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ABSTRACT

Objectives: This study was performed to investigate the anti-lipogenic effect and the mechanism of Jungmanbunso-hwan
extract (JMBSH) on a cellular model of non-alcoholic fatty liver disease (NAFLD) caused by palmitate in HepG2 cells.

Methods: The JMBSH was prepared, andHepG2 cells were treated with various concentrations of JMBSH in order to
perform an MTT assay. The HepG2 cells were cultivated in palmitate-containing media with or without extract of JMBSH.
The intracellular lipid content in the HepG2 cells was examined. The effects of JMBSH on sterol regulatory element-binding
transcription factor-lec (SREBP-1c), acetyl-CoA carboxylase (ACC). fatty acid synthase (FAS), stearoyl-CoA desaturase-1
(SCD-1), and AMP-activated protein kinase (AMPK) activation in HepG2 cells were measured.

Results: JMBSH did not reduce HepG2 cell viability under 1,000 pg/mL. JMBSH considerably decreased intracellular lipid
accumulation caused by palmitate in HepG2 cells. JMBSH repressed expression of SREBP-1c, which mediates the induction of
lipogenic genes (ACC, FAS, and SCD-1). JMBSH also activated AMPK., which plays animportant role in the regulation of
hepatic lipid metabolism.

Conclusions: This study suggested that JMBSH relieves hepatic steatosis by repressing SREBP-1c, which mediates the
induction of lipogenic genes. The anti-lipogenic effect of JMBSH may also be related to the activation of AMPK. Therefore,
JMBSH could potentially be applied to NAFLD treatment after further clinical studies.
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AMPK (AMP-activated protein kinase)ell ]z
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Human hepatocellular carcinoma A Z3<1 Hep(G2
cell= American Type Culture Collection(Manassas,
VA, USA)elA F4i3ti

2) % A

B )Jb‘—]o]] /\}J}_:} Zuln
2 <BEAFIY 4

-4~3H( Jungmanbunso-hwan)
] Auko 2 o Ee] H]

o 599 o5 1 49 102 24 749
AeH(Table 1). oA St 34 £HY
Mol A FYsted AHEae

Table 1. Composition of Jungmanbunso-hwan

Herbal
medicine Pharmacognostic name An(lgmt
name
EE(EN) Scutellariae Radix 12
EANN Magnoliae Cortex 10
woOE Coptidis Rhizoma 10
B Aurantii Immaturus Fructus 10
S (ER) Pinelliae Rhizoma 10
# B Alismatis Rhizoma 6
PR &R Citri Pericarpium 6
o BE Anemarrhenae Rhizoma 6
N Ginseng Radix 5
. Atractylodis Macrocephalae
At ) Rhizoma 8 5
# ¥ Curcumae Longae Rhizoma 5
w Amomi Fructus 4
WO Zingiberis Rhizoma 4
th & Poria 4
% Polyporus 2
H o= Glyeyrrhizae Radix 2
Total amount 101
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ZUELE FESO0| PalmitateZ 7L HILZSH Xl

3) Ak 717

3(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT), Nile Red, Palmitate:= Sigma-Aldrich
Co.(St. Louis, MO, USA)ellX T35t} B-Actin
antibody, SREBP-1 antibody, AMPK antibody,
horseradish peroxidase(HRP)-conjugated goat anti-rabbit
[gGE Santa Cruz Biotechnology Inc.(Santa Cruz,
CA, USA)elx T3t} Phospho-AMPK antibody
T Cell Signaling Technology Inc.(Danvers, MA,
USA)olM st et. 2 ¢ Olympus FV-1000
confocal laser scanning microscope(Tokyo, Japan),
NE-PERTM nuclear extraction kit(Thermo Scientific,
IL. USA), SuperSignal® chemiluminescence detection
kit(Thermo Scientific, IL, USA), RNeasy Mini Kit
(Qiagen, Hilden, Germany) 5o £ d+= 34

A5,

2. & |
1) Fubtast 325 (JMBSH) A=t

TREAS 3 100 goll 20 L & 93100 C
1 32 & ol dae B
Azste] 10 g(3& 10%)

Human hepatocellular carcinoma Al Z5<] HepG2
cell& 100 U/mL penicillin, 100 pg/mL streptomycin
2 10% heat inactivated fetal bovine serum< 3
-3t Dulbecco’s modified Eagle’s medium(DMEM)
S o] &3}ed, 37 C, 5% COy 7oA wleFslaich

3 A BHEY 34

*1]:‘7_ FATE Z2A37] Y8 MTT assays A3
ste}, Hep(2 Cell & 96-well plates] 10" cells/well
o] ME2 geedingdtdeh 5 A F Fuld
JMBSH 1. 10, 100, 500, 1.000 pg/mLE FoFstar
16A17F wiokstdeh, 2 wellel MTT 500 pg/mLE
A2d 5, AEEe MTTEZ st AT
formazan crystal& DMSOZ A}&-3}o] £33},
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F HepG2 cell 2&l0f| 0]x|l= A5t

Background subtraction 630 nm2 33 570 nmell
k]_/] FJJ-CE_ 2;-;(4—(5]_0:11:].

