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The Anti-oxidative Compounds of Smilax riparia Leaves

Eun-Sun Cho, Jung-Il Kim, Hohyun Kim, In-Ju Chon, Inhye Ham and Wan-Kyunn Whang"’
College of Pharmacy, Chung Ang University 221 Heukseok-dong Dongjak-gu Seoul 156-756, Korea

Abstract — Rhizoma of Smilax china has been used as anti-inflammatory and analgesic, antiedemic agent in Korean folk
medicine. In order to investigate the efficacy of anti-oxidative activity, the activity-guided fractionation and the isolation w ere
performed. Each fractions (H,O fraction, 20%, 40%, 60%, 100% MeOH fractions and CHCl , fraction) was examined anti-
oxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging potential. It was revealed that 40%, 20%
MeOH fractions and H,0 fractions have significant anti-oxidative activity. From 40% and 20% MeOH fractions two flavonoid
glycosides and one procyanidin were isolated and elucidated apigenin-7- O-o-L-rhamnopyranosyl(l —2)-B-D-glucopyra-
noside, apigenin-7-0-¢-L-rhamnopyranosyl(1 —6)-B-D-glucopyranoside and catechin(4 a—6)epicatechin through their phys-
icochemical data and IR, FAB-MS, *C-NMR, and 'H-NMR analysis with authentics, respectively. The isolated compounds
were examined by DPPH method. Apigenin-7- O-o-L-rhamnopyranosyl(1—2)-B-D-glucopyranoside and catechin (4¢.—6)
epicatechin showed powerful radical scavenging activities on DPPH radical among three compounds.
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S. china®} S. medica®) A ZHE] rutin 529 flavonoid 33HE
3}, 27 © 2FE parillin, smilacin 52 saponin A4E¥-& 25}
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cysteamine sulfoxideS 2l8l9112, 1984 352 glutamic acid

2 2elsiiek? etk 1988 7 50 2o 4B9 2o rRY
dioscin, gracillin, methyl protogracillin, methyl protodioscin
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H217)171521= Galaxy FT-IR spectrophotometer(USA), Hewlett
Packard 8452A(USA), GC-MS/MS-DS TSQ 700(USA), VG
70-VSEQ(England), Varian Gemini 2000, 300 MHz(USA),
Bruker AMX-500, 500 MHz(Germany), Varian Gemini 2000,
75 MHz(USA), Bruker AMX-500, 125 MHz(Germany)<+ A}&
3lict, #akals &4 218 Chemical Reagent® DPPH(1,1-
diphenyl-2-picrylhydrazyl)(Sigma, USA), L-Ascorbic acid(Sigma,
USA), 99.5% Ethanol(Merck, USA)i+ ARE&I% T}
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A AT 840 g8 MRbEE ALelA] Ao 38
elstetan, 715F 5% sie Kk ol 60 gth ek o1

e ol WAL HRZERS ¥ A% U 3E)

H

Leaves of Smilax riparia (840g)

Concentrated under vaccuo

{ Extracted with McOH

MeOH Extract (60g) Residue
Suspended with H,0
Partitioned by CHCI,
Water part CHCY, part
(27.58) (168 g)

diaion HP-20 (H,0- McOH)

H20 20% MeOH 40%MeOH 60 McOH 100% McOH
(1.9g) {1.7g) (1 2g) (1.9g) (1.3g)
Sephadex gel 309 MeOH
Sephadex gel
10%McOH r
ODS ge!
fr8 fr5
10%McOH
ODS gel MCi gel
50% MeOH 60% EtOH

compound ¥ Svphadex gel Sephadex gel

(279.6mg ) 60%MeOH 40% MeOH
Compound II compound IIl
(56.2mg))

(16.4mg)

Scheme 1 ~ Extraction and isolation compound I~III from Smilax
riparia leaves.
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o EEEXE I 1688 E A2 2758 LUt} o]¥A
dL2 EdAF diaion HP-20 column chromatography(d 7} &
o] : H,0—MeOH gradient type)s AAJ5t] & ¥2E(19g),
20% MeOH #32&(1.7g), 40% MeOH £ E(1.2g), 60%
MeOH 238E(1.9g), 100% MeOH B&E(1.3g) 27 4
H(Scheme 1).

