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ZYTEYSHE SEYTYHEK21)

Abstract This investigation was designed to evaluate the antioxidant and hepatoprotective properties
of a 40% ethanolic extract of C. japonicum var. maackii leaves (CJL). High-performance liquid
chromatography (HPLC) analysis identified chlorogenic acid (27.36 pg/mg) as a major bioactive
compound in CJL. Based on its phytochemical profile, CJL showed considerable antioxidant
capacity, with total phenolic content of 68.58 mg GAE/g and total flavonoid content of 47.30 mg
RE/g. It was further supported by considerable 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities, ferric reducing
antioxidant power (FRAP), and inhibition of malondialdehyde (MDA) production. In terms of
metabolic regulation, CJL showed inhibitory effects on o-glucosidase activity and on the formation
of advanced glycation end-products (AGEs), while concentration-dependently enhancing the
activities of alcohol-metabolizing enzymes, including alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH). Furthermore, HepG2 cell experiments showed that CJL increased viability
and lowered intracellular reactive oxygen species (ROS) levels in response to H,O, and ethanol
exposure. These findings suggest that CJL possesses antioxidant, anti-glycation, and alcohol-
metabolizing activities that may collectively contribute to protection against alcohol- and oxidative
stress-induced hepatocyte injury in vitro. Taken together, these results support the potential of CJL
as a candidate natural material for the management of alcoholic liver disease.

Keywords Cirsium japonicum var. maackii, antioxidant activity, HepG2 cells, hepatoprotective
effect
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Hepatoprotective effect of Cirsium japonicum var. maackii

0l ot & A 52 Lol AT Agolth(Lee 5, 2020).

A3 LI L2 7H A alcohol dehydrogenase (ADH)Q}
aldehyde dehydrogenase (ALDH)o]| &J3] thAIEH, o] I}
A A= FAHESR] acetaldehyde”t THESHA S =W vt
olok2 Hk2-S &3] acetaldehyde-derived advanced glycation
end products (AA-AGEs)”7} @A = th(Freeman 5, 2005; Tan
5, 2020; Yan 5, 2023). AA-AGEs= G 53] AGEs®} G-AF
o Tl WY 58S 7HAH, A &4 9 reactive oxygen
species (ROS) /8= FEoto] Y2/ 7HEHY] w2l &
o3t Hayashi 5, 2013). E3F 92 4FL &2 NAD*
/NADH Hl& E4%& Zd#ste] WEZTEo} 7|5 o7
ROS THIHE FEEoRH ABAEIAS oA
(Huang 5, 2023; Tan 5, 2020; Yan 5, 2023). w2tA &5
=4 1S S HsiAl= acetaldehyde 231 S213} ROS
AAE B3t ARIAER A 20| F 8561 H(Hayashi 5, 2013;
Tan 5, 2020). $HH, butylated hydroxyanisole (BHA)S} tert-
butylhydroquinone (TBHQ) 5 3 FAISHA|= Z2ist g4t
o} S YRR A2 54 2 FF 34 X3 T
PR ZAIZE AZIHHA (Xu 5, 2021), olF HAE 4~ U=
QbHRE HA FASHAS] oo FREI Qlth

IAA(C. japonicum var. maackii)ye= =3}TH0] &= of
SfAo] & oFf AEE, 53] o, S, ¥ A 9 &
ol g2 ZE3HH(Wagle 5, 2019), U5, T, T8 5
ot oFE|eHy 42 YEdie 2o ® HIETHKim 5,
2022; Oh 5, 2021). 97 Fol+= hispidulin, chlorogenic acid,
silymarind} Z-2 A& E4E0] FiE0] e AoE &
24 QIth(Kim &, 2024; Nam -5, 2018; Rodriguez 5, 2017).
E3] 974 F+= scopolamineC.2 FEH 7] £AF nfeA B
dof|Al ¥ W nitric oxide (NO) S HaAZ|L A|A T4
35 JAISIH superoxide dismutase (SOD) 2 glutathione
peroxidase (GSH-Px) H&S Z7HA A A4S L X3RS &
= Yetdis Aoz HIHHKim 5, 2022). T3 JHH
= HEI S 1S nkeA mHofA 7F A, A5 2
AR2HE AAIste] fofn|et A% i arkE YEhle A
& HIE v} QItk(Che 5, 2021). 1Y ¢3S A B4
C& FUHE A IBF o FEEY AE ES 2o
et At Aok wEbA & A4 HepG2 AlZ2E
o] &3t H,0, B oflghe & &gl tizt 22 avs ¥t
FoaH ARH & 7hsde HESHIH

lo ey

2. M= I UH

2.1. Mz Z Alef

Sigma-Aldrich Chemical Co. (St. Louis, MO, USA)Z 5§
gallic acid, rutin, Folin & Ciocalteu’s phenol reagent,
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Na,CO;, diethylene glycol, potassium persulfate, 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), vitamin
C, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tris (2-pyridyl)-
1,3,5-triazine (TPTZ), iron (IIl) chloride hexahydrate, iron
(I) sulfate, sodium phosphate buffer, fructose, 4-nitrophenyl-
a-D-glucopyranoside (PNPG), bovine serum albumin (BSA),
sodium azide, pyrogallol, phosphate buffer saline (PBS), a-
glucosidase  from  Saccharomyces  cerevisiae, alcohol
dehydrogenase from Saccharomyces cerevisiae, aldehyde
dehydrogenase, potassium-activated from yeast, 2-mercaptoethanol,
streptomycin, potassium chloride (KCl), ethanol, minimum
essential medium (MEM), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), penicillin, 2'7'-
dichlorodihydrofluorescein diacetate (DCF-DA), fetal bovine
serum (FBS), H,O,, chlorogenic acid 52 TFYst0] £ AF]
ARE-519IT}. TS Daejung Chemicals & Metals Co. (Siheung,
Korea)Z5-E| dimethyl sulfoxide (DMSO), pB-nicotinamide
adenine dinucleotide hydrate (NAD)E FJ5lo] AR&-513Tt.
Acarbose, acetaldehyde+= Thermo Fisher Scientific (Waltham,
MA, USA)°JA U5} 0™, Tris basex= Phytotechnology
laboratories (Lenexa, KS, USA)ZX-¥ 5% tt. FUIIFILM
Wako Pure Chemical Corporation (Chuo-Ku, Osaka, Japan)=
5B Aminoguanidines F+J5to] Ao ARt 1 9
BE 8o Ak 1F ol SE& A8

