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Biological Activity of Flavonoids Isolated from Aster tataricus L.

Doo-youn Cheoi, Eun Jin Choi, Qinglong Jin, Ji Eun Shin and Eun-Rhan Woo*
College of Pharmacy, Chosun University, Gwangju 501-759, Republic of Korea

Abstract — In an ongoing investigation into anti-oxidative compounds from natural products, the EtOAc soluble fraction of
Aster tataricus L. (Compositae) showed significant anti-oxidative activity on the NBT superoxide scavenging assay. By means
of an activity-guided purification, three flavonoids, kaempferol (1), quercetin (2), astragalin (3) and one monoterpene glycoside,
shionoside A (4) were isolated. Their structures were determined spectral analyses. Compounds 2 and 3 showed potent anti-
oxidative activity, while, compounds 1 and 4 were inactive (IC;;>120 pg/mL). In addition, these compounds were examined
for the effect of interleukin-6 (IL-6) production in TNF-o stimulated MG-63 cell. Compounds 1-3 showed negligible inhibitory
activity against IL-6 production in TNF-o stimulated MG-63 cell, and compound 4 was inactive.
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Alef & 717] - & =471 Fisher Scientific (Model
307N0043, Canada)Z AH8-8}) 3L A3 =& AUTOPOL®
automatic polarometer (Rudolph Research Flangers, NJ
07836)5 AME-3IeH IR 2=HERLS JASCO FT/IR-300E
(JASCO Co., Japan)E A}-&-3}3 Tt FAB-MS+= JMS 700
(JEOL, Japan)2 AF&3t913 'H-NMR3} “C-NMR-&
VARIAN Unity Inova 500 ¥ JEOL JNM-LA 300 A}-&-
itk 3¢ 24 3 2vE 289 9] packing materialE
= Kieselgel 60 (230-400 mesh, ASTM, Art. 9385,
Merck), Kieselgel 60 (40-60 um, Art. 9385, Merck),
LiChroprep RP-18 (40-63 um, Merck), Lipophilic Sephadex
LH-20 (Bead size 25-100 um, Sigma)2 A}-&-3}91 T} Thin
layer chromatography&- plate= precoated silica gel 60 F.s,
plate (layer thickness 0.25 mm, 20x20cm, Art. 5715,
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Merck)®} precoated RP-18 F,s, S plate (layer thickness
0.25 mm, 20x20 cm, Art. 15423, Merck)& AME-311oH F=
= 3 Y A=nEas]E grile 15 Aok 71

IS EE SRS 27 AMSIgon] walAcko 2 10%

jov

F& 9 Bl - Addster tataricus L) 24kg =
MeOH= 3A17F &<t 33] WHE: SRzt GRFE3kal o
3t & 7 EE3dle] 5753 g2 MeOH extractS AT
MeOH extracts S H/ T2 @& 3}l CH,CL, EtOAc, n-
BuOH ¥ H,0 £o.2 A3t 2H7f 345 g, 235 g,
59.6 g, 301.0 g FIES At s S YERH
EtOAc #8 7 g% silica gelS ©]-83l] Y AZrED
Zu & AAEITE 8ulE CHLCL, : EtOAc : MeOH = 20
11 1E o]83l] 8EAT1aL 7o) H8E-S TLC pattern
o mel FASE AES FH 8719 sub-fractions BT
Sub-Fr. E29] T84 Sephadex LH-202 ©]-&3} MeOH :
H0 =4:6% 2/ 82 3l 43 azneasys
AAIEE] 31EE 1 (17me)S AT 3EE 12 UV
254 nm £} 365 nm oA B 2RSS 10% &
ZhE-Hol| A kA © 2 AN E|QIT} Sub-Fr. E3¢ thalA]
Sephadex LH-202- ©]-8-3l> MeOH : H,0 = 4 : 65 87|
2 3lo] 24y mgregs 203 47 33HE 2 (7 mg)
£ LIt Sub-Fr. E60ll T34 Sephadex LH-202 MeOH
:H0 =4 : 62 802 slo] A9 A=ntEI]E A4
3t & silica gel & ©]-&3Fo] CHCl, : MeOH : H,O =10 :
L1:0.1& 8§vi2 sto] Y A=vET}E HA 5t
SI3E 3 (4.8 mg)ys AU} Sub-Fr. E79] tisliA] Sephadex
LH-202 ©]83}] MeOH : H,0 = 4 : 62 8|2 3l 4
H A2ntEaEe e} silica gekd: ©]-8-3t CHCL; : MeOH
:H,0 =10 : 1.1 : 0.1 &= sl Ay AZnETe}y]
£ 2315 RP-182 ©]831%] MeOH : HO =1 : 12 &
v 3l Y AR vlETT]E AAE & oAl RP-18S
°]g3le] MeOH : H,0 = 4 : 62 §vl2 3o 2y A=
nEIE AAS A3 sighE 4 (149 me)E AU

