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Research on Anti-lipogenic Effect of Sobuncheong-eum on Experimental

Cellular Model of Non-alcoholic Fatty Liver Disease
Hye—in Lee, Ji—su Kim, Cheon—jung Kim, Ha—na Kim, Tae—jun Yang,
Sang—jun Jeong, Chang—Won Choi"

College of Oriental Medicine, Dongsin University

ABSTRACT

Objectives : The purpose of this study is to evaluate the anti-lipogenic effect of Sobuncheong-eum on non-alcoholic
fatty liver disease in free fatty acid induced cellular model.

Methods : HepG2 cells were treated with palmitate for 24h to overload intracellular triglyceride (TG) content in the
presence or absence of Sobuncheong-eum extract. After palmitate treatment, Intracellular TG content was
measured with TG assay kit. Several lipogenesis related markers, including AMP-activated protein kinase (AMPK),
sterol regulatory element-binding transcription factor-1c (SREBP-1c), acetyl-CoA carboxylase (ACC), and fatty acid
synthase (FAS), were assessed using Western-blot analyses and RT-PCR.

Results : Palmitate markedly increased intracellular TG in HepG2 cells, and which were alleviated by coadministered
Sobuncheong-eum extract. Sobuncheong-eum extract activated AMPK, which plays a key role in reducing hepatic
lipid accumulation, and reduced lipogenic fators, SREBP-1c, ACC, and FAS.

Conclusions : Taken together, it is conceivable that Sobuncheong-eum has an potential to alleviate steatosis, and
which may be mediated by activating AMPK at least in part.

Keywords : Sobuncheong-eum, non-alcoholic fatty liver disease, AMPK, HepG2 cell
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Table 1. Prescription of Sobuncheong—eum (SBCE)

Herbal name Scientific name Dose(g)
() Poria cocos Wolf 12
YIAV(ERED)  Alisma orientale Juzepzuk 12
YJORIGEN )  Coix lacryma—jobi Linné 8
A2 (5525 Polyporus _umbe//atus 12
Fries
A2 (F%) Citrus aurantum Linné 4
. ) Magnolia officinalis
< ]i!— [ER NS 4
FErURAR) Rehder et Wilson
Total amount 52
2) A=
3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT), Palmitate

2 Sigma-Aldrich Co. (St. Louis, MO, USA)°lA
T93F3 . EnzyChromTM  Triglyceride
Kit= BioAssay Systems (Hayward, CA, USA)d]
A T4 Tk Phospho—AMPK antibody+ Cell
Signaling Technology Inc. (Danvers, MA, USA)
ol A A3}tk SREBP—1c¢ antibody, B—Actin
antibody, % peroxidase (HRP)-
IgG+= Santa Cruz
CA, USA)olA

Assay

horseradish
conjugated goat antirabbit
Biotechnology Inc. (Santa Cruz,

FS1er et

3) AlZ Wi

HepG2 cell2 human hepatocellular carcinoma
719 MEZA American Type Culture Collection
(Manassas, VA, USA)olA G433tk 100 U/ml
100 pg/ml 10%
heat-inactivated fetal bovine 71t
Dulbecco's modified Eagle's medium (DMEM)<&
o]-g3le], 37C, 5% CO, F7 A w3ttt

=il

penicillin, streptomycin, %

serum<
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4) MTT assay
A2EHE FEEC] g "olm=g A
213}t 7] Y3ste] MTT assayES Al 335}t HepG2

Celle 96—well plateo] 1 x 10 cells/welle] &

=

AE Y%

T2 Fsta 24 A F 28 FEES 99
7}4 ¥ (0, 50, 100, 300, 500, 700, 1,000,

1,500 pg/mD=E FoFatar tha] 24 AIZF wjFeel
th. 72 wellel MTT 500 pg/mlE 4 AJ7F &<k A
g algTh M EEo0] crystals
DMSOE A}g3le &3t tf3 570 nmolA 53

% (absorbance)& 743}t

A4 ek formazan

5 AZ U 54 A% 54

HepG2 cellS 6—well plateo] 1 X 10° cells/well2]
W g 543t palmitate 0.5 mM 3} 1% bovine
serum albuming -3 DMEMOZ 24A17F wj<f
sFo] A5 (steatosis)S FE3FTh A E ol A
= DMEMo] FEul A Foslth
A Hko]l X% HepG2 cellS trypsin A& & 3]
45l 1.5 mL Eppendorf tubed] Hal centrifuge®
3,000 rpm X 5 &3+ FAAZACE AEG P (cell
pellet) 54 PBS® A% 3 microsmashing tube®l
& ultrasonicationd}e]  Ea3 TS,
EnzyChrom™ Triglyceride Assay Kit& ©]83}
Asw TREF udt A¥EY triglyceride T
(e}