22 F==9 FH
& AFolAE 20259 29 ATEE A Al & 4
E AzxSlo] W=l JAFA(C. japonicum var. maackii)s T+

Qsto] HaTF 5 Aol ABEAAT. 244 A2 5 g0l 0%
OlRh 250 mLE H7HE F, 40°C, 2417 27102 BF W2
229 APSAT, 22LUE Al AHAA S0 5 5
M 9 FEehuicols Y%L vuT o A9y 48 7}
SH2 EqH0E neisle] 40% olEHeR MBS ofF
No. 2 AAJoJ1}Z](Whatman PLC, Kent, UK)E ©o]-835fo] 719}
eign olihE 22ES SANTEEINN scries
Eyela Co., Tokyo, Japan)Z 5Z3}%ct 525 Alg= 52
7% 7](FDU-8612, Operon, Gimpo, Korea)Z AZ3t & -20°C
of Hysh ARSI

2.3 M2zt =Z°9 high performance liquid
chromatography (HPLC) 241

I3 A 40% A& FEZE(C. japonicum var. maackii
leaf 40% ethanolic extract, CJL)o]| X35 A& E4L 11
A5 A =2utE T |(high performance liquid chromatograph,

https://doi.org/10.11002/fsp.2026.33.4.759
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HPLC)E o]&3lo] 24519 tt. HPLC A|AE(Ultimate 3000
series, Dionex, Sunnyvale, CA, USA)YS AR&-313 2™ column
9] 3% Ci5 (250 x 4.6 mm, 5 pm; YMC-Triart, YMC Korea,
Seongnam, Korea)& AR5t A&+ 50% methanol® &
gt ] 0.45 pm filter2 of¥}sto] 20 pLA FYstAH ol
AoRL 0.1% formic acid7} EFE ZH4(A) 0.1%
formic acid”} 23 methanol (B)S AME0IR O RAJH|9
A9 0-10% B (0-51), 10-30% B (5-205), 30-90% B (20-38
), 90-0% B (38-402)% A5}t 42 1.0 mL/minS
2 AAI9 T, ASE diode array detector (DAD)E 0]85
o] 310 nmoj|A sttt AFEAS s EEEHS S,
10, 20, 50, 100 pg/mL 57} =2 TA FJAste] A=} 5
o 2700 EAGH &, #2549 WA WS HIFORE S
TAS Ao, Alre] 33 WA BETA dYste
AYgy 249 FFE AESHIH

24. FE0/H= g3 ¥ FEC/EL0/E g5 FE

FEYHE O 9 SEGEE0|E IF2 7|0 Hig
WS g5 st $3skitt(Jang 5, 2012).

224 I A7 3%} &F4, Folin & Ciocalteu’s
phenol reagent & 7% Na,CO; 88 ¢x}2 02 H7lsio] A
2004 BFEAIR O SFE2] B 760 nmoj| A EFF=A
(UV-1800, Shimadzu, Tokyo, Japan)E ©|-8-5}o] 51t}
1% gallic acid® EEEAZ ool AIe EEF40] Tt
o] 71 ATE mg gallic acid equivalents (GAE)/g extract® 2}
arsiet

ZETH ot 37Fo] AL Al diethylene glycold} 1
N NeOHE 72t ¥ 30°ColA ¥Azon], FHEe] A%
420 nmol|A] B A(UV-1800, Shimadzu)S o]&so] 1
A3t o] ruting EFEUZ sho] ZAJg BETA of
Ql5to] 1 AIE mg rutin equivalents (RE)/g extract® ZHAF
steick

2.5 2z 27 24 55

ABTS 2tz &7 842 5745t7] 9%t ABTS radical
solution 100 mM sodium phosphate buffer (pH 7.4)f 150
mM NaCl, 2.45 mM potassium persulfate I 7 mM ABTSE
A7 5 68°CoNA 3087 WS AIA AZBHT o]F wgol
S AL2oA 1087 W25l 0.45 um filter® oJ1}3t T, 4°C
oA 24412k Baste] Aol AHE3HGLh 24| A9 ABTS
radical solution® Z&42 345k 734 nmoj|A 47t
0.70 £ 0.027} HX&E Z73F ABTS 29 980 pLoj] A|& 20 L
£ 411, 37°CoA 102 BHAIR W, F33=2] 49 734 nm
oA B33 A|(UV-1800, Shimadzu)E o]-&5to] HA51gIch

DPPH 2}tjz A7) 48 27437] 915 DPPH 82 0.1

https://www.ekosfop.or.kr

mM DPPHE 80% methanolo] £33t F, 514 nmoj|A] &4
7} 1.00 + 0.027} =% 5]45to] A 25}%c}. o] DPPH &
H 145 mLo| A& 50 uLE E3oto] GRA0NA 3087 v
NZoH, T35 AL 514 nmol|A] B3 A|(UV-1800,
Shimadzu)E ©]-&-5to] E45Htt.

