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Cirsium japonicum Extracts Show Antioxidant Activity and
PC12 Cell Protection against Oxidative Stress

Miran Jang and Gun-Hee Kim*

Plant Resources Research Institute, Duksung Women's University

Abstract The phenolic compounds, antioxidant activity and neuronal cell protective effect of Cirsium japonicum extract
were evaluated in this study. High performance liquid chromatography mass analysis showed that C. japonicum was
composed of chlorogenic acid, linarin, and pectolinarin. C. japonicum extract showed its antioxidant activity with half-
maximal inhibitory concentrations of 567 and 130 pg/mL by DPPH and ABTS radical scavenging activity, respectively.
The total antioxidant capacities of C. japonicum via DPPH, ABTS, and FRAP assays were 11.32, 100.15, and 12.76 pg/
mL trolox equivalents, respectively. In addition, the neuroprotective effect of C. japonicum extract was investigated by
measuring cell viability via MTT, LDH and DCF-DA assay using H,0O,-damaged PC12 cells. C. japonicum extract showed
neuronal cell protective effects in a dose-dependent manner. These results indicated that C. japonicum extract has potent
antioxidant and neuronal protective effects. Therefore, C. japonicum can be regarded as an effective and safe functional
food resource as natural antioxidants, and may decrease the risk of neurodegenerative disorders.
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1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2-azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid (ABTS), potassium persulfate, sodium
phosphate, ferric chloride (FeCl;), sodium acetate, 4,6-tripryridyls-
triazine, ascorbic acid, hydrogen peroxide (H,O,), dimethyl sul-
foxide (DMSO), penicillin, streptomycin, 3-(4,5-dimethylthiazol-2-
yl)-2,5-dimethyltetrazolium bromide (MTT), phosphoric acide &=
% Sigma-AldrichAKSt. Louis, MO, USA)ZRE Tsisich. Alx
wjofoll Fa3s RPMI 1640 WiA|, fetal bovine serum (FBS)&
Welgene (Welgene, Daegu, Korea)ollX] +43I3tt. 47379 7%
A AdE B AMgsE £ EZ chlorogenic acid, luteolin
apigenine Sigma-AldrichA}(St. Louis, MO, USA)E%-E Y33
o™, linarin 2 pectolinarine ChemFaces (Wuhan, China)]]A]
T-A3FATE Acetonitrile (ACNYS HPLC 415522 Millipore
(Bedford, MA, USA)IX FY3te] Ad] ARSIt

A4 FEE =N

2 AFAA AMg-E J73F(Cirsium japonicum)= 738 HF
T, B7E XA, AEPdE 283, AFE AFAY] ofitel] zb
Ashs Aoz 2011d 7-8€8F0 Ak AP IAA=
SHFEY AEEFALINA E5 2 g diste] gl wt
Atk Aol AT BRE A= AP F 2407 ol FA
9} BZJREE A9t A JH-HE AF ¢ dd S AZ H
48717F Y5 AZPVTED 10R, Ilsin Lab, Yangju, Korea)s}3ith.

Azxd ANgs B8 § 25 WEEA70°0)sA i Aol
ARSIt FE=2 7 AR 100 ol SR 1590¢] 70%
eSS 7hetal 70°CollA 6A17F $FFE33L, ADVANTEC
paper (No. 6, ADVANTEC Co., Tokyo, Japan)& ©]-&3}] <3}
st= A4S 29 A%l F Y $F71(EYELA N-1000, Riakikiai
Co., Ltd., Tokyo, Japan)g AM&-3l] 53 & DMSO| 100 mg/
mLE =& —70°Col AFATHE Aol AHFT=Z 545t
AT

HPLC/MS 2M=A

G739 HEA 31FES HPLC (Dionex, Sunnyvale, CA,
USA)9} MS spectrometer (Thermo scientific, Waltham, MA,
USA)E o] &3ty EX3IAN o™, waters symmetry C18 ZH
(4.6x150 mm, 5um, Waters, Milford, MA, USA)S AR&-3}ith.
HPLC/MS 4] 2718 Table 19 JERHATE EFEE chloro-
genic acid, luteolin, apigenin, linarin & pectolinarine ¥7F
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DPPH Zt|Z 245 559 A5 02mM DPPH &2
Y HER siste] Z Eeelal, dAdA] 3087 WS &
515 mmellA] 35S 24359 h2l). DPPH 2z 47 84
A= ARE AT FEES tolox TH PR 4oz
shabsled el aL, S5 E DPPH 222 50% AAsE 5
S(1C)E T8t UERIT
ABTS EiC|g 47 &Y

