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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 IC5 values of 24.3+1.7 and 25.043.3 ng/mL, respectively. Futhermore, the inhibition of AGEs formation
by the #-BuOH-soluble portion (ICso value; 46.0+1.5 11g/mL) was higher than that those of the soluble portions
for the other solvent. The results showed that C. sefidens could be considered as an effective source of natural

antioxidants and other ingredients.
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advanced glycation end products (AGEs)
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AEE HTTGMHES &4 F (reactive oxygen species,
ROS)4l| olaf o] 7153k Avt Al 2] AGEs 58
Ao Ao = AT Ade frEdste] AlxE
A FIEstAY eSS el ZHol Holsts Ao
2 BuEojz] drke). oldd H2WHe 7I2E st
AA7HA] Gl thEA Q] HFESMEE A A A&
Z 2 = aminoguanidine, pyridoxamine 5°] 1. 2™(7,8), ©|
5 T 78 del ¢EA de HETEsREE A 9A 24
Q1 aminoguanidine®] /3ol 5445 YERU= Aol
Haugd we} Hrp §24-80] gle b HEgsitE
AR 24 7ol 73 e Aol 2
= B} bdsta 3t e Ad AR 2EddES
fste] AALANZRE HFGHE A AAl NS
Ag AFO)7F SEstA e Ha o, AR
(Punica granatum) 338, Y& U (Actinidia arguta) %
AVE & (Artemisia capillaris) A% 59 A& EZ
B HFGstEe] S FHF oz Al A=
flavonoid, ellagitannin, neolignan 5°| X 1% tH(11-13).
Z=2|(Cirsium setidens)= = 3}2HCompositae)] Thd
A o 2RO ZA ghlol| M= A e S oFgo
2 o] &3f gtow, A H= /sl et Hele 7t
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Fu| S =2 $ e ARE o] 2HTH16). HAEETE
kst 7158 S Yellle F480] A2 o] i
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87} S7kslar Sl Aol RN %k Hilwo] A1
QT2 B AP E 2xe vegs 25 € 74
L =l st B dHE HFdsE A4
A 9 gikst S-S Hotel €83 AGEs B Bz
Aal AN e Bes SRS 1 AR
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N =
2 Ao A g2 A8 2= (Cirsium setidens)= 72

3|A] A23E AT (2016)

B ookt A 20143 % 5L 2 E AXE 2=
#E Abgatgl e, REA RS drtigtae 4FFst

AAzstetd o Hastn it & Aol AHed
A]ekC 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) +%i3lo] Al-&-5}
31, 7 9o AHEE 1) R A B A5 o]l
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(386.1 g)°ll W3l Eol dEste] 0] n-Hexane
o2 AA FE3 T $5& YA ethyl acetate(EtOAc) 2}
n-butyl alcohol(n-BuOH)= ©|-§-3sto 2t7} oAb o= 33
ot FEsIth 4 SujFE £ 5 A w55k
Az AZ F 747} p-hexane 7HEE-E (193.6 g), EtOAc
7+ 5-2](28.6 g), -BuOH 7+H8-5-2(72.3 g), & 71859
(744 9= 27 AJoHFg. 1) 24 TIES o= 2
gz aAs B TG A4 Adle Hrke 6

o

Cirsium setidens (5.0 Kg)

— MeOH
Cncd.
n-Hexane
|
n-Hexane ext. — EtOAc
(193.6 9) |
EtOAc ext. — n-BuOH
(28.6 9) [
n-BuOH ext.
H20 ext.

Fig. 1. Liquid-liquid partition of the aerial parts of Cirsium setidens.

DPPH 2lCjZaAHS 53

228 70% olete FEE] A2 Blois '
@)°l wet Skt 2t Al5-8-9f 120 pLell 045 mM
] 3]41&} 1,1-diphenyl-2-picrylhydrazyl (DPPH) &< 60 1L
< Y3 wuket 3 1587 BAg v 517 nmol| Al §3 %
£ S AT A58 Ay 3

stole WEg LpERRSIt

ABTS™ 2lCjZt 275 &3
Z=d| v|ehg 552 2,2’-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid(ABTS) radical 27 %< Re(23)9] i<
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WHEste] o) o] 5731t 7 mM ABTS(in water) 2}
24 mM KOs 55 £ F A2, oA 124131 84
sted grizel 4e F=¢ F ABTS gz 895
31X 5te] 734 nmel M FFE Fhe] 07-08 =7t B ==
BN F ARSeisltt B4 ABTS” 2ol €9 100 1L