2.6. & 288 Y

[ -7

2

A 3182 0.3 M sodium acetate buffer (pH 3.6), 20 mM
FeCls, 12|31 40 mM HClo] %3¢ 10 mM TPTZ &9
10:1:1 H[ &2 Egoto] ¥H3AS A 23 & A5 &4
& Whg 1.5 mLoj A 50 pLE E3tata, YAlolA 3057t
WA OH, THES] A9 593 nmolA] UV-1800 E4HE
A|(Shimadzu, Tokyo, Japan)Z 415199t}

2.7. Malondialdehyde (MDA) & X &2f S&

MDA 73 oA 842 £4s7] st 457 9] C57BL/6
- AE Samtako (Osan, Korea)2ZHE 5kt nfeAs
12AIZE B 718 FAISHH, & 22 + 2°C % F&= 50-55%
o F2, F& UM ARSI Ade fsf vheao 3t

(pH 7.4)E 7toto] FAZ}SHIE F-A-L 12,000 xg, 4°CO
Al 15EZE AAREsH AL, AT HE Ao ARSI A&
0.1 mL, 10 uM FeSO; 0.2 mL, A5 0.1 mL, 0.1 mM
vitamin C 0.2 mLE Z%st § 37°Co| A 1A]7F ¥ESA|F ).
U8 & 30% trichloroacetic acid (TCA) 0.1 mL, 1%
thiobarbituric acid (TBA) 0.5 mLE 7}t 80°CojA] 20&7F
HRSAIF . o] filEesto] A A5 FFEE 532
nmof| A B3 A (UV-1800, Shimadzu)E o]-8-5fo] EAI5}
Aot B3 =gty sEEEH Yy 59l AA
2 FEAEE AFPSIHBAATEH TG A oUW
3: GNU-250717-M0164, 5Q1Y: 2025.07.17.).

2.8 a-Glucosidase %X 2 =&

a-Glucosidase 24| G3}= sodium phosphate buffer (0.1
M, pH 6.9) 50 uLo]] A& 50 pL%} a-glucosidase -&4(0.5
unit/mL) 50 LS @37 37°CoA 1087 ¥H-3A171 H, PNPG
|H(5 mM) 50 uLE F7ksto] 37°ColA] 587F HESAIA £A]
ol WS-8-99] &30 = 405 nmOJ|A] microplate reader
(Epoch 2, BioTek Instruments, Inc., Winooski, VT, USA)S
ol gslo] Z4alsict.

2.9. Advanced glycation end products (AGEs) 44
o 28 5&

AGEs 34 94 &AL 0.2 M sodium phosphate buffer
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(pH 7.4), 50 mg/mL BSA 0.3 mL, 0.02% sodium azide 0.9
mL, 1.25 M fructose 0.3 mL @ A]& 100 L& &3s}0] 37°C
oA 3UZt RESAIXT & BA5I3IT §Hgo] Bt F 7t vk
£ black 96-well plate©] 100 pL® B35}l 0o §349] FL-
% W 370 nmet WS Y 440 nmoflA FFFEA
(Infinite F200, Tecan, Mannedorf, Switzerland)E ©]-8-5}c]

wAsteit

2.10. ADH %' ALDH 24 =&

ADH ¥/ Bergmeyer?] ¥WHS #WEsto] ES4otAtt
(Cha £, 2009). 20 mM NAD 20 pL, 0.2 M ethanol 100 pL,
1 M Tris buffer (pH 8.8) 300 uL 2 FF<= 400 uLE =3t
T A& 50 uLE 37ksto] 25°C 27004 1027 ¥HEAIZR T
o]% §h-g-of 5 units/mL ADH 50 uLE F7Fsto] 932 74
Aottt 39| 72 340 nmO|A microplate reader
(Epoch 2, BioTek Instruments Inc.)E o]-&o}o] HA4]51%1 0,
ADH /42 Al5E 37I5HA] 2 tiRat tiH] A 2/4(%)
o= AAlsloitt.

ALDH &4-& Koivula ¥ Koivusalo®] HH-& HYslo] =
A3}ATHCha 5, 2009). 20 mM NAD 20 uL, 1 M Tris
buffer (pH 8.0) 80 uL, 554 400 pL, 3 M KCI 20 pL, 0.1
M acetaldehyde 20 pL & 0.33 M 2-mercaptoethanol 20 pLE
Z3E GAS A 25 o] F A 23 8 30 uLoj| A= 30
uLE S5 25°C 20A 1027 ofjH] BREAIR O H, 1
unit/mL ALDH 10 pLE F7}5to] ¥k3-S 7fAl8lqic} S35
9] 7% 340 nmOol|A microplate reader (Epoch 2, BioTek
Instruments Inc.)S o]-8&3}o] X519 0, ALDH 42 A|

2 koA ohe da el Al 2He0 02 A

2.11. ZHE B & AafX 240 et HE 235
gt

E JFo] ARE-E HepG2 A|E(KCLB-88065, Korean Cell
Line Bank, Seoul, Korea)x= 10% FBS, 50 unit/mL penicillin
9 100 pg/mL streptomycin®] 3Z3%E MEM HjZ|o| A 37°C,
5% CO, 270 wjoFs}gic).

A PEE 572 915 HepG2 AZE 96-well plateo]] 1 x
10* cells/well2 BF35}0] 24A17F Wi & A& 30 uLE A g
Sho] 24417k vjoFskgITh. ©]F 200 uM H,0, 10 uLE 34|17t
Aelstglon, ogks AgTo= Alm A2 3AI7F & 200
UM ofeHE2 24417 A5ttt ¥ & F 10 uM MTT
AJ9FS 3AIZE Agstal vjAE A|AZE F DMSO 100 uLE 3
7kl o, 349 ¢ 570 nm@} 655 nmOJlA] microplate
reader (Epoch 2, BioTek Instruments Inc.)E ©]-8o}o] EAs}

At
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T Y ARBSIAEF A 52 black 96-well plated] 1 x
10* cells/well2 B-F3}0] 24A)7F vjoF 5 A|E 40 L= A2
Sto] 24 A7t HjQFSHITE. ©]F 200 M H,0, 20 uLE A 23}
of 3AIZF B3 WRAIF oW, g AP oA ARE A
2J5kal 3AIZE & 200 uM o[t A E|5to] 24417 BHEAIR
t} 8k £8 3 10 uM DCF-DA 40 pLE 7}sto] 5087F vt
SAHROH, 7Y A EF I 485 nm 9 HE o 535
nmo)| A FFL A (Infinite F200, Tecan)Z H-AI5}Tt.

