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ABSTRACT

Six kinds of domestically cultivated thistles were collected and studied to compare their

silymarin contents, antioxidant activity alcohol detoxification and liver protection effects using
rat primary hepatocyte. There are Cirsium pendulum, Cirsium setidens, Carduus crispus, Cirsium
Jjaponicum, Cirsium japonicum nakaisanum, and Cirsium japonicum spinosissimum. Six types
of thistles leaves were extracted using 80% ethanol and among samples, Cirsium pendulum
thistle showed highest silymarin content (61.2 mg/g DW), alcohol detoxification (15.2 mU/mL)
and antioxidant activity (ABTS and DPPH radical scavenging effects). Also, Cirsium pendulum
extract showed a 85% liver protection function over ethanol or hydrogen peroxide treated rat
primary hepatocytes, similar effect with silymarin (87%) as positive control. In conclusion,

those results indicated that Cirsium pendulum extract is likely a superior functional food ingre-

dient with liver protection and alcohol detoxification.
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AL (Cirsium Miller)2 =+3}1H Asteraceae) 2]
= lo}l(Asyeroideae) Y73 7]5(Cynareae) Y73 7|0}
=(Carduinae)ol] £5Re Ao A AAZOR
EZBCHKim and Won, 2009). 473 (Cirsium japo-
nicum var. ussuriense or DCy= 2@ 22 A3t &7]+=
A HAN Aoz wA HER won), ahist
% 9 7 B Ra} sk Aeleloleks

82 ol SHRakL Uk 2eiA ArkKarkans
et al., 2011). 2FHZE= FAAAF(Cirsium pendulum),
gt k= 12 A3 (Cirsium setidens), A=
Hu| YA (Carduus crispus), T3+ A|utd] 1S
2 A SRS A A(Silybum marianum)-S -
SAIA A 2 HA HESA R AREE] AL Q)
BT Ale2 A=/ o] Holid apigenin, lu-
teolin, myricetin, kaempferol, pectolinarin, 5,7-dihy-

droxy-6,4'-dimethoxyflavone, hispidulin-7-O-neo-hes-
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per1051de—— ESESE oF 78%9] flavonoid7} EHQIE QL
o, apigenin ¢ oY A} A AEET Bk FHF,
PR R A 59 A Z/do] ArHChung et
al.,, 2007, Liu et al., 2006). T3t 37 F+= |2 }Akst
£ A5}, glutathione reductase®] T3-S S7A1A
FE = 27| RE 7F B Zgo| glom,
A8Z Al G AE FFE TP, P W
% Tl s, S 5O BES UAAA 7 &
AP A AAZ 4= Qh(Park et al., 2004). 3FE]47
AASilybum marianum)l] 3% silymarin-S
nan® 2 7H B35 Z-gut d3e fEX]A Ak
oY 2 dFEY 1S} Foll et BE aapr) Har
FHl Qth(Wallace et al., 2005). E=3F 247 F oA
cirsimariting., 7}A| %47 #(Cirsium xanthocanthum)®)
W alof| 4= linarin®] &% $ICHKim and Won, 2009).

e} ojefat Takalel o El,
Ay i A AAA) ok AT oK)
srp, Zhol £& I} 9= silymarine] Tl
ok 92l -89 F(milk thistle)= G5 Hi-
o} ohxlort QA2 Wohlel7 43, ohzello]
A ARS8, Seltelol s Fhelgel A 44
59 A0 2 Ik WM 2 ol
= oRE g} urtevion A8 47T 6%
AHPYBAEH), 7 G, F2ULET, A
NPT, SAIBH, AANFBFY FEE0 A
5t ¥+, ZY|R ot &ef SRSl avt 9 Algjal
g 2t BE ade] gisto] dAtsto] 7154
F MY 7|2ARE AlstaAt sieick
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1. = ZHel Az =]

e B, wepHE Aenkd g 2L
BE A 5 AP 918 -6l 6 B52 A
) %7&%% Sspahdet. 318l 2T Cirsium seti-

