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Abstract - Nonalcoholic fatty liver disease (NAFLD) is a kind of liver inflammation caused by an accumulation of fat in the
liver. Patients with NAFLD have an increased risk to develop liver fibrosis, which leads to cirrhosis. To investigate
hepatoprotective effects of Agrimonia eupatoria L (A. eupatoria), oleic acid-induced NAFLD in HepG2 cells was used and
A. eupatoria was fractionated with ethanol (EtOH), n-hexane, dichloromethane (CH>Cl,), ethyl acetate (EtOAc), n-butanol
(BuOH), and H,0. Cells treated with the EtOAc fraction showed the highest lipid accumulation inhibiting effect. 4.
eupatoria also suppressed triglyceride accumulation and inhibited expression of lipid marker gene, such as a peroxisome
proliferator activated receptor v (PPAR-v). Moreover, another marker, mRNA expression level of peroxisome proliferator
activated receptor a (PPAR-a) was significantly increased by in a dose-dependent manner. These results suggest that 4.
eupatoria is a potent agent for the treatment of NAFLD.
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MoA etal,, 2019), o]t H]AFA AH7te] W7 Hefle Q&

At kst AEHY A Fol Fa 5 JEE sh=t(Kim et

H]25-2-4] 297 Hnonalcoholic fatty liver disease, NAFLD) al., 2006), Hol=H|GZA Azt 28 e W v|gE A
= ejghy o g g3 At GARSIAT, g gt 7t TAES 22 oAb Agkrtke] d3do] el gitkPark et
go] gli= 7HAgko & g x)Ho] Zholl IHwsA| A o] W al., 2012), PPARs= ZIARIZLEZA ARehAl B S, 2 ekl
&h= Agto|tHLudwig et al, 1980). THIZ 02 7143 AL, AgAae] w3t et 3 2EofA Fash TS
A BT oe EHIBh= A7 A(nonalcoholic steatohepatitis,  FITRAL YEA QLOH, PPAR-a= AYARS AxHISH= HEME
NASH) ©. & e 4= 9o, tf yolr} 7+ 4d3Hhepatic IS SAIAA Al W AH52E 9AskaL(Hashimoto et al.,
fibrosis) @ 7k (liver cancer)©l| 7}4] 0124 & 4= QJthPark 2000), PPAR—y= AJHPA| 20| A Akl Baa 4 adipocyte
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ZIRY e ar glont Aok A & h2 A EA] Ekal qlow,
et A Zofa-g ZslarA} A gko] gt gopA 9l A
A A= A5 Y o] 71%E el A7t Rl ot
(Choi et al., 2009; Sung and Son, 1994; Yoo and Lee, 2010;
Yun et al, 2009).

ot (Agrimonia eupatoria = FRHY SHH, 7157}
2313t oAl oo} Fujof F325k= 41| i Rosaceae) 2] o1 23]
o]l Z & opito|uf Sto] &3] Aleh, E5EdAIUE, Ast
, Bokx, 22 5O oS AL Sl Botze 2 A

5E, A9, FEX|Rol ARG o SEem(An er al., 2005),
TH(Cwikla et al., 2010), B 7+ 24| (Kwon et al., 2005),
A= (Ivanova et al, 2013), 2l&d 34 7|41 (Gray and
Flatt, 1998), 3FAks} 3 Correia et al,, 2008)7} H %o 9t
A 2 A 5] B2 74T 9] ol Tt ke
2 o] =L Qlrk, 53] ol 4] triterpenoid@} #Hi53tgh
230k, st a5 9 1 B 5o Hofuh o] AdlolA A
A2 wo| o]gE] o] YthKato et al, 2001; Zhu et al., 2009).

