaecea Angelica dahurica {Fisch.) Benth. er Hooker
. s AP >>100 4,35+0.62
Angelica gigas Nakai AP 5.8+1.01 2.61£0.13
Angelica gigas Nakai FRR - 8.25+0.51
Angelica gigas Nakai LF - 3.21+0.20
Foeniculum vulgare Gaertner AP - 5.85+1.26
Ligusticum tenuissimum Nakai (Kitagawa) AP - 5.80+0.51
Ostericum koreanum (Max.) Kitagawa AP 2224245 2.36+0.39
Peucedanum japonicum Thunb. AP - 18.10+£1.23
Valerianaceae  Patrinia scabiosaefolia Fischer. AP - 16.19+1.27
Patrinia villosa (Thunb.) Juss. AP 523+6.02 1.49+0.13
Violaceae Viola mandshurica W. Becker. AP - 13.342+0.31
Zingiberaceae  Zingiber mioga (Thunb.) Rosc. AP - 5.62+1.46
Penicillamine 1.72£0.05
Trolox 7.61+0.12

Results are the mean + S. E. (n=3)
Penicillamine and Trolox were used as positive controls on peroxynitrite and total ROS.
- showed the total ROS generation under the experimental conditions.

Abbreviations used: AP, aerial part; FL, flower; FR, fruit; LE leaves; SD, seed; ST, stem; WP, whole plant
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Table 2. Scavenging antiactivity of Korean medicinal plants on total ROS

- . e Part RQS
Family Scientific name used Inhibition
percentage
Araliaceae Aralia continentalis ST -84.47 £+ 3.33
Aralia continentalis LF 940 £ 4.18
Aralia continentalis FR -17523+ 2774
Aralia continentalis RT -32.69 £ 3.20
Aralia elata LF -6.35 £ 145
Aralia elata ST 1567+ 2.39
Fatsia japonica HW 1041 + 3.72
Fatsia japonica SB 1985+ 0.78
Hedera rhombea LF -46.04 £ 2.05
Hedera rhombea LF -117.41 + 4.19
Hedera rhombea FR -66.44 £ 2.15
Hedera rhombea WP 2845+ 3.19
Hedera rhombea ST -131.62 + 0.93
Balsaminaceae Impatiens balsamia FL -83.45 £ 9.87
Compositae Artemisia princeps var. orientalis WP -3745 + 4.80
Aster spathulifolius ST -62.00 + 1.33
Aster spathulifolius LF -126.07 £ 7.03
Aster spathulifolius RT 2418 £ 470
Aster spathulifolius FL -1794+ 0.84
Carpesium abrotanoides ST 1846+ 1.14
Carpesium abrotanoides LF 066+ 0.85
Carpesium abrotanoides RT 3090+ 241
Chrysanthemum [ucidum WP 36.80 = 1.40
Ixeris dentata WP -32.02 + 298
Ixeris dentata var. albiflora AP -35.95 £ 4.39
Ixeris dentata var. albiflora RT -46.99 = 0.76
Ixeris stolonifera WP -317.77 + 4.18
Solidage virga aurea var. gigantea WP -18772 + 510
Youngia denticulata WP -84.81 + 2.24
Cornaceae Aucaba japonica SB 1.13+ 2.03
Aucuba japonica LF -129.48 + 652
Aucuba japonica ST -57.04 £ 4.80
Aucuba japonica HW -23.09+ 5.33
Dioscoreaceae Dioscorea batatas FR =728+ 1.76
Elaeagnaceae Flaeagnus glabra LF -143.88 = 4.10
FElaeagnus glabra ST 2935+ 1.11
FElaeagnus glabra SB 6139+ 1.15
Elaeagnus glabra LF 2592 + 6.86
FElaeagnus glabra HW 4451 + 261
FElaeagnus umbellata LF&ST -90.74 £ 2.10
Elaeagnus umbellata LF&ST&FL -8.63 + 4.20
FElaeagnus umbellata BR 4266+ 1.84

_49_



Table 2. continued.

Family Scientific name Esgé InhI}l())itSion
percentage
Ericaceae Vaccinium bracteatum HW 3844 + 3.47
Vaccinium bracteatum LF 19.92 + 2.06
Vaccinium bracteatum SB 32.05+ 3.00
Ficus thunbergii ST 3629+ 0.85
Ginkgoaceae Ginkgo biloba LF 8514+ 2.86
Juglandaceae Juglans sinensis RSB 118770 £+ 553
Juglans sinensis SB 10528 £ 4.22
Labiatae Melissa officinals WP 91.26 + 4.32
Leguminosae Albizzia julibrissin SB 4874 + 590
Albizzia julibrissin RSB 4420+ 1.84
Albizzia julibrissin LF 9099 £ 7.38
Moraceae Cudrania tricuspidata LF 6.47 + 0.48
Cudrania tricuspidata HW 62.71 £ 1.28
Cudrania tricuspidata SB 1528 + 2.99
Morus alba LF 60.66 + 1.35
Morus alba ST&HW 63.71 + 2.04
Morus alba ST&SB 2320+ 3.18
Morus alba BR 123.68 + 4.69
Morus alba SB 84.46 £ 3.68
Pinaceae Abies koreana LEF() 4150+ 1.01
Abies koreana ST -6.38 £+ 1.83
Pinus parviflora LF -b882 + 7.74
Pinus thunbergii LF -116.89 = 11.07
Pinus thunbergii HW -55.09 £ 5.15
Pinus thunbergii ST -206.51 £ 8.05
Pinus thunbergii SB 0.73+ 240
Tsuga sieboldii ST 3681+ 222
Tsuga sieboldii LF 556+ 1.96
Polygonaceae Reynoutria sachalinensis ST -23.03+ 1.12
Reynoutria sachalinensis RT 6292+ 1.16
Revnoutria sachalinensis LF 61.30 =+ 1.93
Reynoutria sachalinensis FR 5284+ 1.39
Rosaceae Crataegus pinnatifida FR 1943+ 1.85
Eriobotrya japonica HW 50.71 + 1.31
Eriobotrya japonica SB 5112+ 2.37
Pyrus calleryana var. fauriei FR 6.88 = 7.39
Rhodotypos scandens FR 8.86+ 1.94
Rubus corchorifolius AP 58.23 = 0.38
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Table 2. continued.

Family Scientific name Esaéé Inh%l?itsion
percentage
Rubus coreanus FR 19.18 = 1.07
Rubus crataegifolius LF 2811 + 248
Rubus crataegifolius ST 29.84 + 0.82
Rubus crataegifolius LF&ST 292+ 143
Rubus hirsutus LF -4954 + 2.29
Rubus hirsutus WP -33.31 = 0.76
Rubus idaeus var. microphullus FRR 222+ 1.49
Rubus takesimensis ST 4760 = 0.96
Rubus takesimensis RT 25.56 £ 2.01
Rubus takesimensis LF 36.64 £ 1.55
Sorbus alnifolia FR 1348 £ 1.04
Rubiaceae Mitchella undulata WP 381 = 262
Rutaceae Citrus dachibana SB 2852 + 1.38
Citrus dachibana LF -1064 = 1.59
Citrus dachibana HW ~-28.40 + 1.33
Theaceae Camellia japonica FR 40.81 = 0.39
Camellia japonica SB 43.63 = 0.24
Camellia japonica HW -157+ 6.23
Camellia japonica LF 31.76 + 6.44
Camellia japonica ST 916 = 1.11
Camellia japonica for. albipetala LF 1134 + 245
Eurya emarginata ST 3464+ 1.89
Eurya emarginata LF 2469 £ 1.38
Eurya japonica HW 37.11 £ 047
Eurya japonica LF 2271 £ 755
Eurya japonica SB 3099+ 1.64
Ulmaceae Celtis choseniana ST ~76.18 £ 1.68
Celtis choseniana FR -10.63 + 1.60
Celtis choseniana LF -109.49 + 1.63
Vitaceae Ampelopsis brevipedunculata var. ST 21.31 + 1.33
heterophylla
Cayratia japonica LF ~10.51 £ 1.28
Vitis coignetiae LF -102.59 + 4.05
Vitis coignetiae ST 64.03 = 0.98
Trolox 69.19 £ 0.46

Abbreviations used : AP, aerial part ; FL, flower ; FR, fruit ; LF, leaves ; SD, seed ; ST, stem ;
SB, stem bark ; HW, heart wood ; RT, root ; WP, whole plant ; BR, branch ;
RSB, roasted stem bark
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L}, o}AJo} 2 & 9] ghiakst EHA]
(1) o}Alo} 2 &9 total free radical &7 A

Table 3. Screening of Asian herbs (final 0.5 mg/ml) for total
free radical scavenging activities

Latin name % of control
Achyranthes japonica Leveille et Vaniot 359
Aconitum cormichaeli Debeaux 102.0
Acorus gramines Solander 105.3
Adenophora tryphylla var. japonica Hara 48.1
Akebia quinata Decaisne 727
Alisma orientale Juzepczuk 1319
Anemarrhena asphodeloides Bunge 16.1
Angelica dahurica Benth et Hook 36.0
Angelica gigas Nakai 73.0
Arctium loppa 101.2
Asiasarunm sieboldi F. Maekawa 445
Asparagus cochinchinensis Merrill 62.0
Astragalus membranaceus Bunge 44.6
Atractylodes japonica Koidzumi 30.5
Bupleurum falcatum 1. 328.7
Caesalpinia sappan 54
Carthamus tinctorius L. 68.9
Cassia tora L. 50.5
Castanea crenata 16.8
Catalpa ovata G. Don 69.3
Chrysanthemum sinense 44.3
Chrysanthemun morifolium Ram. 1805
Cimicifuga heracleifoliac Komarow 257
Cinnamomum cassia Blume 452
Cistanche salsa 58.1
Clematis mandshurica 447
Cnidium officinale Making 26.3
Codonopsis pilosula 62.6
Coix lachryma jobi Linne var. ma yuen Stapf 63.9
Corydalis ternata 67.7

_52_



Table 3. continued.

Latin name

9% of control

Croton tiglium L.

Curcuma zedoaria Roscoe

Cyperus rotundus L.

Dendrobium monile

Elaeagnus umbellata

Epimedium koreanum Nakal

FEucommia ulmoides Oliver

FEuphoria longana Lamark

Foeniculum vulgare Miller

Forsuthia koreana Nakai

Fritillaria ussuriensis Maxim

Gardenia jasminoides Ellis

Gastrodia elata Blume

Gentiana scabra Bunge

Glycyrrhiza uralensis Fisch.

Hordeum vulgare L.

Ledebouriella seseloides Wolff

Leonurus sibiricus L.

Lilium speciosum Thunb. var tametomo Sieb. et Zucc.
Liriope platyphylla Wang et Tang

Lycium chinense

Lycium chinese Miller

Mentha arvensis var. piperascens Malinvaud
Morus alba Linne

Ostericum koreanum

Paeonia lactiflora Pall. var. tricocarpa Bunge
Panax notoginseng F.H. Chen

Perilla frutescens Britton var. acuta Kudo

181.2
110.3
56.3
28.2
30.1
21.0
235.7
35.4
48.4
43.9
44.8
24.1
30.8
63.9
35.0
75.4
49.1
1184
111.3
96.9
28.5
67.7
92.2
128.0
1075
145
186.3
103.1
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Table 3. continued.

Latin name % of control
Phellodendron amurense Ruprcht 505
Pinellia ternata Tenor et Breitenbach 479
Piper longum . 106.8
Polygala tenuifolia Willdenow 313
Polygonatum sibiricum Redoute 453
Polygonum multiflorum Thunberg 599
Poncirus trifoliata Rafin esque 174.0
Prunus armeniaca L. var. ansu Max. 993.9
Prunus perczéa Sieh. et Zucc 1085
Quercus acutissima 99,6
Rehmannia glutinosa Liboschitz var. purpurea 6.4
Making 182
Rubus coreanum Miquel 1978
Schizonepeta tenuifolia Briguet 178
Scutellaria baicalensis Georgi 454
Sinomenium acutum Rehder et wilson 367
Sophora flavescence Aiton 293
Sophora japonica L. 33.0
Sorg‘fhum' nemf)sum Bess 19145
Th%tja orzentalls- . ) 0507
Trichosanthes kirilowii Max. 318
Typha orientalis presl 955
Ulmus Davidiana Planch. var japonica Nakai 186.0
Xanthium strumarium 295
Z?a mays L 434
Zingber qofficinale Roscoe 334

Zizyphus jujuba Miller
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(2) BAA= ofAof A& §F-0g FHA

o

Table 4. Dose-response relationships of the effective Asian Herbs
(% of control)

Herbal name concentration (gg/ml)

2 10 50 250 500
Scutellaria baicalensis Georgi 102.321.2  61.3%0.8 31509 19.0£08 7.4%1.1
Rubus coreanum Miquel 92609 58405 479+13 287+1.1 23.0+06
Paeonia lactiflora Pall. var. tricocarpa Bunge 97.320.7 745t1.1 45609 38.1+14 224409
Caesalpinia sappan 365£08 68.0t09 37.4x11 12109 3.2+0.7
Anemarrhena asphodeloides Bunge 89.4+0.7 722+0.8 488+1.0 25.8+0.8 24.8%0.7
Castanea crenata 1155£1.0 103.2+£1.0 57.7+0.8 22.1+0.9 16.6+0.8

(3) -OH, H20,, 1€ ar -Oz9] )3 Free radical &7 &4

Table 5. Free radical scavenging activities for -OH, H20,, and -O3

Free radical species

Herbal name

-OH H:0: -0z
Scutellaria baicalensis Georgi 38.75x9.55 3.83x1.07 9.26+2.88
Rubus coreanum Miquel 24771253 4.59%1.40 10.35£2.88
Paeonia lactifiora Pall. var. tricocarpa Bunge 27.95%1.77 19.1520.75 23.24£5.42
Caesalpinia sapparn 24714186 6.24+0.62 83.70+7.23
Anemarrhena asphodeloides Bunge 101.80+5.40 10.69+0.98 32.14+2.88
Castanea crenata 5.81+0.49 4.92+0.76 15.25+1.44

o ohlel 7t 4B e} Fars 24

(1) otvlg}7} A &9 ROS 47 &4 (Table 6)
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activites

Table 6. Screening of American herbs (05 mg/ml) for ROS-scavenging

General name

Latin name

9% of control

Agrimony
Allspice Pwd
Allspice Whole
Alum Gran
Anise Seed
Barberry

Basil

Bay Leaf

Beef Broth

Bell Peppers-Diced
Bentonite Clay
Black Walnut Lf.
Bladderwrack
Blue Cohosh
Blueberry Leaf
Buckthorn
Butchers Broom

Calendula Flowers
Cardomom Pwd
Cascara sagrada Bark
Catnip Herb
Chamomile

Chia Seed
Chicken Broth
Chickweed herb
Chili Pepper Pwd.
Chives

Cider Mate
Comfrey Root C/S
Cumin Whole

Damiana

Dandelion Root-Raw
Dill Seed

Dill Weed

Dong Quai Pwd
Dulse

Elder Flowers

Agrimonia eupatoria
Pigmenta officinalis
Pigmenta officinalis

Pimpinella anisum
Berberis vulgaris
Ocimum basilicum
Laurus nobilis

Juglans nigra
Fucus vesiculosus
Gaulophyllum thalicatroides

Rhamnus cathartica
Ruscus aculeatus

Calendula officinalis
Eletaria cardamomum
Rhamnus purshiana
Nepeta cataria
Anthemis nobils( Roman)
Matricaria chamomilla

Stellaria media
Allium schoenoprasum

Svmphytum officinale
Cuminum cyminum

Turnera aphrodisiaca
Taraxacum officinale
Anethum graveolens
Anethum graveolens
Angelica sinensis

Rhodymenia palmata
Sambucus canadensis

19.3
33.6
57.9
117.3
202.2
63.3
135.0
40.7
302.2
57.6
229.8
46.1
754.7
1496
53.0
153.5
1922

98.8
1009.4
1147
3755
552.3

169.4
561.8
539
55.0
188.8
210.8
17.3
47.0
573.7

100.2
141.6
1072

53.1
333.0
114.8

79.3
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Table 6. continued.

General name

Latin name

9% of control

Fairies-N-Flowers
Potpourri

Feminini Tea
Fennel Seed
Feverfew

Fo-Ti root

Gentian

Giant Horsetail Herb
(Shavegrass)
Goldenod

Gotu Kola C/S

Greek Oreganoleat
Hawthorn Berries
Herb.Oran. Spice Tea
Herb.seasoning
Hibiscus Flowers
Hops Flowers
Hyssop

Irish Moss

Jasmine Tea

Juniper Berries

Kelp Flakes

Lady’s Mantle
Lavender

Lemon Peel
Lemon verbena leaf
Lemongrass
Licorice Root C/S
Licorice Tea
Linden flowers
Marjoram

milk thistle
Mugwort Herb
Mullein
Mushroom
Nutmeg Pwd.
Qat Straw

Onion Pwd.
Oregano~Greek
Orris Root C/S

Foeniculum luteum

Tanacetum parthenium or
Chrysanthemum parthe

Polygonum multiflorum

Gentiana lutea

Equisetum arvense E. hiemale

Solidago spp.
Centella asiatica
Origanum majorana
Crataegus oxycantha

Hibiscus bancroftianus
Humulus [lupulus
Hyssopus officinalis
Chondrus crispus
Gelsemium sempervirens
Juniperus communis
Alaria esculenta

Alchemilia vulgaris
Lavendula officinale
Citrus limon
Aloysia triphylia
Cymbopogon citratus
Glycyrrhiza glabra
Glyceyrrhiza glabra
Tilla spp.
Majorana hortensis
Silybum marianum
Artemisia vulgaris
Verbascum thapsus

Mpyristica fragrans
Avena sativa
Allum cepa
Origanum majorana
Iris germanica

33.9
44.4
317.4
73.0

71.8

102.3
226.4

63.1
418.3
46.9
1859
139.8
445
63.2
126.3
151.7
235.0
24.6
416.7
63.0

161.5
2285
107.1
103.6
79.3
29.8
114.5
21.8
68.5
90.1
201.8
67.7
41.3
254
1114
445.8
38.9
43.0
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Table 6. continued.

General name

Latin name

% of control

Parsley

passion flower

Pau D'arco C/S

Pau D'arco Pwd.
Pepper Black-Coarse
peppercorns-tell
Peppermint

Pleurisy Root

Poppy sed

Pumpkin Pie Spice
Queen of the Meadow Root
Raspberry Leaf
Rosebuds

Rosehips C/S
Rosehips Pwd.
Rosehips Whole
Rosemary Whole(leaf)
Rosemary Whole(PWD)
Sage-Rubbed

Sage Whole

Senna C/S

Sensuali Tea

Slippery Elm C/S
Slippery Elm Pwd.
Spearmint

Spirulina

Squawvine

Star Anise-Whole

Tansy

Tarragon Leaf
Tilia Star Flowers
Uva Ursi

Valerian

Vervain Blue
White Oak

White Pine

Wild cherry Bark
Wild Yau Root
Witch hazel leaf
wintergreen herb
WoodBetony Herb
Worm wood
Yerba Mate Leaf Roasted

Petroselinum sativa
Fassiflora incarnata

Tabebuia impetiginosa and other

species

Tabebuia impetiginosa and other

species

Mentha piperita
Asclepias tuberosa
Papaver spp.
Cucurbita pepo
Eupatorium purpureum
Rubus spp.

Rosa gallica

Rosa gallica

Rosa gallica

Rosa gallica
Rosemarinus officinalis
Rosemarinus officinalis
Salvia officinale

Salvia officinale

Cassia acutifolia

Ulmus fulva
Ulmus fulva
Mentha spicata

Mitchella repens
Iicium verum
Tanacetum vulgare
Artemisia dracunculus

Arctostaphylos uva-ursi
Valerian officinale
Vervena hastata
Quercus alba

Pinus strobus

Prunus virginiana
Dioscorea villosa
Hamamelis virginiana
Gaultheria procumben
Stachys officinalis
Artemisia annua

llex paraguariensis

208.1
323.2
92.1
2285
197.8
203.7
29.8
106.7
164.1
176
151.8
79.6
19.8
36.4
36.7
298
72.4
35.6
63.2
25.0
37.3
36.1
47.3
413
36.0
282.6
64.8
86.9

92.8
252.1
23.5
59.2
60.1
124.0
16.5
19.2
42.6
125.0
31.8
416
327.1
444.0
00.4
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(2) 27 opvle)7t A& &F-1§ A

Table 7. Dose-response relationships of the effective American herbs
(% of control)

concentration (gg/ml)

Herbal name

2 10 50 250 500
White pine 126.7£0.5 99.3+04  60.5+05  30.3£0.3  27.8+09
White oak 64.9+1.1 49309  308+05 178t09 16503
Agrimony 128209  112.2£1.0  914+1.1 122403 7206
Pumpkin pie spice 1176209 84.1+0.3 31.3+0.7 48.2+0.2 20.510.6
Rosebuds 57.2+1.2 46.7£0.8 367402 146404 147109

(3) &4 otvlg)7l A& FRE9 ROS 2A"T

Table 8. The ROS scavenging effect of herbal fractions (% of control)

Herb name . Pumpkin i i R .

