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Abstract

Naturally occurring antioxidants, such as polyphenols are widely found in fruits, vegetables, wines, juices, and
other plant-based dietary sources and are divided into several sub classes, including phenylpropanoids, flavonoids,
stilbenoids, and lignans. As part of the our ongoing search for bioactive food ingredients, the antioxidant and advanced
glycation end products (AGEs) formation inhibitory activities of the methanolic extract of the aerial parts of Cirsium
setidens were investigated in vitro bioassay system. The antioxidant properties were evaluated through radical
scavenging assays using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS") radicals. In addition, the activity of C. setidens against diabetes complications was also tested via
AGEs formation inhibition assay. The total phenolic contents were determined using a UV-VIS spectrophotometric
method. All tested samples showed a dose-dependent radical scavenging and AGEs inhibitory activities. In particular,
the n-butanol (BuOH)-soluble portion showed the most potent radical scavenging activities against DPPH and ABTS"
radicals with IG5y values of 24.3+1.7 and 25.0+3.3 ng/mlL, respectively. Futhermore, the inhibition of AGEs formation
by the n-BuOH-soluble portion (ICsy value; 46.0+1.5 pg/mL) was higher than that those of the soluble portions
for the other solvent. The results showed that C. setidens could be considered as an effective source of natural

antioxidants and other ingredients.
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AE e HETIEHHES DA F(reactive oxygen species,
ROS)<l| el Ado] 7H53tE Ay Al 235 8] AGEs &
Ao} Agsto =z T AdS st AlxE
e AU BRI SS il Zo] #ofske A
& HasolA glrke). old3t U S 7I2E st
AR L1zl EAQ] HFGsE A Al A=
Z 2= aminoguanidine, pyridoxamine 5-°] %1.2.7(7,8), ©]
E T 7S del A e HEEEkE Ad9A B2
¢l aminoguanidine©] 43l =4 Yehll= Z ]
Hugof e} Brf §24-8o] gle e HEgsitE
A8 B4 Aol 87H 3 e AR ot 2o
= Ho} kst 48 55 Ad AR EEUES
Aote] AALANZRY HFGsME A AaiAl E=
A AFO)7F EstA MY Hz o, HFuUT
(Punica granatum) 3, Fe\ Y F-(Actinidia arguta)
AVE E(Artemisia capillaris) A% 52 AP LA 2
B FHF e S g oz Alsts AEQ
flavonoid, ellagitannin, neolignan 5-°] E 1% 1 TH11-13).

2= 8(Cirsium setidens)= = 3}*H Compositac)®] ThHd
A o 2R o ZA ghloA = A e YR E oFge
2 o] &3f gtom, AT Mol st Hel= 7t
SH AF et A AE, A, 2% FFoE EF,
i, thel, 119 2 28 59 A 5ol AHgettta d A
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= d=4 SREEe g AEEs st o
T W iTh(17). 2 Ak dEE AFA T oJs)
W 2y FEES s I, depd A S99 E
7} flavonoid, triterpene 2 coumarins-2] AJF-o] A
ATH18-20). <+ 17tz #Asle] g9 anjAke]
87} 7kt s Aol iRt 5% Hawo] A1
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T2 ZAA-FESE A A23H A2E (2016)

J gt R4 20143 = 590 AHE AME 2=
£ ARt o, E8A 5 g ae] A F3eat
A=z P Basta ok & Ao A
A]2F2 2 bovine serum albumin(BSA), 3-morpholinosydnonimine
(SIN-1), dihydrorhodamine123(DHR123), aminoguanidine,
Folin and Ciocalteau’s phenol reagent, gallic acid, 2,2’-
azinobis-3-ethylbenzothiazoline-6-sulfonic acid(ABTS), 1,1-
diphenyl-2-picrylhydrazyl(DPPH), (+)-catechin % tacrine<>
Sigma Chemical Co.(St. Louis, MO, USA) - 3te] Al-8-3]
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Cirsium setidens (5.0 Kg)

—MeOH
Cncd.
n-Hexane
[
n-Hexane ext. — EtOAc
(193.6 g) |
EtOAc ext. — n-BuOH
(28.6 g) |
n-BuOH ext.
H,0 ext.
(72.3 g) (74.4 g)