2.12. 84 24

BE A8 37 o wEsle] sl ATe B2
(mean)d} FEFHAKSD)Z A|AIStH . Independent sample
t-test@} analysis of variance (ANOVA) ¥ T12{ Lo} =i 24
o= GraphPad Prism (version 10, GraphPad Software Inc.,
Boston, MA, USA)& ARE5}% 1 Duncan’s multiple range
testo] &= SAS software (ver. 9.4, SAS Institute Inc., Cary,
NC, USA)E A5t} TS Shapiro-Wilk test2 Z+ H|o]E
9] AL 81519 thhttps://www.statskingdom.com). T 3
o 7t ¥|WE independent sample t-test, Al Y oJARS
ANOVA 3 Duncan’s multiple range testS AA|s}o] p <
0.05904 79442 Aottt

3. Ay o jE

31. YRy S5 oI

CILo| z3te =g E45 grlsty] 9o HPLC &4
< A3t A Fig. 1A9F Zom HYFEAS 9o #2828
2 A] chlorogenic acidE &4t A7}+= Fig. 1B9} £t} 14
2310 nm oA SHFHILOT, UV-Vis AHEHT} EZ
=49 retention timeg W3] YA oRE SR
HPLC 24 Z3}, 310 nm 3ol 4] 23.0280] UYehd 13+
chlorogenic acid E52529] 13(23.078)2} HEE A7t &
AFoF 0™, similarity= 997.55% &QI=|Qltt. ©]% chlorogenic
acid E#EEES ol-&oto] 2 #EFA0 78E H29
HAZS HYste] AZst A3}, CIL % chlorogenic acid®] gt
F2 27.36 pug/mg (dry weight) &2 LFERITE ESE 33,1959
AEH 13 AYAFIA Hid 937 48 42 &&=
/4% vjustt}. Jang¥ Kim(2016)2 ¥4H F==9
HPLC H-Aof|A] chlorogenic acid7} B|2 & %A F7H|A &
£+ dH, linarin 5 A2 0 & F4o] Yo ZatH o|=
Fe w4 FHHROA 8EHE A Btk & A7
A 3319800 HEE H= A olet && SAd] 71l
linarin = 0|9} FARE St o|E AE 47U 740l
At
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(A) 400

WVL:310 nm

Chlorogenic acid

300 - HO, LOH 2-3319

200 - OH

100
T T

-50 — min

N B e e e e s e T T

30.0 35.0 40.0

(B) 350 mAU WVL:310 nm
1-23.07
HO, CO,H
80 g 0
Z
£ 60 Ho B 9
200 - 5 OH
g 40 OH
= y=072x-0.22
o Ri=1 Chlorogenic acid
100
0 50 100 150
Concentration (pg/mL)
] Jh
i
T T T e S T T s

0.0 5.0 10.0 15.0 2.0 250 30.0 35.0 40.0

Fig. 1. High-performance liquid chromatography (HPLC) analysis of chlorogenic acid in the 40% ethanolic extract of C. japonicum
var. maackii leaves (CJL). (A), HPLC chromatogram of CJL monitored at 310 nm; (B), chromatogram and standard curve of chlorogenic

acid at 310 nm.

Chlorogenic acid= Ao g2 £Aot= A& 313
E2, caffeic acid®} quinic acid®] ester 20 &2 o|Fo0jZ] 35}
FE0]th(Huang 5, 2023). Chlorogenic acid:= nuclear factor-
kappa B (NF-kB), mitogen-activated protein kinase (MAPK),
nuclear factor erythroid 2-related factor 2 (Nrf2) 52 9 Al
SAY ARE ZE3FO 24 tumor necrosis factor-o. (TNF-a),
interleukin-1 beta (IL-1p), interleukin-6 (IL-6) 5 ¥Z5A4 AlO]
E7RIS I oAlsty, At 4% B 2R E A2t
FAg Hoske Ao® 4A Uth(Huang 5, 2023). 53|
chlorogenic acide= ¢F-& & 7F £4F C57BL/6 tp-A 2
oA HEZEol f ROS E A2 Y ROSE AAYCE
A GFE HFol o3t ASMAEFAE A3lolal, DNA &4
2 A5 Aol AR SIS dATCEN dIZ K
o ARE AlE AN 2RSS daATle 2R Hid
Hh ItH(Kim -5, 2018). |23t AT A5 Fodsto] & o,
CILY %8 H=A4 AHE S3HEQI chlorogenic acid’| &5
o T2 W4 ARED W 2 dvold Bad S g
A9 IAE BT Faj] BEEOR FofiNg 5HE 3

(o]

AR gtom @ FZ liquid chromatography-tandem mass
spectrometry (LC-MS/MS) 5= &3t 2|84 A8 54
% 4% 4ol Baste

3.2, gl g4

e R NS HEF B A BHoR QA
ROS 440 A4 02 3w, SeahA] 448 ROSE A
zopo] A A, HEREo} 7% o4 W A AEg
fste] ZAE £4 2842 % Ytk(Tan 5. 2020). ute
A ROSE AASHT. A THIBHE: OAISH: kst TS 4t

https://www.ekosfop.or.kr

SIAEG Aof o3t TN &S Aetsl= o] 83 93
S & Ut oo & AFoA= Hy0, E ethanolo] 93 {&
T E4o] tigt CILY) B3 7hede SHilstr] s,
A} A& A g A, d S 9 A1 E kst
oA 2= Fristainh

WA CILY] gikel EA4dof 7104 o Sl Hled RS &
% Falst] gl Bl % SEuiolS WIS 243t
GTH(Table 1). CILY] Z3 3H2ES 68.58 + 0.90 mg GAE/g
extracto| 0™, FETFH o= SFEL 4730 + 2.78 mg RE/g
extract® 2 YERGTH -2 235k A5 Eclipta albal] 80%
U7 22Eo|A ZHi 30| 31.67 + 3.82 mg GAF/g
extractO. 2 H 1% A¥} vH|wshH, CILE Ajdozg =2 =
¥ g et 202 FRIE Itk (Yaday 5, 2017). £
e Eepaieosh g SblE vgoR HAp
08 AT A4AILE FHANT S oI
= d7AY A= F A A&t (Huang 5, 2023). 9
ZFoll= chlorogenic acid®} hispiduling Z3st thofFst # &
) SRetEo] 9hREo] QloH, ol AR AREHE 44 ¢
A4 i A BS UEtlle A 2& HirEo] QIth(Kim
5, 2024; Patel -5, 2017; Rodriguez 5, 2017). WetA £ A
oA geld FulE d FEGE oL TFS CILY FAiks}
e Hcke IR 7INte &g A8 7hsAdo] itk
gk chlorogenic acidg A| 9|3t 7 w9 T3 S4s AH
BrlelA] gorouE, CILY 3HAlst s B4 ol AEE
o 2250 pd et Aud seEe) BaEel 483}
2REAS 74l Uk