. Peppermint . i White oak White pine Agrimony
Fraction pie spice
methanol 23.5%1.1 25.7£1.6 20.1£1.1 75.2+3.4 31504
n-butanol 28.8%2.1 35.0+0.9 16.0+1.1 19.8+1.0 13.9+0.3
ethyl acetate 31.1£1.2 11.5£09 32815 20.0%0.1 184+1.1
methylene

) 103.9+25 41.4+0.3 191.8+0.9 398.249.3 3155+3.4
chloride
water H55.3+1.3 106.1+£1.6 5.9+0.5 490+1.1 37.1%1.3

(4) Western herb 28% °] authentic peroxynitrite®} SIN-1 ¥3] %
2e MAE peroxynitrited] djd 2A &7

Table 994 H& uvle} o] 28% 9] western herbZ oA witch hazel bark >
rosemary > jasmine tea > sage > elippery elm > black walnut leaf > Queen
Anne's lace > Linden flowers2® 50 ug/ml XA dx3gE<
penicillamine®} FA}3HA 80%o| Ao AAZA o] ZaAl YEbdTh  Authentic
peroxynitrite$} SIN-1 #s) ZHE WA F peroxynitrite EFd st = 7 &7
gAel £L& Hamamelis virginiana L.¢) FA4%<¢ hamamelitanin (Fig. 10)9
peroxynitrite®] ™3 A2AE3}E Fig. 11.o] JeEbi . Hamamelitaning 274 & 3=
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Figure 11. Dose response curves of hamamelitannin (@), gallic acid (W),
and penicillamine (A) on peroxynitrite scavenging activity
(mean + S.E., n=3).
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Table 9. ONOO (10 uM) scavenging activities of herb extracts (5.0 ng/ml)

] ONOO- from
Common name Latin name Family name Auther}t:)c decomposition
ONOO- (%) of SIN-1(%)

Witch hazel bark  Hamamelis virginiana L. Hamamelidaceae 92.68 + 040 95.26 + (.81
Rosemary whole  Rosemarinus officinalis L. Lamiaceae 8799 + 164 6613 = 268
Jasmine tea Jasminum officinale L. Oleaceae 87.17 £ 050 89.31 = 0.67
Sage whole Salvia officinalis L. Lamiaceae 84.69 £ 079 6418 £ 3.82
Slippery elm Ulmus fulva Mich. Ulmaceae 8234 £ 138 4397 £ 294
Black walnut leaf Juglans nigra L. Juglandaceae 81.29 + 348 59.10 = 540
Queen Anne's lace Daucus carota L. Apiaceae 8168 + 206 8183 + 057
Linden flower Tilia platiphyllos Scop. Tiliaceae 8048 £ 763 76.11 £ 3.81

Tilia cordata Mill.
Allspice Pimenta dioica (L.) Merr. Myrtaceae 7968 £ 235 7866 + 2.06
Chickweed herb Stellaria media (L.) Vill. Caryophyllaceae 7716 = 743 4956 + 210
Cat's claw Uncaria tomentosa Wild D.C. Rubiaceae 7661 = 3.33 3250 £ 565
Spearmint Mentha x piperita L. Lamiaceae 76.21 £ 414 7308 + 264
White pine Pinus strobus L. Pinaceae 69.32 £ 154 6796 £ 468
Vervain blue Verbena hastata 1. Verbenaceae 59.20 + 210 6724 = 0.82
Oregano-Greek Origanum majorana L. Lamiaceae 59.02 + 958 6537 = 1.72
Dillweed Anethum graveolens L. Apiaceae 5398 =+ 824 547977 £ 1.77
Licorice root Glycyrrhiza glabra 1. Fabaceae 56.77 £ 322 4190 = 357
Agrimony Agrimonia eupatoria L. Rosaceae 52,70 + 322 3993 + 254

Agrimonia procera Wallr.
Tumeric Curcuma longa L. Zingiberaceae 50.06 = 376  31.70 = 4.74
Rosehips whole Rosa canina L. Rosaceae 4074 + 506 5814 + 2.30
Nutmeg Myristica fragrans Houtt. Myristicaceae 40.21 £ 220 44.83 £ 0.58
Senna whole Cassia angustifolia Vahl Fabaceae 3892 £ 588 47.05 £ 265

Cassia senna L.
Comfrey root Symphytum officinale L. Boraginaceae 3882 £ 570 3594 £ 1.64
Bay leaf Laurus nobilis L. Lauraceae 36.47 £+ 394 2462 £ 572
Orris root Iris spec. (prob., Iris Iridaceae 3548 + 125 5234 £ 1.62
Cumin whole versicolor) Apiaceae 3202 + 205 5942 + 3.01
Chamomile Cuminum cyminum L. Asteraceae 2097 + 257  60.94 = 3.68
Dandelion root Chamomilla recutita (1L.) Asteraceae 18.16 £+ 886  20.19 + 2.26
Penicillamine Rauschert 86.34 £ 0.18 88.38 + 0.49

Taraxacum officinale Weber

Data are means + S.E. for triplicate measurements. * Used as a positive control.
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eh. 4743719 i3t 44

(1) 47471 4 598 MeOH &85 1 9%

Table 10. Antioxidant activities of Cirsium

—

o) a3 B4

Samples DEPH  ROS Inhibition R O'H ONOO
Fractions (ug/mL) (%) Inh1b1tz(3/1)1)arat10 M gI}:nSIOL)b (ng/mL)"
Flower MeOH 51.9 4889 + 532  -343.05 +34.17 - 1127 + 024
CH:Cl;  369.85 6272 = 939 -45498 + 4075 - 1994 =+ 019
EtOAc 17.1 3077 = 6.60 6093 +1069 3164 263 137 = 010
BuOH 1275 58.27 +12.05 11.32 +11.13 - 209 £ 0.04
H0 78.35 4145 + 726 -1252 + 3.14 - 1213 = 013
Root MeOH 1015 5752 + 1722 2373 + 536 -
CH.Cl; 132.85 53.35 + 450 -406.38 + 1355 -
EtOAc 3.35 7291 + 13.97 5885 + 234 2700 * 086
BuOH 615 54.06 * 2451 5584 = 362 2623 + 1.77
HxO 97.50 4494 * 6.68 19.28 =+ 749 -
Stem MeOH 11.85 60.59 + 894 -181.58 £ 2583 - 827 + 0.22
CH.Cl, 176.65 59.92 + 835 2032 = 1567 - 2658 + 071
EtOAc 7.85 5830 * 10.74 6277 £ 3.08 1400 £ 153 041 + 001
BuOH 9.75 68.14 * 1256 56.70 = 3.95 30.00 +049 145 =+ (.14
H.O 53.10 4952 + 11.94 2387 + 149 - .12 = 0774
Leaf MeOH 8485 7263 x23.01 5040 = 265 - 178+ 007
CH:Cl: 2949 5874 = H5H8  -24464 £ 857 - -
EtOAc 6.75 6465 = 7.29 5312 + 549 3705 367 580 = 004
BuOH 5.85 6795 + 1221 6975 + 1.88 30,00 =267 149 = 005
H:0 83.85 69.08 =+ 10.02 51.40 £ 10.33 3457 £ 255 941 == 052
L-ascorbic acid 0.75
Trolox 69.36 + 2.56
Penicillamine 260 = 0.16

Trolox and MeOH extract : ROS inhibition concentration at 40 ng/mL

Fractions : ROS inhibition concentration at 20 pg/mL

_62_



(2) dAF NN Beld FJEso Lz

Fig. 12. 47710l A &< flavonoid9 +3

3) 4A4710A &9 sttEE I3t A4

1

Table 11. Total ROS scavenging activities of isolated
compounds derived from Cirsium

Compounds ROS*

luteolin 4843 + 0.71
Luteolin-5-O-glucoside 72.33 + 077
Trolox 72.87 + 1.31

ROS inhibition concentration at 40 ug/mL
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vh. 3 7} 98 MeOH 58

3o wEE

So| gas B4

Table 12. Antioxidant activities of several part of Eriobotrya japonica

g ROS ONOO-
(g /;OL) (% of control) ICsp (pg/mL)

Leaves MeOH (LM) 9.25 170.8 + 66.61 04+ 1.04
CH.Cly (LMC) 29.10 163 £ 1.70 133+ 1.29
EtOAc (LME) 2.76 67.7 £ 6.29 44+ 0.64
BuOH (LMB) 5.31 93.1 £ 12.09 25+ 0.18
H.O (LMH) 12.41 3.6 0.91

Fruit MeOH (FM) 434 + 4.17 434 £ 4.17
CHyCly (FMC) 134 £ 0.43 134 £ 0.43
EtOAc (FME) >>200 3.3+ 0.31 33+ 0.31
BuOH (FMB) 23.78 £ 0.41 2378 £ 0.41
H:0 (FMH)

Seed MeOH (SM) 116.50 >>200 380+ 0.43
CH:Clz (SMC) 35.92 320+ 0.94
EtOAc (SME) 7.50 79.3 £ 25.79 23+ 0.14
BuOH (SMB) 64.32 >>200 26.0 £ 0.28
H.,O (SMH) >120

Branch MeOH (BM) 6.42 46.49 + 1.06 1.912 £ 0.048
CHxCly (BMC) 32.3 -131.48 £ 1.93 9513 £ 0.211
EtOAc (BME) 1.54 7057 £ 3.43 0.007 £ 0.002
BuOH (BMB) 8.33 4048 £ 11.08 2.079 £ 0.090
HO (BMH) 519 22.88 + 2.83 14218 + 0.365

Trolox 69.04 £ 0.18

a @ MeOH ext. : 0.5 mg/mL b @ Fraction @ 0.25 mg/mL

dh, wvpRe] Gk @4

S § %35t free radical
3l5o] F4-2 vehA FH

Aezgs dod|rx
o] Azt &AlS HAeAY, B
29 24 7 %i—% 73 71 10}0% 37}A @Akst 297, & DPPH radical &7 24
H3p AT Wé AANBAAE 2837 ONOO AAZAHHew A3 48
Brrstoh oA AAgstE ARV AREAL AR, SEUE Ak
Ui aea gdyggo 7359 dyE (Table 13)8 o=

SR Sl B K

e WE
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Table 13. Some selected Prunus genus in tested model systems

Plants Common name in Korea

P. buergeriana AN

P. davidiana &AL

P. padus As

P. pendula for. ascendens S

P. sargentii AP

P. serrulata var. spontanea E

P. yedoensis ehalg

7h % W3 29 MeOH ¥ %% ¢ DPPH radical 2734
DPPH radical W3- the &absl AAAY Hwd dgxds G2 dart

ol AAZ e AR st YyPgo] 3, ALoA radicalS Evio] 73

A7 Aoz s o gzl e EAY

(Bondet et al., 1997). +% ¥l %

A3+E  Table 149] vebTh 417 = Al 2= MeOH

4 73 DPPH 47 48 B, 535 S¥ure] 98 MeOH F&&9 &

AL ICs 163 ng/mLE E+o 8 A& H A8}l L-ascorbic acid (ICs

17 pg/mb)st 5448 24 dehiodeh =@ AEaL g 7 el

MeOH F& &3} Abvpiol 747 Wbzl Az 183, i U%E 7149 MeOH

(3]
AR

|
Ao & 3 DPPH radical &4 24
[e]

4 =
o3

-1)«
i
o o
2

FE=9 DPPH &71gAo] < ICs 10 ng/mLE e o= wol olg Hin}
T FEE FastdAo] 83 radical 27 A VINES 4 5 AU ol
elofl = AP Sl 9] 9 radical 471 2749 1Cs7h 44 1899 ng/mLst 15.69
ug/mL=, Bl Qlah & 747h 21.88 ng/ml, 1430 ng/mL2 AU +F
el ¥hisel §9P¥ DPPH radical 284S Aoy F2 79k AAA
M FE A vEISa o3 %, Jea e *Oi @Adol vetstth. 59
HAABIGR] Ag QlelX o] &4 vehA] obe wbd, eueh AAel = 4t
3.35 Ng/mL9} 4.00 ng/mLo 2 4 A4S vEkd Ao nop Fstag JEE&
TE Qo] obd it AAld EAF Jles A

() 5 W9 194 MeOH 559 &4 44F A2

AR el BAEe @40AFe AgHer Y A%t WHes 4

(e}
1 &3 probedd DCFH #3A4&
. FE AR 79 MeOH %
L %1137%1}‘“ Table 149} L}E}LHN\E]—.
%)< 40 ng/mL &=l A
63 %2 A =R gE

F (ACE) A A48 A4
DCF2 3= = 71HE 9
N2 FE JAE (%S
Ab, SV 7Ex) ol s
83.78 = 131 %, 72.06 +

>
B>
B
<
Nl
e
é
HJ N2 B
A N e o RS

i
-
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o
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Trolox (7356 + 0.31 %)%t FAISE A4S RAY 53] GHUFo 9 FE5ELS Z
SA3HE AASe] melanin AR S A AZteERe]l dEA 7 ol
(Matsuda et al., 1994), o] HuUF o= FANAZES AA = G HEol &
A Aoz AAZ AAEYF Adx} yu Sulo] SR E A A A
2 40 ug/mL FXoA vl @A SHE uvbd AjdyR, R g4 1
= FoelA 50 % olide] @48 Yerith 53 Wy dF £ MeOH
=%9 4% DPPHS ONOO ¢ #Z2 v & aisiAse g g4d3aF A4 9
A FAol WA YEhde ZoR Hol ol uBuRe itz AL FANLT
AA 71RAe] AA dFs A GevdeE AL FAHT F UAdG o9 & HYyF
MeOH F&Eo°] &2 Fd i8] 30 %olA 60 % A= £ AL Hols

, EEO] 24T JdAEHE FIAAE It &

(th % ¥y579 #94¥ MeOH FEE2 ONOO 47 &4

% Ay MeOH =259 ONOO- A2HAEAE zx% 0}7 2] s 117@,%4 ol g+A]
ONOO- &7 g4 & S48t on 1 AA= Table 149 YEPRATH AFEALS} A4
Uit 93 7EA = ONOO- &€ 10 pg/mL s=ANA 242 9284 + 0.16 %
ok 91.92 + 0.88 %, 9163 + 039 %= 7} ¥4 yelgtow, 2uvyie] 43
Aol %, aga guut dedd e FdE sl 22 76.28 £ 0.21 %9 80.63
+ 0.81 %, 72.85 + 3838 %2 K7 WZT< penicillamine (71.14 + 047 %)XRrt} =
< A4S HEddn FEEYAE Bystn =2 @48 veEhdlE Ao ® Hol
ol BiuF ol itglgdge] ONOO- A&l A 7193t gl & AA
U AR U ol Al lfﬂ HiEe] BV &
FTEolA 50 % Arel F2 ONOO- 2AEAS

KeleR
AT =

2152 MeOH F+&8-2 10 pg/mL
e S Th
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Table 14. Scavenging activities of the MeOH extracts of some
selected Prunus genus on DPPH radical, total ROS and ONOO-

DPPH’ Total ROS" ONOO*°
Plants Parts of plant Inhibition ratio Inhibition ratio
used 1Cs0 (%) (%)
(ng/mL) Mean + SE Mean *= SE
P. buergeriana* Leaf 145.75 -1.49 + 831 8.22 + 2.75
Stem bark 3.35 5841 = 0.29 5h.84 + 0.84
Heartwood 4.00 51.32 £ 0.37 4235+ 0.90
P. davidiana** Stem 3.60 83.78 + 1.31 9284 +0.16
P. padus* Leaf 2.75 60.60 + 0.80 46.69 + 1.88
Stem 4.50 31.04 = 0.97 4034 + 1.96
Flower 5.40 39.11 = 1.04 3533+ 3.04
P. pendula for. Leaf 5.40 57.64 + 2.23 57.20 + 0.70
ascendens* Stem bark 1.63 75.84 + 0.91 76.28 + 0.21
Heartwood 3.35 64.33 + 1.20 4916 + 1.06
P. sargentii** Leaf 18.99 58.83+ 1.94 91.92 £ 0.88
Fruit 79.06 39.57 + 2.37 61.41 + 1.43
Stem 8.03 57.88 = 1.10 91.63 + 0.39
Stem bark 15.69 30.78 + 3.85 4735+ 1.78
P. serrulata var. Leaf*=* 21.88 6.90 £ 2.70 67.81 £ 3.15
spontanea Flowerx* 14.30 12.22 + 1.63 80.63 + 0.81
Stem bark** 67.15 1.17 + 2.22 3455 + 7.95
Heartwood* 4.05 71.20 £ 0.63 61.36 £ 1.91
P. vedoensis Stem#* 3.20 72.06 £ 1.35 6777 + 151
Leaf** 27.08 43.34 = 3.29 7285 + 3.88
L-ascorbic acid 1.71
Trolox 7356 + 0.31
Penicillamine 74.14 = 0.47

xSome of samples tested were purchased and =xthe others of samples were collected and then
extracted with hot MeOH. “DPPH is the free radical scavenging activity (ICsx: Bg/mL). "ROS is
the inhibition percent of total ROS generation in hepatocyte at the concentration of 40 uhg/mL.
‘ONOO- is the inhibition percent of peroxynitrite at the test concentration of 10 ug/mL.

(2) 3% WF MeOH 583 7t 8359 Fahshay
AEAbSl g Q) el e o, Fu), 29 MeOH FEE 8w
¥ (CHLCly, EtOAc, n-BuOH #¥)# H:0 Fol tidte] DPPH radical &7 24
i, GaaE A4 olAB 283 ONOO- A4S Z4shdnt ARAlsh 9

=4
BUE e MeOH %2, 7 83 123 ILOZo) oig ausay 29

S

O

rlo
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Table 159 ERHSITE 42HEAR] DPPH radical 471 42

n-BuOH X > MeOH F%E& >> CH.ClL & >> H,0%F To&2 Yey
o] AxE Al AEA}Y] DPPH radical 24 44 AW ZEL fHE EtOAc
3 n-BuOH # o] EA8E & 5 AAJh A MeO =

A& 40 ng/ml s=o 4 8378 + 1.31%= -+ =4
8l EtOAc ¥, CHCl: 8%, n-BuOH ¥ ¥ o=z 7}7} 831 )
+ 370 %, 5671 + 342 %2 =A FAY Ao Hol HO0FS AT
of BAZNAT AAZHE MR AEe] XgF U AR A4A
A 10 ng/ml =914 MeOH FEE3 EtOAc 8%, CHLL &, n-BuO
oA B 70 % ol4el ZAE3 ONOO- ~2AZA L Yed<d, ole o
penicillamine®] A7 &Ao] 7414 + 047 %UE nHHE o, 4IF3] =2

UehdS 4 dd 37kA ks d s B3 AHEAY MeOH

EtOAc &%, n-BuOH &< radical &A% &A44A2F3 ONOO-9 oA 7]
Z FASEAS YEEe & Al EuFE o] EtOAc g#l4 DPPH
radical 27 43 ONOO- &A&A o] z+zt ICx 6.08 ug/mLet 10 pyg/mL &=l
A 8724 + 111 %AAEEA 7HE =A e od, FANAT A4S A9
YEFA] fdT). ol 94 A FAALF AAde & 7], = radical
274 ONOO- 2A A 93 Fitstdd s ved AR oAt Hiie
o, 7k, £9 MeOH F£% 281 7 ¥ (CHLl, EtOAc, n-BuOH = #)%
H-0%°] W3t DPPH radical &7 43 @AALF A A4 2832
ONOO- &2 &XE& ZA3le] Table 1591 vebHAL HukF 9] EtOAc ##-&
DPPH radical 271 &4 0] ICy 7.98 pg/mLE WEC™, TS ONOO | tial|A e
10 pg/ml F5olA 9537 + 012 % aAgdowM Agad g8 5 73 AstA o
BTt 53] ONOO- 2484 H0F S A8t 25 656 % oo Ag 47
ZA4-S¢ YeEhA=d, ol tET 9 penicillamine?] 2A&0] 7414 £ 047% Y&
(R aﬂ AOL%L-E,—] =2 axc—)]oLo_ QF = oloh;]_. :Lg}q. g}g} 751}?. A AL FE

A

R
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: Jor o
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e deh BN
oMo ook 4
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=

= f= =1 TR AR = 0o
J &4 2 EtOAc FEANME 277 + 42 %5 YA YEET ¢y mlzrpx
T 99 A$% EtOAc #¥o] DPPH radical 24843 ONOO- &A1&
ZF ICs0 565 pug/mL3#% 10 pug/mL F%olA 8754 + 0.15% % 7HE =how,
ojg] thE R A= WA YEyt HuyFe] Feo] DPPH radical &84
EtOAc 8% > n-BuOH ¥ > MeOH FE& > H.0F >> CHlL, 8% T2
velton ICxe 2b2h 2.3, 28, 143, 1975, 64.45 ug/mL= Z4 =3, ONOO-
A2AEELE H0FS At ZF 65 % o) 4 2AZ3E vehddo 2
wFo) $ulet 2o EtOAc 82 A4MAT odAl&ol 40 pyg/mL FEolA zHz
48.34 + 1.25 %S} 5256 = 0.68 %= LFERR

