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Abstract

Over-produced reactive oxygen species (ROS) exert oxidative damage on lipids, proteins, and
DNA in the human body, which leads to the onset of neurodegenerative diseases such as
Alzheimer’s disease (AD). In this study, we explored the cellular antioxidant effect of Cirsium
japonicum var. maackii (CJM) against hydrogen peroxide (H,0,)-induced oxidative stress in
neuronal cells. The antioxidant activity was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, 2',7'-dichlorofluorescin diacetate and nitric oxide (NO) assays,
and the molecular mechanisms were examined by Western blot analysis. H,0, treatment
of SH-SY5Y cells decreased cell viability and increased ROS and NO production compared
to H,0,-untreated cells. However, CJM increased cell viability and decreased ROS and NO
accumulation in the H,0,-treated SH-SY5Y cells compared to H,0,-treated control cells.
Especially, the EtOAc fraction from CJM showed the strongest antioxidant effect compared
with the other extracts and fractions. Therefore, we further examined the CJM mechanism
against oxidative stress using the EtOAc fraction from CJM. The EtOAc fraction up-regulated
the expressions of heme oxygenase-1, NAD(P)H quinone oxidoreductase 1, and thioredoxin
reductase 1. These results indicate that CJM promotes the activation of antioxidative
enzymes, which eliminate ROS and NO, and further leads to an increase in the cell viability.
Taken together, our results show that CJM exhibited an antioxidant activity in H,0,treated
SH-SY5Y cells, and it could be a novel antioxidant agent for the prevention or treatment of
neurodegenerative disease such as AD.

Keywords: Alzheimer’s disease, Cirsium japonicum var. maackii, hydrogen peroxide,
oxidative stress, SH-SY5Y
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Introduction

A A Esol BhEA] " Q5| T 714 thAl ol A 2 Qlo] BHYSH= reactive oxygen species (ROS)
= M|} A of] X729l A4S GHSH(Zorov et al., 2014). ROSE H7] & A4 (0,7} FEZ] 0 2 3H9lg]
A ZEE |2, Aol A AbaT} EA4Jo] 9= H,0Z HEHE] = thAtgol| A BhAYshs Aot ROSE
superoxide anion (O,), hydrogen peroxide (H,0,), hydroxyl radical (+*OH) 5-& 2Z &5ttt 0,7} HALE 7l §Fo ™ 0,
& 5ot o] BUL ol BeFYsIolA G5t Eae) 80] Sjstol Hek HHE B89 1O, BT
HO,] 1222 A ) G415} 5 40] 2jstol S40] S HOZ AASL, AT} 285 28 A== 0
9 H,0,7F 782 749 H,0,7t A4S & 71 E H Hhol «OHE AJ/d3tt). 0|5 ROS= DNAS | A2 4Fetsto] 7}
Z} DNA adduct ! lipid peroxide's-= /382 24| Al 5/d-Z RSk (Hemnani and Parihar, 1998; D'Autréaux and
Toledano, 2007). ROS®| &3 AFe}A AE A= A 755 A5HAA otg f2e #ak of g} THJE[3 A2
3ho] 29 Y910 & e A tk(Schieber and Chandel, 2014). £5] Y=5}o|n Agto|u} w1 a) -2 E|g)A]
& A3k H)7He A 0 2 Xashe S Ho|B 2, o] & W3] A5 S ot 2gS whe ol
4 531 ItH(Chong et al., 2005; Kim et al., 2009).