Fig. 1. Liquid-liquid partition of the aerial parts of Cirsium setidens.
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Aot o} 2ol S4 513tk 7 mM ABTS(in water) @}
24 mM K055 & gt;% F A, el 12213F A
st gdZe] S =3 & ABTS g &9
84 8ke] 734 nmof| 4] %ﬁ %M 07~08 A=/} HE=
3|43k & Agslith 84e ABTS o]z 49 100 1L
o 2=y FEE 100 UL% &3lsto] AoA 787 HkS
A7 Z 734 nmol A FFEE SH A Th olw positive
control 2 (+)-catechin= }%"6} o A= ARE A
golA] g T tE %= EASHAT

In vitro 2 &Y3t4HE (AGEs) M4 7GlﬁHﬁ“‘" £3
FHFFeHE A A E4d-E Vinson 3 Howard 50|
P& P Wkl AASHIT 10 mgmLe] &7
(bovine serum albumin)-S- 0.2 M phosphate buffer(pH 7.4)°]
L3 A7]aL, 0.2 M9 fructose} glucoseE * 2] gtet, ofuf
0.2 M phosphate buffercl] 0.02% sodium azideE 2] BP—‘Lﬂ
7b gt v gl ote] A AT o] whgHof
2 = b4 t)229) aminoguanidine A 7Hek X 37 coﬂ
A 74 Fot Wk AIZIT) wlF Fol| & spectroflourometeric
detector(Infinite F200, Tecan Austria GmBH, Grodig,
Austria) & ©]-8-3}o] ¥ 33 %= (Excitation: 350 nm, Emission:

450 nm)E =3 3sk3ich

zgnﬂ o SgtE g gt
Z H=A 3HE2 g2 Folin-Denis W25l wah
- = 2 3.0 H.3J)

%@6}%29}1, FEE 52 EYES 10 mgnl TER
ZA3 & AlF 50 puL9} Folin-Denis A4 50 L, 0.7 M
AU EF 23H89 50 ILE A2 22 ths ol3le
z Eete] A2oA 60% WA S T UV/VIS £33 =A
2 750 oA FFEE S, EFEH L gallic
acidE ©]&3ste TTFAS st S tslal

DPPH 2tcizt £ g4

Hepd g 5= DPPH 2t Z-2 gHilkst &) sle 54
I 9-3stA| =W QFY 3t Pej R Folrpa] o] Galx 3
FHE Fho] Ahshe 9Ele)E o83 EAde] HAntz,
Table 1914 UrE‘r W AAE 2= vgs 25 9 7
7180 == thsiA DPPH 2]z Aﬂ%} J= 7kt
A, *W?ﬂ Z=d uﬂ e FEE ICsahe 48.142.1 1
gmL 2}tz oA 5S JeEhglom, EQ% % EtOAcZ
9] ICso#k2 67.9+3.6 ng/mLe] |z & < eI
t}. 53], #BuOH %3 &9] ICsoak- 24. 3+17 ug/mLA +
o gz 24 84S YeR o}, positive control 2 AF&-
H Add kst dem & deA e (+)-catechin?}

fAFeE G2 eSS gelslitt 3, B33 phexane
=9 ICsork2 272t >5 00 pg/mL, 180.3+13.7 pg/mLe]
WA oket gz LSS YERIth A2 dlsd 5
=2 o DPPH a}ﬂ% a7e BRI FadArt
Atk By A8k 2= &5 gt 24
4_ A=A 3 tefate] AR S Hrlslt A3 Table

3 404 vehd AA17, DPPH 2| *74 T A=y
ﬁr?ﬂ' 9] glgfo] A 02 =2 EtOAc 2 nBuOHZ9|
A 7P & AlE ERlE Y, adAE guEaA &
‘go] 73t nBuOHZll= DPPH 2t 2 750l &2 &
=9 gitsl o] 93t HlEA SRR EAIE AIAL
Sdet, matk B DA Crsum A2 SR
flavonoid 3}3HE(28)<! pectolinarine A} w7 Y &
< 53 RS A4S Jeplv(29), 2= FAEU
qunic acid F=AQ  3,4-di-Ocaffeoylquinic  acid,
chlorogenic acid®] %-%+ DPPH 2}t Z & 5@/Jo] K
zﬂow °11ﬂr(30) °o]& HiH 3}9t=o]9|e] DPPH 2t
Z aAe e 7 2448%Y e B sl asita
A}E%D‘r.
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= i o7 AAER By ssEdEZ s 93t
7ol FUSATPA 0145151 2IEK3L). 7 A2} Table 2914
vehd 24" 2 vgs %%:r% 9 7} 7] 4] Bg
Zd g8l =24 o 2AS5E Hrtste] EAS IC%k