HipFo oig ol gk satstEd A3 E wFojrol ¥
i+ % EtOAc ZFol 7Md o] &Asta &

radical 2~A 1 ONOO- A7 o) ols] drtatadAdSs et Aos o AR

=



Table 15. Antioxidant activities of the MeOH extracts and its fractions
of P. davidiana stem, P. yedoensis leaf and P. serrulata var
spontanea leaf, stem bark and flower

a b e

MeOH DPPH Total ROS ONOO
and its Inhibition ratio Inhibition ratio

Plants fractions ICs0 (%) (%)
used

(ug/mL) Mean * SE Mean + SE

P. davidiana

Stem MeOH 3.60 8378 + 1.31 9284 = 016
CH.Cl» 52.00 7039 + 3.70 7073 + 055
EtOAc 257 8318 = 330 9556 + 023
n BuOH 2.93 56.71 + 342 3477 = 034
H.0 772.52 088 + 198 3351 = 161

P. yedoensis

Leaf MeOH 27.08 42777 = 329 7546 + 3.88
CHCl 230 2190 L g3y 4855 £ 147
EtOAc 6.08 3333 + 479 8724 =+ 1.11
n BuOH 50.13 620 + 275 4789 + 213
H-0O 57.38 414 + 464 2936 + 531

P. serrulata

var. spontanea

Leaf MeOH 21.88 69 + 27 6781 £ 315
CHuCl 65.70 -176.2 + 49 6535 *+ 046
EtOAc 7.98 217 + 42 9537 + 012
n BuOH 4855 153 + 35 838 + 1.5
H.,O 18.95 89 + 28 4129 + 6.01

Stem bark MeOH 67.15 117 = 222 3455 + 795
CH»Cly 183.2 1162 + 6.64 3937 + 483
EtOAc 5.65 4834 + 1.25 8754 + 0.15
n BuOH 78.9 784 + 157 3963 + 477
H-O 189.3 077 + 507 3045 + 329

Flower MeOH 14.3 1222 + 163 80.63 + 0.81
CH,C 6445 M0 . 108 6519 + 131
EtOAc 2.3 5256 + 0.68 93.82 + 034
n BuOH 2.8 3337 + 7.39 69.38 £ 162
H>0 19.75 4377 + 1.4 2434 + 410

L-ascorbic acid 1.71

Trolox 7356 £ 0.31

Penicillamine 7414 £ 047

‘DPPH is the free radical scavenging activity (ICs: pg/mL). "ROS is the inhibition percent of
total ROS generation in hepatocyte at the concentration of 40 ug/mL. ‘ONOO- is the
inhibition percent of peroxynitrite at the test concentration of 10 pg/mL.
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(3) ¥UHF EtOAc ¥4 a4 JFE9 +x2A

WU (P serrulata var. spontanea) 24¢ FE == Ak EA o] M =2
EtOAC E#& U4 2= column chromatographydtel 13 %9 flavonoid 3}g&
[prunetin (1), genistein (2), quercetin (5), prunetin 4’-O-B-p-glucopyranoside (7),
kaempferol-3-0O-a-L-arabinofuranoside  (9), prunetin-5-0O-B-D-glucopyranoside
(11), kaempferol-3-O-B-D-xylopyranoside (12), naringenin-7-0O-B-D-
glucopyranoside (13), genistin (14), kaempferol-3-O-B-p-glucopyranoside (15),
orobol-7-0O-B-p-glucopyranoside (16), quercetin-3-O-B-b-glucopyranoside (20)
and kaempferol-3- O-B-p-xylopyranosyl-(1—2)-8-p-glucopyranoside (21)]13} 6% 9]
triterpenoid  #3E  [ursolic acid (3), 2a-hydroxyursolic acid (4), 2a, 3a,
24-trihydroxy urs-12-en-28-oic acid (6), 1B, 2a, 3a, 24-tetrahydroxy-urs—
12-en-28-oic  acid  (10), 2a, 3a, 24-trihydroxy-urs-12-en—28-O-p-b-
glucopyranoside (17), and 2a, 3a, 19a, 24-tetrahydroxy-urs—12-en-28-O-B-D-
glucopyranoside (18)], =83 ZtZ} 1% 2] sphingolipid (8)%F phenold 3gE&E
[2-O-B-(6' ~benzoyl)-glucopyranosyl-o-(Z) coumaric acid (19 Z+Z+ &2, A
stRem FxE& syl ¢ IR, UV, EIMS, LR-, HR-FABMS, 1D-NMR
(‘H-NMR, "C-NMR)¥} 2D-NMR (HMQC, HMBC, COSY, NOESY)e] #3434
WHE AMgSte] SA sk

(7}) Flavonoid 3§59 % 44

O 6%l flavonol &3tE-2] +x44 (5,9, 12, 15, 20, 21)

2218 2= flavonol 882 aqueous MeOHZ A AA 3 o] ek 244 3135
EE2A 4S8 = Iddd Compound 5% quercetin EF 3 &4 TLC #elstgd,
EIMS #A Al #E2pol& peak’t m/z 30291 A base peak® YEHar o, C 3hof
A retro Diels-Alder 3o 23+ [A + HI'7} m/z 15394, [BI'7F m/z 1379 A
velE ez "ol At B 3ol Z+Z dihydroxy group> 7F2 flavonol$!
quercetin® &2 FAT 4 AATt (Young et al, 1991 ; 7 %, 2000). Compound
9, 12, 153} 202 DMSO-ds= 'H-NMR¥ “C-NMR spectrum~ ZA3te] 2 data
& X9 wwstg iz, 24z kaempferol 3-O-a-L-arabinofuranoside (9) [De
Almeida et al., 1998; Kim et al., 1994], kaempferol-3-O--p-xylopyranoside (12)
[Agrawal, 1992], kaempferol 3-O-B-D-glucopyranoside (15), ZL@]3L quercetin
3-0O-B-p-glucopyranoside (20) [Young et al, 1991; Park et al, 199112 2 ZHA
& AT

Kaempferol 3352 'H-NMRYIA 5449 signal?l meta coupling 31 &
proton signals [6 6.21 (1H, J = 2.0 Hz, H-6)3 & 644 (1H, J = 2.0 Hz, H-8) %
9] doublet signals]® AsB. typed] B $9¢] protong<9 &A4E YEMNE signals
[6 689 (2H, d, J = 80 Hz, H-3, 5)3} § 802 (2H, d, J = 80 Hz, H-2', 6 )]]
A2, 283 quercetin® 'H-NMRO A meta-coupling 3= 54 2 <l proton
signals [6 6.21 (1H, d, J = 2.0 Hz, H-6)3} & 641 (1H, d, J = 2.0 Hz, H-8)]%
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ortho-dihydroxy group< 7}A& B %] 54 A< proton signals [6 6.84 (1H, d,
J =90 Hz, H-5 )¢ 6 753 (l ,d, J =20 Hz H-2 ) &l 8 757 (1H, dd, J
= 20, 90 Hz, H-6")]o] = Aok F F, 2000). =3 flavonoid 49| ZAdHH
g R4 29 7“5“’“]% el 1w 2 EAA9 'H-NMR signald
coupling constant (J %I, ZgAd4) [6y 540 (IH, d, J = 72 H»]E2%¥H B
-D-glucopyranoside2 A3t} (Agrawal, 1992).

Compound 21 CD;0DZA 'H-NMR# “C-NMR spectrum$ Z=#3le] 21 data
g 53¢ vwedtt (Jung et al, 1999; Beninger et al., 1998). 'H-NMRoI] 4
meta-coupling 3F+< proton signals (8y 6.183% 8y 6.38) 2] a AoBz typee] B 3}
9] proton signals [8y 6.87 (2H, d, J = 89 Hz, H-3', 5 )3} &y 8.09 (2H, d,

87 Hz, H-2", 6 )]°] #2= o] kaempferol ¥4& e I FE JT% —ir 3% ‘F AR
= . BC NMR spectrumol 4] kaempferol®] B 3ko] 7|25+

13318 (C-2", 6" ), oc 117.04 (C-3", 51, Ze 1H gio 79 5}5‘ signals [8c
106.44%} 8¢ 102.011¢] #2Z= o kaempferolol 2%¥-xte] Fo] A3 FFZYL FA
& 4 o E=3h G A A E geldtr] Yste] 2D-NMRS HMQC
9} HMBC spectrume &4 o1 B-p-glucose®] H 1”7 [6y 535 (J = 7.6 Hz)]
2 C-1" (8¢ 102.0) 28]l B-p-xylose® H-1"" [8y 4.72 (J = 7.6 H2)1% C-1"" (8¢
106.4)2] one bond correlation® long range correlations 72 A3k}, B-p-glucose
o} H-1"2 kaempferol C-3 (8¢ 135.80)3 A& #AAE 7FA W, B-p-xylosed] H-1""
[6u 4.72 (J = 7.6 Hz)l= p-glucosed] C-2" (8¢ 81.29)9 long range correlationd}=
o2 Ro}l kaempferol 3-O-B-p-xylopyranosyl-(1—2)-B-p-glucopyranoside (21)
2 7xE s4sAnh

g
mN'

@ 1F9 flavanone &= +x244 (13)

Compound 13 CD;ODZ 'H-NMR#} “C-NMR Spectrum% ZAsto] 1 data®
w2 e} vt (Choi et al, 1991b). Flavanone 3822 &A% <) signals [6
u 274 (H-3a), du 3.16 (H-3b), 8y 5.36 (H-2)]& #zst —/F AN, &y 6.18 (H-6)
B 6y 6.20 (H-8)9] signals2 5, 7 $1A9l hydroxy group’t X gkEo] glom 7H
of o] A3jt¥ flavanone 3EEYS FAT = gl (# %, 2000 ; Choi et al,
1991b ; Agrawal, 1989). 3§ “C-NMR spectrumel A 8¢ 81.513 8¢ 44.9600 4]
flavanone 3§ES SAAQ C2-C39 ZAFS st &= At} o)ade Az

naringenin 7-O-p-D-glucopyranoside, < prunin2 2 E A5t}

@ 6% 9 isoflavone 8¢ =9 F2ZAA (1, 2, 7, 11, 14, 16)
3E 1, 2, 7, 11, 142 DMSO-ds® compound 16& CD;ODE 2}z} 'H-NMR
7 BC-NMR spectrume ZA3ste] 71 data® Faxe} v wsl i, prunetin (1)
[Farkas et al., 1969], genistein (2) [Wang et al, 1999b], prunetin-4 -O-B
-D-glucopyranoside (7) [Geibel, 1995 ; Geibel and Feucht, 1991; Geibel et al.,
1990]), prunetin-5-O-B-b-glucopyranoside (11) [Khalid et al., 1989], genistin (14)
[Wang et al, 1999bl], orobol-7-O-B-p-glucopyranoside (16) [Agrawal, 1989 ;
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Arora et al., 200012 % ZAAT 4 At} IsoflavonoidE® DMSO-dsZ NMR =
AR S 4 5 A free hydroxy groups 7FR isoflavonoid 3¢ES 544
o= by 9, 1394 signals REo (%, 1996 ; 4, 2000 ; Agrawal, 1989).
Compound 73 11 prunetin ¥l @A|olw] o] As X7} zZ+zF 4 8 5o
2 o) E Rk old 33E 112 acid hydrolysisdte] & A7 A elA e}
U= free hydroxy group? 'H-NMR# “C-NMR signalsS #&# X9} vlugoz
A Fe 9ANE FAsAh Compound 119 7239 'H-NMR#} “C-NMR
signals2 prunetin ()3 5 L3A velyon dA 59 NMR datas} v E o
du 1296 (1H, brs, 5-OH)2] signale] AjZo] yewtir, C-49 &c 175.027F d¢
180408 Az olFd Aoz Hol Fo AFYXE C-59 hydroxy groupl =
g 4 AA Mabry et al, 1970), = A o] 3}HE 9] F+F£E prunetin
5-0O-B-Dp-glucopyranoside® A A 3} ¢}

Compound 162 'H-NMR# ®C-NMR spectrum®l 4] flavonoid®] B #ell ortho
dihydroxy group= 7}A & proton signals [0y 7.03 (1H, d, J = 2.0, H-2"), du 6.86
(1H, dd, J = 2.0, 82, H-6'), 84 6.81 (1H, d, J = 82, H-5 )13} isoflavonoid®] &
21 H-29 signal (8u 821, s)o] #HAH Ak =3k 8y 4.95 (d, J = 7.4, H-1")°
A e EAZE ElEdT T A AAE #FAslr] A HMBC spectrumE
ZAs19 01, 6y 4.957F orobol &2 ¢ C-7 (§¢ 16557)3 correlationdh= Aoz
X0} orobol-7-O-B-D-glucopyranosided & % <lad = AT}

(1) Triterpenoid st&E9] +x 44 (3, 4, 6, 10, 17, 18)

Compounds 3, 4, 6, 10, 189 'H-NMR$} “C-NMR spectrum (pyridine—ds)-<
TR Ao O FFgEEe FERE ZFZF ursolic acid (3) [Takeoka et
al., 2000 ; Jung et al., 1999], 2a-hydroxyursolic acid (4) [Jung et al., 19991, 2a, 3
a, 24-trihydroxy-urs-12-en-28-oic acid (6) [Chusheng et al., 1988], 1B, 2a, 3a,
24-tetrahydroxy—urs—-12-en-28-oic acid (10) [Sakakibara et al., 1983 ; Li et al.,
1998 ; Guang-Yi et al., 1989], 2a, 3a, 19a, 24-tetrahydroxy-urs-12-en-28-0O-p
-D-glucopyranoside (18) [El Lahlou et al., 1999]2 %A 33 t}t. Compound 17
AN FAY Buex 2EEdod, IR spectrumol A= 3422 cm ', 1074 cm ol A
Z+7} hydroxy groupi glycosidic linkageoll 7])Q138t= peak”’} WERstEE o] #5571,
% hydroxy groupel $HAE Eolélr] 98] EIMS spectrumE A3 oH,
ursaneZl %<& oleananeZ triterpenoid 3}gEANAH EAH R YENE retro
Diels-Alder &3} ®Fgol 71919 ion peak”} YElstTH (7 5, 2000). 5, ©] 3E
o] EIMS spectrumol Xl m/z (% intensity) 488 ([M-glucose+1], 0.38), 248 (100),
203 (84.85), 240 (2.83), 239 (1266)9] ion peaks?’t “ebup= A2 A hydroxy
groupe] D/E %to] opd A/B Fho] &gl 2E 4 4 AAt [El Lahlou et
al., 1999]. lH—NI\/IR‘VJ' BC-NMR spectrumol Al 6y 2.49 (1H, d, J = 11.3 Hz, H-18)
o} 8¢ 126.01 (C-12), 6¢ 138.38 (C-13)9] signalse] WE = Ao Kol o] 313
w2 ursane” triterpenoid¥ & & & AAZ (Doddrell et al., 1974), triterpenoid
aglyconed] A¢3t= 'H-NMR# “C-NMR spectrume 382 6% U5t
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(Chusheng et al, 1988). %3t &y 624 (1H, d, J = 8.0 Hz, H-1)%} & 62-96
(95.67, 74.00, 78.85, 71.16, 79.16, 622N ZFH T &A= AT 4 YAk =3
HMBC spectrumol A 8y 6.249] 29 signal©] triterpenoid®] carboxyl group®l| 3j
FE = 8¢ 176.209F correlation dt= R Hol 1 FFE 2a, 3a, 24

trihydroxy-urs-12-en-28-O-B-p-glucopyranoside(17)¢) & A& £  Afx
LR-FABMS (positive ion)l A m/z 673914 [M + Nal® ion peak”’} #Z=o} 1
A o] CosHssO1P S A #2038t} Triterpenoid 3H3E9] A#EAe Axwd

A EZ=24 (Numata et al, 1989 Yamagishi et al, 1988)& 7FAl3L lolA HeLa
cell, MK3 &5228 (Castro et al, 1997)€ YeERI®, VSV  (vesicular
stomatitis virus), HRV 1B (rhinovirus type 1B), HIVol] th3F 3tujojz]x A
(Poehland et al., 1987; Aquino et al., 1989; Xu et al, 1996, Kashiwada et al.,
1998)0] Ry =3 Sk X3 Panax ginsengolA £8l% ginsenoside ﬂ?}‘j 2 Z
%ol Holg dAste 237F vk 3o} (Mochizuki et al, 1995). vk opyjgt
triterpenoid WAl A A& I F 3} (Yoshikawa et al., 1996b)$} 34 43E& 5
AW E7 (Yoshikawa et al, 1996c), fZol i3 A& (Yasukawa et al.,
1996), whg-229] gl Mzo 2] NO AAS A= &4 (Honda et al, 2000)%
Zbva gk A AR o] triterpenoide] FAFsEA o #@dk A7 HEEI Q)
o} (Zhu et al., 1999 ; Song and Yen, 2002 ; Hamburger et al., 2002).

(t}) Sphingolipid 3gHE°] +x 2A (8)

o] tEd FAYE I PuE FEdon, LR-FABMSeIA [M+Nal”
peak”’} m/z 866.6914 eI, HR-FABMSO A E m/z 866.66972 "3,5]35]01,
ALEA] (Cale. for 867.2611)2F DEPT spectrumd} ®]nslo] E2p28 CirHosNOpo.
2 AARs49}. 'H-NMRZ PC-NMR datao) Al 270¢) terminal methyl groups [6y
0.87 (t-like, J = 7.0 Hz)13} 27§ 9] aliphatic long chain [0y 1.24 (CH2),19] signals
= RISk, AAh9 Z2gE @A (8¢ 51.67)¢ amide carbonyl group (8¢ 175.6)¢)
signals®] #&= o EAE FAY F A 53] 8y 526 (H-2), 8 70.38
(C-1), 51.67 (C~2), 75.82 (C-3), 72.35 (C-4), 17556 (C-1"), 72.40 (C-2 )l | F3}
- sphingoid &4 ¢ 383 o]lF A= AAR (25,35 4R)-phytosphingosine?] &3
2} (Kang et al.,, 1999 ; Sang et al., 2002)2} ¥ x38tod 1-O-B-p-glucopyranosyl
(25,35 4R, 8E)-2-[(2" R)-2" ~hydroxypalmitoylamino]-8-octadecene-1,3,4-triol &
FA4% At 12l HMBC spectrumol A 8y 42 (m, H-la)& 8¢ 72.40
(C-2)3 &9 signal?l 84 4.8 (d, H-1")& 8¢ 7038 (C-1)3}, &y 46 (m, H-1)& &¢
51.67 (C-2)3}, 8y 86 (NH)2 8¢ 17556 (C-1")7} correlationdtl 9+ Z o5 Ho}

olE Fx7F A A+ %“rﬂ“‘ﬂ T AR =T o|FAFE ol F @A C-8%
C-92 ol %shi= ©4a9 &st4 ol F A7l 6¢ 32-33 duj:= transi, 8¢ 27-28 L uj
T ocs 2 FA0E 5 e (Stothers, 1972), ©| s}gEel H$ b¢ 275 (C-7)¢
8¢ 27.9 (C-10")oll A #ZFH O 2 M (¢is =, Z-configuration@d S F4 = A}
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Table 16. 'H- and “C-NMR spectral data (pyridine-ds) of isolated
triterpenoids 17 and 18 from P. serrulata var. spontanea
17 18
lH ]3C IH 13C

Y BB CH) {5 G750 105 415 (CHY

2 445, dt, J= 4.0, 116 66.20 (CH) 4.44, dd, j=2.0, 10.0 66.30 (CH)

3 457 brd, Wiz = 6 7419 (CH) 458, d, J=20 74.23 (CH)

4 45.12 (C) 45.15 (C)

5 181, m 4944 (CH) 184, d, J=125 49.53 (CH)

6 164, m 1887 (CHy) 165, m 19.11 (CHa)

7 1.39, m 3395 (CHy) 1.65 m 33.96 (CH2)

8 40.36 (C) 40.80 (C)

9 1.86, m 4813 (CH) 208, d, J=76 47.87 (CH)
10 38.50 (C) 38.60 (C)
11 201, m 2391 (CHy) 2.10, m 24.35 (CH2»)
12 541, s 126.01 (CH) 551, s 128.37 (CH)
13 138.38 (C) 139.24 (C)
14 42.46 (C) 4212 (C)
15 1.13, m 2857 (CH») 120, m, 240, m 29.20 (CHy)
16 1.93, m 2461 (CHy) 194, m 26.10 (CH2»)
17 48.32 (C) 48.64 (C)
18 249, d, j=11.3 53.26 (CH) 289, s 54.40 (CH)
19 087, d, J=5.2 39.27 (CH) 72.66 (C)
20 0.87, d, J=5.2 39.09 (CH) 1.30, m 42,12 (CH)
21 1.33, m 30.76 (CHy) 1.20, m 26.70 (CH2)
22 1.88, m 36.75 (CH») 1.84, m, 2.00, m 37.73 (CH»)
23 1.65, s 2377 (CH3) 164, s 23.78 (CH3)
Bt AT VMG A TS DT e 63.19 (CH)
25 1.03, s 1727 (CHz)  1.05, s 17.20 (CHa)
26 1.14, s 1757 (CHs) 1.18, s 17.40 (CHz)
27 1.11, s 23.67 (CHs) 159, s 24.50 (CHz)
28 176.20 (C) 177.08 (C)
29 0.86, d, J=5.2 21.20 (CH3) 1.04, d, J=6.3 16.70 CH3)
30 089, d, J=6.5 1731 (CHz3) 1.36, s 26.98 (CH3)

Glu I' 624, d, J=80 95.67 (CH) 6.26, d, J=8.1 95.83 (CH)

2 418 m 7400 (CH) 4.20, m 74.01 (CH)

3 427, m 7885 (CH) 428 m 78.90 (CH)