AFA(Cirsium pendulum), A=) A373FH
SR RO
SEAFO A Aull, 7FA 7 A (Cirsium japonicum spino-

(Cirsium japonicumy= A'dF 5714
sissimum) 52147 F(Cirsium japonicum nakaisa-
num), A=&u]% —:.’-](Carduus crispus)= Adsd7]

<Y U gu=a 9 SRR SHEY A4S

Blg-2sofla] el Z1e AN AMSBIATE 80% ol
2 =22 9 4L 3~5cm A7 |2 A, TAAx
3 A& 1 g7 80% MRS 20 mL Az Ealan

¥ i} 3 60°C Soxhlet 7]01]/\1 3/\]7]» [,

=2

ek 389 Al of5} ¥ G5 Relel 9 A
A7 T AzE BAS =243 F 100 mg/mL2)
=7} H=E DMSO(dimethylsulfoxide) -g-fjof] =21

5 —20TelA WU EA Aol AHgaHAL.
2 YU FEBO N2 U &5 W
7} Sl W BaiE=ols g XAl

29| 3}2k8 Folin-Denis A|2F2 ARE, A]F] so-
dium carbonate(7.5%) 27} 3 10087+ QAFefof| A |
SA7] A|RE 760 nmol|A] EZEZ sodium gallic
acidg olgalo] Fali TS Aasiact. Sehe
=o]|=& 0.2 mL, diethyleneglycol 2 mL& 2 4]o]
1 N NaOH 0.02 mL =3}8j) 37°collA] 147t vk &
420 nmof|A 54 nuting ARESle] 43T
(Park et al., 2004).

Lt Al2|0l2I HZF (Cig reverse—phase HPLC)

6714 silymarin standards(Chromadex, USA), sily-
bin A & B, isosilybin A & B, silychristin, silydianin
< ©]83}o] C18 Reverse-phase HPLC Column©. 2
AeF 2451931, Column Agilent Pre-18, scalar
(4.6 mmx250 mm, 5 um)S ARSI, EAS )=
acetonitrile (A)Z} 0.1% fromic acid(aq, ByE A3}
o] gradient Z7Z(0 min-20% A, 15 min-30% A, 20
min-40% A, 25 min-45% A, 25 min-45% A, 30 min-
45% A, 35 min-20% A)SZ 5 0.8 mL/min® 2
ARgERATE AR U 10 HLOlEL 288 nm
oA R BT

Ch. &t} St (DPPH, ABTS A7) 2 OFEiAkA
EATS)
Alste] 742 DPPH(1,1-diphenyl-2-picrylhydra-

oS olgle] ZAMEY, DHTA BALS HFS
o] oj7}st oI 1.0 mLe]l 60 pM DPPH 2 mL9} iz
% 0.01% butylated hydroxytoluene, ascorbic acid,
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a-tocopherol 212} 2 mLE 7138l 557 4131 37°Coll A
3087t vhx] & VERSA MAX microplate reader (Mo-
lecular Device, USA)E ©]-83f] 3334 515 nmo]|
Al 2431t} ABTS(2,2'-azino-bis(3-ethylbenzothia-
zoline-6-sulphonic acid) 2}t]Z-& 0|83t FAkSHs2]
272 potassium persulfate@}2] HH-3-of] 2J5f AYAJF
ABTS 2] eeio] 2% vje] gzt 2] ofs|
xﬂﬂ;]oi a]q:]?F E 0_4 /\HO] X%i}\uo] EPAHQ‘— 7—]
2 o] 83t HhH o2, 7 mM ABTS £99] potassium
persulfates: 2.4 mMo| &5 834171 TR A-ollA
12~16A17F &4 WESAIZITE ©o]5 414 nmojl A &F
w7} 157} HEE ZR4E 243 5 30 mLE s}
o] 22E 1.0 mLE 715t Tk, A eol|A] 1027} ut
A0 414 ol P8 SsIsIck oL

