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Isolation of Flavonol Glycoside Related to Antioxidant Activity
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ABSTRACT : The leaves of Hippophae rhamnoides were extracted with methanol and then further fractioned with hexane,
ethyl acetate, butanol and water in order to investigate biological activity. Two flavonol glycosides were isolated and identi-
fied from ethyl acetate soluble fraction, which showed the strongest antioxidant activity (RCs, = 4.33 yg/mf). Isolated two
compounds have shown strong free radical scavenging activity. Especially, quercetin 3-O-glucoside (RCsy = 2.60 yg/ml) was
more active than a-tocopherol (RCsy = 4.67 yg/ml). Total phenol and flavonoid contents were the highest to 4.17 and
1.14 mg/m{ in the ethyl acetate soluble fraction. In addition, ethyl acetate soluble fraction was shown to the strongest o-glu-
cosidase inhibitory activity (ICso= 137.88 1g/ml) among the fractions. The results suggest that leaves of H. rhamnoides could

be a potential source of natural antioxidant.

Key Words : Hippophae rhamnoides, Flavonol Glycoside, DPPH Free Radical Activity, o-Glucosidase Inhibitory Activity.

M A
Flavonoid= ksl 5445 71 W42l polyphenol &3
EEA 2Ee] M Fuld] Hojshy WAAet 2FEe] T4
o thek Wl 715 W ek, dutelels, A9, LA T

245 vERAT (Deshner er al, 1991; Hwang, 2009; Lee
2006). Flavonoid= 3}aHx0] ul2bA  flavonol,
flavone, flavanone, anthocyanidin, catechin, bioflavan 522
5™, o] F flavonol> E0]2<Ql &7 diphenylpropane
(Ce—C5—Co)® C;3 =27} hydroxyl group= X|$Hel ej= =}
AANA FEAE (free state)= SAB7 = skt thalle] A
F O- Y C-glycoside®] ¥FElZ &A%t} (Chen and Zuo,
2007). Flavonol glycosideZ] 3}5HE-2 A 1000F0] B13A

F 7ol wel quercetin, isorhamnetin 2

et dal.,

S aglycone?]

kaempferol 59] glycoside® 7 ¢ J=d], d4tst &4
o] tkal Uizl o= wigAe] - hydroxyl group®| it
X7} SAo =93 FJFe Aoz BIEYrH
(Shim et al., 2005).
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o}, e U9l gull= polyphenol, tocophenol, carotenoid
S ksl Bdo) FRsle (Kim e al, 2009), Foidt 34k
3l 238 JEiie Ao BuErh IR FEE o
A HRAS, 5571438, LAl AS 3A, 3K, ¢
Zx 850 &F7F Hojtk Aoz AHA ATt (Ge et dl,
1985; Xing et al., 2002; Xu et al, 1994; Yang et al,
2000). FIEFRIVEE-e] ol kst e, dhfole s, g
& &4 S0l BaEe] AL (Geetha er dl., 2002; Tsybikava
et al., 1983), #4Y &% A% rat model|X 3 &L
% A4S Ve BEYE ABARS] AT 7ol AAERA
t} (Ganju et al., 2005). °]AE HEHIUE-E o]&-5t A7}

ghiks] 78] Fof] AL Theket Aol JHEE AL AR i
e dufel ol egEe] 9o, o gk o|stetA A
Folv fFadie] AsE #53 dAolt

olof] £ A= BRIV o &5 AEAS A%st
o dhike}l EAdo] Skl L& F flavonol glycosid% by
=M HIEFILPE 9lo] dMisiA| e e] &g 7z AEE
Algstazt gt

Mz 2 i

1. ez

2 Al AR HIERI 92 AR SR OA 7Y
Azs 3 MAEATE ©]E 100% methanolol] A She] 2L
oA 397 FEI T A FESH 2FEES oi‘jr ]
T 2FEES STHTl @EAA hexane ethyl acetate,