4 435 m 71.16 (CH) 432, m 71.24 (CH)

5 400, m 79.16 (CH) 4.02, m 79.24 (CH)

U Uadad J-hbtie  6227(CI) 35 65 A5 130 6235 (Ci)
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a8l 'M-'H COSY spectrumol A amide groupel] 7]91F = 8y 869 &y 54
(H-2)¢} cross peakE o] %1 glon, B3 H-19 8y 477 % correlations A

3t e AR YEuY. olE A3 data®t sphingoid moiety 2] signale] &3 A
(Sang et al, 2002)¢F AR+ Ao R Hol o] sphingolipid®] +F& 1-0-B
~D-glucopyranosyl-(2S,35,4R,8E)-2-[(2'R)-2'-hydroxypalmitoyl-
amino]-8-octadecene-1,3,4-triol®} sphingoid & A3 2702l long chain fatty acid®
TAEH AdeS FAHAY = A}t Kang 5 (Kang et al, 1999 2ls) A d
aralia cerebroside$} fatty acid moietyol A FA}S 25 gy o] dgEL 7-
configuratione dt3l Qo —(CHw)- unitZ} 8717F & A== Aoz Al

o},

o] 3}FEL ngag A Bag %E]Q“E} LR-3 HR-FABMS spectrum®i A
m/z 453.1162¢] [M + Nal" peak”} #2= %31, “C-NMR¥ DEPT datacl <3 2
AP S CpHu0e o2 AA St UV spectrumd] A NaOMe #7FA] 264 nm (3.96)
o] 7 255 nm (4.12)2 A AF o]lEd Aoz Hol Ao EXE QT 4
a2tk 'H# YC-NMR spectra (Table 17)% #4¢ hydroxy cinnamic acid,
glycosidic group® benzoyl groupell 7<% signalse 3eld 4 glolth 'H-NMR
spectrumel A4} 8y 5.95 (1H, d, J = 12.6 Hz, H-8), 691 (1H, dd, J = 75 Hz, H-5),
703 (1H, dd, J = 75 Hz, H-4), 711 (1H, d, J = 7.7 Hz, H-3), 724 (AH, d, J =
126, H-7), 747 (1H, d, J = 7.8 Hz, H-6)°l A o-hydroxy cinnamic acid % A2
5429 254 o] Fx7b vepkon), PC-NMR spectrume] A% o]ell 4-&3HE 6
¢ 171.48, 157.20, 139.33, 132.30, 131.80, 127.77, 123.70, 12258 117.592] signals©]
LrER T % C7-C8 double bond® J 3 (J = 126 Hz)7} %7 wlE ol
cis-configurationdt & & A3 4= 9lglrh 'H-NMR spectrumol Al 8y 4.93 (1H, d,
J = 75 Ho)ol X 92 =x¢9} 8y 745 (2H, dd, J = 76 Hz, H-3", H-5"), 761
(IH, d, J = 75 Hz, H-4"), 801 (2H, d, J = 7.9 Hz, H-2", H-6") 4 benzoyl
groupd EAE geld 2 gladrd. PC-NMR spectrumol] Al @9 methylene B4
(C-6")7} 6¢c 66.09% A=A o|F3tal, o]x3dt= A (C-5)7F 8¢ 72728 A
o5 Ao R Ho} benzoyl groupe] @2l 6 ®Ao A Y& & F UM
ot HMQCS9 HMBC spectrumo] A benzoyl carbonyl group (8¢ 168553 H 6
(b 4.43, 6y 469 2831 C-2 (§¢ 1572009 H-1 (8y 4.93) Atelol “ElYE=
correlation© 2 benzoyl group®| B-glucopyranosed C-6 3 ZAstz ASS F4
& o A ol BHEH wWye Fd o FdHELS 2-0-B-(6'-benzoyl-
glucopyranosyl-o-(Z)-coumaric acid® S At od HoAdoq HIFoz Hajd

At sk gz ol v
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Table 17. 'H- and ®C-NMR spectral data (CD;OD) of phenolic

compound 19 from P. serrulata var. spontanea

Position 'H Be

1 127.77(C)

2 157.20 (C)

3 711 (1Y, d, J=7.7 Hz) 11759 (CH)
4 7.03 (1H, dd, J=75 Hz) 131.80 (CH)
5 6.91 (1H, dd, J=7.5 Hz) 123.70 (CH)
6 747 (1H, d, J=7.8 Hz) 132.30 (CH)
7 724 (1H, d, J=12.6 Hz) 139.33 (CH)
8 595 (1H, d, J=12.6 Hz) 12258 (CH)
9 171.48 (C)
1’ 493 (1H, d, J=7.5 Hz) 103.50 (CH)
2’ 350 (1H, m) 78.79 (CH)
3’ 3.78 (1H, dd, J=8.0, 85 Hz) 76.31 (CH)
4’ 354 (1H, m) 75.65 (CH)
5° 3.46 (1H, m) 72.72 (CH)
6’ 443 (1H, dd, J=75, 11.8 Hz) 66.09 (CHo)

469 (1H, dd, J=2.0, 11.8 Hz)

1 132.06 (C)
276" 801 (1H, d, J=7.9 Hz) 131.42 (CHx2)
37,57 745 (1H, d, J=7.6, 7.9 Hz) 130.38 (CHx2)
4" 761 (1H, d, J=7.5 Hz) 135.13 (CH)
7 168.55 (C)

(4) U FoA e4d sdEE59 Fiks a4

DPPH radical 274 A3, dAdL2E A A& 28l ONOO- AAZEA
o] #=A uvEhd #uUF EtOAc 8-S o2 silica gel, Sephadex LH-20,
Sep-Pak C18 cartridge, 712] 1 RP-18 column chromatographys 33lo] &Xt3}
g4 4EL 2939t 13 £9 flavonol 38E (1, 2, 5, 7, 9, 11-16, 20, 21)3}
6 %9 triterpenoid 3}§HE (3, 4, 6, 10, 17, 18), 1 £¢] sphingolipid (8)% phenol
4 3EE (1948 2 2, FAsRen, 2 FolA 6 F2 flavonol HEEQ
quercetin (b), kaempferol 3-0O-a-L-arabinofuranoside (9), kaempferol 3-O-p-b-
xylopyranoside (12), kaempferol 3-O-B-D-glucopyranoside (15), quercetin 3-O -B
—-D-glucopyranoside (20) kaempferol 3-0O-B-p-xylopyranosyl—-(1—2)-B-D-
glucopyranoside (21)3} 5% 2] jisoflavone 3}§HE ¢l prunetin (1), genistein (2),
prunetin 4 -O-B-D-glucopyranoside (7), prunetin 5-O-B-D-glucopyranoside (11),
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genistin (14), 6F 9] triterpenoid 3F3HE2 ursolic acid (3), 2a-hydroxyursolic acid
(4), 2a, 3a, 24-trihydroxy—urs—12-en-28-oic acid (6), 1B, 2a, 3a, 24-tetrahydroxy-
urs-12-en-28-o0ic acid (10), 2a, 3a, 24-trihydroxy-urs-12-en-28-0O-B-D-
glucopyranoside (17), and 2a, 3a, 19a, 24-tetrahydroxy-urs-12-en-28-O-B-D-
glucopyranoside (18), 1&]1 &1} phenold 3&E9 2-0O-B-(6" -benzoyl)-
glucopyranosyl-o—(Z)-coumaric acid (19)% w22 DPPH radical &4 /3,
AN EFT AR A a8 ONOO 2A A S H7tskd o

(71 Flavonoid 3} 3% 3} phenold 3% 9] &4tst &4

6% 2] flavonol 3}&% 3 5% ¢ isoflavone 3%, 18l 349 phenold &
o] gatstzlgd A ANE Table 189 YeEFl T Quercetin (5)3F 2 w2
quercetin 3-O-B-D-glucopyranoside (20)-> DPPH radical &~A849ol Z+Z} ICx
354 uMe} 463 uME thZ 2] L-ascorbic acid®] 11.50 uMel Bl 2¥) A% &4
o] ZstA vEbwth T3 ONOO-of g 2A &4 AA ICs 093 + 0.14 pMe}
1.08 + 0.06 uM= =2 penicillamine®] 3.20 + 0.36 uMoll H} 3] <F 369 €4
S R Querceting *FFEW catechols 7FX|a 17l wWjFol (Okawa et al,
2001; Rice Evans et al., 1996 ; Haenen et al., 1997), peroxy radicall th3iA =
H-donor2 &3l &ibstadAd e yebhll=d (Torel et al, 1986), & A PdA %
free radical 27 &4 (Burda and Oleszek, 2001)e <3l &4tz akAd S e 3
o oAAZIY Ty FAAAT JAAAANE 40 pg/mL FEANA o] F 3}
AES FAHNZET Troloxe Ao Hle] i e @S el g x
4% ] kaempferol #lF A& 37}2] AGA A ohh e 48 YEHAE
ol A T8I TS vAE 381 A hydroxy groupdll EF @el X gd
g Aol7] wit-o g o} ARt} (Heijnen et al, 2001 ; Bor et al., 1997 ; Cao et
al, 1997 ; Foti et al, 1996). Isoflavone 3}3+& < genistein (2)3 1 djF Al
genistin (14)F DPPH radical?} ONOO-°| oig 27 #A4E& ot YeEp L,
genistin (14)2] ¢ 9o A3 o genistein (2)2] AR} okt oA e
=3} isoflavonoid®] DPPH radical 224 &2 3W $14 hydroxy group”} 171 @
o & F7F9 flavonoid &FE R} oFstA vebdt (Okawa et al, 2001). =L
Hu,  TEYE  isoflavone 3&E<!  prunetin (1), prunetin  4'-O-B-D-
glucopyranoside (7), prunetin 5-O-B-D-glucopyranoside (11) A}£3F &-2kst A
HAAA XS el R @ttt Isoflavonoide] @AM EA 2 A A2 liposomal
systemoll 4] ALZ who}l coumestrolo] Y equol ¥ H-donorZ 2#Hg-38fe] T4 0]
of 2] peroxyl radical && free radical® 42737, £3] 4 9% 2 hydroxy
group®] L34 g3ttt st} (Arora et al., 1998 ; Mitchell et al., 1998). ©]
9lol £ isoflavonoidi= ROSol 23 x| A#tslE AAgcia gted (Toda and
Shirataki, 1999). Phenold 3}&E<¢ 2-0-B-(6 -benzoyl)-glucopyranosyl-o-(2)-
coumaric acid (19)2 ONOO- A& AlNA ICx 6.78 + 035 uME £ FAHE B
=, o] 33E W hydroxycinnamic acidS 7P 7] wWjE&<l Aoz o
AAH, E3] ol#g FHREL ONOO-o tigh A dHo] B vt ot} (Foley
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et al., 1999; Natella et al, Cuvelier et al, 1992 ; Pannala et al., 1998 ;
Ketsawatsakul et al., 2000).

Table 18. Antioxidant activities of flavonoids and a phenolic compound

isolated from P. serrulata var. spontanea

Compounds DPPH" Total ROS” ONOO-*
ICso (uM) Inhibition ratio (%)  ICso (uM)

1 876.40 NS NS
2 395 + 10° NS 2442 + 124
5 3.54 40.80 + 0.44 093 + 0.14
7 858.30 NS NS
9 100.39 36.80 + 0.54 1051 + 0.77
11 >> 10° NS NS
12 100.39 38.90 + 0.96 1678 + 3.99
14 282 + 10° NS 4450 + 6.06
15 107.59 39.60 + 0.45 6.98 + 0.37
19 167.90 6.78 + 0.35
20 463 72.50 + 0.21 1.08 + 0.06
21 > 200 53.10 + 0.56 1034 + 1.21

L-Ascorbic acid 11.50

Trolox (40 ug/mL) 7356 + 0.31

Penicillamine 3.20 + 0.36

“ DPPH is the free radical scavenging activity (ICsy: uM). PROS is the inhibitory activity of
total free radical generation in hepatocyte (Inhibition ratio @ %). ‘ONOO- is the inhibitory
activity of peroxynitrite (ICse: yM). NS represent as no effect up to a concentration of 100 u
M in total ROS and ONOO- test.

(1}) Triterpenoid 3} &9 g4ks a4

Ao A Fest 6F9 triterpenocid 3HEEo] Wig FAsIEAH HIFAIE
Table 190 f°Fa}ic). Aol A& triterpencid 32 I¥ =A% DPPH
radical scavenger2A] 48 YelA] gort FAANAT A APAANAM =
=2 A4S e, 2 A3 @4 AXE 2a-hydroxyursolic acid (4) > 2aq,
3a, 24-trihydroxy-urs-12-en-28-oic acid (6) > ursolic acid (3) > Trolox (as
positive control) > 2a, 3a, 24-trihydroxy-urs—12-en-28-0O-B-D-glucopyranoside
(17) > 1B, 2a, 3a, 24-tetrahydroxy-urs—-12-en-28-oic acid (10) > 2a, 3a, 19q,
24-tetrahydroxy—urs-12-en-28-O-B-p-glucopyranoside (18)= L }Ebstth.  H3
compounds 63 182 Z}7} ICs (50 % inhibition concentration) 4.90 + 0.38 pM<}
ICs 6.88 £ 046 pMZE 743 ONOO- 24 A S vepyg oy, ol 4 a9l
penicillamine®} ICs 5.11 + 0.23 pMell &3t Aol 273l compounds 10

I oo
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172 7}7} 1Cx 25.18 + 268 uM¥ 82.05 + 2.80 IME ONOO- &AHEH & e
Aoy wbH compounds 3% 4% ONOO- A2AEAE e A &gkt
Triterpenoid 3}FES FE2 dhjolejxn, AZE5A gk AF7F T2 o] FoA
gkov} (Poehland et al., 1987 ; Aquino et al., 1989; Xu et al., 1996 ; Kashiwada
et al., 1998), T}l ol=& BiAlolA H 3 43FA triterpenoid 3}H3HEF Eoto]E
SolA et 2 EH9 triterpenoid FES dAkstEAdo] R v (Zhu
et al, 1999; Song and Yen, 2002 ; Hamburger et al., 2002). %3t dihydro-v
-pyronyl-triterpenoid, % chromosaponin I <84 radical initiator 1 2,2 -
azobis(2-aminopropane) dihydrochloride’} %3} soybean phosphatidylcholine2]
AbstE Atk g ol gk AP I4kstel] il triterpenoid $EEY =S o
ALAE ol F3ESY AL d% e HiuxHi Yt (Song and Yen,
2002).

Table 19. Antioxidant activities of triterpenoids isolated from
P. serrulatvar. spontanea

DPPH® ROS” ONOO-°
Compounds ICso (M)  ICso (uM) ICso (uM)
3 NS 3.74 + 0.50 >> 200
1 NS 0.16 £ 0.02 11890 + 20.82
6 NS 3.40 + 0.66 490 + 0.38
10 NS 850 £ 1.00 25.18 + 2.68
17 NS 831 + 0.19 82.05 £ 2.80
18 NS 38.93 £ 2.62 6.88 £ 0.46
L-Ascorbic acid 11.50
Trolox 6.09 + 1.29
Penicillamine 511 + 0.23

“ DPPH is the free radical scavenging activity (ICsy: BM). PROS is the inhibitory activity of
total free radical generation in hepatocyte (ICs: BM). ‘ONOO- is the inhibitory activity of

peroxynitrite (ICzy: BM). NS represent as no effect up to a concentration of 100 uM.

't

AL, @4 n-BuOH = EAA 29 3dEe] +x2244 % &4

p

(1) e +x24

1) 3HgHE 229 txAA

Gabe]l MeOH F% %9 n-BuOH soluble fraction® column chromatography
gle] 7]1# 29 compound 22% F#3tth Compound 22v FH3 EEEA
ARt [alf’ 0 9.3 (¢ 0.009, MeOH)el®, = ¥x+8-& HR-FABMSHA m/z
559.1448 (Calcd for CosHz3OpNa, m/z 559.1452, A - 0.4 mmu), positive-FABMS
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m/z: 559 [M+Nal’, 536[M]'2 #E= o] BaF 5369 CxHpOpd AE Ze
Aoz yeiywth 2 FxE w7l 948 'H-3 PC-NMR spectra ¢ DEPT,
HMQC 18]3 HMBC experiments® 3t 2w, HMBC spectrum ©}A 8§ 433 ¢
glucose anomeric proton signal® & 1000 (C-1) 9 signaio] 2A#AAAE
7}Ho 24 hydroxypinoresinol®] C-19] 9 X o] glucose 3 Ex7F AE T o]
Ues & F AR, 89 doley # UX3 At (Wang et al, 1993; Wang
et al, 1998). 18® 2 compound 229 FF+ (+)-1-hydroxypinoresinol-
1-O-B-D-glucoside® &1 % 3tt. Compound 223 =€ oflwig]7le] &2 E9
Bauhinia tarapotensis Benth. (Leguminosae), (Braca et al., 2001), = #A%E <&
2 EQl Stauntonia hexaphylla Dence (Lardizabalaceae), (Wang et al., 1993), Olea
plants (Oleaceae)®] 3] (Tsukamoto et al., 1985) L&) il sage®l Salvia officinalis
(Lamiaceae) (Wang et al., 1998)o]4 R 1® H} glov}l, waldysE Loz
HEE A

() 3gE 239 +x44

o] 3}3E2 IR spectrumS R 33486 cm ‘ol A hydroxyl group, 1723.4¢l 4]
acid ester, 161029} 1509.11 A& Waks 3ol 98 F peakE & F UAH.
'H-NMR (300 MHz, DMSO-ds)ollA 87.60 3 6.36901* coupling &7F 159
Hz9 trans-olefin proton signal, 67.303% 6.82¢ coupling *<F7} 84 Hz9
1,2,3,4-tetrasubstituted benzene ringo] 7}<18}+= proton signal, 65.849F 4.53 4]
coupling &7} 4.8% 45 Hz® 2+zF JeEld 28 vicinally arranged two methine
proton signald& & & vk =3 66.729F 6509014 el double doublet
signal?} 66687 6.639] Ztzte]  doublet, 86.729F 6.649141 Y EFH  doublet
signal== 27k¢] 1,23-trisubstituted benzene ringS YEATE § 5149 double
doublet {13 methylene (62.80~297) 49 coupling 3t YEeRd Holm,
271¢]  carbomethoxyl signale] 83659 364914 uEbgTh oL PC-NMR
spectrum-g E3AE FAE AT Positive-ion FABMSo| A #2}o] 2 peak”’} m/z
567 [M+HI el 4] vebromz ¥ 5669 33E8S FAseivh. E3 Kohda
S (1989)°] H 13 spectral data®} Hlulste] @& LA 22 E compound 23&
dimethyl lithospermate® 573 8t 31 t}.

(2) GAtol A Feld sigE 229 A4

4d AT ES E3359 free = non-free radicalsS @3, @ag9 2243l
¢F, Alchemies’s disease, F™MEl2~ #dY, el FTWAGse} 22 oy AWS
gt (Beckman et al., 1996 ; Podrez et al., 1999). o]&3 A¥E
2AAE YA Fate] MAE T RuEYtt (Hermann et al., 1999).