T2 FEF 100 1S EFHete] Aeolx 723t vk
AlZl 2 734 nmollA FHEE S8 ol positive
control 2+ (+)-catechins A3 0 A3l A|5E A
ZlatA] &2 2ol ek %= FASACH

In vitro 2|SYsIME(AGEs) MY Xalgd &3

HITGsE A A8 e/d-2 Vinson 2 Howard 5°]
3t 4= APt AAISHATE 10 mgmLe] w1
(bovine serum albumin)-2- 0.2 M phosphate buffer(pH 7.4)°]]
S3A17] 2L, 0.2 M9 fructose$} glucoseE * 2] gt} o uf
0.2 M phosphate buffercl] 0.02% sodium azideZ 2o} W37
ZF st gl ole] A S WA o] ¥R F=
2 £ Y dlZ27<l aminoguanidineS 3 71gF T 37T
A 79 B HESAIA T vk Foll = spectroflourometeric
detector(Infinite F200, Tecan Austria GmBH, Grodig,
Austria) & ©]-83}0] & 3% (Excitation: 350 nm, Emission:
450 nm)E 378 skt

ZH=4 siet=E 8 "ot

% ¥=A 3952 dEFe Folin-Denis W (25)9l uleh
ZHsgen, FE2E S FEEZ 1.0 mgnml 552
ZA13 &, A8 50 1L} Folin-Denis A1 <% 50 1L, 0.7 M
U EE 238 50 e A2 Y2 the ol AS
2 E3sle] A-oA 0% WA T F UV/VIS EFETA
2 750 nmel| A FBEE S5t en, FTEA L gallic

acid ol §3te] EE2HS Aele] IS Busleth

Zu 3 nE

DPPH 2icjZt &7 &4
Bl S == DPPH g2 gtsl &40 dle &
7} 93 HH Pg et e SopraA Alo] gl
FTHE o] Hadhe dEl6)E o] &3t il A,
Table 1°A4 el AAH =4 W F525 2 4
F7180 £ tsiA DPPH 2]z 2AZS 71
Az}, 2143 22 WEE FE5E [Csofh 48.142.1
gmL o7 2AGS Jeplen, B3 E F EtOAcE
9] ICsok2 67.9+3.6 ng/mLe] 2]z 27 %S YeERAS]
t}. £3|, n-BuOH 58 &9] ICx7tS 243417 pgmLe] $-
et gz AAZA S YER o], positive control 2 A&
H AA gt JRoZ A dHA 9= (+)-catechind}

>,

Rl

- -

Abet @4 YRS Rl $HH, £33 n-hexane
&9 ICsoak2 2H2t >500 pg/ml, 180.3+13.7 pg/mLe]
wA okgt g Zd LA SE YEITE 2 Hsd 3t
9] 3% DPPH SHZ 2752 B4 3 A7t
Atk Ba@7el 278t 2= FEE9 gakst 24
I He=A SeHE dEae] dwd S kst 23 Table
1 2 4004 yehd ZAAH, DPPH 2oz &4 52 HEA
8}91E9] gtafo] AUlH o2 %& EtOAc 2 n-BuOHZ]
A 7P =2 Ale gRlEla, AR e daA &
ZJo] 733 n-BuOHZl| &= DPPH 2lt]Z AA50] & &
=gl ksl o] 3t dlm sltEe] EAE AIXE
stk et okt A F (Cirsium)Ss 2 EolA T =
flavonoid 3}31&(28)?] pectolinarine dHFsl e wlAY S
< ¢ RS A8S YEhin9), 2= F24E%
qunic acid F=AQ  3,4-di-O-caffeoylquinic  acid,
chlorogenic acid®] %3+ DPPH 2}tz £ 5&84Jo] B
o)A gIth30). °]E E1E 3}3HEo]9le] DPPH 2t
Z 2SR S8R e 2 B4l E8sittn
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10 % g e