Compound I, II, IIIe| £h2|

Compound I Scheme 18] o2 xa]3lo] AL 20%
MeOH ##E-5 Sephadex LH-20 column chromatography(%
78] 10% MeOH)ZE AAI81] fraction 1~92 L3t o]&
fraction 72 ODS gel column chromatography(Gd7}&-vl: 10%
MeOH)E A AJste] Compound 18 #2]&te] FEAIZ &,
MeOHZ 273l #412] B2 Compound 1279.6 mg, yield:
0.16%)= 4131, compound IE= Scheme 1°] #FHo 2 2)s}
o] 4L 40% MeOH £3E(1.2 /2 Sephadex LH-20 column
chromatography(A 7] €m: 30% MeOH)E AlA|dlo] d&
fraction 1~9 % fraction 8& ODS gel column chromatography
(FAAL: 50% MeOH)S A A)5taL ©hA] Sephadex LH-20
column chromatography(Z718: 60% MeOH)E A5l ©
UZ JERE= fraction 28 $FA17) ¥, MeOH 02 A2
Aste] 3za Buke] Compound II(56.2 mg, yield : 0.03%)%
2ojon, compound IIE= Scheme 12] W02 Aajslo] dL
40% MeOH +32(1.2g)S Sephadex LH-20 column chro-
matography(Z7}-§-m: 30% MeOH)E A A|5}o] UL fraction
1~9 % fraction 58 MCI gel column chromatography (%7l &
. 60% EtOH)®} sephadex LH-20 column chromatography
(A748vl: 40% MeOH) At HAAIS thg Fds%H F
MeOH=Z AZAAs H 24 AA Compound II(16.4 mg,
yield: 0.009%)E @At

Compound I -m.p : 251~253°C

IR cm: 3385(0H), 1655(conjugated C=0), 1604, 1501
(aromatic C=C), 1046(glycosidic OH)

(-)FAB-MS(nv/z): 577[M-HJ, 431[M-(tha+H)T,
(rha+glc+H)I

'H-NMR (DMSO-dg), & : 7.95@2H, d, J=8.7 Hz, H-2', H-6),
6.94(2H, d, /=9.0 Hz, H-3, H-5), 6.88(1H, s, H-3), 6.80(1H,
d, /=2.1Hz, H-8), 6.38(1H, d, /=1.8 Hz, H-6), 5.24(1H, d,
J=72Hz, glc anomeric H), 5.14(1H, s, rha anomeric H),
1.20(3H, d, /=6.3Hz, rha CH3)

BC-NMR (DMSO-dg), dppm (Table I 3%)

Compound II -m.p : 251~253°C

IR cm: 3358(0H), 1656(conjugated C=0), 1601, 1501
(aromatic C=C), 1063(glycosidic OH)

269[M-

() FAB-MS (m/z): 577[M-HI, 431[M-(tha+H)], 269[M-
(rtha+glc+H)T

'H-NMR (DMSO-dy), & : 7.96(2H, d, /=8.7 Hz, H-2, H-
6)1, 6.96(2H, d, /=8.4 Hz, H-3, H-5), 6.87(1H, s, H-3), 6.78
(1H, d, J=1.8 Hz, H-8), 6.46(1H, d, /=1.8 Hz, H-6), 5.24(1H,
d, /=72 Hz, glc anomeric H), 4.56(1H, s , rha anomeric H),
1.08(3H, d, J=6.0 Hz, tha CH3)

BC-NMR(DMSO-dg), Sppm (Table I %)

Compound II-IR cm™: 3440(0H),
1430(aromatic C=C)

(+) FAB-MS (m/z) : 579[M+H]*

'H-NMR : 500 MHz(Me,CO-dy), & : 7.27{1H, d, /=19 Hz,
H-2'(u or t)}, 7.03{1H, d, /=19 Hz, H-2'(u or t)}, 6.91{1H,
dd, J=19Hz, 8.0Hz, H-6u or t)}, 6.87{1H, dd, J=19Hz,
79Hz, H-6'(u or t)}, 6.85{1H, d, /=79 Hz, H-5( or t)},
6.82{1H, d, J=80Hz, H-5u or t)}, 6.08(1H, s, H-6t),
5.89(1H, d, J=2.4Hz, H-8u), 587(1H, d, J=2.4 Hz, H-6u),
4.70(H, d, J=7.8 Hz, H-2u), 4.60(1H, dd, J=7.7 Hz, 9.7 Hz,
H-3u), 4.55(1H, s, H-2t), 447(1H, d, /=9.7 Hz, H-4u), 4.08
(1H, m, H-3t)