4) AWAE AE

A2 F53517] S8 HepG2 cellel Palmitate
A 2lstsit}. PalmitateZ isopropanolell 50 mM
=7 HES $8A7 £ HE B 5= 05
M° Fodat et 1% bovine serum albumins

43 DMEM<S ekl 0 2 A}&35)e] 24417} )
Fatodet.

5) M=z W Autek =A]

Palmitate 0.5 mM< g3k v =]l A} 2447t 5
ot HepG2 cell& wiekslx, JMBSH #&|#dd:
Nile Red staining 16412 A %% 1,000 pg/mL
< £oI3}9lt). Palmitate @ JMBSH *2]¥ HepG2
cell& 1587t Ao A 4% paraformaldehyde® 22
Asledch PBSZ A&t 5, 5587 A2elA Nile
Red(100 ng/mL) 2 A|ste] ME W FA A&
AAsd e Olympus FV-1000 confocal laser scanning
microscope(Tokyo, Japan) & #°33] ©m, Image J
1.48b software2 A #3}slich.

6) SREBP-lc, AMPKell ©H3F Western blot 44

JMBSH Fofol] W& SREBP-1c9} AMPK<]
515 72351312 Western blot ¥4& Al&)slaich
Palmitate 0.5 mM& ?.}" g wj Ao A HepG2 cell
<= 24AZF wiokstsly, JMBSH Foidole A
16417 A Zb2t 22E 700, 1.000 pg/mLS A=]st
% Western blot2-2 SREBP-1c @ pAMPK protein
levelZ =A 3ttt Total cell lysate= protease
inhibitor Cocktail(Roche, Indianapolis, IN, USA)
Z *¥83} radioimmunoprecipitation assay(RIPA)
buffer(50 mM Tris-HCl(pH 8.0), 150 mM NaCl, 2
mM EDTA. 1% sodium orthovanadate, 1% Triton
X-100, 0.5% deoxycholate, 0.1% SDS)ZE A}4-3}e]
FZ3st9 o). Nuclear proteine NE-PERTM nuclear
extraction kit(Thermo Scientific, IL, USA)E o] £
sl Z23}9it}. Bradford assay® wH kS A eF
g % sodium dodecyl sulfate polyacrylamide gel

off m[ﬂl

n°"



electrophoresis(SDS-PAGE) 2 A7§5}933, Polyvinylidene
fluoride(PVDF) membraneell AAFsFETh 5% skim
milk7} E°] 31& Tris-buffered saline(TBS)Z 14
7b &<t ARl A blockingdtsiet. 22+l specific
primary antibody®} 4 CellA] 3F54F Sob vk-24]
71 & horseradish peroxidase(HRP)7} 23 = o] 3l
23} A9} 1A1ZE B9 ARelM wRSAIZL
SuperSignal® chemiluminescence detection kit(Thermo
Scientific, IL, USA)E AH&-3te bands HEHL
w, Lamin A/C ¢ Actine control® AH4-3)c}.

7) ACC, FAS, SCD-1°l =38t semi-quantitative
RT-PCR

JMBSH Fedo w2 ACC, FAS, SCD-1¢ #
& #9ldl7] 913l semi-quantitative RT-PCRE&
Al ateith, Palmitate 0.5 mMS &H-5-3F wf =)ol A
HepG2 celle 24717t wjokstd e, JMBSH Fo
ol & AAF 16817 A 247 325 700, 1,000 pg/mL
< A28 & semi-quantitative RT-PCRZ ACC,
FAS, SCD-19] mRNA level& &A 3}k total
RNAES #Z317] ¢8] RNeasy Mini Kit(Qiagen,
Hilden, Germany)E AH3lx, M-MLV Reverse
Transcriptase(Promega, Madison, WI, USA)S A}
438le] 323 total RNAS JAA}ste] (DNAES
gAlst9le}l. TagPCRx DNA Polymerase( Invitrogen,
Carlsbad, CA, USA)$t Z7+2] primer(Bioneer) S
AHSste] A" cDNAE FFsisiod, AH4d
7} primers o3 Z2oH(Table 2). %% DNAE
1.2% agarose geloll 71935 4 ethidium bromide®
gAg & 2907 bandE Felstel e GAPDH
£ control2 A3