CILo] AHEttdZ AASIL Als} - SRkSS 24T &
QA% SIsty] 919 ABTS 5 DPPH 20jz 27 43}
3 AL 2K Table 1). ABTS iz 47 24

o uoll

[¢]

0
)
ol
ol

IS



Hepatoprotective effect of Cirsium japonicum var. maackii

Table 1. Antioxidant activities of a 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)

TPC TFC? ABTS® DPPH" FRAP®
CIL 68.58:£0.90 47.30+2.78 996.18+10.55° 2,755.54+14.90° 0.52+0.01°
Vitamin C 111.53+0.70° 121.24+3.27° 1.79+0.02°

YTPC, total phenolic content.
ITFC, total flavonoid content.
JABTS, ABTS radical scavenging activity.
YDPPH, DPPH radical scavenging activity.
JFRAP, ferric reducing antioxidant power.

Results of TPC and TFC are presented as mg GAE/g and mg RE/g, respectively. Results of ABTS and DPPH are presented as ICsy value (pg/mL).
Result of FRAP is presented as absorbance value at 593 nm. All values are mean + SD (n = 3). Different small letters (*°) indicate statistically significant
differences between the CJL and vitamin C at p < 0.05 by independent sample t-test.

A CILY ICs 996.18 + 10.55 pg/mLE UEF o, oFA)
%391 vitamin C2] ICs¢& 111.53 + 0.70 ng/mLo]git}h. DPPH
g 27 FAAE CILY} vitamin C9) ICs0] ZHzF
2,755.54 + 14.90 pg/mL I 121.24 + 3.27 pg/mLE Q19
‘3} CILE FA) 29l vitamin CETF W& o)zt &7 &4
= UE oY, HAE fd FEEYS 18T o fonet
ABTS ¥ DPPH &z A4 EA4E YeElH Aoz Atz
ESH -2 =251} 259l Aster yomena®] 60% EHE &=
o4 ABTS ¥ DPPH =tz &A 1Cs°] 2+ 1,640.30 L
2,655.10 pg/mLE R H A3} v|wahdH, CILS DPPH &t
Z oA oAM= FARE 55 EQl ¥H, ABTS vz
27 oA AR W2 ICsoZ LB Xd‘ﬁa r
A FEEEA BnE % U 44 AAES Eo
(Kim 5, 2024). APAFAE J3H ollet= %z“’ 2 £
s EGErolEE RSt 1249 ABTS ¥ DPPH
gtz A S4E Uels 208 BaEo] 2 A e}
QARG A3FS HYtkJang 5, 2012; Kim 5, 2024; Nam 5,
2018). 3HH, Akt S ol 2AF ol MR} FoiE
E35l gYgiogy Hr8 4= 9Qlk(Jang¥} Kim, 2016). o]o]
CILY] 3 FYES AT 23}, QLS 1,000 pg/mLo]A
0.52 + 0.019] T4% S YJeRY o, vitamin C= 200 pg/mL
oA 1.79 + 0.028 et CILS A tf%29l vitamin
CHO W32 3% 2 YA dAE A 2592
ree ff fouigt $EEE AU = AoE *}Eih'% o]
23t Axte IAF FE=0] 4 FdHY AAF oS UE
HEpaL B8 Jang 5(2012)9 AT ATRtE FARE A
S Kot}

MDA ROSO| 95l FE5= A4 dikate] thi2el 2
T AER, oA 9 Sk ghgoto] Al 2utat njEEE o}
9] 7152 &-3AIE & Uth(Tan 5, 2020). °]9] CIJLY] 2t
Z a7 9 ARgo] EAdo] 1t 22 29 A TSt oA
2 oo & UsAE gRlsh] Hsl A 7F FEHo A
MDA B4 A &4 SH5IItHFig. 2). CILY ICsp

764

51.85 pg/mLE et om, YRR pyrogallol?] ICse
143 pgmLE SRIEQITh & AtoflA ER1E CILS] MDA
A A BAHICs = 51.85 pg/ml)> Z-2 =9k} A<
Eclipta alba®) 80% YTL FZE0] 7t AN A Yehd
ICso (126.99 pg/mL)ECH YQFon CILS 8w & 943} ol
S H9tH(Yadav 5, 2017). o213t CILS] MDA A4
A 7= AdAF 2ZEo| A544 &4F nEoA ROS 2 7|
4 RS A7, HSESA AE 2EoA 7F U
MDA %#-& AstAth= APAT 2}t FARE FFS 1
AcHChe 5, 2021; Kim 5 2022)

T, L w=4 9}° 3t 9om, ABTS

% DPPH 2tHgd &7 8743 & 211 < =35 Aoauze
AASAL A2E ST & e ket 542 Uil B

Uhe-2 ZF A oA MDA B4 AR A= ol &

100 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)
(IC50=51.85 pg/mL)
< _ 8} g
= b
L | = ==
=5 c
83 60
= i d
£% -
k] E‘ R J -
] g 40} —1=
S35 e
=
L€
© —
= 20
Pyrogallol 20 50 100 200
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(1C50=1.43 pg/mL) Concentration (ug/mL)

Fig. 2. Inhibitory effect of a 40% ethanolic extract of C.
japonicum var. maackii leaves (CJL) on malondialdehyde
(MDA) formation. All values are mean + SD (n = 3). Different
lowercase letters () indicate statistically significant differences
at p < 0.05 by Duncan’s multiple range test.
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il

