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Abstract

We investigated the effects of Cirsium japonicum var. maackii (CJM) against oxidative stress-
induced C6 glial cells and cognitive impairment in mice. To evaluate the anti-oxidative effect
of the extract and fractions from CJM, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), reactive oxygen species (ROS), and nitric oxide (NO) assays were conducted in
H,0,-treated C6 glial cells. Furthermore, we identified the protective mechanisms of CJM with
a scopolamine-treated mice model. The results revealed that H,0, decreased the cell viability
in C6 glial cells, indicating that H,0, induced oxidative stress in glial cells. However, CJM
fractions significantly increased cell viability in H,0,treated C6 glial cells, which suggested
that CJM protected against oxidative stress. CJM extract and fractions also reduced ROS
and NO production, which were increased by H,0, in C6 glial cells. In particular, the EtOAc
fraction from CJM (EACJM) effectively protected against oxidative stress by increasing the cell
viability and decreasing ROS and NO. Therefore, we carried out further in vivo experiments
with EACJM. Scopolamine caused increases of ROS, thiobarbituric acid reactive substances
(TBARS), and NO production. However, EACJM effectively alleviated ROS, TBARS, and NO
levels compared to scopolamine-injected mice. In addition, EACJM up-regulated protein
expressions of superoxide dismutase and glutathione peroxidase, indicating that EACJM
enhanced the antioxidative system. Our results demonstrated that CJM had protective effects
against oxidative stress in glial cells and memory dysfunction in mice. Based on these results,
we propose that CJM could be a potential AD preventive and therapeutic agent.

Key words: Cirsium japonicum var. maackii, mice, neuroglia, oxidative stress,
scopolamine
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i

A 2]l 5] Atk(Kalaria, 2018). F=5to|H X|ulli= 7] 2= Bl ARl 53 9] A5k} o] /dAHs} 9l Ak2]4
o] 5-9] theFet /A §iskE FRbeth 53] 7198 &2 d=sto|n X|ulje] 4Rl & PQE, AHE=
ZQ1 oA " Z 7 (acetylcholine) e A sH= A A S] &3t oD E7l-& Ealishs ofAE E =l ol AE 2HA|
(acetylcholinesterase, AChE) 273 0] Z-7He| HA] 24} e T}, 7] 7ol 7 M:%H A ©@7]7]< et 0}‘-43} 7194
AA7F A7 oA &/ o] A/ E-S FIsh=t ol &
Y=stol x|ufl= opg 20| & HEKAR)2] 2 0= QIS
A0 ol5] AChE_,] _S’J-/\‘]_QI—EO]OI-/\]?]X{ 7( ZAxl E';l

aTr 21 o, == 2449,

IThBenzi and Moretti, 1998). £5] AFstd AE|ALE 712 S, S 5H= ‘g s /\J—l' = J—]’EE]' AE Eﬂ/\Oﬂ
ofslf EHgsto] AHelha &4t o 2 HE F okt k| 22| oA ’L%‘*ﬂi 4 A7 nA| 2O APE S F ST o] 5 A
7} AFE SOl whe} | 22 o] QjFE|o] HRIH o= 7S elo|T T (Fleury et al., 2002). 53] 417 wA| E= A

] A|3EO] 5 - 10%E 2HA|SHH, k| &4¢o] B w /3| o] &4 A A E Y o] 24 & A A S g A
Ao A] AFsh AEFAQ] A2 MEALZ QIS N EA-E -REe1A| HTHDe Bemardo et al., 2004; Qian et
al., 2005). TEbA] AR AER AR QIS A WAL o] /42 dr=sto]m X|uljel Zh2- A7 &3 /d dete] Ay
g gk Hedo] Rl
BAF = FEHtol| &= offsiato] AlER, o2 2 E Fol AF S J7F o Uit E7] o7 ol§
sttt J747 2] Biel= oA ‘TiAl ol otof ofgo 2 Eialigtom, EY, dix, HY 59 X8Ol ARE-
S} Th(Ishida et al., 1987; Jang et al., 2012). A FollA = 7+ £/3o]l thet Y74 o] ES a3t A& Qlo] 7]57d4]
= _/I\JHE 2853 tkKim et al.,, 2017). ZUol|A 2 A8l == J7F= Cirsium japonicum var. maackii (CIM)
O 2 cirsimarin, cirsimaritin, hispidulin, apigenin 5-2] Z/d&23 0] g-f-5 0] thRodriguez et al., 2017). CIM<
HepGZ AN A tert-butyl hydroperoxide©]] 25+ 7H=A-2 ZHAA|A THA S B T35l o1 Hif202 =¥ =3
A mlof| A AZ 448 ZFAA| Z th(Jung et al., 2017; Cho et al., 2019). A3 AFZ 4 ABol| thgt CIMe] A1 74 A]
2 H% g3t RIS O LK (Kim et al., 2020¢), H,0.0l thet CIM 25 2 B8 A7 wA| 22 25 g ito] of
S A7 BEal ol T, £ 7|oj2] A4 SBEEoH CIMO] AFBHE AE A AN Extol et A= A
w2 2 Qo AATAE B 71902] Ak S0l A5 ez 2ol et M)

