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Antioxidant Constituents from the Leaves of

Prunus serrulata var. spontanea

Hyun—-Ah Jung

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

Abstract

When humans use oxygen for respiration and combustion, reactive oxygen species
(ROS) are formed as by-products including superoxide anion radical (-O,"), hydrogen
peroxide (H,0,), hydroxyl radical (-OH), and singlet oxygen ('O,) and free radicals of
lipids such as alkoxyl radical (RO-) and peroxyl radical (ROO-). In addition,
peroxynitrite (ONOO") is the reactive nitrogen species (RNS) formed by the in vivo
reaction of nitric oxide (NO-) and -0, and followed by protonation to be highly
reactive peroxynitrous acid (ONOOH). These ROS and RNS may act as potent

oxidizing and nitrating agents to damage several components in the body, such as lipid,

protein, nucleic acid, and DNA. Also, these reactive species are likely to be involved in
many human degenerative diseases such as cancer, aging, arteriosclerosis, rheumatoid
arthritis and allergy.

For several years, many researchers have investigated powerful, and nontoxic
antioxidants from natural sources, especially edible or medicinal plants to prevent the
above free radical related disorders in human as well as replace synthetic compounds,
which may be carcinogenic and harmful to lungs and liver.

In an effort to find these natural antioxidants, we have focused on plants in the genus




Prunus, which have been previously reported the biological activities such as sedative,
anti-inflammatory, anti-hyperlipidemic, anti-tumor and antioxidant activities. There are
about 25 species of Prunus (Rosaceae) grown in Korea, but only 6 species are
indigenous. P, serrulata var. spontanea (Rosaceae) is a large sized tree widely
distributed throughout Korea. The red fruits of this plant are edible and are used in
traditional folk medicine against heart failure from beriberi, dropsy, mastitis, an
emmenagogue, and toothache. Also, the bark of P serrulata var. sponatenea, P
yedoensis, and P. sargentii, so called Pruni Cortex, have been used for detoxification,
and relaxation, and as an antitussive in traditional Korean medicine.

It was investigated the antioxidant activities of the methanol (MeOH) extracts of
several parts (leaf, flower, fruit, stem bark, and heartwood) of some selected Prunus
species, including P buergeriana, P davidiana, P padus, P. pendula for, ascendens, P
sargentii, F. serrulata var. spontanea, and P yedoensis by 1, 1-diphenyi-2-picrylhydrazyl
(DPPH) radical, tota!l ROS generation in kidney homogenates using 2,7'-
dichlorodihydrofluorescein diacetate (DCFH-DA) and the peroxynitrite {ONOO)
scavenging/inhibitory activity test. Most of the MeOH extracts tested showed significant
antioxidant activities with ICs,(50% inhibition concentration) < 10 gg/ml., comparable
to L-ascorbic acid (ICsy 1.71 mg/mL) as a well-known antioxidant, especially like the
stem bark of P pendufa for. ascendens with 1Cs, 1.63 g/mL. Most samples tested also
showed good antioxidant activities in total ROS, and the ONOO™ system. The inhibition
activity of P pendula for. ascendens stem bark, P. yedoensis stem and P serrulata var.

spontanea heartwood on total ROS were as good as that of positive control Trolox
(73.56 £ 0.31%) at concentration of 40 ug/mL with 75.84 + 0.91%, 72.06 £ 1.35%, and
7120 £ 0.63%, respectively. In ONOO™ system, the stem of P davidiana, and the leaves
and stem of P sargentii showed the stronger inhibition activity than penicillamine
(74.14 £ 0.47%) at concentration of 10 sg/mL with 92.84 + 0.16%, 91.92 + 0.88%, and
91.63 £ 0.39%, respectively.

Also, it was evaluated the antioxidative activities of the solvent-partitioned fractions,

such as dichloromethane {CH:CLy), ethyl acetate (EtOAc), n-butanol (r-BuOH) soluble




fractions and water (H,0) layer of P. davidiana stem, P. yedoensis leaves as well as the
leaves, stem bark, and flower of P. serrulata var. spontanea. Among those fractions of
three genus Prunus tested in three model systems, the EtOAc fractions showed the
strongest activities. Especially, the scavenging activity of the leaves of P. serrulata var.
spontanea on the DPPH increased in the order of EtOAc > H,O > MeOH > #-BuOH >
CH)Cl; and were 7.98, 18.95, 21.88, 48.55, and 65.70 ug/mL in their ICsq, respectively.
The radical scavenging effect of the EtOAc fraction on DPPH radical was comparable to
that of 1-ascorbic acid as 1.71 ug/mL, which is a well-known antioxidant. In addition,
the EtOAc soluble fraction at concentrations of 10 gg/mL also significantly inhibited the
ONOO by 95.37 £ 0.12%.

Because the LtOAc soluble fraction of the MeOH extract of P serrulara var.
spontanea leaves exhibited strong antioxidant activity, it was carried out column
chromatography of this fraction by using silica gel, Sephadex I.H-20, Sep-Pak cartridges,
and RP 18 to isolate twenty-one compounds (compounds 1-21) as represented by
thirteen flavonoids [prunetin (1), genistein (2), quercetin (5), prunetin 4-O-B-D-
glucopyranoside (7), kaempferol 3-O-a-L-arabinofuranoside (9), prunetin 5-O-f-D-
glucopyranoside (1F), kaempferol 3-O-B-p-xylopyranoside (12), naringenin 7-0-B-n-
glucopyranoside (13), genistin (14), kaempferol 3-(-pB-p-glucopyranoside (15), orobol
7-0-B-p-glucopyranoside (16), quercetin 3-O-p-D-glucopyranoside (20) and kaempferol
3-0O-B-np-xylopyranosyl-(1—-2)-3-n-glucopyranoside (21)], six triterpenoids [ursolic acid
(3), 2a-hydroxyursolic acid (4), 2o, 3a, 24-trihydroxy-urs-12-en-28-oic acid (6), 13, 2a,
3a, 24-tetrahydroxy-urs-12-en-28-oic acid (10), 2o, 3o, 24-trihydroxy-urs-12-en-28-0-
B-p-glucopyranoside (17), and 2a, 3o, 19a, 24-tetrahydroxy-urs-12-en-28-O-B-b-
glucopyranoside (18)], one sphingolipid (8) and one phenolic compound [2-O-B-(6'-
benzoyl)-glucopyranosyl o-(Z)-coumaric acid (19)]. Among these isolated compounds,
compounds 8, 17 and 19 were first reported in nature, and all isolated compounds were
first isolated in the plant of 2. serrulata var. spontanea. The structural identifications of

these compounds were elucidated by 1D ('H-, BC-NMR, DEPT), 21> NMR (HMQC,




HMBC, 'H-'H COSY, and NOESY) spectral data, IR, UV, EIMS, and FABMS data and
comparison with the published spectral data.

Also, the antioxidant activities of some isolated compounds were evaluated by the
same methods as those of the extracts and fractions of the genus Prunus. In case of the
antioxidant activities of flavonoids, compound 5 and its glucoside 20 exhibited strong
antioxidant activity with 3.54 ¢M and 4.63 uM on DPPH radical, as well as 0.93 £0.14
#M and 1.08 £ 0.06 uM on ONOO™. Compounds 9, 12, 15, 20 and 21 were marginal
activities in the tested model system. With regard to the antioxidant activities of
triterpenoids, all isolated compounds showed no activity as a DPPH radical scavenger,
whereas there was high scavenging activity on total ROS in the order of 4 > 6 > 3 >
Trolox (as positive control} > 17 = 10 > 18. Compounds 6 and 18 showed high ONOO™
scavenging activities with ICs, 490 + 038 M and ICs; 6.88 L 0.46 uM,
respectively, by positive control penicillamine with ICsy 5.11 + 0.23 ¢M. Compounds
10 and 17 had ONOO™ scavenging activity with 1Cs 25.18 £ 2.68 ¢M and 82.05 *
2.80 uM, respectively, whereas 3 and 4 showed no activities on ONOQ". From the
above results, it was concluded that the antioxidant activity of the leaves of P serrulata
var. spontanea may be correlated with their active components such as flavonoids, a
phenolic compound and triterpenoids.

[n the continuous course of investigations on the structure-activity relationship of
flavonoids as ONOO™ scavengers, it was examined the activity of some selected
flavones, flavonols, flavanones and a flavan, catechin on authentic ONOO™, On the basic
structure of flavonols, the existence of 3-hydroxy group proved to be important in the
ONOOQ™ scavenging mechanism for example, 1Csy of qalangin and gqalangin 3-O-
methylether were 3.37 + 0.99 4M, and no activity at 10 M, respectively. Nevertheless,

quercetin and its 3-O-glucoside showed significant activities (ICsy < penicillamine as

positive control with 2.91 L 0.64 £M) for their o-dihydroxy group (catechol) at B ring.

In case of flavanones, the important structural factor was catechol group in A-ring or B-

ring such as eriodictyol and taxifolin with 445 + 0.70 &M and 3.94 + 0.40 uM,




respectively. Additional methoxyl group ortho to the C-4' hydroxy group may increase
the activities on ONOO' like hesperetin with 6.01 £ 1.16 £M and 2.57 = 0.36 uM.
Like flavanones, a flavan and flavones with catechol group in A-ring or B-ring exhibited
the activities, ICs¢ of baicalin, uteolin and catechin were 1.44 + 0.12 4M, 143 +
0.27 ¢M, and 1.16 £ 0.06 M respectively, however acacetin, apigenin and chrysin

showed no activities at 10 1M, for the absence of o-dihydroxy group. These results were
similar to other researches on flavonoid-induced scavenging activity of ONOO", which
results from two possible mechanisms as nitration and electron donation. Of isolated
from F. serrulata var. spontanea, two flavonol, quercetin (5) and its glucosides (20) with
o~dihydroxy group may show the scavenging activity on ONOO™ by electron donation,
on the other hand, the rest flavonoids kaempferol and its glucosides (9, 12, 15, and 21)
were likely to exhibit their activities by nitration.

[n conclusion, most tested plants in the genus Prunus, especially P serrulata var.
sponianea leaves could be act as a preventing agent with respect to free-radical related
disease for their antioxidant capacities on free radicals. Also, the antioxidant potential of
the isolated compounds such as flavonoids, triterpenoids and phenolic compounds from
the EtOAc fraction of £ serrulata var. spontunea leaves will be possible to suggest the
opportunities of the systemical studies on antioxidant activity-structure relationship and

development of powerful and nontoxic natural antioxidant drug.
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vy 4ol 3 (Rosaceae)ol %3l™ Hobgh ZojRjuro] 23Xk, A
Al of 200 ofFo] BHHA e faueels e GgFEA o 15 F
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Aol AR T2 RGE ot gdon, 6790 /& Mol HE& Mo

ol =t} (9], 1997; ©], 1985).

AAY A7 Tl AE el Al o] 8% o superoxide anion radical
(-Oy7), hydrogen peroxide (H,O,), hydroxyl radical (-OH), singlet oxygen (‘'0y), 281
A A9} free radical <, alkoxyl radical (RO-), alkyl peroxyl radical (ROQ-)¥} H&
B3 A4 F (reactive oxygen species, ROS)o] F4H2 2 A AT (Singh, 1989).
=3 peroxynitrite (ONOO )= A Al WA nitric oxide (NO)T}F -0, 9] WHE0 &
A= Fd A AT (reactive nitrogen species, RNS)2. 2 ROS9} g4 &4
(reactive species)oll LZHETL (Sawa ef al., 2000; Balavoine and Geletii, 1999). o] &
ROS<t RNS+= AlZW <3 74 AU #2, &84, 4t 22117 DNAES
ASAIA dFEE FEstn A EY o8 248 &A1Y (Beckman e al.,
1990), B E 84 2dg = < (Dreheret al., 1996), =3} (Sohal, 2002), =7
3}, FutEl 2 ARG, 28 ddl27] (Griffiths and Lunee, 1996; Squadrito and

Pryor, 1998; Choi ez al., 2002)0]] B ¥ o] A& Aoz AAA L At 4 Fol
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S Aelgd e 7hA A o), o ANE IE AR A}EE ) ghel (Kritikar
and Baru, 1974). 3] Hiu}F o dolE dF (P st AFoz HFHE
Ao, 472 Qg AAeba), BF HFA93 A5 oigh wzkagos A}
|50k L3 HUE (P serrulata var. spontanea)?l 3= APRUE (P
sargentii), YRI5 (P yedoensisy =319} A oA 3w (Hig) L o
9 (BE7) [Pruni Cortex]2har B 2|9, @3t A&, 5482 7147 gieo 7)
Aok A, Al Azl AHEEUT (3, 1997). 59 HUF FHERE ¥
2] 3+ flavonoid Al #3HEQ) ‘sakuranin’ 7] @ efe] Y87 Alg-Hch #UR
A= A5, AW S5 WA Fhdds anr) deon, 55 5, sy
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Kitajima®} Tanaka (Kitajima and Tanaka, 1993)1= 7+7] 3o S%o] 2= p
zippeliana Q7 7FA Z5-E] 22-dehydroclerosteryl acetate, stigmasteryl acetate, [3-
sitosterol, stigmasterol, clerosterol, 22-dehydroclerosterol, B-sitosterol¥} stigmasterol

3-O-3-p-glucopyranoside, ursolic acid, oleanolic acid, 2o-hydroxyursolic acid,
tormentic acid, methyl linolate, phytol, prunasin, d/-mandelic acid, kaempferol 3-O-a-

L-rhamnopyranosyl-(1->6)-B3-p-glucopyranoside, d-mandelic acid B-D-glucopyranoside
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2, FAA}. P yedoensise} P zippeliana®} 212 tyrosinase & E AL

s

2 Q13 melanin A4S A BT} Fo} (Matsuda et al., 1994).

Sang 5 P amygdalus Batsch= 4-E] p-hydrobenzoic acid, protocatecuic acid,
3-prenyl-4-B-p-glucopyranosyl-4-hydroxylbenzoic acid, vanillic acid, catechin, 3'-O-
methylquercetin 3-O-B-p-glucopyranoside, 3'-O-methylquercetin 3-0-B-p-
galactopyranoside, 3’-O-methylguercetin 3-0-a-L-rhamnopyranosyl-(1-—>6)-f3-p-
glucopyranoside, kaempferol 3-0~a—L—rhamnopyranosyl-(lHé)—B-D-glucopyranoside,
naringenin  7-O-B-D-glucopyranoside ¥ 2 phenold &4H3} E2E31 yrsolic
acid (Sang et al., 2002a; Sang et al., 2002b), sesquiterpene?] amygdalatone (Sang et al.,
2002¢)7} sphingolipid ¢l [-O-B-b-glucopyranosyl-(25,3R,4£.87)-2-[(2R)-2-
hydroxyhexadecanoylamino]-4,8-octadecadiene-1,3-diol, B-sitosterol,  daucosterol,
uridine, adenosine= & 2|3t0] "L F2E B 18T} (Sang er al., 2002d). E3F P
amygdalus®]  FA= albino E7o)A 94 Hagas UER|gicts &)
(Teotia and Singh, 1997).

LR Takeoka 5 (Takeoka er af, 2000)& P dulcis (Mill)Z5-E]  human
immunodeficiency virus (HIV)el 3k anlo)e] ~a 4 dH S, 2y ot
ol BALH triterpenoid 3521 betulinic acid, oleanolic acid, ursolic acid-2-

2] 2T} (Sang et al., 2002¢; Takeoka ef al., 2000).

P africana X 9709] triterpencid 3o R Hel=y o0 Fzs bz}
2a, 3a-dihydroxyurs-12-en-28-oic acid, 2a, 3a-dihydroxyurs-12-en-28-oic acid, 2a,
3a-dihydroxyolean-12-en-28-oic acid, 3B, 24-dihydroxyurs-12-en-28-oic acid, 2a, 3a,
23-trihydroxyurs-12-en-28-oic acid, 2c, 3a, 24-trihydroxyurs-12-en-28-oic acid, 24-0O-
trans-ferulyl-3-hydroxy-urs-12-en-28-oic  acid, 24-O-cis-ferulyl-3-hydroxy-urs-12-en-
28-oic acid, 1?3l 24-O-trans-ferulyl-2,3 ~dihydroxy-urs-12-en-28-oic acid (Fourneau
el al, 1996) FH =329, neolignan 3} 4-O-B-p-glucopyranosyl-(7.8)-

dimethoxyisolariciresinol (Scarpato et al., 1998)% F2], %3 5 2lc}.




P omume (P2l £ gl A dlE, o9, AR, AR ARE AHAH,
T=Holu ¥ & XAE8t7] Y AbRHo g om, He] FAHAW aldose
reductases ¢ A SHAL, thrombin® & ¥ E719 49 A dl8)] o4&
A& 7 e Ae 2 BaH ATt (Yoshida er o, 1993). P mume®] 20 2 5-E
flavonol oligoglycoside FEE<Q1  27-O-acetylrutin,  2”-O-acetyl-3-O-methylrutin,
quercetin  3-0-(2",6"-a-1.-dirhamnopyranosyl)-B-D-galactopyranoside, quercetin 3-O-
rhamnosyl(1—>6)galactoside, rutin, quercetin 3-O-neohesperidoside, isorhamnetin 3-0-
rhamnoside, chlorogenic  acid,  benzyl-B-p-glucopyranoside, benzyl  alcohol
xylopyranosyl(1—6)glucopyranoside, chavicol p-pD-glucose, eugenylglucoside, phytol
(Yoshikawa et al., 2002a), 55 2] triterpene 3}3HE 7}, amygdalin, prunasin (Yoshida
et al., 1993)0] 2] 5| 2T} Ichikawa 5 (Ichikawa et al., 1989} o] A1 8-9] p}A4]
& FARFE 5-(hydroxymethyl)}-2-furaldehyde= %2319 1, o] &9 G
b F29] hexane FEEL FEAW] TS et g} (Dogasaki

ef al., 1992).

Bilia 5 (Bilia er @i, 1993)2> P prostrata®l A 5«B-p-glucopyranosyloxy)-2-(3-
hydroxybutyl)-1,3,3-trimethylcyclohexene,  4-(B-p-glucopyranosyloxy)-3-(3-methyl-2-
butenyl)benzoic acid,  fraxinol 6--D-galactopyranoside, 6,7-dihydroxy-5-
methoxycoumarin  6-PB-p-glucopyranoside, [-sitosterol  3-O-3-p-galactopyranoside,
ampelopsionoside, boscialin 4'-B-p-glucopyranoside, mandshurin, fraxinol, herniarin,
umbelliferone, kaempferol, dihydroquercetin, benzyl B-D-glucopyranoside, rutin, Z1¢]
31 dihydrokaempferolE #-2l38}3ich gt oli] el flavonol 3}§HE-7 dimeric A-
type protoanthocyanidin - 3}3HE¢1 57,2’ 5'tetrahydroxy-(2R,3R)-flavan-3-ol, 7-
methoxyl-(+)-catechin, ent-epiafzelechin  2u—0—7, 4a—8) quercetin, ent-
epiafzelechin (2a—>0-7, 40a—8) afzelechin, ent-epiafzelechin (20—>0-7, 40—8)
kaempferol, ent-epiafzelechin (20—0—7, 40-»8) epicatechin, enr-epiafzelechin

(2a—>0-7, 40— 8) epiafzelechin, ent-epiafzelechin (2o—0—7, 40— 8) catechin, (+)-




catechin 22] 3L (-)-epicatechin® H&]5t] I TZE ¥t (Biliaerdl., 1996).

