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Inhibition of gene associated with Dyslipidemia and Antioxidative Effect
of Artemisia iwayomogi, Curcumae Radix and Raphani Semen(ACR) on
HepG2 cell model

Jiyun Cha, Ho-ryong Yoo, Yoon-sik Kim, In-chan Seol, Hyun-kyung Jo

Dept. of Internal Medicine, College of Korean Medicine, Daejeon University

Objectives: We performed this study to evaluate the antioxidative and hypolipidemic effect of Artemisia iwayomogi

ST

(4 148%), Curcuma longa L. (#4) and Raphanus sativus L. (35 T) (ACR).

Method: We enriched Artemisiae Capillaris, Curcumae Longae and Raphani Semen compound with alcohol. ACR
extract is treated to HepG2 cell. Cell groups are devided into 3 groups: normal, control and ACR treated group. We
measured polyphenol, flavonoids, DPPH and ABTS radical scavenging activity, ROS, glutathione, GSH peroxidase,
GSH reductase, SOD, catalase, free fatty acid, lipid peroxidation and suppression of ACAT1 and HMG-CoA reductase
expression on mRNA level.

Results:

1

. ACR contained polyphenol and flavonoids and increased GSH significantly in HepG2 cell.

2. ACR increased GPx, GR, and catalase activity significantly in HepG2 cell.

3

. ACR increased DPPH and ABTS radical scavenging activity significantly in HepG2 cell and decreased ROS.

4. ACR decreased free fatty acid and MDA significantly in HepG2 cell.

5

. ACR suppressed ACAT1 and HMG-CoA reductase expression on mRNA level in HepG2 cell.

Conclusion: This study suggests that ACR has antioxidative and hypolipidemic effect and might be effective in
prevention and treatment of dyslipidemia.
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HepG2 cellS o] &3k §hol7l, &3, V) HE

HepG2 cell> 10% fetal bovine serum (FBS)$}
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(2) A= ] glutathione (GSH) 3t =4

Glutathione assay kit(Sigma Co., U.S.A)E ©|&
sto] T3 o] SA L HepG2 cellS 6 well
platel] 10° cells/well= 73}e] 24A12F 59k vl <
A WY ¥ AZE wgelom wAs
ACR FZE5 77} 1, 10, 100 (ug/ml)e] FE=Z 1
mM H,0,9F 917 Al gfato] tha] 24413 &2t i
atith A&7k A2 ¥ HepG2 cell& PBSE 13] Al
23t 5 5% S-sulfosalicylic acid (SSA)E 60 X
Yol T sonication WHOZE 3% FO lysisdtS]
o} A7 AIRE 10,000 gol A 108 ot 94
Halsle] ool Agole Tz ek B AF |
AHE3IATE 96 well plateol] “3d M 10 109} working
mix solution 150 & BolFATE Aol 52 &
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cﬂf 5 412 mm oI A] S B 1R HFeR &
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HepG2 cell S 6 well plate] 10° cells/well 2 ¥
Fato] 24131 Sk i Faieh. Mg 5 A= vl
FHom WAL ACR FEES A7 1, 10,
100 (zg/ml)®] FEE 1 mM H0,% 37 A 2fste]
CHA] 24A]3F FQt wiFallet. ol FA AlaAy @
HepG2 cell2 thet o] A3 1k

(1) M3 Y GSH peroxidase (GPx) &4 =74
Glutathione Peroxidase Activity Colorimetric Assay
Kit(BioVision Co., US.A)E ©]&dt} A&7} A

2% HepG2 cell> PBSE 13 A3 F assay
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buffer 150 5 ¥ F sonication HHOZ 3
oF 743k A71 F 10,000 g, 4TolA 155 52
A EE)ate] dojull sl s Tl et
o ’\}&5}03‘:} 96 well plate®l] assay bufferE 40
WA 53 5 AS 10 09} reaction mix (Assay
buffer 33 x(, 40 mM NADPH solution 3 1, GR
solution 2 0, GSH solution 2 pl/well) 40 2 2
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oF WhS-AIZ1 H 340 nm 7]l
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GPx2] &4 AOD #Qat 54-1x

GPx Activity (mU/ml) = (

) X Sample dilution factor

AT(To-T)) X V

* B is the NADPH amount that was decreased between T1 and T2; AT is time of reaction; V is Sample volume added into the reaction well