& Aol Botxd) HIgTE A AT 8l 74k o
ot} 7] 93 oleic acid= H|YZ2A] A7 G- =3 HepG2
A|azo] -Gotz o] TRt el E-S A ejsto] AUEA A S o
Aopglon, o] A3l 2E Edj A4 A a5l o
S} go}x 9] ethyl acetate (EtOAc) £33 o]-8-51o] ARt
A} Z2ZAHR1 PPAR—q, PPAR—Y O] {412} hdd2 3Hastgitt,

52

e

I

0
otk

X
49 A2 % 228 Az
otz Hio] @ 312|olF(Seoul, Korea)ollA] A3 5o} ITS
A7IME B T AR5 20| 30% ethanol (EtOH)S 0185
o] §oF2(500 g) S =20l 24417 3t =330, =31
11 o] NS 7R 2=(EYELA, Tokyo, Japan)d}o] EtOH &5
64 g AUtk FERE Bolx FEEo] Al 1,000 ml& @ar
wykste] Fe 3t 5 Al ol| o]sto] n-hexane (3.5 g),
dichloromethane (CHzClz, 15,3 g) EtOAc (27,2 g), n—butanol
(BuOH, 5.1¢) % &(9.7 g) ZH7}9] i 23=2 25513
. ol5 §ul8 o1 5 71 & AL el BroAc 29
£ 0} g3jo] §olk a0 B1OH FE23} u|wsfo] A
Y54t} golx F&E(Voucher No,, NMR—G21), EtOAcE-
3 & (Voucher No,, NMR-G21-EA), 22 7Pdosia A&
AEATLGEER T Ganof| Hat Folh,

Az 2 At

HepG2 A E= SHtA| EF-28)(Seoul, Korea), Dulbecco’s
modified Eagle media (DMEM), fetal bovine serum (FBS),
oleic acid (Sigma, MO, USA), trypsin—EDTA ¥ penicillin—
streptomycin (p/s)2 WelGeneAHDaegu, Korea)of|A 3}
It} AdipoRed assay reagent A A|9FS Lonza (USA)OfA]
F95}o] ARE-5191aL, Real—time PCRO]| ARS8l SYBR Green
& TakaraAKShiga, Japan) oA F+¢Jsto] A&t

Oleic acid F= A7t 2

Aol AFR-E HepG2 A3 10% FBS, 1% p/so] A7}
DMEM {2 & Y1 37C, 5%, CO.2 A0 & ujoFstylaL,
6-well plated]] 1 X 10° cell/well&] Al Z4=2 H3=3l0] 20%2]
oleic acid”} 7= DMEMHJR| 2 3¢ EoF A|u} 2428 o3}
gon 19 7H4 0 2 oleic acid7} A7FEl DMEM HjA| £ 14|
3l 9ict, HepG2 M| Eof) A52& ks B9t otz &
322 95, 50, 100 pg/ml 2] =2 7+ ufjoFollof| A ]stelaL, 3

A F Ay JEE BN,

Nile Red Staining

AT APRAIE W SR o
ZJto] ARSBISITt (Wang et al,, 2012), OFE-S A]2|3t A| 2]
HjoFolo. vle] 11 PSR 23] A3 F, 4% formaldehyde 10 1l
) 2} el o] AL 5417159t 143k Formaldehyde
= 783 PBSE 23] A3 5 50:19] ][5 AdipoRed
assay reagent?} PBSE A)|Z5}0] ZF219] wellof 100 ul @iz A
20140 1057+ SHFHSIT], 9% 24 Multifunctional Micro-
plate Reader (TECAN infinite M200, Switzerland)E- ©]-&3]
o] excitation 485 nm, emission 535 nmoj|A] ZA5}3ch,

Real-time PCR

vl oFst HepG2 cell-S PBSE T ¥ wash 3+ RNA Mini Kit
(Invitrogen, MD, USA)E ¢0]-8&5}¢4] total RNAS F&35%c}
2% RNA1 g3 AR&-31o] cDNAE $1/d5}aL, SYBR Greendt}
PPAR—a, PPAR—YprimerE ©]-85}¢] real—time PCRS X3
st o, tfadt HAARE B-acting ARS-SFITHTable 1),
PCR 242 cDNAE SH-2 1/1002.2 314310 8 il & AR
319931, 10 pmole primerE 282+ 0,5 1l, ROX plus 12,5 ul, &
T4 4 nl 2 ARE31] total volumeS 25 nl 2 W==¢Jt} Real—
time PCR cycle2 Z7|HAI-L 95C 108, WAL 95T 30%,
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Table 1. The primer sequences used for real-time PCR