1601, 1502,

Table I—"C-NMR spectral data of compounds

Carbon No. S (ppm) Carbon No. M
I II 1

C-2 164.6 164.8 C-2u 83.9
C-3 103.3 103.1 C-2t 78.9
C4 182.3 182.3 C-3u 73.5
C-5 1614 161.3 C-3t 66.8
C-6 99.5 99.9 C-4u 38.1
C-7 162.8 163.0 C-4t 29.0
C-8 94.6 95.0 C-5u, 5t, 7u, 154.7
C9 157.2 1572 7t, 9u, 9%t ~158.2
C-10 105.6 105.5 C-6u 97.8
Cc-1 121.2 121.1 C-6t 107.9
C-2' 128.8 128.9 C-8u 96.8
Cc-3 116.2 116.3 C-8t 97.3
Cc-4' 161.7 161.5 C-10u 106.4
C-5' 116.2 116.3 C-10t 101.3
C-6' 128.8 128.9 C-1 131.8
c-1" 97.9 99.7 c-2' 115.4
c-2" 76.4 73.1 Cc-3 145.1
c-3" 771 75.5 C-4' 145.0
Cc4" 70.6 70.7 C-5' 116.5
C-5" 77.3 76.2 C-6' 119.6
c-6" 60.5 65.9

C-1" 100.6 100.5

c-2" 70.5 70.3

c-3" 69.7 69.6

C4" 72.0 72.1

Cc-5" 68.4 68.3

C-6" 18.1 17.6

J. Pharm. Soc. Korea
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{t : upper umnit, t : terminal unit)
Y2 NMR: 125 MHz(Me,CO-d,), Sppm (Table I 3%)

Compound I3} 119 7 k=25l

Compound [#} IFE- 60% 1,4-dioxane 5mi¢} c-H,S0,2] &3t
Gotef] w50 8 Aol A BAIZE WEEAIT T, HEE- o] W5
& 18k ethylacetate® F&83te] 744t F53t F-, Sephadex
LH-2) column chromatography(:17] €oY: Ethanol)s A&}
32 ] aglycone A S Y om, ZHE mixed bed resin
TMD 8% 32 F, #F3} Zo] TLCE 8t 3§ Elst
sicl.

E-d 2]

Ad:orbent: Kieselgel 60 F,5,(Merck, Germany)

Sclvent: n-BuOH : pyridine : H,O (6:4:3)

De ecting Agent: 10% H,SO,

3itel Rf: 042 (D-glc), 0.64 (L-rha)

B4R

C nnpound I: 0.42(D-glc), 0.65(L-rha)

C yxnpound II: 0.42(D-glc), 0.65(L-rha)

& tsks HE(DPPH assay)

Huiano®] w1920 ojale] z} sampleS ZAI8E 5, 2 g
100 401 0.1 mM DPPH&4(99.5% ethanodl §3)) 1.9 m/Z 7}
8}2, Vortex mixer® 10&23F JES &, 37°CollA 308 53t
incusitionAl Z T}, ©]% spectrophotometerE: ©]-835l0] 515 nm
o FHEE Z4slqt). Y tiE ¢FE=E = L-ascorbic acid
& Lf, 50, 100, 200, 400 ppm(99.5% ethanol)®] 57}7] H%=H
T -PAAlEe] 54890 2F AR dAksAE-S: DPPHO
t% - 4235 (Electron donating ability, EDA%)¥} 1C., 3]
(DP°H radical 4& 50% AAsH=t] F3t FE)Z R
R

EZA(%)=(Control O.D-Sample O.D)/Control O.DX 100
Sinapie O.D.=A185 7[5t Alg ) S =
Coatrol OD.=A1FtiAl Ethanotg 713t Alg 2] &35

gt ¥ g

2o EY

ke 9o Z17te) 238 F 5 2(600~3,000 ppm)E ZA)|
3les DPPHeY| o8t 2x3ted 5 (Electron donating ability, EDA
%) IC5 X2 5338 A3, 40%, 20% MeOH £-3, H,0 £
¢oit AAs g E Rl olElg kel Eis v
ojEicr Frkeelen, 1 Al Table ¢} it
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Table IT-IC;, Values of fractions against the DPPH radical