Ao F23t AT Gdote = EESAFARO] FHSIAL 44 4| o] ghol 4hsha] AE Ao mlje-

7t 7|o &2 A A QITh(Popa-Wagner et al., 2013). ThehA] akgke] ROSOl| 2Jsl] /82 /-A|5HA] &oto] 4t
5H AE A7} EYSHA | 222 ROSOI oJsl| &4 Ro} 2| A ub4kekrt fbEw, Al ol f)X]§E A4
TEE FAHR] &S o] B 72 2 7152 %Al Eoh(Leutner et al., 2001; Popa-Wagner et al., 2013). 53+
aldchydeS] 22 A\ LIPS} AR 1] AL S ZeS} AUE o550 E T} £442 o] ek Omodeo-
Saleetal, 1997). Q17 ol 2l AVSYA] 2 el 2R E] AU W5] Sefol Tlore GAS ol A E 25
Sto] &4 2[4t ol & =01 nuclear factor(erythroid-derived 2)-like 2 (Nrf-2)i= AF2H] AE | Aof o) &
/d8k=] = ZAFRJIALR, heme oxygenase-1 (HO-1), thioredoxin reductase 1 (TrxR1), NAD(P)H quinone oxidoreductase 1
(NQO1)2}F -2 gHitst g A4 o] AL A SHA| A ROSE A ASHTH(Yan et al., 2008). 12{ 1t GHAtst Wi AI7F 2
SHA] X A2 ROS7HEo] A=W ROS A/t 49| E4t3do] PojutE g2 LIS E 0] &5l ROSE
ZAst = A7 2Es] YL QlTh(Kéhkonen et al., 1999). FAtelAl= 2<10] 7 OHZ|E o|-&5to] A3
ROSE 4tatA|Z et ope}, AU 4tst @471 S E/d8tsto] ROSE AlASh=t] E3& = A= dA
A Th(Soobrattee et al., 2005; Wang et al., 2010). 55| HAE 72l L= T/ Aol vls] A E AL 2ol oish
HolAd, 18] 1l 54 o = HE H|w A Qb 71 0 = e A glo] ateAl|E A A67| f1gt Al = A Sk of
$+tHBranen, 1975; Jeong et al., 2006).

of| 2 7€ =3}k (Compositac) A= BIZHol|A] ok 9l A]8.0 2 de] o] g&|ojgton Fhitoll A =, s
FAZ, A 22 5 S A ohofet ok A& o] &% o] YThHwang et al., 2010). ZL 5 J7F (Cirsium
japonicum var. maackii)= = ol AHgoh= I8kt Al S 2, 1 et 22 oA Y tjA|Slet shof A&, et 5f

52 9ol SeFE o= o] &= lth(Park et al,, 2019). Z|Zoll= thp] AT 2RE JG77H A, &, dll= 5
o] g7} 18- 915+ thJung et al., 2017; Park et al., 2017; Shin et al., 2017). ©] 5 52 gAksH &4 o 2 HE]
SelsHe A0 Qi Slo] A ARE 94T WA B ekl 2102 J]chlch, wheb 2 QTEe 41
A7 F9) AAAI HO.Z FET A1 Ael o] el AATAE BE BTHE ek Skt ee
ctal, 2018), 2L} @AVEA] AAE N AT] PAS E5- AT Q7L vlulg Aolch e 2
QTN 10,2 A1HE AEAZ RS AHES] JAAE Aele F PASs Pl AP eyt
cellular system©l|A] B3 2] AFAE BT g1}5 Lol 1A} 53t

FE

HJ
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Materials and Methods

2 M=

Dulbecco's modified eagle's medium (DMEM), penicillin-streptomycin, fetal bovine serum (FBS)+> Welgene
Inc. (Daegu, Korea)ol|A] T8It} H,0,+= Junsei Chemical Co. (Tokyo, Japan)l| A1, 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT)+= Bio Basic Inc. (Toronto, Canada)°l| A1, dimethyl sulfoxide (DMSO)+= Bio Pure
Co. (Ontario, Canada)°l| 4] | 25} 2.1, 2' 7'-dichlorofluorescin diacetate (DCF-DA)2} griess reagent= Sigma Chemical
Co. (St. Louis, MO, USA)OlIA A Z3F AJ2FS- AMESFITE. Polyvinylidene fluoride (PVDF) membrane Millipore
Co. (Billerica, MA, USA), radioimmunoprecipitation (RIPA) buffer= Elpis Biotech. (Dagjeon, Korea), lacmmli sample
buffer= BioRad (Hercules, CA, USA)°l| A 74 5to] A& o] A8t