27152 10mM sodium nitroprusside =84 2 mLoj|
0.01M phosphate buffer(pH 7.4) 0.5 mLe} A= 8-
0.5 mLE 7}ate] 25Col| Al 10057t ¥H-g-A1Z1 & vb
20 1 mL |3} sulfanilic acid(0.33% in 20% acetic
acid) 1 mLo} Egt F 557 WA|ek ok of7]of
0.1 %(w/v) naphthylethylene-diamine dihydrochloride
£9H(in 20% acetic acid)2 1 mL 7}5}o] 30&7F €
% 540 nmojA FFreE S5

3. I 220 LE=dls A 2t 25 7t
7t dESS

Kim et al (2012)7} £33+ A, 50 mM sodium
pyrophosphate buffer(pH 8.8)2} 15 mM pB-Nicotina-
mide Adenine Dinucleotide(NAD)S &35t & 95%
(v/v) ethanol& 718131, of7]of A= FE2E2
2%} & bovine serum albumin(pH 7.5)0]] +<1 alcohol
dehydrogenase(recombinent, expressed in E. coli), ADH
(0.75 unit/mL)E #1713t & VERSA MAX microplate
reader(Molecular Device, USA) 340nmoj|4] T4 =5
ZAstale). Aenlle QRRas BERAS 7%

st A FEEN eSS Blwskich

Lt 2t 25 1}
7t B% G3R= Zaulet et al.(2017)2} Wallace et al.

(2005)°] Ja)l =e4= ZAH, 855 2] Sparague-Daw-
ley(SD) rat& YA 85E(Seoul, Korea)ZFE] £

119
T
)
X

9

0

o]

o) ok bgssigicy A7 A% A AhgAlo]
A SHRE: 18+ T, B 70£10%,
F7NolA] ollH] A2 E8f 28 7]
ok S FAI7E 220250 g =7t H S )
70 H2S BTk EtherS ol &3] 0} F, A
ko] 7ke] Fuhe- =3 HBSS (Hanks' Balanced Salt
solution)2- <=31510] FM-E- A AAsIc) 181
collagenase 8-S % 2|gt & QS ThIA| 3 (single
cell)7} E%=% 3}al, phosphate-buffered saline (PBS)
Hi 2 ojg] H 424 & 1% antibiotics2} 10% FBSE
3153t Dulbeco’s Modified Eagle’s Media (DMEM)
oA 37°C, 5% CO, incubatoro]| A vjoFalATh THA
AR FEE2 AIREE SA(cytotoxicity) S ZARH|
8l AMAEE 10, 50, == 100 py mLe| HE2 A=
TolA Al YEEE ZARSFIT. Primary hepatocyte
£ 1% antibiotics?} 10% PBSE 373+ DMEM H|| %]
ol A] vljeFatar, 48-well platec] A|Z4=7}F 10° cell/mL
7} BIES scedingt F 4417 Ak Fol 9T 52
210 ugml2 A2laiolck A= 2] 5 2417k Fol
inducer2 150 mM ethanol E+= 10 uM H0,2 *]2]
slo] B4 sl e, 247t &, XTT testE &
3ff cell viabilityS 750 4747 2259 1t R
& 7= vt ci(Wallace et al., 2005).

E]

4. Az

ARolA] @ofXl Ail= SAS L= I5H(Package
relwase 8.01)2 0] 85}0] H+EZHAZ EASIN T,
Hagke] AR oA p<0.05 2504 Duncan®]
chA A H(multiple range test)ol] 25 AA5}ISTH

=2 FE5I0IchFig. D). Y737 T%QHQ—ETH

Hes St olE e AR AN Table 1),
A A7} 27.47 mg/g dried weight DW)Z 71
=7, Aajn| YA HE= 8.33 mg/g DWE 718 WA
SRGEH, ZetH ol Sk wjElS SARE ]
A= QAT ST RO, ST o]
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F52- A (Cirsium japonicum nakaisanum) 7 VA A7F\(Cirsium japonicum spinosissimum) A =eu| YT (Carduus crispus)

_?.i

el Q7T (Cirsium japonicum)

Fig. 1. Six types of domestically cultivated thistles.