ABTS®} #3EH5E (potassium  persulfate)yS S5t Aol F
W ABTS gol2o] A= FE5=9 shA =434 kg
glo] golo] AAHCEHA Efe HFMo] ST o] &

FEE S5 A 78S AT F Ath22). 74mM
ABTS €43 26 mM Z3HEES T@ste] ¢haollx] oF 244]
ZF WEEAIZL & 732 nmollA] §F =7 0.7£0.037F EE=E phos-
phate buffer saline (PBS, pH 7.4)2.Z 3]43te] ARE-SIITE 8]4]
3 gl 950 Lol FEEE ZAT AF S50uLsS H7leke]
et Aol 1027 WAg ok 732 mmillA FHEEE &4
ek ¥ 3 AlEE A7 etz vlaste] 2
Hze] AAGEeR vepllon, 4F A ARE 97489 F
ZES trolox B AsPA] 4oz kst e, &
AZ ABTS ZHZS 50% &ATSHRE FEACH)E T+she] YER
ATk

£33 £F(FRAP)
FRAP (ferric reducing antioxidant power) AFshlx] &2

Table 1. HPLC condition for analysis of phenolic compounds from Cirsium japonicum

HPLC system
Column Waters symmetry C18 column (Waters, 4.6x150 mm, 5 pum)
Solvent (A) acetonitrile
(B) 0.02% (v/v) aquous phosphoric acid
Gradient: 87% solvent B for 6 min, 87-85% solvent B for the next 3 min, 85-81% solvent B for 17min,
81-72% solvent B for 28 min and a linear step from 72 to 87% solvent B for 12 min.
Column temperature 35°C
Wavelength 340 nm
Flow rate 1.0 mL/min
Mass system
Polarity ESI*

Capillary temperature 275°C
Voltage Spray: 5 kV and capillary: 15V

Mass scan range (m/z) 100-600
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sodium acetate buffer (0.3M, pH 3.6) 25mL, 40 mM HCIel £
5H6J' 10mM 24,6-tris (2-pyridyl)-s-triazine (TPTZ, Sigma) 2.5
20mM FeCl, 25mL 81 57 3mLe Hol Ees e

%ﬁa
PO# 37°c<>ﬂ*1 3%{% HESAIZL & 5
stk A3 Aies AT FEE

o7 gksto] YeRASIT

tlo S

Trolox B2 MSHUA] 2o (SLUSIEXS)

A} 72 10-200 pg/mLEES] troloxS ARSI HEFAS 2
/3391 2™ DPPH, ABTS ¥ FRAP assays ©]8-31¢] 500 pg/mL
2 AT 4737 FE2ES tolox TF AP Foz A&}
dom, 43 33] whE Fa)ste] Faghs AAEH

MZF ¥ ok =A

2 Ao ARES PCI2 AlEE A T2 (KCLB)OIA
ofdto}l ALE-3IATE HiR|= 5% FBS3 100 unitsmLe] penicillin
2 100 pg/mLe] streptomycing 713+ RPMI 1640 WjA]S ARE-3}
Fem 10% CO,/90% air WF710l 37°CE 24-4817F i FSHATE.

MZ dEE &3

IS A(H0,)E FEd Atsld e 2 ik PCI2 Al
X AESES MITT assay2 S4 3 TH24). PC12 AZ= 96 well
plated] 1x10° cellsywell2 5313 G737 FE2ES T=E=E
PCI2 Aol A2lsto] 2417 &t A wi F, 250 uM 243t
TFaE 747t 3A7FERE Asiaint. o] AdEie] PCI2 cellel MTT
stock solution 2|3} 37°CellA] 2/\]7L Hj kst & MTT solu-
bilization solution 100 pLE #7}sted Whe-& FAAIH T wpx|}
02 F¥E+ microplate reader(Agilent Technologies, Inc., Santa
Clara, CA, USA)E ©]&3te 570 nmellA Z43kdeh. Fdi=
T2 o)1 8 K ascorbic acid, 100 pg/mLYE ARE-SIHAL, AL Al
TES 7ol e % o= vekith