ol s
NCESTIEE

4733 (Cirsium japonicum var. maackiiy= & A|/3H-E Imsil Herbal Medicine Association (Imsil, Korea) 22 5-E]
A|gHto} ARESIATE J7 T B 2| AHE(5.71 kg)= ethanol (EtOH) 7 LS ©]8-5}0] 38HE-0 2 Sk W7bd=|(65 -
75°C)7F B2 2272 &390 0H, 1 AT 255 6672 g2 B2 4 YU FEE-2 Bof AESI 4 55,
Z p-hexane, CHCL,, ethyl acetate (EtOAC), n-butanol (n-BuOH)2] 8-7]-8-1l] Z} ILZ 53] HHE5o] REl5iglom 2=
2] © & p-hexane (213.6 g), CHCL, (39.0 g), EtOAc (67.6 g), --BuOH (47.0 g)2] 23152 At

MIZ Bl

SH-SY5Y A4 A|ZE = $h=A| 22523 (Korea Cell Line Bank, Seoul, Korea)ol| 4] =< wto} Ao A8-51% Tt
SH-SY5Y A= 10%2] FBS®} 1%2] penicillin-streptomycine &-33F DMEM= 0]-85}0] HjJslich. A|ZE Hj
&St incubator= 37°C, 5%, CO, = -F-AISFATE BIFE A= A|E B} 2| ool =233 uf flask 2 5-E] wjoj
T A4 Balsto] YA A oH, AZL v R|of] M| EE Z12 BAMA|IA Alchulgs3ict

Cell viability =H

SH-SY5Y A2 7} confluence ZFEH 7} = 96 well plate©l] 5 X 10 cells-mL" 2 seedingd}o] A5 24417+ B 5191
th JA4H 2 9 2222 DMEMO]| 814519 10 ugmL' 2 %] 2]+, 4417 H 300 uM H,0,Z 2] 2] 5}o] Al
EES FESITEH A EZE 24417 BIFSE &, 5 mg-mL" MTT solutionS %] 2] 510 4417 5QF M| 3E U formazan
S S G551 T, DMSOR AAS 0] 540 nmol| A Y =2 =45} thMosmann, 1983).

Reactive oxygen species (ROS) &8

A|Z7} confluence AFEN7F = 96 well black plate©]] 5 X 10 cells-mL"' 2 seedingsto] HIZEE- 24417+ B3
C}. Bl RS Alazol] 747 & U B ES 10 pgmL' 2 A 25kl 4A17F 5 300 uM H,0,5 *] 2|5} ROS A3
LS FEeIATE MAEEE 2417 Bl SSE T 80 uM DCF-DAE X 2l5to] 3027t ZHu st &, excitation-480 nm,

é_

S
emission-535 nmOJ| A GG =5 =45} THCatheart et al., 1983).

Korean Journal of Agricultural Science 48(1) March 2021 121
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Nitric oxide (NO) ZH

A7} flaskll A confluence ZER7T =T 96 well plate©]] 5 X 10 cellsmL"' 2 seedingso] AlZEE- 24A|7F Bl 53
A, 35 YA F5 2 Y ES 10 ygmL' = X2 SHAh 0|5 AL E 4A]7F 59t HIFSEAL 300 uM H,0,5 ]
2]5lo] AlstA AEHAE FE5F3ICH 24417 H, AOP% o 100 ULE A 22 96 well plate°] %79 L 100 PL griess
reagent solutionS 5k 1587+ Al-2of| A HRS-A1Z] & 540 nmol| A S =5 S5t

Western blotting

20| TS sl 4 %"*]' 10% sodium dodecyl sulphate-polyacrylam1de geli —v—E'J ]— c}. chElzle pyDF
membrane©]| transfersto] 12+ A2} overnight §-3-A171 F, horseradish peroxidase”} tagging® 22} T2t HH-3-A] 7
HAHRS-S F =5} 21, enhanced chemiluminescence (ECL) solutionS- ©]-&-5F0] Tl 2l HHed-S 81015191 th(Table