Sample 1G5 (ug/ml)
L-Ascorbic acid 6.14
H,0 Fr 103.09
20% MeOH Fr. 86.05
40% MeOH Fr. 82.35
60% MeOH Fr. 237.04

Compound 12| 54

Compound 12 34 Faike]l 2P0 FeCly BEE-3 Mg+
HCI ¥F-g-of] 9kAo]r IR spectrumol| A} 3385(0H), 1655(con-
jugated C=0), 1604, 1501(aromatic C=C), 1050(glycosidic
OH)em™ S0l %t FuiE Yehlz glo] flavonoid 3HHE
2 A3t

(-)FAB-MS spectrum®X¥= my/z577°14 [M-HI¢] molecular
ion peak’} & E Y, mz 431914 rhamnose’} €t
fragment ion peak’}, m/z 26914 glucose®} rhamnose’} Bt
¥ fragment ion peak’} TAFE 2 FE Hol flavonoid Z ol
glucose®} rhamnose’} 2Ed EF2 FAHE T AU

'HNMR spectrume] Xl §7.95ppmell Al 2He| #ist=
doublet signal- J=8.7 Hz2. 2 apigenin B-ring®] H-2'¢} H-6
© 2 ortho-couplingdlil 3129, 86.94 ppmoliA 2He] d3sl=
doublet signald- J=9.0 Hz®. & B-ring®] H-3'¢} H-5'Z ortho-
couplingdtx Ol&5 BRI &= ANt 3 §6.88 ppmel] 1H
ol sld3H= singlet signale H-32 488 & 292, §6.80
ppmollA 1Hel allsh= J=2.1 Hz) doublet signal® H-8C. %,
56.38 ppmel| A 1He) lg-s= J=1.8 Hz%] doublet signale] ¥
== 0% Hel H-62F I 4 It o] §1.20 ppm
ol 3Ho| 3| 2F3}= J=6.4 Hz2] doublet signal> rhamnose
angular methyl”] 2 BQ1E 31, §5.14 ppmellA 1Hel sledsl=
singlet signak> rhamnose anomeric proton® = 18 5= 93l
o, 85.24 ppmelld 1Hel SFdsH= J=7.2 Hz8] doublet signal
& glucose?] anomeric proton® % p A&stn YSE F4E
T AT

BC.NMR spetrumoll X 3225 E 7]Q18k= §97.9, 76.4,
77.1, 70.6, 773, 60.5, 100.6, 70.5, 69.7, 72.0, 68.4, 18.1 ppm
02 el 12719 carbon signalsg E3 2 mole?] Fo] 4
gtgjo} 98-8 & = 9lth. E3] glucose?] 2 ¥4} §76.4
ppm® & ¢F 3.3 ppm downfield shiftdh= 222 Ro} rhamnose
7} glucose o} 291 ©hiol] ARE 5S & & AT ¥IY
39} carbon signalse] 157H0]1, C-70] §162.8 ppmCE upfield
shift=l o] FAE 22 C-72] hydroxyl groupell Fo} s o
glycoslation shift7t dod Z21& & & U

Compound I AF/}=E8] AlA sugar partE TE 3} 7o)
TLCZ 713t D-glucose$} L-rhamnose = &<1e = Q)
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o)%el 7171 ¥4 Axs}l ¥ data®] Y| E Compound
m.p.251~253°C?! apigenin-7-0-o-L-rhamnopyranosyl(1—2)-p-
D-glucopyranoside® &1 F43}gir} 262

Compound 11| SH

Compound IIi= &2 E43e] A4 07 FeCly ¥h3-7
Mg+HCI vH&-el 9kAjo]n IR spectrumS A A5 A3} 3358
(OH), 1656(conjugated C=0), 1601, 1501(aromatic C=C),
1063(glycosidic OH)em™ S04 78 E5dE Yoz
flavonoid 3}3r2E FH3H )