N
i

05

A
2~

T3 A7 o]

HS gats selstax} gt} WA, 6 AWM E H0,5 X]2|5to] Atsta] AEAS REdt & 225 Y
B3 529 3 6}0:] Aretd AE-A 7}1@ T2 Yrlsla, o] 2 Hig o 2 oM EAJ R3S AA31o] 7]y
&4 5Erd e de] 2g5Es AT Ze (scopolamine) Fo] IR-A0) A FAk3} Gt Sholslai) Gk

Materials and Methods

Aol A3 M A48k (msil, Korea)llA] Ao ARSSIATE CIME & A58 A2 3l %8
SFRYZHA] S 0]&5}19] ethanol (EtOH)Z &5 11 A3 CIM Z 5.71 kg2 5 EtOH F&5 667.2 %
Ak 11 68%) EtOH £&E2 /7] 80 Z o] &35} H%%; A Z5FA 1, n-hexane 2= 213.6 g (5
3.74%), CHCl; 2= 39.0 g (& 0.68%), ethyl acetate (EtOAc) 2= 67.6 g (52 1.18%), n-butanol B2 =470 g
(& 0.82%)2] 4714 22 E2 do] AFAEE AHSoFelTh
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AUE X A

A2 B S 9ISt Dulbecco’s modified eagle medium (DMEM), fetal bovine serum (FBS), 100 units-mL" penicillin-
streptomycin, trypsin-EDTA= Welgene (Gyeongsan, Korea)ollA 3} th AMsH AEZAS FHFSHY] 9
St H,0,+= Junsei Chemical Co. (Tokyo, Japan)AtS] A& Fufjslo] AbEsttt NZAYEE S-S 9JsH
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)+ Bio Basic (Toronto, Canada), dimethylsulfoxide
(DMSO)+= Bio Pure (Ontario, Canada)°l| 4] -3} T} Reactive oxygen species (ROS) S4-& {5+ 2'7'
-dichlorofluorescein diacetate (DCFH-DA)2} nitric oxide (NO) 742 $| St griess reagent+= Sigma (St. Louis, USA),
NaNO,+= Junsei Chemical Co. (Tokyo, Japan)A| &2 Fuidto] AFESHATH AHEE2] 7198 TEE F L5t
7] 9t A3 E 22 Sigma (St. Louis, USA), NaCl-> LPS solution (Daejeon, Korea)ol| A F-U45FA Tt 2] W
thiobarbituric acid reactive substances (TBARS) S22 9IS} thiobarbituric acid (TBA)= Acros Organics (New Jersey,
USA), trichloroacetic acid (TCA)2} malondialdehyde (MDA)+= Sigma (Saint Louis, USA), n-butanol<> Duksan (Ansan,
Korea), pyridine Wako Pure Chemical (Osaka, Japan)Ol|A] |23t A &2 AF8-5 T Western blotting= ¢
S} radioimmunoprecipitation assay (RIPA) buffer= Elpis Biotech. (Daejeon, Korea), polyvinylidenefluoride (PVDF)
membrane+= Millipore Co. (Billerica, USA), skim milk+= Sigma (Saint Louis, USA), enhanced chemoluminescence (ECL)
2 Bio-Rad Lab. (Hercules, USA)A} A1 &2 -} 5to] AHE-5131Th