S}&HE 1 - Yellow amorphous powder; m.p., 276~277°C;
IR, V"™ 3335 (OH), 2923 (CH), 1613 (C=0), 1173 (C-
0) cm™; FAB-MS, m/z 287 [M+H], 154, 136; 'H-NMR
(500 MHz, DMSO-d,) & : 805 (2H, d /9.0 Hz, H-2
6), 6.93 2H, d, J=9.0 Hz, H-3, 5, 6.44 (IH, d, J=2.0
Hz, H-8), 6.19 (1H, d, J=2.0 Hz, H-6); "C-NMR
(125 MHz, DMSO-d,) & : 1764 (C-4), 1644 (C-7), 1612
(C-5), 159.7 (C-4), 156.7 ( C-9), 147.3 (C-2), 136.1 (C-
3), 130.0 (C-2), 130.0 (C-6"), 1222 (C-1), 115.9 (C-3),
115.9 (C-5"), 98.7 (C-6), 94.0 (C-8).

3188 2-ESI-MS, m/z 301(JM-H]” ; 'H-NMR (500
MHz, DMSO-d,) & : 7.77 (1H, d, J=2.1 Hz, H-2), 7.67
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(1H, dd, /8.5, 2.1 Hz, H-6"), 692 (IH, d, /~8.5 Hz, H-
5", 6.43 (1H, d, /2.0 Hz, H-8), 622 (IH, d, /~2.0 Hz,
H-6); "C-NMR (125 , DMSO-d,) & : 175.9 (C-4), 164.0
(C-7), 160.8 (C-5), 156.2 (C-9), 147.7 (C-4'), 146.9 (C-2),
145.1 (C-3", 135.8 (C-3), 122.1 (C-1%, 120.1 (C-6"), 115.7
(C-5"), 1152 (C-2", 103.1 (C-10), 98.3 (C-6), 93.5 (C-8).

3}8tE 3 - Yellowish crystal; m.p., 176~180°C; IR,
V3450 (OH), 1660 (C=0) cm™; ESI-MS, m/z
471[M+Na]; 'H-NMR (500 MHz, CD,0D) & : 8.05 (2H,
d, /9.0 Hz, H-2', 6), 6.89 (2H, d, J=9.0 Hz, H-3', 5'),
6.39 (1H, br d, H-8), 6.19 (1H, br d, H-6), 523 (IH, d,
J=7.5 Hz, H-1"), 3.56 (IH, H"-6a), 3.36 (1H, H"-6b),
3.50-3.09 (4H, H-2", 3", 4", 5") ; "C-NMR (125 MHz,
CD,0D) & : 179.6 (C-4), 167.1 (C-7), 163.2 (C-5), 161.7
(C-4", 159.1 (C-9), 158.7 (C-2), 135.6 (C-3), 132.4 (C-6'),
1324 (C-2", 123.0 (C-1", 116.2 (C-3"), 1162 (C-5"), 105.6
(C-10), 1043 (C-1"), 1004 (C-6), 95.1 (C-8), 78.2 (C-5"),
78.6 (C-3"), 75.9 (C-2"), 71.5 (C-4"), 62.8 (C-6").