o2 Jehglon, £3] EtOAc 2 nBuOH 28 =E9]
ICsotS 217} 69.542.6 pg/mlL, 25.0+3.3 pg/mle] mf-% $-5=

g g AATS YERISlen, o|& &4 positive
control8! (+)-catechin®] Aol AF3ste= B5YS E<ls)
Gt} e, E=3} phexane EE oAM= g oz o
< gz aA @45 YR AtK(Table 2). o3| 2=
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Table 1. DPPH radical scavenging activity of the methanolic extract of C setidens and its organic solvent-soluble portions

Tnhibition (%)

Cone. (ngimL) 500 250 125 62.5 313 156 mﬁ”
MeOH ext. 96.32.3" 80.1£2.0 71117 629+18 53.115 375¢12 48.12.1
Hexane layer 312:17 170413 12.6£1.5 8.1£1.0 7208 5.1:08 >500
EtOAc layer 997427 72.1£23 654425 0.112 R.1£13 25410 679436
#BuOH layer 99.8:2.8 873426 752425 67.1+16 56.1+15 42.1+12 243417
H,0 layer 67413 55.7+1.4 312407 16.7+0.8 8.8+0.5 6.1:03 18034137
(+)-Catechin” 982+1.7 92717 92.8+15 87612 69.213 467409 16213

l)Inhibitory effects are expressed as the meantSD of triplicate experiments.

z)(+)—Catechin was used as a positive control.

Table 2. ABTS' radical scavenging activity of the methanolic extract of C, setidens and its n-hexane-, EtOAc-, n-BuOH-, and H,O-soluble

portions
Inhibition (%) IC
Conc. (ug/mL) 200 100 50 25 125 625 (Ug/IST?L)

MeOH ext. 98.7+2.7" 98.242.5 66.4£2.0 37.5£1.6 19.4+0.8 9.7+0.7 31.1£2.1

Hexane layer 41.2+1.3 36.8£1.2 22+1.3 104+14 4513 3.1x0.5 >200

EtOAc layer 93.542.5 81.6+24 81.2£1.7 47.5+19 27.3£1.2 12.7+0.8 69.5+2.6

BuOH layer 98.242.8 93.6+2.3 66.4+2.0 37.5%1.6 19.4+0.8 9.7x0.7 25.0433

H,0 layer 99.524 97.5£2.3 78.111.6 46.7£1.3 21.010.8 8.410.6 241.6+4.6

(+)—Catechjn2) 99.9+2.7 09.8+2.3 94.3+24 70.3£1.8 68.1£1.5 36.50.8 13.8£1.8
;;ggit:sryaegzscitzvzrecoixtféissed as the meantSD of triplicate experiments.
A AL 2E Fa e9low dejx grk33). /mLel He= HERIL, #BuOH 7HEw2e] A5 ICs
A2 AGEse] A& P T3 P WAL glom] WOl 460515 ngmile] FriH 0w el 245 vEhd
DL Z 28 9 o dgko @ o Ay} 28 E o FJtZ=+<21 aminoguanidine®] 1Csoke] 90.2+3.2 pg/mL
A)aL ek Z 2ol A EH HFTsiE A A 3} Hlwel & W BuOH 7H-E82 73 Fo= &9lst
3| Al 2= aminoguanidine®] o FHgo] HaEo] Hr} S THTable 3). &2 kAl HEGAME A NS

bdska Fahgo] gle HAE el AGEs 47 AsiA2l

A 12 AA A7 34yl o Al (Xanthium strumarium)

S 9 A7 =3 ok & AFeA] 2=
FEEo TR THd AeHriE fal FIT A3

Ay} 2ed Weks FE59 1Coahe 217 221.1+7.7 g

dull9] ICsy 3k 16.1 png/ml, 23K (Plantago asiatica) 80%
ANEE FEE9 ICso #42 314 ng/mL, A= (Polygoni
avicularis) 80% &t FZE59] ICso ak-2 33.1 pg/mL<]