1).
Table 1. Antibodies used in Western blotting.
Antibody Dilution Catalog No. Company
Primary
HO-1 1:500 ab13243 Abcam
NQO1 1:500 3187 Cell signaling
TrxR1 1:500 15140 Cell signaling
B-actin 1:500 8457 Cell signaling
Secondary
Anti-rabbit IgG HRP-linked 1:500 7074 Cell signaling

HO-1, heme oxygenase-1; NQO1, NAD(P)H quinone oxidoreductase 1; TrxR1, thioredoxin reductase 1.

SAEA

|

=AY Ayt gt + EFHAE YJERN GO, Statistical Package for the Social Sciences (version 25, SPSS
Inc., Chicago, IL, USA) = 2 11218 o]-8-5}0] Z} AT A3} Z B analysis of varianceS 7-9F &, Duncan’s multiple test

B AR S AAISH p<0.059] oM -2/ de 7Stk

Results and Discussion

AULH =& A 2E22| H,0,2 QIst MY AEYAZHE NZHES 7 Sat

YT AR TFRt 2 28-S BRSHL loH, I oM = F AR 7P B2 &2 flavonoid
= gha-5tal Qth(Lee et al,, 2017). 175 Aol A F% ‘:rq A= 7 Aol B8l o] Z3SH ER transcriptional
activity S H 11, aldose reductaseS T 0= AA5IR= o]2|g A2 &/d-2 flavonoid =2 3ol 9
#7002 ARHDR 2 ATONE 947 B ANREYE 23 9 BY2e Azelo] Aol ALgsisict
(Rodriguez et al., 2017; Park et al., 2018). SH-SY5Y Al74A| = Q1 2] %5 & LR ofol| A 2] o] &&= M| EF2H],
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HAE 7kl AE U] o) EZEa]ofo] 129} 7)o HistE o o 7 2k=x5lo]n

B8 = A= %‘%}5 ATH(Koo et al., 2009). 3] SH-SYSY A7 H,0,5 A 2]sto] Atst
& St A= dET G Y= A 28 FAshket /8ot 2= d2A 9l
ok mebA] & Atoll s SH-SYSY J%‘ M 5L H,0,5 °]-85to] Ataha] AEg Ao g 7 F o) AFAE 2
S SIS AT ET AW tiARPY ol M U glo] B85k ROSE Ateha] AEAE RGO 2 A|2of %]
BAR &5 AEehs AA= 2 A-E- ot (Janssen et al., 1993). M| 228} A2 & 4TS 7] 4@ Za AR
ROS®] oJ gt —é*okﬂl F okt 20 2 A2 #] QlthFloyd and Hensley, 2002). =] 2|2 ThE 2 2|of] v 3| &2 5Hx| 5}
< 2 A A 2H]EF 20%E A D HER £7] w2l Aok LB Ao &

el ﬁ%ﬂi RIALSSY PQ}X—‘I LB A0 A7 e 79 sk B 71 AEE SRR AP ERYR
2ol g o 2 o]of 4= Qlth(Bamham et al,, 2004). ©] ol w2} A7 E| 7Y g A ghe] o Bl 2| 24| S 7S] 23]
Frret B/dS BRI HWAERREH R8RS FE0L 1 84 7IAS st 716/ axfetstr] ffet A
7} &S] o] Fof 111 ATHLee et al., 2010). B Aol M= A A ZEo A G737 9] Aatz] 43 i EHE A
22N 757 AL ZAM o 7He/d S IS E T T4 SH-SYSY A7 M2l H,0,5 A 2let H 9747 55
gl B3l5.0| ML AEE0) u|2]= GFS A EQTE H,0,5 #2835t control2] Al ZEAYEE-E 49.03% 2 normal
T(100%)°ll HI3H 50.97% 4ot 213 BRI CHFig. 1). 1, 97371 +2 B £8=2 HeUs W AZYEE
o] Z7Fekl=Hl, B 2 9 8= A 2lollA controltol] HSH Al ZAYE-E0] o2 0 2 AJ55i3it. o215
A= YT} amyloid beta® -8 ME S/J 22 HE] Co AF AN EZE Ho5to] MEZPEES T7HA

b

120 -
a

100 .
< 80 A
= b
=
S 60 - e de < : .
© f
=
Y 40

20 -

0 T T T T T T

Normal Control EtOH ext.  CHCI3 fr. n-BuOH fr. EtOAc fr. n-Hexane fr.