& =439,

H =] o
Bl R

=

6) Western blot analysis
Phospho—AMPK protein® SREBP—1c protein

level2 western blot analysis® =743}t W

Z] HepG2 cell& Protease inhibitor Cocktail
(Roche, Indianapolis, IN, USA)E ¥3 3
radioimmunoprecipitation assay (RIPA) buffer

(50 mM Tris—HCl (pH 8.0), 150 mM NaCl, 2
mM EDTA, 1% orthovanadate, 1%
Triton X—100, 0.5% deoxycholate, 0.1% SDS)=
] 8]3te] total cell lysateEd F&3}T}h o=
NE—PER™ kit (Thermo
Scientific, IL, USA)® nuclear protein H¥%
FZ3F9 ). Bradford assay® WS A3

sodium

sodium

nuclear extraction

dodecyl sulfate polyacrylamide gel

electrophoresis (SDS—PAGE)Z ©lS- Fg]35}o],
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Polyvinylidene fluoride (PVDF) membrane®l
AVeR . Z+7+e] specific primary antibody&
gata 4ColM 24 AF kg &
peroxidase (HRP)7} Ao U+
AEdA 1A TEAFH Y. SuperSignal®
chemiluminescence detection kit (Thermo
Scientific, IL, USA)Z Z}Zte] bandE A=A
t}. Z} bandE2 image J 1.50e softwareE ©o]&

atof AFstel it

il
A
horseradish

24} A9

7) semi—quantitative RT—PCR

SREBP—1c, ACC ¥ FASS mRNA 23 HAEE
=A317] Y3Fe] semi—quantitative RT—PCRES A]
P35}t WA RNeasy Mini Kit (Qiagen, Hilden,
RNAS FZEsh3lth. M-MLV
Reverse Transcriptase (Promega, Madison, WI,
USA)E o]&3te] %% total RNAZFE cDNA
gHdetdtt. Z+zte]l  primer  (Bioneer)<}
TagPCRx DNA Polymerase (Invitrogen, Carlsbad,
CA, USA)E AlE3lo] cDNAE FH3th 524

Germany)® total

=

DNAE 1.2% agarose gelolAd A7 E3 t}s
ethidium bromide 92 % x}e]AMoA bandE &

15ttt 2} bandE<2 image J 1.50e softwareZ

ol-g3ato] A#sleldtt. 2k7+e] primer= Table 2

s e},

Table 2. Primer Sequence of Each Gene Detected
in Semi—quantitative RT—PCR

Primer Primer sequence
5'-CAGTGGAGGGAACACAGACG-3’
SREBP—-1c
5'-AAAGACTGGGCTGTCAGGCT-3’
5'-GGAACAGTGTGCGGTGAAAC-3’
ACC
5'-TCACTAGTGATCCGAGCAGC-3’
5'-GACATCGTCCATTCGTTTGTG-3
FAS
5'-GTTGACATTGTACTCGGCGG—-3’
5'-AAGGGTCATCATCTCTGCCC-3
GAPDH

5'-GTGATGGCATGGACTGTGGT-3
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8) B4 &4

EA B2& IBM SPSS statistics 23K (SPSS
Inc, Chicago, IL, USA)S A}&3lo] A3ttt

SANEL Wiy FFeAE E33F9 ) One—way
analysis of variance test®} Student’s t—test®
% b s ¥uste], P<0.059 W SAHC
2 ol Aol7h g Ao B,

3. 43

HepG2 cellol Wit A8H S FEE0] AXH
AL YehlA] &5 = HYE 548 Yk,
HepG2 celld] thslt 359 ARHS FE2ES A
3t MTT assayE E3] HepG2 celle] Al¥E &
ArE A8 ARAS FEES 1500 o
g/ml °o]3te] FEAA = AX GHEE "ol A

ot} (Figure 1).
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Figure 1. MTT Assay

To evaluate cytotoxicity of SBCE, HepG2 cells
was administered with various concentration of
SBCE for 24h prior to MTT assay. Data are
represented as meantSEM (n=3).
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Figure 2. The Effect of SBCE on TG accumulation
in Steatotic HepG2 Cells

HepG2 cells were treated with palmitate (0.5

mM) with various concentration of SBCE (0,

50, 100, 300, 500, 700, 1,000 g/ml) for 24h.

