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Effects of Saenggantanggami-bang on Nonalcoholic Fatty Liver Disease Model Induced
by Fatty Acids

Jae-yeon Yoo, Jang—hoon Lee
Dept. of Internal Medicine, College of Oriental Medicine, Kyung-Hee University

ABSTRACT

Objectives : This study was designed to investigate the effects of Saenggantanggami-bang (SG) on nonalcoholic fatty liver
disease.

Methods : HepG2 cells were used in an iz vitro model. HepG2 cells were divided into three groups. The Normal group
was incubated with no fatty acid. The Control group was incubated with ImM palmitic acid to introduce fat overloading. The
PA-SG group was incubated with 1mM palmitic acid and various concentrations of Saenggantanggami-bang (SG). Cell
viability and cytotoxicity were analyzed by MTT assay and LDH assay. Intracellular triglyceride (TG) levels, reactive oxygen
species (ROS) levels, ATP amount, and GST activity were measured. Cell death pattern and protective effect of SG on cell
death were studied by DNA fragmentation and caspase-3 intensity (western blot).

Results : Compared with the Control group, cell viability of the PA-SG group significantly increased (P<0.01), cytotoxicity
of the PA-SG group decreased (P<0.01), and intracellular TG levels and ROS levels of the PA-SG group decreased (P<0.05).
In DNA fragmentation assay, necrotic pattern was observed and DNA fragment decreased in the PA-SG group. In western
blot, apoptotic pattern was observed, caspase-3 intensity of the PA-SG group was reduced significantly, but there were no
significant differences in intracellular ATP amount and GST activity between the control group and the PA-SG group.

Conclusion : The results suggest that Saenggantanggami-bang can be a potential candidate for the clinical treatment of
nonalcoholic fatty liver disease.
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#<- NAFLDel tigh A9k ##stol NAFLD
o} tAEET ] AfAel e A7 NAFLD
o AY7)Ae B A7 NAFLD 1o 94
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Table 1. Prescription of Saenggantanggami-bang

(SG)

Herb Scientific Name Volume(g)
bk Artemisiae capillaris Herba 40
b < Alismatis Rhizoma 15
M it Atractylodis Rhizoma Alba 12
A Crataegii Fructus 12
FITRAY Hoelen 8
5O Polyporus 8
#® % Curcumae Radix 8
% Salviae Miltiorrhizae 8
O Ponciri Fructus 6
w 1= Amomi Fructus 6
T W Aurantii Immatri Percarpium 6
L Glyeyrrhizae Radix 6

Total amount 135

2) AlzEn)

human hepatoma A X< HepG2 cell lines
10%(v/v) fetal bovine serum, 1% PS(penicillin-
streptomycin)2 ¥3-3F DMEM(Dulbecco’s Modified
Eagle Medium) B} A0 2 10cm A E9 Aok
HAA 37C, 5% CO, & At vl £
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(3) dojA BEAAZ Ar|AE T YEd|
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b mediadl o] A}§5}7]
Feho] BaF FE2 A

A=)
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2) A9AA

HepG2 cell&& 1) A4+ (The Normal group
with no treatment) 2) ™ Z*(The Control group
with Palmitic acid only) 3) Palmitic acid+Ay7t&
7Fu)¥A(The PA-SG group)®] 372 2 Y 7}
Agrit A3 33 St e AFelA
AZ7E ZF wellel] BFEaL 447 & wj g

THA] 24717 A3 3 217]) AEHUY R

3) MTT assay(3-(4,5-Dimethylthiazol-2-yl) -2,5
~diphenyltetrazolium bromide assay)

AE AT =3 Molecular ProbesAHOR,
USA)7} Al33F MTT assayZE o] &3t Al XS
well & 1X10° 7] A7} H =2 2-well plated]
BAAIZ| AL 24417 3 Aol ARE-stATh gy
$ ZQ2¥ %9 palmitic acid7} EEF 1mlo] vj%
HoZ WASA 2U4AZE F MTT assays 2A8)