2. & Hi= H =R 0|E S
Total phenol 32 Folin-Ciocalteau A|°FS: ©]-8&-3t 574

SR (Sato et al, 1996). A& 100 1L Folin-Ciocalteau
AlF 50 0 & o] 58 Qs ARl H 20% Na,COs(w/v)
S 300 20 F7Fsle] ©A] 1587 P3Nl H 1 mle] FF
= H7e] 725 I FREE =4 AL gallic
acids ol-&ste] S AAste daE vEpiit

Total flavonoid ¥3-2 Moreno 5 (2000)2] W2 W s}
of 7} T2 H F2 01mE H7} sto] 80% ks 04
& H71ske] &3 & 10% aluminum nitrate 0.1mé <}
IM potassium acetate 0.1 mé ZZ]3. 80% ethanol 4.3 ml S
7¥ste] 25CoA 4087 WEEAITL & 415mm oA FREE
24890k Quercetin®] F%=7F 10, 25, 50, 100, 250, 500
gl 7} RS el glot BAS wHow 249 FED
e =2 HH *}%5}05[ A FE2E E2E9 total flavonoid
st SHEFS Tekdinh

<)
—

252

(T
oL

. A

N

10

OA
o T S

- REA -

P

% -

il

3. DPPH free radical 2~HYoll 2lat hrkagl 2P
Xiong & (1996)°] S WHEF sl ATt Al
4ml ©] methanotE B AIE SES T HE Hvig o
S 0.15mM DPPH €95 1ml H71ste] A20x 3027+
S AIZl $ 517 nmolA {%‘*‘}_% =439 (Hong et al.,
2007). ©] W RCs, (ugmlye ANEE 37151 g2 tiZzse]
g 50% AeATIE SRS FEE vERlen, 71E 3

AFgEA Q1 a-tocopherol,  fert-butyl hydroxyamsole (BHA),
tert-butyl hydroxyl-toluene (BHT)=} Bl 151t}

4. a-Glucosidase Kol &M

o~-Glucosidaser= Jol] U= thdFe] i) ah= 2]

< 45 B 555 dA%ke 8% Zaon, gl
2% adg #AE of7] ARt} o]d] RIEIVE o EE
I BEIE 5045 0.15U/ml a-glucosidase T4 50 1L,

02M KPB (pH 7.0) 50 i &} &358ted 37CoA 1527
preincubation ¥+ ¥ 3mM pNPG (4-nitrophenyl-o-p-gluco
pyranoside) 100 14 & 7}sle] 37CeoA] 1087 WH-SAIH T

JAAZ 5, FFFEAE ©]

£31ed 405 nmol| A FHEES 46‘}2?\1:]—. =12+ acarbose
Axradrt.

z
o-1-a

2 ARSI S, a-glucosidase®] ICsS

5. Column chromatography”*()il
Hgf I Q] 25258 A
free radical &AW W ﬂ’\}ﬁ} e AE=2
2] - AT = sk e L]-F/P’” ethyl acetate ¥
3E 23.7g% methanolZ &3 A171 3, silica gelo] A=
glass column (¢ 6x60cmy2 ]
o] EekgmE At 7o) 4gES LAt o] F A%
S Ve 0] B2 AwE 38 IO E 23} open
column chromatography S A A3t5 T} Octadecyl silica gel
(ODS)2 glass column (¢ 1.5x60cm)ol] ZZI3lT gradient
system2 ©]€35}¢] 20% methanololl4] 80% methanol7F<] &
N8k compound 1, 2 (55, 20meg)E ETlstAch 2719 %
Hoz RelE 3FES 'HNMR, "C-NMR, MS, IR, UV/

VIS, ¢ 7171848 Fato 38k 25 i3t
Compound 1; Pale yellow powder; MS m/z : 449 [M+H]";
IR :ymax (KBr, cm™) 3291 (OH), 1515, 1456 (aromatic
C=C); UV:Amax (MeOH, nm):254; 'H-NMR (400 Mi,
DMSO-ds):6:7.71 (1H, d, J=1.89Hz, H-2"), 7.58 (I1H, d,
J=843, 1.89 Hz, H-6", 6.87 (1H, dd, J=8.43Hz, H-5",
619 (IH, d, J=177Hz, H-8), 6.19 (IH, d, J=1.77Hz,
H-6), 525 (1H, d, J=747Hz, anomeric H).; “C-NMR
(100 Mz, DMSO-ds): 8:170.50 (C-4), 166.17 (C-7), 163.07
(C-5), 159.02 (C-9), 158.49 (C-2), 149.89 (C-4"), 14594

