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Antioxidant Activities of Flavonoids from the
Leaves of Smilax china Linne

Bae Cheon Cha* and Eun Hee Lee
Division of Animal Science and Biotechnology, Sangji University, Wonju 220-702, Korea

Abstract — In this study, we have investigated the antioxidant activities of the leaves of Smilax china Linne in order to find
the antioxidant substances which has an scavenging effect of reactive oxygen species (ROS) from natural products. As a result,
EtOAc and n-BuOH extracts of the leaves of Smilax china Linne exhibited potent antioxidant effect on various antioxidant
experiment. The major components of antioxidant activity were isolated from EtOAc and »-BuOH extracts of the leaves of Smi-
lax china Linne. Their structure of compounds were identified as kaempferol-7-O-o-L-rhamnopyranoside and kaempferol-3,7-
O-a-L-dithamnopyranoside by spectroscopic evidence, respectively. Antioxidant activities were observed in kaempferol-7-O-
o-L-thamnopyranoside at 23 pg and in kaempferol-3,7-O-o-L-dithamnopyranoside at 27 pg as concentration of DPPH 50%

reduction.

Key words — Smilax china Linne, reactive oxygen species (ROS), antioxidant, kaempferol-7-O-a-L-rhamnopyranoside,

kaempferol-3,7-O-a-L-dirhamnopyranoside
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Aok & 77| - A& EEE A% 4 column chroma-
tography-&- silica gel- Kiesel gel 60 (70-230 mesh, ASTM,
Merck)ye AM8-31933L, Lipophilic Sephadex-LH 202 Sigma
A}, AR 8018 TLC plates Kiesel gel 60F,, (ART.5715,
Merck)g AHE-819T). 2 2 98 Svle EF 55 A
ok ALL3}91Th Free radical 27 &3 &4 & Aokl
DPPH(1,1-diphenyl-2-picrylhydrazyly= AldrichA} &S
Yate] Mgt o RIS A BT SHE Aok
ammonium thiocyanate, Tween 20, HCl ¥ EtOH <& &
F E5FAkE ARSI, A8-FA] (soybean, comn, palm,
lardy= A7EA7E F7FEA] & 28 FAIE ARESk S
BlR k. 522 a-tocopherol ¥ BHA (butylated hydro-
xyanisoley= SigmaAl AlF-S FUst] ARSI, 718 &
= 15 A%E ARS-ste] AEsth F8 =S Milton-
Roy spectronic Genesys-5 UV spectrophotometerE AHg-3}F
o 243192, B =% Jasco DIP-4 polarimeters AME-3}
At FI-NMR- Varian Mercury 300 MHzS AH&-3151.0
o, §42 Mettler FP-5 §H5471E ARSI B2
SHAl sttt Atsl = £471712A4 = Rancimat 679
METROHMZ: AHg-3to] S48t
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FE& ¥ 22 - 4% FUABFE ¥ 129 go] MeOH
500 miE 7}ste] ¢& AdolA] SAIZHY 33 FR FE3t
43 F sk rIEF o MeOH ext. (31 )% I
. A7 MeOH ext. & FHF 59 EEAIA n-hexane,
EtOAc B! n-BuOH 22 #8 ¥ 53] 2t ZEE -
hexane ext. (5.4 g), EtOAc ext. (3.1 g), n-BuOH ext. (5.4
2) ® H,0 ext. (10.7 g5 27t At £8E T 7FF &
st 3H4tsl 235 e EtOAc £8E (2 g)& n-hexane:
Acetone=5:19 &% £} & ©] &3} silica column
chromatographyS 2A1ste] 472] 2B &S] fraction E-1
(45 mg), fraction E-2 (127 mg), fraction E-3 (34 mg) &
fraction E-4 (785 mg)E Writh. A& aHks) A gl
23] ikt a3E Ueld fraction E4ZHE B4 FAE
< 3] 9Isle] Al&sled CHCL,: MeOH=20: 1914 7:
12 2AF R S4E < §5 &ulE ©] &3 silica
gel column chromatography 2 A 3+ & ThA] MeOH :
H,0=4:6%4 6:42 F4& T/ §& AFE-31e
Lipophilic Sephadex LH-200.% AA|5lo] 331& 1 (27 mg)
S AUk L3 EtOAcsH A dtst 2 UER #-
BuOH £8& tisix s &4 FA4EE dEls] A8l v-
BuOH £3& (1 )2 CHCL:MeOH=20: 14 8:12 &
AFSR F3L 7 WS o83l silica gel column
chromatographyS A5t 57)19] AEEEQ] fraction B-1
(169 mg), fraction B-2 (98 mg), fraction B-3 (29 mg), frac-
tion B-4 (101 mg) ¥ fraction B-5 (550 mg)2 WFaL, ©] &
ghaksl @398 JeRd fraction B-49 i3k thA] MeOH :
H,0=4:614 6:42 A7}&v]E A4-3 Lipophilic
Sephadex LH-202.2 “gA|sle] 31HE 2 (36 mg)E £33t
At