Concentration 10 pg-mL-1

H,05 (300 pM)

Fig. 1. Effect of Cirsium japonicum var. maackii on cell viability in SH-SY5Y cells treated with H,0,.
Values are mean % SD (n = 6). a - f: Means with different letters are significantly different (p < 0.05) as
determined by Duncan's multiple range test.
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ZIth= AT 2ot fAFSH(Kim et al., 2019). 747 5 Y 22 F FollA=EO —E#%]EOHH 65. 61%§ 7P‘*
=2 HZAIEES e o] EOAc B8 &2 AAME BS g7t o488 & At 2 AFES YA
T2 E3) BtOAc £&E0] 74 943t 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH), -OH ¥ 0, gtz A71 Lo
LFERYE A8 391619 01, T4 ol A= [,0,2 ST AFsH AE#| Ao tis)] EtOAc B2 0] A7 A
ZE HOo= S %W S tH(Lee et al,, 2018). o5 A HIF O 2 YA F= H0,2 F=H Al2&4dol tist
A ABAHEZ L & S g5 Uil = A 02 A4 EM, 5] EtOAc 28 =°] 7Hd SR Al B o aHE
UEH= 2 Eelsklot

BE3 =& 3 2222 ROS 27 =1}

H,0,= 37|/ dthAtE Sl n|EZEe|oke] AxPdGA o)A Aats] = thatihg 2, F40]- 23t ¥H-3-5to] o<
Hhg-AJo] 2 ROSZE M gHE o] M| =42 Wrh(Yim et al, 1990). H,0,= Aol A 2 glo] A= | qt gHakst
SAAE ol wh2A] A AL o] F/d0] 9= H,02 S tH(Circu and Aw, 2010; Redza-Dutordoir and Averill-Bate,
2016). L] Q)33 o 2 H,0,2 A g]sHH A E U ROS %X# ol S7Foto] Ml APE 9 E|SHE Zefjob= 202
22 3tk (Kang etal, 2013). THEbA] 2 Atol| A= MTT A& Sl &Rl Y37 e A2 Ho ato] 48 7]
AE #8517 Yste] H,0,& A2 gk A2l A ROS *71 FIHE B4 1 A, Alzto] Al wet 1,0,
z|2] &2 915} IE oj|A] ROS A TFo| 71813 21, 1 = controlt2 normali©l| H]3l ROS AJAd=Fo] 34| =
715HS & 4 A1 thFig. 2). FLEH T 6022 7|22 normal(80.52%)2] ROS AAI &t ] w32 w, control
TH(100%)+= ROS 2873 0] 19.48% 57F5ko] ROS A8/d %ol f-2 4 Q1 xfo| 7} g2 Eelsitt. $HH, H0,E f
CEHROSAE S FAF F2 2 2HES 72 f9H o2 7HAaghs ERIslet], 947 5 &
5152 10 ygmL’ 7S o 2E Aol A ROS A3 3F0] controlwtol] HISH 10% o4} AAstgon g B Al
A& 5ol B47 Y ROS 27152 &Rl o2 gt at= %8 =3 Al E 5 AR o] A A FE
%20} H| W3S u), H,0,2 & 2|3+ A Z A Zof| A F-E29] EtOAc X n-hexane 28 &2 ROS A750] J7F] &=
HEET FARE A= R el 47 =8 A4S Fa7F Qa2 AAFSTHLee et al., 2009). Jung et al. (2009)°ﬂ
= in vitro®l| Al total ROS TS G2 0 2 AN o E3] Z4S u]= EtOAc?} n-BuOH &
2| 0S 27t ofL}2} DPPH, ONOO 5-9] 2t} Z- A4 ot b2 o 2 #|sjigh 21 0 = Lrebytct o]zt
A= ROSS] £4& £A%H 2 Ago] Aatet dA|stu g, 7 F]2] Ml BS §3H= ROS A4 AR 2 RE] 7]