Intracellular TG  content was  measured
according to the experimental procedures
described in the ‘Material and Methods’
part, and expressed as a relative ratio to

control. Data are represented as meantSEM
(n=3). The * mark indicates significant
difference compared to only palmitate

treated cells without SBCE (£<0.05).
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Figure 3. Effect of SBCE on AMPK Activation
in HepG2 Cells

The pAMPK protein level was measured by
western  blot  analysis, escalating SBCE
concentration in normal HepG2 cells (A), and
in steatotic HepG2 cells (B). The intensity of
each band was assessed with image J 1.50e
software, and converted into relative ratio to
control. Data are represented as meantSEM
(n=3). The #* mark indicates significant
difference  compared to only palmitate

treated cells without SBCE (P<0.05).
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18k (Figure 4).
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Figure 4. Effect of SBCE on SREBP-1c¢ in
HepG2 Cells

The SREBP—1c mRNA level was measured by

RT—-PCR (A), and the SREBP—1c protein level

by western blot analysis (B). The intensity

of each band was assessed with image J

1.50e software, and converted into relative

ratio to control. Data are represented as

meantSEM (n=3). The * mark indicates

significant  difference  compared to only

palmitate treated cells without SBCE (P
<0.05).
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9]l ACC, FAS mRNA9]
%t} (Figure 5).
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Figure 5. Effect of SBCE on ACC and FAS in
HepG2 Cells

The ACC (A) and FAS (B) mRNA levels were
measured by RT—PCR. The intensity of each
band was assessed with image J 1.50e
software, and converted into relative ratio
to control. Data are represented as meantSEM
(n=3). The * mark indicates significant
difference compared to only palmitate treated
cells without SBCE (P<0.05).

VIR
HF A A gke] Hid ®F 82 94"
A8AE obd gle AAoln, H wxd A

105

M gHeF AEel VI AmAE Hlste] AA
4 8 dS 2AS g3l G50 39 ¢
T3 Aog RuHAR. gz Ak 3
ofstoll A el WFol &Hep, Fefolgow
© ks 2 ke = Qs RE NS Sho]
A Ao HA. AFHSOIHR)S
Rfed o Az 59 AYe=z 1 358
SENCRE, RIEEIENR,  NEESEMAERE, LT

g} slo], Wisrhoz Qs AWk ZAbol| A=
Rog 7|ZHo] ). webA], ARH S HEH
fhato]l WA AT LA AR & X
AS Ao FEGT

ACC, FAS+= 717k neb o] ZhAIE ol A A

=
[¢}

b
ot

o]

A Aol Holsts maSom!Y SREBP-1cE o
et A4 A B JIAES 2HsE T8 A}

912} (transcription factor)® 3Fite]t}”). AMPK

= AAY AA Al F oy A dALE Z4dete
MA 24 <12} (key regulator)® 28 iz, H|wh
2 aAYEF T 4F g d3Ed Fa

therapeutic target© 2 #ers]a oH® . AMPK7}
g4d3}lxo] phospho—AMPK7} HW, &3 2&
(anabolic pathway)< 9A|&taL, ©]3}2H& (catabolic
pathways)=< &X35}e] ATP AAHS Z7HA17]1= 9
&g o AE el AMPKE

[e)

A3
< AT 8wk ol Ak AstE XA
o ZAIE el A @4dske AMPKE SREBP-1c
o] ZAzdtsle], SREBP—1cY target Q1AFE<l ACC,
FAS & A4 4 @ #dg Az,
H] Wke] oigk &A% H
gols B.a12}, HepG2 cellol] A
HdFE&A A3 AlE
W AR (triglyceride)
23l o2y, &~%H
AMPK®| &/dste]
43} lipogenic genes$®l SREBP—1c, ACC,
FAS W&o dist g3s ALY, o1 43

HepG2 cellol A palmitatecl] <3+ A

#ojsl= SREBP—1c, ACC, @ FAS9

L

A]

~Noox

dASA A

oo ot fd oZ do
r% > o rf
5 fo
g
)
2
B

S oo

d

ro

[

(
A

M
XN de
o)