2=

S =4 (o]
SHEHS

435}e] chloroform, methanol
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Table 1. DPPH free radical scavenging activity of H. rhamnoides

MelEy o

Table 2. a-Glucosidase inhibition effect of extract and fractions from

leaves. H. rhamnoides leaves.

Sample RCso (ug/me)* Sample ICsp (1g/me)
Methanol extract 10.00=0.00* Methanol extract 240.25+2.15*
Hexane fraction 65.67+0.58 Hexane fraction 203.23+1.57
Ethyl acetate fraction 4.33%£0.12 Ethyl acetate fraction 137.88+5.73
Butanol fraction 8.27+0.23 Butanol fraction 191.96+7.62
Water fraction 12.87+0.23 Water fraction 781.00£58.91
Compound 1 2.60£0.00 Compound 1 >1000
Compound 2 19.47+0.09 Compound 2 739.73+26.57
BHAS 6.00%=1.16 Acarbose 0.01+0.00
BHTS 90.67+1.15 *Each value is mean=standard derivation of the triplicate test.
a-Tocopherol 4,67+1.15

*Each value is mean=standard derivation of triplicate tests.
*RCSO Amount required for 50% reduction of DPPH after 30 min.
Stert-Butyl hydroxyanisole *tert-Butyl hydroxytoluene

(C-3), 135.64 (C-3), 12223 (C-6), 123.09 (C-1), 117.58
(C-5), 11603 (C-2'), 105.68 (C-10), 10434 (C-1"), 99.95
(C-6), 9477 (C-8), 7842 (C-5"), 78.14 (C-3"), 75.76 (C-
M, 7123 (C-4"), 62.57 (C-6".

Compound 2; Yellow liquid; MS m/z : 462 [M]5; IR
ymax (KBr, cm™') 3267 (OH), 1706 (-COO"), 1512, 1445
(aromatic C=C) ; 'H-NMR (400 Mz, MeOH-d6):6:7.95
(1H, d, J=127Hz, H-2"), 761 (1H, dd, J=8.39, 1.27Hz,
H-6), 693 (IH, d, J—893Hz, H-5), 642 (IH, br s, H-
8), 622 (1H, br s, H-6), 542 (1H, d, J=7.12Hz, aromatic
H), 397 (H, s, -OCH;). BC-NMR (100 Wz, MeOH-d6): 8 -
17779 (C-4), 16511 (C-7), 161.70 (C-5), 15863 (C-9),
15854 (C-2), 150.89 (C-4), 14843 (C-3), 13532 (C-3),
123.83 (C-6), 123.13 (C-1), 11602 (C-5), 114.38(C-2),
105.67 (C-10), 103.67 (C-1"), 100.06 (C-6), 9495 (C-8),
7857 (C-5"), 7810 (C-3"), 7594 (C-2"), 7151 (C-4"),
62.55 (C-6"), 56.78 (-OCHs).

2% % oz

1. Flavonol glycoside %= oliAd

Compound 1= IR &= spectrum®]| H =4 3}gE9 £4
< Ho|M 'H-NMROIA meta couplingdli= 5 72| proton
[6 6.19 (1H each, d, J=1.77Hz]#} ABX system® coupling
[6 771 (IH, d, J=189Hz, H2), & 687 (IH, d, J=
843 Hz, H-5"), & 7.58 (IH, d, /=843, 1.89Hz, H-6"]& 2]
A4 de] X5 o] 9= flavonoid aglycon?! quercetin®]
Aoz Hoir) Egk PC-NMROA 7842, 78.14, 75.76,
7123, 62.57 Sol4 VYER}E signalB2HE AdE 3
glucosedS & = Ut o2l Ao} F3 (Rosch er al.,
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Fig. 1. Total phenol (A) and flavonoid (B) contents of the extract
and fractions from H. rhamnoides leaves.