3. BN Y

EA¢= PASW Statistics Data Editor v18
Korean(SPSS Inc, Chicago, IL, USA) Z2 13 &
AH4-3191}. One-way analysis of variance(ANOVA)
test 2 15 o] & vlasiiien, BE A4
ol A X0.05¢1 735 53 BAA Aol sl A

OIXIE - ZZHA - M4 - 217 - of o

o7 gl

Table 2. Primer Sequences Used in Semi-quantitative
RT-PCR

Primer Primer sequence

5-CAGTGGAGGGAACACAGACG-3

SREBP-lc 5 4 4 AGACTGGGCTGTCAGGCT-S
oo 3-GGAACAGTGTGOGGTGAAAC-S

5 TCACTAGTGATCCGAGCAGC-3

rag  5-GACATCGTCCATTCGTTTGTG-S
5-GTTGACATTGTACTCGGCGG-3

scp.q 5-GOCCCTCTACTTGGAAGACG-S
5-CGAGCTTTGTAAGAGCGGTG-3

aappp 3-AAGGGTCATCATCTCTGCOC-S

5-GTGATGGCATGGACTGTGGT-3

m. Z =

1. MZ 2ME0 0jXs P&

JMBSHe] Al Z &4 o] m|X= ks gals}
7] sl MTT Assays Aldd A3, djxLe
MTT 2H1€ 100+6.09¢1 =& JMBSH 1 pg/mLe]
2ol Al 100.76+3.93%. 10 pg/mLellA 101.09£3.09%,
100 pg/mLoll A 98.87+8.75%, 500 pg/mLellA 98.74+
6.92%, 1,000 pg/mLellAl 97.19+7.36%7} &A= o]
1000 pg/mL ©|3te] =A== HepG2 cellel Al
E 5L A e Aoz Jepdeh(Fig. D).

120 5
100 4
80 4
60 4

40

MTT reduction
(% of control)

20 4

O-
Cont Vehi 1 10 100 500 1000 JMESH
(Concentration, pg/ml)

Fig. 1. Cytotoxic effect of JMBSH on HepG?2 cells.

To evaluate cytotoxic effect of JMBSH on HepG2
cells, an MTT assay was performed. The cells were
treated with various concentration of JMBSH
for 16h prior to MTT assay. Data are presented
as the meantSEM (n=3).
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ZORREAE FES0| PalmitateZ FLUE H|YTF2SM X|27F HepG2 cell 2@ 0]x|l= A&

2. MZ W X[& =’-?— of 0|z H&

WA= . *ﬂi v A A4S #2323 dx

=9 ¥37kx= 1:0.2791 A JMBSH 1.000 pg/mL
gt o3k A Sell & (.82+0.17, PalmitateRt 2] g

A) y
. &

—

o]

=
=

Relative fluorescence intensity

%ol = 6.06+0.34, JMBSH 1,000 pg/mL%} Palmitate
3 A3t 7Sl 265402471 ZA=]o], Palmitate
9} JMBSHE #7 Foist o] Palmitate *2|*
of viste] ME W A AL FolshA FaA
ZH(Fig. 2).

(ratio to control)

+ + Palmitate
- + JMBSH

Fig. 2. Effect of JMBSH on intracellular lipid accumulation in HepG2 cells.

HepG2 cells were treated with palmitate (0.5 mM, for 24h) and/or JMBSH (1,000 pg/mL for 16h). After
incubation, the cells were stained with Nile red. (A) Intracellular lipid component were visualized by

fluorescence microscopy (original magnification x400).

(B) Cellular steatosis was quantified by measuring three

random fields of view with image J 1.48b software and expressed as the meantSEM (n=3). *mark indicates

significant difference compared to PA cells (FX0.05).