Table 1. Total phenolics, flavonoid content and antioxidant activities of domestic thistles

Total . ABTS" DPPH" Scavenging Nitric oxide

Variety phenolics (ljlllax/longui\; scavenging Vit C eq. scavenging

(mg/g DW) &8 ) (%) (%) (mg/g DW) activity (%)
C. japonicum nakaisanum 14.249 19.15¢ 10.92¢  17.49° 0.05 11.96°
C. japonicum spinosissimum ~ 17.81° 32.38™ 16.49¢  21.47° 0.06 17.19°
C. crispus 8.33¢ 16.44° 6.00° 8.12" 0.02 12.93¢
C. japonicum 22.66° 38.48° 18.48°  30.77° 0.09 19.58"
C. pendulum 2747 30.10° 21228 32.13° 0.10 24.0°
C. setidens 22.33° 35.95° 16.31°  26.46° 0.08 23.2°

D All domestic thistles was extracted 80% ethanol for 3h at 60°C using Soxhlet method and thistles extracts
was applied to detect its antioxidant activity using DPPH(1,1-diphenyl-2-picrylhydrazyl) or ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging effect using vitC Standard.

= gk w9k o] ZAPEIGI=T|(Table 1), A48} A= ABTSS}
DPPH 2hojd 27 maks S4a da, 229747

2. 27 #2230 PUM aW A BB o oyt by Faisk wsbh wspon, A
74s R P e ORI I

FAH FEEY Akt A 2 oA 2% ZAYAF Aol 20~30% A HGsH=s AL o
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2= 9lath 671K GAFH =B olAAYT AAR
3} Eq 24} A3}, 2AAAY DAL 23~
24%=2 7P} =11, A-Hu|dA = 2%2 7R W@
A UehdthTable 1). 0]9} o] 9747 Zx = 2o
AAFA7} 71 =& Ak} 53t 2 oprlAld A
2 Wolt AT 7|29 e A7 AS Ashe
Ao 2 YEPFTtHKim and Won, 2009).

A

r oo

T

3. 943 FEE9| Alz|nf2l H2k (Cg reverse—

phase HPLC)
Cis 94 Z9S 0|83 HPLCE Aejul, 6714

FFE29] silybin A & B, isosiylbin A & BE ©o]&
8 6714 A FETE TS 2ARHHHFig. 2
and Table 2). TFE AHE-L silybin A & B, isosilybin
A & B/} AJ51o] Alejulel Shae o) 7h) R
Hpom A, vlm Baslgon, 1 A, 299
BFle e AR ] O3] AR 20300 =2
6124 mg=, T YAARE) EH 22.4 g T
fotglon, Yo 555 5 mg RO BAY
o] o} WgITh. A Follis Alzfulo] olaAlelln
o} =4 FhrEo] o AE dATtelld Eard AA
A 50~ 70%E 2}A|5} thKarkanis et al., 2011).

A 6ZF =250 UdF Hal5-2 alcohol de-
hydrogenase activity assay kit(Sigma)E ©]-83| =%
31921 positive control 2 *‘ﬂﬂ}lﬂ—% o]-g3f H|mL
dokeiTable 3, R AL
A okom(152 mU), of v
= thi'iﬂl"”‘?q(ll mU)E Xﬂﬂ?l Ur“1 ] =
o

5~8 mU=

R84 EE"‘

mary hepatocytw HH Fg3) 328 HEEE, 10~
100 ug/mLE =] 2]3| X/\}‘ ZA1KFig. 3A), 50 ug/
mL YAFAEEE A7 oA 78.2~87.3+4.43%
2 222 controld} B wa}e] 8-2]2 © 2(*p<0.05)
AJi BEET7E AR A& 2RISHATE AR 10 ng/
mL JYAFAFER FroME BE AETA 74
2] o} ] asto] 96~98% Al AgEE | #st
7F QIglom(Fig. 3A), 10 pgml FE=s o P
Holz XNASE 5 ok=ZA 7 HE GRS AR

my

.8 8EEEEBRESS

Isosilybin A

Isosilybin B

R T
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silybin A

silybin B
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Fig. 2. HPLC chromatograms of silymarin standards (silybin & isosilybin) and Cirsium pendulum extract.
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Table 2. Silymarin contents and alcohol hydrolyzing effects of domestic thistles

