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Abstract

Alzheimer’s disease (AD) is the most common neurodegenerative disease associated with
age, and amyloid beta (AB) is known to cause Alzheimer’s disease. In the present study, we
investigated the protective effects of Cirsium japonicum var. maackii extract and its fractions
against AB-induced neurotoxicity in C6 glial cells. The cells treated with AB,s35 showed
a decrease in cell viability and an increase in reactive oxygen species (ROS) production
compared with the non-treated cells. However, the cells treated with the C. japonicum var.
maackii extract and its fractions increased the cell viability and inhibited the AB-induced
ROS production. These results demonstrate the neuroprotective effects of C. japonicum
var. maackii against AB. To further examine the protective mechanism, we measured
inflammation and apoptosis related protein expressions. The cells treated with extract and
fractions from C. japonicum var. maackii down-regulated inflammatory related proteins such
as cyclooxygenase-2, interleukin (IL)-18, and IL-6, and attenuated apoptosis related proteins
including B-cell lymphoma-2 (Bcl-2) associated X protein/Bcl-2 ratio. In particular, the ethanol
and ethylacetate fraction exhibited higher inhibitory effect against ROS production and
apoptosis-related protein expressions among the extract and the other fractions. Therefore,
this study demonstrated the protective effects of C. japonicum var. maackii extract and its
fractions against AB-induced neurotoxicity in C6 glial cells through the regulation of oxidative
stress, inflammation, and apoptosis, suggesting that it might have potential as a therapeutic
for AD.

Keywords: amyloid beta, apoptosis, Cirsium japonicum var. maackii, inflammation,
oxidative stress

Introduction

A5 /32 Do7Ith(Price and Morris, 1999). 250 n 22t} ey 21012 rts}A| g ||
FAITE, = U amyloid beta (Ap) THEe] 2pdo] 2 U910 2 BIE T Canevari et al,,
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2004). AB= 39 - 43712] o] i AkO 2 o] 2oji B Z optl 2ol S thlIQ] APP (amyloid precursor protein) 2 5]
B, y-secretase@} 22 proteaseo]] 2J5H 51%| 0] AY/J = o] ZITHButterfield et al., 2013). =U-2] of2] 1ol o]5}H, Z=5to]
™ 2t 2h2to] Hoj| A IPIAHE Ap= S5 o] B U plaqueE /51| Bl =T, ol= Yxstolm Agke] thE A9l 2
Qo= oejA 9lor, shs-7]of= /g3t Ut o] Qs 20 & B ATE|QJTHCanevari et al., 2004; Butterfield et al.,

2013).

A SR 8 N A 9 S 9] SS90, B8 AR 20
(Butterfield et al., 2013). ] ol A] AB=Ehk% (ROS, reactive oxygen species)-2 =7 A A "J,* AE k=t DNA Y
RNAZ] Atatel 2| A ititet 52 %19—7]‘3}(%61@011 etal, 2018). 53], o|2fgt4atetd] AER| A= AZHHE-S 3 ‘IQr sk,