MzZLE =& oX 3t

s R FET sk SEH 2 gk PC12 AEY &

A EE 9T FEES FEEE PCI2 AlX A st
HJ

24070 B A W T, 250 M FBELE Helske] 3417
Eo]- HHo]:g]_ 1;],__ %a(zsoxg’ 5_,_)01_0;1 100 HL’] }\]—Zo}]_o_
96 well plate= T%Zl % lactate dehydrogenase (LDH) kit
(Sigma-Aldrich Chemical Co.)E ©]&3to] Z34319th24). Al
ZFE of2F 2 H AK100 ug/mL)S AFE-3II T

BHUMEZZE dME &3

BAF FEEC] PCI2 X9 sk &gl gk Heast
£ =H3l7] $I3ked 5-(and-6)-carboxy-2',7'-dichlorofluorescen diac-
etate (DCF-DA) assayS AAISFTH24). PC12 AIEE 96 well
platecl] 1x10° cells/well2 E53}3L 0474—74 FZES PCI2 cell 9
Aejste] 24X7st A WA F, 250 uM FRSEEARE ZF
7} 3AZEERE AP slsivh. Mg & wiAE AIAE vk, PBSE
3% 10uM DCF-DAZ 7}8l3, 40%-7)> vjslith. PBSE 2
3] washingg Th2 200 uM AEEIEAE 718l 3A1Z Hell
fluorescence microplate reader (Agilent Technologies, Inc)E A&
3], excitation ¥ 485 nme} emission ¥ 535 nmollA =793}
At FHYFAE of~FE :’EH*P(IOO pg/mL)S AREsF T
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Fig. 1. HPLC Profiles of Cirsium japonicum from Jeju.
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2 APAFNA Lol BE = Hdus AR
JERISAL, 2 B X7 zfolel] sk /<9]4d-2 SPSS program
(ver. 19.0, SPSS Inc., Chicago, IL, USA)S ©]-&3}l5 ANOVAS
AA] 0}37_ Duncans multiple range test2 Z} 9] Hd zjoldl of
gk AR RS s, BAIA oS 5% FEolA BAsE

AN
o2l

=

ek,
33 nd
UUT FEB| Ty SEE HY 24

e o QEO]B}J— Az Aol AT, EY, A
)l wet FRete AR FF 2 gl tEn 1o w2
A|gAdo] It 11). F=3Y, Cirsium & 187de] 4]
oJH Y] &£8&3t AREEHE 797 Bon a5 g 4
7t o Aok wEA A A9 @EA)e] e e £ 4
Eolu Ao RE BRI ofHE 21E9 chromatographic finger-
print 7]& 2 #Fs A= oS FasKY).

2 AFA = HPLOMSE ol8ste] e W3, 47
EAA, AEHE ZEF, AFE AFA AAsh= 447 F
&9 HEA RES B4 4AFe] dEA Az
31322 W IH  chlorogenic acid(5), luteolin(6,9,19), apige-
nin(9,20), linarin (6,7), pectolinarin(6,8)2 AR}l BHleh A}
luteolin 2 apigenine AZEEX] Ztom, A ALL-H I
ol|X+= chlorogenic acid, linarin, pectolinarin®] 2% ITh(Fig. 1).

== 157 A9 2}/‘@8}5 3737 (Cirsium japonicum)®] chro-
matographic fingerprints &R1g A3} 157 B I4Hd &
Ho 7 FFEodE A2 linarind} pectolinarin® 2 X 3%
oH(?), & A7l ARE 4l A AN EF chlorogeic
acido] 21=]o], chlorogenic acid, linarin & pectolinarine 3747
o hEAQ sy stE=E AdEn

AL AL A, A, AF

L=

e b1

A998 YA FEES
chlorogenic acid, linarin, pectolinaring =% X&slal oM o]
Z AFAYG] 473Fed HEsAR1 chlorogenic acid’l 73.15 mg/g
(dry weight basis)E F1EQY, Ze}H o] wFA|2] linarin
2 pectolinarin®] 22} 76.67 mg/g (dry weight basis), 12.98 mg/g
(dry weight basis)©. =2 Q1% ITH(Table 2). 747 Wk =
) 3}3HE21 chlorogenic acid, linarin, pectolinarin $Fg2] 3to] 7}
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Table 2. The contents of phenolic compounds in Cirsium
japonicum from Geonggi, Gangwon, Jeonnam and Jeju