ABTS™ 2ijZ 275 33

ABTS" gtz &AGA-E Al5rt akstde o
ABTS'©] A 5]o] Eejjo] A =Ao] GAEE Y=g 274
sk Mo R HAEE FY ksS4 a9t
Aol BRISISHA o] 85 UTh3L). 1 27} Table 294
el ZIMd 2ed vee 25 2 2 /7180 28
ol sl s guZd oA Hrket] 245 ICo#k
o2 Jepjglen, £4] EtOAc ¥ n-BuOH £3=Eo
ICsoak2 7+t 69.5+2.6 pg/ml, 25.0+3.3 pg/mL2] wjl-¢- 4=
g gz L7 S Yo, o] & 2432 positive
control?] (+)-catechin®] EAJol| AFste E5UE 3ls}
At} 9, 533} phexane B FoA = Ul oz v
< gozdaA @4 JeERATKTable 2). o]/de] 2=
Table 494 UYebd AAH g5y F FhF o= =7
UERY EtOAc & 2 n-BuOH 2|4 ABTS' 2Ht]ZS 27
sk Atsl @A Ed o] EAE AAME IS 2o AT
Ato]] olshH Zgol] A3} linarin, pectolinarin -2
FPHE o] E/(18)  ©]9°]  qunic acid FEAIQI
3,4-di-O-caffeoylquinic acid’} ¥+ ABTS tt|Z &7
2= eIl e (32) o] & st3E< £33 n-BuOH
ol EAlsh= gozdaA @EL] o] esitin
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Table 1. DPPH radical scavenging activity of the methanolic extract of C. setidens and its organic solvent-soluble portions

Cone. (uginl) Inhibition (%) ICs
500 250 125 62.5 313 156 (g/mL)
MeOH ext. 963+2.3" 80.1+2.0 L1217 629418 53115 37512 48.142.1
n-Hexane layer 312417 17.0£1.3 126415 8.1£10 72408 51308 >500
EtOAc layer 99.742.7 72,1423 654425 £.1:12 01413 254+1.0 67.9+3.6
n-BuOH layer 99.842.8 87.342.6 752425 67.141.6 561415 0112 243417
HO layer 674413 55.7+14 312407 16.7+0.8 8.8+0.5 6.1303 180.3£13.7
(+)-Catechin” 98.2+17 90.7+1.7 928415 87.6+12 69213 46.7:0.9 162413

)Inhlbltory effects are expressed as the meantSD of triplicate experiments.
)(+ -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 (%) ICy
one. (nginl) 200 100 50 25 125 625 (g/mL)
MeOH ext. 98.742.7" 982425 664%2.0 375416 19.4+0.8 9.740.7 311421

n-Hexane layer 412+13 368+12 22413 104414 45413 3.140.5 >200
EtOAc layer 93,5425 81.6+2.4 812417 47519 27312 127+08 69.5+2.6
n-BuOH layer 98.2+2.8 93.6+2.3 664%2.0 37516 19.4+0.8 9.740.7 250433
HO layer 99.5+2.4 975+2.3 78116 46.7+13 21.0+0.8 84106 241.6+4.6
(+)-Catechin” 99.9+2.7 99.8+2.3 943+2.4 70318 68.1£1.5 365:08 1384138

)Inhlbltory effects are expressed as the meantSD of triplicate experiments.
YUsed as a positive control.

e AAA LS 7he 2938 golow deA gtk33). /L fsS YERAL, n-BuOH 7HE-EE 2] 4% ICs
W=7 223 247} 9o Zkol 46,015 pgmLe] Atz oz 71ek S-S eyt
2o g o o3y} 23 ¥ o] &g 221 aminoguanidine2] ICso%t©] 90.2+3.2 pg/mL
FA 0l 2GR QA A 2} v w3 & W n-BuOH 7H-E8 2 $53 S5 g<ls}
& Al &= aminoguanidine©] 1o} ZAlo] HiE o] KT} SATHTable 3). Z29 grekAle] HFH s AL
obAsla BAl-go] gl AR 2 AGEs AA A< 3 12F A AFG4)el oot A9l (Xanthium strumarium)

=

N
f

S 9% At AP T Q) B Ao Z=g vl ] ICso 4k 16.1 ng/mL, 2K (Plantago asiatica) 80%
Zzro gy g2 98 48e A3 detE FE5E9| ICs k< 31.4 pgml, HZ(Polygoni
A7} 2oy vekE FE2E59 ICsak2 22t 221.147.7 1g avicularis) 80% & FEE29 ICso %42 33.1 ng/mLe]