MBS

C6 A A L= M| 288 (Korea Cell Line Bank, Seoul, Korea)ol| A 7-45F A8t M= 37°C,
5% CO, QltHo]Efof| A] 5 11, Al ZHIAS 23l 100 units'mL" 2] penicillin-streptomycin®t 10% FBS7} SH-
H DMEM S HiZ| 2 AF85H T Bl FE A= M 22 E5H7| 2| ojol] =251 tf phosphate buffered saline 22 Al
23t 5 0.02% EDTAZ}F EH7-H 0.05% trypsin -89 0 2 225 M| ZS wojyick 4l 2al5 F3) MES W27
S HE7 BT BN RS 2 Eetol At

Cell viability £8

A|ZE7} confluence ATER7F E] 12 wh 96 well plate©l] 5 X 10* cells'mL" & seeding}o] 37°Col|A] 24A|7F S9F HIQF
S A7t 2 RAEH oM 2528 Y B 22 10 ugmL'2 34510 7} wellol] 2]2|5F3Ath 4A17F & 300
UM H,0,2 2|2|5to] AFsh2] AEHAS QU T, 24417 F] 5 mgmL' MTT 842 Z} wellol] = 5}Hod 44]
ZH 5t A FEFATE MTT 2o 2J3l A/ E formazan 272 WS 2 Aol A 308 ZF DMSOO 521 H
540 nmOl| A TG =5 =745+ th(Mosmann, 1983).

MZ ROS 275 &M

A|ZE7} confluence A EN7F =] 912w 96 well black plate©l] 5 X 10* cellssmL" 2 seeding®to] 37°COllA] 24417+ SQF
HjoFslich A|Z7t 2 BAEE oM &5 U 2322 10 ygmL' 2 3|45} Z} wellol] 2]2)51ich 4A17F =
300 UM H,0,= #|2|5}to] A2 AEYAE 6L, 24417F 5 80 uM ] DCFH-DA 882 Z} wellol] FU 5}
o 37°Col|A] 302 &2t AfB] Y5t L= (excitation-480 nm, emission-535 nm) S =75+ Th(Cathcart et al., 1983).
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MZ NO 2Hs &3

A 3EZ} confluence’S EN 7T =] 21 Wl 96 well plateoﬂ 5 X 10" cells-mL"' 2 seedingd}] 37°COllA] 24A|7F 59t vl 5}
Aok A7 BAEH M F55 2 2252 10 ugml li 5] Adsto] Zt welloll 2] 2|5HAT. 4A12F 2 300 uM
H,0,& A g|sto] Atetd] AEYAS RS, 2447 & ZF well 2R E| -5 A5 F5ho] griess A2t 1:1 H]
&2 25ttt gt 15E7HERSAIZ] H 540 nmol| A S8 =S =75 ThDirsch et al., 1998).

mgkg'-day” CIM EtOAc fraction 4 -r]:rL(EACH\/HOO)SE el EACHV[—O— gl i°4 1447k DH%‘ 12] A+
£o] 51l o A5 E AJF5HA| &2 normal 2 controli-2 Al & ThAl 45 4750 5IIth AdEE 8 M5
Hasase NA] slglo uﬂl FAAS A5 308 A 7198 &4 f o] flel AR EeRIE Folskgl

sz oAl 4 *405‘ 0% NaClyE 7o ST, WE NG| SR 5 AUSEE FARHEC 2,
') B0 o 5 Ao ZRE Pohe AL A HASE BRAA 7] U] B AAsAC,
oF Ago] A8 A AET 5 FAIZ S5k BEHE ol Hol WESHo] 50°C deep freczercll WERT
s} Aol ALgIoI) £ A Satthelan 5 EAE 29 A3l0] 5212 wol £ THSAME: PNU-
2021-0079)

Skl 20, 83te] AT F 4°CoIA 3,000 pmOE 15H7 A E
2| £ 23] HHEslo] 22 &S 2e5iitt }.;] Z 2] 74ZH-& phosphate-buffered saline®} =35t H 12.5 mM
-D Els