Atst &/do] Akt Ze] A gheloll 224 ¢, 7 23]
|4 Aol A1E AR AHEEg] APS AT 743
| 928 Hoj&Ee} webA CILe g &4, Axlgo] ¢
14 A5} A B AFAEG AR SUEL AR &
Ae Afots d ASE$HOZT 70T THsAdo] gloH,
H,0, ¥ o2 % HepG2 A|3E &40 tfgt CILY] B
3 59E sk 2A € 4 Ut

e}

il

]
o

N
=

o

3.3. a-Glucosidase Z& % AGEs & YGH &2
THAQl 4 S AFe el AedEy =g A
< wEheto] eyl AP LGS FEL 5 loH(Carr
o} Correnti, 2015), ¥/ 73 T A= A2E G
o] HlHa}A ZHlEL Aog HiEo] QthWard 5, 2025).
A%4e TBFS AGEs B4E SA5}9], AGEsS} receptor
for advanced glycation end-products (RAGE)2Q] A2 A|x
 ROS /g7t NF-kB W7l 454HE-2 SEAIA THA| 0]
QL A - B RS AT S UekTakeuchi 5,
2017). Wt B AojME CILo] Y A% 9 golhsy
B9 Y Beg sl RsAo] YEAIS s 9
3 a-glucosidase @ AGEs A4 JA A4S HrlstAt
o-Glucosidasei= 2lo|] ©3E2 F5 7Hs3 99F=E
Bofete] 4% Y J5o] Boldhe AsHEAoITHPm 5,
2024; Takeuchi 5, 2017). W2kA] a-glucosidase A= 415
A 952 AIAA ASH TPl OJF D ot
22 AAIE 4= 9 Mo AA|EI 9thPan 5, 2024).
SHA|RE acarbose 5 o ARl A FAH-Eo] Halk o]

(A) 100y, 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)
(IC50=631.53 pg/mL)
a
8o I
=\° oy
m -
N = C
c Q =
oL 60f
'S d
o
o> T
20 BI=
o 40f e
1 _.9 f
o _E —_
201
0 T T T T T T
Acarbose 100 200 500 1,000 2,000
250 ug/mL

(1C50=153.21 ug/mL) Concentration (ug/mL)

%01, olF AL HA=E 2l JAAf gt Bl =oAL
Qlth(Rosak 5, 2012). o]& HFEO &2 CJLY o-glucosidase %
A AL 243 AT}, 1Cso 631.53 pg/mLE YERGOH,
FAYZH2l acarbose?] ICsS 15321 pg/mLo|th(Fig.
3A). 22 233} 21591 Taraxacum coreanum M-S FE5&
9] a-glucosidase A IC5°] 1,623.08 + 184.40 pg/mL=E B
1 AT ¥ wSkH, CILE 631.53 ng/mLo] Joidos 22
ICso& UERo] v 2 243t g-glucosidase A S
HtH(Lee?} Whang, 2018). CILo] X2l a-glucosidase A
DL 4% U A5L BeiEonH A4 Tddos
FESE Y Yoo} ASAE A RS 44T 5 9
the Mol AR B30l Fjoje & g Aoz AR
ESE AYAT) A chlorogenic acid+ a-glucosidase@} H]F-5
Ae Baolo] B VAL ool Aew Hadyn
(Jiang 5, 2025). w2k CILQ] a-glucosidase A EAJol=
chlorogenic acids Z33H thokst HlE4 3gE0] Bido
2 HofFlE 7Fs/dol et 18U i AFto]l A= chlorogenic
acid TE AeiEolut the F T4 4ol $4L HwsiA
Qofors, P 4 oA AIE 54 4ol Hgow X
A A5tz AZE AUk FFoll= chlorogenic acid R
272 B4 20 4R 0% - £ A 2aEy 9y
H| WS 53 CILY a-glucosidase A &40 7]of5h= &
33 4sge FALCR U 9ast Utk

A%249l 1] oJa) =R AGEsE: RAGE A58 2
Hoslo] ASAEAAY GEMSE EAT 4 glomm
(Hayashi 5, 2013), CJLY] @93} 7Fs/d2 E]Ist7] 918 AGEs

(B) 1501 D 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)
(IC50=113.20 pg/mL)

-

o
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T
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Fig. 3. Inhibitory effects of a 40% ethanolic extract of C. japonicum var. maackii leaves (CJL) on o-glucosidase activity (A) and
advanced glycation end-products (AGEs) formation (B). All values are mean + SD (n = 3). Different lowercase letters (*') indicate
statistically significant differences at p < 0.05 by Duncan’s multiple range test.
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B oAl B4 S7dsIIth(Fig. 3B). 1L 23}, CILY ICse
11320 pg/mLz YUERLO™, R z+9l aminoguanidineﬂ
Co® 4847 pgmLol9le). B, 2 It 429
coreanum HEHE 2ZE9] AGEs A A ICso2 360.41 +
23.58 pg/mLE H 1% tH(Lee?} Whang, 2018). 0|2} H| w5}
o CILE Aoz B 1CuE Hehthol, Z3H} 4% 2
22824 S5 AGEs 44 oA BAS e ol
% 2T CILO| AGEs BHE AT & %8S RolFw,
A7 FEE0°] BSA/glucose Y aldehyde-derived glycation
RelolA] AGEs BAE SIStk HHRIT AolE 4}
St AFE HAH(Yoon 5, 2022).

Z38I51H, CILS a-glucosidase 47} AGEs AAE A
stol 4% e 4% 3 PspLea pale gAY g o
S AL Uec ol2d $5 A4S AGERAGE
%0 w2 ROS 4T NFxB o] BEUSE oo
2 AR 5o HAHOR s]ofe 750 ek T2t
T AsHg FE2o Ax 25 g3t 749] A AQ 1A
& A%E7 ggtene 27bE9) 714 A7} wasid,

=

34. YT=Z [JAF 23 gL 2E

AHE ¢IE2 F2 ADHO| 9J5| acetaldehyde= A5}
%, ALDHO|| 9J3 Ao g Hio] W2 acetate2 ZTHH
ot 18y g3 A Yol A EAsH= NAD/NADH H|&
9] #3519} cytochrome P450 2E1 (CYP2E1)& £33 AL 7
29| B43k= ROS B2 5712 4= 3L2H(Tan 5, 2020),
AY/3% ROS= ALDH 42 ASHAIE 4= Q= 208 HilE]
o] 9thMoon Z, 1993). 3+ ALDHO] M| 588 Z3}s}o]

(A) 200p

D 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)

a
1
e

-

4]

(=]
T

b
=

C
1
.