r>4
w M

nﬂ

dEF =& U F2ECNO 27 21}

NO= AFHRS-S &3] AAZEE G2% nitrogen radical 2, A A Y, &3o|gh HgHRS 1} 72 Alg] %] 7]
52 4T (Bredt and Snyder, 1992). 1L} 4FeFA AE| AL 7R Q)8 2}=0 2 Ql5l ' H inducible nitric
oxide synthaset= 7} 2] NOE A/d5}to] Arstik-3-& ZX18h0 24 M| i E4J-S -3-2HSHH(Brennan et al., 1999). &
NO+= 0,9} §H&-5t] ONOO 2 2=t ONOO = ¥Hg/do] ¢ # o] EAES 3 4stE &2 ZH2et &
& 71 BAZ LA QlthKoppenol et al., 1992). 2+ of gt & A7 Ao A 5] NOZ QIS X £52Q1 &
T2 HY-AZ 7142 ugtoto] A7 E| g A gl hofg 4= okl B 1 =] Q] thDawson and Dawson, 1998).
hahA] ’d%‘*li |41 7372 NO &A S35 AHE I H,0, 42| 2 NOE I35 & JA4F 2 L 28 &
S FRJ5lo] 1 52 FRI5HITh H,0,7H2 %] 2|3 controlit(100%)2 normalw(73.95%)°1 H|5l NO AjAIZFo]
Fold oz F7lsto] H0,Z 18 NO A/d0] S7H= 32 1T 4= UAThFig. 3). 47 5 4 2= A

d
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(A) 5500 -

5,000 - /
=s=Normal

4500 A / == Control
-—_______ﬂﬁ/: ——EtOH ext.
— CHCI3 fr.

4,000 - / —e—n-BuOH fr

—+—EtOAcC fr.

Fluorescence (contents)

—a—n-Hexane fr.
3,500

3,000 T T T T T T 1

(B) 120 -

a
100 -+

c c c c b
d N -
80 A
60 A
40 A
20 A
O T T T T T T

Normal Control EtOH ext. CHCI3 fr. n-BuOH fr. EtOAc fr. n-Hexane fr.

RQOS production (%)

Concentration 10 pg-mL-’
H,0, (300 pM)

Fig. 2. Effect of Cirsium japonicum var. maackii on reactive oxygen species (ROS) production in SH-
SY5Y cells treated with H,0,. (A) Time course of change in intensity of ROS fluorescence with Cirsium
japonicum var. maackii treatment during 60 min. (B) The production of ROS treated with Cirsium
japonicum var. maackii. Values are mean % SD (n =6). a - d: Means with different letters are significantly
different (p < 0.05) as determined by Duncan's multiple range test.

2|2 control-of| B3l F-2]4 0 2 NO AJ/dTFo] 451 o, E3] CHCL, (74.65%), EtOAc (74.70%), n-hexane
(75.57%) 22 &2 normal- 2t -FAFSHA| NO A8/32 AAsh= F/d-& eIt 2 2ak= aket aat Hol
3k AlE FEE0] NO S TaAA Ak AERAS ZHAAZITH= 7]E9] Atel 4|3tk Min

Korean Journal of Agricultural Science 48(1) March 2021 125



Cirsium japonicum var. maackii inhibits hydrogen peroxide-induced oxidative stress in SH-SY5Y cells

120 -

100 +

a
I I bc c c
0 r ; . I . I . I . [

Normal Control EtOH ext. CHCI3 fr. n-BuOH fr. EtOAc fr. n-Hexane fr.