3}8rE 1 - Yellow amorphous powder (EtOH); m.p. :
229-231°C; UV Amax : 265, 324 (MeOH); [, =-131.2°
(c 0.7, MeOH); 'H-NMR(CD,0D) &: 1.26 (3H, d, J=6.0
Hz, 6"-CH,), 3.31~4.02 (4H, m, H-2"~5"), 5.55 (1H, s,
H-1"), 6.38 (1H, s, H-6), 6.70 (1H, s, H-8), 6.88 (2H, d,
J=8.1 Hz, H-3',5), 8.07 (2H, d, J=8.1 Hz, H-2'6"); "C-
NMR (CD,0D) &: 176.3 (C-4), 162.0 (C-7), 161.1 (C-5),
159.5 (C-2,C-4", 156.5 (C-9), 136.4 (C-3), 129.6 (C-2',C-
6, 122.3 (C-19, 1152 (C-3',C-5", 105.0 (C-10), 98.7 (C-
1, 98.6 (C-6), 94.1 (C-8), 72.4 (C-4'), 70.9 (C-3"), 70.5
(C-2", 70.0 (C-5"), 16.9 (C-6"); EI-MS m/z 432 [M]".

5}8tE 2 - Yellow amorphous powder (EtOH); m.p. :
187-188°C; UV Amax : 266, 323 (MeOH); [OL]D25=—237.80
(c 0.8, MeOH); "H:NMR (CD,0D) &: 0.93 (3H, d, J=5.4
Hz, 6"-CH,), 1.26 (3H, d, J=6.3 Hz, 6"-CH,), 3.51~4.90
(8H, m, H-2"~5", H-2"~5"), 538 (1H, d, J/=1.5 Hz, H-
1", 5.55 (1H, d, /~1.8 Hz, H-1"), 6.43 (1H, d, /=2.1 Hz,
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H-6), 6.69 (1H, d, J=2.1 Hz, H-8), 691 (2H, d, /=9.0 Hz,
H-2'.6"), 6.92 (2H, d, J=9.0 Hz, H-3",5"); "C-NMR

(CD,0D) §: 178.5 (C-4), 162.3 (C-7), 160.6 (C-5), 158.6 -

(C-2, C-4), 156.8 (C-9), 135.3 (C-3), 130.8 (C-2',C-6"),
121.2 (C-1"), 115.4 (C-3',C-5"), 106.3 (C-10), 102.3 (C-1"),
99.4 (C-1™), 98.6 (C-6), 94.4 (C-8), 72.4 (C-4™), 72.0 (C-
4", 70.9 (C-3",C-3"), 70.7 (C-2",C-2"), 70.5 (C-5"), 70.1
(C-5™), 16.9 (C-6™), 16.5 (C-6"); EI-MS m/z 578 [M]".