Compound 22% ICs 323 + 0.04 UME peroxynitrite®] A4S AHsjslH o,
o= WA WETQ ICHXI7F 6.72 £ 0.25 uMSQ! penicillamine®.t} S i} gAd o)
ZstA JERsth B3, Table 8o WElMI%o] total ROS$ DPPH radical
Aol ICsA] 2.26 + 0.079F 32.3 + 0.13 uM o]w, z+z+e] At =12 Trolox
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(6-hydroxy—2,5,7,8-tetramethylchroman-2-carboxylic acid)®} l-ascorbic acid+
ICsoX 7} 242 143 + 004% 114 = 007 pME uYeEgd, 2322
(+)-1-hydroxypinoresinol-1-O-B-D-glucoside”} free radical @& ZAwWeol oz
A 7o) AHE s e AAlsta 9t

Table 20. Scavenging activities of (+)-1-hydroxypinoresinol-1-O-8
-D-glucoside isolated from S. miltiorrhiza on peroxynitrite,
total ROS and DPPH radicals

ICs0 (uM)
Peroxynitrite  Total ROS DPPH

(+)-1-Hydroxypinoresinol-
1-O-p-D-glucoside

Penicillamine 6.72 £ 0.25

323 £ 0.04 2.26 + 0.07 323 + 013

Trolox 143 = 0.04
L-Ascorbic acid 11.4 + 0.07

Results are mean = S.D. (n=3)

Penicillamine, Trolox and l-ascorbic acid were used as positive controls for peroxynitrite, total
ROS and DPPH radicals, respectively.

oh. gtavlel kst BA
(1) &9 MeOH F&&3 2t 59 I3t 24
gyl MeOH FZ2&3 MeOH F&=l4 +#8% CHLL-, EtOAc-,
n-BuOH, Z#jx H:0 7184 d&E58& 7FA 3L A3 DPPH free radicals &7,
hydroxyl radical A, DCFH*DA-E— /\}3-5' A gfdEe F FA4 g A

A A5 peroxynitrite AA %S 43tk Table 21 oA L.9F3k npe} o]
DPPHe| w3t MeOH F&E&3 2zt ] o RS0 A~AZEAL EtOAc » n-BuOH >
MeOH > CHCl: » HO Aol 152 ICs ZH4t 19.09, 47.85, 86.56, 156.09 1
2151 194.86 pg/mLelth. CH:Cl- EtOAc-, n-BuOH, z28]3 O 7I44 &2
20 pg/mLe F=du 4391 + 203 %, 4379 £ 1.16 %, 3825 + 493 % 181
5032 £ 6.25 %2 UA hF+Q troloxe F%=7F 40 ug/mL Adujrvie 73k &4
AaE AN AASE e Y. v, MeOHS oA=& 40 /zg/mLC'] F 5o A

J}i J
{o
_M

o=
% trolox®B ot EAAAZ A AAso] ¢kt EtOAcEH 2 gRERgs
- OHE 9 AA) 7= Aol Zdith ONOO Al 2= oA+ MeOH —r%%ﬂ} 7} FEE
< penicillamin (ICx 255 + 0143 ¥ PL wf ICs°] 15 pug/mLE = Zfo} R

_81;



o g4& BAo 53], n-BuOH 7F8A 822 ICxol 233 £ 012 wg/mLe
2 penicillamin® A3 &4 & Yelddet olE A= §39 e MeOH F&%&
Wk olygl MeOHolAM 8% EtOAc &3 o] free radicals, ONOO , hydroxyl
radicalsS ¥ 35t SX4AAZ 9 A7 AEo)H, free radicals, ONOO , &4 A%
o] &A =& Aol 1E9 st FAlS] 7odsit) o] A2 EtOAc Fwo] 29
EdANA B 2ABY S A= v CHCLY H0 88 g 848 B
F AT

2
u
i

Table 21. Antioxidant activities of extracts derived from Albizzia
julibrissin on DPPH, - OH, ONOO , and ROS

Samples DPPH* ONOO° - OH° ROS?
MeOH 8656  11.76+ 0.76 -165.95+ 20.64 31.95+21.3
CH:Cl2 156.09 1742+ 0.79 -428.17+ 16.29 4391+ 50.0
EtOAc 19.09 1162+ 0.76 58.71 = 5.49 4379+ 3.4
n-BuOH 47.85 2.33+£0.12 29.46+ 3.36 3825+ 3.7
H20 19486  16.83+ 1.40 20.57 + 8.88 40.38 £ 3.20
LL-Ascorbic acid 1.63
Trolox 4536+ 14.64
Penicillamine 255+ 0.14

“DPPH is the free radical scavenging activity (ICsx : Bg/mL). "ONOQ™ is the inhibitory activity of
peroxynitrite (ICs * Bg/mL). “ - OH is the inhibition percent of hydroxyl radical generation in 1.0
mM H»0» and 0.2 mM FeSO, at the test concentration of 40 ug/mL. “ROS is the inhibition percent
of total free radical generation in kidney postmicrosomal fraction at the concentration of 40 pg/ml.
(+ROS inhibitory concentration at 20 pg/mL).

(2) §t8ty] EtOAc 3 tdA a9 3gtsE
FAsE B4 S 2h= EtOAc 7H84 g7 o
=0

2} 25)3 -‘?’—Elo}oit} l ﬂﬂ‘j

=y avonoids (24
B2t Aol data®l W nlslo]
A Chamsuksai et

(
al., 1981 ; Farag et al 1997 Park et al., 2000) g & Albizzia %

AME= AFoz WA U

(3) F3vjo A Held 3gE 249 259 itz FA
stE 2437 259 Abs 4S8 Table 220 dERdch 3HgE 243
DPPH @tz A ICs 852 uMTF 2.20 uMS 7FA A 23 kst 84S
oW L-ascorbic acid®] ICs 12.78 pM¥} vz gL wf 2z 2uj9} 6w} £
ICso YEFNRATE. 3I3HE 249 25¢ =3 &4 A axFoA zZHzd ICs 0.73 + 0.
M3 390 = 015 tME 7[R E A3 A AL B 3 E 242 5
trolox R Suljvt g 48 7H3th ONOO Ala®lolM, 35HE 249 25+ 7
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2+ 1Cs 421 + 012 uMiﬂr 578 + 021 uM=< 7FA" A penicillamined} ¥] X3
s W FE A A4S BI. FFE 249 258 - OHAA = 44 ICx 459
0.21 uM3} 858 + 0.66 uMa— 7AW BEe] #48& BT ¥ E IgE 2
DPPH &tz 2AE, & Fulegls agla Alxsyd ZAdo] o, 348E 2
g A5 #IA ojn] BEE o dor} 249 259 kst A %}811*1
2 Lolt) (Lee et al., 1993 ; Westenburg et al., 2000 ; Park et al., 2000 ; Choi
et al, 2002). 7z &9 F#AAA A Ao 249 25+ RE HFH 2 A =H
oAl £ AL YEIWER B-ring® 3’4 -ortho #5717} &akst &Ado 7H
TasithetE A JheE vk

A o ok

Table 22. Antioxidant activities of compounds derived from Albizzia
julibrissin on DPPH, - OH, ONOO , and total ROS

ICs0 (BM)
Compounds - 5 " p

DPPH® ONOO - OH Total ROS
Sulfuretin (24) 852 421+012 459+021 0.73+0.07
3’4" 7-Trihydroxyflavone (25) 220 578+£021 858066 390+0.15
L-Ascorhic acid 12.78
Trolox 398 £0.07 366+0.17
Penicillamine 446 £0.11

“DPPH is the free radical scavenging activity. PONOQO" is the inhibitory activity of peroxynitrite.
“+ OH is the inhibitory activity of hydroxyl radical. “ROS is the inhibitory activity of total free

radical.

A, &9 garsl A

(1) £% MeOH F&E3% 7 i 59 3its 44
Table 23914 @ 93 ule} o] DPPH Z7}&tel glof FE2EE9) <=
EtOAc> n-BuOH > MeOH > H:0 > CHCh ®8E&E ¢£23 754 7}
FEEEY ICyne 747 132, 243, 325, 251 % 454 g/mL °lsl& ~
EtOAc 7184 # 3 &o| free radical® 27 dt=Hd 7}1} Hold g3 & 7HAI
thi= o] FolElom 40, 40, 2 10 g/mLe FxolA EtOAc-8#2 -OH, %
g4 A4AE 2 ONOO & 22z 8213 + 531, 5915 + 34, ¥ 956 =z
AR A dAAT. o2 A £ MeOH F&5& % otz MeOH
EtOAc- 82 % free radical, ONOO 2 -OHS X A AAaFe AAAYLS
o = e free radical®} ONOO % &4 4 AASHE THL o8y
aakst g Adol osiA yElEith EtOAc %8 = =
A, CHLLE H0 ¥ 5 tf 2% md A28

s
o0
=

s
=

> ro b oo
O
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Table 23. Antioxidant activities of extracts derived from P. densiflora
on DPPH, - OH, ONOO , and ROS

Extracts DPPH®  ONOO’ - OH° ROS*
MeOH 325 80.38+ 144  -2979+5.18 -392.80+ 21.3
CH.Cly 45.4 2136+ 1.04 -357.45+ 104 -907.36+ 50.0
EtOAc 13.2 95.60 + 0.09 82.13+531  59.15+ 3.4
n-BuOH 24.3 82.28+ 1.89 6170+ 442 5055+ 3.7
H:0 25.1 69.02+ 1.29 2766+ 043  40.38+ 3.20
L-ascorbic acid 9.1 147+ 15
Penicillamine 93.14+ 0.52

“DPPH is the free radical scavenging activity (ICs : Bg/mL). °ONOQO™ is the inhibition percent
of peroxynitrite at the test concentration of 10 ug/mlL. “- OH is the inhibition percent of hydroxy
radical generation in 1.0 mM HxO» and 0.2 mM FeSO, at the test concentration of 40 pg/mL.
“ROS is the inhibition percent of total free radical generation in kidney postmicrosomal fraction at
the concentration of 40 pg/mL.

(2) €9 EtOAc &4 &4 sFEEY st 24
aksl #48 Z2he EtOAc 7H84d R o2 RE shvel MEE flavonoid (29)
422 flavonoids (26, 28, 30, 31)¢}t o] ¢ % lignan (27)&
TStk olE FFEELS 47 (+)-isolarisiresinol  9-O-B-D-xylopyranoside
(27), kaempferol-3-O-B-D-galactopyranoside-6"-acetate (26), kaempferol 3-O-
p-D-galactopyranoside  (28), 5,784’ -Tetrahydroxy-3-methylflavone-8-0O-B-D-
glucopyranoside (29), kaempferol 3-O-p-D-glucoside (30), 6-methylkaempferol
3-O-B-D-glucoside (31)EH, #3342 wHoz EM3, HFAHOLZ HFA
29 vty #Elgozy urglt o)y F¢E F 57,84 -tetrahydroxy-3-
methylflavone-8-0O-B-D-glucopyranoside (29)= oA+ Loz HAEY o
™, kaempferol-3-O-B-D-galactopyranoside-6"~acetate (26)= ZH oA 2HA =
AR T

(3) £dA ¥ compound 26-282 FAr3} A

Table 2494+ &8 3709 stgEES Fibs €48 ettt Flavonoids
2! kaempferol 3-O-B-D-galactopyranoside (28) % o]Z¢] 6"-acetate (26), “1&]
i 3] lignan$! (+)-isolarisiresinol 9-O-B-D- xylopyranoside (27) DPPH<%}
ONOO =®ll Alzglo A F& kst &4E& Re]FArh Lignan (27)2 DPPH
radical®ll dis] ICxel 7.42 MA kxSl 72 & radical 24 FAAS B2 3234
2 & 492 L-ascorbic acid Bt @37} 9} = b2 33 ONOO <A 3}
e 27+ ICx°) 2986 + 020 M AEE FAEY A7 AL Yelsich
Flavonoids (26, 28)% ONOO o 3] ICxo] Z+zt 2442 + 124 M % 1699 +
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399 M A2 FH Axe A48 velWon DPPH radicald]l tdid < ICx°]
747y 9234 M 2 7274 M AER %S 2AZAE YeEhldd Lignand &34
(antitumor), ¥ A2EH X (antistress), FHAHEE  (antimitotic), Fno]e X
(antiviral), &7FHI¥ 54 (antihepatotoxic), ® A& A4 22 YA A&

g #g4E& hva deEA sl

Table 24. Antioxidant activities of isolated compounds derived
from P. densiflora on DPPH and ONOO

Compounds DPPH* ONOO *
26 92.34 2442 + 124
27 7.49 2086 + 020
28 74.72 1699 + 3.99
L-ascorbic acid 7.98
Penicillamine 320 + 0.36

“DPPH is the free radical scavenging activity (ICsy @ UM).
"ONOQ" is the inhibitory activity of peroxynitrite (ICs : UM)

At e

it

Aube] Akl 3

s

4

(1) ¥3 E4Y MeOH 287 7t #3559 &itst €4

e EAYe MeOH FE£E3 7z 23 EE9 DPPH radical 274 &3
Table 25 oA YeEl AT MeOH FEE 3 of7|oA ¥ H EtOAc, n~BuOH, 1
2]31 CHCly &&9 1Cs& Zh2F 3399, 3.30, 11.11, 28]a 1626 ng/mL o] A2,
WA n-hexane-# HO 7HA4 FEE2 947 1t (>80 wg/ml). H+ B4
o] MeOH F&&E 3 o] #&EdA n-hexane-, CH:Clo-. EtOAc-, n-BuOH-,
a8l HO-8ujz EFHE FEES ONOO & 9AAAE #A4L EtOAc >
n-BuOH > CHxCl; > MeOH > H.O > n-hexane o™ olE2 ICp2 Z+2t 0.7
£ 008, 16 + 008 28 + 011, 119 + 068, 142 + 020, L& 32 >>100 pg/mL
2 E3 ENTY MeOH FZ2EA 8% EtOAc 7H&A o] ONOO & &
Zlste 297 FEHAA JEw 53 ONOO ¢ AAA=Z 2 d#Hzx
penicillamine .t} = ONOO & A Asl= a37F £t n-BuOH 8% %  EtOAc
R oE sttt ONOO oA 72 27 #48 Jepidth. 22y n-hexane 7}
4 JEL AFEiAR }1—;— Aol gilth. EtOAc, n-BuOH, 18] CH:Clz 3
T2 total ROSOIME Z+H2F IG5 69 + 044, 252 +3.03, 28l 284 £ 091 n
g/mL-& 7HAT oAl aﬂ]%} 3 7T
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Table 25. Antioxidant activities of extracts derived from P. frutescens
on DPPH, ONOO , and ROS

Extracts DPPH* ONOO* ROS¢
MeOH 33.9 119 + 068 -
n-Hexane >120 >>100 -
CH:Cl2 16.3 28 + 0.11 284 + 091
EtOAc 3.3 0.7 + 0.08 6.9 = 0.44
n-BuOH 11.1 16 = 0.08 25.2 + 3.03
H:0 86.8 14.2 £ 0.20 79.3 £ 6.60
L-Ascorbic acid <0.63

Penicillamine 291 + 064

“DPPH is the free radical scavenging activity (ICs : pg/mL). “ONOQ is the inhibition percent
of peroxynitrite (ICs : Hg/mL). ‘ROS is the inhibition percent of total free radical generation in

kidney postmicrosomal fraction (ICsp @ ug/mL).

(2) %8 5709 EtOAc S¥olA Ralq sguse) 12 44

(7}) Compound 32 (chrysoeriol)9] %

o] 3g&el 'H-NMR & ®% 8691, 620, 651 A ring?] H-3, H-6 2181
H-82 #A T §757, 693, 75690 proton®] 63.89°) = methoxyleo]l &A)ste},
BC-NMR ol A% 85520004 31x}#4oll methoxyl?] 2 X13hel 4 peakst W
kol o]tk AHxpdel peak, LB 8181.762) ketone peak® &N =} S
o] 3}g&E2 HMBC, HMQC spectrum 2 & proton-carbon® %S <lsle]
chrysoeriol 2 %2 9] t}.

(4) Compound 33 (apigenin)®] +*%

o] &% 'H-NMR spectrum € R¥ 8651 (J = 2008 620 (J = 2.0)9]
proton®| coupling 3 Y& & F dowW, B ringd 2, 6 proton¥} 5, 3’
proton®| FHE] eI HAS o]F Y-S & F AA, §12.969 hydroxyl”]
o & singletS 2% = gl ¥C-NMR spectrum o4& B ring® §115.85%}
128.38¢] carbone] =3 %ol YElEE & 4 low, 8181.642 hydroxyl7]el <} &
g2 peakE ¥ = A Ao} =3¢ data (Nakasugi, 2000)Z v]
o3

w3l o] 3}3-E S apigenin

IO aw
S
o
o
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(}) Compound 34 (luteolin)®] %

o] 33 2% compounds 32, 339 w7123 'H-NMR spectrum o4& 37]¢]
aromatic protone 07.41, 694 18]i 744 signal?l B ring H-2', H-5', H-6'9]
couplingsli &< & = A=W T 86229 66502 A ringel H-63 H-8&
g3ttt PC-NMR spectrum® B 110~150 Ake]€] benzen ring®l ¢ 8 peakE
g = lomg o)ite] AR o] 3Eo] Juteoline E F A AT

(3) B2 =AW A Ba 9 compound 32-342] &4ts) A4

e B WEge FE5E9 EtOAc A £¥€ sgEse itz g4
< Table 26914 YeENRAT 29 3FEE 5 luteolin 143 + 0.27 ug/mLe)
IC50E 7FA™ ONOO & 9AAZH o™, 20 pg/mL s=NAE 53 % total ROSE
AAA A Luteolin®  ONOO A& E ONOO 2AA=Z = d#HA
penicillamine Ett%E 28] ojAto & 7 gt Luteolin® T3 ICs%] 1.70M &%
A DPPH radical ~124-<% Yeldth Luteolin® radical &4 3%+ & <4¢
ZV gAFskAIQl L-ascorbic acid®the 4 o a37F E3kth Luteoline &413}HA)
2 Z a3 o} (Torel et al., 1936).

Table 26. Antioxidant activities of isolated compounds derived from
P. frutescens on DPPH, ONOO , and ROS

Compounds DPPH" ONOO ° ROS*
32 >100 Ns? 50 + 03
33 >100 NS 50 = 05
34 1.7 143 + 027 530 + 2.2
L-Ascorbic acid 115
Penicillamine 291 + 064

“DPPH is the free radical scavenging activity (ICs : uM). "ONOQ is the inhibition activity of
peroxynitrite (ICs @ BM). “ROS is the inhibition activity of total free radical generation in kidney
postmicrosomal fraction at the concentration of 20 ug/mL. NS is represent as no effect up to a
concentration of 100 uM.

7 RolA EeEld ddEEY 7224

Compounds 36-383 phenolic glucoside(39)-2 methanol %92 n-BuOH 7}&
A BEo A Eaeledrk 36-389 TF = kaempferol 7-O-B-D-glucopyranosyl-
(1—3)-[B-D-glucopyranosyl-(1—6)]glucopyranoside  (36), kaempferol-3-0-(2-0
~feruloyl-p-D-glucopyranosyl-(1—2)-B-D-glucopyranoside)-7-0-glucopyranosi
de (37), kaempferol-3-0-p-D-glucopyranosyl-(1—2)-B-D-glucopyranoside-7-
0-B-D-glucopyranoside (38), 1-O-sinapoyl glucopyranoside (39)2 d#Hx 3%
A2l Hole sk nuwslA FASAC FE 36F FAY =F BUE dAa, AMa
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Hhg-wel Mg-HCl test®t Molisch testoll A/l EEZ Ao g yelhys oz RHo}
flavonol glycoside®} 54+ 7MtE ZAE & 4 9lth Negative ion FAB mass
spectrum [m/z 771: (M-H)"12 36% kaempferol triglucoside©|t}. 365 A 714 %
A aglycon2 A kaempferol® ¢ D-glucose® ARTh 'H-NMROA
anomeric proton¥} H-2A}o] coupling constant’} ¢F 75Hz Afolo} YElY= HO=E
EO} B E glucoser % UE glucose 3= aglyconedl B-A¢s A2 & F

. 369 UV spectrumoll Al 2683 371nmell 3-hydroxyl flavonol?] &l =
o &3S YERRTE NaOMe# 7FA] band I o4 19nme] Aulxdroe o] Wele}
AICIL+HCl €A Al bandI°] 25 nm °]%& C-4 3% C-5 YA free hydroxyl
groups®| EAE FZ3Th NaOAcE 8 ¥ Band HolA Fapdtho 2 o] w3t
7b 9le2 2 glucose= flavonol aglycone®l C-79 ZA¥stxz At} 369] HMBC
spectrum®| 4] 85.079] glucose anomeric protone & 6162.85° kaepferol C-73}
#HAFA oM §4.02 (glucose-a)9t 8539 (glucose-b)ell THE glucose anomeric
protons®] signals< Z+zF 8§77.149) C-33 868.019] C-6 inner glucoseQ‘r #H
i1, glucose-b¥= C-6° inner glucoseet #AEF UL} o] AHES 722, 369
+&v  (kaempferol  7-O-B-D-glucopyranosyl-(1—3)-B-D-glucopyranosyl-(1—
6)]-glucopyranoside) =4 2 A 84 ol AL HAgGA AEATA] HE B}
3}gHE 36-392 27t 8.6, 24.7, 31874'} 8.6 ug/mle IC5* DPPH #u]zte] &A%
d€ YeR ATk vEA L-ascorbic acide IC5%7F 1.9 pg/mio] Ao}

. wa EtOAc oA 8¢ 33E 59 peroxynitrite 44 &4

Table 28%} Fig. 13914] #2]l ¥ diarylhepatnoids® peroxynitrite 27 24 &
LR QL e gk 3-methoxy-4-hydroxy-cinnamoyl (feruloyl) 7] 7}
peroxynitrite®] 7= d 2AAUJE vERHA WA coumaroyl 71E 7FH curcumin
M 2A a37F ¥dr}d. &3, feruloyl7| & ¥ 7| &FstE= curcumin 1 & 7
dEs A4 2A4E RA9FAY Curcumin 19 &4 242 penicillamine¥} B8]l
AEsIG S ZH2 400 £ 0.04pMe} 238 + 0.34uM o]t} Peroxynitrite 427
gAe gt 52 MeOH F%%&, curcumins [, I zglx Me] AthAel 424 &3
S TERAHQA Aol AdY="E F grt FRASFE curcuminl & F 79
ortho-methoxylated phenols¥} $F 7] B-diketone ©.& o]Fojx Jom 18]x 21
5 27 FAAEF (conjugate)Fo] QL curcumin S F 709 parahydroxylated
phenols#} ¢ 7f¢] B-diketoneS.E o] FX  wbHo|  curcuminllE  ZHZ} ortho-
methoxylated®} para—hydroxylated phenols, 18] 12 B-diketone®. & o]Fo]x 3l
o} olgd AFMZ H¥Y ortho-methoxylated phenol (feruloyl group)e] 7F% =2
peroxynitrite 271 245 Yehll7] f5te dasitie AS SHsi. ] ANEL