cyclooxygenase-2 (COX-2), inducible nitric oxygen synthase (INOS)2} Z+2 H= nfi7l| QIS EAJSHA7] A, interleukin (IL)-1B,
IL-62+ 22> A5/ cytokines% WEAIZITHSawikr et al,, 2017). 0|2} ZFo] ABo| 23 = AHeh] AEA Yl JSHES
&t W AlREAPE S -3kt A|EZAPE 2ol A, Bel-2-associated X protein (Bax) THH21-2- pro-apoptosis Q1AFZA#] A|3E AF
S QL= @—g— Sh= HHH B-cell lymphoma-2 (Bcl-2) THHZ-L2- anti-apoptosis Q1AL Z-85}0] M| ZAMEH S H o=
&2 Sk, d=5to|n ZghollA] Bel2 Tl Z o] Hsl Bax THlE W o] apIdE|of A|ZANHO] Rt =Zlog o
217 1eHObulesu and Lakshmi, 2014). S5, AB7} 2P B d=sto|m] A 55 o] HojjM A AE A, JF
HhS, AlEAPE T el W o] Z7E7t B alE|of 9loj(Ali etal,, 2017; Ma et al,, 2018), ABE Q15 o] 5 28 HAUZ
& 2705He AE Ysfoln] 2 o 8 A1R0] FR5 OfgHE SH O AT
373 (Cisiam japonicurn v, maacki)-= F5}eHasteracead) ] THAA) 230 2, 152, 53, Q1 Sof A} glom,
L, 4 4, ol 50 UL oI SRR 9 o5l Mol o) 870 ok, 2
Fol Ajejehido] B %] Q]HLiao et al., 2010; Mok et al., 2011; Wan et al.,
2014). =5t 7= Akt 59 *@E];/\JO] —?—,—‘_ cirsimaritin, acacetins, luteolin, linarin, chlorogenic acid 5-2] &/ d &S
= Liao et al., 2010; Shin et al., 2017). £3| 477 ol|A] 2|3 luteoline
LAHRS B/ge 5ol A5 71 &0l BA=Om (Liv et
al, 2013), Y F 2 HE Trﬂ?l" kainic acid= 4 73’\ﬂil£°ﬂ*1 ROS 279t Aibkel a4 8] 3715 SRt M2 Ee &
7} B 1 =]t Han etal,, 2012). AYATEN JHF FEE L FEEIHO, = "PQP‘* /ol iRt N A B

& &3} BelslR o HLeoetal, 2018), A=5}on] ko] @ 9Iolow Aedrl AP Sl A=A et A7
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Al BT aih gl 28 oAU S Aol et A BE5H ook nfekA 2 %Lcﬂlﬁh% AZ WA EE 0] 85}
AR R A7 S ol tis) 977 FEE Y R B A uAIE BT S5 ABRA, 4FRES, AlEAE
A A S S Bl Bl AN E B 28 7)4-g Fgstaat gt

Materials and Methods

dEFe FE= A 2el= A

Aol A8 4737 (Cirsium japonicum var. maackiy) & A)/3-= QA AYK(Imsil, Korea)ol| A Al g ol Aed g 2 ARE-

ST Alx 2 AZE 737 B AR 5.71 kg ethanol (EtOH) 2 HR Y22 S o] 850 2&351901, 255 667.2
g (58 11.6806) 2 AYITh FOH 2252 87|80} 2 0] 2:3}0] 7}z} 28l519] 1, B8 22 nrhexane (213.6 g, 58 3.74%),
CHCI, (39.0 g, 48 0.68%), ethyl acetate (EtOAc, 67.6 g, 5& 1.18%), nbutanol (n-BuOH, 47.0 g, 5~& 0.82%) 5 < 4712] &
252 ZAoto] ARAE = ARESIIT
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ME Z57 5 Al

C6 2174 AL 54|72 KCLB, Korea Cell Line Bank, Scoul Kore)oi]4] 713101 AL 851ich. A2 vofe: )

St Dulbecco’s modified eagle medium (DMEM), fetal bovine serum (FBS), trypsin ethylenediaminetetraacetic acid (EDTA), 100 units/
L] penicilin stepomycin 2 Welgene (Gyeongsan, Korea)ol] 721310} ALSSHATE, ABSA F28 913t AR, =
Sigma (St Lous, USAAFS] A1ES 7ofste] ARSIgich AE AES 242 9ok 345 dmebyltiazol 241) 2,5
diphenyltetrazolium bromide (MTT)+= Bio Basic (Toronto, Canada)i| 4], dimethyl sulfoxide (DMSO)+= Bio Pure (Ontario, Canada)

of|A] a5 2.1, ROS 242 I3} dichlorofluorescein diacetate (DCF-DA)+= Sigma (St. Louis, USA)A} A 2-2- JLufigiod Al
83519tk Wester blot analysisS- ]S+ RIPA cell lysis buffer+= Elpis Biotech (Dagjeon, Korea)of| A1, Laemmli sample buffer= Bio-
Rad (Hercules, USA)O|A] IS, 12} A2 ARESH IL-1B= Bioss Biotechnology (Wobum, Massachusetts, USA)Ol|A],
IL-6, Bax, Bcl-2:= Santa Cruz Biotechnology (Dallas, USA)OJ| 4], B-actin, COX-2, 2x} )| = ARE-5} anti-rabbit IgG HRP-linked

antibody+ Cell Signaling Technology (Danvers, USA)oi|A] GLI5}0] Al&lof] AR&313]ch.