Alchol dehydrogenase
(ADH) activity (%)
g
o
|1Q

o
(=]
T

Control 200 500 1,000 2,000

Concentration (ug/mL)

¥ acetaldehyde= 733t ZIAHAA
A D 223} ZAgsko] adductsS "53
AFNES PURORA E
(Lai 5, 2024). webA 432 {3
Q5| A+= acetaldehydel] &% Z:.
AF Yol A S71ske ROSE
3ol A o] £33}t (Chen &, 2015 Tan 5, 2020). ©
OE‘?Loﬂ’ﬂh CILo| &g tiA} A A §hg] mA= JF
< slolsly] 98] ADH 2 ALDH TS =A519c}.
ADH &4 &% 23}, CJLL 200 pg/mL =LA 100.20%
E HRTY 100.00%2F FARE S HEon, 500,
1,000 ¥ 2,000 pg/mL oA+ ZZ 110.00, 122.14 2
158.57%% sk S7t° w2t @] S7tet= AT Bt
(Fig. 4A). ALDH /42 tfx+9] 100.00%2}t H]w5to] CIL
500, 1,000, 2,000 2 3,000 ug/mL FENA Z+Z 104.19,
127.31, 164.07 2 178.04%% Z7}51%.0 1, ADHS} QAFH]
=T o2&l A3k UERNth(Fig. 4B). ADHO] 2J3t ethanol
9] Ar5ke}l ALDHO] 9J3$t acetaldehyde®] A|A+= AL o2
olol = ¥Hgol B, CILo] & B4e B4 T Z7MA
7 A= 43E A I 84 BRSS EXT VeS|
ojt.
ATl T2 97

g Ay
T oy, o
ot
PT
e
e}
[>
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I,
[

K

2Zo

FEE2 silymaring H]
Qo ™, silymarin<e
gy 24| ol 5
o7 HIFQIH(Nam 5, 2018). TS JAF o] o7
2 4 Z arginine, aspartic acid ¥ alanine 5-2] o}H]
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Fig. 4. Effects of a 40% ethanolic extract of C. japonicum var. maackii leaves (CJL) on alcohol-metabolizing enzyme activities. (A),
Alcohol dehydrogenase (ADH) activity; (B), Aldehyde dehydrogenase (ALDH) activity. All values are mean + SD (n = 3). Different
lowercase letters (%) indicate statistically significant differences at p < 0.05 by Duncan’s multiple range test.
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248 7M1 75430l AAE B 3tk(Cha 5, 2009; Park
5, 2020). webA] 2 Aol E9lE ADH ¥ ALDH &4
S7he CILo| S8 o8 89 EAQl 283 #=
= 7ol Qith oF&d A ERRIE CILY ikl A4
UTE At BAoA F7oke ARt REE
Ao g 7|4 4 Ut
Z3tshd, CILS Alg# Y 84 WhSo)A ADH 9 ALDH
S W VA EEE YA B B vgE 2ET
7Hs/3E YeRHT) o3t EAJL acetaldehyde 43} oo
w2 ALY &A1 45160 24 ethanol - ZHA|E &4t
i3k CILY B3 7S By os SISt 4= Qlrt. oigt
H Lo AL silymarin, ofn] kAl 9 T2 LA AHEO| Sl
T /i 71e=g A BkeHA] 49kon, ADH ¥ ALDH &
A AT W B4 WG oA ZRIskGinh wEbA] e
=2 ndojA ADH Y ALDH &4, NAD/NADH H|& I
b & ARIAEY A ARE A A4St CILY 43E
A 2283 7 28 adE 759 997t Qioh

Hofshe H 2

3.5. H.0, &
25 &1

H,0.= Hesz Alazo] 2342l *PE}AEEHAE Frdhe=
WA, oflghE Al 24 2] ROS A3/, Aket - & &4
el acetaldehyde Z2o] Bolzxog Falslo] 7HAE AR
QustHLu 5, 2024; Tan 5, 2020). WahA] 2 JojA=
AR OE 7102 fEg AR &4 24904 CILY 7HA4]
X B3 a3E grielr] §8) H.0, ¥ ofeh& *2] HepG2
Az BEET AIZ Y ROS 25 SHSHIH

H.0,2 F9 AEZ=A0 st A Z J2E&E =73 243
& Fig. 5A] AABHATE H0, Ao N2 BE2&2 A4
22 100.00%2} Blwste] 71.12%8 Z+AsHych wHA,
CIL AZoA= 5= JEHoE AE PYE&o| F7lote
OFAFS HYlom, CIL 100 pg/mL A LofAL 114.35%
Ueh} QR Rl vitamin C 200 pM 2 2]L(87.75%)0]| H]
S 9t AlE BEES YR H0, A2of wE Al
| ROS 322 AA} th272] 100.00%2} Bl W3dle] 137.34%

2 Z7Fet9 ¥HH, CIL A2jioAs 5% Q408 A
Y ROS 4=2o0] Ztasks AFS B0, CIL 100 pg/mL
A2 A= 105.14%=2 YERY FAHZTQ] vitamin C 200
uM 2 2]7(110.49%)3 F-AFRE ROS A7 A 235 YEy
AcH(Fig. 5B).