2708]  Cis-epoxyapocarotenol @&, = UV-EH 29 persicaxanthin,
persicachrome, 12} 3. C,s-epoxyapocarotenol 3}EHE, Cye-epoxyapocarotenol 3%}
=0 P domestica®l "B o (prune: FAATIZEE EIH AT (Gross et
al., 1981). Nakatani & (Nakatani er al., 2000)Z phenolXd 329 p-coumaric
acid, vanillic acid (3-p-glucoside, protocatecuic acid, L& 3 caffeic acid2} 37 4-
amino-4-carboxychroman-2-one& -#]8le] FE2E FAIGY o] IdPEL o
43k A?) neochlorogenic acid, cryptochlorogenic acid, 8] 3 chlorogenic acid i}
22 caffeoylquinic acid isomer@} @7 At W H5A482 7= Aoy
H st (Kayano et al., 2002). vk oluigl, o] AEe] Fu|oA]
domesticoside (2-O-f3-glucopyranosyl-4-O-methylphlotacetophenone} (Nagarajan and
Parmar, 1977)7} Eel¥2der, HAZYE  isosakuranetin, prudomestin,
dihydrokaempferide, naringenin, 3,5,7-trihydroxy-8,4’-dimethylflavanone, 5,7.4'-
trihydroxy-3-methoxyflavanone (Parmar et ol, 1992)0] H-2j&]2l oo olu}l |
(plum: 22 58] ZHIFA) 9] kaempferol ¥} quercetin®] ¥]F A (Henning and
Herrmann, 1980)7} 2] ¥ 2ok 59 714 B 02 (E)-2-hexanal, butyl acetate,
butyl butylate (Horvat er al, 1992)0] @Qlxolon] gl Ao 22 ¥ furfural,
benzaldehyde, ethyl cinnamate?} Z1 51T (Moutounet et af., 1975). AA5< 2
W50l = phenold FEEo] @o] Zghxof glor, iR & hydroxycinnamate
=0l 32, human LDLO 18ke] gital 2438 WMol neochlorogenic acid,
chlorogenic acid %] 215 1T} (Donovan er al., 1998). A1 ethyl cinnamate
9} coumarin $}HEF 2 phenold FAFES A% T (Stohr er al,

& AAH
o2 AFsle] 6714 2] A= t}E dicaffeoyl quinic acid ester ©] 4 A2 EQ15}
%t

1975), Fang 5 (Fang ef al., 2002)-> 43 EvllZ 38 phenold] FFE
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P armeniaca (A7) MElolA A-type protoanthocyanidin 3+ 3HE ¢l ens-
epiafzelechin-3-O-p-hydroxybenzoate-(4a—>8, 2a—0— 7)-epiafzelechin (Prasad et al.,
1998), ent-epiafzelechin-(40—8, 2a—0—7)-epiafzelechin (mahuannin  A), ent-
epiafzelechin-(4a—8, 20> 7)-(+)-afzelechin, ent-epiafzelechin-(40—8,
20> 0-+7)-(-)-afzelechin®] 2] = AT} (Prasad er al., 1999). ¥ ohvjz}l, Q&
+ aromatic glycoside 3}3HE-2) 4-0O-glycosyloxy-hydroxy-6-methoxyacetophenone
o] ZE = ATt (Prasad, 1999). Rawat (Rawat ef al., 1998) 5& o] A Eo]A p-
sitosterol, 2,6-dihydroxy-4-methoxycetophenone, kaempferol, aromadendrin, quercetin,
B-sitosterol-B-pD-glucoside, pleosideS F&]5l3 ov], AEAZ ofFlaz eyl
mahuannin A, ephedrannin A, mahuannin B, ¢} 11 13'-hydroxy mahuannin AE &+
718} ™. Prasad (Prasad, 2000)i=  enr-epiafzelechin-(4a—8', 20—>0->7)(-)-
epicathechin, 7T isomerg!, enr-epiafzelechin-(4da—8', 20-»O—>7)-(—)-cathechin®} &

7 kaempferol 7-O-methylether, B-sitosterol-3-p-glucoside, methyl-4-hydroxybenzene

welste] nasoch

fulr

AAEE A 2] T 4 2 WAy g3 24 ek &
ol deEA Uv P ossiori®l P opadus (ME)E 32 YE, Yoshinari £
(Yoshinari et al., 1984)2 lignan xyloside 3329 ssioriside [(85,8'5)-4,4'-
dihydroxy-3,4,3’,5'-tetramethoxyl-8,8'-butyrolignan 9-0-B-p-xylopyranoside] ¢+
prupaside [(8R,75,8'R)-5,5'-dimethoxylariciresinol 9'-O-p-p-xylopyranoside} S * & &}
9120y, B prunasin, syringin, glucosyringin, 1,4-dihydroxy-2,6-dimethoxybenzene
1-0-B-p-glucopyranoside, roseoside, lyoniside, schizandrisideE® 2|, 7+ 2 49
O 1 (+)-catechin®H(-)-epicatechin®] TTE % B &gt E & P ssiori® 41
4B phenylpropanoid glycoside 3+8% ¢ 2-(3,4-methylenedioxyphenyl)-ethyl-(6-
O-caffeoyl)-B-p-glucopyranoside ¥} 3-O-caffeoyl-B-p-fructofuranosyl 2,3 4,5-tetra-O-
acetyl-a-n-glucopyranoside, 6-O-caffeoyl-p-glucopyranoside, 2-(3,4-dihydroxyphenyl)-
ethyl-(6-O-caffeoyl)-B-p-glucopyranoside 7} &2, M %It} (Abdallah er af,
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1994).

P puddum®  FIZXE prunetin® T, isoflavanone FstEel
padmakastein® 2 #]l@ A padmakastino] #e}& ] 4'5-dihydroxy-7-

methoxyisoflavanone ™} T 4'-glucoside® T 7} 5 A H ATH (Farkas er al., 1969).

P buergeriana (737181} F)2] 3] 2 58-€] phenylpropanoid glucoside ester 3}
SHE-Ql  6-O-caffeoyl-1-Q-p-coumaroyl-B-p-glucopyranoside,  6-O-p-coumaroyl-p-
glucopyranoside, 1,6-di-O-caffeoyl-p-p-glucopyranoside, 6-O-caffeoyl-D-
glucopyranoside, (2R)-[(6-O-caffeoyl)-B-p-glucopyranosyloxy]benzeneacetonitrile
(Shimomura et al., 1988), (3R)-3-methyl-3-(6-O-caffeoyl--p-glucopyranosyloxy)-

pentan-5-olide (Shimomura ef al., 1987} Hef, A L2 Res ol

Flavanone xyloside &35 ¢] sakuranetin 5-O-B-p-xyropyranoside, sesquilignan

335<  dihydrobuddlenol 2283, neolignan 3EEQ]  sakuraresinol©] P

Jjamasakura 73 Z5-E sakuranin, neosakuranin, (+)-eriodictyol, (+)-catechin, (-)-

epicatechin, (+)-lyoniresinal @} H71 -2} ¥ 1 TF (Yoshinari ef al., 1990).

28 BERTo AT RoeZ RAE P spinosa 7FA EHE mahuannin A
¢} ent-epiafzelechin-(2a—>7, 4a—8)-epicatechin’} & &| ¥ 131 (Gonzalez er al,
1992), Lo & X E] kaempferol¥} quercetin® HIBEAS st (Olszewska
and Wolbis, 2001).

Phenolic glucoside 3}3HE<) pruyanaside A [2'-B-D-glucopyranosyloxybenzyl 2-
(6-0O-benzoyl-B-p-glucopyranosyloxy)benzoate] 9} pruyanaside B [2'-(6-O-benzoyl-p-
D-glucopyranosyloxy)benzyl 2-B-p-glucopyranosyloxy-6-hydroxybenzoate],  (+)-
taxifolin, dehydrodicatechin A, virgaureoside A, henryoside, populine®| P grayana A
ANZEE B Atk (Shimomura er al., 1989). I ZF-E| £ phenylpropancid
glucoside 33HEQl  2-(4-hydroxyphenyl)-ethyl-(6-O-caffeoyl)-B-p-glucopyranoside,
3.4,5-trimethoxybenzoyl-B-D-glucopyranoside, 2-(3,4-dihydroxyphenyl)-ethyl-(6-O-
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caffeoyl)-B-p-glucopyranoside, 2-(3,4-dihydroxyphenyl)-ethyl-B-p-glucopyranoside, 6-
O-caffeoyl-D-glucopyranose (Shimomura er al, 1987a), grayanoside A [2-(4-
hydroxyphenyl)-ethyl-(6-O-feruloyl)-B-pD-glucopyranoside], grayanoside B [2-(3,4-
dihydroxyphenyl)-ethyl—(6—O-feruloyl)-B-D-glucopyranoside], grayanin  [(2R)~((6-O-
caffeoyl)-p-p-lucopyranosyloxy)benzeneacetonitrile] 7} 2t} o= Aok
(Shimomura et al., 1987b). 1€l 1 phenylpropanoid 2 # 2¥ tocopherol &% #¢]
prunuso] A2} B ©] 2 &9 leaf waxZ2HE £ 5 o] w2} (Osawa et al.,

1991).

El Lahlou (El Lahlou er al., 1999) 52 P persica (% o5, BARE) Ao
ol 4 770€] triterpenoid TS B sed=d), 7z 13, 2o, 3o, 24-
tetrahydroxyurs-12-en-28-oic acid, 13, 2, 3¢, 24-tetrahydroxyolean-12-en-28-oic acid,
2a, 30, 24-trihydroxyolean-12-en-28-oic acid, 2a, 3o, 24-trihydroxyurs-12-en-28-oic
acid, 2a, 303, 24-trihydroxyolean-12-en-28-0ic acid, 2a, 3a-dihydroxyolean-12-en-28-
oic acid, 17l 2a, 3a-dihydroxyurs-12-en-28-0ic acid® 775 A A 35}2c}. o)
A = 9] leaf wax< hydrocarbons (Cy3-Cy4), triterpenoids, primary alcohols (Cos-Cay)
1eal 1 esters (Cyp-Co)2 TS 21 hexacosanoate, octacosanoate,

eicosanoate 9] sitosteryl ester 3 ¢E-S W 2T} (Baker ef of, 1979). o] F9

E FEES UV-BY UV-CE F55E DNA &4 wlio] wrolo] g w

TaE 7HAYLAL FE (Heo er al,, 2001; Kim ef af.. 2002). I3k o] =58 o
UV-BE 213t A4 9] keratinocyte®] 4ol 3t B & d5}7} »ugul o)}k

(Kim et al., 2000).

P. cerasus Z4-¥], Fe (Il)-induced liposome peroxidation bioassay] 4] 7= 3t &}
A8 A48 B oli= chlorogenic acid, I methyl ester, [-(3".4'-dihydroxycinnamoyl)-
cyclopenta-2,5-diol#}  1-(3",4'-dihydroxycinnamoyl)-cyclopenta-2,3-diol 2} &7  2-
hydroxy-3-(O-hydroxyphenyl) propanoic acidg X.31.8} 1t} (Wang ef af., 1999a). &
gk polyphenol #FEQ 5,74 -trihydroxyflavanone, 5,7.4'-trihydroxyisoflavone,
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chlorogenic acid, 5,7,3" 4'~tetrahydroxyflavonol-3-rhamnoside, 5,7.4'-
trihydroxyflavonol-3-rutinoside, 5,7,4"-trihydroxy-3'-methoxyflavonol-3-rutinoside,
5,74 -trihydroxyisoflavone-7-glucoside, 22] 31 Fe (I)-induced liposome peroxidation
bicassayo A] TG L Hol 6,7-dimethoxyl-5,8,4'-trihvdroxyflavone &  £3)
|21 om (Wang er al, 1999b), anthocyanin® Wo] -5 1 ¢lLo] ura] A}
(Wang er al., 1997; Chandra ef al., 1993). Kaempferol3} quercetin®] 38l $] %) oj
rutinoside?} glucoside’} A% H IFJEL zbz} Belsle] R sl a {Scaller
and Von Elbe, 1970; Olden and Nybom, 1968), %ol A % quercetin 3-glucoside,
kaempferol 3-rhamnoside, quercetin 3-rhamnoside, quercetin 3-glucoside (Geissman,
1956)& <13} ). Kaempferol 7-glucoside, isorhamnetin 3-rutinoside, quercetin3}
kaempferol 4'-glucoside, “L¥]31  kaempferol 3-(2°-glucosyl-rutinoside)=  sweet
cherryoll 4] kaempferol 3-rhamnosyl-4’-glucoside= sour cherry 2 -6 7}z} 2a3]&}
%LTH (Shrikhande and Francis, 1973). o] ®U}2 Fo] Sujo 4= tectochrysin 5-
glucoside, genistein 5-glucoside, pinostrobin, naringenin, prunin, sakuranetin, sakuranin,
dihydrowogonin  7-glucoside, chrysin, tectochrysin, genistein, prunetin, 1|3l
prunetin 5-glucoside®] £ 5ol B At} (Geibel er al., 1990, 1991; 1995), &
2 6702l caffeoylquinic acid 143 A, 47}#2] p-coumarylquinic acid o] A A,
caffeic acid, p-coumaric acid 2} F7|, kaempferol 3-rhamnoglucoside 2} kaempferol 3-
glucoside©] KM 3151t} (Scaller and Von Elbe. 1970). Benzyl-B-p-glucoside, 6-
hydroxy-2,6-dimethyloca-2(£),7-dienyl-B-p-glucoside, 2-methoxy-4-(2-
propenyl)phenyl-B-D-glucoside (Schwab er af., 1990) 718 i1 flavonol tetraglycoside
33HE 21 quercetin 3-O-rutinosyl-7,3-O-glucoside, kaempferol 3-O-rutinosyl-4'-di-O-
glucoside (Henning and Herrmann, 1980)2} 7] isoflavanone 335 <1 prunetin 5-
O-B-p-glucoside (Khalid et al, 198NE P avium¥} P cerasus® A3} 37
(peduncle) o= F-E] Fe|3t3c}t 3 P corasus O 2 HE] A B o] 9=

melatoning #1351} (Burkhardt er al, 2001). P persica®t P armeniaca o *]
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amygdalino] 22|52, P macrophylla oA prunasin®] 27} #<l5) i)
(Shimomura et al., 1987b).

M

P. davidiana 7}A 2] MeOH FEE 7 ¥ 352 prunin, (+)-catechin
2] 11 hesperetin 5-O-glucoside’= 13| ¥ Mo]l& Fadl A streptozotocin O &
FalE ARl Held 25 g3Astave) ANEEE vehgdd
(Choi et al., 1991a; Choi et al., 1991b; Choi et al., 1991¢).

ol g} ol By Ho] AEo #3t A7t wol M o &
o gAkstEAd ) SHeHE Bele) AAle #ste gopd =FEo] wEE
it 9t} (Burkhardt ef al., 2001; Donovan et al., 1998:; Kayano ef al., 2002; Wang et al.,
1999). olell & HPLAME FZolA 245 Fo Wy & AE (p
buergeriana (] W5, P davidiana (254D, P padus (A 55, P pendula for.
ascendens (=R, P osargentii (PR, P oserrulata var. spontanea (YY),
SLP) AL Poyedoensis (SYEIVET)Ol olgk gabslEAS dAEdm, 2 & P
serrulata var. spontanea $F P yedoensis, LY 1L P davidiana 5 A ®sto] 71 8
ol diE atsd ] g duskoh 28 giksldAd o] vebd P oserrulata
var. spontanea = AEjElol 1 BE F b o] ol EtOAc B EolA
kel #AAES Fel8taLR} silica gel, sephadex LH-20, Sep-Pak cartridges <}
RP-18 column chromatography & 35}t} dAE 2R grlaalie 2,
Akl flsiA] ArgEE eaksay AW E kel AA S e,
24
Huang et al., 1996; Lee e al., 1998). ©oJo] ¥ Y o] = 7t shdEA e ol
AR5 31 91+ 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 47 243, &4t

o]

rlr

o
A

 AEE9 7Aool tefstr] wlFolth (Amao e al., 2001;

2% A4 AHEA] [total reactive oxygen species (ROS)] L8 3L peroxynitrite
(ONOO) A& AFE=2 distdd e 718 P oserrulata  var
spontanea ] EtOAc HEol|A Z7t 629 flavonol 3% 3 isoflavone 313H%E

85 1520 flavanone 3HEES Felskdvh EE 6& 9 triterpencid 3H3HE
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= BeEtd, 728 BAsgn 2tz 129 spingolipid 3}3}E-2} phenoldd 3}
FEE BEsty 1 FzE 4G 1 F 129 triterpenoid 3} ¢} & 7}
phenol’d B}5HE, 28|30 spingolipid 332 A5t sHEA EHFHAG. 2
?) ¥ flavonoid 23HE 3} triterpenoid 3}3HE, phenol’d #3E 9 walzimago
FEEG RN FUG 37bx GFastE Hagow FAFEHI T

Aol ek hatsl 84S Wol: EAc oA 1329 flavonoid 3}
sEs Bddte o gastdde AMed F, flavonoid 7] E =2 ¥k o}
Heb A8 o] sixek o) wel @alo] rhokatAl ey Aeg B2 5
ATt ofol B AgAog= 4z flavonoids, = flavonol, flavone, flavan,
—1e]aL flavanone IEE L A S # flavonoid SHeE o] F39 ONOO <] 4
Aol daaAE A9 R0 Flavonoid 330l ONOO- g2
electron donation =2 nitration 7] Aol o8t 7o ® obpx AedH B o Aga

el A= vhst 72 flavonoid 3827 A SAlst A e dE 4 U
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I A4 49
1. A=

Prunus serrulata var. spontanea 9+ P yedoensis T 19993 49 A}
waselA AR ARse™, 797 vA} (Korea  Environmental and
Ecological Technology Service)?] ZHA  sloll A& &R} o] 9)
@ ddA AVER P buergeriana, P padus, P. pendula for. ascendens®] MeOH
FEE T AEEstde] GAAEA T (Plant Diversity Research Center)
of sl FFABFEE 2o FYsta A LG, P davidiana
7= FA HEA A Fyste Raldigdn whEE ug 2 Y

sargentii 2] ART 20023 59 A mAlo)A

2. Aok gl 7]7]
2-1. A e

Column packing materials<= Kieselgel 60 (Si gel, 70-230 mesh ASTM, Merck,
Art. 7734)7} Sephadex LLH-20 (bead size 25-100um, Sigma), Sep-Pak cartridges
(C18, Waters Co., USA) “7¢] 2 RP 18 (LiChroprep® RP-18, 40-63 um, Merck)-<
AHE3H O TLC plates= Kieselgel 60 Fass (0.25 mm, precoated, Merck, Art.
5715)7F RP 18 Fasys (Merck)E AFE3}S1 29, spray reagent~= 217} 50 % H,S0O,,
Mg-HCl %2 FeCl; #%(phenolld =& flavonoid 3+§HS)# Liebermann-
Burchard WE-S-Al 9 (triterpenoid 3 §E)S AlR3QY. 28ln F& 2

column chromatography®ll = 13- A 2F& A}-8-8}9 o}

NMR A Al AMRSE 80)= CD:OD (Merck, deuterium degree 99.95 %),
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DMSO-ds (Merck, deuterium degree 99.95 %), CDCly (Merck, deuterium degree
99.95 %) 18] 3! pyridine-ds (Aldrich Chemicals, 99 atom % D)} t}.