Gene name Primer sequences

PPAR-C 5-TCCTGAGCCATGCAGAATTTAC (F)
5'-AGTCTAAGGCCTCGCTGGTG (R)

PPAR- 5'-ATTCCATTCACAAGAACAGATCCAG (F)

S-TTTATCTCCACAGACACGACATTCA (R)

5-CCTGGCACCCAGCACAAT (F)

B-actin 5-GCCGATCCACACACGGAGTACT (R)

annealing2 60C 18, A1AHES-2 95C 180 2 3}o] 40 cycle
© ANEAT, GHTAL 55CREE 952 Tog o]
0.5CH AA17]0] 0L kg sto] sk B g A%}
Aot FFAS G52 MAX Pro programer ARE-SFSATE,

otz o] geokdt REEY FAHAAY £ A4 Azt
HepG2 Al 220 oleic acidE A 2]to] H| U4 A4
B2 4=3h H fo}x 30% EtOH 2253} folx H3&
(Hexane, CHxCly, EtOAc, BuOH, H,0)2] A|<52] oA it
£ Z4517] 918l nile red assayE AT AE At -golx
EtOAc #8504 7 At Ql oAl&-S vehion, o}

S R HdEA

AT Gotzo] TAM =

Esheml
Z EtOAc #8158 A3k oA golx EtOAc #8=S A
o e 23t WAl ) A5 oo SroE
Ao Z7Fskde. wEbA oleic acidof] 28l 541 Xlx‘% 7}
X HepG2 Al|3E0)| A £o}% EtOAc E&8&9|
AAZA Ao izt aso] FofwthFig. 1).

4olx EtOAc 8 E9 FAAW £33 oA a1t

HepG2 A|3E9] oleic acid@} -&0}% EtOAc £3]& 100 1g/ml
2391 B0 Rels}0 0, nile red AFOR A GHBHT
FEENN S ol-8ste] Ao 245 skl Ad 2y,
HepG2 AllZL9]| oleic acidE #]2]3F woll A= 7 dthzwtol H]
3 AR YA 22 AL BRISIA L, oleic acid2} 8o}
2 EtOAc 22132 100 pg/mlg A 2| et Lol A= 12| %20
oz A cHFig. 2).

L0o}x EtOAc B3 E9] 9]3F PPAR—a.2} PPAR—Y mRNA
d =23

ol EtOAc £8Eof| oJgh H|UZA A7 A a52
AR ESH 71d& Yot 7] HOH *ﬂi W ARAR FH L AT
stoll TH Ak Hd 7&

160 -
I EtOH
Hexane
140 + - CH,CI,
I EtOAC
120 4 — r I BuOH
_— = mm H.0
)
£ 100 f---- B ot 1 Rnid B EECELEEEES CEEEERECE sREEEEE +H---
L |
© _
—
cC 80
i) n
=
£ 60 4 T
=
40 -
20
0 T T T

125

25 50 100

Concentration (pg/ml)

Fig. 1. Inhibitory effect of 4. eupatoria extracts (Hexane, CHCl,, EtOAc, BuOH, H>O) on intracellular lipid accumulation in oleic
acid-treated HepG2 cells. HepG2 cells treated with 20% oleic acid and/or A. eupatoria extracts (0, 6.25, 12.5, 25, 50 and 100 £g/ml)
for 24 h. Inhibition rate was assessed using the nile red reagent assay.
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(A) B) ©

Fig. 2. Inhibition of lipid accumulation by treatments of A. eupatoria EtOAc layer in HepG2 cells. Cells were stained with nile red
O reagent. (A) Normal control (B) HepG2 cells were treated with oleic acid for 72 h. (C) HepG2 cells were treated with oleic acid and

EtOAc layer of A. eupatoria (100 pg/ml) for 72 h.
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Fig. 3. The effect of 4. eupatoria EtOAc extract on mRNA expression levels of PPAR-a (A), and PPAR-y (B). The relative levels
of mRNA expression in HepG2 were measured by real-time PCR. Value were expressed as mean = SE. #; significantly different from
oleic acid (OA)-treated group (0 < 0.05), *; significantly different from normal control (0 < 0.05).