8182 4 -Plate crystal; mp., 120~125°C; [a],> +4.23°
(c=0.10, in MeOH); IR, v** _ 3375 (OH), 1630, 1592
(aromatic C=C), 1170, 1085 (C—O)crn']; FAB-MS, m/z 285
[M-H]"; '"H-NMR (500 MHz, CD,0OD) & : 5.02 (d, J=2.5
Hz, H-1"), 422 (d, J=8.0 Hz, H-1), 3.98 (br dd, J=11.5,
9.5 Hz, H-8b), 3.97 (d, J=9.5 Hz, H-2), 391 (d, J2.5
Hz, H-2"), 3.90 (br d, H-6'b), 3.77 (d, J=9.5 Hz, H-4"b),
3.61 (br dd, J=11.0, 9.5, Hz H-8a), 3.58 (2H, s, H-5"),
3.52 (dd, J=9.5, 6.5 Hz, H-6'a), 3.38 (1H, dd, J=6.5, 2.0
Hz, H-5), 328 (d, J=9.5 Hz, H-4), 3.15 (IH, s, H-4"a),
228 (IH, br s, H-1), 1.73 (2H, s, H-2, 4), 1.68 (1H, br d,
H-7, syn), 1.63 (1H, br d, H-5b), 1.44 (1H, br d, H-6b),
1.28 (1H, br d, H-5a), 1.26 (1H, br d, H-6a), 1.20 (1H, br
d, H-7, anti), 0.94 (3H, s, exo, H-10), 0.89 (3H, s, endo,
H-9); "C-NMR (125 MHz, CD,OD) & : 111.1 (C-1"),
104.6 (C-1', 80.7 (C-3"), 783 (C-3"), 78.1 (C-2"), 77.0
(C-5"), 752 (C-2), 75.1 (C-4"), 71.8 (C-4"), 69.7 (C-6'),
68.7 (C-8), 65.8 (C-5"), 50.9 (C-2), 50.8 (C-4), 41.9 (C-
1), 382 (C-7), 37.9 (C-3), 33.0 (C-10), 25.6 (C-5), 22.2
(C-6) 21.6 (C-9).

NBT Superoxide Scavenging Assay —NBT superoxide
scavenging assay™ & T8F WHS ARESITE 15 mM
Na,EDTA (50 mM KH,PO,/KOH pH 7.4 in dw.) &<
20 pul, 0.6 mM NBT £ 50pul, 50 mM KOH®l| ¢l
3 mM hydroxanthine 30 ul& 3 th& A TE=Z =9I
sample 100 ulE 3 7Fstc} o719l xanthine oxidase (1 unit
in 10 ml buffer)&< 50 ulE ¥ $ 25°C incubator $toll
A 308 B A dojute s wkg-E A1 thy 570 nm
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microplate readerg 53l S3=5 ST AEE 5%
5% DMSO in buffer £9-2 control2 31300 2% 2]
¥ 25 allopurinolS ARE-3FA T @28 B4 (%)
controlol] gk &l HAE =, [(rate of control - rate
of sample reaction)/rate of control]x1002.& FAI515icE

Cytotoxicity Assay — & 23]ojlx= SRB 7S o4
st Al 2544S S8R o™ AR Al EFE MG-632
2 A EF= 10% FBS7F 23 DMEM HjA|E AHE-8l
37°C, 5% CO, incubatoroll 4] wis}aL, 103] ©]F At
< tripsinization (trypsin-EDTA)3}¢] single cell suspension
< g3 ], Mxe] AFEEE Jelste] A5 M2
(3x10%Z 96-well platec]l 200 ul¥ HEs%ch A EE
DMSO4 10 mg/ml H=5 &3|A17]5L, A3 = w2t
serial dilutiondle] DMSO9] ZF F=7F 1% ©]37T H =
= 100 ul & ZF wellel] 371 K90}, 743 Fo71 Bt plate
= 37°C, 5% CO, A 3stollA] 48117k vl Faaict. vl gl
8% & 224 A EE 10% formalin solution 100 plS
7hete] A2oA 304 FRF e APAIZTE A 7}
well®] MEZHE formaling A A7) H&l S7HF= 53
MAs & AZAF L AFE wellol 1% acetic acidoll =
¢l 0.4% SRB (sulforhodamaine B)& < 100 plE 713+ 5,
7&olA 30 o RISk FHES] AMAITIAL 1% acetic
acid= 53] A|lxslo] ZAxAZ) e8] 742171 $ 200 pl
©] 10 mM Tris-base & (pH 8.0) 2.2 FMHE AELE F-f
AlA, micro plate readerE AF83Fe] 540 nmoll Al OD
(optical density)E 73t} A=) i) tlzte] 3
+ OD#F Adwe] Wt ODZS BlaLste] A X524 (%)
& Tk