DPPH, L-ascorbic  acid, Di-penicillamine  (bL-2-amino-3-mercapto-3-
methylbutanoic acid)x Sigma Chemical Company (St. Louis, MO, USA)2 F-F
T YRR 1, 2. 7-dichlorodihydrofluorescein diacetate (DCFH-DA)®} DHR 123
(dihydrorhodamine 123> Molecular Probes (Eugene, OR, USA)ZE-E
TYUsEE e, ONOO = Cayman Chemicals Company (Ann Arbor, MI,
UsA)e 25 e F3te] F4tstgd AL AlgEsit

2-2. 7]7]

IR spectrum< Perkin-Elmer 2000 spectrophotometerS AF&3&Fo] KBr
discf o g =Agqct uv SpectrophotometerE Shimadzu 202 UV
spectrophotometer® AF&3to]l ATl TLC plateo] 218 35S 4 MA
UV lamp {Model ENF-240C, Spectroline, USA)Z &34 (365 nm), Tt (254
nm)yell A Zhzb 35kl gk EIMSE JEOL JMS-700 spectrometer =, LR-,
HR-FABMS¥ JEOL JMSH x 1I0/110 A spectrometers AF83}F9tF NMR
spectrumS JEOL JNM-ECP 400 ('H-NMR 400 MHz; "C-NMR 100 MHz) 12| i1
Bruker AM 300 ('H-NMR 300 MHz “C-NMR 75.5 MHz)& A}83}o
=459 o, 2D-NMRR] HMQC, HMBC, COSY, NOESY:> pulsed field
gradientE AHg3le] SA skl

DPPH radical &% %+ microplate reader spectrophotometer VERSAmax
(Molecular Devices, CA, USA)2 ZA3}3131, 2',7-dichlorodibydrofluorescein
(DCF)$} oxidized DHR 1239 &% 73T (fluorescence intensity)= microplate

fluorescence reader FL 500 (Bio-Tek Instruments Ine)& 53 811t
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pls
M

3-1. = #

R 5 (P serrulata var, spontanea) N9} MeOH % 2 2} fujy 23

AL Scheme 1°]4 VERATH 72d WUFE 9l (1.8 kg)s widste] o
F W2 E Ba 47 ZelA3 5 Lol 92 F 3 L9 MeOHL v e

i

FEAANA 3AZE FF3vE 28 FE5 NS Whatman NO. 28 o 3}
12121 rotary vacuum evaporatorZ Al-g3ted T EE9h ¢ 9f e o
ThAl 23 o WHESlO] 3 471 ¢ MeOH ¥& 98 49t 1 &
T 55 of 5p2 B9 HIE 9l vialol Fo} desiccatorol] R @A)
A 4652 H,0:MeOH (9:1, viv)2] & ol 7z}

Fol, T#e CHCLE Yol AAl 25 o3 24 A7 $oF dgsiA At
ol F ot Fe CHCL 7FH¥E Kol 4 W2 (sodium sulfate, anhydrous)
Foleh ol9p & wioz 43 o wEde CHCL
A 144 g2 Yot YT WHOR EOACE HO B30 7late] 4=

o

g

f

0

= A vy w5

OLI

o] FtOAc 7MHEH-E Yol E0Ac €% 77 ¢ AT} 38 ,-BuOHOl o &
Al Fdg o2 ANPste AF9 p-BuOH 3 105 g3} 81&2 H,0

Bl 145 g& DAY BE R o 01 g2 B HIAL I viate] o}

Hivpre] 23}
A Al

caREAR Zrelaogulve b g Bee Y

le{w
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Ground Prunus serrulata var. spontanea leaves

(1.8 kg)

MeOH (70 C reflux for 3 hrs, 3 L3 times)

Filtration, evaporation

Concentrated MeOH extract (471 g)

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

CH2C12 fr. (]44 g) Hzo layer
EtOAc
EtOAc fr. (77 g) H,O layer
n-BuOH
n-BuOH fr. (105 g) HyO fr. (145 g)

Scheme 1. Extraction and fractionation of the leaves of
P serrulata var. spontanea.
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3-2. A4 £

HUL R (P serrulata var. spontanea)®] MeOH 323} 1 S8 E CH,CL,
EtOAc, #»-BuOH &1 H,0 F°l 3l DPPH radical &7 4%, A%
SR E A A4 AW, 281a ONOO™ 427 AW ALE3 gt
24 AEA A, EtOAc F&-2| E40] 7 A4 el olo EtOAc ¥
& 2= silica gel, Sephadex LH-20, Sep-Pak C18 cartridge, 22| 3 RP 18
column chromatographyE T34 sle] istgdAd HES Bl 7

subfractions 3 2] AAH @&l dstd CH,Ci;:MeOH (10:1, 7:1, 5:1, 3:1),

™

B

EtOAc:MeOH (20:1, 10:1, 5:1), 28] EtOAc:MeOH:H,0O (21:4:3 & 24:2:1)
AAE 2 TLC 3He] 50 % H.SO, (TLC sprayer, Merck)E A AA 200 C
o] hot platedll Al &AL 2212 254 am9}F 365 nm ¢ UV lamp (Model
ENF-240C, Spectroline, USA)E AM&38lo] 338 = 52L& H&s10t &

g+ Liebermann-burchard® & AF-58}9] triterpenocid 3H§HE S A &8k}
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3-2—1. Methylation "}

S 30 megs 239 MeOHo 23] 83N 7 . diazomethane (CH,N,
in cthen)© % Hata, 2 Vg AHBE MeOHZE AAAs AL W3t
column chromatography8le] 4 2l 81 %1t} (Woo er al., 1984).

3-2-2. Acid hydrolysis "

10 mge] A28 5 % HySO, (15 mL, MeOH)o A 341 7H59F 81514 244] 71
F. e NE FHAA MeOHE SN o]F FOAcT Hdslo] 1 3|
& F53 MeOHE AR ASAY 423 column chromatographysta] 3

A sk} (Park et al., 1991),.

3-2-3. Acetylation®} deacetylation

lg 8= 71F 2.2 acetic anhydride (10 mL) 23] 1 AR pyridine (5
mL)& ARgatol 2ol 9HE] =l & 9 bz i) dEEE A7s)
o bes FAE F 4D AFEG Auixo] A=n A& H O A 2 &}

ol #d % column chromatography = 2], 4 48} v} (Ahmad er al., 1986).

3-2-4. Liebermann-Burchard 7! 4t
Steroid 331, terpenoid #3HE 2 1 triterpenoid 352 (saponins)&
ojrtal i, Al®:
0.5 mge &g &, FHo w2 H,80, & &g "ojgl T, 2L
2 A% AEAY W G A AARAIL QLA S0 2 A5 =)
A3} (2, 1996) .

AMsHE B to R felgale] Fead o des

22




3-3, B RiOAc €79 AR Ry

o

2w

M

by 9ol MeOH #2257 EH ¥2 E0Ac &< i
el 72 Scheme 23} 3904 vERlch WS EtoAc BE oF 77 g
A& EtOAc:MeOH (8:1->1:1, gradient) 2 4] silica gel column chromatography
3kl 14789 subfractions (fr. 1-14)& DUvt Fr. 1 (1% A7 &)
CH,Ci;:MeOH (2:15MeOH)E  Sephadex LH-20 column chromatography&}<]
compound 1 (prunetin, 30 mg)Z}+ 2 (genistein, 15 mg)E LATH Fr. 19 of A (430
mg)¥t fr. 2 (300 mg)E § 4] acetic anhydride—pyridine WH3- 9% © & acetylation
AlZ1 %=, petroleum benzin:ether (5:1-1:1, EtOAc, gradient)=A4] silica gel column
chromatography st ursolic acid acetate (3a)2} 2o-hydroxy ursolic acid diacetate
(d4a)E Felstglon 7} 8§rES deacetylationA] 7] compound 3 (ursolic acid,
50 mg)¥}t 4 (2o-hydroxy ursolic acid, 70 mg)& LAT Fr. 3 (753 22 »-
hexane:EtOAc (1:1—-EtOAc, MeOH)ZA] silica gel column chromatographya}h<d
compound 5 (quercetin, 20 mg)?} 6 (2a, 3o, 24-trihydroxy-urs-12-en-28-oic acid, 40
mg)s Ul P 4 (672 gy MeOH A A & compound 7
(prunetin 4’-O-B-pD-glucopyranoside, 1.58 g)& w2lgtaion], 7 2N (5.14 o)
&0 EtOAc:MeOH (10:1->MeOH, gradient) 2L 4] silica gel column chromatography
Sk % Sephadex 1.H-20 (MeOH)5: A 2} 5}¢] compound 8 (sphingolipid, 10 mg)¥}
9 (kaempferol 3-O-a-L-arabinofuranoside, 15 mg)S ¥ & 7 AT} Fr. § (1.66 g)
i MeOHEA] Sephadex LH-20 column chromatography®}<d compound 10 (1p,
2a, 3a, 24-tetrahydroxy-urs-12-en-28-oic acid, 40mg)= #2319 U3 Hof
UROE fr. 6 (2.59 g)oll A compound 11 (prunetin 5-O-B-p-glucopyranoside, 40
mg)¥@ 12 (kaempferol 3-O-B-b-xylopyranoside, 80 mg)S Uit} Fr. 72 A&
o EtOAc:MeOH (20:1->MeOH, gradient)2 silica gel column chromatography &

T8 8lo] compound 13 (naringenin 7-O-p-p-glucopyranoside, 10 mg)E 2 &) &9




Ch Fr. 87 9(3.88 g)v= @ AA MeOHZ A AAGS compound 14 (genistin, 200
mg)E FAUeH, Uz A (35 g)2 Sephadex LH-20 (MeOH)Z column
chromatography3t <] compound 15 (kaempferol 3-O-B-p-glucopyranoside, 100 mg)
£ Z8dn) Fro 13 (2.82 )& RP-18 column @ ¥ H;0-MeOH (0 %->100 %,
gradient)y= H7fEE IR I F 20% MeOH HEL ThHA|
Sephadex LH-202.2 A A&} compound 16 (orobol 7-0-B-p-glucopyranoside, 10
mg)= VATt Fr. 14 (4.76 g)i= A 7180} EcOAc:MeOH (10:1->MeOH, gradient)
& A8 silica get column, H,O-MeOH (0 %—100 %, gradient) & A}8-&F Sep-
Pak C18 cartridge, 1231 Sephadex LH-2002 A A3t 222} compound 17
(20 3a, 24-trihydroxy-urs-12-en-28-oic-f3-p-glucopyranoside, 24 mg)¥} 18 (2o, 3a,
190, 24-tetrahydroxy-urs-12-en-28-oic-B-D-glucopyranoside, 24 mg), 19 (2-O-B~(6'-
benzoyl)-glucopyranosyl o-(Z)-coumaric acid, 60 mg)., 20 (quercetrin 3-O-f-p-
glucopyranoside, 60 mg), 7] 12 21 (kaempferol 3-O-B-p-xylopyranosyl-(1-52)-3-

D-glucopyranoside, 7 mg)S AT},
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EtOAc fraction of P. serrulata var. spontanea

(77 g)
Silica gel
EtOAc:MeOH (8:1->1:1, gradient)
Fr.1(1g) Fr.2 (300 mg) Fr.3(7.5¢g)
Sephadex LH-20 Silica gel
| ; Compound 5 (20 mg)
Compound 1 (30 mg) Residue (0.4 g) Compound 6 (40 mg)
Compound 2 (15 mg)
!
Acetylation
| Silica gel
Compound 3a
Compolund 4a
Deacetylation
|
Compound 3 (50 mg)
Compound 4 (70 mg)
Fr. 4 (6.7 g) Fr.5 (1.7 g) Fr. 6 (2.6 g)

o Sephadex L.H-20 Sephadex LH-20
L Recrystallized in MeOH

Compound 7 (1.6 g)

Silica gel
Sephadex LH-20

Compound 8 (10 mg) Compound 10 (40 mg) Compound 11 (40 mg)
Compound 9 (15 mg) Compound 12 (80 mg)

Scheme 2. Isolation of compounds 1-12 from the EtOAc¢
fraction of P. serrulata var. spontanea leaves.




EtOAc fraction of P. serrulata var. spontanea
(77 g)

Fr. 7(2.9 g) Fr.8+9(3.9 g) Fr. 10,11, 12
Silica gel

L Recrystallized in MeOH
Compound 14 (0.2 g)
Sephadex LH-20

Compound 15 (0.1 g)

Compound 13 (10 mg)

Fr. 13 (2.8 g) Fr. 14 (4.8 g)
RP 18 Silica gel
Sephadex LH-20 Sep-Pak cartridges

Sephadex LH-20

Compound 16 (10 mg) Compound 17 (24 mg)
Compound 18 (24 mg)

Compound 19 (60 mg)
Compound 20 (60 mg)

Compound 21 (7 mg)

Scheme 3. Isolation of compounds 13-21 from the EtOAc
fraction of P. serrulata var. spontanea leaves.
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1o

3-4. HUHS EtOAc &AM 2ejd A& 333 A4

3184 o|F (chemical shift)= B peakE 7]FToE, T YE
HFEHE tetramethylsilane (TMS)2 A}4-3Fa] ppm @92 eI &,
CD,ODE &y 3303 8¢ 49.0 ppmoll A 2] peak, DMSO-dy= 8y 2.507} &¢ 39.5
ppm® 4 2] peak, pyridine-ds<= 8y 7.19, 7.56, 8.70%} &c 123.5, 1355, 149.5
ppml 4 2] peakS Z|Fo 2 JERH$ I, CDCLE WEEFEZH (TMS)E
71202 YeERRRITH 'HANMRS P"C-NMRE ©5% (multiplicities)s 2Hz}
s (singlet), d (doublet), dd {double doublet), ddd (double double doublet), brd {(broad
doublet), dt (double triplet) 22| I m (multiplet)2 2 3 A| 5} o}

Compound 1 (prunetin). Colorless needles; m.p. 238-239 °C; EI-MS (m/z, %):
284 (M7, 100), 283 (M'—H, 48), 166 (52), 138 (22), 118 (14) ; UV,.x (MeOH): 262
(loge 3.29), 334 (sh 2.37) nm; + NaOMe 271 (3.30), 356 (sh 2.63); + NaOAc 261
(3.29), 332 (sh 3.39), + NaOAc + H;BO; 262 (3.29), 332 (sh 2.40); + AICl, 274
(3.26), 312 (sh 2.54), 377 (2.36); +~ AICl; + HC1274 (3.25), 313 (sh 2.47), 379 (2.34)
nm; 'H-NMR (400 MHz, DMSO-ds) 8: 12.96 (11, brs, 5-OH), 9.60 (1H, brs, 4'-OH),
8.41 (1H, s, H-2), 7.39 (2H, d, /= 8.6 Hz, H-2', 6"), 6.82 (2H, d, J = 8.6 Hz, H-3', 5'),
6.66 (1H, d, J= 2.1 Hz, H-8), 6.41 (IH, .J= 2.1 Hz, H-6), 3.86 (3H, s, OCH;); “C-
NMR (100 MHz, DMSO-d;) 5: 180.40 (C-4), 165.20 (C-7), 161.72 (C-5), 157.48 (C-
4%, 15744 (C-9), 15437 (C-2), 130.12 (C-2', 6'), 122.48 (C-3), 121.01 (C-17,
115.04 (C-3", 5%), 105.39 (C-10), 98.01 (C-6), 92.40 (C-8). 56.08 (OMe) [Farka et al.,
1969].

Compound 2 (genistin). 'H-NMR (400 MHz, DMSO-ds) &: 12.95 (1H, brs, 5-
OH), 9.99 (1H, brs, 4'-OH), 8.31 (1H, s, H-2), 737 (2H, d, J = 8.6, H-2, 6"), 6.81
(2H, d, /= 8.6 Hz, H-3', 5"), 6.37 (1H, d, /= 2.1 Hz, H-8), 6.21 (IH, /= 2.1 Hz, H-
6); "C-NMR (100 MHz, DMSO-d,) 6: 180.14 (C-4), 164.52 (C-7), 16196 (C-5),
157.57 (C-9, 4", 157.37 (C-2), 130.11 (C-2", 6"}, 122.22 (C-3), 121.20 (C-1"), 115.02
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(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): & 5.48 (1H, brs,
H-12), 3.45 (1H, dd, J = 6.0, 4.1 Hz, H-3a), 2.62 (1H, d, J = 11.3 Hz, H-18), 1.23
(3H, s, H-23), 1.21 (3H, s, H-27), 1.04 (3H, 5, H-26), 1.01 (3H, s, H-24), 0.99 (3H, d,
J=6.4 Hz, H-30), 0.93 (3H, d, /= 6.0 Hz, H-29), 0.87 (3H, s, H-25); *C-NMR (100
MHz, pyridine-ds): 3 179.80 (C-28), 139.20 (C-13), 125.55 (C-12), 78.06 (C-3),
55.77 (C-5), 53.49 (C-18), 47.99 (C-9, 17), 42.45 (C-14), 39.91 (C-8), 39.43 (C-19),
39.34 (C-4), 39.32 (C-1), 39.02 (C-20), 37.38 (C-10), 37.22 (C-22), 33.52 (C-7),
31.01 (C-21), 28.74 (C-23), 28.63 (C-15), 28.07 (C-2), 24.85 (C-16), 23.85 (C-27),
23.57 (C-11), 21.34 (C-30), 18.73 (C-6), 17.45 (C-29), 17.40 (C-26), 16.51 (C-25),
15.61 (C-24) [Takeoka et af., 2000; Jung et al., 1999].

Compound 4 (2a-hydroxy ursolic acid). EIMS m1/z 472 [C30Hag04]", 248, 203,
'H-NMR (400 MHz, pyridine-ds): & 5.46 (1H, brs, H-12), 4.11 (1H, ddd, J=4.2,9.5
Hz. H-28), 3.37 (1H, d, /= 9.5 Hz, H-30t), 2.61 (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), 0.99 (3H, d, J =
6.4 Hz, H-30), 0.98 (3H, s, H-25), 0.96 (3H, d, J = 6.4 Hz, H-29); “C-NMR (100
MHz. pyridine-ds): & 179.77 (C-28), 139.21 (C-13), 125.49 (C-12), 83.73 (C-3),
68.53 (C-2), 55.87 (C-8), 53.47 (C-18), 48.04 (C-9), 47.97 (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), 28.59 (C-15), 24.84 (C-16),
23.88 (C-27), 23.69 (C-11), 21.38 (C-29), 18.79 (C-6), 17.63 (C-24), 17.47 (C-25),
17.41 (C-26), 16.97 (C-30) [Jung et al., 1999).

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

Compound 6 (2¢t, 3o, 24-trihydroxy-urs-12-en-28-oic acid). Amorphous white
powder; EIMS m/z 487 [CiHuOs—H]', 248, 203; LR-FABMS m=z 511.2
[C30Ha3O5+Nal"; HR-FABMS m/z 511.3399 [C3Hys05+Na]' (Cale. for 511.6979); IR
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(KBF) Vya, 3422, 1691, 1458 cm™'; '"H-NMR (400 MHz, pyridine-ds): 5.44 (s, H-12),
4.56 (d, J = 2.4 Hz, H-3), 4.41 (dt, J = 3.9, 10.0 Hz, H-2), 4.08 (d, /= 10.9 Hz, H-
24b), 3.79 (d, J = 10.9 Hz, H-24a), 2.59 (d, J = 11.2 Hz, H-18), 1.92 (d, /= 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), 0.94 (d, J = 6.4 Hz, H-30), 0.91 (d, J = 6.4 Hz, H-29); "C-NMR data
(100 MHz, pyridine-d;): 179.9 (C-28), 139.19 (C-13), 125.50 (C-12), 74.17 (C-3),
66.19 (C-2), 65.16 (C-24), 53.49 (C-18), 49.42 (C-5), 48.08 (C-9), 47.99 (C-17),
45.13 (C-4), 43.16 (C-1), 42.46 (C-14), 40.16 (C-8), 39.42 (C-19), 39.38 (C-20),
38.50 (C-10), 38.50 (C-10), 37.41 (C-22), 33.95 (C-7), 31.05 (C-21), 28.59 (C-15),
24.86 (C-16), 23.79 (C-23, 27), 23.78 (C-11), 21.35 (C-29), 18.84 (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,
3, 24-trihydroxy-urs-12-en-28-oic acid), See 3-2-1. 'H-NMR (400 MHz,
CDCl): 524 (t, J = 3.3 Hz, H-12), 3.99 (m, W, , = 22.4 Hz, H-2), 3.86 (brd, H-3),
3.70 (d, J=11.2 Hz, H-24a), 3.45 (d, /= 11.2 Hz, H-24b), 2.22 (d, /= 11.2 Hz, H-
18), 1.13 (s, H-23), 1.08 (s, H-27), 0.93 (d, /= 6.3 Hz, H-30), 0.91 (s, 11-25), 0.85 (d,
J=6.3 Hz, H-29), 0.70 (s, H-26); "C-NMR data (100 MHz, CDCl;): 178.06 (C-28),
138.22 (C-13), 125.22 (C-12), 73.30 (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-1), 33.61 (C-22),
33.10 (C-7), 30.62 (C-21), 27.96 (C-15), 24.18 (C-106), 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), 16.78 (C-26)
[Sakakibara and Kaiya, 1983; Kojima e/ /., 1987; 1989].