Table 3. Antioxidant activities of Cirsium japonicum from Jeju

Antioxidant Trolox equivalent antioxidant IC,,
Collection Phenolics contents (mg/g, dry weight basis) assay capacity (ng/mL) (ng/mL)
regions Chlorogenic acid Linarin Pectolinarin DPPH 11.3+0.3 567
Geonggi 131274137 26.17+0.66 6.4320.56 ABTS 100.2£2.4 130
Gangwon 138.75+0.72 - - FRAP 12.8%1.2 B
Jeonnam 53.57£1.33 35.83+£0.28 8.07+0.73 Values are mean+standard deviation (n=3).
Jeju 75.15+1.02 76.67+1.58 12.98+0.20

Values are meanzstandard deviation (n=3).
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Tl 4T B FE2E 10, 345 pgml, Y737 vee 5
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# F%=° DPPH HtZ 27159 50% A3l s== e 300-
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Fig. 2. Effect of Crisium japonicum of Jeju on viability of PC12
cells. Effect of Crisium japonicum of Jeju on viability of PC12 cells
(A) and the cells damaged by oxidative stress of H,O, (B) by MTT
assay. Positive control used ascorbic acid (AA, 100 pg/mL).
*p<0.05, significantly different as compared to the control. Each bar
represents mean+standard deviation (#=3). Letters above bars
indicate significant differences according to Duncan’s multiple range
test (p<0.05).

BHE EATHp<0.05). o} 2 HARS FAlol] AEdt A2l
ME 66%=2 F 54%Y=e] AbstE SEHS A a9 HS)
o A FEEG00 ugmL)S A iR oA ZHAK100
pgmL)et FAHCR FARE S35 ANES UERo] §
T s 2EHE 4 a3E JERITHp<0.05). ©l= 9
FHoll gFEo] A= AFspR] EZQl chlogenic acid, linarin 2
pectolinarin?} 7+& w4 31gHEd] 93 Zow dAHEn Li 5
(32)= chlorogenic acid’} methylmercury® 4Fs}d =48 F=3h
PC12 2173A ) tiste] AEAE Al 2 ABNE HEgHE
Uehdoy Bt £33 Ade] dE chlorogenic acide
glutamate= Q1§+ Sl et ¥ (neuron) RS &I/} KLY
AtH33). Lou 5(34)2 linarin®] amyloid-p= A8y 54 f=
g PCI2 AlAAEL] AEA A3 9 Bsass Jepdda
Bt olXH F7FF TS ZHzre] Ak HsA 5
FEL] ABMNE RSB wie] 3T FEE0] Hold A&}
2 24 9 "@Vq ’\Eﬁﬂ/\oﬂ gk ARAZE RIS

B Ao wuEn, 25 A7ddE 947 £3E 9 7
Jel s shEe) xm AP WAUZ D AZAE 7]

Aol tjste] BAYRSH A7} olojAof & Zow

o7 gt
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Fig. 3. Protective effect of extract of Cirsium japonicum of Jeju
on H,0,-induced membrane damage in PC12 cells. Positive
control used ascorbic acid (AA, 100 pg/mL). Each bar represents
meantstandard deviation (n=3). Letters above bars indicate
significant differences according to Duncan’s multiple range test
(»<0.05).
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Fig. 4. Effect of Crisium japonicum of Jeju on reactive oxygen
species in PC 12 cells damaged by H,O,-induced oxidative stress.
Positive control used ascorbic acid (AA, 100 pg/mL). Each bar
represents mean+tstandard deviation (»=3). Letters above bars
indicate significant differences according to Duncan’s multiple range
test (p<0.05).
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HPLCMSE o83t =l A F7AF(Cirsium japonicum))]
A4 siEs 248 43 AFAY 47 7P w2 9
=4 HES dask U%1e™, chlorogenic acid’tF 73.15 mg/g
dry weight, linarin®] 76.67 mg/g dry weight Z12] 3. pectolinarin®]
1298 mg/g dry weighto2 1=t JAFAL] 7154 HFe
2A9 71AE gRlE] fdte] AtshiR] 84 2 AAE B
F&7E %713 23 DPPH, ABTS 2 FRAP assayold %7
o] 743k Aspyx] B840 LrEld 0474_:,4 2280] pppy 2
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