RAle - 0/ & E

Aok wjkdS AAs L 72+ wello] 100p1e] MTT
stock(bmg/ml)-& Ak & 2417F 5 GFvE
U2 WS At Feollx] §RAF o]F &
AABEL 2t wellol] 500u19] DMSO(dimethylsulfoxide)
£ g3t Axd FAE formazans £33t
ELISA(enzyme-linked immunosorbent assay) reader
(2d%: VERSARMAX, Molecular Divices(CA,
USA))E o] &3l 57nmolX §3=5 339
AT FHEE 100%Z 7I1Fste] ddbls
T3 cell viabilityg} A o] stHth

4) LDH assay(lactate dehydrogenase assay)

A EZA 248 Roche Applied Science(Mannhein,
Germany)olA AlFE CytoTox% 6RR Non-Radioactive
Cytotoxicity AssayE AMHE3FETE 1x10'719] A=
£ 96-well plateol] SHEAIA 24A|17F wl&kste] Zt
Az BHA AestAt 24417 F ek 50
wE Eppendorf FEZE &7]31 50u19 & Tt
o (+)controlit WYA-S AAZ wellel 10%
Tween 20 & 50pE AF&-3l Al 22 lysisslal 50p
19] &5 tated ARS8k, (-)controla-E 50ul¢]
DMEM ®iFeie] 50u9] &< Hste] A&ttt
THIE AlZo] 100ulY] BHEAIRE sty Aol
A 3087 HHSAI7]AL stop A4S Tt WSS
FANAY. ELISA readerg ©|83] 490nmol A
EATE =AYt cytotoxicitye THIF 2ol
93
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Cytotoxicity(%) = (N899 &F3% - (-)control
9 &3%)/((+)control?] FFE - (-)control?]
F45) x 100

5) Triglyceride(TG) 7%

(1) Triglyceride(TG) confocal 23

ZH)" A ZE 1ml PBS(phosphate buffered saline)
2 7143 AL 3 1uMY nile red ImlE ¥33F
£AS Hgste] 37T, 5% COp 3foll A 15%3F vk
ot o]F Imle] PBSE 3 A& 3 49 PBS
b o Aol A Carl Zeiss Confocal Microscopy &
g3 B3I} oJull excitation wavelengthe=
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488nm=E 3} emission filter= phospholipid &
A Al 585-610nm bandpass filter, triglyceride &4
Al 506-550nm bandpass filterE Z}7] ARl
phospholipide &&2 triglycerides =@M o2
M EG7%el FASFG T
(2) Triglyceride A #5841
A EY Triglycerided] %& BioVisionAHCA, USA)
o| A A| &3t Triglyceride Quantification KitE A}
&3 stk 531071 MEE 6-well plateo]
ket Aol wet At A2E 35
3ttt ©15 Eppendorf FHZ 3310} 0.5mle]
5% Triton-X100< ©3s}az 100TC oA 587t 223
T 2oz A3 ARk 1000g, 583 94EE
gt =4 g =22 AAstaL &5 Hsto H0ul
Z 57 3T} oldl 2ulY lipaseE ©dlal 2087t
e A F 458, 547t 29hd Fuld
reagent mix 501115 g3tttk o] AlRE o] Atk
H AedA 1A17F B #-43F & ELISA reader®
510nmeol Al SFEE AT A8 triglyceride
F oA dojR e AFE ET triglyceride
#7 Wlaste] gatgioh
6) Reactive oxygen species(ROS) 34
(1) Reactive oxygen species(ROS)2] confocal