(-)FAB-MS spectrumo] A+ m/z 57714 [M-HI'9 mole-
cular ion peak’} #EF 1, m/z 4310114 rhamnose’} B2
fragment ion peak”}, m/z 269914 glucose®} rhamnose’} B2}
¥ fragment ion peak’} T&EE= ZASF Hol flavonoid X&)l
glucose®} rhamnoseZt AEE EA=Z F4E 4 Ut

'H-NMR spectrumelA] §7.96 ppmelA] J=8.7 HzQ) 2Hol| &}
233l doublet signal apigenin B-ring®] H-2'¢} H-6'0]
ortho-couplingdt1. 129, 66.96 ppmolA] 2He| &) &6l
doublet signal> /=8.4 HzZ apigenin B-ring®] H-3'¢} H -59|
ortho-couplingstx 55 & 5 UUTH HEFH 86.87 ppmellAl
1Hel| |35} singlet signal> H-302 F4& 4 gi9lon,
36.78 ppmellA 1Hell ajdah= J=1.8 Hz%] doublet signalo] ¥
A= #02 wol HAZ, §6.46 ppmel A 1Ho| s ats
J=1.8 Hz%] doublet signat&- H-6 ¢-& &g 4= QI3irt. 12
1 §1.08 ppmeliA 3Hell sidsh= J=6.0 HzS| doublet signal-
rhamnose angular methyl7| 2 215911, §4.56 ppmolA4] 1H
o] ssh=singlet signak> rhamnose anomeric proton®s
e 4 9lglom §5.24 ppmollA 1HO ek J=7.2 Hz9)
doublet signale- glucose®] anomeric proton® & o} B A¥ts}
3 ASE FHY 5 ATk

BC.NMR spetrumoll s Fo 2 5E 7915+ §99.7, 73.1,
755, 70.7, 76.2, 65.9, 100.5, 70.3, 69.6, 72.1, 68.3, 17.6 ppm
02 vehh= 12709) carbon signalsS E3) 2 mole?] @ol 4
gtelo] Q&8 & 4 Sk E38] glucose?] 68 @47}
565.9 ppm 2.2 2F 5.1 ppm downfield shift k= R o & Ko}
rhamnose7} glucose 2| 68 ghaxof] AjE S g-& & 7+ 4
e}, =3 u)g+H-9] carbon signals®] 15700]3%, C-7°] §163.0
ppmC 2 <k 1.1ppm upfield shift=Ho] FHFHZE C-79
hydroxyl groupll @o] @¥=]o] glycoslation shift7} Aol 2
& #3aE 5= Jch

Compound IIi= 7R3 Al# sugar partE XEE7 7o)
TLCZ #7l8Fo] D-glucose®} L-rhamnose?]-& &<ldl 4 Q)

peieg

olAke] 717] ¥4 Axkel #3 data®] ¥]iwZ Compound =
m.p.251~253°C?] apigenin-7-0-¢-L-rhamnopyranosyl(1—6)-f-
D-glucopyranoside® £Q1 %74 5}3ic} 2629

Compound 112} 58

Compound I 2722 Boie) AP OF FeCly Aokl 23)
Mo g WAL IR spectrums A A]$ A3} 3440(0H),
1601, 1502, 1430(aromatic ring)cm-1914 2+ St e
o1, positive FAB-MS spectrumo = m/z 579914 [M+H]*
2] molecular ion peak’} &= 712 F Bo} procyanidin 3}
SEZ ST F USTh

'"H-NMR spectrumoll*}%= procyanidin 3H3He-ellA] F2 e}
= Akl rotational isomerismel| 2]%F resonance?] duplica-
tion @ line-broadening®| WAg3le] H4st o] spectrums
VERASIEE. 84.55 ppmellA] THEEE terminal unitq! H-2 signal
2 54.99 ppmellA] #2 =+ procyanidin B, [Catechin(4o—8)
epicatechin]®] terminal unitefl $JX|%F H-2 signal¥} B] wglSuj,
upfield shift¥]o] P& ¥= 222 Hol procyanidin B, .}
upper unit®] FFE A W= A & AT wEkA o]
sgkEe] 2% A= 406 AFeE FHE 5 QIeH, 84.70
ppmell A B2+ J=7.7HzQ! doublet signal-S upper unitl]
H-2%, 84.60 ppmollA] 2+ J=7.7Hz, 9.7HzA double
doublet signal®- upper unit®] H-32.2, 84.47 ppmol|A THatE]
= J=9.7Hz<l doublet signal upper unit®} H-4% F7 g
= Qi)