M= HH S

C6 A M| = 10%2] FBS2} 1962] penicillin, streptomyein©] Z3HEl DMEM HZ|f|A] 37°C, 5% CO, incubatorol A HY
Fotoict. v FE Ala=2 - 3 mic} HA v QFl-S HHLo] SEHA] HljqFoto] A|aE 23171 Z|tiol] =2 3)S- wl, phosphate
buffered saline (PBS, pH 7.4) 2 A|ZES A% £, 0.05% trypsina} 0,029 EDTA 3o 0 2 Hxbe] M| 2 Hajsh 5] AR
21E Fofl AAAIZIC JAE MEs 205 AR w5 Azt ui2|§ 2 Sgtoeto] AlduiFstHA] Agell AR85H]

ck
MNE HZE £

A|3E7} confluence AFERZF =]7H 96 well plateo]] 5 X 107 cells/well2 seedingS}o] 4A]7F 37°Col| A BHFA|A M| ZES HZIA| ]
5, 947 FEE L B E ABE FA510] 5 E 2 Zhwellol] 22|53 4A17E |, HIZE &3-S G=517] S5l AB,, .,
(25 uM)2- 21 2]519] incubatorthol| A} BFSIRATE. 24417} 5, 5 mg/mL MTT solution Z} wellol] 21510 37°Cofl A 4417+ &
o ulogalgi, AP 3ehal) fomazan 272 DMSOR] 0] 540 ol FHEES 275to] A LR Al
CHMosmann, 1983).

Reactive oxygen species (ROS) 2Hs &3

M| 37} confluence 4 EH7 | =)™ 96 well black plateo]] 5 X 10* cells/wellZ seedingS}o] 4A]7F 37°Cof|A] Bl S} A7} 2
BAEH J737 28 L 2 ENEE s EHZ 35t 2 welloll X12jsto] 4417 R, A, . (25 uM)E A ]
ato] B et Tt. 24A17E F, 80 uM DCF-DA solutiong 2} wellol] FQ1510] 37°Col|A] 302 52 25121 3L, FLUOstar
OPTIMA (BMG labtech., Ortenberg, Germany) excitation-480 nm, emission-535 nm=- 0]-85}0] 34 =5 =745} ROS 275
S AFSFATHWang and Joseph, 1999).

Western blot analysis

320} RIPA bufferS- 3715101 4°CollA] 141752 BEGAIZI H, 12,000 pmof|A] 3027t A 4l22]slo] 4430 Tl
S 22513}, Thal 2l ek A|okel Bio-Rad protein assay kit (Bio-Rad, Richmond, USA)Z- 0]-85}0] A&k}, sample buffer

H
9} 531510 sample2 A| 2151 S32] sample2 10% FE= 13%2] sodium dodecyl sulphate (SDS)-polyacrylamide gel2- ©]
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£3lo] Z7|g502 Bst & polyvinylidene difluoride (PVDF) membrane©i| transfergt T, 5% skim milkoi|A] 1A]7F 59k
blocking S}3ITY. o] &, 1XFgA|eE 4°Coll A ovemight ¥H-8- A71 H 22} Aot 2ol A] 1A17F ¥-G-AZIT}. PBST=E A A
% enhanced chemiluminescence (ECL) solution?} §-2-A]71 & Chemiliuminescence image system (Davinch-Chemi™, Davinchi-K,
Seoul, Korca) 2 0| 8510} 574 thil wale SHlsigi.