HojYE o 2EE I shist 8y FHES| DPPH
2|2t AH&Eo| &8 - Uchiyama 5729 WPiS b
W3 A7) Yoshikawa 579 Wel s vhes} o] 24
stk 0.1 M 24 &5 (pH 5.5, 2.0 m)ol] A F 9
EtOH €9 (2.0 m/) 2 2x 10" M DPPH EtOH &}
(1.0 mh& 718k AFS 5 miE 3l Ao WAg &, 30
E F 517molM e FHE ZAE ST AR 7
719] control?] EBEE 122 FAAFEH BR3 AES
%F (ng)& a-tocopherol ¥ BHAS 722 7|&9] ISAE
OlzFo g 3] Algstaict.

Holgd= @ 28 82| Ferric-Thiocyanate 0| (8t
X & nprst oA #M =X - Ferric-Thiocyanate <
Inatani 5°Y9] Whel| we} O-& 2ol 3Tk A8
o] EtOH &9 (2.0 mJ), linoleic acid EtOH -& < [linoleic
acid (2.51 g)2] EtOH (100 m/y&-4] (2.0 m/), 0.05M {14k
Z9 (pH 7.0, 40m), SFF (1.9m)) ¥ 10% Tween 20
(0.1 ml)E 20mie] Al@Fl A5 HFEFEZT} 0.005%7}
HEE AFS 10mE 3] 40°Ce] 4ol W38T o
A& 0.1 m/o 75% EtOH (9.7 ml) E 30% ammonium
thiocyanate (0.1 m)E 713te] st o] EF
2x 107 M E3ALE ] 3.5% GA8d (0.1 m)S 718k,
A83] 38 Zoj 500 nmelM FFEE ZYSIAT

Hojid=z 2 2822 Rancimatdol 2lst XA BHA
3} N M =8 - Rancimat '8 Chen 525 Lim 5%
o] Wol| ule} ohgs o] EABISTE A8 1A £
B 25g 575 70ml, flow rate 20 L/hr, ¥H-8-=% 120°C
2 3t 48} P9S8 3ISITh Antioxidant index (AI)
= ZF AEE AUhe e =71 TRV

=7ZP0 8 i Ho R el old AR HIHgE
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Table 1. Radical scavenging effect of solvent extract and
fractions obtained from the leaves of Smilax china Linne on
DPPH method

Samples 50% reduction (ug)”
o~Tocopherol 22
BHA 15
MeOH ext. 27
n-Hexane ext. 48
EtOAc ext. 15
n-BuOH ext. 16
H,O ext. 48

*Amount required for 50% reduction of DPPH (2 x 107 mi,
0.079 mg) solution.
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Fig. 1. Lipid peroxidation inhibitory effect of solvent extract

and fractions obtained from the leaves of Smilax china Linne
on Ferric-Thiocyanate method.
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Table IL. Lipid peroxidation inhibitory effect of solvent extract and fractions obtained from the leaves of Smilax china Linne on

Rancimat method”

Soybean oil (ppm)

Corn oil (ppm)

Lard oil (ppm) Palm oil (ppm)

600 200 400 600 200 400 600

Samples

200 400 600 200 400
o-Tocopherol 1.057 0943 0988 0938 0.982
BHA 1.093 1117 1.171  1.042 1.039
MeOH ext. 0995 0966 1355 1.039 1.014
n-Hexane ext. 0934 0989 0.998 1.005 0.999
EtOAc ext. 1.051  1.124 1115 1.003 1.040
n-BuOH ext. 1.000 1.039 0952 0949 1.020
H,O ext. 1.024 0965 0916 0968 0.944

1.086 1.876 2341 3.105 0.993 0916 0979
1.114 2770 3.725 4540 0931 1.006 1.076
1.116  1.176 0949 0958 1.127 1.090 1219
1233 0.843 1.045 1.157 1.058 1.135 1.188
1.042  1.152  1.505 1405 1233 1385 1432
0954 1.008 1.110 1.000 0983 1.058 1.085
0980 0.861 1.052 1.020 1.026 1.029 1.034

D Antioxidative index (Al induction time of oil containing of each extract/induction time of test oil).