Compound 7 (prunetin 4'-O-B-p-glucopyranoside, prunitrin). 'H-NMR (300
MHz, DMSO-ds) 8: 12.91 (1H, brs, 5-OH}, 8.42 (1H, s, H-2}, 7.51 (2H, d, 7= 8.0 Hz,
H-2',6'), 7.11 (2H, d, /= 8.0 Hz, H-3', 5"}, 6.67 (1H, d, J= 2.1 Hz, H-8), 6.42 (1H, J
= 2.1 Hz, H-6), 491 (1H, d, J = 7.3 Hz, H-1"), 3.87 (3H. s, OCHs); "C-NMR (75.5
MHz, DMSO-d,) §: 180.56 (C-4), 165.63 (C-7), 161.71 (C-5), 157.91 (C-9), 157.62




(C-47), 155.02 (C-2), 130.46 (C-2', 6"), 124.44 (C-1"), 122.60 (C-3), 116.47 (C-3', 59,
105.72 (C-10), 100.57 (C-1"), 98.44 (C-6), 92.89 (C-8), 77.19 (C-5"), 76.63 (C-3M),
73.42 (C-27), 69.95 (C-4"), 60.93 (C-6"), 56.46 (OMe) [Geibel, 1995; Geibel and
Feucht, 1991; Geibel er al., 1990].

Compound 8 (sphingolipid). Amorphous white powder; LR-FABMS m/z 866.6
{CisHosNO,p+Na]";  HR-FABMS  m/z 866.66967, Calc. for 867.2611
[CagHosNOg+Na]'; 'H-NMR {400 MHz, pyridine-ds): & 8.59 (IH, d, J= 9.1 Hz,
amide linkage), 5.5t (1H, m, H-9), 5.42 (1H, m, H-8), 5.26 (1H, m, H-2), 4.93 (1H, d,
J="7.8Hz, H-1"), 4.74 (1H, dd, /= 6.9, 10.0 Hz, H-1), 4.60 (1H, m, H-2"), 4.50 (1H,
dd, /=53, 8.0 Hz, H-1), 4.48 (1H, dd, J=3.1, 12.6 Hz, H-6"), 4.32 (1H, dd, J = 5.1,
12.6 Hz, H-6"), 430 (1H, m, H-4"), 4.28 (1H, m, H-3), 4.17 (2H, m, H-3", 4), 4.00
(1H, t, J= 8.2 Hz, H-2"), 3.89 (1H, m, H-5"), 2.20, 2.10, 1.76 {m), 1.32, 1.24 [s,
(CHa)l, 0.87 (t-like, J = 7.0 Hz, CH;); "C-NMR (100 MHz, pyridine-ds): & 175.56
(C-17), 130.32 (C-8), 130.11 (C-9), 105.51 (Glu-C-17), 78.47 (C-5"), 78.37 (C-3"),
75.82 (C-3), 75.08 (C-2"), 72.40 (C-2), 72.35 (C-4), 71.39 (C-4"), 70.38 (C-1),
62.56 (C-6"), 51.67 (C-2), 35.49, 33.91, 32.04, 29.94, 29.84, 29.79, 29,52, 27.85 (C-
107), 27.50 (C-7"), 26.72, 25.78, 22.86 (C-17’, all CH,). 14.20 (CH;) [Kang ef al.,
1999; Sang et al., 2002).

Compound 9 (kaempferol 3-O-a-L-arabinofuranoeside, juglanin). 'H-NMR
(400 MHz, DMSO-d,) 8: 12.63 (1H, brs, 5-OH), 10.88(1H, brs, OH), 10.20 (1H, brs,
OH), 8.02 (2H, d, /= 8.0 Hz, H-2', 6"), 6.89 (2H, d, J = 8.0 Hz, H-3', 5'), 6.44 (1H, d,
J=2.0Hz, H-8), 6.21 (1H, d,.J = 2.0 Hz, H-6), 5.63 (IH, brs, H-1"); *C-NMR (100
MHz, DMSO-ds) 8: 177.62 (C-4), 164.16 (C-7), 161.16 (C-5), 159.91 (C-4"), 156.74
(C-9), 156.32 (C-2), 133.37 (C-3), 130.75 (C-2', 6), 120.67 (C-1"), 115.37 (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., 1998; Kim et al., 1994].

Compound 10 (1B, 2, 3o, 24-tetrahydroxy-urs-12-en-28-0ic  acid).
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Amorphous white powder; EIMS m/z 504 [CyoHy30s)", 248, 203; LR-FABMS m/z
527.1 [C3oHsiOs+Nal; HR-FABMS m/z 527.3349 [C;HisOs+Na]' (Cale. for
527.6996); 'H-NMR (400 MHz, pyridine-ds): 5.56 (s, H-12), 4.67 (d, J = 2.8 Hz, H-
3),4.29(dd, /=2.2,9.4 Hz, H-2),4.19 (d, /= 9.0 Hz, H-1),4.17 (d, /= 10.9 Hz, H-
24b), 3.80 (d, J = 11.0 Hz, H-24a), 2.59 (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), 0.95 (d, J = 6.0 Hz, H-30), 0.90 (d, J = 6.4
Hz, H-29); “C-NMR data (100 MHz, pyridine-ds): 179.88 (C-28), 138.19 (C-13),
126.96 (C-12), 81.04 (C-1), 74.54 (C-3), 71.52 (C-2), 65.15 (C-24), 53.41 (C-18),
49.27 (C-5), 49.14 (C-9), 48.04 (C-17), 44.77 (C-4), 43.70 (C-10), 42.42 (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), 23.8] (C-27), 21.34 (C-29), 18.94 (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-p-glucopyranoside, prunetinoside). 'H-NMR
(400 MHz, DMSO-dy) 6: 9.55 (1H, brs, 4-OH), 8.26 (1H, s, H-2), 7.32 (2H, d, J =
8.6 Hz. H-2', 6"), 6.80 (2H, d, /= 8.6 Hz, H-3", 5"), 6.87 (IH, d, /= 2.5 Hz, H-8),
6.89 (1H,./ = 2.5 Hz, H-6), 4.82 (1H, d, J = 7.5 Hz, H-1"), 3.88 (3H, s, OCH;); “C-
NMR (100 MHz, DMSO-d,) 8: 175.02 (C-4), 163.50 (C-7), 158.73 (C-5), 158.62 (C-
9). 157.20 (C-4%), 151.79 (C-2), 130.32 (C-2’, 6'), 124.84 (C-1"), 122.22 (C-3),
114.89 (C-3', 5"), 109.73 (C-10), 103.53 (C-1"), 102.60 (C-6), 93.84 (C-8), 77.60 (C-
57), 75.83 (C-3"), 73.53 (C-2"), 69.91 (C-4"), 60.91 (C-6"), 56.05 (OMe) [Khalid et
al., 1989].

Compound 11a (acid hydrolysis of compound 11 with 5 % H,SO, in MeOH,
prunetin). See 3—2-2. 'H-NMR (400 MHz, DMSO-d;) 8: 12.96 (1H, brs, 5-OH),
9.60 (1H, brs, 4-OH), 8.41 (1H, s, H-2), 7.39 (2H, d, J = 8.6 Hz, H-2’, 6"), 6.82 (2H,
d,J=8.6 Hz, H-3', 5"), 6.66 (1H, s, H-8), 6.41 (1H, s, H-6), 3.87 (3H, s, OCH3); *C-
NMR (100 MHz, DMSO-d;) 6: 180.40 (C-4), 165.22 (C-7), 161.74 (C-5), 157.51 (C-
4%, 157.45 (C-9), 15438 (C-2), 130.13 (C-2', 6"), 122.51 (C-3), 121.03 (C-1",
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115.07 (C-3', 5", 105.41 (C-10), 98.03 (C-6), 92.41 (C-8), 56.09 (OMe).

Compound 12 (kaempferol 3-O-p-p-xylopyranoside). 'H-NMR (400 MHz,
DMSO-d,) 8: 12.58 (1H, brs, 5-OH), 10.89(1H, brs, OH), 10.24 (1H, brs, OH), 8.02
(2H, d, J = 8.0 Hz, H-2, 6'), 6.89 (2H, d, J = 8.0 Hz, H-3', 5, 6.44 (1H, d, J= 2.0
Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), 5.33 (1H, d, / = 6.8 Hz, H-1"}; "C-NMR
(100 MHz, DMSO-d;) 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'), 120.70 (C-1"), 115.26
(C-3, 5, 103.91 (C-10), 101.71 (C-1"), 98.76 (C-6), 93.70 (C-8), 75.82 (C-4"),
73.69 (C-2"), 69.41 (C-3"), 65.94 (C-5") [Agrawal, 1992].

Compound 13 (naringenin 7-O-3-p-glucopyranoside, prunin). 'H NMR (400
MHz, CD,0D) 8: 7.31 (2H, d, /= 8.5 Hz, H-2', 6'), 6.80 (2ZH, d, /= 8.6 Hz, H-3", 5"),
6.18 (1H, t, /=22 Hz, H-6), 6. 20 (1H. t, /=22 Hz, H-8), 536 (I1H, dt,/=1.9,2.8
Hz, H-2), 4.96 (1H, dd, /= 4.4, 8.0 Hz, H-1"), 3.89 (1H, dd, /= 1.7, 10.6 Hz, H-6a"),
3.86 (JH, dd, /=32, 12.0 Hz, H-6b"), 3.40-3.50 (4H, m, aliphatic proton), 3.16 (1H,
dd, J = 13.0, 17.8 Hz, H-3b), 2.74 (1H dd, J = 3.0, 17.0 Hz, H-3a); "C NMR (100
MHz, CD,0D) &: 199.35 (C-4), 167.83 (C-7), 165.76 (C-5), 165.41 (C-4"), 159.92
(C-9), 131.65 (C-11), 129.93 (C-2', 6", 117.14 (C-3', 3, 105.74 (C-10), 162.06 (C-
1"y, 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-d,) 8: 12.94 (1H, brs, 5-
OH), 9.59 (1H, brs, 4'-OH), 8.43 (1H, s, H-2), 7.40 (ZH, d, J = 8.6, H-2’, 6"), 6.82
(2H, d, /= 8.6 Hz, H-3", 5), 6.71 (1H, d, J= 2.1 Hz, H-8), 6.47 (1H, ./ = 2.1 Hz, H-
6). 5.06 (1H, d, J = 7.3 Hz, H-1"),; "C-NMR (75.5 MHz, DMSO-d;) &: 180.79 (C-4),
163.24 (C-7), 161.61 (C-5), 157.56 (C-9, 4"), 154.81 (C-2), 130.55 (C-2', 6"), 122.99
(C-3), 121.42 (C-17), 115.41 (C-3', 57), 106.44 (C-10), 100.16 (C-1"), 99.91 (C-6),
94.98 (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].
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Compound 15 (kaempferol 3-O-B-p-glucopyranoside, astragalin). 'H-NMR
(400 MHz, DMSO-d;) 8: 12.61 (1H, brs, 5-OH), 8.04 (2H, d, J = 8.0 Hz, H-2', 6"),
6.89 (2ZH, d, /= 8.0 Hz, H-3’, 5’), 6.44 (1H, d, /= 2.0 Hz, H-8), 6.22 (1H, J= 2.0 Hz,
H-6), 5.46 (1H, d, J = 7.3 Hz, H-1"); "C-NMR (100 MHz, DMSO-d;) 5: 177.53 (C-
4), 164.18 (C-7), 161.27 (C-5), 159.99 (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), 100.95 (C-
1), 98.76 (C-6), 93.72 (C-8), 77.52 (C-5"), 76.48 (C-3"), 74.28 (C-2"), 69.96 (C-4"),
60.91 (C-6") [Young et al., 1991; Park et al., 1991].

Compound 16 (erobol 7-O-B-p-glucopyranoside, oroboside). 'H NMR (400
MHz, CD,0D) &: 8.21 (1H, s, H-2), 7.03 (1H, d, J = 2.0 Hz, H-2"), 6.86 (1H, dd, J =
2.0, 8.2 Hz, H-6"), 6.81 (1H, d, J=8.2 Hz, H-5), 6.69 (1H, d. /= 2.3 Hz, H-8), 6.51
(IH, d,J=2.3 Hz, H-6), 495 (1H, d, J= 7.4 Hz, H-1"), 3.91 (1H, dd, /= 2.4, 12.0
Hz, H-6a"), 3.71 (1H, dd, /= 5.7, 12.0 Hz, H-6b"), 3.47-3.53 (3H, aliphatic proton);
PC NMR (100 MHz, CD;0D) &: 183.31 (C-4), 165.57 (C-7), 164.37 (C-5), 160.03
(C-9). 156.13 (C-2), 147.73 (C-27), 147.08 (C-6'), 125.96 (C-3), 124.39 (C-1"),
122.49 (C-4), 11822 (C-3), 117.16 (C-5'), 108.83 (C-10), 102.44 (C-1"), 101.90
(C-6), 96.66 (C-8), 79.19 (C-5"), 78.65 (C-3"), 75.51 (C-2"), 72.02 (C-4"), 63.22 (C-
6") [Agrawal, 1989; Arora et af., 2000].

Compound 17 (2a, 3a, 24-trihydroxy-urs-12-en-28-0-B-p-glucopyranoside).
Amorphous white powder; EIMS m/z 488 [C3,Hss0—H+glycoside]’, 248, 203; LR-
FABMS m/z 673.4 [CyHsgO+Na]"; TR (KBr) vy 3423, 1735, 1459, 1074, 1030
em™; 'H-NMR and "C-NMR data (400 MHz and 100 MHz, pyridine-d;) see Table 1,

Compound 18 (2o, 3a, 19a, 24-tetrahydroxy-urs-12-en-28-0-3-p-
glucopyranoside). Amorphous white powder; LR-FABMS m/Zz 6893
[CeHs501+Na]"; 'H-NMR and "C-NMR data (400 MHz and 100 MHz, pyridine-ds)
see Table 1 (El Lahlou ef «i., 1999).
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Compound 19 (2-O-B-(6'-benzoyl)-glucopyranosyl o-(Z)-coumaric acid).
Amorphous white powder; UV, (MeOH): 223, 264 nm; HR-FABMS m/z 453.1162
(C22H»Os + Na]; 'H-NMR and "C-NMR data (400 MHz and 100 MHz, CD;0D)
see Table 2.

Compound 20 (quercetin 3-O-B-p-glucopyranoside, isoquercitrin). 'H-NMR
(400 MHz, DMSO-dj) 6: 12.64 (1H, brs, 5-OH), 10.88 (1H, brs, OH), 9.73 (1H, brs,
OH), 9.23 (1H, brs, OH), 7.57 (1H, dd, J=2.0, 9.0 Hz, H-6'), 7.53 (1H, d, /= 2.0 Hz,
H-2"), 6.84 (1H, d, /= 9.0 Hz, H-5"), 6.41 (1H, d, J = 2.0 Hz, H-8), 6.21 {IH, d, J =
2.0 Hz, H-6), 5.46 (IH, d, J = 7.2 Hz, H-1"); "C-NMR (100 MHz, DMSO-d,) &:
177.44 (C-4), 164.10 (C-7), 161.24 (C-5), 156.32 (C-2), 156.19 (C-9), 148.45 (C-4"),
144.80 (C-3"), 133.33 (C-3), 121.60 (C-6"), 121.18 (C-1"), 116.21 (C-5"), 115.21 (C-
2'), 103.99 (C-10), 100.88 (C-1"), 98.65 (C-6), 93.51 (C-8), 77.56 (C-5"), 76.51 (C-
37), 72.27(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-(1-52)-f-p-
glucopyranoside, kaempferol 3-sambubioside). '"H-NMR (400 MHz, CD;0D) 8:
8.09 (2H,d, /= 8.7 Hz, H-2', 6'), 6.87 (2H, d, J = 8.9 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"), 4.72 (IH, d, J= 7.3 Hz, H-1"),
3.98 (1H, m, H-2"), 3.95 (1H, dd, J= 5.0, 12.0 Hz, H-5b""), 3.81 (1H, m, H-4"), 3.68
(1H, m, H-3"), 3.60 (1H, dd, J = 5.6, 12.0 Hz, H-6b"), 3.53 (1H, dd, /= 6.3, 12.0 Hz,
H-6a"), 3.51 (1H. m, H-4""), 3.43 (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"); "C-NMR (100 MHz, CD;0D) &:
180.55 (C-4), 167.04 (C-7), 163.93 (C-5), 162.32 (C-4"), 159.26 (C-9), 159.00 (C-2),
135.80 (C-3), 133.18 (C-2', 6"), 123.54 (C-1"), 117.04 (C-3’, 5"), 106.44 (C-10, 1",
102.01 (C-1"), 100.72 (C-6), 95.52 (C-8), 81.29 (C-2"), 78.02 (C-3""), 77.84 (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")
[lung er al., 1999; Beninger et al., 1998].
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Ry, O
R2

Prunetin (1) : R, = H, R, =R; = OH, R; = OMe

Genistein (2) : Ry = H, R, =R; = R4=0H,

Prunetin 4’-0-B-D-glucopyranoside (7) : R,=H, R, = O-Glu, R; = OH, R, = OMe
Prunetin 5-0-B-D-glucopyranoside (11) : R; = H, R,=OH, R;=0-Glu, R,=OMe
Genistin (14) : R,= H, R, =R, = OH, R, = O-Glu

Orcbol 7-0-B-p-glucopyranoside (16) : R, = R, =R, = OH, R, = 0-Glu

Ry

HO o

O-R,
OH (o)

Quercetin(5): R, =OH,R,=H

Kaempferol 3-0-a-L-arabinofuranoside (9 : R, =H , R; = Ara
Kaempferol 3-0-B-D-xylopyranoside (12) : R, =H , R, = Xyl
Kaempferol 3-0--p-glucopyranoside (15) : R, = H, R, = Glu
Quercetin 3-0-p-p-glucopyranoside (20) : R, = OH, R, = Gln
Kaempferol 3-0-B-p-xylopyranosyl-(1-52)-p-D-glucopyranoside (21) :
Ry =H,R; =Glu-(152)-Xyl

Fig. 1. Chemical structures of flavonols and isoflavones
isolated from P. serrulata var. spontanea leaves.




OH OH

OH o
Naringenin 7-O-B-p-glucopyranoside (13)

Fig. 2. Chemical structure of a flavanone isolated from
P. serrulata var. spontanea leaves.

Ursolic acid (3): R,=H, R,=OH
2a-Hydroxyursolic acid (4): R,=0H, R,=0H

Fig. 3. Chemical structures of 3p-hydroxy triterpenoids
isolated from P. serrulata var. spontanea leaves.
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R ¢

2a, 3a, 24-Trihydroxy-urs-12-en-28-oic acid (6): R ,=H, R,=H, R;=H

Methyl 2, 30, 24-trihydroxy-urs-12-en-28-oic acid (6a): R,=H, R;=H, R;=Me
1B, 2a, 3a, 24-Tetrahydroxy-urs-12-en-28-oic acid (10): R,=OH, R,=H, Ry;=H
2a, 3o, 24-Trihydroxy-urs-12-en-28-0-B-p-glucopyranoside (17):

R\=H, R,=H, R;=B-D-glucopyranoside

2a, 3ua, 19a, 24-Tetrahydroxy-urs-12-en-28-0-3-D-glucopyranoside (18):
R,=H, R;=OH, R;=p-D-glucopyranoside

Fig. 4. Chemical structures of 2o, 3c, 24-trihydroxy
triterpenoids  isolated from P serrulaia var,

spontanea leaves.
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OH
Hq HN 1S 3 (e lcH,
/O E 4 z
o 2l 3 S
2 z 8 9 “N(CH,),CH,
HO HO OH 1 OH
H HO

Fig. 5. Chemical structure of a sphingolipid isolated
tfrom P. serrulata var. spontanea leaves.