[a]
o
1
(o]

NO production (%)
i [«)]
o o

no
o
1

Concentration 10 pg-mL-"
H>0, (300 pM)

Fig. 3. Effect of Cirsium japonicum var. maackii on NO production in SH-SY5Y cells treated with
H,0,. Values are mean = SD (n = 6). a - c: Means with different letters are significantly different
(p < 0.05) as determined by Duncan's multiple range test.

and Jhoo, 2013; Kim et al., 2019). &=+ A 1] F-0] Akt 52191 Kahweol S ©]-&5Fd NO AAFE =

AR HE 2 A, G 7F 43 NO 27152 UEtl= 2 0 &2 & 4= U Th(Fiirstenau et al., 2019). ©|

7dF+= lipopolysaccharide (LPS)S %] 2]t RAW264.7 THA] M| ZE o 4] NO A4S A5t M2t £4-3 THAAIZ A

© 2 B 15| ckShin et al,, 2017). =3t 73 F 2HE] 22| luteoilin 5-O-glucoside= LPS -3 RAW264.7 THA] A|

oA iNOS] Hal-& A AA NO A8/d& ZHAA1 2 THJung et al., 2012). WA 7 F= NOd = Alsto] 4

St AEHAZEE NE HS g2 Uelyjs 7o 2 AlaEc) ok Qo 22 9l 2358 Zoj| A BOAc £
2l 2o| gatel GatE Baf 7P EHF 02 A ZE HEsks o2 Sl

rZi o

|

ROSE AJE U] GASF A Aol 248 Fol GhAteh Haol B2 ASISHAL 28-S Walshn, 1 Azt 27
=] 2] Z5F ROS7F AUjoll F3 & o] A2t &4 2 0 Z1tK(Jacobson et al., 1990; Kim and Kim, 1991). ©]2{3F Al
U B4Rl ROS E o distel AlTE ale] o] SRS TSI =M Ay AEa 0 e
T}, Heme oxygenase (HO)= heme= CO, biliverdin, free heme iron = £3815H= microsomal E4 &, o] Eslj4tE
< e FES A HIEARE A 59 A 752 3 LE}(Klm etal., 2006). HO-12 HO T Z- AFah4
A EH A AR TS 71 isoform @ 2, | |, IEH, d=stolm Heh Gt 2 | &4 AdEjoll A
o] 7ot AAHES a3Hs YeRf= 2102 deA Ith(Nimura et al.,, 1996; Schipper et al., 1998; Takahashi et
al., 2004; Takeda et al., 2004). TrxR1-2 | 2] AZFA| AL /ol F23F &S 4~3Y5HH, NADPH 2]E2]Q Tix2] 2
A& Z0l g (Soerensen et al., 2008). TrxR 101 28l 2 E Trx2 ROSE QISH AM|ZE &4 9 AFHE oJA|5h= 712
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2 A UAtK(Cebula et al,, 2015). NQO1-2 F+=7 2ttE= SAA7]= BaRA, £5] 0,5 Al75to] AlZ U]
AFalehe] §h8-0] S f-Alok= dl 7143tk (Keum et al., 2006). & 4} §4= cellular defensive phase 2
detoxifying antioxidant enzyme 2 A] Nrf-20]] ]3] 2 A &|+= F 25 FAks} 714 & U2, H,0,5 83 thegsh Ak
3P4 Zp=ol] oJsf] FrE B2 YA ®ofof Qlo] F23t HEhS $Hk(Kim et al,, 2006; Gazaryan and Thomas, 2016).
£ AFol|Ae J7AF 2] Fatst 713dS gAls ] fste] AlZEAdEE 9 NO 2750] 7 &9 EtOAc 28 &
S gAH3 o7 ATl 7| A= W3P5HITH H0,S 2] 2]t controliol|A] normalz=e]] )&l HO-1, NQOLI,
Terl«] Ty a‘ 2 o] Z713HS EQ151I thFig. 4). ol H,0,7F AleHA AEAE 7150 24 o] & Ats)
= o] Aol Y5} THLee et al., 2008; Weinreb et al., 2011). THH, J7 5