Cytotoxicity (% inhibition) = (1- T/C) x 100
C : tlxe) B oDt
T : A& Ha ODYL

MG-63 MIZO0fIM IL-62] R2| 2ol A - A= 10%
FBS7} Z3%tEl DMEM WA & Al&3}4 37°C, 5% Co,
incubator®l] 4] culture dish®ll S2]A|Z] MG-63A4 2 E 24
well platecl] 285 AEZEx10HE 500 py HES 5 &}
F &3 wiFstal WA E Al skt 1790l TNF (tumor
necrosis factor)-a2} MEZ5/do] §IE T2 samples A€
3k % 37°C incubatorol| A B S & 24A]7F3} 48] 7F H
ZkzE 70 pi wj A& A FH sk s BASEATE 96 well
plate®l] 12} antibody 100 pl(anti-human IL-6 2 ug/mL in
0.1 M NaHCO,)E %2 % 4°ColA| overnightd}e] 1%}
antibody”} 96 well platedl] F-2 =2 s1%ict. A=A &
£ 12} antibodyZ- A elW 7] $130 washing solution (0.05%
Tween 20 in PBS) 100ulE 3 Aojdll ¥ blocking
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solution (3% BSA in PBS) 200 ulE *2]3}3L A4 2
A17F F<t A8 5 washing solution 200 ul2 28 Aol
OF. flollA 242]7F F-9F 48A17F ol A F 7 vl gl 50
2} blocking solution 50 plE go] 4204 X7+ = 4°C
ol A overnightd}¢] 12} antibody<} 433t =S 3% Th
100 ul®] washing solution® 2 4 A& $ 100 ple] 22}
antibody (biotin conjugated rat anti-human IL-6 1 n/mL in
blocking sol.)& 7}slod 4558 &<t Az F AE=A
& 2%} antibodyS 100 ple] washing solution® 2 6 Al
Z]5lo] AolWiTt. 100 ul streptavidin HRP (sol. 0.1% BSA,
0.05% Tween 20 in tris buffered saline pH 7.3)8 37}5}<]
204 FoF A3AIZ] F washing solution® 2 6 A 2313
t}. TMB (Tetra Methyl Benzidine) 100 ulZ 2o 22IAIZ1
ZA] micro plate readerS AHE-8td 450 nmollA FEEE
=439t} IL-69] A3]E4-2 Inhibition (%) = (A-BYA
x 100 [Where A is the IL-6 concentration when the TNF-
a only was treated, and B is the IL-6 concentration when

the compounds were treated] & 3}ich.'"

3I5HE 12 AR ge] BAEA mpis 276~277°CO)
™ 10% H,S0, EAolA 342 el 'H-NMR
spectrum®l| 4] flavonoid A ring®] H-63} H-8%] signal®] Z}
7 § 6.19(1H, d, /2.0 Hz) 2 & 6.44(1H, d, J=2.0 Hz)°l
A UES S ™ B ringe] H-2', H-3', H-5, H-6'¢] AA'BB'
type coupling®] § 8.059} & 6.93914] #2 =] kaempferol
2 F33 5 Ak "C-NMR spectrumol| A= C-37} &
136.1% ©]- 5= o] UYEEE hydroxyl7]| & 2]8HE o] 35
S & UAAL, § 1764 oM C-49] carbonyl?| S #2HeH
Ao § 159.79] ¥AR C-4'919] 447} hydroxyl”]
28kE]o] S & U o) Fe] FFEAR] A
AFe] datate] BIWE 3l SHgHE 12 kaempferol
Xé.é.]_giu]_.m—lg)

sIetE 25 SR EYe] E222A 10% H,S0, EAelA]
S VeRTh 'H-NMR spectrumell 4] flavonoid A ring
9] H-634 H-89] signale] 22t § 6.22 (1H, d, J=2.0 Hz) &
8 6.43 (1H, d, /=2.0 Hz)°l Al YE}F% S ™ B ring®] ABX
type2] H-2', H-5', H-6'¢] signalo] ztz} § 7.77(1H, d,
J=2.0Hz), § 6.92 (1H, d, /~8.5Hz), 6 7.67 (1H, dd, J=8.5,
2.0 Hz) ollA Wbt quercetin® = S+ &= Ich. E=gt
BC-NMR spectrum®l| Al quercetin®] E3 A<l 93 50| §
135.8, § 1759, § 145.1, & 14774 B}, opFe] &
BRI A E F3de] datas}e] v E T3 S¥HE 2
= quercetin® & A 3153}

3l5hE 32 3 AAA E4E mpe 176~180°CE 1

fu xd tu oy o
Sl

offf
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Compound 1:Ry=H, Ry=H
Compound 2: Ry =0H,R,=H
Compound 3 : Ry =H, R, = -B-D-Glc
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CH,
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5 CHs
6 H
g CH20R,