2F8IA| a-tocopherols F71gE & 30 Tl ALl Fiksh
7t dofgel vlsted 4 FFAHsiAIQl BHAE H7Het &
754wl st dofiew, FrjEidE 49 n-hexane
I H,0 £ES AU1e 22 484 o), ArjEidE e
MeOH, EtOAc 2 n-BuOH £3ES H71e ZolA = 75
A ogellA Fitksirt Aoyttt mEbA AHrEEE o
MeOH, EtOAc % #-BuOH £33 &< HA FisAQd a-
tocopherol Bthe €538] -¢r3tL, & F4IskAIQl BHA

= AR AEd XE ats A 23E BT
RancimatHoll 2|8+ 24 2] JA|4% ZA3} S Table [0
UeRd A} o] Arjd=E Y] EiOAc ¥8E3% n-BuOH
B8 Eo] 489 2]8-fA (soybean, corn, lard, palm oil) il
A lard oil& A &J g 3FL] 28R oA a-tocopherol BT}
T 73l BHASKE AR A1 Al oA 8348 Rl

sl 2y FMEo| B2l - st 498 A, 7Y ¢
% 35 JeEPH BtOAc £ &< tiste] &4 FA4E
< BEg5l7] 931 silica gel column chromatographyll <]
& AEEEi dojl 459 ARG E] Wi d&H<
DPPHH o )3} free radical & F&S AAT 274
fraction E-49] AE-8Eo] 958 kst a5 VeI
o} $<78 @392 JER fraction E-4 AFE-EEE A3} silica
gel column chromatography®} Lipophilic Sepadex LH-20¢]l
olaf B - A8 fraction E-4ZFEH FTE 1S A
o). BtOAc H-8E& tha o2 973 itst 245 vehd
n-BuOH £ & disiMz &4 T8-S E2lsl7] st
EtOAc 8 &} AR W22 column chromatographyS-
ANl B4 2FF fraction B-4ZFE SIfHE 25 4Gt

slgtgel 1= 8% - dojd FFE 12 F4 £I=
FeCl, Al8oA S, o2 s|=-gitA o4 e
A& JeP o] flavandl EFZ FAHHIAIL, UVeA] ¥l
Aol B4 FAT 5+ AT L 'HNMRAA = §
126914 283 PC-NMROIME & 169914 thamnose -
# ] methyl’] =27} FEH 3, 'H-NMRE] § 3.31~4.020]

A} 471¢] thamnose &2 ] methylene ¥ =7}, '"H-NMR<]
& 5.51914 rhamnose®] 191 anomeric 547} single ¥AZ
F=E 3 BC-NMROA § 98.79014] anomeric B7t H&
Holl w2} flavanAlel thamnose’t o E|Z AFFE flavonoid
HEAde F3F 5 Utk ALs] 'HNMRIA §
6.887} 8.07- 4' $|X|7} X|3HE B-ring®] 2'¢} 3' & 59} 6'
proton7k2] o-coupling®ll 7118 AL=E § 6.889] 3¢} 5'9
proton®. 2 § 8.079] FA 2'9} 6'9] proton®E FF3 T
83 § 6.38% 6.709] proton A= 5,7-dioxygenated A-
ringo A 71918} proton A Z Z+2t A-ring®] 63 8
proton 2 FA T 4 9l 93] flavanA FFFELS
kaempferol2 #3& 5 Itk T2 PC-NMRIA
kaempferol®] 7 $1X¢] B4 A7}t AAFOE o] F T
3] kaempferol®] A-ring®] 781 )R]l thamnose’} 2%
3 o= FHHAT. o)) Amst SPE 19 'H ¥
BC-NMR E9] 717] 4218 £312*°%¢] spectral data%}
Hw 228 A3 SIE 18] 2= Fig. 20 veRd A}
Z+o] kaempferol-7-O-a-L-thamnopyranoside=. 578 3t T}