2003y vlwsle] F5HE 12 quercetin 3-O-glucoside® 57
skt

Compound 2= IR €5 spectrum®| ¥|=4 3}5HEe
S Holn 'H-NMROIX meta couplingdle 5 71<] proton
[6 620 (1H each, d, J=1.77Hz]Z} ABX system®] coupling
[6 795 (IH, d, J=189Hz, H2), & 693 (IH, d, J=
843Hz, H-5), 6 7.61 (1H, d, J=843, 1.89Hz, H-6)] =
3l flavonoid aglycon®l quercetin® R.oHt}h, 283 “C-
NMRoIA 7878, 78.02, 74.04, 71.09, 62.35 SolAl R}

=
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Fig. 2. Chemical structure of compounds 1, 2 from H. rham-
noides leaves. (A) Compound 1: quercetin 3-O-
glucoside. (B) Compound 2: isorhamnetin 3-O-glucoside.

= signal2FE ATE e glucosed-2 & < ULt o)
o] Aol B3 (Rosch et al, 2003y v¥lwsle] 3¢HE 22
isorhamnetin 3-O-glucoside® 574 3131t}

21 & W quercetin® F3 AFH el Jom, 53 B
glycosideJ Bl 2 ©]Z quercetin glycosides= sugar moiety2]
FIFE Wwe=th 2F W quercetin®] SR B quercetin-4'-
glucoside= AHE Fe| 52%7F FrEo] A o]8Ao] &
Ao d#A 9t} (Hollman e al., 1995).

Compound 1 (quercetin 3-O-glucoside)y> =}, EVFE, AL}
ol &3] FfEo] dom, BA &AL quercetin-4-
glucoside®} #12] HIS=31H T2 quercetin glucoside R Tl Hl-E
A FrHE A2 BuHAT (Hollman and Buysman,
1996). B8k qurcetin glucoside2] 50% == Avdolr S
Ho] Zholu} thE A7)0l A isorhamnetin 50 % A} Hohal
a4 ATt (Margreet el al., 2000).

B H= ¥ EFRs0l=
Gallic acidE ¥5go=g A5 Ao 2 HE B
EFIVEE 9 3259 total phenolt-S Aktsiact. 2 Axt
ethyl acetate &% (4.17mg GAEMOPIA 7 =2 s
REA, 5O =2 methanol FEE (1.19mg GAE/ML),
butanol (0.97mg GAE/M), & (0.69mg GAE/M), hexane
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(028 mg GAE/MP) #¥& o= ESTE Total flavonoid
Stk 2943} ethyl acetate F-& B4 1.14mg QE/mL 2 7}

AE =
its), a3
Pkt 284S VeI (Oh er al, 2010). B3k
o3, Bad 53 ddlzdHE Ao AV 9
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ofs) Aitkst R puls SUSRERTACE A,
(Hermann et al., 1989; Yusof et al, 1990). Flavonoid
'0,, 0,79 Agsle] eFdE complexE FAdste] A @ atst
of Blg W B Qe A= WA Atk (Choi
al, 2009). HIEFRIUF 9e] ethyl acetate =&+
phenolic compound 2 flavonoid7} &5t dHiks} &4
veRd-S o = ATk
3. DPPH free radical 2Hgo0ll 2Jat aHile
DPPHE ©]&3 Axt gole AW 28
3t 2AE S e SN AR FAkst
AdAAe] ml¢- Fob @ol ol&HIL U (Jun e dl,
2001). DPPH= ZA} 517 nm F-Zol| A
47} 7448k, o|2{gk DPPH free radical® FH9AI71AL
AR sEol AW radical®l] T
., 2010). ¥]Et

§el]

3 =%

—
a

=
v 9 FE2E Y
free radical®- 50% J#|sl=d)
veRdc}. Ethyl acetate E&EoA RCs, a0l 4.33 pg/ml 2
P w2 A4S BEied ole ¥4 #@4rEAIl BHA