HO 0

2-0-B-(6'-benzoyk)-glucopyranosyl o-(Z)-coumaric acid (19)

Fig. 6. Chemical structure of a phenolic compound
isolated from P. serrulata var. spontanea leaves.
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4. i3l g4 Ag
4-1. DPPH radical 4~ # 34

DPPH radical &A%52 FHAs A 2o]= 7hargt itz gayos
53] phenol aromatic amine & 0| kst o] FHo Wo] Al REH
Holct (Blois, 1958). dF0o] A8 9) diphenylpicrylhydrazine2 2}2lo] 717
A FFY HA "WEo] 5200mol A AT FF bandES RolE EAL
ZEA 30 ek, 28y phenold o] AU AAE A FIHFE ARFTA AL
RS Blw T Al 28] AA} hydrogen radical’S WOl phenoxy radical
& sk Ak olm FF bandx= ARERA I QFAE B A) A & 0F
Axbs H79 g e s Agsts, 1 o] vldldtel Ay eae] ppPHY

B3 AoHA W1, FHEL gashl Hom v do] wel

»

&2
o

=
oS

!

AA @M om WateE FF s FAYTLEY radical AN S

k
e,
o3

2

4= 21t} (Fig. 7) [Yokozawa ef al., 1998 Hatano er al., 1989].

Z} Al DPPH radicalel i@ 2A84Y 4L &3 2t (Blois,
1958). 7} T Al® (1.25-120 w/mL)S dleb-gol 59 9 160 x4 #Hsb
ol 15310* M 52 oe2o] L3147 DPPH &% 40 (9 & E3819

chooo] Wk

et

Fdag Aol 3083 WA F. microplate reader
spectrophotometer VERSAmax2 520 nmolA] S35 & A A58 3
FEEAl 38 TP vl ulske] free radical £AZAHES WP SR LER L
50 % 278 % (ICqe pe/mL 2 wMEZ EE)E Aedn S4HE 3
3wk dYste) e ARE HHEE Fo2 YRl (Scheme 4)
[Yoshida et al., 1989 ; Yamasaki et al., 1994].
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N NH
02N NO, O;N NO,
+ ArOH - + ArO
pH5.0-6.5
NO; NO,
DPPH (DPPH)H
520 nm (purple) 520 nm (yellow)

Fig. 7. Radical scavenging action of antioxidants [ ArOH]
(Son and Lewis, 2002).

MeOH solution of sample Solution of DPPH
at various concentrations (1.53 x 107 in MeOH
(160 L) (40 4l)

Shaking vigorously (10-20 sec)

Standing at room temperature for 30 min

Remaining DPPH was determined O. D. check
at 520 nm

Scheme 4. Measurement of DPPH radical scavenging
activity.
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4-2. AT A oAl g4

i

s

AZed oMol AuPAbEe] o3 EAF H: o of, A Efe
o 1 8] probe?] DCFH-DAE o] &3}a] A& HEol A4
AHer A ZAY + de WYS AHEEn 2AtkBass ef al, 1983;
Hempel ef al., 1999; Wang and Joseph, 1999). ©] HWHH 2 spin trappingAl k-5 4H3}
A7 ESR spectroscopy2 ZA &= WY (Sawada and Carlson, 1987)0) ®]3] 7}
ety el r] wiiol] A3 AEd A o wAFE 22 MEY A
FRkEE A&eA AT 4 v DCFH-DAYE ¢FA 3 v s34 2x=z
Axete] GA waAgstn X 2SS esteraseo] 9] &) deacetylation %)
o] v &, 293l 2,7 dichloradihydrofluorescein (DCFH)E H &-¥ ) DCFH
vOAlEY gAdarie EA) A F43) ﬂi}ﬂcﬁ dA, AEEe) 27
dichlorofluorescein (DCF)7F A 5|25 (Fig. 8), o] &G4 H3zle =2
= A EW S0 AEE (5] 000 27 MRS A 3 5 oA B
U} (LeBel and Bondy, 1990). ZL2J1} DCFH-DAE 84 ZAd2bAa 2] sl
M Solddel gl wiEel 1o Abge tha Alldle] Qe
(Delia et al., 1997).

™ 2 phosphate buffer (50 Mm, pH 7.4)5 A}&3&+9] 12.5 mM DCFH-DA2}
600 units/mL esteraseE 20 Toll stock solution® 2 A Aslodch AHAA 2.5 4M
DCFH-DA®} 1.5 units/mL esterase® Z3tale] 22 TollA 2083 wjokatao]
DCFH #9& 3:21]5P9ii Mg FH7E A7Al ol A %’5 Raseich 71
MEF (ACF)E 6AI3F %9F serum free mediaol] wokel ¥, 2z} 5w A8
(MeOH FZFE2S A$ 40 pgg/ml, 2 2E2EQ0 4% 10 wmL)?t 0,78 Y7}
g 1AIZE H, AFE DCFY ¥4 =2 W3S microplate fluorescence reader
FL 5002 % excitation wavelength 460 nm<} emission wavelength 530 nmeol] A} Z}
28 3087 ZA 3T} (Scheme 5). DCF2] 33 Fxe] Wy Airdglivts
AL Ag, & s e 40450 47 @40, DCFHYL 413kE A
@akok= AS 9u|jt} (chung et of., 2001; Zou et al., 2002).

il

]
e

2] &}

-
£%E A
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2!, 7'-Dichlorodihydrofluorescein diacetate
C\ (DCFH-DA)
OH

2", 7'-Dichlorodihydrofluorescein
(DCFH, non fluorescent)

2", 7-Dichlorofluorescein
(DCEF, fluorescent)

Fig. 8. Assay of the ROS scavenging activity
(Chung et ai., 2001; Zou et al., 2002).
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Hepatocyte (AC,F) in serum free media

Incubation at 37 C, for 6 hrs.

Incubated AC,F dilution with phosphate buffer (pH 7.4)

2.5 1M 2'.7'-Dichlorodihydrofluorescein diacetate (DCFH-DA)

Deacetylation by esterase at 22 C, for 20 min

2',7'-Dichlorodihydrofluorescein (DCFH, non fluorescent)

Addition of samples at various concentrations

Reactive oxygen species

Standing for 1 hr

Measurement of fluorescence intensity
Excitation wavelength 460 nm

Emission wavelength 530 nm

Scheme 5. Measurement of the ROS by DCF
(Hempel et al., 1999).
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4-3, ONOO™ &~ A A

ROSE fritel 4bshd &4 o g4 dgeo] g g dFes Wol
o} Fo{ 2 3L It} (Dreher e al., 1996; Sohal, 2002). HAAH X, S5 So4 4
dE gl
A5 NO-& BHole HAE 71 free radical 24 wgAlo] F 11, wk7ky)
7F ol S EAE zH= #A Abdo|c) (Sawa er «f, 2000; Balavoine and
Geletii, 1999). 8t ofv 2}, NO-&= AEEE A 84s + dojA e &
ANAEFED RS oy, 5 g4z Ed, fAAE WM No
9} -0, 7 FAIO) AAEE, 0,79 HA ¥Este ONOOE A E7| = g
(Chung er al., 1998; Beckman ef al., 1990). ONOO = NO-9 A8 A28 S
A, Fag A AEor g9 Jg8T Hie] ol dad 53 A

ol e}, nitric oxide synthase (iNOS)°ll 2]8] L-arginineS 7] A Z 3}

ol

&l 2 guanyl cyclase®] A}, tyrosine nitration <]l lysine, protein®] methionine
Zhrlel Absh 9 @R FRO) 9 ME 54 Fel ddFo w3 u
EZ=gole] 98 EFA A, membrane pump 2 A, GSH?] 117, ADP ribose
synthase®| EA 32 915t DNA &4 2 HE olt4x] 117 mitochondrial ATP
synthase, aconitase ¥ A|X A @40 Aot W kAl Asto] viWy T
Aol ®aEe] 2T} (Althaus er al., 1994; Haenen ef al., 1997; Lin et al., 1997).
ONOO™3= BFE free radicalol Wlete] AdiH oz <bdsl #AdFolxnt, Aw
2 pHel A Al protondE Hol wEZAol wl§- F-Z  peroxynitrous acid
(ONOOH)®. A& =, W &2 v (19 9)F 7HA+ o] vhgEde

oo} AlE 544 E2< nitrogen dioxide, nitronium ion 2 hydroxy radical®]

olo

FAZ 2-8-8}o] oxidation, nitration, hydroxylation WH3-&
ef al. 1999). T AE S A3A 7| ALY e XS 533 T H,0,0
Hlg] = H Aol o2 W& eR dat wigdd NAAE

A7 R E

=z
34 £ U F WS n4ERi Byl ew wa

Q

'
filo

21t} (Balavoine and Geletii, 1999; Patel er i, 1999). b o)}, A ¥y




ONOO™ &A@l #Aodts A4LA7E ¢l7) wEel, 1 424849238 3
 gol g% Fasid & £ Ak (Choi er af, 2002). AA 18] FA
ONOO™ 2714 -l = flavonoid (Choi er af, 2002), catechin, polyphenol (Van Dyke
et al., 2000, Chung et al., 1998), ergothioneine (Auroma ef al., 1999), defroxamine,

urate, glutathione (Mencini er af., 1998), melatonin {Cuzzocrea et al., 1999) 18] 11
D-(—)-penicllamine (Fici ez al., 1997) 5-©] 2 <24 ¢},

ONOO™ & SAsk= Wilol= ONOO ©l 98k tyrosine 7] 9] nitrations
ZA5= wwlel o™, UVovis spectroscopy, GC-MS spectroscopy, amino acid
analysis, HPLC analysis 3! nitrotyrosine®] 5-°]3¢] polyclonal ¥ monoclonal
antibody = ©]8-3h W Go] Qvh o] 9% HFFew gstwyy R
FEY Fol AR, B AdolMiE Kooy er al (1994)2) =} o) A
ONOO & H7ketol 2449l ONOO™ 44242 IR PEy e o] &aho] 2
B gk},

Aol A dimethylformamide® =59 DHR 123 (5 mM)2 A4 =35}

%
2

o} .80 TolA stock solution®. 2 A =FaFA k. 90 mM sodium chloride, 50 mM
sodium phosphate (pH 7.4), 5 mM potassium chloride2 Z A3t buffers
diethylenetriaminepentaacetic acid (DTPA) 100 ;M EFAA, HEF 7 5 M
°] 555 DHR 1235 #71sksich o2 wh=5o) 2 working solution®] A2
2} authentic ONOO 2 H7tald 35 5 u] &34 ¢ DHR 1230] & 4] 9]
rhodamine 12302 wpA A H=d (Fig. 9), °] HHEAL microplate
fluorescence reader FL500% excitation wavelength 468 nmi} emission wavelength

525 nmoll A &3 3191t} (Scheme 6).




/0
C/ Dihydrorhodamine 123
{DHR 123)

OCH,

Rhodamine 123

OCH,

Fig. 9. ONOO -mediated oxtdation of DHR 123
(Hempel et al., 1999).

Diethylenetriaminepentaacetic acid (DTPA) 100 M

Dihydrorhodamine 123 (DHR 123) 5 ¢/M

Incubation at 37 T for 5 min

Sample at various concentrations

Authentic ONOO 5 uM

Measurement of fluorescence intensity
Excitation wavelength 480 nm
Emission wavelength 525 nm

Scheme 6. Measurement of the ONOO™ scavenging activity
(Chung er al., 2001; Zou et al., 2002).
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free radicalS 2ASAY 52 444 I ES Lalaty EE24FAHL

24 845 JepA Hed, o1dE A gy o

2 AME sEES dor)rls gtk (Moure ef al., 2001). WERA] HAE 2]

Frstgd s dAstrv, B2 sgEY 24 rjde el delxe o
gAY AHEE dart Qv old Azl 3744 #ika AEA,

% DPPH radical =7 24N}, @4dag A4 42349 19

ONOO™ A=71Z4dRl o= sihst &8 wrtaialnt

Dol AbdEE ANEGE, ARAL AT, SULR, Ay,
WU E)3 gge] 7Ee] WU (Table NE o ® zF 2w
MeOH FEE2 Al8&te] Ad@s91m, Age] £9 4 e e 2o,
BB, AZUT, SOl 4 el MeoH F

2
dela gMURel AR @s Ay eegle 4%“%@?i (Plant

ok

M o2
)

N

Al
Diversity Research Center) % ?Poﬂ AT FmAEFEE A 79
BRI, ARAL B9 PR, dbel ) %

5 O] O]O ;(]2'] XHZ] 0]_0:1 t}é }, ]

MeOH FE3fo] Abg-s3ict

Table 1. Some selected Prunus genus in tested model systems

Plants Common name in Korea

P buergeriana AR

P davidiana AHE AL

P. padus HEUHF

P pendula for. ascendens L8}

P. sargentii Areivi g

P serrulata var. spontanea U5

P. yedoensis S E
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1-1. 7% WyFo] 298 MeOH $5 59 DPPH radical 2784

DPPH radical W9 & the sl AQAAE =g Az
e ek oA AAEe ARse] dd dgge] gn, F2d

radical 2 &wloll 73] LA 7= AV Fasly] W) 7uEA
FAEAA S ZHE = 2o} (Bondet e al., 1997).

T YU FZEZ2 d4to 2 3 DPPH radical AAEA H3e

4
>

Table 2] WERAATH A7 9] UG AT RE MeOH F2 oA
% DPPH AA AL wHIeH, 53 LR 439 MeOH
FEZY 2B 1Ch 1.63 pgmlE HFETF o2 2189 G4 (-
ascorbic acid (ICs, ]7;£g/mL)9+ AR EA 2 JERHATE R AbEAL

T 2 R R MeOH FEE3 Aol bz, Bl Al

2ela, GHEUSE 7FA19] MeOH #2E° DPPH AAEAo] < IC, 10
pg/mLE el Ao 2 Hol o]l whly FE&:Zol gl iAo

A radical 47 ZAe] 7|08 S & F Adc) o] 9elr AR
13t =3 9] radical 4~ ZA 9 1057t 27t 18.99 g/mLe} 15.69 pg/ml 2,
Hivheol ol 22 Z47F 21.88 wg/ml, 1430 pg/ml= =AU FF 9
Hibr-Ee 298 DPPH radical 4A719A4S AHum 7 sz e
Aol bt Fe #4E& edln dn 2 agln o) o
2o yebdrk 538 Aol A9 dejae] AL e}z
B WL e Aol s 22 335 pe/mLY 4.00 pymlLO R 7S
24E YEhd e g Wel atkslaty 4Ee Fu ool opd Fuu}
A AL oz oAA}

[F]e)
4o ol

il

1-2. TF QYT 298 MeOH F559 FANLFE J484

AA el AdEe 249 aFe ARFHon AYF =AF:
Yo HHIF (AGHONA A" Bd34F0 93] ¥8F probed)
DCFHDAZE 2% @342 Wi DR dBslt 148 ol geksich
TF gure] H9d MeOH %%%Oﬂ g3 FAAMLEE AL S

f
Ir
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SAA oW dPdt= Table 20 VERAATE AEAL GHUR A

2 n WU dael AAlE (%) 40 wgml EEANA ZHzZh 8378 +

1.31%, 72.06 + 1.35% 712130 71.20 + 0.63% 2 7P ki, th2aQ Trolox

(7356 £ 031%)9} #FAME 248 2ot 53] fdhFol o) 582
7}

A AEE AAEFA melanin AL DAAFIckE Aol ety 317
WFol (Matsuda et al, 1994), o] BHyYFojrME BAHMNALZTE AA =
teFgt dEo] 2 Aow oA HApduE 93 R 439

gAML FT YA Al AL 40 ggml FEAA ol @A 28 wbd,
AT, SWuF e 48 BE BoolA 50% o]Ate] AL
UehdTh 58] duvie] du Zeo] MeOH FEE¢ 4% DPPHY
ONOO™ ¢t & v gitsidleles de) 234044

Sl YEiE Qlo® Hol, oS dWiupRo] daatEAl e GAAAF

=
AA videl HZA S PA Fevke AE F4Y% 5 il o))

CFE B MeOH &80 @A Zo dis)] 30%ollA 60% A E<
FE 848 Nols FHoF Hol ol Wiy & AMizo] LT

1-3. 7% WuFo] A MeOH F559 ONOO 4AA 4

G 3Y MeOH F2E9 ONOO™ 4AAZAHS =As&7] )
AF42 4 oNOOT &A A4S FAslon 2 ZAsbE Table 29
vhepui ik abEAbel abdvpRe] Qlx) JEi: ONOO™ 47 89 10 ug/ml
B0 A ZFZ) 92.84 + 0.16%9}F 91.92 + 0.88%, 91.63 + 0.39% =2 7} &4
vEbskom, gl e] ) abdupFol 2 gela bl QoA
FAFTANA 247 7628 + 021%} 80.63 + 0.81%, 7285 + 188%EB BT
279 penicillamine (71.14 + 047%)K.c} %2 @4¢ Jehyou)
FEEYINE B85 2 €48 veldls o R Wol olE HlpEe
it dgdo] ONOO™ AAEAel A 7ldsta ASE ¢ 5 AR
AR S Aol oty WuE & 289 MeOH F2E2 10

pgml XA 50% FEo] FE ONOO™ 2AFAAL vehldch
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Table 2. Scavenging activities of the MeOH extracts of some
selected Prunus genus on DPPH radical, total ROS and

ONOO™
Parts of plant  DPPH’ Total Ro_s*’ ONOO™
Plants used ICs, Inhibition ratio (%)  Inhibition ratio (%)
(gg/mL)  Mean + SE Mean * SE
P buergeriana* Leaf 14575  -1.49 + 8.31 822 + 275
Stem bark 335 5841 + 029 55.84 + (.84
Heartwood 400 5132 + 037 4235 + 090
P, davidiana**  Stem 360 8378 + 131 9284 + 0.16
P padus* Leaf 275 60.60 + 0.80 4669 + 1.88
Stem 450 31.04 + 097 4034 + 196
Flower 540 39.11 + 104 3533 + 3.04
P pendula for.  Leaf 540 5764 £ 223 57.20 + 0.70
ascendens™ Stem bark 1.63 75.84 + 091 7628 +  0.2]
Heartwood 335 6433 + 1.20 49.16 + 1.05
P sargentii** Leaf 1899 5883 + 1.94 9192 + 0.88
Fruit 7906 3957 + 237 6141 + 143
Stem 803 5788 + LI10 9163 + 039
Stem bark 1569 3078 + 3.85 4735 + 1.78
P serrulata var. Leaf** 21.88 690 + 270 6781 + 315
spontanea Flower®* 14.30 1222 + 1.63 3063 + 0.81
Stem bark** 67.15 .17 + 222 3455 + 795
Heartwood* 4.05 7120 + 0.63 6136 + 191
P yedoensis Stem* 3.20 72.06 + 135 67.77 + .51
Leaf** 27.08 4834 + 329 7285 + 3.88
L-ascorbic acid 1.71
Trolox 73.56 + 0.31
Penicillamine 74.14 + 047

*Some of samples tested were purchased and **the others of samples were collected and
then extracted with hot MeOH. “DPPH is the free radical scavenging activity (ICs: zg/mL).
’ROS is the inhibition percent of total ROS generation in hepatocyte at the concentration of
40 pg/mL. “ONOO is the inhibition percent of peroxynitrite at the test concentration of 10
Lg/mL.
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2.3%9 "WUE MeOH 53 74 FHE59 gitslada]

AEAReE gy o) eln Wy Rl 9 423, 29 MeOH FEE
el 7F 8% (CHCl, EtOAc, n-BuOH #®)3 H,0%0] téle DPPH
radical 2274 47, 304 F A4 A 282 ONOO A2A AL
Aok aHEAbel bR Qo] MeOH 28, 7} 8% 7e]i H,0E
of digt st dA] HFE Table 390 JEPATH AFEA}e]l DPPH radical
27 4L EtOAc BE > n-BuOH % > MeOH FEE >> CH,ClL 3%
>> H0F ¢o2 velsken, of Az 2821 DPPH radical 4~H &