oA =, 2 H A4k n|EFEofo] nfo]2&
S w Ao A el AU S FEl= A, o]
ol LR 7]%50] o] Rl x| R] A HH A[RTte] fuF
HtH(Smith et a/, 2011),

olof] & A toflAl= §otx EtOAc =82 25, 50, 100 g/
ml o] == 3U7t 2]t & PPAR—a2} PPAR—Y 2] mRNA H
& S75I%Ith PPARE A 3of| 91%|5k= -84 =4 (Kim
et al., 2005) AAN} AL A of| of sl 2/ ete)= 27t
C o]&2] HAKligand—dependent transcription)S E35}o] &
A9 WS 24k 7152 Btk o] Aol oJshd
PPAR-a®} PPAR—V= T THAF B AR} ehALof] hoistod(Ye et
al., 2001) ALY Akl DA EF A 27 T =0l A

SH, L5, A, 1 220l EaF FaEste] gyt A1
9] /ol ot LA ek 53] PPAR-v= AR
TN AY=20f| ofgt Pt Hole} o)A chuld
7SS WAAIA adipokine wH]eF ¥ FAAR WS 5

7H7]E tl A 2Rk defA Itk (Rosen et al., 2000;
Jeon et al, 2004; Lee et al., 2012; Lee et al, 2012), PPAR—«
© & bl #2stal glon n|EF ol o] Ak Aket
of dagt 3 | s FeA7E Aem duA
(Lapsys et al., 2000). A3 A3} oleic acidS #| &8t HepG2
A 320l A PPAR—a 9] mRNA= 78/ e] ool vl o] 7
Hglom golx EtOAc B8-S 95, 50, 100 pg/ml S E
At oA BF foHos Sk A Elsklct
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(Fig. 3A), E3t oleic acidE 353t HepG2 A 320 A PPAR—y
o] mRNA HMEL BAR 2] Hla] 271811, fokx
EtOAc H-815-2 25, 50, 100 ug/ml FEHZ Helslge ) 5
Eo2A0 2 sk A2 HIstrkFig, 3B). Teb &
ol% EtOAc E3|EL oleic acidZ =% AW Ao
PPAR-a7} Z715hoan x|Hke] AlBle 22 A7) Hhd,
PPAR—y | U&-L @35]2] TraiA Ao 415 avtsor
OiAshe A2 BIskedh

X O

-. L
2 A7 ALFA0] g HepG2 M| 3E S 0]-830 -gof
% EtOAc HE1E9] A=A oA 855 2lstara} a3l

of
2

Oleic acidE HepG2 Al|3Eof| A 2]s}o] A} 228 $-&5}
on 8o}z EtOAc B8E 25 50, 100¢g/ml-S 2] 2|ahe] A5
= XI3Yskeiet, 7L A} -gobx EtOAc #8E-> 100 1g/ml o &
Toll A HepG2 A|29] A|YE41 A4 o g Ao,
o] B39 7|%& gkIskr| flsto] A1EH F-41Q] PPAR—a
9} PPAR—Y 9] Wl &9I53ic), 8ol BtOAc 2852 &
T OJEA 0 & (25, 50, 100 £g/ml) PPAR—02] WS F71A|
om, PPAR-y+= AT =4 A Aeh f34k) S
Astoict. webA] Gobx EtOAc #2529 AWEA YA B
2 A A e) =4 AR Uizl PPAR-a} PPAR—Y] {41
A HAE B3l 288l A0 R Kol HjuwA ZiiEO] 100
pg/mlof A AItA o7 YA A5 YERG CHR

BNRd

s

$ob2 BOAC HEHEL vIUBY A1) AL HEeH]
9T FHEURA AT AR AR, FF BYYE T
W W e 21871 TS 5510 48, SJoRgel Yad) o

S 7K A BRI Aol
AL AL

o] =H2 9014l % 7Pty d3e|E
¢J-8(This work was supported by the research grant of the

2| Quko} 25l x]

Gachon University in 2014),
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