SAH &M

‘?j A= gt + EEFUA} (n=3)2 YERY] T, Statistical Package for the Social Sciences (SPSS) &2 713 (version 20.0,
] A

8510] 2} AFATEZ EE analysis of variance (ANOVA)E- 713+ 5, Duncan’s multiple Range test 2!
Student’s HestE O §5101 p <005 4204 2} 2] Bhel o) ALk

A=sto|n Aghe] 29 B7|ahA Q1o = A ApE k| U A 535 oA At AE=A o
D,jj% Qe ol= AR 7]9jE W RIS &AFS E]-LHEHCanevan etal., 2004; Butterfield et al., 2013). AB=
x Eotop et A=A FH] ek Al e go] Hofsh= *‘%ﬂ*ﬂiJ g ot 4= 0}01‘31 |
=4
ZBAIEE BS 5= TS SHTH(Travis, 1994; Farfara et al, 2008) JEM ABE %*OI ‘I'I"EQ A7 WA= OH, O, 52
ROS A/d 0 2 QIgh AehA AEAS Y O FITHTanaka et al,, 1999). ©|= AZN7HRIRE, HZ/d cytokine 4] 52 55l
ASEeS 7 T BTk oheh A WA APE S ol A WA 7]59] &4 U oA ADE A3HAIZICHFarfara et
al., 2008). AB,. .= full length ABS] ATl Fe§ 24, Bt 2R 7|2 sl M ZES 53}5}7] 412 &nt ok} full length
At AR 5782 UreRo] U] in vivo 9 in vitro Ftol] '] AHE-E] 11 QICHMattson et al., 1997; Lau et al., 2007). &
ok AR, 5 EY H Ul U Al H U AR AER A AFHES AJEAPHO] FEE|loH, o] 2 Qlsl 7]of=] Bl Q1]
5 240] AP E2S RS 2915}9{CFang and Liu, 2006; Lu et al, 2009; Kim et al,, 2015). m}2}A], 2 gig1oj|A
AP, 5 °-85to] AR WAE &2 gt Rdo|M 737 FE28 © BEEQ AFAE HS kg Selokaiat

)
fr
N
i
b
i)
3
I
=)
3
-
-
§
'S
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2
r
on.
E
*F
o
rk
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_}L
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oXN
E
24_
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stgick
VA FE2 U LR AR, 2 REH AGEH ORI CoAGIAE HE AU MITasayS 53} 319

Tk MTT assay= A2 JEE 57d0l| T2 AFSE = assay =, 44 G4 Z180] ©]5} mitochondria E4& 0]-§5h= 5%

50| CHMosmann, 1983). WA 2zo]] oA &= X 2]5HA] %2 nommaki-2] M| EAYEE-S 100% 2kl 33 |, AB,. .,

25 uMO] 5= 2 XJ2J3t L 40.56% 2 R2Z 02 HE AYEE A4S Uehlo], AR, 2 Q13 C6 A RM|E £AFS

519k Fig. 1). W, W77 222 L LB Meiek 2oM AP, THE H2)ek controltol] H]3) )7 0 2 HE

NEE Z712 ey Qi) £3], FOH Y EiOAc 22122 2.5 ng/mlLo] =2 ]2 A|, 42} 48,37, 47.84902] 44| 2 L}
Efjo] O} 225 Y E& 2of| v|sl| 3t A H A E BT §3HE SRIsIGIrt.

ABM 73%’\&%%55,}%/& AN P FEE 3 BRI B0 A AEA NN BatE SISl 9]

JAJ2RS =43519IT} DCF-DA assay= DCFHZ} ROSO| 23f AFa}e]o] 73t &2 L}

EfYj= DCF2 X*%P EHEE o8t o= *ﬂi U ROS 3% ’:@Oﬂ HE‘J ol HP%OIE}(RastOgletal 201 )