Ad AES dPE EOAc 87 n-BuOH P& =AdL & 4+

A

;i o

Ch APEAL MeOH FE3ES BHALE A& 4

2] 40 pg/mL F 5ol A
8378 + 131%% w9 A Yehdon RINAL S8 EOAc P

o
(8]
o0
|+
LVe]
)
NG
i
~J
=
UJ
O
I+
L»J
.
<
=
LN
=2
3

CH,Cl, 8% »n-BuOH & «=o 2 237}
+3.42%= x4 SHHA AoE Hob HOF S A|93 28 Ao @ais
T AAEHE 7H ATl xgEof g Aew o)Ay wE Ea)
= 10 gg/mL F=ol4 MeOH FZFET EtOAc &4 CH,ClL, &5, 4-BuOH
oAl B 70 % o] el AEE ONOO™ AAZA S VEh =Y, o=
W72 penicillamine?] A7 8430] 74.14 + 0.47%91 % T2 u, 433
w2 A4S VERdE & 4 oo 371 dEAER S B AFRAL9)
MeOH %% EtOAc E%, #n-BuOH #EL2 radical A7 9} 24 2hAZ T}
ONOO™ 9] oAl 717& F3 stgAds vehge & 5 Ao

Qi 9lo] EtOAc FE-olA DPPH radical 27 437 ONOO A A
E7d0] 242} 105 6.08 pg/mL 2t 10 ug/mL 5o A 87.24 + 1.11 %A 4 &2
7P A vebt o, 490473 dA2AAL A9 veA gt ole
v de g F odAgds g8 71A, F radical 27 ONOO™
oA oa kst gAd s Jeld Aow oA




i) 9 7HA], 49 MeOH %% a8 Z 88 (CH,CL, EtOAc,
n-BuOH B&)3} H,0%F <l téte DPPH radical A7 243, &A44% A
A AgAd 28ji ONOO™ 47284 & 438t Table 30 Yefsdct 4d
9] EtOAc -2 DPPH radical 4784 0] 1C57.98 pg/mLE VFEFGE

U

o, T3 ONOO™© WaiA= 10 gg/mL FEoNA 9537 + 0.12% A AT
24 493 328 7 P e dEldth 53 ONOOT £AEA S H0
FE ACEa BT 65% o144 43 2A8AHS Jehdded, ol gx
¢ penicillamine®] A E&0] 7414 + 047%U S THIE o) A3 &
s ¢ 7 JdAnk Zelv 4o A MR FT HE AAgAHL
EtOAc HRoNAME 277 + 42%2 SHA Jeldth oz mpaisiz 2 duy
o] A% EtOAc Do DPPH radical A& 47 ONOO AH &) z}

_|\1

b ICsy 5.65 pg/mL% 10 pg/mL FE oA 87.54 £ 0.15% = 714 Zaton], o
9] ohe Hrel A wtAl vebsteh diuse] 22e] DPPH radical 47124
£ EtOAc #F > n-BuOH ¥ > MeOH FE% > H,05 »> CHClL A8 &
O R WER oW ICE 42 23,28, 143, 1975, 6445 pg/mL® ZA 21
ONOO™ A EA 2 HO0F5E AQdtan EF 65% o329 A3 £AZHS
YER AT Bvp-o] )9} 3Ee] EtOAe HEE BANLF Alge] 40

pg/ml FEol A ZF7F 4834 £ 1.25%9} 52.56 + 0.68% = LIEFSLTE

W

o
Az

Mol i o) 3 gakstig dube v Rolmol RatstEa 4
o dg] =& F EOAc ol 7 ol EAgtn d& Aow
AN, F& radical 27 ONOO™ A7 9 9]8] datsiaid g 1}e)
o2 oAH
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Table 3. Antioxidant activities of the MeOH extracts and its fractions
of P. davidiana stem, P. yedoensis leat and P serrulata var.
spontanea leaf, stem bark and flower

MeOH and DPPH? Total ROS” ONOO™

Plants its fractions 1Csq Inhibition ratio (%) Inhibition ratio (%)
used (pg/mL) Mean + SE Mean + SE

P davidiana

Stem MeQOH 3.60 8378 + 131 9284 1+ 0.16
CH,CI, 52.00 7039 + 370 7073 + 0.55
EtOAc 2.57 83.18 + 330 9556 + 023
n-BuOH 2.93 5671 + 3.42 8477 + 034
H,0 772.52 088 + 198 3351 + 1.6l

P yedoensis

Leaf MeCH 27.08 -42.77 + 329 7546 + 3.88
CH,ClI, 32.30 -219.64 + 18.37 48.55 + 1.47
EtOAc 6.08 3333 + 479 8724 =+ 1.1
7#-BuOH 50.13 620 + 275 4789 + 2.13
H,(O 57.38 4.14 + 4.64 2936 + 531

P serrulata var.  spontanea

Leaf MeOH 21.88 69 + 2.7 67.81 + 3.15
CH,Cl, 65.70 -1762 + 4.9 6535 + 046
EtOAc 7.98 277 + 42 9537 + 0.12
#-BuCH 48.55 153 + 3.5 8385 + [L.I5
H,O 18.95 89 + 2.8 4129 + 6.01

Stem bark MeOH 67.15 .17 + 222 3455 + 7.95
CH,Cly 183.2 -11.62 + 6.64 3937 + 483
EtOAc 5.65 4834 + 125 8754 + 0.15
n-BuOH 78.9 -7.84 + 157 3963 + 477
H,O 189.3 0.77 + 507 3045 + 329

I'lower MeOH 14.3 1222 +  1.63 80.63 + 0.81
CH,Cl, 64.45  -142.68 + 1.98 65.19 + 13]
EtOAc 2.3 5256 + 0.68 9382 + 034
n-BuOH 2.8 3337 + 739 6938 + 1.62
H.O 19.75 4377 + 1.84 2434 + 410

L-ascorbic acid 1.71

Trolox 7356 + 031

Penicillamine 74.14 + 047

“DPPH is the free radical scavenging activity (ICs,: #g/mL). *ROS is the inhibition percent
of total ROS generation in hepatocyte at the concentration of 40 gg/ml.. “ONOO" is the
inhibition percent of peroxynitrite at the test concentration of 10 pg/mL.




3. HibT EtOAc 8844 deld s 1244

AU (P serrulata var. spontanea) Q0 AR == 238 Ao] 713 =&
EtOAC #EFS WAH2F column chromatographydted 13 Z2] flavonoid
5}3HE [prunetin (1), genistein (2), quercetin (§), prunetin 4'-O-B-p-glucopyranoside
(7), kaempferol 3-O-a-L-arabinofuranoside (9), prunetin 5-O-B-b-glucopyranoside
(11), kaempferol 3-O-B-p-xylopyranoside (12), naringenin 7-O-B-D-glucopyranoside
(13), genistin (14), kaempferol 3-O-B-p-glucopyranoside (15), orobol 7-O-f-p-
glucopyranoside (16), quercetin 3-O-B-D-glucopyranoside (20) and kaempferol 3-0O-
B-p-xylopyranosyl-(1—2)-p-p-glucopyranoside (21)]7} 62| triterpenoid 3} 3 &
[ursolic acid (3), 2a-hydroxyursolic acid (4), 2a, 3, 24-trihydroxy-urs-12-en-28-oic
acid (6), 1B, 2o, 3a, 24-tetrahydroxy-urs-12-en-28-oic acid (10), 2, 3o, 24-
trihydroxy-urs-12-en-28-O-B-p-glucopyranoside  (17). and 20, 3o, 19a, 24-
tetrahydroxy-urs-12-en-28-O-B-nD-glucopyranoside  (18)], tglir  ztzh [ F 9]
sphingolipid (8)2} phenold 335 [2-0-B-(6"-benzoyl)-glucopyranosyl o-(Z)-
coumaric acid (19)]5 Z+2 &2, AAstd o F 25 8937 9= IR, UV,
EIMS, LR-, HR-FABMS, 1D NMR ('H-NMR, ""C-NMR)¥} 2D-NMR (HMQC,
HMBC, COSY, NOESY)¢| 3etd WS Abgsted ZAsoic) #ad

ot §HE> silica gel TLC (CH.Cl:MeOH &3 10:1, 7:1, 3:18 A7y =4
T 2% numberingg 3FST}
3-1. Flavonoid &8-2] +x& ZAA

2709l WEESI 3780 gaz olFojd w4 152 ® g9
CoCi-Cs 3EEE flavonoidet e} ofe] 7% 7|2 F Ao glon], ztz}
S50 HAE 1R E3] flavonoid?] C3H Yol OHYE 71d AL
flavonolol 2}l &tal, 3 $iAo] B #o] AT AL 7 FFES
isoflavonoide} iz skc}, gk Cco¥ly} C3Me] o] AFto] ¢l= flavonoid
=L flavanonecl el Frh ($, 1996). 1 FERE Fig 13} 2004
A| A8 NMR datats 3-2-2 whebol| 4| =pA|3] A4 84}
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3-1-1. 6% 2] flavonol 3FES FZ2AA (5,9,12, 15,20, 21)

o

o}¥ B E Flavonol 3§HE-S aqueous MeOHZE A A Y 8la] gha
Add BEEEA 248 ddd w3 A S (B 365 nm, 254
nm)° A spots FHIF F U, 50% HSO, £ A7 F hot plated) Al
DEAZDE o Moz BqGer ofal, MgHCI R FeCl, &9
h3-o] FAMRQl AeZ Mol flavonoid FHFIEJDL =33 5 9} (%,

96). Compound 5= quercetin 33 A TLC 29181931, EIMS 241 4]

Mz

T

R

2lo] -2 peak”?} m/z 30290 A base peak® YEI}T lon ¢ gollA remro

Az

Diels-Alder E-#liell gk [A + HI'7} miz 1539041, [B]'7F mi 137904
Lehb= Ao @ 1ol (Fig. 10, Scheme 7), A9} B 3ho] z}z} dihydroxy
groups 7H flavonolQl quercetin® B9l 53T = AATh (Young er ol
1991; %+ &, 2000). Compound 9, 12, 157} 202 DMSO-d;2 'H-NMR3}+ “C.
NMR spectrum<r S A3l 1 datas F8 A9 wjwstdm, 24zt kaempferol
3-O-a-L-arabinofurancside (9) [De Almeida er al, 1998, Kim er al., 1994],
kaempferol 3-O-f-p-xylopyranoside (12) [Agrawal, 1992], kaempferol 3-O-p-p-
glucopyranoside (15), ~L2] 1L quercetin 3-O-B-p-glucopyranoside (20) [Youngeral.,
1991; Park et al., 199112 7% ZAATY + 9ok

Kaempferol 213122 'H-NMRel A} &A= 9 signal?l meta-coupling 551
20 proton signals {8 6.21 (1H, ./ = 2.0 Hz, H-6)7} & 6.44 (IH, J = 2.0 Hz, H-8)
T doublet signals]¥ A,B, type?] B 3] protonS 9 EAE eEhg=
signals (8 6.89 (2H, d, /= 8.0 Hz, H-3', 57} § 8.02 (2H, d, J = 8.0 Hz, H-2', 6"]°]
WS ATk 28] al Quercetin® 'HNMROIA meta-coupling 3H= 3 9l
proton signals [8 6.21 (1H, d, /= 2.0 Hz, H-6)%} 5 6.41 (1H, d, J= 2.0 Hz, H-8)] 7}
ortho-dihydroxy group= 7} B 22 53 &9l proton signals [5 6.84 (1H, d,
J=9.0Hz, H-5)9} §7.53 (1H,d,J=2.0 Hz, H-2") 2&] 3 §7.57 (1H, dd, J=2.0,




9.0 Hz, H-6)]°o] ##E AT (3 5, 2000). E3F, flavonoid =730 2=
Fo) FReh vo AFPUNL Fo) 19 T4 B4 HNMR signal %}
coupling constant (J |, A7) [8y 540 (1H, d, J = 72 Hz)| 2 %8 B-p-
glucopyranoside 2 5 8} T} (Agrawat, 1992).

Compound 21-& CD;ODZA 'H.NMR (Fig. 11)3} “C-NMR spectrum (Fig.
12) 5389 2 dataZ ER R} v wabeict (Jung et al., 1999; Beninger er
al., 1998). 'H-NMR (Fig. 11)°l] A] meta-coupling 3t proton signals (5, 6.185%
Sy 6.38) “LE] 3L A;B; type®] B 29 proton signals [y 6.87 (2H, d, J = 8.9 Hz,
H-3', 5")¥} 84 8.09 (2H, d, J = 8.7 Hz, H-2', 6")]°] B2 ] o] kaempferol =2 &
she StE Y-S FAE 5 Uk w3 BCINMR spectrum (Fig. 12)0) A
kaempferol®] B #tell 7]<18h= signals [5c 133.18 (C-2', 6), 8- 117.04 (C-3,

SNFE 2] 1yl whael 7106l signals [5c 106.449} 5 102, 01]e] Bz,
kaempferol©ll 2+ 2ke] o] AfPe FxYE AT + AL; wek, g
A2t AT E sty 95te] 2D NMRO HMQC (Fig. 13)2} HMBC

spectrum (Fig. 14)& 5 36}2;‘2134, B-p-glucose®} H-1"[8, 5.35 (J=17.6 Hz)] %
C-1" (B¢ 102.0) 2€] 3 B-pxylose?] H-1" [5y 4.72 (J = 7.6 H)S C-1" (8¢
106.4)2] one bond correlation# long range correlationS A&} A 1}t pop-
glucose®] H-1"2 kaempferol C-3 (8¢ 135.80)% Al@oA= 7k w, fop-
xylose®] H-1" [, 4.72 (/ = 7.6 Hz)}] &= p-glucose2] C-27 ©c 81.29)°1 long range
correlationdl= 210 ®  Bo}l  Kkaempferol 3-O-B-p-xylopyranosyl-(1—2)-p-p-

glucopyranoside 21)E T35 S A 319},
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Fig. 10. EI-MS spectrum of compound 5.

OH
OH [B2]" m/z 137
cC
HO 0 o 1
e Py
OH
o+
OH O 0]
[A1+H] m/z 153
quercetin
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Scheme 7. retro Diels-Alder fragmentation of compound 5.
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Fig. 12. "C-NMR spectrum of compound 21 in CD;0D.
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3-1-2. 1% 9] flavanone 33HE2 7244 (13)

Compound 132 CD;ODZ 'H-NMR (Fig. 15)% "C-NMR spectrum (Fig.
16)& FAste] 1 data® T332k 23T} (Choi er af, 1991b). Flavanone
HEEol 5A A signals [8y 2.74 (H-3a), &y 3.16 (H-3b), & 5.36 (H-2)]2
wE F UM, &y 6.18 (H-6)7 8y 6.20 (H-8)2] signalsS 5, 7 Yo
hydroxy group”} A &0 glon, 7He] o] A3 flavanone 3}3EAL
FAY 7 AU (F &, 2000: Choi er al, 1991b; Agrawal, 1989). 38 “C.
NMR spectrum (Fig. 16)°14 5. 81.51% & 44.96°1 4] flavanone 3Z}3E o

EAAQ C2-c39] AL ol

d_l

F = oldo)h ol el Z3Z naringenin 7-O-

i

B-p-glucopyranoside, 5 prunin®. 5 533} t}
3-1-3. 6F 9 isoflavone 3}FE-2] F+24H (1,2,7,11, 14, 16)

2] g isoflavone #§E-2 aqueous MeOHE A AsHe] o] Rty
SR A e e gl wd A b (B 365 am, 254 nmyol 4]
spota FUAT 4 11l 50% H,S0; 9% H el F hot plateol A BHEA &
o FHAe e (F, 1996). #HFHE 1, 2
compound 16> CD;ODE Z}z} 'HANMR3 "C-NMR spectrum< A 8}o] 2

, 7, 11, 14 DMSO-d, &

data® =@ A 9} W] W&} 31, prunetin (1) [Farka ef al.. 1969], genistein (2) [Wang
et al., 1999b], prunetin 4'-O-B-p-glucopyranoside (7) [Geibel, 1995; Geibel and
Feucht, 1991, Geibel et al., 1990], prunetin 5-O-B-p-glucopyranoside (11) [Khalid et
al., 1989], genistin (14) [Wang et al., 1999b], orobol 7-O-B-p-glucopyranoside (16)
[Agrawal, 1989; Arora er al., 200015 += AA3 =+ 92t} Isoflavonoid=
DMSO-ds2 NMR =743t%& 45 sl free hydroxy groupS 713
isoflavonoid S}FE-2 EF A 02 5, 9-13914 signale Bt} (%, 1996; 7,
2000; Agrawal, 1989). Compound 73} 11-2 prunetin Hi@Ho)] o] At
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FAZE ZA2b 40 aja sHow zolHE Btk old HTE NG acid
hydrolysisgte] & AAH Y A4 YERPY S free hydroxy group?] 'H-NMR=}
"CNMR  signals&  EF@ A wugoga dol YANE @Asgich
Compound 119] 7FE& 82 'HNMR¥ “C-NMR signals prunetin (1)7}
LA et en], 9AE2] NMR data®t H &8 o) 3, 12.96 (1H, brs,
5-OH)2} signalo] A 2o] vebwtn, C-49) & 175.027} &c 180402 A A3
ol AoR Kol Fo] AFNA T C-59 hydroxy groupl g QT 5
AL (Mabry er al, 1970), 71 A3} o] &9 FZE prunetin 5-O-B-n-

glucopyranoside®2 A A543} |

Compound 162 'H-NMR (Fig. 17)3} “C-NMR spectrum (Fig. [8)ol] A
flavonoid®] B 2ol ortho-dihydroxy group2 7}A| 3= proton signals [8y 7.03 (1H,
d.J=20,H-2"), &,6.86 (1H, dd, J=2.0, 8.2, 1-6"), 84 6.81 (1H,d, /=82, H-5"1%}
isoflavoneid®) 54 A Q1 H-22| signal (3, 8.21, s)o] BWz=) e} w3k 5, 4.95
(d. J = 74, H-1"pol A Fo] 271 gels)oint de] 4% 9x& 27
&l HMBC spectrum (Fig. 19)& 3389 219, §,,4.957} orobol EA 2] C-7
(8¢ 165.57)7 correlationdt= Z 22 Hol orobol 7-0-B-p-glucopyranoside?) &

A% HUw 5 9k
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Fig. 15. '"H-NMR spectrum of compound 13 in CD;0D.
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Fig. 16. "C-NMR spectrum of compound 13 in CD;0D.
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3-2, Triterpenoid S &59 +x 24 (3,4,6,10,17, 18)

Triterpenoidt> 671 2] isoprene THZ o] Fold HAFFELZA v X
g BT xE 7, A9 R57F OH, CHO, COOH 59 #5718 7
Ak §Hol w1 FtEAdS vepATh  Liebermann-Burchard  WH-g-A
(AO-H,S0001 4 WA AAg Uehirh Aol fod w o~
29 22 wjgAE o|FH ETAITE F EAL2] famesyl pyrophosphateol 4]
o] Fo17 squalene©.® RE F ¥ HHE £ozA 400 Fo]de) NBEH
ol deA gled, 4000F ool AFESo] HauErh |EF A we)
4 B4 triterpenoid®} 5 A1 triterpenoid= tHEH = Qlv} (7F Z, 20000 4,
1996). Triterpenoid #+31& 2] We]&dE AH B, NE A (Numata e al,
1989; Yamagishi ef a/., 1988)2 7}A] 3. 21oA] Hela cell, MK-cell & v}ek3t <F
A2 g F52 28 (Castro er al, 1997)2 HERHB, VSV (vesicular
stomatitis virus), HRV 1B (rhinovirus type 1B), HIVel] sl atujo]e] 2 FHA]
{Poehland et o/, 1987, Aquino er af., 1989; Xu et af., 1996, Kashiwada et af., 1998)°]
s gl Ak 3 Panax ginsengol A 2l H ginsenoside 3 E > Fo9
Hol& AAd= aurt duvkar g}l (Mochizuki er af.. 1995). %k olu] g}
triterpenoid W F Aol A A DA 3T (Yoshikawa er al.,, 1996b)e} &7 & 5-2
T A E T (Yoshikawa er al., 1996¢), A5ol that A« a7} (Yasukawa er
al., 1996), up-F-2=o] 2 A oA 2] NO A8 22t 24 (Honda er al.,
20000 7Rl a &uk 22 A 20] triterpenoid?] st E A E AT
7b Z S AL v} (Zhu er al., 1999; Song and Yen, 2002;Hamburger et al., 2002).
M- 2)o] EtOAc oAl 223k triterpenoid 3322 IR, UV, EIMS,
LR-, HR-FABMSE Z=43AY pyridine-ds £ CDCLE &9& 3l 1D
NMR ('"H-NMR, “C-NMR)# 2D-NMR (HMQC, HMBC, COSY, NOESY) =9
TG WS AbRst FxE EMEY 1 FET Fig 37 4004 A
A} 84911 NMR datat= 3-2-2 T2} Table 40| A 2bA 5] A Al 1o o).