}\E1

N o

FH]E AEE Iml PBSE AL & Iml9 carboxyl
~-H2DCFDA (5-(and-6)-chloromethyl-2"7' ~dichlorod
ihydrofluorescein diacetate acetyl ester)S ¥3Fat
L5 3 37C, 5% CO, ZAA WS Aukst
I 3087 w3tk carboxyl-H2DCFDAY] #HE
Fov 10uME 39Tt o]F Imle] PBSE 3¥H A
2 & A7 PBSTH 2 AEjoA Carl Zeiss
Confocal Microscopy® H%S B3It ol
excitation wavelengthe 488nm=Z 3} 530nm
longpass?] emission filterE AR&3}e] ROSE =41
o2 AxgAe FAEETE (+)controlS 100uM
hydrogen peroxide(H:O2) & A 2]3l] 37 CANA 147
¢ g AR E ARSI
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(2) Reactive oxygen species(ROS)] A #EA]

Confocal 283} FY3}A FH]E AEE carboxyl
-H2DCFDAZ FY3&tA Aglstal 37ColA 143F
Zot wjokstsitt M EE Eppendorf FHo| 33}
o] RIPA(radio immunopreciptation assay) buffer
2 lysisety fluorometer2 ¥3S SAsH4 -

7) Adenosine triphosphate(ATP) #2841

BioVisionAHCA, USA)ellA #)&3k ATP Colorimetric
/Fluorometric Assay KitE AM&-she] A @39
FHE AEES 200019 ATP Assay Bufferd] =o]
15000g2-2 2#3F A4Eeste =4 e &
S AATAG A5 50ulE H-well plateZ &
3 3Abo A AlFS HHEH 50uE HUbeka
2o A Wo| ActdE e 30E7 FASATH
B =& 570 nmol| A ELISA reader® =743t
8) Glutathione S-Transferase(GST) 4% =3
Glutathione S-transferase assay= BiovisionAt
(CA, USA)OAM AlFH kits AFESIHTE 24-well
plated] AEE FH]5IL well T 150012 sample
buffer® ©&te] 10,000go.2 4C°ﬂ/\1 1587 ¢
w3t AFdE AU A5 100ulel 101114
glutathione, 10p1¢] CDNB(1-chloro-2,4-dinitrobenzene)
&4 90ule] GST assay &S Tlgte] whgAIZ
t}. 74 well® 340nm¢] FFEE TR 243}
I WSEEE A3

9) DNA fragmentation assay

cell death®] FPLFENE XASl7] Aot A2
9] chromosomal DNAZ 2|3} 1.5% agarose
gelol #7H38le] DNA fragmente] FejE 21513
t}. Chemicon Internation Inc.(USA)olA A|-&3F
Apoptotic DNA Ladder Detection KitS AW
o e s

10) Western blot(caspase-3 intensity)”

6-well plated] SDS-PAGE(sodium dodecyl sulfate
—polyacrylamide gel electrophoresis) &% 20plS
oatct. @A 10uge] samples SDS-PAGEE
o)g3a] B3 H semi dry typed blotterS ©]&
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3t PVDF(polyvinylidene diflouride) o2 %
Atk o] 95 Tris buffer saline(TBS; 02M Tris
base, 1.37M NaCl, pH7.6)9l 0.1%(v/v) Tween 20
S 9e SGHNTBS-Doll A& & 5%(w/v) bovine
serum albumin (BSA)°] #7Fe 22 £ 14]
7H 5o BasiT) o] e TBS-TE 587 A9
Fv BAS A W AAste 239 BSAE AlA
8t & antibody”’} ¥3¥ 72-& fdo] Yol A
A 2AZE Bek 2SI & TBS-TZ 581 A
© HgE& 5 WS & secondary antibody S
BSA §9o] go] AoA 1A7F 5 Eﬂ
o} 18]3 TBS-TZ 583 A= H4S 39 ik

t 3 ECL substrateE AR&-3she] ks ‘QHE
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3. EAXzE
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393, p 0059 AFE Yol de Aoz
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1. MTT assay &4
1) fatty acids®] cell viabilityo] P|X& 9
palmitic acid® SEHEZ Agste] MTT assay
2% Ay} palmitic acid’} 0.26mM FEoAE

Jl

AL BlE cell viahility7} 2F7Fe] £71E B
ou ImM T FHE Aol 3 cell viability
7} %E«]zﬁ 02 7HaHAckFig. 1).