8
> M
oﬁ
[oX0 A

i

'aa@ nirolg-& nommml 115 ROS A% %Ol £} Wo] 27151 ABZS ﬁ At *Jﬂ
4 QIATHFig. 24). 60%: 7|20 2 ROS AAdake 273} A, nomal 100% ThE] control
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T2 108.36% % ROS A3/ 0] 3 F‘?;% RIS §HH, P47 F2E Y 22 ES 1,25 pg/mlLe] s 2 23S o,
& 3ol A controlol] I W2 2| & 2B). 55| QHA F2E ‘3—< %E‘_@ & 2.5 ng/mlLe] 5= 2 A2
A] EtOH ¥ EtOAc fﬁ%ﬁlﬁ ZF7F 10242, 102.53%2] W2 2] & UEfUjo], EtOH % EtOAc 22|20 HE FE2E 2 &
gl =0l H]ol -§o] 4 0 2 943 ROS 27152 UERAS ZRISIQITE B3t o)A i+tof| A 9737 EtOAc #8&-2 EtOH,
1-BuOH, CHC,, n-hexanex} -2 th2 55 9 #8&0f| H|5} in vitroo| 4] DPPH, OH, O, 2tH|Zh 47)50] 9451312
™, aldose reductase A E/do] 71 45t 710 2 H 1% QJTHLee et al., 2017; Lee et al., 2018).

]oflA] ARR QIgH 41752 ROS AT Z7HS B3t Atshy AE=|A it ofufa} nuclear factorkB (NF-«B) pathway
SAJEtE £l JZHkS-S 2 & SITHKempurgj et al., 2016). NF-kBE 2xsto|n] Aglo] Bojels oJZHES 218 7|1 o
2, N3E9] &3 Al @A3}HE] o] COX-2, INOS} 22 A5 mi7l Q1A+ & A7 THKempurgj et al., 2016). 0|2} ZFo] &
= A= o7l QA= 1L-6, IL-1B, tumor necrosis factor-a2} Z-2 A=A cytokinesS: TFFHAIA AHIE £4RS -GS HApelt
and Schliebs, 2001). =5+ AR7} IPIAE | ZZ|of|A] 5 7Y 3 F37d cytokineso] 1| of FFHEE0] Fie
o] B E|ItHHalliday etal., 2000). 2 Aol AR, = QIS
g20] gzukg 74 248 7|HS F5}7] 98] coX2, IL-1,
3). A, TS #] 2|t control-9] 74-¢- OFFA &= A 2|5HA] 22 normalt
&o] Z7toto] ASHEEo] =AU SS RIS v J3F F22 2 Mr 25 ug/mlBJ %ﬁ ﬂﬂ%}
uff, controlo]] H]sl| -f-2]4 0 2 R.E FojjA] o5 THlA W o] ZhAghs B
2 A, = A wA ] FFHES 7N B QL A 0 = AL

=)

].
Al Aol A o] SRS ehsh “73?1 FEEHE
IL-69} 7+ GZHES Pl thal A wal g 6}9}1:}

O v O

o

Fig.

I‘_
_O|L
ol
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§
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o
=t
-y
N
EI
e}
ML
o

120 1
100 - =
O Normal
~ 80 H~ W Control
®
> ® EtOH ext.
3 60 - ® n-BuOH fr.
5 a a a
% el cc b TpaP EtOAc fr.
O 4o - ® CHCI,fr.
m n-Hexane fr.
20 -
0 T T
Normal Control 1 2.5
pg/mL
ABos 35 (25 uM)

Fig. 1. Effect of Cirsium japonicum var. maackii extract (ext.) and fractions (fr.) on cell viability in
AB,sss-treated C6 glial cells. Values are means & SD (n = 3). a - ¢: Means with the different letters
are S|gn|f|cantly different (p < 0.05) by Duncan’s multiple range test among extract- and fractions-
treated groups. *p < 0.05 compared with the control group by Student’s t-test.
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ABE Q1T NS S AIBHA] AEF A0 AFUSS GiEstel, A u U ARAHIE L MDA S frdt
C(Yang et al, 2004; Han et al,, 2017). Bel family’= A|ZAE0] ojshe F28H 21§ 7402, Wl Bl family 2 27
2 7]0fe D QA 442 fmsle] dsto|n] Wike] §1Qlo] Bl 0% B el ICKiamura ot l, 199). Bax Tl