(RCso=6 pgml)9} A AsIA| a-tocopherol (RCso= 4.67

pgmlyt vlws] B ) oL ek 48 Jepde 39 &
T AN} ESF methanol ==} butanol FE &M= Z+

ZF 107} 8.27 pg/ml 2] RCso eh2 VERNY 7k ksl &4
< YeRie 2& & & AUk B F (2010 RIEFRIVE
B9l £719] ethyl acetate T-&Eo] ZFz} 1.59F 1.0 pg/mb 2]
RCs 32 VERWIY $2 radical 2ATAAES Ve oY, &
/42 ethyl acetate =F &0l A= Y] polyphenolic
constituentol] €3 Zlol2} B 75} t}. o] total phenol 3F
o] %S4 DPPH radical 271&4d0] A UEhd B A3
Aol dX|a= Aolth qkgl &Aool 7HE =UH ethyl
acetate TIES I oZ #2]g compound 1 (quercetin 3-
O-glucoside)®] 7-¢ T3l wet v =2 &2 eh
AL el & = YAUrt (RCso=2.6 pg/ml). ¥HAo] com-
pound 2 (Isorhamnetin 3-O-glucoside)= 19.47 pg/mé ] RCs,
7S Ve ethyl acetate H-23]& (RCso=4.33 wyml)x.c}
we 2A-E Bk YV O E flavonoid®] AR €42

diphenylpropane®ll 4] phenolic hydroxyl group®] $Ix]ol ¥3F

-
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S W= AeR dHA Atk Moon e dal, 2001). & T
2008y Camellia japonica Q225 #2]g 147] phenolic

compound®} flavonoidE ™S E DPPH radical 271842
7748t A3} monohydroxy phenyl groupS 713 3FgEol
ul3)] catechol moietys 7H 3lFE<] EA4o] X ¥ =
A Yebgthr B skt ol flavonol®] 71¥-2Z oA B
ring®l] catechol moietyE 7F%! compound 1 (quercetin 3-O-
glucoside)®] DPPH free radical 427 €-d¢] compound 2
(isorhamnetin 3-O-glucoside)=. U} =7 Yelhd 2 A+ Axjel
A= g,

4. a-Glucosidase Aol &M
o-Glucosidaser= 2272] brush-border membrane®l] &4 sl=
43l gar) o] o|dFy e BslEe| A3t &

FE7] 98 Adel dEgREE sEEs)sle 9adS st o-
Glucosidase AA= esl=E 2o & Y A5S AA T

=8l (Caspary, 1978), &4 A HAE=E ICs, (nymd) FHo 2
vebd A3 a-glucosidased] ™all ethyl acetate #3&E 2]
Al @Ao] 137.88+5.73 ugml & 7P A 2AHAoH,
71 Y592 butanol (191.96 £ 7.62 g/mk), hexane (203.23 +
1.57 pg/ml), methanol 25 (24025 £2.15 ug/imk)), & £
B (781.00 +58.91 pg/nl) 207 B oA LERRICH o]
ARz E o QIR 71K FEE9] ethyl acetate =8 E0|
smg/mee] F=ollA 95.8%9 T AAEAHS VERItE B
3. (Cha et al, 2009)2} Zo] BIEMIVE Qo] $HiH o-
glucosidase A81&A AHEEC] FZ ethyl acetate £ E]
AF=Eo] AL Aol A5 = Ut L ethyl acetate
BN HEg JFES 0|83l a-glucosidased] TgH
A EAd-e AES A3 compound 19] A ZEFE= (1000
gl M= A&7k JepA] ko™, compound 2=
739.73 pg/ml 9] FwolA A ZA7F UERstth o) ethyl
acetate T FolA EEE F 9] 3E 9ol a-glucosidase
A S Ueplle Aol SAE Zog A7te ¢ qlo
™, o]ol] ethyl acetate EH&Eol U3t A= U= A7 He
 Zlojrt.

AR =
B AvE F4719% 2RI ZIeas e X 9A
@A WL Ue] $8AE Bl 8 7)1 AE el
Ao ola) e 2oz ol Al EyuT.
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