=
AZS H7}s1o] /\E‘%Oﬂk] 1027 HRSA|1Z] & HE-3-o0 o] & 3= (excitation-480 nm, emission-535 nm)S =7

i
N
™
ox
ofN:
)
2
oA

TBAS} 920 mM TCA &3-S 7}k & 100°Col|A] 2087+ BESA| T} 0] n-butanol
Z

3} pyridine S5 H7Hk F 4°ColA 3,000 mm © 2 2027 A4 31917, A Eole] FHEES 540 nmollq &
ASiSIEE HEAA 2 MDAR AS9IR100] S 00 WDAS A2 SREE Sclel aahis A

u] 27 JENS FR40t BT T griess §AL W7I5to] Aol 3087 WS AIZ oM, Mg oo} Y=
£ 540 nmollA] ZoHeATh, EETAO R NaNO,Z AHESHA.00, 52 NaNO, B AR ¥ BYEE 25

o] NO JA) A =& Ak=5}9] ChTikas, 2007).
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Western blotting

A 5225 E AE35 | 22]-2 RIPA buffer®} protease inhibitor cocktail S 23} 3]'04 THE lysis bufferS- ]85}
o] #2355 4°Col| A 12,000 pm Q& 3027F LAl 22 sto] thal S Balsiglth ko] thl A S 10% sodium
dodecy! sulfate polyacrylamide gel 2 7] %-5-5t0] £2]|5+1L, PVDF membrane©]| ":l'ﬁ—}‘] é—% transferst S T 5% Skim
milk®l] PVDF membranes 1A]7F BRS-A|A H|E-0]2] ATHS blockinget & 12} FHE 5415+ overnight BH3-A]
Zitt Aol ARE-SH 12} &A= B-actin (1 : 1000, Cell Signaling Tech., MA, USA), superoxide dismutase (SOD, 1 : 500,
Abcam Inc., MA, USA), glutathione peroxidase (GSH-px, 1 : 500, Abcam Inc.)°] T}, 0] st 22} (1 : 1000, Cell
Signaling Tech.)& 1A]7F &9 BFS-A|Z] & ECL 8943 o]-§-5of T2 vHd- S 91513t}

E7

A13] ATt Statistical Package for the Social Sciences (SPSS) 26 software (Chicago, IL, USA) 2 1343 0] 85}o]
EAs1ect 72 ASgEe Hyt £ TFHAE BASHIT 5A4Z 242 one-way analysis of variance (ANOVA)S
A 345121 21, Duncan’s multiple testE ©]-8-5F0] p < 0.05 |9t 7% BAIA 2 f-o5t A o = WA st 2
U} #2]0] 7] 5= 2| 3.2] H| 1l+= Student’s t-testS ©]-&3HA M, p < 0.05 BT HF FAH o= FoJgt Ao = wt
Hejgict

Results and Discussions

Q17 12 8| Lzsholn] Aojol it BAo] Z/SHAA QEstoln] Aufe] A2 eAle] CfFt
T ZEs] pE A Sk A JAolM = d=stoln Xulf | &5 {3l ofAlE Z ol AE A A A
(acetylcholinesterase inhibitor) = donepezil, galantamine, rivastigmine 5-°] =2 %% 31 Q1 ThPolinsky, 1998). 12}
U ol oFE2 T o] 21 AR 8 B 2Rl dxsfoln] Ao A BAL ofn], A8 A] 24
P, 4927, oA, 4ol 5] 32go] Ws] Uehit), 53] w-algkate] v]Zo] oS 52 Azalol
H X|of o] 7-¢- of2{et RAg-2 Tf& AR A5 2T 4 o Bz RaRgo] A2 A= F2l x| 5A2] 7N
ro] A| 3t &0l th(Dawson and Iversen, 1993). THEbA] 2 Lol A= ZhUjol] 2Hgsh= AL QI CIMe] AR}
A AEaA W TS SI5to] CaMo] Falolo) Hole] ol B AR EE B8H 4 8A 1R
kst G,