(2) A3 W GSH reductase (GR) &4 54

Glutathione Reductase Activity Colorimetric Assay
Kit(BioVision Co., U.S.A)E °]&3t} A&7} A
2]¥ HepG2 cellS PBSE 13] M3 T assay
buffer 150 ulE Y-S 3 sonication HHO 2 3% &
oF A3} A7 F 10,000 g, 4TolA 158 B¢+ &
A Felate] dojul s os duld AiFete] A9
o ARSIATE AR 100 woll 3% H0,5 5w ¥
2 5 A2A 55 5 REEAIT The catalase
5 b Par ARoA s Ft WESAIZILE Assay
buffer 30 05 96well plate] F3F 5 Hk-g-<f 20
0} reaction mix (GR assay buffer 40 u, DTNB
solution 2 1, NADPH-GNERAT™ solution 2 !,
GSSG solution 6 pb/well) 50 S ¥l 405 mm I}
FolM FHEE 14 54 F 108 5 22} S48
Atk GRe| B2 AOD #h22F S574-134F SH)o=
kit *¢] TNB standard Aol wha} ALt= AT

(3) M3 W} Superoxide dismutase (SOD) &4 574

SOD assay kit(Cayman Chemical Company,
USA)E o]&3th A&7} 2% HepG2 cell&
PBS® 13] A|&3 5 A7} HEPES beffer (pH
7.2, containing 1 mM EGTA, 210 mM mannitol,
and 70 mM sucrose) 5 mlol Y- T sonication Ho]'
How 38 Fo wHgeith o @r 1 AR
1,500 goﬂfﬂ 5% 5 dA Byste Aeds 174
gk & 2 pelletS sample buffer 200 w02 Yo &
o] E“lﬂza] A% 5 Al ARESIITE 96 well
platedl radical detectorE 200 ¥ 53 H A8
10 109} xanthine oxidase 20 = ‘—’2—8 T 308 &
ot 4204 shakingdle] WHSAIZl & 450 nm 37
N FFEE SA3BIITE SOD €432 superoxide
50% dismutation S}=t] 23 SODHF=
| unite.2 3to] B9 FAAE (Umin/md)= LFER]
o]
AN

radical &

GR Activity (mU/ml) = (

) x Sample dilution factor

AT(To-Ty) X 0.9 x V

* B is the TNB amout from TNB standard Curve; AT is time of reaction; V is Sample volume added into the reaction well

4) AIE W Catalase &4 =4

Catalase activity colorimetric/fluorometric assay
kit(BioVision Co., U.S.A)E o] &3th. A&7} A
H HepG2 cellS PBS®E 13] A& 3t H assay buffer
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NS high control F-&-& X338l T3 10
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(2) ABTS radical 275 54

ABTS radical 2715 542 ACR &9
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HF %7} 1.95, 7.81, 31.25 (ugm)9] FE& =
5 A9l BAAIZH o1, ABTS -£9(Sigma Co., U.S.A.)
< 7.4 mM ABTS (2,2-azino-bis-(3-ethylbenzothiazoline
-6-sulfonic acid))2} 2.6 mM potassium persulphate
g Az F, gl a7 Eot WAt ol
(ABTS+H)S J4A170 tha 732 mollA] FHEE =
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5141% ABTS+ £ 150 £09} ACR %%, ascorbic
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(3) M3 U] reactive oxygen species (ROS) A3/
%7

2’,7"-dichlorofluorescin diacetate (DCF-DA (Sigma
Co., USA)NE ol&3rl HepG2 cellS 5x10°
cells/welle] E Al 6 well plated] F-F3Fo] 24A|7F
Fob Wl F AR wgdom wAsgon,
ACR FZE& 1, 10, 100 (zgmd)e] sE< 1 mM
H0,2 371 A3 5, tA] 2443 et 377,
5% CO, 7o) frAEE Axulg7|ol Al vlgs)
ohomj 3 300 golA sEF YA Eeste] e

) x 100
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Free Fatty Acid Quantitation Kit(Sigma Co.,
US.A)E ©]&3t] SH3E HepG2 cellS 6 well
platedll 10° cells/wellZ 310 24|17k <k vl
I Wl - normalS AL EE welldl 0.5
mM FAs (Palmitate:Oleic acid, 6:4)**7} X3te A