2) A7 e ] cell viahilitydl] P]XE 98k
Palmitic acid+A 787 e]¥(The PA-SG group)
S B FZF(Herb A), ke =7 (Herb B)
T o2 uyi 27 50, 100, 200, 400, 500pg/ml ]
FEE 7] B A¥ F 7 BT o Z&7(The
Control group with ImM-Palmitic acid only)e] HI
& 50pg/mlFE 400pg/mirtelol A sEEF 02
cell vighilityE 7M7)+ Aoz vehdthFig. 2).

RAle - 0/ & E

Effect of Palmitic Acid on Cell Viability

BPalmitic acid

=]
S

Cell Viability(%)
>
3

Normal(OmM)  0.25mM 0.5mM mM 2mM smM smM

i

g. 1. Effect of palmitic acid on cell viability in
HepG2 cell.

The cells were incubated with various concentrations
of palmitic acid(0.25, 0.5, 1, 2, 3, 5mM) for 24h.
The cell viability was measured by MTT assay.
The cell viahility of HepG2 cell was significantly
decreased according to the concentration of
palmitic acid(* : P<0.01).

Effect of SG on Cell Viability OHerb A
EHerb B

160
140
120
100

Cell Viability(%)
@
o

omal __ contral S0ma/mi Omg/mi___ 200mg/mi __ 400m@/mi__500mafmi

Fig. 2. Effeot of SG on oeII viability in  palmitic
acid-treated HepG2 cell.

The normal group was treated with no fatty
acid. The control group was treated with ImM
—palmitic acid. The cells were incubated with
various concentrations of SG(50, 100, 200, 400,
500pg/ml) in medium containing 1mM-palmitic
acid for 24h. The cell viability was measured
by MTT assay. Herb A is water extract and
Herb B is 70% ethanol extract. Compared with
the Control group, the cell viability of the PA-SG
group was significantly increased(P<0.01).

2. LDH assay A~74
1) fatty acids® cytotoxicityell ¥]X|+= g
palmitic acid® TE=¥Z A ste] LDH assay
2243 A3} palmitic acid’7} 05mM S E) A 2E

335



A ghrlo 2 SubE H|ga2X|g71E s Al o El

Aol ¥8) cytotoxicity’t & JEHoE =

7}etATHFig. 3).

Effect of Palmitic Acid on Cytotoxicity

BPalmitic acid

Nomal(OmM) — 0.25mM 0.5mM Y anM 3mM M

Fig. 3. Effect of palmitic acid on cytotoxicity in
HepG2 cell.

The cells were incubated with various concentrations
of palmitic acid(0.25, 0.5, 1, 2, 3, 5mM) for 24h.
The cytotoxicity was measured by LDH assay.
The cytotoxicity of HepG2 cell was significantly
increased according to the concentration of
palmitic acid(x : P<0.05, ** : P<0.01).

2) A7 cytotoxicityoll V1A= FF

Palmitic acid+A7F&7H % <H(The PA-SG group)
S & FE&FMHerb A), A FE7(Herb B)
F o2 v 247k 50, 100, 200, 400, 500ng/ml 9]
52 5433 LDH assay AAe Ay F &+ &
T tZT(The Control group with 1mM-Palmitic
acid only)dl ®la] ¥E9&EZ O E cytotoxicity S
HardE Aoz YebdthFig. 4).

Effect of SG on Cytotoxicity OHerb A
EHerb B

Normal control 50ma/mi 100mg/ml  200mg/ml 400mg/ml  500mg/ml

Fig. 4. Effect of SG on cytotoxicity in palmitic
acid-treated HepG2 cell.