H,0, X2| C6 MAUMEIM MZYZES0| Ciet CIme| 23t

&= Al ARt A1 WIE o]Fojz }lo 111 1 F AR A E= A A2 2] oF 90%E XFA| ST 417
WA= TEo] ABAY] LE2E A Ashs 75 STl o AR ghou, xFo] AE Soll A2l YU
= TaokaL A A7 P‘“WOI 71e& AR = s =& Y ofye} |3 ] Agho] Wo| = F .35t
&S Shth= ARAlo] i 2] 11 Qlth(Block and Hong, 2005). &25}to| x|uf| 2kx}9] wjojl= AR7} A &]r o] 2
QI8 AtsHe AE A7 EAYSHAL A FA} AN 7} /3=, o] ulf A7 mA|Z7} AA| 2 2H8-S B3l AP
= A|75}Fo] A M| o] £A) 2l AFALS ARG Chung et al., 2015). SHH, A WA 7} 2} =514 E4dste| o]
SHRSo] doju AFA| 2] AFEE X150 24 252 Y=sto|n X|ulE 2t3tA|Z 4= QlTHHashioka et
al., 2021). WEHA] 2 Aol A& A A 22 E4fo] tiste] cIMe] Bo aatE SHRIgho =4 e=35lo|m X|uf
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o 4 X84 7Hs/3S SRISHATE. C6 glial Al ZE= AF RN E BS IS &Rl617] 9l de] A=, &
3] th4=0] =2of|A] C6 glial Al 3EO) H,0,2 X 8]5}to] A|Bo] FHate} 112 2915} ThJiang et al., 2020; Kim et al.,
2020a). | & HI O = & Aol A & C6 glial A2} H,0,& ©|-&3l CIM2| &4tsl 242 A HQtr)

MTTE Aokl AlaE Wiof Atekehed G4 &1-gof ofs) 2h=|o] EatAo] formazans P dsH=tl, 0|5 &3
sto] YN E SHT BN NEYEES 575k ol ] AREE L QITHMosmann, 1983). ©]o]l w2} MTT
assay = 34510 | ZAYE-E-2 215t AiKTable 1), H,0,Z #]2]3F control-2] M| ZAYE-8-2 78 5% 2, OFE- A=
12| 5HA] 22 normali-2] A|ZEAYE-ER] 100%0l| HIsHo] §-2]2 0 2 A AYE-go| AR o] A WA|E &/4fo]
dojt2-2 SHoI5HITE HhH, CIM 28 22 2] 23t Fof| A= control ) H| W3S wf H|ZAYE o] folxoz
S7Foto] M 28 =2 AR WA B S gahE SFQ1%H 4= UITH 5] EtOAc B8 &2 M ZAYEES 86.45%7F
A FeA7E B YElo] 7S 243t M2 B S G 1HE UERTh

Table 1. Effect of Cirsium japonicum var. maackii on cell viability in H,0,-treated C6 glial cells.

Treatment Cell viability (%)
Normal 100.00+1.31a
Control 78.50+ 1.06e
EtOH ext. 77.74+1.19%
CICH3 fi. 82.02+2.22d
n-BuOH fr. 83.45+247cd
EtOAc fr. 86.45+2.53b
n-Hexane fr. 84.85+2.55bc
Values are means = SD.

Extract (ext.) and fractions (fi-) were treated with 10 ug-mL".
a - e: Means with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

H,0, %2| C6 41Z 1 MIZ£0i[A] ROS “4doj| Cht CIMe| =2t

DCFH-DAE A|ZE Ujoj|l A EolM|Es} & A DCF-HZ A3 1, DCF-HE ROSE}F HH3-51o] &332 ek
= DCFE A2 2 P2 2730 24 AL U] ROS AAFS &915H 4 9l th(Catheart et al., 1983). h2hA
DCFH-DA assayS A A|3F A3KFig. 1), 217 1A 0] H,0,5 *2]3F controlioll 4] ROSE S S o, oFF A=
] 2| 5HA] 22 normal-2] 100%01l HISH 118.67%7FA] /d-55tltt. 3HH, CIM FE& 4 25 & % 2]+Holl4+=ROS
AAJEFo] controlT- T} -G-0] 4 0 & #|5HE-S EHelstgith =, H,0,00 o) Aleld AE AV} ¥ oL M
25 Y BYES Ao 2N A5 AEATE A4S A0 2 AFRHLE OM FEE 4 28 E ST

EtOAc 2222 ROS AT controli 118.67% THH] 101.82%7HA] ZHAA|Z T

4y

H,0, X2| C6 MZ M Z0flA NO - Cist Cume| 23}

E= HRhEZ oA NP AFTS FE5HH, L 2HolA NOE =2

o] A7 &5/ E FEHSHh(Galea et al., 1996; Penke et al., 2017). CIM &

) =XZ] &RI8}7] 9J5+0] NO assayS 435+ th(Fig. 2). 4!