Compound 4 : Ry = —B-D-Glc (6-1)-p-D-Api

Fig. 1. Chemical structures of compounds 1-4 isolated from A. tataricus

EREo™ 10% H,SO, Aol ahalg vehit}. 'H-NMR
spectrum®] aromatic g A 313HE 13} ofF FAFSE &~
HEHS vepion § 523 (1H, d, /~7.5Hz)2] I3 2 §
3.56-3.099] F F4& AV} BEHEHO FHIE 3L
kaempferol glycoside® FHE 4= UATt A7 23
HIA] F-Ekaempferol= FRIESIA & F-72 TLC A3
EFFQ! D-glucose®t HA T Tl AddE =
anomeric T42] AF7E 7.5 Hz= YeRd B-A%HE 3
I e Aew FHHNUG. o] AHEL "C-NMR
spectrumol| A= E1E 4= QIQlt), Bgsh 9l At ¢ &
3o dataste] HIWE Gl 3}eHE 32 astragalin® E E
Ao o] AEZRHE A5l el sgtEeld]
E]'.lé-lg)

St 4= Ao AR EAE mpe 120~125°C
AL 10% H,S0,004 FAMow yehgrh 'HNMR
spectrum ©| A= H-7(syn)®} H-7(anti)®] signalo] Z}2t §
1.68 (br d) & & 1.20 (br d)ellA] #Z=A 2™ H-9 (endo)
9} H-10 (ex0)®] signale]l Z}7} 5 0.89 (3H, s) % & 1.00
(3H, syl YeRdtt. 5 712] anomeric proton®] ZH2} § 4.22
(1H, d, J=8.0 Hz, H-1)%} 5.02 (1H, d, J= 2.5 Hz, H-1")
= coupling constant’} WEFSESL F@ x| 9}e] B E F3
NSl Fol 2} pE Age Ao &3} PC-NMR
spectrum®| A= F711 €] methyl carbon®] d 21.63} 33.00014,
370 2] methylene carbon®] § 22.2, 25.6, 68.7°1 A1, 3712
methine carbon®| & 419, 509, 50814 3+ 719
quaternary carbon®] § 37.9¢14 FEE Ao 47 <]
oxymethylene carbone®] § 68.7, 69.7, 75.1, 65.8°1 4, 571
©] oxymethine carbon®] § 75.2, 78.3, 71.9, 77.0, 78.1°11 4,
2] hydroxylated quaternary carbon®] § 80.704], Z12]
3L 5 70€] anomeric carbon®] § 104.6, 111.1914 #2H=] %]

Table 1. Antioxidative activity of compounds 1-4 isolated
from A. tataricus

Compound IC,, (ng/ml)
1 >120
2 19.3
3 50
4 >120
Allopurinol* 1.7

*positive control

200
180

-

-

=
1

120 ]

—4

IL-6 in media (pg/ml)

-
=
1

T

)
= =
I IR

I Comp 1 ICnnllp_Z I Cnnllpfl I
TNF-& (50ng/ml)

Fig. 2. Effects of compounds 1-4 on IL-6 production from
TNF-a stimulated MG 63

MG-63 (3x10" cells/well) was incubated for 24 h. Culture
were incubated with or without compounds and then
stimulated with TNF-o for 24h. TL-6 in the supernatant was
measured by ELISA. Results were expressed as the
meantS.E. from three different experiments. **p<0.05
compared with TNF-o treated values.
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t}. &3t 'H-'"H COSY9} HSQC spectrum E-3}l] z}z}o)
carbon?} protong FEAIZ] & HMBC spectrumellA] C-8}
glucose®] 1 <742, glucose 6 ¥4} apiose 191 BHA A}
°]9] correlation peakE &1t 7} AFLIAE IRl
o} o] de] #FEHAQl A3 Bl E34d9] dataete] H|wE
23] 313 4= shionoside AZ ST (Fig. 1 F=).

A1 EtOAc®] #8025 E 3t sletE 1-400 thalA
NBT superoxide scavenging assayol] 2|3} akrksl 418 71
53 A3K(Table 1 33) quercetin®] ICy, #t°] 19.3 ug/ml
2 7Pg 7AEE @48 JERHAL olef e 2L siekE
20l oA ortho-dihydroxy (catechol)ol] 71913+ Ao 2
webE Aok w3 313HE 1-47F MG-634 oA 1L-69]
frelol vAls FE2 HES 23 39 149 1L-6 F2]
2o Zhzb 115+10.02, 134.0£543, 113.2+6.9, 167.0+12.73 pg/
mlE UERITH o5 AnRE 33HE 149 IL-6 (%)
= 69.246.01, 80.4+3.25, 67.8+4.13, 100+10.67%= Z+7}t
et sletE 4= s8] €40] glom sietE 1-32 ofst
IL-6 2] AsEdS deplle 2 o= A=

FHOE8
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