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

. Inhibition (%) ICy,
one. (ugiml) 500 250 125 62.5 313 156 (g/mL)
MeOH ext. 66.0+13" 49.8+1.5 37.1:13 332409 2174038 19.3+0.7 011477
n-Hexane layer 30112 17.6:08 12205 72406 5.1305 30206 >500
EtOAc layer 29.1+1.0 21906 175407 8.1£0.5 75206 52£10 >500
n-BuOH layer 86.8+1.8 73719 707415 573+1.1 411413 321411 46.0+15
HO layer 622425 55.6%13 230038 19.609 10.120.8 5.1406 2723441
Aminoguanidine” 85.142.6 70.1¢18 53.1+1.6 39.1413 320407 311207 90.7+3.2

)Inhlbltory effects are expressed as the meantSD of triplicate experiments.
PUsed as a positive control.
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HFFehE YA L3S e Oi—uﬂ ol5e] 24
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st HEFshHE A AdgdEde] 54 3 24971%
B77F Easitta AbsEh
ZH= setE &

I FE2E 9 7 B354 Rl e s
3}3t=<] kS Table 49 YERQI oW, 2= Wete
FZ2EE 1 g9 17.3:1.5 mgo] dAsy 342 FFS
slstsion, #7184 7H8-4-] 7% n-hexane 7+
<& 7F&-HE<EtOAc 71He-5<n-BuOH 71859 o 2 H&=

3 SHEe] ol 7 Zelskelth EOAe 3=
o1 g3 11.0+1.7 mgd FEA SFES Fhole Aoz
Yeltom, n-BuOH £8&o] 152+1.6 mgl & A& o
2 22054 e dHEe Uehlle sles E45
Atk o] Az HE =i %52 DPPH Uz
27%E Table 2 2 3011*% vehd 29 sy slehEe
gtako] A& 0 & =2 p-BuOH 7H-5 2 EtOAc 7H&-5-
oﬂ}\i }E}EH@]_O,E l:":‘w?_‘ 7}17—'_ g]—?lfj:‘} T 9)\/\ 9—11], DPPH
Sz A5 sy SeE Aol wAg
HAAZE doteE Raends dxes 23

Table 4. Total phenolic contents of the methanolic extract and
organic solvent fractions of C. setidens

Samples Phenolic Contents (mg/g)
MeOH ext. 17.3+15"
n-Hexane layer 6.120.3
EtOAc layer 11.0£1.7
n-BuOH layer 15.2£1.6
H,0 layer 7.00.5

"Data represent the meantSD three replications.

o ok
hd =

A% 2 E UﬂE‘r—Q—i A2 ZZslo] AolA 2ZE
n-hexane, EtOAc % n-BuOH=Z SAYH &3} &1j
FE5 AR, dojxl AzpEo| diste] DPPHE}
ABTS radical 2A% 2 HEF3E A4 Al S 9 7}
3ttt WA DPPH a}q%} 2ATA L A 33E
o] AHCE ®S n-BuOH 7H&-H-ol| A 1c507lo]
243+1.7 ygmL °.2 $-3%t DPPH 2}t Z &2A5S

O]' }\J— 2=
4 275l A
A%

£ef FEo] TATE A STE 2
BAL A ALEIE T 3 ABTS' 2oz

2 EtOAc % n-BuOH E3ZE9] ICyate 242+

69.5+2.6 pg/mL, 25.0+3.3 pg/mLe] 2ttjd g o] 2l

HAaL, 3 Sy &aA A E
=3

gAe] ZA7H A

v, #HIPEE WY AdEde AT 2

n-BuOH 7158l of| A ICspke] 46.0+1.5 pg/mL=E =2 A

AR S HERAICH,

o] positive control?!

ammoguamdme«] ICso%k<! 90.243.2 pg/mL3} H] wa) & wj

eke] AR Gel
3lele

31 &Ajo]l o U:] t}ok3l gt Eo] F&E

e
A2 AL 45 v 73 25

o] £A P ANRAL FF o)F BT

A ERS B3 gAEAY] T2 24 9 24 7]z gt
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s 3 AGEs A Aslls=
2SI |ZARE BEobs
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el 2 A
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