7 WA 30 H,0,5 *] 2|3t -2 NO AB/d70] 168.90%%HE S7}sto] oFf- A = 2] 2l5HA] %2 normalw2] 100%°]]

gtk ¥HA oM FEE 2 28E *{2]7ollA+= controlwtol] H] &l

NO /gl F-9]4 0= Zhasto] CIMO| A LSS A7) = Aoz A7) E3] Ei0Ac 28 & A2+
1
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(A) 12000

= 10,000
g -e-Normal
£ =o-Cantrol
'§' &5 -8-EtOH ext.
E CHC, fr
§ ~a-n-BuCH fr.
g =a=EtOAc fr.
{rd 5,000 =8=n-Hexane fr,

4,000

o 10 20 30 40 50 80
(B) 140
120
f

g 100 1 —
5
L a0
T
3
5 Sl
£ 40

20

=

Marmal Control ElOH ext. CHCI; n-BuOH fr EtOAc fr. n-Hexane fr.

Fig. 1. Effect of Cirsium japonicum var. maackii on reactive oxygen species (ROS) production in H,0,-treated
C6 glial cells. Extract (ext.) and fractions (fr.) were treated with 10 ug-mL". 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. a - f: Means
with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

200 ~

a

150 +

b
be T be !—:
| 1 :!j
. :
100 A
50 -+
n T T T T T T

Normal Control  EtOH ext. CHCl; fr  n-BuOH fr.  EtOAc fr. n-Hexane fr.

NO production (%)

Fig. 2. Effect of Cirsium japonicum var. maackii on NO production in H,0,treated C6 glial cells. Extract (ext.)
and fractions (fr.) were treated with 10 pug-mL™. Values are means % SD. a - d: Means with the different
letters are significantly different (p < 0.05) by Duncan’s multiple range test.
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CIMFZE 9 28E9] &/ S H|ugh o] Aol =™ EtOAc £ 20| e & 3 28 Eof| B3l aldose
) 202 A5k, Atet AEHAS FE5H= ROS (DPPH, -OH Y 0, 2tt)Zh 27 5% 94
St 202 LERITHLee et al., 2017; 2018). ¥R ofzt ABS 225 C6 AIF M ZoA CIM & 4 BEE F
EtOAc B&E0] A BS Z4Jo] 71 245+ tHKim et al., 2020¢). ©] 5 AL} np7IA]| 2 B o] A=
EtOAc £8E0°] H,0,2 =% ROS2 NOY| 2MY/d S ZAAA Co AFUAZE 71 BifA o g Hosh= A
0O 2 RIE| It} wh2bA CIM EtOAc (EACIM) 28 &2 B7/d oz dAsto] sE4de 13gsiqich

o
o
fol
P~
et
fol

ATZZaD F0] DFRA[A k| L Meby &40 Chigt EACIMS] 23t

AzZeinle wollq SAM 7150l But ohjet Alsh AEFAS Susto 2K YofE £42 SEs
(Konar etal,, 2019). ©]o]] Z{Qks}o] 231 Eebg 2 Sofsh 7|0l 2te] S2mo] Alaeigion], A|go] gu

T2 &A5}17] 9ol de] AFRE] 11 9l TH(Karthivashan et al., 2018; Kim et al., 2020b). & GLol| A & cIMS] FH4akat
2 {rsh 7198 7i 53k ERls] fls) A3 Eet] Fof nheA ndlS ARSI

AT ETRN S A4S AE g Aof kg | 22| oA MDALF 22 A AT IeES /A7 =T, A1 D oHitet
2 ABEGE 2= A2 A2A Qlth(Sohn et al, 2021). i ol A= L3ES}RI0] o5l BAYS|= = W A
S}2] &gl tisto] EACIMO| HE 35 YEEA] Lok 7] 9]s) = 22]ollM ROSt A| D 3HitekE 22