==

oo

peroxynitrite <& tyrosine nitrations A AstE H29 A7 Z2yE 2 AF5HA
t}. Ferulic acid® p-coumaric acid®t} vl t] 7@ 3t} (Pannala et al, 1998).
Hydroxycinnamates®} 34l ¥ phenolic acids*= E9 F42-F9 EA4(Rice-
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Evans et al, 1996)3 o%-Zd E35 52 (Salah et al 1995)0) o8 A 7+
FHRAEEAMY 7S v RuEHdY 2E AFEL o] FFPEEE WA~
S #E  tyrosine®] peroxynitrite®® <13k nitration® WS F
dihydrorhodamine 1233 DNA(Oshima et al., 1998)2] peroxynitrite 2.2 <13 4}
AA & 4 Ar}t o] ZHEL eyt peroxynitriteds ] EAdo] 3}l ol W3}
14 2

rk
o2k

oA o]F oA WA o] 7R g FHEY FFEE 17
AME HgHAttn & £ g} o] A3 £H9 MeOH =53 149 vhokst
HQU%, 83 ol R2EFY E3 AR5l peroxynitrite® 1%k F A3} &
A= A 9174]'5}% A ‘/}E}Lﬂmofﬁ olg HAs}t

H =

s AU gAY 94 o ot }}\ﬁaa}—b 01741]3}-

100
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N 8o
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Fig. 13. Concentration-dependent scavenging of curcumin I, II, III
and penicillamine on authentic peroxynitrite.
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Table 27. Peroxynitrite scavenging activities of extracts
derived from C. longa

Extracts ONOO“

methanol 1.7 £ 0.08
dicholoromethane 1.3 + 0.09
ethyl acetate 0.3 £ 0.08
water 5.0 t 767
penicillamine 13.14 =+ 0.52

Table 28. Peroxynitrite scavenging activities of isolated
compounds derived from C. longa

Compounds ONOO “

curcumin [ 1088 + 0.11
curcumin II 1890 £ 0.90
curcumin I 9653 + 4.20
penicillamine 1594 + 2.31

ONOO™ : Inhibitory activity of peroxynitrite (ICsy: pg/mé)

s}, 3}51 9] peroxynitrite A& &4

(1) &+ MeOH FFE3 7} #3259 peroxynitrite 2434
g9 MeOH FZE3 FAo] & ztz} 3 EE 9] peroxynitrite 2A 2
Table 2994 YEFHATE 10 pg/ml XA MeOH FEES 5089 + 062 %<

w2,

5

27 245 JUEUAT. MeOH FEEA4 EIdd IA4o g PIEEY
peroxynitrite 2AEAHE HAHEA FUAdFE 10 pg/mlol CH.Cl: (6868 + 0.99
%) > EtOAc (39.68 + 3.02 %) > n-BuOH (3420 + 343 %) > H:O (6.08 *
230 %) fr. £ 2 YEMY T Peroxynitrite 2AAZ 2 <482 penicillamine
24 (7123 £ 115 %) Bos v vbe g348 Jehldoh

w9 MeOH F&5&E3 40 v 474 ¥8&559 total ROS 274 42
Table 3014 vrebW ATt

it
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Table 29. The peroxynitrite scavenging activity of various

fractions from Scutellaria baicalensis

Inhibitory ratio (%)

Samples mean + SE
MeOH 50.89 + 0.62
CH:Cl> 6368 + 0.99
EtOAc 3963 + 3.02
BuOH 3420 + 343
HxO 6.08 £ 2.30
Penicillamine 71.23 + 1.15

“Peroxynitrite scavenging concentration at 10 pg/ml

Table 30. Total ROS scavenging activities of extracts derived
from S. baicalensis

Extracts Inhibition %°
Methanol 79.32 + 0.96
Dichloromethane 8140 + 1.70
Ethyl acetate 7311 + 1.68
BuOH 64.64 + 1.64
Water 31.80 + 3.32
Trolox 7738 £ 451

“inhibition %: Inhibitory activity of total ROS (MeOH and Trolox; 40Mg/ml, fractions; 20 bg/ml).

(2) #29 3E 59 peroxynitrite 27 A4

F59o EtOAc ¥ 224 H 9 353EE9 peroxynitrite 274 24& =43}
o 1 ZHAM}E Table 314 YeglA. 5 7, 2, 5 -Tetrahydroxy-8,
6'-dimethoxyflavone peroxynitrite 271 &#d s 2AA=zZ = LA
penicillamine®] FABTUE ICs B0 % JAsE) FA7F AN & Aoz no}
gAst 595 JElY S o4 S+ 92 o wogonine® baicalein & A o] A %3HA
th. Wb baicalein® BlE Al baicalin® ZA 3 A3 071 +0.019 ICx FHE
g FFEE F MY daks Aol wok

i
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Table 31. The peroxynitrite scavenging activity of isolated compounds

from Scutellaria baicalensis

Compounds ICso (M)

p mean * SE
Wogonin 6.70 = 0.30
5, 7, 2’, 5'-Tetrahydroxy-8, 6'-dimethoxyflavone 087 + 0.03
Baicalein 555 £ 0.28
Baicalin 0.71 = 0.01
Penicillamine 375 £ 0.09

3t. A4~ (Nelumbo nucifera) Stamen®| 3x+3} 34 AR

A (Nelumbo nucifera Gaertner, Nymphaeceae) MeOH F&&2 ONOO &
A8 s AAska =3 vjekE A DPPH radical® 47133l total ROS 2AE
AAstFom =z o] 7FA &uf, = dichloromethane (CH.Cl»), ethyl acetate
(EtOAc) 1#]1 n-butanol (n-BuOH)2o. 2 R Fstm AL #AME 2y EtOAc
7184 8 EoA s Aol yehytt wEld HbEE silica gel? Sephadex
LH-20 column chromatography® AF&3ste] AU 719 <&l flavonoids
[kaempferol (43), kaempferol 3-O-B-D-glucuronopyranosyl methylester (44),
kaempferol 3-O-B-D-glucopyranoside (45), kaempferol 3-0O-B-D-
galactopyranoside (46), myricetin 3’5’ ~dimethylether 3-O-B~D-glucopyranoside
(47), kaempferol 3-0O-a-L-rhamno-pyranosyl-(1—6)-B-D-glucopyranoside (48)
2 kaempferol 3-O-B-D-glucuronopyranoside (49)5 ¥tk o] &5 ol A
kaempferol (43)2 =RE AN g37F EUom kaempferol 3-O-B-D-
glucuronopyranosyl methylester (44) %} kaempferol 3-0-B-D-
glucuronopyranoside (49)& DPPH radical¥ ONOO A7A&4L el HEd
kaempferol 3-O-p-D-glucopyranoside (45) 3} kaempferol 3-0--D-
galactopyranoside (46)= ©# ONOO AA &AL e AT

Table 329} vteld ule} 2ko] EtOAc, n-BuOH 282 H.O ¥3EE2 DPPH
radical2 50 % inhibition concentration (ICs) X7} 2+ &4# 7 L-ascorbic acid®]
6.2 ug/mLet FAFSHAl Zbzb 135, 345 83 375 pg/mLEA 4E3s] A7 ok
Total ROS ZAAA gHd = o5 RFEEQ ICxn Av 27 781 = 091,
4225 + 033 18]3 6464 = 3.35 pg/mlEA, EtOAc & E ] positive control$l
Trolox (ICs 2842 + 121 ng/mhEr} €& F& dAaxkeE vt =3
MeOH F&E1 olel B EEL2 authentic ONOO & EtOAc fraction (ICs 0.11
+ 0.06 pg/ml) > n-BuOH fraction (ICs 3.41 = 0.26 pg/ml) > MeOH extract
(ICs 1890 + 214 pg/ml) > HxO layer (ICx 2801 = 1.21 ng/ml) > CHXCl
fraction (ICsp 3552 + 1.01 ug/ml) o= dAA3 A3t EtOAcH n-BuOH
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I+

T8 E9 ONOO AAZAE positive control€! penicillamine (ICs *& 827
0.06 ug/ml) Rt} ¢ guje} 2u|2 £ a3HE Yepdh o3y 2 Axnes o
79 EtOAc #8EA 71 B2 datstd EFdE0 gfrElo] doka BzbE o]
Si gel¥ Sephadex LH-20 column chromatographyE 338te] kaempferol (43),
kaempferol 3-O-B-D-glucuronopyranosyl methylester (44), kaempferol 3-O-p
-D-glucopyranoside (45), kaempferol 3-O-B-D-galactopyranoside (46), myricetin
3’5" -dimethylether 3-0O-B-D—glucopyranoside a7, kaempferol 3-0-a
~L-rhamnopyranosyl-(1—6)-B-D-glucopyranoside (48) 123 kaempferol 3-O-
B-D-glucuronopyranoside (49)& *8 FA3 . Table 3394+ o] & flavonoid
e Fakst 248 YEUdith olE FolA compound 43°] SA 3 Al7HA]
model systemo A 7FE -3 235 YE e compounds 44 9 49%
DPPH9} ONOO testoll A A &4 o] yeERY wbHol| compounds 453 46% T4
ONOO testol] A} &Ado] Yebytr}

Table 32. Antioxidant activities of the MeOH extract and its solvent
soluble fractions of the stamens of N. nucifera

a Total ROS® ONOO ¢

Samples c DPPH ICs0 (rg/ml) ICso (ng/ml)

s (Hg/ml) Mean+SE? Mean+SE?
MeOH 2735 > 100 1890 + 214
CH-Cl» 279.0 > 100 3652 + 1.01
EtOAc 135 781 = 091 011 + 006
n-BuOH 345 4225 + 0.33 341 + 026
H>O 375 6464 =+ 335 2801 + 1.21
L—-Ascorbic acid 6.2
Trolox 2842 = 121
Penicillamine 827 = 0.06

“DPPH is the free radical scavenging activity (ICsy: ug/ml). "Total ROS is the inhibitory activity of
the total free radical generation in the kidney postmicrosomal fraction (ICsy: bg/ml). ‘ONOQ™ is the
inhibitory activity of authentic peroxynitrite (ICsy: Hg/ml). “Values of total ROS and ONOO ™ were

expressed as the mean #* standard error of three or five experiments.
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Table 33. Antioxidant activities of isolated compounds 43-46 and
49 from the stamens of N. nucifera

a Total ROS” ONOO °
Compounds DPPH ICs0 (1M) ICs (UM)
ICs0 (1M) Mean+SE* Mean+SE*
43 13.8 2684 £ 2.05 3.00 £+ 0.07
44 61.4 > 100 1051 + 077
45 > 100 > 100 698 + 0.37
46 > 100 > 100 1659 + 399
419 20.1 > 100 318 + 0.39
L-Ascorbic acid 115
Trolox 6.09 £ 1.29
Penicillamine b1l = 0.23

“DPPH is the free radical scavenging activity (ICs: M), “Total ROS is the inhibitory activity
of the total free radical generation in the kidney postmicrosomal fraction (ICs: uM). “ONOO”
is the inhibitory activity of authentic peroxynitrite (ICs: UM). “Values of total ROS and ONOO

were expressed as the mean #* standard error of three or five experiments.
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24 . 34 phenol’“ 3} 3 & 9] Z}£7] bl

AAAEZSE e E phenold EEQ Z&71A

A2 5 2R E] peroxynitrite scavengerE -8 A3/ 8 600 F oAt
herbsZ screening 3t 2™, peroxynitrite scavenging activityts %34 ‘?3
= °]°‘L°}°1 AgstArt. ols F A9F, dyFY 4, A F Adx9 5=
73 Zgol dE Ao Z eyl o] 59 peroxynitrite scavenging activity
= Table 1) et}

Table 1. ICsp (uM) values on ONOO scavenging activities of active

compounds isolated from Prunus serrulata var. spontanea

Compounds 1Cso (uM)
Quercetin 0.9+0.2
Genistein 24.44+2.0
Genistin 44.5+10.6
Prunetin >>200
Prunetrin >> 200

Biochanin A >>200
Daidzein >>200

Penicillamine* 3.2+0.7

Aekol MeOH fractionE°] HZE® % 10 ug/mlolA YERAE peroxynitrite

scavenging activitys ZAFSH A "Wl 9] fraction ¢l 10 ug/mlef Al e
W= peroxynitrite scavenging activity® YEFWH AT (Fig. 1).
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Figure 1. ONOO" scavenging activities of Coffea arabica extracts (A), Prunus
serrulata var. spontanea extracts (B), and Nelumbo nucifera extracts (C).
ONOO' scavenging activity was measured by monitoringthe oxidation of
DHR 123 as described in Material and Methods.
Data are mean  S.D. of triplicate measurements. DHRI123, dihydrorhodamine 123 MeOH,
methonol; CH2CI2, dicholoromethan; EtOAc, ethylacetate; BuOH, n-butanol fraction.
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o] % EtOAc fraction®] 7}% 73 AL Uehllenz o] 38 ¢S &
Ak B8l EtOAc FolA #el® AR E9 peroxynitrite scavenging activity
5 ICopo.2 YEA =], 23 peroxynitrite savenging activity® A2 g s}
" quercetin, genistein® genistin®] «#=AlolH, o]5S& AEAR AAFAY. o]
Mo A  penicillamine® reference compound® A& W, querceting
penicillamine H.t} 723 &AL JelUgde. A5 ALE nastAE EtOAc
fraction®] 73 &A= L}E}H}‘” om o] & ¢L #a A 94 EtOAc F
o & AHEoE kaempferolJJr I TR FAAER dElA o olFddA THE &
’do] 7} kaempferols WAEAE ZAASY o™, kaempferol penicillamine H
o} 738t peroxynitrite scavenging activity®S  WEFWATE Ad AR S
peroxynitrite scavenging activity® 743 23} hydroquinone® phenol® d
el o] FdA 73 AE 248 JEblE hydroquinones WA A
A st ot

-

3

v
o

2. ONOO A 71A

e WEE, XY S FAAIE O T 92S @@EeE
4% 9 3l GSH reductaseo] ™8] peroxynitrite’} 7] X3 A8k s} A
535tk Peroxynitrites 2433 wrgAd oz g v Ao zHgslo] Abs} &
= nitrations ©F7|AlA SH7]9] W3} tyrosine? nitration & Z 3k}l o] HEHo

A peroxynitrite®] FEE Z7FA 7o Wl GSH reductase®] activitys= & A3 A
stElem o] Aeje] &AW protein nitration A EZ nitrotyrosine antibody &
o]-&sto] AESNE A} peroxynitrited] = EAH O F nitration 7171 B2HE
A}, o]#1 3+ peroxynitrite SA ol thdk scavengers 9 GSH reductase® B35 %
Lo sl Z=AFSA Y 28 = peroxynitrite® M3 &40 AL 007
controlg 10022 3 T Z 5 o] &7 scavengerd & 23| %‘”"3«] ol &
ZE o2 scavengers &4 E peroxynitriteo] 93 A A EHEE B I3
o (Fig. 2).
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Figure 2. Suppression of the activity of GSH reductase by ONOO and
restoration by hydroquinone or flavonoids.

The enzymatic change of GSH reductase activity induced by ONOQO™ in the

absence (A) or presence (B) of hydroquinone or flavonoids was determined by
NADPH reduction method as described in Materials and Methods. ##p<0.01,

#:%p<(.001 represent significant difference compared to normal or control.

of Jele]l &AW nitration level® western blote® =A% Ay
peroxynitrite®] *glol]l 23} nitrationS Z7}st T (Fig. 3).
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(A) ONOO ™ (uM) 0 25 50 100

(B) ONOO ™ (uM) 0 50 50 50 50
Hydroquinone (uM) 0 0 5 25 100

() ONOO™ (uM) 50 50 50 50
Compounds(uM) 0 2 10 20
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Kaempferol

Quercetin

Figure 3. Nitrotyrosine formation of GSH reductase by ONOO and
inhibition by hydroquinone or flavonoids.

The nitrotyrosine level of GSH reductase triggered by ONOQO™ in the absence (A) or

presence (B) of hydroquinone or presence (C) of flavonoids was analyzed by Western
blot with antibody specific for nitrotyrosine

a9 Bol At o] hydroquinone o ¥%E Z7AZol uwlg} nitration®l 7
#gst 4= glor 1Y Col A% genistin, genistein, kaempferol, quercetin®l]

T o]FEA4 49 nitrationd A AA|7F #EEFAG. I REAELS A
A 2  peroxynitrite scavenging activity®} Loz 9
peroxynitriteE scavenge dto] FAe] @i el modificationS & A o 24

29 BAHE RIslE oz ALEETU Scavenger€ 2l peroxynitriteo] 9
tyrosine®] nitration 2 #7142 spectrophotometric analysis 7 £33t} (Fig. 4).

PN 2 b

o boi rlo ox S mu
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Figure 4. Interaction of hydroquinone or flavonoids with ONOO . A,
tyrosine (500 mM); B, tyrosine (500 mM) with ONOO (500
mM); C, hydroquinone (500 mM); D, hydroquinone (500 mM)
with ONOO (500 mM)

°]& peroxynitirte scavenging mechanismg WERHE ¥ S 2 peroxynitritell
9]t nitration® FAZ 190 nmolA 600 nm7HA scandte] 430 nmt A 2] peakE
Zasl= Wyolt. 13 A¥ tyrosineo] #3F A olt} tyrosine ¥ peroxynitirte <}
of RE-g-l A A% 430 nm <A 2] nitration peak’} YEFUYHE A2 F pitratione 2
2] peroxynitrite® scaveng?dthe & ¢ & vl 23 BE  hydroquinone®l
g 1Y 0.2 hydroquinone< peroxynitrite @ interaction®] €38 430 nmoﬂ A
peak7} #ZE 2 Znitration FA 0 & peroxynitriteZ scavenge S & £ Utk
hydroquinone®}+= &2 genistein, genistin, kaempferol, quercetin ‘:}%
mechanismS 733t} & genistein, genistin, kaempferol, quercetin® 7 -$-ol+=
430 nm¢ peak’t YEIUA] gowmz  o]5L&  electron donation A
peroxynitrite® scavenge 3Tt Atm T wEbA scavengerE-> peroxynitriteol
o] &49] protein modificationg #3]&1th. I inhibitory mechanism< + 7}

T

A2 X o] = nitration® electron donation #}7 o]}, Flavonoids i= electron
donation ¥4 S 2 peroxynitrite® scavenge 3} 28, hydroquinone < nitration
Ao 2 peroxynitrite® AsstE Aoz vebgth Peroxynitirte AT A <l
superoxide®?} nitric oxide © It A2ASE AESFAY. 71 AF}  quercetin,
kaempferol, hydroquinone< superoxide ¢} nitric oxideol] ™3t 24 %S el

o 1 F quercetin 7} 73 @48 vehuigloh
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3. AEMAANA AZ A28

AR 3 cells& ATCColA #9%F w8 RAW 2647 macrophage cells A3
NOx (NOy/NO3) level& NO analyzer® =73} 2.9, protein level western blot
©Z  transcription factor® DNA-binding activitye EMSAZ A3
Scavenger®] A glol] & AEoA Ewu]E NOx9 inhibition & TZoEHSR
Z 7}k 9tk Macrophageol LPSE Helstd A5t 2ol cytokine F8 54
response £°| °F7]€th NOJ/NOsE ]2 g kg2 op7|Al7]E mediator 59 3}
U2 control AEjl A E & level2 Rojxnt LPS Azl <fs) ojs} ol Frtsh
At olelg =71 scavengerS 1, 5, 25 uM A gl wet ZAsen ol
298 AY3 Aol 9o ad=9 Eold BF 73 NOYNO; AdiAaxnE v
Bl e, isoflavonol Aol H] &) flavonol 79t hydrquinoned 73t &34&
e th (Fig. H).

Scavenger A z#ld 93 NOx v=9 ZA7F INOS expression¥® AAste AS
golstr] 98te] INOSE protein levels A&k 2 23 iINOS acitivation@}
NOxel =& dAxgtgden, scavengerd iNOS activationol vlx&= d&&S &<
g F AdATt (Fig. 6).
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Figure 5. Effect of hydroquinone or flavonoids on NO2/NO; production in
LPS-induced RAW 264.7 cells.
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Figure 6. Effect of hydroquinone or flavonoids on LPS-induced
iINOS level in RAW 264.7 cells.

The cells were pretreated with various concentrations of hydroquinone or
flavonoids for 3 hr and then treated with or without LPS (100 ng/ml) for 24 hr.
Total cellular protein was separated on SDS-polyacrylamide gels and blotted with
antibody specific for INOS as described in Materials and Methods. LPS,

lipopolysaccharide.

o]2} g INOS9] expression®] W3te] H2l-g FH37] HYdte] iINOS promoter
region®] ¢l transcription factorE ¢ activityol] 3t 238 AA T dF4
glo] 23 &S YeElE NF-kBY scavengerol] 2|3 &8 dolx it} LPS
A8l 259 60 minolA =43 Z3 Hydroquinone® isoflavonolZl ¢l genistein,
genistin® NF-kB¢] DNA binding activity® Z4&A1ZEA%  flavonolAl ]l
kaempferol#} quercetin®ll 4] NF-kB¢] DNA binding activityol]l @At zlol= #&
=2 &gt (Fig. 7).
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Figure 7. Effect of hydroquinone or flavonoids on NF-kB-DNA binding
activity in LPS-stimulated RAW 264.7 cells.

The cells were pretreated with hydroquinone or flavonoids for 3 hr in the presence
or absence of LPS (100 ng/ml) for different time points. Nuclear extracts were
prepared and assayed for NF-kB induction by EMSA as described in Materials and
Methods. LPS, lipopolysaccharide; NF-kB, nuclear factor-kappa B.