HZE FEd AR=/F] et A JE&2 78 2
3, ok At Al BEEL B4 R 100.00%2
H| W5k 67.76%= HASIATE BHH, CIL A2olAe %
e o= Alx PE&o] Tk AdF= Elem, CIL 100

! OJEtSE R E A Z40) L5t ZH{E
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ng/mL Ao A= 99.36%= e FAURTI vitamin
C A2(92.03%)T FAFSE AlE HE2E&S e ATh(Fig.
50). gt Ao IE AZ Y ROS 32 B4 29
100.00%%} B]m5te] 133.43%% Z715F9ich v, CIL A2
ToME T YEHOE AlZ Y ROS 50| HFasdhs AT
< H9lon, CIL 100 pg/mL Ao 102.67%= et
U AT RZQ vitamin C A 2]£(102.50%)3 3-AFE ROS
8 A s L}E}LHO*EHFig 5D).

o]4}9] Ail= CJLo] H,0, € oehe g §5H T AX &
g BEoA Tk 9EXoE ARZ Y ROS F4& A5t
Al 2L JEA7= AE YEHSE Bost o=

CILO] T2 Ho a7t A4 A Q0 ASIAEH A 229 =
SHEA| AL, AFE AR} acetaldehyde A/g0] Tofsh= &
ARl & 2AGAE UEhg 5= 32 AARITH

ZHHIEZZ §9" 4722 & ADH, microsomal ethanol-
oxidizing system (MEOS) ¥ catalaseE 53| tjAIHTH E3]
MEOS9] #Q &49l CYP2EIC] &A3}E™H superoxide®}
H,0,E B|Ee ROS /0] S7Foh= A& 44 UrH(Tan
5. 2020). QA 2AAME AJ44E ROS7H "HOW FAks}
oA Al ofsh AAL AR, A&HQ L kE ABIA
EdAg QU 5 . ofe ABAEYAL Y T3
o v|ERE o} 1% ol RS, §E4 AlolE7Hel Al
B9} AE A ARE BYI] AT 4L FAZ 5
QtHTan 5, 2020) AYPAo|A JAF FE552 TBHPZ
AbStA £ARS 3t HepG2 A|ZEO| A glutathione (GSH) 4=
&g 48l Nrﬂ/heme oxygenase-1 (HO-1) gALs} Hro] 7
EE A 24kl N BS ads YRt (Jung 5,
2017). FAH TR H=4 SHE S oSl chlorogenic
acide g f= 7F &4 52 E““J"Jr HepG2 AL Al
ROS AL 7+AA 7|1 A} HHo]--8 7 Alsto] 7 Z &
AL golsts Ao g B 1% THGranado 5, 2007; Kim 5,
2018). o]=3t APAE 1T wf, & AoA ERlE CIL
9] Al W ROS #A9}t A2 BEE 3]E= chlorogenic
acidES Z St thofst AE|&A] AHE9] ghikgt Ago| Bola
O 7 AAFS 7Fs/dol ok 53] 4Af gRlE Il 2oz
275, A g 9 MDA 44 A 24 H0, ¥ gk
A2 2204 Hef AE ) ROS 249} Al HEE 27}

=l o]—-‘:- AlGE EAJo g B 4 Qi) Bup O}L]E]- CJL
o] dFE thal oA FAEE 4514 o4 ROS
< RFEAU, Nrf2/HO-13} 22 HjQld At Hoj A A 2] —71:
Ao #AR=E 7= 1T 5 QL

%‘?J'O]'tﬂ, CJILE H,0, | 7‘< oﬂ % i{ﬂ HepG2 }‘ﬂioﬂj‘i
71t ROS 55 AAAZ|IL A|E BEES IFAIA, A4
A ASIAEFA 9 AFF thAL Lﬁ AR &30 gt 2k
AlE 2o 7Hs/de UERlH. o]=gt adol= CILY] 4344
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(A) 150 -- 40% ethanolic extract of C. japonicum var. maackii leaves (CJL)
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Fig. 5. Effects of a 40% ethanolic extract of C. japonicum var. maackii leaves (CJL) on cell viability and intracellular reactive oxygen
species (ROS) production in H,O,- or ethanol-treated HepG2 cells. Cell viability (A and C) and intracellular ROS production (B and
D). Cells were pretreated with CJL (10, 20, 50 and 100 pg/mL) or vitamin C (200 uM; positive control) and subsequently exposed
to H>O, (200 puM) or ethanol (200 uM) to induce oxidative stress. All values are mean + SD (n = 7). Different lowercase letters (*¥)
indicate statistically significant differences at p < 0.05 by Duncan’s multiple range test.

Ql iz &4 E AF FHalst A S A W At
S} WojA|A o] o] EtH oz ol 7MsAo] Qlck. o
o 2 oA CYP2EI, GSH ¥ Nrf2/HO-13} 2+ At
5} & A 1#eF NF«B 2 F34 AO|E71QIY] WskE AH
EAGHA] gto g, CILY ROS 748t 7 E HE o
Hofsle EAE 714E 71 2SS "at

768

4. 2%
2 A7 9389 o oEE 40% FEE(CID2 %Ws}ﬂl
A4 AT RE RN BT FItE BrlstuAt 4

Hdtt. CILY FHE g SEHLolE g 71-71-
68.58 = 0.90 mg GAFE/g extract®} 47.30 + 2.78 mg RE/g extract
2 UEom, HPLC 4 23 E2]5=< chlorogenic acid
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7F 27.36 pg/mg dry weight 3750 132 ERlsH3t). CIL
< ABTS % DPPH ZHZ &A%, & gl 4 7+ 2 Ao
Mol MDA A4 oA BAM WS BHS Ueny,
chlorogenic acidZ B]&3t Thefst Hl&A lgEo] Al &
4 gisjol 2o Jolge K54 e Bolerh Eek CIL
L g-glucosidase JA| 4], AGEs A A a3}, ADH ¥
ALDH 242 Ueh) o it 2 3.8 it el Akshae
g g5t =82 £ 7HsAdol AUtk CILE HepG2 Al
A HO0, 9 oehZE FEE AL U ROSE HAA7]AL Al
HESS 2AAT ol CILo| ASAEAAR Qg 714
I &S Skt 5 USS HolFH, CILY 4kt 4w
U3Z A T o] oj#et HE fato] IR 7|98
7Fs3E AARRI. T8y & A= CILo) e ' 5
chlorogenic acid?-& AFslF o, 7HAX B35 a9} 3
2 EAH 718 FEoHAl Eokgitke 7L Qi T1dol®
71&] EH R HiEd YT FEE9] A P -
7 HE RS 5Y 23204 FRHOR BT, ol A
202 &4 29108 95 HepG2 AL B35 70t ¢
SHithe HollAl 29j7F et o]t Aite FF FFE4 7T
qgo] oy 9 Bals 9T AAR 87 7154 24 o)
NzARE Bed & U Aol
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