R TS 2]

Compound 3, 4, 6, 10, 182] 'H-NMR2} "C-NMR spectrum (pyridine-ds) &

Az Aoz 0 FAFEE FEE 47 ursolic acid (3) [Takeoka er
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al., 2000; Jung et al., 1999], 2a-hydroxyursolic acid (4) [Jung et al., 16999], 2, 3.
24-tribydroxy-urs-12-en-28-oic acid (6) [Chusheng er /., 1988], 1B, 2a, 30, 24-
tetrahydroxy-urs-12-en-28-oic acid (10) [Sakakibara ef al., 1983; Li et al., 1998:
Guang—Yi er al, 1989], 2o, 3o, 19a, 24-tetrahydroxy-urs-12-en-28-O-B-n-
glucopyranoside (18) [El Lahlou ef a/., 1999)F 5 A 5} 91 v}

Compound 172 &4 4% FE2A 215029 IR spectrum (Fig. 20)
o A= 3422 em™, 1074 em ™'l A 22} hydroxy group™ glycosidic linkage°ll 7]
18k peak?t WEIRETE o] #5 7], & hydroxy group®l A S Toldls
&l EIMS spectrum (Fig. 22)8 SA3+02n, ursaned 2 oleanane?)
triterpencid 3+-EolA] EA A 02 e rerre Diels-Alder 53] 120
71148 jon peak7} WFERGETE (7 5, 2000). =, o] 3R] EIMS spectrum©l|
A m/z (% intensity) 488 ([M—glucose+1], 0.38), 248 (100), 203 (84.85), 240 (2.83),
239 (12.66)°] ion peaks7} WEIL = A 02 A hydroxy groupol D/E #o] oyl
AB gkl EA) Rk 2% 2 S 2} (Scheme 8) [El Lahlou er af., 1999].
'H-NMR (Fig. 23)3 “C-NMR spectrum (Fig. 24)l 4] 8, 2.49 (1H, d,J= 113 Hz,
H-18)9F 3 126.01 (C-12), 8¢ 138.38 (C-13)2] signalse] VER} = Aoz mol,
of 3}EEL2 ursane triterpenoidP & & £ 9w {Doddrell et al., 1974),
triterpenoid aglycone®ll 4531 'H-NMRI} "C-NMR spectrum< 335 67}
PAlshelet (Chusheng et al., 1988). 3 8, 6.24 (1H, d, J = 8.0 Hz, H-1)2} 8.
62-96 (95.67, 74.00, 78.85, 71.16, 79.16, 62.27)2. 5H-E] wo| =& Folg 4
AU & HMBC spectrum  (Fig. 29914 8, 6.249] 29 signalo]
triterpenoid®] carboxyl group®l #|G == 5 176.209} correlation &= Ao 2
Hol 1 4 2% 2q, 3a, 24-trihydroxy-urs-12-en-28-0-B-p-glucopyranoside (17)%
= 4% T AR, LR-FABMS (positive ion)ol A m/z 67314 {M + Na]" ion

peak/} FE- o], T2 O] CyHs0,0 0 & A B¢ &I T (Fig. 21).




wT

Fig. 20. IR spectrum of compound 17.
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Fig. 21. LR-FABMS spectrum of compound 17.
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Fig. 22. EI-MS spectrum of compound 17.

COO-B-D-Glu
HoW HO// CH "o, o
HO“

H4C' CH,OH
HO“‘
NeH,0H

m/z 650 ch\ CH20H
nr'z 240 (2.83) m/7239 (12.66)

\ d [coon — /jgg

m/z 488 (0.38)
m/z 248 (100) m/z 203 (84.85)

Scheme 8. rerro Diels-Alder fragmentation of compound 17.
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Fig. 23. '"H-NMR spectrum of compound 17 in pyridine-ds.
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Fig. 24. "C-NMR spectrum of compound 17 in pyridine-d;.
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Table 4. 'H- and “C-NMR spectral data (pyridine-ds) of isolated
triterpenoids 17 and 18 from P. serrulata var. spontanea

17 18
IH l'IC IH HC
L Vs g 835 CH) s 815 (CHy
2 445d.,/-40,116 66.20 (CH) 444, dd, J=2.0,10.0 66.30 (CH)
3 457 brd, Wi,=6 74.19 (CH) 458 d,/=2.0 7423 (CH)
4 4512 () 4515 (C)
5 18Lm 4944 (CH) 1.84,d, /=125 4953 (CH)
6 164 m 18.87 (CH,) 165 m 19.11  (CH,)
7139 m 33.95 (CHy) 1.65, m 33.96 (CHy)
8 4036 (C) 40.80 ()
9 186.m 4813 (CH) 2.08.d, /<76 4787 (CH)
10 3850 (C) 38.60 (C}
It 2.0l,m 2391 (CHp) 2.10m 2435 (CHy)
12 5415 126 01 (CH) 550 s 12837 (CH)
13 138.38 (C) 13924 ()
14 4246 (C) 42,12 (C)
15 113,m 2857 (CH,) 120, m, 240, m 2920 (CHy)
16 193 m 2461 {(CHy) 194 m 26,10 (CH,)
b7 4832 {(O) 48.64 ()
18 249.d.J=113 33.26 (CH) 2.89, s 3440 (CH)
19 087.d.J=52 3927 (CH) 7266 (C)
20 087.d,0-52 39.09 (CH) 1.30, m 4212 (CH)
21 133 m 30,76 (CHp 120, m 26.70 (CHy)
227 188 m 36.75 (CIly) 1.84, m, 2.00, m 37.73 (CHy
23 165 2377 (CH) 1645 2378 (CH3}
w3
25 1.03,s 1727 (CH3) 1.03, 5 1720 (CHy
26 Ll4s 17.57 (CHy) 1.18 s 1740 (CHy)
27 Llhs 2367 (CHs) 1.59, 5 2450 (CHy)
28 176.20 (C) 17708 (C)
29 0.86,d, /752 2020 (CHy) 1.04.d, /=63 1670 CH;s)
3¢ 0.89.d,-65 1731 (CHy) 1.36.5 2698 (CH,)
Glu-1'  6.24,d,./=8.0 95.67 (CH) 6.26,d, /-8 9583 (CH)
2 418 m 74.00 (CH) 420, m 74.01 (CH)
3 427, m 78 85 (CI) 428, m 78.90 (CH)
4 435 m 71.16 {CH) 432 m 7124 (CH)
5 4.00,m 79.16 (CH) 4.02, m 7924 (CH)
e 437.ddU=46,120 6227 (CHy) 4.45,dd, J=2.0, 12.0 6235 (CHy)

4.44,dd, J=4.0,11.6 4.36,dd, /=45 12.0

T2




3-3. Sphingolipid 33E9 F+x A4 (8)

Sphingolipid= sphingoid 7|2 el amide’} 23H B =A aliphatic tail
2} S/ headgroup 2.2 o] Fo] A 3 E-olt} Alkyl chain®] Z o] (C14-C),
SX3, olFATY A=A, 4H A A hydroxy group®] 5, alkyl chain®}
branching =l welk 70 AF ool EAFICE Sphingoid 7]1EF 49
amino group< W7 long-chain fatty acid® A #HE]o]3lEH] o] faty acid®
chain?] do], BEX3% Fo me} GdsA EA%ch Sphingonine?] 7]
H429l C4-C5o) olF ATl s} o EAEE AL ceramided}m FTh

(Merrill er al., 1997; Vesper er al., 1999). Sphingolipid® A X8} ¢k Za) 51

wohE AW ENSA GRen Qb TR 9n Sol Eawch
T AE, B EfEE 7199 AEo FAARo|H sphingomyelins,

cerebrosides, globosides, gangliosides, 5 sulfatides 5 UF3F3 sphingolipid 7}
=AFE A gl EAsE sphingolipidys t¥-% cerebrosides? alv} T
2] 7le] glucose, galactose, mannose} inositol = ¥} AFEaL ok (Vesper
et al, 1999). -~ el ¥ sphingomyelini} glycoshingolipids= % 7] 4] 9]
Ak dAske,  12-dimethylhydrazine (DMH)Y #Hald < o}$ 2o 4]
adenocarcinomas (41 $h ¥} adenomas (42 ¥ &S AA = w1y} 9
T} (Dillehay er al., 1994; Schmelz er al., 1996, 2000). =& %8 2d o)A
sphinclipid &3 ollA 23U AEE Juwl (LDL) e AHEL w30
TREE AT (HDLYS F7FAIZ AL 3o} (Imaizumi ef al., 1992; Kobayashi

et al., 1997)

O] QQEL “'l";Z 6:]0

[M+Na]" ion peak”} mz 866.6°1 4] L}EFSE L, HR-FABMS (Fig. 31b)oll Al = m/z

riok

A FERE e E %0, LR-FABMS (Fig. 31a)ol 4]
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866.66972. 2 A5}, AxbA] (Calc. for 867.2611)SF DEPT spectrum (Fig. 28)
wpowlaste] BAAE CuHyaNO w2 2 245t 'H-NMR (Fig. 26)7 C-
NMR data (Fig. 27)1 41 270 2] terminal methyt groups [8, 0.87 (t-like, J = 7.0 Hz)]
7 274 9] aliphatic long chain [8y 1.24 (CH,),]9] signalsS glatd , Ao}
AjE ©2(5c 51.67)9)F amide carbonyl group (8¢ 175.6)2] signalse|] #zgg
ol EAE FAY F AU 59 5y 526 (H-2), 570.38 (C-1), 51.67 (C-2),
75.82(C-3), 72.35 (C-4), 175.56 (C-1"), 72.40 (C-2)°| ) %F&}= sphingoid &2 o
e olF e HAZ (2535,4R)-phytosphingosine?] £33 (Kang et al.,
1999, Sang et af., 2002)2} D A8k 1-0-B-p-glucopyranosyl-(25,3S,4R, 8E)-2-
[(2'R)-2"-hydroxypalmitoylamino]-8-octadecene-1,3,4-triol & =4 & <= FILe)
Uk L8] 32 HMBC (Fig. 29) spectrum®l| 41 &y, 4.2 (m, H-la)= 8¢ 72.40 (C-2)7}
F2] signal?l 8,4.8 (d, H-1") 5-70.38 (C-1)7}. 5,4 4.6 (m, H-1)-2 8-51.67 (C-
2}, 8, 8.6 (NH)ME 8¢ 175.56 (C-1)3} correlationd}l 31 2)= Ao = Ho} o] &
TEZL A AEg FAT ¢ ok e o)2ATL o]F= BA .

83 C-92 o] &dh= ¥haol §18A o) % A7) 8¢ 32-33 HulE pansE, S

o
o

27-28 Adiir cis oI 4 glizd (Stothers, 1972), o] 3}EHE o)
8¢ 27.5 (C-
AL 7 ANk 283 'H'H COSY spectrum (Fig. 30)°1 4] amide groupe
1055 848.690 8,54 (H2)9} cross-peakE o] F31 ¢lom B3 .19 s,
A7HE correlationS FATI 9l Ao F VENTH o] AW daad)

sphingoid moiety®| signal®] %3] (Sang er al., 2002)9} A 3}= Aoz W

79 8¢ 27.9 (C-100001 4 BEPo T iy Z-configuration 5} 2

N

o} o} sphingolipid®] F#= I-O-B-D-glucopyranosyl-(25,35,4R 8E)-2-[(2'R)-2'-
hydroxypalmitoylamino]-8-octadecene-1,3,4-triol ©] sphingoid =73 27§19

long chain fatty acid= “*4 %o 9122 4T 5= A}, Kang 5 (Kang er




al., 1999)° °]&l] A Al ¥ aralia cerebroside®} fatty acid moietyoll Al A3k T
=5 "o} o] FF}ELS Z configuration2 &l QoW (CHy)-unit’} 8717}
o APHANE Aoz AlgdHo &L drdia elatalA  EEE
cerebroside?) aralia cerebrosideo] ™ Wu}Eol X R gk sphingolipidd §-A} 3k

T30}7] wi-ol 1 'H-NMR¥} “C-NMR spectrum& | Al 8493 €},

Aralia cerebroside: 'H-NMR (pyridine-ds, 300MHz) & 0.86 (6H, t-like, J = 6.8
Hz, 2 x Me), 1.25 [s, (CH,),], 3.85 (1H, m, H-5"), 3.98 (1H, t, /= 7.8 Hz, H-2"), 4.17
(2H, m, H-4, 3"), 4.27 (1H, m, H-3), 430 (1H, H-4"), 431 (1H, dd, J= 5.1, 12.9 Hz,
H-6"}, 4.46 (1H, dd, J= 4.7, 10.5 Hz, H-1), 4.55 (1H, m, H-2), 4.69 (1H, dd, J = 6.6,
10.5 Hz, H-1),4.93 (1H, d, J = 7.9 Hz, H-1")}, 5.26 (1H, m, H-2), 5.45 (1H, dt, /= 5.8,
15.6 Hz, H-8), 5.52 (1H, dt, J = 5.6, 15.6 Hz, H-9), 8.53 (IH, d, J = 9.1 Hz, N—H);
PC-NMR (pyridine-ds, 75.5MHz) 6 14.3 (Me), 23.0, 25.8, 26.7, 29.5,29.6, 29.7, 29.8,
30.0,32.1 (C-7). 33.0 (C-10), 33.3, 33.8, 35.6 (all CH,), 51.7 (C-2), 62.6 (C-6"), 70.5
(C-1), 71.4 (C-4"), 72.4 (C-4, 2'), 75.1 (C-2"), 75.9 (C-3), 78.4 (C-3"), 78.6 (C-5"),

105.6 (C-17). 130.6 (C-9), 130.8 (C-8), 175.6 (C-1°) [Kang ef al., 1999].
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Fig. 26. 'H-NMR spectrum of compound 8 in pyridine-d.
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Fig. 31. FABMS spectrum of compound 8
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3—4.Phenold FF{ES += HAH (19)

o] #3Ee FAHHE dN Fdz Fels A}t LR-(Fig. 38a)¥ HR-FABMS
spectrum (Fig. 38b)ol Al m/z 453.11629] [M + Na]' peak”} #2521 a1, *C NMR
(Fig. 34)3} DEPT data (Fig. 35)°l o138} E22& C,H»0,0.2 AA3A).
UV spectrum (Fig. 32)° 4] NaOMe #7FA] 264 nm (3.96)2) &7} 255 nm
(4.12)%2 A oFeh Ao w Hol 4o FAE QY & sk 'HH}
"C NMR spectra (Table 5)%= 3}}2] hydroxy cinnamic acid, glycosidic groupd}
benzoyl group®l ZI1{1¥ signalss #1e 4 A2 'H NMR spectrum (Fig.
3l Al 85 5.95 (1H, d, J=12.6 Hz, H-8), 6.91 (I1H, dd, J = 7.5 Hz, H-5), 7.03 (I1H,
dd, J =75 Hz, H-4), 7.11 (1H, d. /= 7.7 Hz, H-3), 7.24 (IH, d, /= 12.6, H-7), 7.47
(1H, d,.J=7.8 Hz, H-6)° A] o-hydroxy cinnamic acid S ¢] 3 2 ¢l #35H4
ol &2 7} Yl e PC NMR spectrum (Fig. 34)ol A& o]o] A-23l= 5.
171.48, 157.20, 139.33, 132.30, 131.80, 127.77, 123.70, 122.58, 117.592] Signalsol
LEERSkh. 8 €7-C8 double bonde J 3 (J = 12.6 Hz)7} #7] w20l cis-
configuration® @ 3 543 4 220tk 'H NMR spectrum (Fig. 33)oF 4] 8, 4.93
(IH, d, /=735 Hzyell 4] 22l &9} §,7.45(2H, dd, J= 7.6 Hz, H-3", H-5"), 7.61
(IH, d, J=7.5 Hz, H-4), 8.01 (2H, d, /= 7.9 Hz, H-2", H-6")9l *] benzoyl group
of FAE w4 5 AAT "C NMR spectrumoll A 3] methylene EHA
(C-6)7F 8¢c 66.095 A2 o] 58, o] L8he ®ha (C-507F 6¢ 72728 W
2b olgah Ho s wot benzoyl groupo] Fe) 60 Ehio) AFEo] qlg
& &+ AAUTH HMQC (Fig. 36)2} HMBC spectrum (Fig. 37)° 4] benzoyl
carbonyl group (8¢ 168.55)3} H-6' (8, 4.43, 6y 4.69) 18] 1 C-2 (8¢ 157.20)%} H-
1" (8 4.93) Atololl YEb= correlation© & benzoyl group®] B-glucopyranose
o Ce3t At AeE FAE 7 AU ol 2P wy e =
& o] #FHE-2 2-0-B-(6"-benzoyl)-glucopyranosyl o-(Z)-coumaric acid 2 =4 3}
Glom Ao Hgoex BE AMtsgEolt) (Table 5).
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Table 5. 'H- and ""C-NMR spectral data (CD;OD) of phenolic
compound 19 from P. serrulata var. spontanea

Position "H 3¢
1 127.77 (C)
2 157.20 (C)
3 7.11 (1H,d, J= 7.7 Hz) 117.59 (CH)
4 7.03 (1H, dd, J = 7.5 Hz) 131.80 (CH)
5 6.91 (1H, dd, J= 7.5 Hz) 123.70 (CH)
6 7.47 (1H,d, J= 7.8 Hz) 132.30 (CH)
7 724 (1H,d,J=12.6 Hz) 139.33 (CH)
8 5.95 (1H, d, /= 12.6 Hz) 122.58 (CH)
9 171.48 (C)
1 4.93 (1H, d, J=7.5 Hz) 103.50 (CH)
2 3.50 (1H, m) 78.79 (CH)
3 3.78 (1H. dd, /= 8.0, 8.5 Hz) 76.31 (CH)
4 3.54 (1H, m) 75.65 (CH)
5 3.46 (1H, m) 72.72 (CH)
6 443 (1H,dd,J=7.5.11.8 I1z) 66.09 (CH,)
4.69 (1H, dd, J=2.0, 11.8 Hz)
1” 132.06 (C)
2. 6" 8.01 (1H,d, J=7.9 Hz) 131.42 (CHx2)
37, 5" 7.45 (1H, dd, /= 7.6, 7.9 Hz) 130.38 (CHx2)
4 7.61 (1H, d, .J= 7.5 Hz) 135.13 (CH)
7 168.55 (C)
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Fig. 32. UV spectrum of compound 19
(a) MeOH (b) MeOH + NaOMe
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Fig. 34. "C-NMR spectrum of compound 19 in CD,;0D.
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4. w9 sebE o] kst 34

DPPH radical 27 243, &4d44F A4 9424 280 ONOO 4
AgAdel w4 et HuHE EiOAc HEE JI4 2R silica gel, Sephadex
LH-20, Sep-Pak C18 cartridge, 2%} 3L RP 18 column chromatography & 4=3) &}«
abetgd AEs 29830t 13 9 flavonol 33HE (1, 2,5, 7, 9, 11-16,
20,2)3 6 F 9] triterpenoid 35S (3,4, 6,10, 17,18), 1 2] sphingolipid (8)
o phenold FHTE (19)& ZH7F Rl AAladon, 1 FolA 6 Fo
flavonol 3&E-<) quercetin (S5), kaempferol 3-O-a-1-arabinofuranoside (9),
kaempferol 3-O-B-p-xylopyranoside (12), kaempferol 3-O-B-b-glucopyranoside (15),
quercetin 3-O-B-D-glucopyranoside (20) kaempferol 3-O-B-p-xylopyranosyl-(1-»2)-
f-p-glucopyranoside (21)3 5& 2] isoftavone &3H2-¢1 prunetin (1), genistein (2),
prunetin 4’-O-3-pD-glucopyranoside (7), prunetin  5-O-f3-D-glucopyranoside (11).
genistin (14), 65 2 triterpenoid 52! ursolic acid (3), 2a-hydroxyursolic acid
(4), 2a, 3a., 24-trihydroxy-urs-12-en-28-oic acid (6), 13, 2a, 3o, 24-tetrahydroxy-urs-
12-en-28-0ic acid (10), 2o, 3o, 24-trihydroxy-urs-12-en-28-O-3-p-glucopyranoside
(17), and 2o, 3a, 190, 24-tetrahydroxy-urs-12-en-28-O-p-n-glucopyranoside (18), 71
#]al kel phenoldd  #HEHESQL 2-0-B-(6'-benzoyl)-glucopyranosyl  o-(2)-
coumaric acid (1HE W 2% DPPH radical 271 43, shadiaz A4