Silymarin contents

Alcohol
Variety detoxification Silybin Isosilybin Total
(mU/mL) (mg/g DW) (mg/g DW) (mg/g DW)
C. japonicum nakaisanum 6.40° 2.87° 0.51¢ 3.38¢
C. japonicum spinosissimum 5.32¢ 2.62¢ 1.75¢ 4.37°
C. crispus 2.13¢ 2.17¢ 1.58° 3.75¢
C. japonicum 5.47° 1.85° 0.34° 2.19°
C. pendulum 15.25 34.54° 26.71° 61.24°
C. setidens 8.57° 5.82° 16.66° 22.48°

D All domestic thistles was extracted 80% ethanol for 3h at 60C using Soxhlet method and thistles extracts
at 10 ¢« g/mL concentration was applied to detect its alcohol detoxification using alcohol dehydrogenase

activity assay Kkit.

Cell Viability (%)
=] 3 ]

]
S]

Control CJ nakaisanum CJ spinosissimum C crispus C japonicum C pendulum

B

120
100
80

60

Cell Viability (%)

40

20

Control Ethanol/H202

€CJ nakai: CJ spinosissil C crispus C japonicum

010 ug/mL
@50 ug/mL

W 100ug/mL

C setidens

O Ethanol EH202

C pendulum C setidens

Fig. 3. Cytotoxicity (a) and liver protection effects (b) of domestic thistles extracts on cultured rat primary
hepatocytes treated with H,O, or ethanol. Data are means+standard deviation of six independent
experiments. ‘p<0.05 or ~'p<0.01 indicates significant difference from control.
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o

QI3 XTT assayS 43§35}t

A FRED T v 53HE 2k

=452 200 mM9] ethanol E+= 10 uM$] hydro-
gen peroidess e}l 213 o) 2 ISk HoHE
ol QttH(Fig. 3B). Rat hepatocyteo] 200 mM2]
ethanolS A7) A] A AZEEE 41.75% A 74
She 24 SRlsich sl A8 AR 652 42
Aetpe o 2E Aol F2)2 0= ethanol
e AR SR vlwste] AlZAgEE=T}
Z7leke AL SIStk $o12(p<0.05) A2
o |nE, AT Fol M PR silyma-
rint(91.7122.20%)S A|Q)3}ar, 2917 7(80.21+
2017} 7V 58 B Bgon], BhgoR A
AAT(72.2243.03%)9} A)-2]u] A F(70.2142.73%)
&0 7 Aol =3kt 10 uM hydrogen peroxideS
ARISIRS 1), AIE AEEE 62.10%2 et 92
Moz ki A4S slskc s}xm CREIES
EE 632 44 AYsielE ol e ATTA &
O] 0 & hydrogen peroxide?H Hﬁlf& %* o) 2t
3ol A AEAEET} 2ok 2 3
A (*p<0.05) NEZABEE HIIZ A2 %01]’\1%
OFAT Zel silymaring(89.23+3.12%)1} <]
=] 100%4(82.1042.25%), 112 97F(72.30+1.65%)0]
TV 2SS HYlom, dnRos 4AF S 2
QAT b 7 8 A} e A Sels)
ATKFig. 3B).

49, ANLAN L8 AR, AR 25 o
& a8 ofE F v, Selneols ¥ 3

= =}
= 3T Rl =
s mm g ol welA 290904
FEE2 &7 e 2 BT A = V1A

B AT 52T AISALY A4k
(PIOI3826)7F Flebewisl7| 49 7] RaTAR
o) oloixl 2.
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