45 FH6 ehateiion, A A

Y
=

o-[{';’:‘
2

oE o BB

o] 2%t anti—lipogenic
A 7= Aol &

(@}
@
T
3 il
i

A
v} i

o
i



tghgtols} WhAEkE] ] A247 A2 (2016 52)
Herb. Formula Sci. 2016;24(2):100~107

5. &
ool AHE Qoksld, ARHS FEES
1,500 pg/ml ©]3te] FZolX = HepG2 cell®] Al
IFNEE AAsHR &Zow, 300 ~ 1,000 pg/ml

o %

& FARo ovg

o A HepG2 celld] A=E W =
Al A AT

=] =4} stk

Tk, 300 u

g/ml XA  phospho—AMPKE  Z7}A A,
palmitate® 2% SREBP—1c, ACC, ¥ FAS9
HAds A Z T

AR 2

<97 (2015)0] ol&}

References

1. Chalasani N, Younossi Z, Lavine JE, Diehl AM,
Brunt EM, Cusi K, et al

management of

The diagnosis and
fatty
Guideline by the
Association for the Study of Liver Diseases,
and the

Association.

non—alcoholic liver

disease: practice American
American College of Gastroenterology,
American  Gastroenterological
Hepatology. 2012;55(6):2005—23.
2. Angulo P. Nonalcoholic fatty liver disease.
Revista de gastroenterologia de Mexico.
2005;70 Suppl 3:52—6.
3. Matteoni CA, Younossi
Boparai N, Liu YC,

Nonalcoholic  fatty

ZM, Gramlich T,
McCullough  Al.

liver disease: a spectrum
of clinical and pathological severity.
Gastroenterology. 1999;116(6):1413-9.

4. Argo CK, Caldwell

natural history of non—alcoholic steatohepatitis.

SH. Epidemiology and

10.

11.

12.

13.

Clinics in liver disease. 2009;13(4):511—-31.
Popov VB, Lim JK. Treatment of Nonalcoholic
The Role of Medical,
Weight
Journal of clinical and translational hepatology.
2015;3(3):230-8.

Fatty Liver Disease:

Surgical, and Endoscopic Loss.

Yeon JE. Nonalcoholic Fatty Disease
pathogenesis and treatment. J of KAHP.
2006;4:132-9.

Lee NG. Hyeontojuseog Gyeongagjeonseo.

Seoul: Bubin Publishers Co, 2007:1021.

Viollet B, Foretz M, Guigas B, Horman S,
Dentin R, Bertrand L,
AMP—activated protein Kkinase

Activation of
in the

et al.
liver:
a new management of
metabolic hepatic disorders. The Journal of
physiology. 2006;574(Pt 1):41—53.

Repa JJ, Liang G, Ou J, Bashmakov Y,
Lobaccaro  JM, Shimomura I, et al

Regulation of

strategy for the

mouse sterol regulatory
element—binding protein—1c gene (SREBP—1c)
receptors, LXRalpha and
LXRbeta. Genes & development. 2000;14(22):

2819-30.

by  oxysterol

Pettinelli P, Obregon AM, Videla LA.
Molecular mechanisms of steatosis in
nonalcoholic fatty liver disease. Nutricion

hospitalaria. 2011;26(3):441—50.
Shi KQ, Fan YC, Liu WY, Li LF, Chen YP,
Zheng MH. Traditional

benefit to nonalcoholic fatty

Chinese medicines
liver disease:
and meta—analysis.
Molecular biology reports. 2012;39(10):9715—22.
Traditional

a systematic review

Chinese Association. Guidelines
for Diagnosis and Treatment of Common

Diseases in Chinese Medicine
Modern Beijing:

China Medicine Publisher,

Internal
Diseases of Medicine.
China Traditional
2008:153.
Steinberg GR, Kemp BE. AMPK in Health
and Disease. Physiological reviews. 2009;89(3):

1025-78.



ola|Ql €] 621 HLFE AR AE el A ARH o] ARE 943t 5 A
Lee et al., Anti—lipogenic Effect of Sobuncheong—eum on Experimental Cellular Model of NAFLD

14. Viollet B, Guigas B, Leclerc J, Hebrard S,

15.

AMP —activated

in the regulation of hepatic

Lantier L, Mounier R, et al.
protein kinase
energy  metabolism:  from

physiology  to

therapeutic perspectives. Acta
2009;196(1):81-98.

Pasarin M, Abraldes JG, Rodriguez—Vilarrupla A,
La Mura JC, Bosch .

Insulin resistance and liver microcirculation

physiologica.

V, Garcia—Pagan

107

16.

in a rat model of early NAFLD. Journal of
hepatology. 2011;55(5):1095—102.

V, Sari FR, Sukumaran V,
Lakshmanan AP, Harima M, Suzuki K, et al.

Curcumin

Soetikno

decreases renal triglyceride
AMPK—-SREBP
signaling pathway streptozotocin—induced
diabetic The Journal of

nutritional biochemistry. 2013;24(5):796—802.

accumulation through
in

type 1 rats.