BC.NMR spetrum®| A1 & 'H-NMR spectrum@} 7] pro-
cyanidin Z5HEolA 2 vfER = @491 rotational isomerism
o] Yeht wlle- E4et S veRISITE. §83.9, 78.9 ppmellA]
el siganl C-22, 8735, 66.8ppmol M C-32.%,
838.1, 20.0 ppmol| A1 C-42, §97.8, 107.9 ppmol A= C62,
596.8, 97.3 ppmellA= C-82, §106.4, 101.3 ppmol|A e
siganls®- C-1001 oJgt o2 FRIEGIT). 53] upper unit®] C-
4% 381 ppmo A BAEE= R0 7 Hol ok 10 ppm downfield
shift F052 &RIg 4= %17, terminal unit® C-62 < 11.1
ppm downfield shift ¥|©] §107.9 ppmollr] TEE= Zoz
o} catechin(4a:—6) epicatechin T39S A& 5 Uit

olake] 717] ¥4 Azkel F# data®] ¥l =E Compound I
¥+ procyanidind}$HE2) catechin(4o—6) epicatechin®.2 &<]
295010} 2125)

22| MEo| gitst 8y

278t radical scavenging activitys H<¢l 40% ,20% MeOH
2o A 22]g 352 compoundsoll thdle] Z}2}¢] radical
scavenging activitys £33t 422 compounds FEER
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Table 1II-1C;, values of fractions against the DPPH radical

Sample ICs (ng/mi)
L-Ascorbic acid 6.14
Compound 1 155.32
Compound II >1000
Compound III 174.77

(600~-11,000 ppm) A3l DPPH® thdh 2} Foi%(EDA %)
# IC; A8 &3S A3, compound I, I &418 a9& o
Elj<1o1}, compound TR= dAkslel tigh ghidol Qli=
LR K Table ITD).

Ao

2 £
R viellA %}M 2z WA 9] QAR &4A)714L, 58]
§E 2Qxnke] 3 g} Aupate] A arehs doA w9l
Mold & 7kE o g fulshs 2o BaET 9o, o)
e} i} 5 Soff A3t =& AL sl

Atet et e A 2
28l - o ek, 18y Smilax® Z FEluetel] FH-8HA
APE HVHES] olel] et AR 9l el ek A} gt
St kgl Abste] WuEo] oekAtd AMivbsd o
chemr ctaxonomy Y074 & AHPE HABIICE

o> o AFe A WvE Qo HehE: =550 4 79
H,C %4, 20% MeOH #3], 40% MeOH #3}, 60% MeOH
% 100% MeOH ¥-2, CHCl; ¥-&)°l tfsle] DPPHE o] &
gk adE S39 49, 40% MeOH -2, 20% MeOH
g H,0 B3 ¢o8 4% gAtsl a7 JERG.
olv:el 4 4 AT el FUS Ak 58 40%
MeC'H 48, 20% MeOH #&° 27 352 compounds +
5r o) olS0] 7k Ha) 38k4 AAk} 7]7] 24 IR, FAB-
MS, '4-NMR, “C-NMR %< 4718 %35t A} Compound F-
apige1 in-7-0-o-L-rhamnopyranosyl(1—2)-B-D-glucopyranoside,

]
ok

~

-

HE = HE

Corrpound IK>- apigenin-7-O-0-L-rhamnopyranosyl(1—6)-B-D-
glucopyranoside, Compound III  procyanidin - #3HE<!
cate.lini4o—6) epicatechin® 2 Rl F74sl% o, ol& A
% {cmpound I, IIIS- 3413} 37} 943t 3lstas shiA
oje}7- olvhar Attt 53] &4do] vehd Compound 3,
Aol iz Compound IIk= aglycone W A W 7oy,
Toeiche] A SR Rn 849 Aol FE Kol Ao
2 shaso] gow Wyt L””] Ag iAol whE g Aol
T oelHolE AlvEl & Ao AtnEh

HAtel 2
& A 200271 thAgore]l Bek AT (AEeleREed )
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