(A) 4800 -
4600 -
) ~—Normal
3 4400 - —=-Control
< -+ EtOH ext.
g 4200 A ~+-n-BuOH fr.
-=-EtOAC fr.
£ 4000 - —+ CHCL, fr.
= —+n-Hexane fr.
3800 -
3600 T ' - r T T .
0 10 20 30 40 50 60
Time (min)
(B)
120 -
110 A
% 100 1 O Normal
"g ® Control
3 90 m EtOH ext.
‘:- 4 ® n-BuOH fr.
Q » EtOAc fr.
= m CHC, fr.
70 1 ® n-Hexane fr.
&
0 T r
Normal Control 1 25
pg/mL
AB2s.35 (25 pM)

Fig. 2. Effect of Cirsium japonicum var. maackii extract (ext.) and fractions (fr.) on reactive oxygen species
(ROS) production in AB,sss-treated C6 glial cells. Time course of change in intensity of ROS fluorescence
during 1 h (A) and production of ROS at 1 h (B). Values are means = SD (n = 3). NS, non-significance. a, b:
Means with the different letters are 5|gn|f|cantly different (p < 0.05) by Duncan’s multlple range test among
extract- and fractions-treated groups. *p < 0.05 compared with the control group by Student’s t-test.
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22 MEAIS 21151 proapoplosis YA ARS) ZH8 AIAEA0 2 sk A 441 A] 312HIE]D, o] = ytochrome

= 55} A7) A ZAPE-S S =K Kitamura et al, 1998; Obulesu and Lakshmi, 2014). ¥4, Bol-2 Thit 2 2

_JTE/\]'E’:‘Q HS 3]-:— q&hS- S|= anti-apotosis QAFZ A 2GS HFerreiro et al., 2007). AB
i=Nu}|

.
2 AEATES RS A7
Y E] NZAPE BT 2R 7132 ERls}7| Qfof AlEAPE Y A QIARRI Baxe} Bel2
2}ol5tAthFig. 4). AB,. TS %]2]3t controlT-0] 79 oA & 2] 2]5}A] 242 nommalol] H]SH -G-2) 20
EBax/Bcl-z chal2) Wl b]go| Z7kslo] AB, | 2 QI8 M| EAMHO] S EE 28-S ok 4 QIich ¥HH 2.5 pg/mLo] S
=2 0474?1 MeOH 2% % EtOAc, CHCL, Hx £-812-8 77} 2] 2] A, controlo]] B3] Bax/Bel-2 THj 2 2 H|go] 74l
E|lom, £5] BOAc £ 52| 49 & F2E Y &0l Hlol 7MY W2 Bax/Bel2 22| & UERo] MZAFE H&
T o4t 2o 2 AbRHTh P77 BOAc B8E0ll= radical £7150] 945 SPAleH S 2 cirsimaritin, hispidulin,
cirsimarin, luteolin 52} 72 flavonoid #|H 2] B2 3Ha5h= 7102 H 1% {CHJung et al., 2009; Lee et al., 2017). 3
1Hob 2, hispidulin QA& &/ 5= oA AB F4] Z kS Ul apoptosis A2 E5H A BE G H
%] A cHHuang et al., 2018). FESF, luteolin AB -2 Q1A %5 4 55 2 ellofjA] §HAKSE A cholinergic function 28-S £5F
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Fig. 3. Effect of Cirsium japonicum var. maackii extract (ext.) and fractions (fr.) on inflammation-related
protein expressions in AR,s s treated C6 glial cells. Protein bands intensity of COX-2, IL-1B, and IL-6 (A) and
quantitative analysis of COX-2 (B), IL-1B (C), and IL-6 (D). Values are means % SD (h=3).a- g: Means with the
different letters are significantly different (p <0.05) by Duncan’s multiple range test.
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Fig. 4. Effect of Cirsium japonicum var. maackii extract (ext.) and fractions (fr.) on apoptosis-related protein
expressions in AB,sss-treated C6 glial cells. Values are means £ SD (n = 3). a - g Means with the different
letters are significantly different (p < 0.05) by Duncan’s multiple range test.
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