& Hjgd o7 WA AL ACR FEES 47 1,
10, 100 (ug/m)®] FE= Agato] thA] 2443t &
oF ujeFsislty. AlE7t A2E HepG2 celle 1%
TritonX- IOOO] X3+E chloroform 200 Z Yol +
Azl A7 F 13,000 goll A 105 <k A& 3
5 s ds ARSIt sl S 50ColA] A xat
o] chloroforms $H3] A 4§ F fatty acid assay
buffer 200 xS o] Hol U= AZXH AHS &
A3 mo A gE AP }% SFATH AR 50 gLl
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S A TE WES- o]l Master Reaction Mix (Fatty
Acid Assay Buffer 44 pl, Fatty Acid Probe 2 uf,
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o]T,__ 37 Coﬂ 1 301:' Eo]— \ﬂ]—g/\]iﬁlq \ﬂ]—_CLoug]
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(2) M3 W lipid peroxidation (Malondialdehyde,
MDA) 54

lipid peroxidation (MDA) kit(BioVision Co.,
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0° cells/well 2 ¥-F3F0] 2447t Fob vk 5 A=
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(1) A2 Jl mRNA #d 57 &2

AIE U ACATI1, HMG-CoA reductase & 5
S o 2ol 57438l HepG2 cellS 6 well
plateol] 10° cells/well 2 #3}0] 24417t -9 wjj ok
A BlY & normalS A|9)E RE wellol] 0.5
mM FAs (Palmitate:Oleic acid, 6:4)*97} 349 A
2L i o g WAt ACR FE5S8 2441,
10, 100 (zg/m)e] HE=2 AT sto] ThA] 2443 &
Qb w3k

1 RNA = e

AN&7F A2’ HepG2 cell&& Total RNA
extraction kitE ©]-835}9] total RNAE FE3}9IT]
HepG2 cell2 PBSE 23] Ao T easy blue 1ml
9} chloroform 20045 %Il vortexing 3|+ F
16,000 g, 4ColA 101 5ot LA ek 4
4% 400 10} binding buffer 400 S 2204 1
i Bk WAL H WS d 700 wlE columnol T
dste] 16,000 golA 30% Hob FAEE I
Column®l washing buffer AS 700 ©f 23 16,000
gl A 30x ¢ 94iE] $ washing buffer BE
700 0 Eal 5L % stk Column dHet

< Ep tube® JJ_xﬂ?}‘} Fc
50 pb Wil 13 FF REEAITL F 16,000 gl A 14
Rt OV‘]HFJOPQ F=% total RNAE HolFEt)

olumn®l| elution buffer=

@ cDNA 34

Total RNAZE nanodrops ©]-&3lo] A=t H
Maxime RT PreMixoﬂ total RNA 2 02} DEPC-DW
185 ¥ ¥ TD-360(Thermal Dynamlc U.S.A)
£ o] &3t 45TolA 60% HHEAIZL F 95Tl A
55 W3 AIAA DNAS AT



HepG2 cell o8 SR, &+, WAt

Table 1. The Sequences of Primers in This Study

BIEACR)S] oA AHZ ¥ &

A oAl 2 st 2% 97 (267)

Primer F/R Sequences Cycle Annealing (C)

ACAT1 F 5'-AGCAGAGGCAGAGGAATTGA-3' 35 60
R 5'-GCACACCTGGCAAGATGGAG-3'

HMG-CoA F 5'“TTCGGTGGCCTCTAGTGAGA-3' 18 60
reductase R 5'-TGTGAGTTGGAACTGAGGGC-3'
. F 5'-TGTCACCAACTGGGACGATA-3'

{B-actin 35 56
R 5'-GGGGTGTTGAAGGTCTCAAA-3'

IN'

Q@ FAA Td 5%

A4 ¥ cDAN ZMQ} primer F 1 g, primer R 1
wt, DEPC-DW 16 {E AccuPower® Hotstart PCR
PreMixol| @il Table 19} & X122 PCRS F
gakelt. A productE
100VE 30+ &<t #7193 ¥ Fusion Quick Guide
£ olgsto] uvEDS F3l AE Rl

1.5% agarose gelllA]

6. SAlXz2|

A% ZA3= SPSS 11.02] unpaired student's
T-test? ANOVAE AREste] SAAE 383l
p<0.05, p<0.01 & p<0.001 F=NA 1 FI4<
A7k

gt A7}, ACRS W 0.91mg/kg
(permissive  density  Smg/kg), ?}E% 0.06mg/kg
(permissive density 0.3mg/kg)e] FH&H o} 7]+
A olst® HEHUAY B4, 29 B9E AE