AAgg 2elal ONOO™ A 84S i rtaksioh

4-1. Flavonoid 2} 515 3} phenold] 3}gh&E o gabslstA]

62| flavonol 3tgE 7 5% 9] isoflavone S, 2831 3}t phenol
st sl g HEHENE Table 72 YFEFA LT} Quercetin (5)7 2
Al A 91 quercetin 3-0-B-p-glucopyranoside (20)-S- DPPH radical 2~ A &4 0] z}
ZF ICs 3.54 pM% 4.63 pME )22 1-ascorbic acid2] 11.50 Mol 4}3] 2
W A BAdo] AatAl vepkel B3 oNooTol dig & B A IC,
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0.93 £ 0.14 M9} 1.08 £ 0.06 M2 T2 penicillamine2] 3.20 £ 0.36 £Moj
Hla] < 3afe) &AE WAk Quercetine FEU| catecholS ZFHAZ 917)
mjZofl (Okawa et al., 2001; Rice-Evans et al., 1996, Haenen et al., 1997), peroxy
radical®l Ol XX H-donor2 Zt&3&}e] 2138 JebE=1d (Torel e
al., 1986), ¥ HFANA X free radical 227 &/ (Burda and Oleszek, 2001)
ofsf st EAdE vElA Ado® oAz ey F40RF AN Y
Al A 40 pg/ml. FEAA o] 7 72 G NFZTU Troloxo] 49
Hlaf oha o #4E JEhdY 283 4% 79 kaempferol ¥l G A &S
37021 A ANA tha w2 S vehdlEd ol 246 Fad o
F& v 38 2139 hydroxy groupoll B5% @ell X 3E wiwdAo] 7] of
o2 o AR} (Heijnen et al., 2001; Bor er al., 1997; Cao et al., 1997; Foti et al.,

oot

M

1996). Isoflavone 3}3HE-Q) genistein (2)F 2 wiEFA Q) genistin (14)= DPPH
radical 7} ONOO™| d) gk 47 #4408 vha JeERNRIAL, genistin (14)¢]

o]
=
Fel Ao R genistein (2)0] @AuT oF Al vepwicl &

ol

o)
T

e

isoflavonoid 2] DPPH radical -~ 242 3 9 & hydroxy group?t §17] o] &
of t+& FF o flavonoid SEr ) okshAl vfebde} (Okawa er al,, 2001).
“reul, WTHE isoflavone  BEEQL prunetin (1),  prunetin 4-O-p-D-
glucopyranoside (7), prunetin 5-O-B-D-glucopyranoside (11)= AF&3%F a-2bst 2
AN 43S el A Gttt Isoflavonoid?] Gt EAl L A2
liposomal systemell 4] tAFE ®FO} coumestrol©o} ) equol ¥ H-donor® =&
sto] FrEre] 2ol 98 peroxyl radical =& free radicals 4273, 53] 4
219 hydroxy groupe] FLEA A48T ) (Arora e al, 1998;
Mitchell er al., 1998). o] 2ol X isoflavonoidi= ROSOl 9%l =& fit3tE o
A s} vl (Toba and Shirataki, 1999). Phenoltd 3}&E< 2-0-2(6-
benzoyl)-glucopyranosy! o-(Z)-coumaric acid (19)-= ONOO™ 2§ Aloll A 1C56.78
+ 035 M2 FE& ZAL HAsd, ol AYE FFU hydroxycinnamic
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acid& 7FA 3 Q7] wiFol Ao g7 53 olgjd FREL ONOO

of tigh &A Aol Hard vl ) (Foley er af., 1999; Natella ef af., Cuvelier
et al., 1992; Pannala et al., 1998; Ketsawatsakul ez al., 2000).

Table 6. Antioxidant activities of flavonoids and a phenolic
compound isolated from P. serrulata var. spontanea

Compounds DPPH* Total ROS’ ONOO™*
1Cso (M)  Inhibition ratio (%) 1Cs0 (M)
1 876.40 NS NS
2 3.95 x 10 NS 24.42 4124
5 3.54 40.80 +0.44 093+£0.14
7 858.30 NS NS
9 100.39 36.80 £ 0.54 10.51 £ 0.77
11 >> 10’ NS NS
12 100.39 38.90 £ 0.96 16.78 +3.99
14 2.82 x 10° NS 44.50 + 6.06
15 107.59 39.60 + 0.45 6.98 £0.37
19 167.90 - 6.78 £0.35
20 4.63 72.50 £ 0.21 1.08 £ 0.06
21 > 200 53.10 £ 0.56 10.34 +£1.21
L-ascorbic acid 11.50
Trolox (40 pg/ml.) 73.56 £ 0.31
Penicillamine 3.20+£0.306

“DPPH is the free radical scavenging activity (ICso: zM). "ROS is the inhibitory activity of
total free radical generation in hepatocyte (Inhibition ratio : %). “ONOQ" is the inhibitory
activity of peroxynitrite (ICsy: 4M). NS represent as no effect up to a concentration of 100
4 M in totai ROS and ONOO' test.
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4-2. Triterpenoid 3}3H&¢] at1h31 84

ol B e 659 triterpenoid BBl Uleh Garsimal AW
PHE Table 8o Q o3l Ago) Aley triterpenoid 33 ES o)A
= DPPH radical scavenger=*] A& vlelul=] Qroto), B2z of 5
AEANAE g BAEE WEZ, 2 duE 84 Ans -
hydroxyursolic acid (4) > 2a, 3o, 24-trihydroxy-urs-12-en-28-oic acid (6) = ursolic

rir

acid (3) > Trolox (as positive control) > 2a, 3a, 24-trihydroxy-urs-12-en-28-0-3-p-
glucopyranoside (17) > 13, 2a, 3, 24-tetrahydroxy-urs-12-en-28-oic acid (10) = 2q,
3a, 190, 24-tetrahydroxy-urs-12-en-28-0-B-p-glucopyranoside (18) 2 VFEFSECE o
gt compound 63} 188 Z}7} 1Cs, (50 % inhibition concentration) 4.90+0.38 ;M
2 1Cs 6.881£0.46 4MZ 3 ONOO™ AABAHE JeER)Qlon], o]= of
HET Y penicillamine?] 1C5 5.114£023 xMol A+ 5= &4ol9ich 12 2
compound 105} 172 ZF2} ICse 25.18+2.68 pM ¥} 82.05£2.80 4ME. ONOO™
471848 JER) el o), vk compound 37} 4% ONOO A7 €42 e}
WA i

Triterpenoid @& F2 dhutole) s AL EMo] gzt A7 s=2
o] Fo] 2 gk oL} (Poehland ef al., 1987; Aquino er al., 1989; Xu et al, 1996;
Kashiwada et al., 1998), =#tell o] Ze] W Alol|A] £ 2l% 4314 witerpenoid 3}
eI dutold Soa Helst P g0l triterpenoid $+-¢HE o] bzl gk
Aol Has|al 3t} (Zhu er af., 1999; Song and Yen, 2002; Hamburger et al.,
2002). E3) dihydro-y-pyronyl-triterpenoid, < chromosaponin 1= 5> radical
initiator 1 2,2"-azobis(2-aminopropane) dihydrochloride”} % &= soybean
phosphatidylcholine®] 4t&l-& A Fct @} (Tsujino er al, 1994). o] =gk
A At digh triterpencid BT E0} & oM@ olE FHFE o
Ao 25k Ao waus 9} (Song and Yen, 2002).




Table 7. Antioxidant activities of triterpenoids isolated
from P. serrulata var. spontanea

Compounds DPPH" ROS" ONOO™
ICsp (£M) ICso (1M) 1Cs0 (£M)
3 NS 3.74 £ 0.50 >> 200
4 NS 0.16+0.02 118.90 + 20.82
6 NS 3.40 £ 0.66 4.90+0.38
10 NS 8.50 £ 1.00 25.18 +2.68
17 NS 831+0.19 82.05+2.80
18 NS 893 +2.62 6.88 £0.46
L-ascorbic acid 11.50
Trolox 6.09+1.29
Penicillamine 5.11+0.23

“ DPPH is the free radical scavenging activity (ICsy: #M). "ROS is the
inhibitory activity of total free radical generation in hepatocyte (ICsy: M),
“ONOQ'" is the inhibitory activity of peroxynitrite (ICs;: £M). NS represent as
no effect up to a concentration of 100 M.
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5. Flavonoid #t3t&2] T 59} ONOO™ 4784 AH A

ONOO'= A& w2 dAME, 2%, Wiz 0,9 NO-9
Fonbgel] o) AAEH, F9AS A BAAE, Y AEA i
vivool e ¥o] Azl 4E78 &4470, 1w Hayg dghv}e]
Adegol de ®a7h glel (Hippeli and Elstner, 1997). ©]#1§ ONOO™ 9]
I &4l i flavonoid FE BE B H4E A7 guts
ol A 3 gle}. Flavonoid 3] & ONOO™ ~ABAH L o 17 Haenen
S (1997 &) A7- wp glon o= £ flavonoid2] hydroxy group, 598
3,4 -dihydroxy catechol group®] ONOOQ™ 47] 8 Ao PR R B ) e
Sy e AlE Aol flavonoid 3IEE, 53] flavonol HGFEVIL
HRlel ARESIOZ] wWiRel Fzowma duunAs 2] HalA = o

B flavonoid™  HAT g Ao AZIE A} ofe]l B deAoa)=

—_—

4+& 9] flavone 33 flavonol 3H5HE . flavanone 352 flavan 3182 L

dieE 4= ONOO 2AFH S e war

5-1. Flavonol 33159 ONOO™ 2 A @4
Sl ALE3 ZE flavonoid sHEELS Eo AEHo g LA
LFERW 21T} (Table 8, Fig. 39). Flavonol (1C;,)®] 4784 #x= quercetin =
quercetin 3-O-glycosides > morin > galangin = kaempferol 4=© & FAH )l
o2& AN Z A flavonol?] C-3 hydroxy groupe] 27840 Fg3 dag
drhs AE 2 5 YA (Heijnen e al, 2001). kA wy
radical 27 SAPEAL  free radicalol Al A} Zaz A-gsF ALY,
AL wholr] FAL YERR=L C3 2159 free hydroxy group~= 4-keto
group} FTAATFE FYANNOEA free radical 2AEHE FAANGD

3ol (William et al., 1975, Heijnen, C. G. M. er al., 2001). YHH| B-ring®] C-47




YAl hydroxy group® 7}A  galangin¥} kaempferol- ThA ¢kl HA S
WEIATE Apigenin, chrysin®} Zo] €3 ¢ Ao hydroxy groupe| 8l+=
P 2AGYS R A %29k} Fisetin, quercetin, isorhamnetin®} 7o)
kaempferol C-4" 1% 2] hydroxy group®ll ortho hydroxy group (o-dihydroxy
group)°|H methoxy group®] H7F¥HE, flavonolel A A& o] =R c}
o]Z A o-dihydroxy group (catechol skeleton)o] ZA& AL 2 FH=
quercetin® C-3 hydroxy group©] glycosylation®d quercetin  3-O-glycoside 2}
Hls2abAl S92, o-dihydroxy  groupel  EAEIA e A9
glycosylation®} methylation go| wel 2 e FAs LS & 2

pIpels

Table 8. ICs, values for the ONOQO™ scavenging effect of flavonols

Compounds ICsp values” (1M)
Fisetin 1.34  + 0.24
Galangin 337 + 099
Galangin 3-O-methylether N
Isorhamnetin 3-(J-galactoside 208 + 0.1
Kaempferol 435 + 027
Kaempferol 3-O-glucoside N
Kaempfterol 7-O-glucoside N
Kaempferide N
(Juercetin 093 + 0.12
Quercetin 3-O-arabinoside 1.25 £+ 0.17
Quercetin 3-O-galactoside 096 + 0.14
Quercetin 3-O-glucoside 1.08 + 0.06
Quercetin 3-O-rutinoside 097 + 0.14
Penicillamine® 291 £ 0.64

“1Csq value + SE obtained from three separate experiments are shown.
"N, no effect up to a concentration of 10 M.
“ penicillamine used as positive control.
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Rg

R
Fisetin
Galangin
Galangin 3-O-methylether
[sorhamnetin 3-0O-galactoside
Kaempferol
Kaempferol 3-O-glucoside
Kaempferol 7-O-glucoside
Kaempferide
Quercetin
Quercetin 3-O-arabinoside
Quercetin 3-0-galactoside
Quercetin 3-O-glucoside

Quercetin 3-O-rutinoside

R4
o)
Ry

(o]
R|: =R4:R5:OH RZ:H
Ri=Ry=Rs=0H,R;=R;=H
R.*OMe RQ*R_S—OH R3 R4*‘H

—O—Gal R2 R4—R5—OH R3 OMe
Ri=R;=R;=Rs=0H,R;=H

R, =0-Glu, R3=H, R, =R; =Rs=OH
R, =OH, R;=H, OH, Rs= O-Glu
R; Ra—R4—R5‘“OH R;= H R4 OMe

Ry =0H,R; =R;=R;=Rs=C0OH
Ry =0-Ara, H, R; =Ry =Rs=0OH

R| = O-Gal, R2 = R; R4 R5 =0OH
R| - O-G[U, R2 R"; R4 - Rs = OH
R} = O—Rut, Rg - R3 = R4 = Rs— OH

Fig. 39. Chemical structures of flavonols used in ONOO™

scavenging test.
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5-2. Flavone 3} flavan 3359 ONOO™ 2H &4

g o] AR gt flavone ¥ flavan 3359 £F9 ONOO AAEA S zhz}
Table 9 <} Fig. 40 3 41 o JehfRAch o F F79 35HE] Yepe=
aAEA 78S flavonol It FAESIE LD, Awring & Bering o ortho-
hydroxy group 7} EA8F1& o 4 LEFRLTE 0-Dihydroxy functional group <
7kA &= flavone Sl luteolin ¥} baicalin & Z+Z} 143 + 027 M, 1.44 + 0.12
M 2.2 ) penicillamine 2] 291 + 0.64 xM ©f Hl&) ¢k 2 W] Zhah
& HEPRATE % Flavan 35S catechin & 1.16 + 0.06 uM oA

g 84S dole 712 Mol 4-oxo functional group & A7 Ao

Table 9. IC;, values for the ONOO  scavenging effect of
flavones and a flavan’

Compounds ICsp values® (2M)
Acacetin N°¢
Acacetin 7-O-rutinoside N
Apigenin N
Apigenin 7-O-neohesperidose N
Baicalin 1.44 + 0.12
Chrysin N
Luteolin 1.43 + 027
Luteolin 7-0-glucoside 1.81 = 0.13
Catechin 1.16 + 0.00
Penicillamine” 291 + 0.64

“The flavan tested was catechin.

b ICsy value + SE obtained from three separate experiments are shown.
N, no effect up to a concentration of 10 4M.

¢ penicillamine used as positive control.

97




R2
R30 0
Ry
OH O
Acacetin R;=H,R,=0Me, R;=R;=H
Acacetin 7-O-rutinoside R; = H, R; = OMe, R; =Rut, R, = H
Apigenin R] = H, RQ = OH, R3 = R4 =H
Apigenin 7-O-neohesperidose R, =H, R, = OH, R; = neohesperidose, R, = H
Baicalin R; =R, = H, R; = Glucuronide, R, = OH
Chrysin Ri=R;=R;=R,=H
Luteolin R] = Rz = OH, R3 = R4 =H
Luteolin 7-O-glucoside R =R;=0OH,R; =Glu, R, =H

Fig 40. Chemical structures of flavones used in ONOO™
scavenging test.

CH

CH

HO 0

OH

OH

Fig 41. Chemical structurc of a flavan, catechin used in
ONOO  scavenging test.
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5-3. Flavanone 33E2] ONOO™ A~AHEA

ONOO™ A7 &Adol AF83 flavanone™ 1 Ax= ZkZ} Table 103} Fig.
429) YJEPN AT} Aromadendrin®} taxifolin®] ZHZF 6.01 + 1.16 xM$} 3.94 +
040 MO R &AL Yelhl7] g Eo] C€2-C3 o} 5 A2 catechol 7)1 57]E
713 flavonoid®] 4A @A = d#del glde AL ¢ 5 ddd
Flavonol 33-E3 vizbrtzl2 20 3, C-4 Aol hydroxy groups=
271843 Uehle, B-ring®  catechol groupel]l 2] @Ado] @A
T7HAth T %0] hesperetin 5-O-glucoside 2} luteolin 7-O-glucoside$} o] C-
59 C-791 Aol Al hydroxy group®] glycosylation®} ™  Fxof e} cloksh
g8 Holed ol C-5T C-7 hydroxyl groupol A EAle] <dge
V) 214 g5 7] mE-eol vk Eriodictyol2] C-3" hydroxy group®] methoxyl group O &
Ags | AL FUkskAE, 30l B thE hydroxy  group©)

B7F sisloh

Hh)
rd
i
2
ki
gk

£
2

s
rE
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Table 10. ICs, values for the ONOO ™ scavenging effect of

flavanones
Compounds ICs0 values® (M)
Aromadendrin 6.01 + 1.16
Eriodictyol 445 + 0.70
Hesperetin 257 £ 036
Hesperetin 5-O-glucoside 299 + 041
Naringenin N°
Naringenin 7-0-glucoside N
Naringenin 7-O-neorutinoside N
Taxifolin 394 + (.40
Penicillamine® 291 +  0.64
“1Cs value + SE obtained from three separate experiments are shown.
"N, no effect up to a concentration of 10 H#M.
“ penicillamine used as positive control.
R;
R;
HO Q
Ry
OH o
Aromadendrin =QH, Rz H,R;=R,=0OH
Eriodictyol R, =H,R;=R;=R,;=0OH
Hesperetin =H,R, = OH R; = OMe, Ry = OH
Hesperetin 5-0-glucoside O Glu, H, R, = OH, R; = OMe, R; = OH
Naringenin R[ =H, R; = OH, Ry = OH
Naringenin 7-0-glucoside R, = Rz H, R;=OH, Ry = O-Glu
Naringenin 7-O-neorutinoside R1 R, =H, R; = OH, R, = O- neorutinoside
Taxifolin =R,=R:=R;=0H

Fig. 42. Chemical structures of flavanones used in ONOQO~
scavenging test.
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5-4. Flavonoid 33&9] 729 ONOO™ 2AEA AdAHA

ONOO™ ] W3 F+F9 flavonoid A7 FAHS [C,E vl EHozA
T84 A4aAAE W8l sl Awing & B-ringdl o-dihydroxy
715718 7tA32 i, 33 FAol hydroxyl?l € 712 flavonoid 3§HEL
C2-C3 ol Z A 7] daglel 27848 vepyigic

Flavonoid®] ONOO™ 4&AZ4d 71d ofd dpFol oy, 3gE9
Z1EEAN e F2A 83150 &4 7lHe FadA FLsts Aow
HE AT Pannala 5 (1998)% ONOO ™9 27bA AA84 AL
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Scheme 9. Two possible mechanisms of the scavenging

activity on ONOQO™ (Pannala er al., 1997, 1998, Kerry
and Rice-Evans, 1999; Nonoyama ef al., 1999).

(a) Nitration: monohydroxylated phenolic compounds such as ferulic acid
and p-coumaric acid are acting as alternative substrates for nitration
(b) Electron donation: catechol structures such as caffeic acid reduce RNS
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