The normal group was treated with no fatty
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acid. The control group was treated with 1mM
-palmitic acid. The cells were incubated with
various concentrations of SG(50, 100, 200, 400,
500ug/ml) in medium containing 1mM-palmitic
acid for 24h. The cytotoxicity was measured by
LDH assay. Herb A is water extract and Herb
B is 70% ethanol extract. Compared with the
Control group, cytotoxicity of the PA-SG group
was significantly decreased(* @ P<0.06, *+ : P<0.01).

3. M= triglyceride(TG) £A0f O|X|= H&t

1) TG confocal 2 ZA3}

A& bandpass filter 505-550nmol|A] 7 ¢
o] WA A ¢etar, 27 (The Control group
with ImM-Palmitic acid only)& 505-550nmol| A
gkl o] §sgo] FAH . PA-SGH(ImM-Palmitic
acid + 100pg/ml-HZFR7FPE, ofst = FEE)&
)zt B8 505-550nmol| A =ghd o] #sgo] 7t
Ago] #FEJh(Fig. 5).

Normall

Control

PA-SG
Fig. 5. Fluorescent microscopy image of HepG2
cell in Nile Red.

A)bandpass filter 505-550nm, B)bandpass filter
585-610nm, C)differential interference contrast,
D)Overlay. Red colar is phospholipid, yellow
colar is triglyceride.



3 tHFig. 6
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Effect of SG on TG

10 ¥
8
6
4
2
0

Normal Control PA-SG

(nmol)

TG Contents

Fig. 6. Effect of SG on intracellular TG contents
in palmitic acid-treated HepG2 cell.

Compared with the Control group, intracellular
TG contents of the PA-SG group were decreased
significantly(t : P<0.05, P values compared with
the Normal group. ** : P<0.01, P values compared
with the Control group).

4. MIZELH reactive oxygen species(ROS) Mo

0jX= g

1) ROS confocal 2% A}

A2 530nm longpass®] emission filterol] A
U5 Azt =4 FFE eI, vl (100u
M-H:0; treated)® tZ(The Control group
with ImM-Palmitic acid only)2 530nm filterei] A
Ag =4 JFE Yeided, PA-SGH(1mM
~Palmitic acid + 100ug/ml-AZF&71]%)-2530nm
filterol| Al tjz=ol| vls| FF3=7t o] 74"
Ego] #EEAHFig. 7).

RAS - 0/5E

l Kormal H202-treated
= o . B

Fig. 7. Fluorescent microscopy image of HepG2
cell in carboxyl-H2DCFDA.

A)530nm longpass emission filter, B)differential
interference contrast, C)Overlay, green colar is ROS.

2) ROS A%EA A

Arg7el ROSYA E32 A7) 9%
AEW ROSS A#EA Az tjxte] ROSYO]
Aol wd f94 A F7H8IAa, PA-SGH
9] ROS%L tiz7ol vla] o4 A TastHd
THFig. 8).

Effect of SG on ROS

9000
8000
7000

+
6000 x
S 5000
< 4000
3000
2000
1000
0

Normal Control PA-SG

Fluorescence Intensity

. 8. Effect of SG on intracellular ROS level in
palmitic acid-treated HepG2 cell.

=

Q

Compared with the Control group, intracellular
ROS fluorescence intensity of the PA-SG group
were decreased significantly(* : P<0.05, P values
compared with the Normal group. * : P<0.05, P
values compared with the Control group).
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5. D|EZE=2|ofe] of|lL{X| CHAL OJ%|= ¥E

7ol HEZEeote] oA Tl
e FFS 2] s REZEolY]
YA tAREERl ATPHS S48 29, dixd
(The Control group with ImM-Palmitic acid only)
& Aol Hls) o UA ATPZo] 7HAst3l
ou, 27 PA-SGT(ImM-Palmitic acid +
100ug/ml-"§7Fe7}e|ad) Abolel 94 e W3}
7t 27 estohFig. 9).

Effect of SG on ATP

n
&)

§A20 + ¥
%E 15
55 10
5
0
Normal Control PA-SG
Fig. 9. Effect of SG on ATP amount in palmitic

acid-treated HepG2 cell.