T o2 redox-sensitive transcription factor®) AP-19] scavengerol 3%
modulation %ehR gkt flavonol 1= AP-1¢] DNA binding activity® ## s}l
7 4A A 2., hydroquinone, isoflavonolZ| ¢l genistein 2 genistin> AP-19 DNA
binding activity o 93< v =] &= A7H2 Jehidct (Fig. 8).
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Figure 8. Effect of hydroquinone or flavonoids on AP-1-DNA binding
activity in LPS-stimulated RAW 264.7 cells.

The cells were pretreated with hydroquinone or flavonoids for 3 hr in the presence or

absence of LPS (100 ng/ml) for different time points. Nuclear extracts were prepared and
assayed for AP-1 induction by EMSA as described in Materials and Methods. LPS,
lipopolysaccharide; AP-1, activator protein—1

iNOS promoter regionel] £A3tE T2 transcription factor NF-IL62] scavenger
of 93t DNA-binding activity®] ®3}E dolr it} o]& FE tyrosine kinaseg]
activation®ol] ¢|3lo] &4 3l=] = transcription factorgl <&l 9t tyrosine Kinase
inhibitor® &8} 2A  genistein® NF-IL62JDNA binding activityE oA o)
genistin, flavonol#] ¢} kaempferol® quercetin, hydroquinone< NF-IL6¢] DNA
binding activityol] 43S WA x] &= A3E ey, I B2 scavengers <
iNOS 9] promoterol] 72} th=2 A #8319t} (Fig. 9).
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Figure 9. Effect of hydroquinone or ﬂavoﬁoids on C/EBPb-DNA binding
activity in LPS-stimulated RAW 264.7 cells.

The cells were pretreated with hydroquinone or flavonoids for 3 hr in the presence
or absence of LPS (100 ng/ml) for different time points. Nuclear extracts were
prepared and assayed for C/EBPb induction by EMSA as described in Materials and
Methods. LPS, lipopolysaccharide; C/EBPb, CCAAT~enhancer binding protein b.

o128t transcription factor® A sto] 388 F= pathway F2 st MAPK
kinase pathway % ERK pathwayE Z#AE&Sc 238 Zi NF-kBe DNA
binding activityel] wx& A& 3= we hydroquinone®} flavonolAl ¢l scavenger
7} ERK®] phorphorylations 1 Alstd o, isoflavonolZlel &S v kstdth
(Fig. 10).
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Figure 10. Effect of hydroquinone or flavonoids on phosphorylation of
ERK1/2 in LPS-stimulated RAW 264.7 cells.

The cells were pretreated with hydroquinone or flavonoids for 3 hr in the
presence or absence of LPS (100 ng/ml for different time points. Total cellular
proteins were prepared and separated on SDS-polyacrylamide gels and blotted
with antibody specific for pERK as described in Materials and Methods. LPS,

lipopolysaccharide; ERK1/2, extracellular signal-regulated kinase 1/2.

u\

{0

W, scavengerol] 9ol iNOS gene expressione & 43| 3
FH37] $98te] transcription factorst ERK U4tsE HES
2 A3} hydroquinone2 NF-kB, ERK9 14318 w5 AAAZA . FlavonolAl=
AP-1 DNA binding activity®}t ERK ¢14t3tE A AIH o1, isoflavonoldl &
genistein® transcription factor NF-IL6 % NF-kB¢| activationg ¢ A|3}% o,
genistin® NF-kBeo] @438 & Ao 24 INOS expressions At onE of
Z2 7¥38 NO pathway =& #gg veh™ Z+zd differentially modulate &
Aoz AtgHoh

]

4. &4 AR in vivo &4

Scavenger £9) in vivool PIXE QL tHEr] 9% 2EL AAEATE SD
ratS ol gstgion, 24zt 670Y, 20 M¥ ® FHE young™ old modelE ©] 85
o} o8& 15 mg/kg® 5U3 Folstdon, 6Uao) sacrify st%lTh protein level
S western bloto. 2 gatd om, ROS levels ZA3l7] #1359 DCFDAE ol &
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3t fluorometric assayZ A A3ttt ScavengerE<2 NO pathwayol] 2833 o2
2 53] nitrotyrosine level®} NOx levels ZA3]¥ 3tt}h. Young groupol H]3h
old group®l A protein nitration level> Z7tE Ao reference compound$!
indimethacine 3 $7 hydroquinonetw*, genistin, kaempferol o olA 1
nitration level2 723Gt NOx A vtolo wal £7}381% 29, hydroguinone
T, genistin, kaempferol ¥ TN E NOx levele ZFA 3] nitration¥ A3t
A74E YEPAY. 2 EE olE2 in vivo FEINAE nitric oxided] level S &
dsto] peroxynitrite®] Ao JFS vAG AtEAT AX W ROS Aol &
Wgk mitochondrial fractionol Al A4 levelE ZA3IA T yolo @& ROS
level ¢ S717F 138191 o™, o] Z71= hydroquinone, genistein, kaempferol®] %
oo  o)sle] AAFYUT. oS QoA AAZ hydroguinone, genistein,
genistin, kaempferol, quercetin®] peroxynitrite scavenging activity® YERHSI S
™ olEL& peroxynitrited] €3 GSH reductased TAAALE  A3AZHT
hydroquinone> nitration #A 22 flavonoids electron donation IH o=
peroxynitrite® scavenging 3t th. T3 RAW cellS AF-&-3519] LPSE IS JHE
2% modelll Al INOS Ao 23 NO A A7t =R er, o2k iNOS
gene expression?] downregulation® NF-kB, AP-1, NF-IL6% 2] transcription
factor®t ERK7} #d = Aolgt AlmHr} vpxwto g o]t 28] in vivool
By A& fHe7l 93 Aol A active componentse] Fololl 9)sle w3 3A
ol A F7F8 ROS, NOx, protein nitrationo] 1A= %ich 9o 23E ag=g o
Al A stATt (Fig. 11).
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Figure 11.
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Effect of hydroquinone or flavonoids on NOx level (A)
and ROS level (B) in wvivo.

The rats were administrated hydroquinone or flavonoids for 5 day. The levels of
NOx were determined by Griess reaction as described in Materials and Methods.
The levels of ROS were determine by fluorometric assay with DCFDA as
described in Materials and Methods.Y, young rat; A, old rat; Al indomethacin
injected old rat; AH, hydroquinone injected old rat; AGe, genistein injected old rat;
AGi, genistin injected old rat; AK, kaempferol injected old rat; AQ, quercetin
injected old rat.
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34, A5 1 e AR F87]%

T

M

A2 HRE EZE kaempferol, kaempferol 3-O-glucuronic acid, kaempferol
3-O-glucoside, and kaempferol 3-O-galactoside T AHEE9 ONOO
scavenging activity % antioxidative activitys @2 DHR 123 A 2k& o] &3}
microplate fluorescence spectrophotometer® 743} t}.

OH

Table 104 &<2ldt
activity &35 ey
Ebl L 9l

%o} kaempferol o3 ZF#E 3 ONOO scavenging
91, Table 294 antioxidative activity 548 4}

Ky
O;C_}l

Table 1. Peroxynitrite scavenging activities of active compounds isolated
from Nelumbo nucifera

Compounds of Nelumbo nucifera ICs0 (M)
Kaempferol 3.0 £ 02
Kaempferol 3-O-glucuronic acid 3.2 £ 07
Kaempferol 3-O-glucoside 70 £ 07
Kaempferol 3-O-galactoside 166 = 7.0
Penicillamine 3.2 £ 07

Table 2. ICsp (mM) of kaempferol on related free radicals scavenging activities

ICs0 (2M)
Components
NO - Oy
Kaempferol 82 £ 14 102.1 £ 26.3
Carboxy-PTIO 15 + 0.2 ND
Trolox ND 927 £ 13.0
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olo] kaempferol®] ONOO o] <2ls] WA= protein nitration® * 3 JEI}=
Western blotting ©.2 At X A3} Fig. 204 H %9} GSH reductased] ONOO &
A28t u nitration T QA= kaempferold A A el ddS wdx Fx oFE
A0 2 protein-nitrations AFALSE & F7F At )AL kaempferol©]
ONOO £ AAZL.ZM protein nitrationd A Aot AL ebar Qo

Kampferol (uM) 0 0 2 10 20
ONOO™ (pM) 0 50 50 50 50

4= GRx

Fig. 2. Effect of kaempferol on nitration of GSH reductase(B)

normal group¥ W] 13} control groupol Al NO/NOs; %¥o] oA Ae =7
R, control group¥ H|iLEte] kaempferol S A3 groupdl A& EF F94
NE A AHRE BRI (Fig. 3).

3k LPSE A 83 micedl X kaempferold] 2913 NOYNO:s% =4 3 A3
s R
o]

Fluorescence/min/mg protein

LPS - + + +
Kaempferol - - 3mg/kg Tmg/kg

Each value is the mean + S.E. of five mice

Fig. 3. Effects of kaempferol on NOx level in LPS-treated mice

a3 LPSE *83F micedl A kaempferold] <3 ROS AAUYS =A% Z3
normal group¥® Hlu3te] control groupolAl ROSE <ol Z713F 1, control
group®}t ¥l w3t kaempferole A8 e groupdl e EF FAdel 3 b &
45 2ot (Fig. 4).
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Fig. 4. Effects of kaempferol on ROS generation in LLPS-treated mice.

Aged ratg o] 839 kaempferol®] E#HE Yolri= AHE A, SerumolA
NO2/NOz2l %€ =3I A young groupol ¥8te] old groupolAd F2X A=

[e]
F7Ve B3, kaempferold Fo3F groupol A= FoA AdE #HAE Holx gl
(Fig. 5).

30 7
ok
254
20 4
s
= 15
10 4§
s
0 . . .
Age 6 24 24 24 (months)
Nelumbo nucifera - - 40mg/kg/day -
Kaempferol - - - 4mg/kg/day

Each value is the mean + S.E. of six rats

Fig. b. Effect of extracts of Nelumbo nucifera and kaempferol on the NOx
level in serum

_9__
o] old groupoﬂf\i 94 e F7HE KA 3, kaempferol 5% groupol A&
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Fig. 6. Effect of extracts of Nelumbo nucifera and kaempferol on ROS

generation in kidney homogenate.

Protein nitration A& g3E& A3 A3} ¢l Azpe} nlLst Axprt by
(Fig. 7).

Nitrotyrosine — s

Nelumbo nucifera - - + -
Kaempferol - - - +

800

*kk

Arbitrary density of Nitrotyrosine

Fig. 7. Effects of extracts of Nelumbo nucifera and kaempferol on the
ONOO -related protein nitration in aged rats.

L3 INOS 48 FE& Western blottings £3te] 483 A3} young groupell ®] &}

o] old groupell Al iINOS9] <o} F7}al L, old groupel A& kaempferols %o 3k
groupdl A= #asles 32 B} (Fig 8).
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Fig 8. Effects of extracts of Nelumbo nucifera and kaempferol on iNOS
gene expression.

vl A2 NF-kB 244 As)stE £33 EMSA ¥¥e £3589 activity® =

A% 23} old grouplA binding activity7}b &7}8t9l i, old group® H) @ et
kaempferols ¥ 3 groupol A 9] binding activity’} Z4ste a3 82910t (Fig

9).
Nelumbo nucifera - -+ -
Kaempferol T
Age(months) : 6 24 24 24

NF-kB—

Arbitrary density of NFx-8
Binding activity

Free probe —

Fig. 9. Effects of extracts of Nelumbo nucifera and kaempferol on NF-kB
Aged ratell 4 2] kaempferoldl ¢]3sto] k-By &3& Western blotting 2.2 213k

23 NF-kB7} old groupol A 7+43t9 o v, kaempferole F933F old groupdl A=
Ik-Bp7} S7Fste 5% JYeEda 9ot (Fig. 10).
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44, Bas 1 A el 4 A
I &4 2389 ROS ¥ ONOO™ a7 &4z 53

7b. @4 232 ROS 9 ONOO 47 @43 FARIHozRE FYAYR
1S9V
LS |

A FEE 100 ug/mle] Ast BEESY ROS A7 EA4E& A3 A
AT o] BEEXET =& ROS AA 4L ok ARES tA A-1, A-2, A-3%
%) st ROS AA 248 zAE 23, A28 33 388 Z+zt 6559
52 24e Byow, 8 A-27F M =2 AA Aol JdE Aeg Yeyt
t}. o] A2 positive control?] 56 %2 A7 &L 7} positive control?l trolox Xt}
=2 AAEHE BY (Table 1).

Table 1. Effect of the fractions from Salvia miltiorrhiza on ROS
scavenging activity (100 pg/mé)

ROS scavenging activity

Fraction (inhibition %)
MeOH 506 + 05
Fr. A 555 + 2.0
Fr. B 445+ 11
Fr. A-1 116 + 37
Fr. A-2 o7 15
Fr. A-3 513 + 24
Trolox’ 63 * 24

ROS scavenging activity was measured by monitoring the oxidation of DCFDA
as described in Materials and Methods. Each value is mean * S.E. of triplicate
reasurements.

= Used as a positive control.

webr 23 AclA Mozl ROS A7 &AL e A-28Fd 71913 Aoz A}
At} Table 2914 B A 2ol 10 ug/mle) ONOO o W3t #AA &4 HAx] A-2
go] 982 %9 73t A4S Hol FYorn oA 965 %9 ONOO o i3k #j7
&4d& 7Hzl penicillamineBth =tk o)A L wab A ¥o] crude extract@A @Y
positive control{! penicillamine®.t} ©< 73 &AL UElW Aoz HA gAZA
3 2R 7F ulg At R2E AAFE

- 116 -



Table 2. ONOO scavenging activity of the fractions from Salvia
miltiorrhiza (10 pg/mé)

ONOO scavenging activity

Fraction (inhibition %)
MeOH 8.5 + 0.38
Fr. A 86.7 + 0.61
Fr. B 785 £ 0.53
Fr. A1 134 + 0.74
Fr. A-2 082 + 0.06
Fr. A-3 984 + 0.16

Penicillamine” 9.5 + 0.11

ONOO scavenging activity was measured by monitoring the oxidation of
DHR 123 as described in materials and methods. Each value is the
mean £ S.E. of triplicate measurements.

* Used as a positive control.

B AT A, olH 3 crude extractFel 2 4L dehe HES A8 Al
7] A9 A2R e 4Re BAE A3 bl 79

lithospermate A, lithospermate B, Mg lithospermate B, NHy/K lithospermate BE ¢
AL o]ALE ONOO A|A 2A4& SHstnt.

A B lithospermate A, dimethyl
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Table 3. Scavenging activity of authentic ONOO by the constituents
(100 uM) from Salvia miltiorrhiza

ONOO™ scavenging activity

Compounds (inhibition %)
Protocatechuic aldehyde 74.11+£1.77
3-(3,4-dihydroxyhpenyl)

o yerosmpeny 42.33£0.66
Rosmarinic acid 82.38%0.27
Lithospermate 73.21£0.61
Dimethyl lithospermate 88.78+0.55
Lithospermate B 84.4410.14
Magnesium lithospermate B 82.84%0.19
NHy/K lithospermate B 79.6710.64
Tanshinone 1 -
Tanshinone IIA -
Cryptotanshinone 8.47+1.53
Penicillamine’ 70.49+1.21

ONOO scavenging activity was measured by monitoring the oxidation of DHR 123 as
described in Methods. Each value is the mean * S.E. of triplicate measurements.
* Used as a positive control. -, no effect.

Table 3041 E%o] ONOO A|A &Ao] Ld&lx v ¥ Ry A283dqA d&
A5 ONOO AA  ZAdFo] ZAstA detgtern I Fd 53], dimethyl
lithospermate A7} 8378 %2] A= 71 743 48 BAh

A-23-9e] gA 7R @A
lithospermate A& t}h2 A 23}

o 24 FE= 29 2% #2v 5o, dimethyl
2] F 7he] MErl(-CHyE 7FAa AA

e ox
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Salvia miltiorrhiza (2.9 kg)

MeOH extrat (890 g)
| H,0/CH,Cl,
’ Extracted with H,O
Fr. A (850 g)

| Extracted with CH,Cl,
Fr. B (40 g)

Sephadex LH-20 (H,0-MeOH) l
’ Tanshinones

Fr. A-1 Fr. A-2 Fr. A-3

MCI-gel, CHP-20P column
Eluted with H,O-EtOH

\4
Lithospermates

Fig. 1. Fractionation and isolation of Salvia miltiorrhiza
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Fig. 2. Structures of the active ingredients of Salvia miltiorrhiza.

OAZEA S e AdE9) ONOO AA EAd dist ICxn %
dimethyl lithospermate®] ICs (50%¢] A& &32 ehhE s%)o
7Hg A 248 JERATE o]zl ONOO AAAZ 2 dHA 3
(IC5=4.7 uM) B} 73t €4S YepdSlt; (Table 4).
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Table 4. ICso (BM) of lithospermates for scavenging activity of authentic ONOO

ONOO™ scavenging

Compounds (ICs uM)
Lithospermate 1.81£0.19
Dimethyl lithospermate 0.33£0.08
Lithospermate B 0.7320.17
Magnesium lithospermate B 0.60+0.21
NH./K lithospermate B 0.91£0.05

Penicillamine” 4.70£0.33

ONOO'  scavenging activity was measured by monitoring the oxidation of DHR 123 as

described in Methods. Each value is the mean = S.E. of triplicate measurements.
= Used as a positive control.

2. SIN-19] 93] A4d¥ ROS/RNS o dist &9 AA &4
7t @A 2] ONOO Al A &4

SIN-12 - O: ¢ NOE AAst=2ZH, A= ONOO 9 545 7F-qoed], ol#sh
aF ARl oigk SIN-19] AFAle] o AAHEE ONOO A4+ 457_5]’ A7,
A-2%F o OAl7Ex] AR E 2% penicillamine(ICs = 1.96 uM) Bt} @ ICxp 555
Bol F9lom 53| dimethyl olthospermate A¥ 7F¢ %& 060 uMe ICxn 5%
7V Zrs @48 vElAY (Table 5).

Table 5. Scavenging activity of lithospermates on SIN-1 induced ONOO

ONOO scavenging

Compounds (ICso 1M)
Lithospermate 096 = 0.01
Dimethyl lithospermate 0.60 £ 0.03
Lithospermate B 0.67 £ 0.02
Magnesium lithospermate B 098 £ 0.07
NHy/K lithospermate B 0.63 £ 0.02

Penicillamine” 1.96 + 0.20

ONOQO scavenging activity was measured by monitoring the oxidation of DHR 123 as described in
methods. Each value is the mean * S.E. of triplicate measurements.
# Used as a positive control.
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oG A -0 AA 24

SIN-19] &3 A== A7AA - O AATS AEI ZFH, lithospermate A,
lithospermate B, Mg lithospermate B, NH2/K lithospermate B ICs 247} 14.44,
1701, 1299, 2232 uM=E 7]& - Oy AAAQ troloxB o} 2kshA| gt vlwZ 733k A AL
A& yEpl e, dimethyl lithospermate A< ICxo7} 0.82 uMZ HA] 7Hd e
O AA 455 7K Aoz Jetdti(Table 6).

Table 6. ROS scavenging activity in SIN-1-induced ROS system

ROS scavenging

Compounds (ICsy 1M
Lithospermate 14.44 + 0.71
Dimethyl lithospermate 0.82 £ 0.02
Lithospermate B 17.01 £ 0.20
Magnesium lithospermate B 12.99 £+ 0.16
NH./K lithospermate B 22.32 + 3.63

Trolox’ 10.02 + 1.12

ROS scavenging activity was measured by monitoring the oxidation of DCFDA
as described in methods. Each value is the mean * S.E. of triplicate measurements.

= UUsed as a positive control.

o)A, ©ihgd o] ONOO it ofuet - Oy &= skl AARE < 4 Aich

ok @i AP NOAA 24

SIN-19] 9j&] AMA=E= ONOO o] g2 AFA S NO AASS AES A, oAl
7bA whal AR 5% 71E NO9 #AAA carboxy-PTIO® fAHsE NO AAFS e

_,‘

[‘

WA Table 7). )8 A#2 2 o thilgd®> ONOO B - Oy 7 ohet NOE Al
AAgezn ONOO F4& AT Aoz AbsFtiTable 7).
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Table 7. - NO scavenging effect of lithospermates in SIN-1-induced

- NO system

Compounds NO scavenging
(ICs0 uM)

Lithospermate 6.67 £ 0.40
Dimethyl lithospermate 5.00 £ 0.38
Lithospermate B 4.16 = 0.47
Magnesium lithospermate B 6.03 + 0.23
NH./K lithospermate B 504 £ 0.17
Carboxy-PTIO" 6.97 + 0.32

NO scavenging activity was measured by monitoring the oxidation of DAF-2.
Each value is the mean + S.E. of triplicate measurements.
* Used as a positive control.