(A) H;0; (300 uM) (B) H;0; (300 uM)
EtOAc fr. EtOAc fr.
Mormal  Control 5 10 25 Mormal  Control 5 10 25
HO-T | ———— NQOT | o o o s |
B-actin |-—--— | B-actin [-—-«—— |
25 3
2 25 A
— 2
w15 5
B E s
— 0 —5 151
o o
o) -
g5 ! g5 |
= = ‘
3] ]
=05 -
0.5 4
0 0
MNormal  Control MNormal — Control
EtOAc fr. EtOAc fr.
H-0; (300 pM) H.0; (300 uM)
(C) H,05 (300 uM)
EtOAc fr.
MNormal  Control 5 10 25

TrxR1 | e — ———— ]

Bractin | sem—————

25

Al

MNormal  Control

- w

TrxR1
(fold of normal)

=
n

[=]

EtOAc fr.
H20; (300 pM)

Fig. 4. Effect of Cirsium japonicum var. maackii on protein levels of (A) heme oxygenase-1 (HO-
1), (B) NAD(P)H quinone oxidoreductase 1 (NQO1), (C) thioredoxin reductase 1 (TrxR1), and
B-actin in SH-SY5Y cells treated with H,0,. Values are mean = SD (n = 3). a - d: Means with
different letters are significantly different (p < 0.05) as determined by Duncan's multiple range
test. B-actin was used as a loading control.
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EtOAc B82S 5-25 ugmL’' 23S ), HO-1-2 2E 504 normalwtol] B]5 Tl 2 o] AA3] Z7}
A ERIEI O™, 25 pg-mL ! =0l A controli THE] OF 1,68 o] Z7F51iTh B3 NOQI T TrxR 19
512 10 pgmL! oA 7P =2 W 28 B9 on controlit T} --2] A Q] xfo| & LehQiTt o}

471 EtOAc B2 =2 HO-1, NQO1, TrxR19} 22 A4kel a4 IS fol4 02 Z7H A, H0,E
H AReHA £/gof| tigh gkt 1S Hol= o2 21T Qltt 7T EtOAc F&-E0f|+= cirsimarin, hispidulin,
luteolin, apigenin2} 2+ A4 2] /&2 o] &-FElo] glom, o] 242 Fitst LA I & foto] FAkst
S UE= 202 B 15 Q1T (Jung et al., 2012). Hispidulin® =4 ] 513 522 oA} Nrf2 T2 14l
S7HAA FAks G4 S48 ZX15H 2.1, huteolin p62/Keapl/Nrf2 pathway S Z7%15+0] downstream proteinQ!
HO-1 2 NQO1 T dhl-& Z7IA|A | &4+ B S g 9HE LFERH AT An et al., 2018; Tan et al., 2020). =3+ J 7
F =25 223 flavonoidst= Nrf2 2 HO-1 ©EFZ 2 S Z7HA|A 4H5HA] AEZAR QISH A E £/44-2 oA
St 702 B E|Qlh(Jung etal, 2017). ©| 2 & AiHE Fototo] P73 F = A AN H0,2F 22 AFeHA] /o]
7Vl RS w, FAke EAAIE B4 HO-1, TrxR1, NOQ1 5-9] &H4ts} thalal o] uha-& Z25t0] ROS A4
< AAISkAL, 1 A4S AEARRE NEZF HEoH= 210 & AbRH

Conclusion
2 A= H,0,5 A2 Ao A YAF 2 U B E9] Ash AEH A 7iH a3HE ERlskith o
A 32 2 EFE2 H,0,2 Aalld MEYZES F7HAH 2™, ROS L NO2| ] /S AAE o 24 Atst
e 20) ofat A B3} 98-S BRI 4 ATk T FolA 7PY 943t Aket B8 LeRdl EOAC £
1

EeflAg 7haAl7l Ao FRIRITh meb QTS Aot AEsARRE AN LS BEs
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