Table 3. Inhibitory effects of C setidens extract on the formation of advanced glycation end products (AGEs) in wvitro

Inhibition (%)

ICso
Cone. (ngimL) 500 250 125 625 313 156 (U%/TSHU
MeOH ext. 66.0£1.3" 49.8:15 37.1£13 332409 21708 19.3£0.7 011477
Hexane layer 30.1£12 17.6:08 122405 7206 51405 3.0:0.6 >500
EtOAc layer 29.1£10 219406 175207 8105 75406 5210 >500
#BuOH layer 86.8£1.8 737419 70.7£1.5 57311 411413 32111 46.0£1.5
H,0 layer 622425 556£13 23.0:08 19.6£09 10.1:08 5.1:0.6 272.3t41
Aminoguanidine” 85.142.6 70.1£18 531416 39.1£13 32.0£0.7 31.1£0.7 90.743.2

l)Inhibitory effects are expressed as the meantSD of triplicate experiments.

PUsed as a positive control.
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=
&S Table 40 YERSl o, =2 vgh&

e 2l

<1 g9 17315 mge] #lEy e g
o, §71&w 7H8-52] 7§ mhexane 7H&F
Y <EtOAc 7FH&5-<nBuOH 71859 <o 2 Js
g s3] o] 2719E Bt BOAe ¥A%
21 g9 11.0+1.7 mg9] H=A IFES dasle Aoz
YEG o™, nBuOH #8&E°] 15.2+1.6 mgo & & o
2 5o oy e B49E dehe Aow A
ALk o] dxtz R 2w FEE<| DPPH 2z
227%-E Table 2 2 3914 YERL AAR w54 3= 4
o]l AJild o2 =& nBuOH 7H-5F 2 EtOAc 7H-5-
AA FoiAer & s E91F + U eH, DPPH
gz A% sy S9HE deteldle S g
HAZY dote Baene=E dAske 23k
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Table 4. Total phenolic contents of the methanolic extract and
organic solvent fractions of C. setidens

Samples Phenolic Contents (mg/g)
MeOH ext. 173+15"
Hexane layer 6.1£0.3
EtOAc layer 11.0£1.7
BuOH layer 15216
H,0 layer 7.0+0.5

"Data represent the mean+SD three replications.

o o]
I =

>,
b
o,
IR

Al Y& WESZ 3R] FE3M] dojzl

3l mhexane, EtOAc ¥ nBuOH=Z =733 —rx} ﬁuﬁ

de AAsla, feojxl Zakzo] tiste] DPPHS}

ABTS' radical 227%5 2 2F38tE YA A& H7t
3ttt WA DPPH U 2AZAL #=A 313E9]

ko] Ao =S pBuOH 7FEH-olA ICsake]

24.3+1.7 pg/mlL % $-=3F DPPH }t|Z £~A TS &<l

sk, 2= FEE EAlche Fled sEEd gy
z *ﬂ e A S AlAKSFATE Ee ABTS' gz
2ASE EtOAc ¥ nBuOH £ FE9] ICoa2 2tz
69.5+26 ug/mL, 25.0+3.3 pg/mLe| 2}tz A D do] &<l
HA, e g oA G4 EATE AALE QL
o =3, HFGskE A4 AdEds S A,
nBuOH 71828l ol| A ICsoako] 46.0+1.5 pg/mLZ =2 A
AR Ed S YERHA S, ©]E positive control$!
aminoguanidine2] 1Cso#k%] 90.2+3.2 pg/mL2} ¥] waf & ul
e dAdolglon, kst sigtEoe] &S FEE
dHe] AEE dUdEAR AL AF 0S8 e 859
313 2o] 28 15AS /\]/\}o} it} 3% o5 AR
;d Ex% S Ezs]- §L %7;,__4 ;g gl sﬂ/ﬂ 7]2}0]] q]?ﬂ-
A7 Besh 2 Oﬂ?ﬁﬂ# AAE e 2o &4
s B AGEs A4 Adllss 7Hle A= A 7154844
e 93 V2R E8vbsstel e Atsdth

ZAe 2

o] A= AR A9 ATl <A 1R(S111313L050120)
o] Aoz o]Fo] Hou o]d A= YT
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