3. SREBP-1Tcof| OJx|= st
SREBP-lcx= A& 3A I3 4
s F2 A4 Aol Lamin A/Cel
SREBP-1¢¢] protein B €& £A3F A3}
gt

5t

rN
>
m{n

o] 1+0.09, JMBSH 700 pg/mL<
1.09£0.07, JMBSH 1,000 pg/mL< Fod
1.24%0.08, Palmitateqt 2|3t AT 4.12+0.46,
Palmitate¢t JMBSH 700 pg/mL< 37 Fo43t 744
= 2.97+0.12, Palmitate2} JMBSH 1,000 pg/mL<
3 BEodd A9= 153+0242 2 F o], Palmitate
9} JMBSHE &7 Foist o] Palmitate X 2]
o w]3led SREBP-lc proteins -§-213HAl (0.05)
ZH A1 F 5 (Fig. 3).
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!
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SREBP-1¢ ‘ - — -—-_'—‘
Lamin A/C ‘ ___-‘
5
oY
< 4.
% E s
Qo
eT 27 3
- — = + + + Palmitate
- 700 1000 - 700 1000 (ug/ml) JIMBSH
Fig. 3. Effect of JMBSH on SREBP-1c expression
in HepG?2 cells.

The expression level of SREBP-1c protein was
measured by western blot analysis. The intensity
of each band was measured with image J 1.48b
software, and the relative quantity was calculated
over lamin A/C. Data are presented as the mean=
SEM (n=3). *mark indicates significant difference
compared to only palmitate treated cells (20.05).



4. ACC, FAS, SCD-10f D|K|E A5t
Lipogenesisell #edsl= FAE<Ql ACC, FAS,
SCD-12 SREBP-Icell &J&f &l o] F7}3fed A|up
Aol o3ke u)A’ GAPDHel 9 ACCY
£& 2ol 1£0.08, JMBSH 700 pg/mL
13k 739+ 0.83£0.12, JMBSH 1,000 pg/mL
Folgt A= 0.38+0.02. Palmitatent Foist
. 8i0.13, Palmitate®} JMBSH 700 pg/mL
Foigt 9= (.59£0.24, Palmitates} JMBSH
000 pg/mLe T4t 749 0.36£0.08¢] %At
GAPDH‘H] Ak FASY mRNAﬂ HixE

B
=
=
=
E

tlo od o o
o
rlr

—_

0.9410.06. JMBSH 1,000 pg/mL& s
0.69£0.06, Palmitate®t Foiq 7$= 527+0.38,

ACC/GAPDH mRNA
- N W A ow;
FAS/GAPDH mRNA

0 +
Palmitate - - - + + + -
JMBSH - 700 1000 - 700 1000 (ug/ml)

= 700 1000 — 700 1000 (ug/ml)

OIXIE - ZZHA - M4 - 217 - of o

Palmitate®t JMBSH 700 pg/mLs Foig A%
0.63+0.06, Palmitate®} JMBSH 1.000 pg/mLe
ol 7$-E 0.4120.070] A}

GAPDHel #3 SCD-1¢] mRNA®] ®l&
Z++o] 12005, JMBSH 700 pg/mLe 593
= 0.63£0.12, JMBSH 1.000 pg/mLe Fost
= (.3520.02, Palmitateqt Fo38t A$-+= 3.
Palmitate¢} JMBSH 700 pg/mL& Foi3t -?‘
0.380.06, Palmitate} JMBSH 1,000 pg/mL<
o3 gt 7%= .3620.08°1 5}

919l A3} Palmitates} JMBSHE &7 Foidt

> Palmitate A2l w]gted ACC, FAS, SCD-1
mRNA level S #2354 (PX0.05) F4A1ZcHFig. 4).

* *

SCD-1/GAPDH mRNA
N}

+ o+ o+ - - -+ o+ o+

= 700 1000 — 700 1000 (ug/ml)

Fig. 4. Effect of JMBSH on expression of lipogenic genes in HepG2 cells.

Expression of lipogenic genes, ACC, FAS, SCD-1 was determined by semi-quantitative RT-PCR. The intensity
of each band was measured with image J 1.48b software, and the relative quantity was calculated over GAPDH,
a housekeeping gene. Data are presented as the mean+tSEM (n=3). *mark indicates significant difference compared

to only palmitate treated cells (P<0.05).

5 AMPK &30l D|X[= H&

AMP-activated protein kinase(AMPK)+= &Ad3}
sw QAabst e Ex15HA Hef phospho-AMPK
7} Z7F8HA =9, pAMPKE SREBP-1c¢] wdl&
NG d2IA Qe Actinel HE pAMPK
9] protein B &S EAMT A} WFzTo] 110.03,
JMBSH 700 pg/mL& Foi8t 7%+ 2.86+0.48,