A ok

2. MZlEE &3

HepG2 cello] 4] ACR %%% 2ol o] 3k A E A
EES 4% 49, 4TS 100.00£7.26%= L
WS ul, ACR 55 1, 10, 100 (ug/ml) &%l
A ZF2ZE 107.08+3.20%, 106.57+2.56%, 106.63+2.82%
2 UEPF O, 15 mg/ml F 504 49.87+1.17%=

YEh} ACR FEE9] 10502 14.98 mg/mlo.2 1}

el (Fig. 1).
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Fig. 1. Cell viability of HepG2 cells treated ACR extract,
Cell viability was calculated as percentage versus normal, The result were
presented by the mean = S.D from three independent experiments

3. st 25EIt

1) itet 2 Y &3

Gallic acidE& RTEZZE 3lo] ACR FE&9 &
A= F polyphenol S =43 Adl 314.49

+520 mg/ g &2 YEFSTE Querceting TR
3to] ACR F&E9| £A3F= F flavonoids $H<
=43 A3} 22.69+1.30 mg/ g O 2 YEFHTL AR
Ul GSH &S 543 47, ACR =% 1, 10,
100 (ug/ml) s&=olA A o] Fo94
(¥**: p<0.001) S7F7} YEFSTHFig. 2).
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Lunn

Normal Control 100

=
-~ @ -] =1
o o o o

[
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Total glutathione (nmol/me)

o

Concentration (pg/m@)

Fig. 2. Effect of ACR extract on total GSH contents in
HepG2 cells.

Total GSH contents were calculated using GSH standard curve, The

result were presented by the mean = S.D from three independent

experiments (Significance of results, ***: p{0.001 compare to control),

Normal; non—treated HepG2 cells, Control; 1 mM H202-treated

HepG2 cells,

X ] catalase &S S A3 ACR FEE 10,
100 (pg/ml) =AM AT HY o4 A= (=
p<0.01, ***: p<0.001) Z7F7} YeRSTh 18y Al
X Ul SOD 24 54 Z¥+= ACR F58 AdE
A w A gzt v onde ks
UERA] ekttt (Fig. 3).

OII

3) &kt AJAE! HIt

ACR FZE9] 1, 10, 100, 1,000 (zg/ml) &=l
/] DPPH radical 275 % ABTS radical ﬁ\_ﬂ s
SA% A9, BF vE EHORE AATY STt
7F Yelstth =3 AE ] ROSE A3 A,
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Fig. 3. Effect of ACR extract on GPx, GR, SOD and Catalase activity in HepG2 cells,
(A) GPx activity was calculated using NADPH standard curve,
(B) GR activity was calculated using TNB standard curve,
(C) SOD activity was calculated using SOD standard curve,
(D) Catalase activity was calculated using H,0, standard curve,
The result were presented by the mean + S.D from three independent experiments (Significance of results, **: (0,01,
***: p{0.001 compare to control). Normal; non—treated HepG2 cells, Control; 1 mM H,O,—treated HepG2 cells,
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Fig. 4. DPPH and ABTS radical scavenging activity of ACR extract and effect of ACR extract on ROS
production in HepG2 cells,
(A) DPPH radical scavenging activity of ACR extract comparing to ascorbic acid.
(B) ABTS radical scavenging activity of ACR extract comparing to ascorbic acid,
(C) Effect of ACR extract on ROS production in HepG2 cells, Level of ROS was calculated as percentage versus control, Normal;

non-treated HepG2 cells, Control; 1 mM H,O,—treated HepG; cells,

The result were presented by the mean + S.D from three independent experiments (Significance of results, ***: (0,001
compare to control),
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Fig. 5. Effect of ACR extract on free fatty acid contents and MDA in HepG2 cells,
(A) Free fatty acid contents were calculated using palmitate standard curve, Normal ; non—treated HepG2 cells, Control ; 0.5
mM FAs (palmitate;oleic acid, 6:4)-treated HepG2 cells,
(B) Lipid peroxidation (MDA) was calculated using MDA standard curve, Normal ; non—treated HepG2 cells, Control ; 1 mM

H202—treated HepG2 cells,

The result were presented by the mean + S.D from three independent experiments (Significance of results, **: (0,01,

***: {0,001 compare to control),
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Fig. 6. Effect of ACR extract on ACAT! and HMG—-CoA

reductase mRNA expression in HepG2 cells,
ACAT1, HMG—CoA reductase and 8 —actin mRNA expression were
determined using RT-PCR, Normal ; non—treated HepG2 cells, Control ;0.5
mM FAs (palmitate:oleic acid, 6:4)-treated HepG2 cells,
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