"There were no significant differences in intracellular
ATP amount between the control group and the
PA-SG group(t : P<0.05, P values compared
with the Normal group).

6. Glutathione S-Transferase(GST) &ME &=X

2t

GST 84%= 24 23, tjZ7(The Control group
with 1mM-Palmitic acid only)& Aol Hla)
S UA GST =7} Zrastgoy, gzxaa
PA-SG(ImM-Palmitic acid + 100pg/ml-A37F&+
ZH) Abeldl froly e Wb AR @
H(Fig. 10).

Effect of SG on GST Activity

1000
o~ 800 |
sc +
2E 600 +
g3
g —
]

200

0
Normal Control PA-SG
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Fig. 10. Effect of SG on GST activity in palmitic
acid-treated HepG2 cell.

There were no significant differences in GST
activity between the control group and the PA-SG
group(t : P<0.05, P values compared with the
Normal group).

7. DNA fragmentation assay Zz}

DNA fragmentation assayS S8 A XA} Y
El4= DNA degradations ##3+ 23 Fde
1kb ©]3te] A& DNA fragment7} BEE=] et
11, thZ(The Control group with ImM-Palmitic
acid only)2 2+ DNA fragmentS¢] H&20 g
& 0]-&(smearing) necrosis FEIS VMRS PA
-SG(ImM-Palmitic acid + 100ug/ml-A7+&7}
)& ok7ke]l DNA fragmentSo] #&E ot
fzaho Bo] THAad S BHo BT &
Abe Bzl #AE ATH(Fig. 11).

Fig. 11. Result of DNA fragmentation in HepG2 cell.

A)The Normal group(with no treatment), B)The
Control group(with ImM-Palmitic acid only),
C)The PA-SG group(ImM-Palmitic acid +
100pg/ml-SG), D)molecular weight marker(0.1kb)

8. Caspase-3 intensity 2~74

Caspase-3 intensity 274 23}, t)Z7(The Control
group with ImM-Palmitic acid only)& Aol
H|3l caspase-3 intensity7} A Z7Fske] apoptosis
WS YERNL, PA-SGt(1mM-Palmitic acid



+ 100pg/ml-A3 77 Fe b2 o) 2] WIS caspase-3
intensity7} #24 JA 24 THEIg. 12).

Effect of SG on Caspase-3 Intensity

Relative Intensity
o
o o -

caspase-3 —
(Western blot)

Fig. 12. Effect of SG on caspase-3 intensity in
palmitic acid-treated HepG2 cell.

Caspase-3 expression of the PA-SG group was
significantly reduced compared to the control
group(t : P<0.05, P values compared with the
Normal group. * : P<0.05, P values compared
with the Control group).
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Jed A, Al 28 W, 1Y, IXEF
59 UArSETAA B3] yEhdth g At
2 HwF o %7t o A&AHQ AWEHo R
A3 THAEZ} & HHAS Aoy
AG3E Fhkele 89318247 (nonalcoholic

3 5
3] NASH= €9l vide] H73w e} 718 &3 9

o8 3483 Ik

Az Ww, A 28 Fu, 1YY, 1483 5
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199578 2006 Aol HIgF Q17 @713t 4
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9E NAFLD 249 55 AFdAM A5, TG %
fat granule® G=3# AR TNF-aE oA
QA HAAIA NAFLDS Ao glof 2w

3 o4 2 4% A 53 PNERE A§ol

= o hl
98- FAF u gn ol Az ]
ol oFelvlAe FAYEIA A7 Fo 0

o}
o AEIA AWEuA slnt AEEA oA &
o sk 9ET e L AT P13 9
$18] MTT assay, LDH assay, A3
TG level 274, ROS level 24, ATP A5EA4, GST
g% =4 DNA fragmentation assay, caspase-3
intensity S &4 34t
NAFLD®| X343 #dd 7|4 A= F
A A

ol

] o]FoiXaL o ofA] T A
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