JMBSH 1,000 pg/mL& T3 79+ 18.82+0.97,
PalmitateRt 2|3 A%+ 2.12+0.22, Palmitates}
JMBSH 700 pg/mL& &7 Foddt 7%= 4.73+0.35,
Palmitate®} JMBSH 1,000 pg/mL< &7 Foi35t
7455 24.2650.872 ZA =], Palmitates} JMBSH
£ I Foi3 o] Palmitate A 2]l B8 pAMPK

protein level & 4-2]817 (X0.05) Z7}A1 7 Fig. 5).
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FUELe FESO| PalmitateZ FUE BILZSY XLZE HepG2 cell 2ol OjX= A

_ 30 1
3 = B p
;g 20 A
Ee B
g% 10 1
o - & e
o

(] E

- = + + + Palmitate

700 1000 - 700 1000 (pg/ml) JMBSH

Fig. 5. Effect of JMBSH on AMPK activation in

HepG2 cells.

The expression level of pAMPK protein was
measured by western blot analysis. The intensity
of each band was measured with image J 1.48b
software, and the relative quantity was calculated
over Actin. Data are presented as the mean+
SEM (n=3). *mark indicates significant difference
compared to only palmitate treated cells (P<0.05).
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£ Ago| M= HepG2 cellel palmitateE 2]}
o wdIEA APzt At NEE wiokslodch
JMBSHe| ZHAIZ W AW} A& Feole=A] Eal
37] 9)e palmitatee} 374 JMBSHS Azt
o}, Nile red staining& %3] JMBSHE &7 A=
g A AW FHe] folEA Ataske AE &
Ql3tdct. JMBSHo| 7 Wi A& £4& A7)
717 & 8elsl7] 918 Western blot E3f JMBSH
o] SREBP-Icell mIA|& <J3ke FHa319itl. SREBP-1c
= 2N AR L fEdhe T8 A &
A <lAZ ACC, FAS, 9 SCD-13 %2 f3AE
o MHE F2AA 7 Wl A TS FA3gY,
JMBSHS 37 A&t 75 SREBP-1c7} 2] 3H)
At oS #alslodrh. =3 semi-quantitative
RT-PCRE =3 JMBSHS &7 A= A$
SREBP-Icell 98] #do] f=x+ ACC. FAS,
SCD-1 9A o3 Zasidae Ealssich
wgbA JMBSHe] ZHAE W AF 48 ¢h3}A]
7]%= 282 SREBP-lc 9415 %3 ACC, FAS,
SCD-1¢9] v 74z os) Yepdds 7S &
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A e 24EA AW 9 ge3E YAt 24 stdch 7 A3} JMBSHS pAMPK & 271
shed) glo] 223 98S I AMPKE 34 AZeRs A g 4 9lsieh whebd JMBSH
35w ¢lAks) el 2 A8 22 phospho-AMPK 2 AMPKZE #4327 anti-lipogenic effectE 1}
7} Z7V8ka, o] SREBP-1c9] wa& 7447 el Aoz A7 oh(Fig. 6).

o ACCS A& ASNAIA A & 7 o]5 235 JMBSHS AMPKE #A3AA
185 we g} carhohydrate responsive element-binding SREBP-1c9] oA s, 1o wiel ACC, FAS,
protein(ChREBP), sn-glycerol-3-phosphate acyltransferase SCD-19 ®w&& ZAA|A anti-lipogenic effectS
(GPAT), 3-hydroxy-3-methyl-glutaryl-CoA reductase YehllEs ez Asdd £ 3= Az w9
(HMG-CoA reductase)®] 43+ 3|3l anti-lipogenic Aol g 3% YT LA W7t A3k A2 A
effect ZHecf . 2 7oA JMBSHS) anti-lipogenic 2A FEad B4 S5Ad BE A&

effect7k AMPK e} #7417} 1] &elstazat HepG2 =AY B Gt A e’ e Az,
cellel JMBSHS Fe{3t3 pAMPK| ¥35 32

= Citrate
' Ce 7
e '0 Acetyl-CoA
AT L _ A
suppression f
/ Malonyl-CoA
> FAS
~>{scp-1
Free fatty acid
Trighycerides

Fig. 6. Possible pharmacological mechanism of JMBSH.
It seems that antilipogenic effect of JMBSH is mediated through activation of AMPK at least in part.

v.d & Qe HAY A7 JoH 2L AR A9
) SHELS FE2ES 28 5504 AE =5
ZUrpLd 2220 wmeA el njx  AE FEEA g
+ A93E d7317] 918 palmitate 212 HepG2 2) TR FEES AE W A 4=
clll AEE fug & AT o Awer g IS ARAE
SREBP-lc, ACC, FAS, SCD-1, AMPKe| v 3) FUHEAS FZE2 lipogenesisol] Foish
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