3E 2= B9, 3154 spectral data7} BFHE 13 FA}
93, 'HNMR 2 "CNMRoIA 3EE 1614 2rle
thamnose 2] F27t VR o #ASH 024 39k 1
ol thamnose’} 17} T ZAE3F flavonoid W] 3FER

Compound 1 : Ry = e¢-L-rhamnopyranose, R: = H

Compound 2 ¢ Ry = ¢ -L-rhamnopyranose, Rz = ¢ -L-rhamnopyranose
Fig. 2. Structure of compound 1 and compound 2 isolated
from EtOAc extract and #-BuOH extract of the leaves of
Smilax china Linne.
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Table IIL Radical scavenging effect of kaempterol-7-O-o-L-
thamnopyranoside and  kaempferol-3,7-O-a-L-dirhamnop-
yranoside isolated from the leaves of Smilax china Linne on
DPPH method

50% reduction
Samples

(ng)*
o-Tocopherol 22
BHA 15
Kaempferol-7-O-a-L-rhamnopyranoside 23
Kaempferol-3,7-O-a-L-dirhamnopyranoside 27

*Amount required for 50% reduction of DPPH (2 x 107 mi,
0.079 mg) solution.

Z2331t) 2 A% 9 PCNMRoIA B3E<] kaemp-
ferol®] B-ring®} 391X)¢] g4 H A7} AAFOE o] F
o8] & 31}e] rhamnoses B-ring®] 3 §1X|o ZAds A
oz g5t ool Aue} SEE 29 'HNMR ¥
BCNMR 59 7)7] 2428 282 spectral datad}
v)w 843 A3} SFE 29 F2E Fig 20 Yehd A
7+o] kaempferol-3,7-O-a-L-dithamnopyranoside 2 57 5t

SlgtEo| shial M - AHujHdz oo st ;4 F
Qo= gt kaempferol-7-O-a-L-rhamnopyranosidet
kaempferol-3,7-O-a-L-dirhamnopyranoside®] tair = +2
23} 700] DPPHES o83 itst d8g AAE 25,
Table T WERH vle} 7o] DPPHE] 50% A5 =24
kaempferol-7-O-o-L-rhamnopyranoside= 23 pg, kaemp-
ferol-3,7-O-a-L-dithamnopyranoside= 27 pgellAl 3A4kst &
& BYTh. o] BHA (15 pg)Rthe 9F3815L a-tocopherol
(22 pg)Fe AY AR datsl a9 JESIE ol
D)3t sl5tEo| ksl 4 FAR)E sht &
Ae T2 3F5EF ] A astel o] gt FAatst &
I dHg AR AlREH

AA w7l 3 2
= ek 2y AF7A] g%l o
ASAEE 4, $a4 Bold 22T BA PR
b SOl YAS UERlT ek me olgt B £
AR HAF] dsto] AABNY FgAT2RE Az
& ABAIE Jfdsl] 98 A7) SuE A o
o theled kst &3 2 St B FHE 78 ITE
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Thiocyanate 2 Rancimatfol] 2s) kst &4& 4T
A3}, EtOAc®H n-BuOH 380 953 315} a3&
BT kst B4 FARS FHsE] fAsk]
atst E7E Uehd EtOAcet #n-BuOH £ &l tiste]
sl AL HEFEN AR RNE FHE HEE
AAE A7}, EtOAc Y E-& fraction E-4ZFE 3= 1
< #-BuOH B3 EL fraction B-4ZHE 247 3132 28
2asint 299 38 13 29] 7)7]) BHAE £3A
] spectral data®t V]2 #2415 A} 313HE 12 kaempferol-
7-0-0-L-thamnopyranoside® $}%& 2= kaempferol-3,7-O-
a-L-dirhamnopyranosideZ 53814 th ©@2]¥ kaempferol-
7-0-o.-L-rhamnopyranoside %} kaempferol-3,7-O-a.-L-
dithamnopyranoside®] &4t3} 243 DPPHR Y oJ3] AA]
3 Ax} 222 AA3MIEA| a-tocopherold AR &
2kel 238 By
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