3.LPS A#ld AF AF homogenateol A 2] G4 A& 2] ONOO”
2A &4

7t. @4 ¥ ONOO 24 &4

k2o LPSE AZsle] fE8 ONOO AAS dAsts v E
APt LPSE dAAMEZE FA3AA -0 9 - NOo| 233t
et A eb=dl, Table 8914 RBi= Zz} o] ONOO 47
dimethyl lithospermateZ} 9.22 uMe| ICxo.® 7FF 743 &4
ICx°] 196 uMe| penicillamine™} A A4S 7Hx= 2oz e o] 24
SIN-1¢] 93] A4 FEF ONOO o izt 2AT™ FASHA LPSel 93] f=
ONOO o M= 73k AAZAS e

ot
to 2,
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Table 8. ONOO scavenging activity of lithospermates in LPS-treated
mouse kidney homogenate

ONOO™ scavenging

Compounds (ICso uM)
Lithospermate 19.22 £ 0.62
Dimethyl lithospermate 9.22 £ 0.57
Lithospermate B 17.39 £ 0.23
Magnesium lithospermate B 14.67 + 0.68
NHy/K lithospermate B 13.45 £ 0.30

Penicillamine” 9.29 + 0.13

The mice were pretreated with intraperitoneal injection of 5 mg/kg and 24 hr later
decapitated. The kidney was isolated and homogenized with phosphate buffer. The
homogenate was incubated without or with active components. ONOQO scavenging
activity was measured by monitoring the oxidation of DHR 123. Each value is the
mean * S.E. of triplicate measurements.

= Used as a positive control.

@ AES F ROS(- 02, H:0,, - OH) &7 84

LPS Agl® w9229 4% homogenateE AFE-3led & ROSY AA%5S ZAFSIGIth
LPSE A glsld, dAAME7} SA3be 11, wheta NADPHOX COX, XOD¢} 22 g4 =2
st - Op, O, - OH 28 ROS e FEstAl ®rh Table 99X &
homogenateel] w3k FEHES Held & 3057 4L 275 AR FAF =
ROS =3+ trolox®} A IG5 F=E L}E}LH lom, dimethyl lithospermate”} 7F3
T 4aA A48 Bt 28 A dimethyl lithospermate®] in vivool A2l ROS % ROS
a7 B4E HEstzA 39
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Table 9. ROS scavenging activity of lithospermates in LPS—treated
mouse kidney homogenate

ROS scavenging

Compounds (ICso, 1M
Lithospermate 4,10£0.47
Dimethyl lithospermate 0.56+0.11
Lithospermate B 3.75+0.40
Magnesium lithospermate B 3.60+0.27
NHy/K lithospermate B 5.41+0.70

Trolox’ 2.4910.21

The mice were pretreated with intraperitoneal injection of 5 mg/kg and 24 hr later
decapitated. The kidney was isolated and homogenized with phosphate buffer.
The homogenate was incubated without or with active components. ROS
scavenging activity was measured by monitoring the oxidation of DCFDA. Each
value is the mean + S.E. of triplicate measurements.

# Used as a positive control.

o 9 A¥e -NO &7 B4

Table 10649t o] LPS Ao 2] A= - NOo| st &A5& =AM 23
A 7k o] SRS 25 carboxy-PTIOS A A 84S B F0oh LPS A
2ol ola] thAAMEA NOSel <& -NO7F 2= =, olejdt - NOo disid=
dimethy!l lithospermate”} ICx = 399 pM®= 7+¢ #3st 4S8 el o
carboxy-PTIO(Cs = 6.74 uM) Rt} F Hl o]ie] Zst &4 & HolFE Zojnk
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Table 10. - NO scavenging activity of lithospermates in LPS-treated
mouse kidney homogenate

- NO scavenging

Compounds (ICsp LM)
Lithospermate 692 £ 0.24
Dimethy! lithospermate 399 £ 0.36
Lithospermate B 692 + 0.24
Magnesium lithospermate B 6.33 + 0.14
NH»K lithospermate B 569 + 0.39
Carboxy-PTIO" 6.74 + 0.07

The mice were pretreated with intraperitoneal injection of 5 mg/kg and 24 hr later
decapitated. The kidney was isolated and homogenized with phosphate buffer. The
homogenate was incubated without or with active components. - NO scavenging
activity was measured by monitoring the oxidation of DAF-2. Each value is the
mean + S.E. of triplicate measurements.

= Used as a positive control.

4. In vitro 2 in vivool A G4 A< ROS/RNS A7 A

7. vl YPEN 83 Yy A Eo A cell viabilityoll ti3 dimethyl lithospermate
o] a3}

2 ATy AdoA RoFE U 7HA wibel @448 T 7P 2ol st
dimethyl lithospermate® 24z} 25, 5, 10 tMS A 2lstod YPEN A|39] cell viability
& ZAVEFIT) Fig. 314 9F zko] SIN-1 600 uMS Al £ A 2)stdS o SIN-19] 9
g Aol F-EH ONOO o &l MEZ7F controle) 75 %74 cell viability 7} &4 5
1, dimethyl lithospermates &7 A3k Al Lo M= cell viability7} &%= AdS
R o]=Z4 SIN-1o] o] AA=AR cell viability”F dimethyl lithospermateol]
o3 St e o] SIN-19 &) AAdE ONOO 7} dimethyl lithospermate©l]
olall A HozM cell viability7} 3} &8 Aoz AFzrgolHo)
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Fig. 3. Effect of dimethyl lithospermate on cell viability in ONOO -induced
YPEN endothelial cell by SIN-1.

The cells were pretreated with various concentration of dimethyl lithospermate for 3hr and then treated
with or without SIN-1 (600 uM) for 24 hr. The MTT assay was done as described in Methods. Data are

mean t S.D. of triplicate measurements.

th. AAPHA 93] Fxd g AREel AR dfopAlEe ROSAAC did
dimethyl lithospermate®] &3}

AAPH 500uM& ROS AAHE fFEg Akt 9 AfFopa|£e]  dimethyl
lithospermated A €l3le] ROSA/Ao] A= =715 DCFDA 33 probeE AlE-3hod
F ArjAdor A8tk Fig. 4014 2.5%©] untreated controlell ¥3] AAPH 242}
500 bM, 1 mM A= & 2 ROS Aol dAxsl Fristddew, z}2} dimethyl
lithospermate 1, 2, 4 pM AH2]3 AL ROS AAo] A&A 4=, dimethyl
lithospermate 4 IM-2 control®} 5-AFetAl ROSABA o] oA = 2 cHFig. 4).
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Fig. 4. Microscopic observation of DCF fluorescence in dimethyl
lithospermate(DML)-treated YPEN endotherial cell.

Cells were incubated in serum free medium with or without DML for 8 hr, followed
by DCFH-DA. A, untreated control ; B, AAPH 500uM ; C, AAPH 1mM ; D,
AAPH 500 uM + DML 1 uM; E, AAPH 500uM + DML 2uM; F, AAPH 500 uM +
DML 4 uM.

o} LPSA 2] A5 2] ROSe A4 levelol dimethyl lithospermateZ} V2= 93k

5 mg/kgel LPSE Aol Afste] LPSE AHulste] - O ARAE 24 F
2" ROS2F ONOO o H3F dimethyl lithospermate®] &3 ZA}eFIth LPSe] <]
3l ONOO ¢] AJAeo] F7hatd =5t dimethyl lithospermate 242t 1, 2, 4 mg/kg<] ¥
o] o]&) ONOO <2] AJAo] control level2 Z+4stAthFig. 5). %3 ROS A% LPS
of osf F7}E A% dimethyl lithospermate*]glell ol v% oj&4o g ZAsa
LPS Al vlaste] #5204 e Ao)E WMl 53], dimethyl lithospermate 2, 4
mg/kgs A3 S v control level ©]dt2 524 AA ROS Aol A= ATh
(Fig. 5).
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Fig. 5. Inhibitory effect of dimethyl lithospermate on ROS generation in
LPS—treated mice.

The mice were treated with LPS and then 1 hr later followed by intraperitoneal treatment with
dimethy!l lithospermate(DML). ROS generation were determined by fluorometric assay with
DCFDA as described in materials and methods. LPS, Lipopolysaccharide ; DML, dimethyl
lithospermate ; ROS, reactive Oxygen species. Each value is the mean * S.E. of six mice.
Statistical significance : bp<0.()5, :ﬁp<().()1 vs. LPS-only-treated group.

2. LPS A2 A9 €% A H%9 dimethyl lithospermate©] vX+= QI

LPS Aol 9] fd dFol 5% NO,/NO; leveloll dimethyl lithospermate®] <3
g5 ZAbetdh LPS Aol 93] &% NO, /NO; ¥E7F @A st 57}3}‘3?\9—‘3‘1 iy
2 mg/kg Aol 98] dFE NO /NG s=7F A8 ZAAaHAL, o742 7ol s
Apolg e c(Fig. 6).

- 128 -



100

#
i
80
T
o\")
2
o 40-
P-4
20 -
0 T T T
LPS (5 mg/kg) - + + + +
DML - 0 1 2 4 (mg/kg)

Fig. 6. Inhibitory effect of dimethyl lithospermate on serum NO; /NOs
levels in LPS~treated mice.

The mice were treated with LPS and Thr later followed by intraperitoneal treatment with dimethyl
lithospermate. NO: /NO; level was determined by Griess reaction as described in methods. LPS,
lipopolysaccharide ; DML, dimethyl lithospermate ; Each value is the mean + SE. of six mice.
Statistical significance : p<0.001 vs. LPS-untreated group and #p<().()5 vs. LPS-only—treated group.

5. =3} 3 F A 2] dimethyl lithospermate?] ROS/RNS A A A
7F. =3} 31# o A 9] dimethyl lithospermate®) ONOO 47A A4

wotE dFHANA Y dimethyl lithospermate®] ONOO AAH XS ZAsH7] ¢ 3]
6/d® B #AFe} 20 ALY @ @FA] dimethyl lithospermated 575 A}3}o]
ONOO &7 &4& ZAsth 6719 = g Fo) w8 20702 ® =3} 33 o) A]
ONOO Aol oA AA F7rEden, =3 3130 dimethyl lithospermate 5,
10 mg/kgd FASE A x o&H oz ONOO Aol 7AHAth Dimethyl
lithospermate 10mg/kg2S A} 8 EF 2] 49 ONOO levele]l 6 /1€ = 39
level 7HA 214 QAAl a8k vh(Fig. 7).
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Fig. 7. Inhibitory effect of dimethyl lithospermate on ONOO
generation in aged SD rats.

The rats were treated with dimethyl lithospermate and 8 hr later decapitated. The kidney
was isolated, homogenized, and analyzed. The levels of ONOO were determined by DHR 123
as described in Methods. Each value is the mean # S.E. of six rats. Statistical significance :
+#p<0.05, vs. 6-month-old rats and 'p<0.05 vs. untreated group of 24-month-old rats.

1} =3} 3F N A2 dimethyl lithospermate?] NO: /NOs levelol )3 #-&

=3td 3 FH N A9 dimethyl lithospermate® NO» /NOs; leveld] w3k 288 =
A ek A 6709 (yvoung) © EFHo] vla] 207 (old)E 3FH e NO: /NO; level
o] AAsA F7F=o] dQal, dimethyl lithospermateel] ¢l8] HA], &= oJ&EH o
2 NO:/NO;3 levele] 7Z+A %1t} Dimethyl lithospermate 10mg/kgS FAF 3§+ 3
Fol A9 NO; /NOz levelo]l 6712 B 79 level 7HA F24d AdA Fastdt

(Fig. 8).
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Fig. 8. [Inhibitory effect of dimethyl lithospermate on serum
NO: /NO;3; levels in aged SD rats.

The rats were treated with dimethyl lithospermate and 8 hr later decapitated. The kidney
was isolated, homogenized, and analyzed. The levels of NOy/NO; were determined by
Griess reaction as described in methods. Each value is the mean * SE. of six rats.
Statistical significance @ #++p<0.001 vs. 6-month-old rats and "p<0.01 vs. untreated group

of 24-month-old rats.

t}. =3} 3FA A9 dimethyl lithospermate?} ROS 4AA #§

w3k B H A, ROSY levelo] 671Y ARG AAstA F7F Hold At
g o&A 02 ROS level

Dimethyl lithospermate 5, 10 mg/kg8 FTAMS %
o] AAEYor, Z+zt 67049 BF ROS level TF F24 UA FasA
(Fig. 9). 2 Q39 Z#Z, wate] 4 82<¢ dimethyl lithospermated] = 3}7}7 of
A AR ZUMEE @4 ALE B oiygt FAHALFS AASE Aol s

= fIN
Aoz A,

- 131 -



40

* k% H#H## #H#HH#

30

20

10 4

RGOS generation (F/min/mg protein)

20 20 (months)
0 5 10 (ma/kg)

Fig. 9. Inhibitory effect of dimethyl lithospermate on ROS generation
in aged SD rats.

The rats were treated with dimethyl lithospermate and 8 hr later decapitated. The kidney was
isolated, homogenized, and analyzed. The levels of ROS were determined by fluorometric
assay with DCFDA as described in materials and methods. DML, dimethy! lithospermate;
ROS, reactive oxygen species. Each value is the mean * SE. of six rats. Statistical
significance @ =x:p<0.001 vs. 6-month-old rats and <0001 vs. untreated group of
24-month-old rats.

6. Dimethyl lithospermate®] ROS/RNS &7 &4 7|A

7}. Dimethyl lithospermate?] ONOO %A 7}A

A E0] o3 sfHe® ONOO & 4Aderbe ds) AESS T Tyrosine
< ONOO ¢} ¥k2-3t 430nmoll A &) &3S 7}A & 3-nitrotyrosine(Fig. 10)& A
Attt @ EE3 ONOO ©] wHg-3ste] @50l nitration® ] nitroshEo] A
AEe7ts ZES 23 430 amollA TREE A gom® (Fig. 10C, 10D,

10F) ©atAd®-o] nitration 1A 931, electron donationell 213 ONOO A% 715
dol AlAFE Y. 18] 31 Fig. 10A9lA HEo] tyrosme ¢lo] ONOO ¥ &A1& A%
430 nmol A peak”7} flov, A7l tyrosine B7Fe A9 430 nmoll A peak”} LERY

ST
W (Fig. 10B), Fig. 10D, 10E, 10FolA B o] wiARE S Z+zh 5 10, 20 M H 7+ &
AT TE oA o Z 3-nitrotyrosine?] peak’b AFEHA S & ¢ Atk o AL GAHA
o] - EH}AC R tyrosined nitrationd AATFE & F A3, o]HL electron

donation®l 2]} A7 %-& oju| st}
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Fig. 10. Inhibitory effect of dimethyl lithospermate on the nitration of

tyrosine by ONOO .

A, ONOO (40 uM); B, tyrosine (40 nM); C, dimethyl lithospermate (DML) 5uM with ONOO ; D,
DML 10 uM with ONOO ; E, DML 20 uM with ONOQ ; F, tyrosine, DML 5 uM with ONOO : D,
tyrosine, DML 10 uM with ONQO ; E, tyrosine, DML 20 uM with ONOO ; Each mixed solution
was incubated at 37°C with shaking for 1 hr and scanned between 190 and 6 nm with
spectrophotometric analysis. The spectrum of the peak displayed at 430 nm reflects the formation

of 3-nitrotyrosine.

Y. Dimethyl lithospermate®l albumin nitration A8 &3

Albumin® tyrosine®] ONOO ol 93} nitration & AXo @4 AEo] njxs o
&S anti-nitrotyrosine A2 AESITE 1 23 waF AEE albumin®] tyrosine
nitrations FE ojEAHoR A AHIATE & 5 AUTh oS T4 AdEol
ONOO & electron donation®] ¢ls] TIAoZ ONOO & A2ATLZA  albuming
nitrationg A 33 o2 AlmHh(Fig. 11).
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Fig. 11. Effect of dimethyl lithospermate on albumin nitration by ONOO .

Dimethyl lithospermate was added to bovine serum albumin. The reaction samples were
incubated with shaking at 25 C for 1 hr. After ONOO was added, all samples were further
incubated with shaking at 25 T for 30 min. DML, dimethyl lithospermate.
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5d. A Z2& 3R ;AR Whr
N2 =8 X2 Scheme 13 Zo| substractive library FolA young 32

9] cloned AAZIT HAZ old 2RANA HE FolE HoleE FAXE &
#A o7 AZEs= RDA 7E oz 18F w3t (Table 1).

cDNA- Representational Difference Analysis

!

Driver Only

Driver &
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v

No Linear Exponential
amplification amplification amplification

T35 Scheme 29 7o) young@ old #2lolA RNAE F%3}o] microarray w2
Ho 7 22F9 FAAE &3 (Table 2).
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Scheme 2. Microarray analysis
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Table 1. Genes up-regulated with aging

in rat kidney by cDNA-RDA

Clone Accession X
Gene name Function
No. No.
1 Rattus norvegicus cyclophilin B (Ppib), mRNA NM_022536 | Proinflammatory factor
Rattus norvegicus xanthine dehydrogenase (Xdh), .
2 NM_017154 | Oxidative stress response
mRNA
3 Rattus norvegicus Ferritin subunit H (Fthl), mRNA NM_012848 | Oxidative stress response
4 GATA transcription factor D13518 Inflammattion
5 Fructose 1,6-bisphosphatase M&6240 Gluconeogenesis
Rat receptor f d d glycosylati d ducts .
6 : . pror for advanced glycosylation end products L33413 Amplification of inflammation
(RAGE)
7 Rattus norvegicus gamma-glutamyl transpeptidase M33821 Oxidative stress/redox
8 Rattus norvegicus Ste-20 related kinase SPAK mRNA | NM_019362 | Serine/threonine kinase activity
9 TGF1-beta NM_021578 | Inflammation
. Interconvert active
10 11B-hydroxysteroid dehydrogenase type 2 gene NM_017081 L
glucocorticoids
11 Endothelin-1 NM_012548 | Inflammation
Inflammation/ extracelluar
12 pro~alphaZ2(Dcollagen (COL-I) AF004877 .
matrix
13 Fas-associated factor NM_130406 | Apoptosis
Rattus vegicus A'l'Pase, Na+K+ transporting, alph .
14 s n()rA gieus ase, = ransporting, alpha NM_012504 | Cation transporter
1 polypeptide (Atplal)
N Rattus norvegicus  Urinary plasminogen activator, _ | Tissue degradation & cell
15 . NM_013085 . .
urokinase (Plau), mRNA migration
i . . Activation of cytokine
16 Famm-Horsfall protein (Urmodulin) NM_017082 .
expression
NADH-ubiquinone oxidireductase 19 kDa subunit (EC
U au rreducta 4 subumt NM_022536 | Mitochondrial OXPHOS
18 Rat heat shock 70 kD protein 8 (Hspa8) NM_031165 | Chaperone
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Table 2. Aging-related up-regulated in rat kidney using microarray

Encoded protein Age Function
(fold)
Superoxide dimutase 3 (Cu,Zn-SOD) 16.12 Stress response
Cytochrome P-450 isozyme 5 (P450 IVB) 1325 Stress response
Cathepsin S 13.11 Stress response
Cathepsin E T 275 Stress response
Testosterone-repressed prostate message 2 (Clusterin) 1287 Stress response
UDP-glucuronosyltransferase 1 family 1232 Stress response
Stress-inducible chaperon (GrpE-like 1) 1211 Stress response
Selenoprotein W 1226 Stress response
Calpain small unit 12.45 Stress response

Low density lipoprotein receptor-related protein associated .
12.40 Stress response

protein 1

Pancreatic secretory trypsin inhibitor type II 1251 Stress response
Cystatin C 1289 Stress response

VHL protein mRNA 1204 Stress response
Pancreatic secretory trypsin inhibitor type II (PSTI-1I) 12,10 Inflammatory response
IgG-2b gene 12.20 Inflammatory response
Antigen CD37 1201 Inflammatory response
Leukocyte common antigen 12.36 Inflammatory response
Ly6~C antigen 12.10 Inflammatory response
CDR8I1 antigen 12.00 Inflammatory response
Toll protein mRNA (TLR4) 12.04 Inflammatory response
Complement factor 1 13.07 Inflammatory response
Platelet-derived growth factor receptor 1217 Inflammatory response

el 3 young# old A A wulaAg 2as & 2D/MALDI-TOF Mass®
M2 =3 E 15%S 22649t} (Table 3).
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Table 3. List of the identified peptides by peptide mass fingerprinting

g[():oYt ;g(i Gene name SXI;SI\[;(ZM Species pl |MW (kDa)
23 23 PROTEIN DISULFIDE ISOMERASE P11598 RAT 5.88 56623.7
24 24 PROTEIN DISULFIDE ISOMERASE P11598 RAT 588 56623.7
29 29 PROTEIN DISULFIDE ISOMERASE P04785 RAT 4.82 56951.6
42 42 ATP SYNTHASE BETA CHAIN, P10719 MOUSE | 518 56353.8
56 56 ACTIN P10365 THELA 544 456
79 79 PROHIBITIN P24142 MOUSE | 557 29804.2
101 101 ATP SYNTHASE D CHAIN, P31399 RAT 6.21 18632.3
2 2 Serum albumin precursor P02770 RAT 6.09 68719.2
8 8 Fibrinogen beta chain precursor P14480 RAT 7.89 54303.6
19 19 Alpha enolase P17182 MOUSE 6.37 471411
43 43 FRUCTOSE-1,6-BISPHOSPHATASE P19112 RAT 554 39609.6
131 131 Cathepsin B precursor POO787 RAT 9.36 37470.2
138 138 Antioxidant protein 2 035244 RAT 5.64 24818.7
174 174 Ferritin heavy chain P19132 RAT 5.86 21126.8
189 189 Tubulin alpha-6 chain P05216 MOUSE 4.96 49909.6
200 200 Peroxiredoxin 2 P35704 RAT 5.34 21783.8
201 201 Major urinary protein precursor P0O2761 RAT 585 20737
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