o
ol

3, A A IASHE-LS normalst 80.71 nmol-L™ ol B3l 139.01 nmol-L 714 Z715191 L}, BREH, EACIMS50 2 100
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2l H,0,°1 2]t ROS 23S ZrAAIZ thJang and Kim, 2016; Lee et al., 2018; Kim et al., 2021). W2tA EACIM 2
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Fig. 3. Effects of ethyl acetate fraction from Cirsium japonicum var. maackii (EACJM) on reactive oxygen
species (ROS) production (A) and thiobarbituric acid reactive substances (B) in brain from scopolamine-
injected mice (n = 6). Values are means * SD. MDA, malondialdehyde; Normal, 0.9% NaCl + water; Control,
scopolamine + water; EACJM50, scopolamine + EACIM (50 mg-kg'-day™); EACJM100, scopolamine + EACJM
(100 mg-kg™-day™). a - ¢: Means with the different letters are significantly different (p < 0.05) by Duncan’s
multiple range test.
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o] Y= Ato] E7IQ12] Hhelo] Z7151H, o] = 417450 HhAl © & o]oj & 4= QlTth(Hencka et al., 2010; Jung et al.,
2011). AFE S Tt /%1 ke &) Ui 2174 d ol thst EACIME] E3HE ER15}7] 915l ] 2&] o)A
NO 5= =733 thFig. 4). Z2H71-S Foi5t controlT-2] & ZZ]of|A] NO 5-=7} 53.38 umol-L"' & normal
9] 38,44 pimol-L" 7+ H]ﬂ-zs}oq oF | 44 Z7}5HS 3H015}T}. 2L EACIMS0-2 42,37 umol-L”, EACIM 1002
2 4334 pmol-L' 2 UER} EACIM —‘%—01 0l A= controlol] H]5l NO 571 g-o]& o0& kA AL 4 4= U
T}, o] A+tol k2 EACIMS A7 Aol A AFakd &30 2 J3kE NO A3/8-2 A ZTHKim et al,, 2021).
TSk hpopolysacchande— =] 2]oto] FFHH-S -F- =5 RAW264.7 tHA M| ol 4 NO A& ZrAAA 5
< AAst e, o= S EZRI cirsimaritin®] 543 AF] E7FQIQ! tumor necrosis factor-a, interleukin-6, %!
inducible nitric oxide synthase—J /S A3l 7] ufFol2kal B % $1ck(Shin et al,, 2017). ol & A4S HIRFO 2
EACIM2 A5 Ee}qlof| o]5f] EAYS | U] HZHHS O 2 RE AGA|E U | 22)Z Hosk= 7 0 = LR
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Fig. 4. Effects of ethyl acetate fraction from Cirsium japonicum var. maackii (EACJM) on nitric oxide (NO)
production in brain from scopolamine-injected mice (n = 6). Values are means * SD. Normal 0.9% NacCl
+ water; Control, scopolamine + Water, EACJM50, scopolamine + EACJM (50 mg-kg*-day™); EACJM100,
scopolamine + EACJM (100 mg-kg-day™). a - b: Means with the different letters are significantly different (p
<0.05) by Duncan’s multiple range test.
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SOD= n|EZEglole] AxPE Al A AAE 0,5 H,0,E TUA71H, GSH-px”} H,0,5 F542 H,0Z A
gksto] ROSZHEH HE H T 5K Matés and Sanchez-Jliménez, 1999). & Lo A = & ZZ]oj|4] EACIMO] &4t
SF 34 4ol 2 nIAeA] LotEr] gfsl wdd Tl el 246l lthFig. 5). A2 E S Folg

controlx0l|A] SOD®} GSH-px 2] T A H¥FH-2- normalwtol] H]3H -F-2]A 02 Z+ASIItt 2Lt EACIM Foi+-
of| A1+= controlol| H]3l SOD2} GSH-px Tl Hhd o] 3A] Z7Fs}Qltt. o] atol] w2 EACIM2 4kt o
HH219] heme oxygenase, thioredoxin reductase 1, 2! NAD(P)H quinone oxidoreductase 1] 43S Z7HA1Z &gt oy
2} in vitro©l| 4] O, & H]E35F 2}3-2Ht] Z(free radical)S S 0 2 ZHAAIZATHLee et al., 2018; Kim et al., 2021). ©|
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Fig. 5. Effects of ethyl acetate fraction from Cirsium japonicum var. maackii (EACJM) on antioxidative
system-related protein expressions in brain from scopolamine-injected mice (n = 6). Values are means
SD. SOD, superoxide dismutase, GSH-px, glutathione perOX|dase Normal, 0.9% NaCl + water; Control,
scopolamlne + water; EACJM50, scopolamine + EACIM (50 mgkg-day™); EACJMlOO scopolamine + EACJM
(100 mg-kg™-day™). a - ¢: Means with the different letters are significantly different (p <0.05) by Duncan’s
multiple range test.
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